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Introduction

This introduction is not part of IEEE Std 802.16m, IEEE Standard for Local and metropolitan area
networks—Part 16: Air Interface for Broadband Wireless Access Systems - Amendment: Air Interface for
Fixed and Mobile Broadband Wireless Access Systems — Advanced Air Interface

This amendment updates IEEE Std 802.16 to enhance the OFDMA Physical layer and the MAC layer to
define an Advanced Air interface suitable to meet IMT-Advanced Requirements while maintaining
backward compatibility.

Notice to users

Laws and regulations

Users of these documents should consult all applicable laws and regulations. Compliance with the
provisions of this standard does not imply compliance to any applicable regulatory requirements.
Implementers of the standard are responsible for observing or referring to the applicable regulatory
requirements. IEEE does not, by the publication of its standards, intend to urge action that is not in
compliance with applicable laws, and these documents may not be construed as doing so.

Copyrights

This document is copyrighted by the IEEE. It is made available for a wide variety of both public and private
uses. These include both use, by reference, in laws and regulations, and use in private self-regulation,
standardization, and the promotion of engineering practices and methods. By making this document
available for use and adoption by public authorities and private users, the IEEE does not waive any rights in
copyright to this document.

Updating of IEEE documents

Users of IEEE standards should be aware that these documents may be superseded at any time by the
issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect. In order to determine whether
a given document is the current edition and whether it has been amended through the issuance
of amendments, corrigenda, or errata, visit the IEEE Standards Association website at http://
ieeexplore.ieee.org/xpl/standards.jsp, or contact the IEEE at the address listed previously.

For more information about the IEEE Standards Association or the IEEE standards development process,
visit the IEEE-SA website at http://standards.ieee.org.

Errata

Errata, if any, for this and all other standards can be accessed at the following URL: http:/
standards.ieee.org/reading/ieee/updates/errata/index.html. Users are encouraged to check this URL for
errata periodically.
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Interpretations

Current interpretations can be accessed at the following URL: http:/standards.ieee.org/reading/ieee/interp/
index.html.

Patents

[The following notice shall appear when the IEEE receives assurance from a known patent holder or
patent applicant prior to the time of publication that a license will be made available to all applicants
either without compensation or under reasonable rates, terms, and conditions that are demonstrably free
of any unfair discrimination.]

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken with respect to the existence or
validity of any patent rights in connection therewith. A patent holder or patent applicant has filed a statement
of assurance that it will grant licenses under these rights without compensation or under reasonable rates,
with reasonable terms and conditions that are demonstrably free of any unfair discrimination to applicants
desiring to obtain such licenses. Other Essential Patent Claims may exist for which a statement of assurance
has not been received. The IEEE is not responsible for identifying Essential Patent Claims for which a
license may be required, for conducting inquiries into the legal validity or scope of Patents Claims, or
determining whether any licensing terms or conditions are reasonable or non-discriminatory. Further
information may be obtained from the IEEE Standards Association.

[If the IEEE has not received letters of assurance prior to the time of publication, the following notice
shall appear:]

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken with respect to the existence or
validity of any patent rights in connection therewith. The IEEE shall not be responsible for identifying
patents or patent applications for which a license may be required to implement an IEEE standard or for
conducting inquiries into the legal validity or scope of those patents that are brought to its attention.
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Draft Amendment to IEEE Standard for

Local and metropolitan area networks

Part 16: Air Interface for Fixed and
Mobile Broadband Wireless Access
Systems —

Advanced Air Interface

NOTE-The editing instructions contained in this amendment define how to merge the material contained
herein into the existing base standard IEEE Std 802.16-2009 as amended by IEEE Std 802.16;.

The editing instructions are shown bold italic. Four editing instructions are used: change, delete, insert, and
replace. Change is used to make small corrections in existing text or tables. The editing instruction specifies
the location of the change and describes what is being changed by using strike through (to remove old mate-
rial) and underscore (to add new material). Delete removes existing material. Insert adds new material with-
out disturbing the existing material. Insertions may require renumbering. If so, renumbering instructions are
given in the editing instruction. Replace is used to make large changes in existing text, subclauses, tables, or
figures by removing existing material and replacing it with new material. Editorial notes will not be carried
over into future editions because the changes will be incorporated into the base standard.

1. Overview

1.1 Scope

This standard amends the IEEE 802.16 WirelessMAN-OFDMA specification to provide an advanced air
interface for operation in licensed bands. It meets the cellular layer requirements of IMT-Advanced next
generation mobile networks. This amendment provides continuing support for legacy WirelessMAN-
OFDMA equipment.
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1.2 Purpose

The purpose of this standard is to provide performance improvements necessary to support future advanced
services and applications, such as those described by the ITU in Report ITU-R M.2072.
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2. Normative references

[Insert the following references:|

RFC 2132, http://www.ietf.org/rfc/rfc2132.txt

RFC 3315, http://www.ietf.org/rfc/rfc3315.txt
http://www.iana.org/assignments/bootp-dhcp-parameters/

http://www.iana.org/assignments/dhcpv6-parameters/
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3. Definitions
[Insert the following definitions:|

3.97 AAI subframe: A structured data sequence of predefined duration used by the Advanced Air Interface
specification.

3.98 advanced base station (ABS): A base station that supports the Advanced Air Interface protocol
defined in Clause 16.

3.99 advanced mobile station (AMS): A subscriber station capable of performing te 12.5 WirelessMAN-
OFDMA TDD Release 1 subset of mobile station (MS) features and functions additionally implementing the
Advanced Air Interface protocol defined in Clause 16.

3.100 advanced relay station (ARS): A relay station that supports the Advanced Air Interface protocol
defined in Clause 16.

3.101 superframe: A structured data sequence of fixed duration used by the Advanced Air Interface specifi-
cations. A superframe is comprised of four frames.

3.102 multi-carrier transmission: More than one carrier is used to exchange data between ABS and AMSs.

3.103 primary carrier: An OFDMA carrier on which ABS and the AMS exchange traffic and full PHY/
MAC control information defined in the Advanced Air Interface specification. Further, the primary carrier is
used for control functions for proper AMS operation, such as network entry. Each AMS shall have only one
carrier it considers to be its primary carrier in a cell.

3.104 secondary carrier: An OFDMA carrier that AMS may use for traffic, only per BS’s specific alloca-
tion commands and rules, typically received over the primary carrier. The secondary carrier may also
include control signaling to support multi-carrier operation.

3.105 fully configured carrier: A carrier for which all control channels including synchronization, broad-
cast, multicast and unicast control signaling are configured. Further, information and parameters regarding
multi-carrier operation and the other carriers can also be included in the control channels.

3.106 partially configured carrier: A carrier with only downlink transmission in TDD or a downlink car-
rier without paired UL carrier in FDD mode and configured with all control channels to support downlink
transmission.

3.107 physical resource unit (PRU): The basic resource allocation unit that consists of 18 adjacent subcar-
riers in consecutive symbols in the same AAI subframe.

3.108 distributed resource unit (DRU): The resource allocation unit of the same size as the PRU that has
undergone the subband partitioning and miniband permutation, assigned to distributed allocation and will be
submitted to the subcarrier permutation in DL and tile permutation in UL.

3.109 contiguous resource unit (CRU): The resource allocation unit of the same size as the PRU that has
undergone the subband partitioning and miniband permutation, assigned to contiguous allocation and will
bypass subcarrier permutation in DL and tile permutation in UL. Also known as a localized resource unit.

3.110 logical resource unit (LRU): the generic name of logical units for distributed and localized resource
allocations. LRU is of same size as PRU.
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3.111 transmission time interval (TTI): The duration of the transmission of the physical layer encoded
packet over the radio air interface and is equal to an integer number of AAI subframes. The default TTI is 1
AAI subframe.

3.112 MIMO layer: An information path fed to the MIMO encoder as an input
3.113 MIMO stream: Each information path encoded by the MIMO encoder that is passed to the precoder

3.114 horizontal encoding: Indicates transmitting multiple separately FEC-encoded layers over multiple
antennas. The number of encoded layers may be more than 1

3.115 vertical encoding: Indicates transmitting a single FEC-encoded layer over multiple antennas. The
number of encoded layers is always 1.

3.116 resource unit: A granular unit in frequency and time, described by the number of OFDMA subcarri-
ers and OFDMA symbols

3.117 single user MIMO (SU-MIMO): A MIMO transmission scheme in which a single MS is scheduled
in one RU

3.118 multi-user MIMO (MU-MIMO): A MIMO transmission scheme in which multiple MSs are sched-
uled in one RU, by virtue of spatial separation of the transmitted signals

3.119 Time-division transmit and receive (TTR) relaying: a relay mechanism where transmission to sub-
ordinate station(s) and reception from the superordinate station, or transmission to the superordinate station
and reception from subordinate station(s) is separated in time.

3.120 16m (DL/UL) Access Zone: An integer multiple of subframes located in the MZone of the ABS
frame or ARS frame, where an ABS or ARS transmit to the AMSs or receive from AMSs.

3.121 16m (DL/UL) Relay Zone: An integer multiple of subframes located in the MZone of the ABS
frame, where an ABS transmit to the ARSs and/or AMSs or receive from ARSs and AMSs, or ARS frame,
where an ARS transmit to the ABS or receive from ABS.

3.122 ARS transmit/receive transition gap (ARSTTG): The minimum transmit-to-receive turnaround gap
required at an ARS. ARS-TTG is measured from the time of the last sample of the transmitted burst to the
first sample of the received burst at the antenna port of the ARS.

3.123 ARS receive/transmit transition gap (ARSRTG): The minimum receive-to-transmit turnaround gap
required at an ARS. ARS-RTG is measured from the time of the last sample of the received burst to the first
sample of the transmitted burst at the antenna port of the ARS.

3.124 relative delay (RD): The delay of neighbor DL signals relative to the serving/attached BS.

3.125 round trip delay (RTD): The time required for a signal or packet to transfer from a MS to a BS and
back again.

3.126 Macro hotzone ABS: An ABS with smaller transmission power than macro ABS's (larger than femto
ABS's) and possibly overlaid under the coverage of another macro ABS. Macro hotzone ABS may be
deployed by service provider. It may be deployed in outdoor environment.

3.127 frame index: The frame order within a Superframe (i.e. the Ist, 2nd, 3rd, or 4th frame of Super-

frame).
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3.128 Femto ABS: an ABS with low transmit power, typically installed by a subscriber in the home, SOHO,
or enterprise to provide the access to closed or open group of users as configured by the subscriber and/or
the access provider. A Femto ABS is typically connected to the service providers network via a broadband
connection.

3.129 OSG Femto ABS: a femto ABS accessible to any AMS.

3.130 closed subscriber group (CSG): a set of subscribers authorized by the Femto ABS owner or the net-
work service provider, for accessing CSG femto ABS.

3.131 CSG Femto ABS: CSG-Closed or CSG-Open Femto ABS.

3.132 CSG-Closed Femto ABS: a femto ABS accessible only to the AMSs, which are in its CSG(s), except
for emergency services. AMSs which are not the members of the CSG(s), should not try to access CSG-
Closed Femto ABSs.

3.133 CSG-Open Femto ABS: a femto ABS primarily accessible to the AMSs that belong to its CSG(s),
while other AMSs, outside CSG(s), may also access such Femto ABS, and will be served at lower priority.
CSG-Open Femto ABS will provide service to such AMSs as long as the QoS of AMSs in its CSG(s) is not
compromised.
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4. Abbreviations and acronyms

[Insert the following abbreviations:|

AAI advanced air interface

ABS advanced base station

aGPS adaptive grant polling service
A-MAP advanced MAP

AMS advanced mobile station
AOA angle of arrival

A-Preamble advanced preamble

ARS advanced relay station

CAS CRU allocation size

CDR conjugate data repetition

CL closed-loop

CLRU contiguous LRU

CMH compact MAC header

CMI codebook matrix index

CRU contiguous resource unit
CRV CoRe version

CoRe constellation re-arrangement
CSG closed subscriber group
CSM collaborative spatial multiplexing
DL downlink

DLRU distributed LRU

DSAC downlink subband allocation count
DRU distributed resource unit

EH extended header

FFR fractional frequency reuse

7
Copyright © 2009 IEEE. All rights reserved.

IEEE P802.16m/D4



O 001N WU A W

February 3, 2010

FID
FMT UL
FP
FPEH
FPC
FPCT
FPS
FPSC
GRA
GMH
GPCS
HARQ
HE
HMT
ICV
IE

IR
LBS
LDM
LRU
MCEH
MCS
MEF
MEH
MEHB
MLRU

MU

flow identifier

feedback mini-tile

frequency partition

fragmentation and packing extended header
frequency partition configuration
frequency partition count

frequency partition size

frequency partition subband count
group resource allocation

generic MAC header

generic packet convergence sublayer
hybrid ARQ

horizontal encoding

UL HARQ mini-tiles

integrity check value

information element

incremental redundancy

location based services

low duty mode

logical resource unit

MAC control extended header
modulation and coding scheme
MIMO encoder format

multiplexing extended header
multiplexing extended header block
minimum A-MAP logical resource unit

multi-user

8
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NIP

NLRU

OL

0OSG

PA

PA-Preamble

PFBCH

PGID

PMI

PPRU

PRU

P-SFH

PSI

RA-ID

RCP

RFMT

RFPEH

RHMT

RMEHB

RP

RU

S-ABS

SAC

SA-Preamble

Sc

SFBC

SFBCH

normalized interference power
miniband LRU

open-loop

Open Subscriber Group

persistent allocation

primary advanced preamble

UL primary fast feedback channel
paging-group identifier

preferred matrix index

permuted physical resource unit
physical resource unit

primary superframe header

pilot stream index

ranging code identifier

ranging cyclic prefix

Reordered UL feedback mini-tile
rearrangement fragmentation and packing extended header
Reordered UL HARQ mini-tile
rearrangement multiplexing extended header block
ranging preamble

resource unit

serving ABS

subband allocation count

secondary advanced preamble
sub-carrier

space-frequency block code

UL secondary fast feedback channel

9
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SFH

SLRU

SOHO

SPID

S-SFH

STC

STID

SU

T-ABS

TOA

TSTID

UCAS

UFPC

UL

USAC

VE

superframe header

subband LRU

Small Office Home Office
subpacket ID

secondary superframe header
space-time coding

station identifier

single-user

target ABS

time of arrival

temporary STID

uplink CRU allocation size
uplink frequency partition configuration
uplink

uplink subband allocation count

vertical encoding

10
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5. Service Specific CS

5.1 ATM CS
Insert the following paragraph at the end of 5.1:

The ATM CS is not supported by the AMS or the ABS.

5.2 Packet CS

[Insert the following paragraph at the end of 5.2 as indicated:]

The packet CS is used for transport for all packet-based protocols as defined in 11.13.18.3.

ABS and AMS shall use either the IP CS of the packet CS or the GPCS for all packet-based protocols.

5.2.1 MAC SDU format

[Change Section 5.2.1 as indicated:]

Once classified and associated with a specific MAC connection, higher layer PDUs shall be encapsulated in
the MAC SDU format as illustrated in Figure 8. The 8-bit PHSI (payload header suppression index) field
shall be present when a PHS rule has been defined for the associated connection. PHS is described in 5.2.3.

The 8-bit Protocol ID field shall be present when a Multiprotocol flow is defined for the associated connec-
tion. This is described in section 5.2.6.

[Replace Figure 8 with the following:|

MAC SDU
Protocol ID PHSI
(optional) (optional) Packet PDU

Figure 8—MAC SDU format

5.2.2 Classification
[Change the second paragraph of 5.2.2 as indicated:]

A classification rule is a set of matching criteria applied to each packet entering the IEEE 802.16 network. It
consists of some protocol-specific packet matching criteria (destination IP address, for example), a classifi-
cation rule priority, and a reference to a CID, or for an ABS or AMS reference to a STID+FID combination.
If a packet matches the specified packet matching criteria, it is then delivered to the SAP for delivery on the
connection defined by the CID or STID+FID. Implementation of each specific classification capability (as,
for example, IPv4 based classification) is optional. The service flow characteristics of the connection pro-
vide the QoS for that packet.

11
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Upper Layer Entity (e.g., bridge, router, host)

Replace Figure 9 in 5.2.2 with the following figure:

SDu
SAP
N | CID 1; STID+FID 1 |
~ i\ | CID 2; STID+FID 2 |
g:-assification L | |
Rule |
\| CID n; STID+FID n |

{SDU, CID, STID+FID ..}

1L

SAP

IEEE 802.16 MAC CPS

—_.

IEEE P802.16m/D4

Upper Layer Entity (e.g., bridge, router, host)

N

SDuU

SAP

Reconstitution
(e.g., undo PHS)

{SDU, CID, STID+FID...}

SS
SAP

IEEE 802.16 MAC CPS

Figure 9—Classification and CID mapping (BS to SS)

Upper Layer Entity (e.g., bridge, router)

=

Sbu

SAP

Reconstitution
(e.g., undo PHS)

=T

{SDU, CID, STID+FID ...}

BS
SAP

IEEE 802.16 MAC CPS

Replace Figure 10 in 5.2.2 with the following figure:

SDU
SAP
N | CID 1; STID+FID 1 |
~ N | CID 2; STID+FID 2 |
uL
Classification L I |
Rule |
\l CID n; STID+FID n |

{SDU, CID, STID+FID ...}

<4 b

SAP

IEEE 802.16 MAC CPS

Figure 10—Classification and CID mapping (SS to BS)
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5.2.3 Payload header suppression (PHS)
Change the second paragraph of 5.2.3 as indicated:

The sending entity uses classification rules to map packets into a service flow. The classification rule
uniquely maps packets to its associated PHS Rule. The receiving entity uses the CID or STID+FID and the
PHSI to restore the PHSF. Once a PHSF has been assigned to a PHSI, it shall not be changed. To change the
value of a PHSF on a service flow, a new PHS rule shall be defined, the old rule is removed from the service
flow, and the new rule is added. When all classification rules associated with the PHS rule are deleted, then
the PHS rule shall also be deleted.

Change the fourth paragraph of 5.2.3 as indicated:

The BS shall assign all PHSI values just as it assigns all CID or STID+FID values. Either the sending or the
receiving entity shall specify the PHSF and the payload header suppression size (PHSS). This provision
allows for preconfigured headers or for higher level signaling protocols outside the scope of this standard to
establish cache entries.

Change 5.2.3.1 as indicated:
5.2.3.1 PHS operation

SS and BS implementations are free to implement PHS in any manner as long as the protocol specified in
this subclause is followed. Figure 11 illustrates the following procedure.

A packet is submitted to the packet CS. The SS applies its list of classification rules. A match of the rule
shall result in an UL service flow and CID or STID+FID and may result in a PHS Rule. The PHS Rule pro-
vides PHSF, PHSI, PHSM, PHSS, and PHSV. If PHSV is set or not present, the SS shall compare the bytes
in the packet header with the bytes in the PHSF that are to be suppressed as indicated by the PHSM. If they
match, the SS shall suppress all the bytes in the UL PHSF except the bytes masked by PHSM. The SS shall
then prefix the PDU with the PHSI and present the entire MAC SDU to the MAC SAP for transport on the
UL.

When the MAC protocol data unit (MAC PDU) is received by the BS from the air interface, the BS MAC
shall determine the associated CID or STID+FID by examination of the gGeneric MAC header or Advanced
Generic MAC Header. The BS MAC sends the PBY SDU to the MAC SAP associated with that CID or
STID+FID. The receiving packet CS uses the CID or STID+FID and the PHSI to look up PHSF, PHSM, and
PHSS. The BS reassembles the packet and then proceeds with normal packet processing. The reassembled
packet contains bytes from the PHSF. If verification was enabled, then the PHSF bytes equal the original
header bytes. If verification was not enabled, then there is no guarantee that the PHSF bytes match the orig-
inal header bytes.

A similar operation occurs on the DL. The BS applies its list of Classifiers classification rules. A match of
the classification shall result in a DL service flow and a PHS rule. The PHS rule provides PHSF, PHSI,
PHSM, PHSS, and PHSV. If PHSV is set or not present, the BS shall verify the Downlink Suppression field
in the packet with the PHSF. If they match, the BS shall suppress all the bytes in the Downlink Suppression
field except the bytes masked by PHSM. The BS shall then prefix the PDU with the PHSI and present the
entire MAC SDU to the MAC SAP for transport on the DL.

The SS shall receive the packet based upon the CID or STID+FID Address filtering within the MAC. The
SS receives the PDU and then sends it to the CS. The CS then uses the PHSI and CID or STID+FID to
lookup PHSF, PHSM, and PHSS. The SS reassembles the packet and then proceeds with normal packet pro-
cessing.

13
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Figure 12 demonstrates packet suppression and restoration when using PHS masking. Masking allows only
bytes that do not change to be suppressed. Note that the PHSF and PHSS span the entire suppression field,
included suppressed and unsuppressed bytes.

5.2.4 |IEEE 802.3/Ethernet-specific part

5.2.5 IP specific part

5.2.5.1 IP CS PDU format

Change the second paragraph of 5.2.5.1 as indicated:

ROHC (refer to RFC 3095) may be used instead of PHS to compress IP headers. The MS and the BS signal
enabling of ROHC by setting bit 7 of Request/Transmission Policy (see 11.13.12) to 0. The AMS and the

ABS signal enabling of ROHC by [FES]. When ROHC is enabled for a service flow, the service flow consti-
tutes what in RFC 3095 is referred to as a ROHC channel.

5.2.5.2 IP classification rules
Change 5.2.5.2 as indicated:
IP classification rules operate on the fields of the IP header and the transport protocol. Fhe For SS and BS

the parameters (11.13.18.3.3.2 through 11.13.18.3.3.7 and 11.13.18.3.3.16) may be used in IP classification
rules. For AMS and ABS, the parameters (FFS) may be used in IP classification rules.

[Insert Section 5.2.6 as indicated:]

5.2.6 Support for multiple protocols on the same flow

In order to transport several types of protocols over the same MAC connection, the Multiprotocol flow can
be used. The receiver must identify the protocol to correctly forward the SDU. For instance, if the informa-
tion carried by the SDU is a RoHC packet, it should be forwarded to the RoHC decompressor. The receiver
does this according to the Protocol ID field which is the first byte of a Multiprotocol flow connection as
depicted in Figure 18a and Figure 18b.

Protocol ID Packet

Figure 18a—Multi-protocol flow PDU format without PHS

Protocol ID PHSI Packet

Figure 18b—Multi-protocol flow PDU format without PHS

Once the protocol type of an incoming packet is determined, the appropriate classification rules are applied
to the packet and the correct service flow is identified. It is then optionally forwarded to the header suppres-

sion mechanism (PHS or RoHC) and then mapped MAC SAP using the format described in this section. The

14
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Protocol ID content is set by the transmitter by the protocol identified before the classification rules were
applied and according to the Table 2a.

The method by which the protocol of a packet introduced to the CS layer is identified is beyond the scope of

this standard.

Table 2a—Possible values for Protocol ID field

Copyright © 2009 IEEE. All rights reserved.

Protocol ID Meaning
1 Raw IP
2 IPv4
3 RoHC
4 IPv6
5..256 Reserved
15
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6. MAC common part sublayer

6.3 Data/control plane

6.3.2 MAC PDU formats

6.3.2.1 MAC header formats

6.3.2.1.2 MAC header without payload

6.3.2.1.2.1 MAC signaling header type 1

6.3.2.1.2.1.1 Bandwidth request (BR) header

[Modify Table 8 as indicated:]

Table 8—BR header fields

Length ..
Name (bit) Description

BR 19 Bandwidth request. The number of bytes of UL bandwidth requested by the SS. The BR is
for the CID. The request shall be independent of the physical layer modulation and coding.
In case of the Extended rtPS, the BS changes its grant size to the value specified in this
field.

CID 16 Connection identifier.

EC 1 Always set to zero.

HCS 8 Header check sequence. Same usage as HCS entry in Table 5.

HT 1 Header type = 1.

Type 3 Indicates the type of BR header. In the case of the Extended rtPS. both Type 0 and Type 1
adhere to the BR definition above (change in grant size).

6.3.2.3 MAC management messages

RNG-REQ (ranging request) message

[Change the text below Table 43 as indicated:]

The following parameters—shall parameter may be included in the RNG-REQ message when the SS is
attempting initial entry to the network:

Requested Downlink Burst Profile

The following parameter shall be included in the RNG-REQ message when the SS is attempting initial entry

to the network:

SS MAC Address

17
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The following parameters shall be included in the RNG-REQ message when transmitted during SS initial
entry to the network. The parameter shall be sent on the SSs basic connection or for OFDMA on the follow-
ing initial ranging connection:

6.3.2.3.39 MOB-SLP-REQ (sleep request) message

[Modify section 6.3.2.3.39 as indicated:]
Power_Saving_Class_ID

Assigned power saving class identifier. The ID shall be unique within the group of power sav-
ing classes associated with the MS. This ID may be used in further MOB_SLP-REQ/RSP mes-
sages for activation/deactivation of power saving class.

Start_frame number
Start-frame-namberfor-first sleep-windew-
Represents the 7 least significant bits of the absolute frame number in which the first sleep win-
dow starts.

Number_of CIDs

Number of CIDs = 0 means all unicast management/transport connections and multicast traf-
fic CIDs associated with the MS at the time the MOB_SLP-REQ message is transmitted are

added to the Power Saving Class.
CID

CIDs of all connections comprising the Power Saving Class. If Basic CID is included, it means
that all MS management connections are included in the Power Saving Class. If CID=0 is
included, that means all current transport connections at the time the MOB_SLP-REQ message
is transmitted are added to the Power Saving Class.

The following TLV parameter may be included in MOB_SLP-REQ message transmitted when requesting an
activation of power saving class. This TLV indicates the enabled action that MS performs upon reaching
trigger condition in sleep mode.

Enabled-Action-Triggered

Indicates possible action upon reaching trigger condition.

The following TLV parameter may be included in MOB_SLP-REQ message transmitted when requesting an
activation of power saving class. This TLV indicates that the unavailability interval of the activated PSC is
to be used for coexistence purposes in the MS and the BS is requested to use coexistence behavior for the
PSC.

Co-located-Coexistence-Enabled

This TLV indicates the PSC is also to support co-located coexistence.
The following TLV may be included in the MOB_SLP-REQ message:

Sleep mode functions enabled in H-FDD
This TLV indicates features that are to be used to support H-FDD operation.

The following TLV may be included in the MOB_SLP-REQ message:

18
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Sleep mode functions enabled in full FDD

This TLV indicates features that are to be used to support full FDD operation.

The MOB_SLP-REQ shall include the following parameters encoded as TLV tuples:

HMAC/CMAC Tuple (see 11.1.2)
The HMAC/CMAC Tuple shall be the last attribute in the message.

6.3.2.3.40 MOB_SLP-RSP (sleep reponse) message

[Modify the description for 6.3.2.3.40 MOB_SLP-RSP (sleep response) message as follows:]

The following TLV parameter may be included in the MOB_SLP-RSP message transmitted by the BS.

Enabled-Action-Triggered (11.1.7.1)

This TLV indicates the enabled action that the MS performs upon reaching trigger condition in
sleep mode.

Next Periodic Ranging (11.1.7.3)

This value indicates the offset of frame in which MS shall be ready to perform a periodic rang-
ing with respect to the frame where MOB_SLP-RSP is transmitted.

Sleep mode functions enabled in H-FDD

This TLV indicates features that are to be used to support H-FDD operation.

The following TLV may be included in the MOB_SLP-REQ message:

Sleep mode functions enabled in full FDD

This TLV indicates features that are to be used to support full FDD operation.

6.3.2.11 DSA-RSPmessage
6.3.2.11.2 BS-initiated DSA
[Modify the paragraph as indicated:|

If a DSA-RSP with status success is sent and Service Flow Parameter TLVs are included, the only Service
Flow Parameter TLVs that may be included shall be those specified under section 11.13.17 (ARQ TLVs for
ARQ enabled connections), section 11.13.34 (PDU SN Extended Subheader for HARQ Reordering TLV),
and those specified under section 11.13.36 (ROHC Parameter TLVs).

6.3.2.11.26 DREG-CMD (de/reregister command) message

[Modify Table 96 as indicated:]

19
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Table 96—Action codes and actions

Action code

(hexadecimal) Action

O 001N WU A W

10 00 SS shall immediately terminate service with the BS and should attempt network entry at
12 another BS.

01 SS shall listen to the current BS but shall not transmit until a RES-CMD message or
15 DREG-CMD message with action 02 or 03 is received.

17 02 SS shall listen to the current BS but only transmit on the basic and primary management
18 connections.

20 03 SS shall return to normal operation and may transmit on any of its active connections.

27 04 This option is valid only in response to a DREG-REQ message with De-Registration Re-
23 quest Code = 0x00. The SS shall terminate current Normal Operations with the BS.

25 05 MS shall begin MS idle mode initiation. See 6.3.23.1.

27 06 This option is valid only in response to DREG-REQ message with De-Registration Re-
28 quest Code = 0x01. The behavior of MS to this action is described in 6.3.23.1.

30 07 MS shall send DREG-REQ with action 0x01 to request the BS to initiate idle mode. See
31 6.3.23.1.

33 0708-0xFF Reserved

37 6.3.2.11.37 DREG-REQ (SS deregistration request) message

39 [Modify Table 109 and subsequent text as indicated:]

20
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Table 109—DREG-REQ message format

Syntax Size Notes
DREG-REQ message format() {

Management Message 8 0x00 = SS deregistration request from BS and network

Type =49 0x01 = Request MS deregistration from serving BS and ini-
tiation of MS idle mode.
0x02 = Response for the Unsolicited MS deregistration ini-
tiated by the BS.
0x03 = Reject for the unsolicited DREG-CMD with action
code 0x05 or 0x07 (idle mode request) by the BS. This code
is applicable only when MS has a pending UL data to trans-
mit.
0x04-0xFF = Reserved

De-registration Request Code 8

TLV encoded parameters Variable

An SS shall generate DREG-REQ messages including the following parameters:

De-registration_Request_Code

Request code identifying the type of deregistration request:

0x00 = SS deregistration request from BS and network

0x01 = MS request for deregistration from serving BS and initiation of idle mode

0x02 = MS response for the unsolicited deregistration initiated by BS

0x03 = MS reject of unsolicited DREG-CMD signaling Idle Mode initiation

0x03 0x04-0xFF = Reserved

6.3.2.11.42 MOB_NBR-ADV (neighbor advertisement) message

[Modify Table 144 as indicated:|

Table 144—MOB_NBR-ADV message format

Syntax (Slilzt(; Notes
MOB_NBR ADV_ Message format() {
Management Message Type = 53
21
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Table 144—MOB_NBR-ADV message format

Syntax

Size
(bit)

Notes

Reuse factor for SBS CINR calculation

for scan and handover

NS

00 - Physical SBS CINR for scan or
handover triggers shall be calculated

according to the number of subcarriers
indicated in the DL Frame Prefix

"Used subchannel bitmap" field. If the
number of used subcarriers is lower
than or equal to one third of the total
number of subcarriers, then CINR
shall be computed according to the
rule detailed in 8.4.12.3 for frequency
reuse configuration = 3. Otherwise the
CINR shall be computed according to
the rule detailed in 8.4.12.3 for fre-

quency reuse configuration = 1
10 - Physical SBS CINR for scan or

handover triggers shall be calculated
according to the rule detailed in
8.4.12.3 for frequency reuse configu-
ration = 1

01 - Physical SBS CINR for scan or
handover triggers shall be calculated
according to the rule detailed in
8.4.12.3 for frequency reuse configu-
ration =3

11 - reserved

Skip-optional-fields bitmap

Bit [0]: if set to 1, omit Operator ID
field.

Bit [1]: if set to 1, omit NBR BS ID
field.

Bit [2]: if set to 1, omit HO process
optimization field.

Bit [3]: if set to 1, omit QoS related
fields.

Bit [4]-[5]: Reserved.

22
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Table 144—MOB_NBR-ADV message format

Size
Syntax (bit) Notes

Reusefactor for SBS-CNR-ealenlation | 2 00—Physical SBS-CINR-forsean-or-

forseanand-handover handevertriggersshall- be-calenlated-
] )

; ssl.sxsmgl A lhE];ﬁ;mFE °F Ef;t ° E:Eiﬂiii

" : "

6.3.2.11.55 OFDMA SUB-DL-UL-MAP message

[Modify the description of the field RCID _TYPE in SUB-DL-UL-MAP message in section 6.3.2.3.55 as
follows]

RCID_TYPE

The RCID type used for RCID IEs specified in DL-MAP IEs that are described in this SUB-DL-UL-MAP.
For the MAP IE containing RCID_Type field of its own (e.g.. HARQ DL MAP IE, HARQ UL MAP IE). the

RCID Type in the corresponding MAP IE shall override the RCID_Type in this SUB-DL-ULMAP within
the scope of the said MAP_IE.

6.3.5 Data/control plane

6.3.5.2 UL request/grant scheduling
6.3.5.2.2 Real-time polling service (rtPS)
[Modify the text in 6.3.5.2.2.1 as indicated:]
6.3.5.2.2.1 Extended rtPS

Extended rtPS is a scheduling mechanism which builds on the efficiency of both UGS and rtPS. The BS
shall provide unicast grants in an unsolicited manner like in UGS, thus saving the latency of a BR. However,
whereas UGS allocations are fixed in size, ertPS allocations are dynamic.

23
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The BS may provide periodic UL allocations that may be used for requesting the bandwidth as well as for
data transfer. By default, size of allocations corresponds to current value of Maximum Sustained Traffic
Rate at the connection. The MS may request the BS to change ehanging the size of the UL allocation by
indicating the desired UL allocation size eitherby using an Extended Piggyback Request field of the GMSH
or the BR field of the MAC mgnalmg headers as descrlbed in Table 7 or by sendlng a codeword (deﬁned in
8.4.11.13) over CQICH.Fhe-E he-size 3 A b
width-changerequestfrom-the MS- When the BR size is set to zero, the BS may prov1de allocatlons for only
BR header or no allocations at all. In case that no unicast BR opportunities are available, the MS may use
contention request opportunities for that connection, or send the CQICH codeword to inform the BS of its
having the data to send. If the BS receives the CQICH codeword, the BS shall start allocating the UL grant
corresponding to the current Maximum Sustained Traffic Rate value.

The mandatory QoS parameters are the Maximum Sustained Traffic Rate, the Minimum Reserved Traffic
Rate, the Maximum Latency, the Request/Transmission Policy and Unsolicited Grant Interval (11.13.19).

The Extended rtPS is designed to support real-time service flows that generate variable-size data packets on
a periodic basis, such as Voice over IP services with silence suppression.

6.3.20 Sleep mode for mobility-supporting MS

6.3.20.1 Introduction

[Modify the sixth paragraph as indicated:]

Power Saving class may be repeatedly activated and deactivated. Activation of certain Power Saving Class
means starting sleep/listening windows sequence associated with this class.

The MS and BS shall discard all Power Saving Class parameters when any of the following events occur:
MS completes HO to another BS.

MS enters Idle mode

The MS is deregistered from the Serving BS.

Algorithm of choosing Power Saving Class type for certain connections is outside of the scope of the stan-
dard. When a PSC I or PSC 1II is reactivated, the MS shall reset the sleep window size to the initial-sleep
window size according to the definition of the PSC.

[Modify the tenth paragraph in section 6.3.20.1 as indicated:]

During the unavailability interval in DL (or UL), the BS shall not transmit to the MS; therefore, the MS may
power down one or more physical operation components or perform other activities that do not require com-
munication with the BS (e.g., scanning neighbor BSs, associating with neighbor BSs). If there is a unicast
management/transport connection or a multicast traffic connection which is not associated with any active
power saving class, the MS shall be considered available on permanent basis. The multicast traffic connec-
tion does not include MBS connection.

[Add a new section 6.3.20.10:]
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6.3.20.10 Activation and transition of MS states

Table 201a summarizes the state transitions of a MS with active PSC/PSCs after the reception of one of the

messages listed in the first column:

Table 201a—State transitions of an MS with active PSC/PSCs

New Message

Transition of an MS that is in Sleep Mode with an active PSC

MOB_SLP-RSP or DL sleep
control extended subheader
with new PSC activation

sleep control extended subheader.

MOB_HO-REQ message

HO cancel.

DREG-REQ message to enter
Idle mode

Sleep mode is deactivated upon completion of deregistration.

6.3.21 MAC HO procedures

6.3.21.1 Network topology acquisition

6.3.21.1.2 MS scanning of neighbor BSs

[Insert the following at the end

Table 201b gives a summary about the state transitions that a MS with active scanning pattern shall perform

0of 6.3.21.1.2:]

after the reception of the messages listed in the first column.

Table 201b—State transitions of an MS with active scanning pattern

New Message

Transition of an MS that has a Scanning pattern

MOB_SLP-RSP or DL
sleep control extended
subheader.message with
new PSC activation

Activation of a PSC cancels the entire scanning context. Note that the MS may
perform scanning autonomously during the unavailability interval.

Any active scanning shall be deactivated upon sleep entry, at

start_frame number defined in MOB_SLP-RSP or in DL sleep control
extended subheader.

MOB_HO-REQ message

Scanning pattern is deactivated upon transmission or reception of the
MOB_HO-REQ message.

DREG-REQ message to
enter Idle mode

Scanning pattern should be deactivated upon completion of deregistration.
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6.3.21.2 HO process

[Modify the text as indicated:]

6.3.21.2.1 Drops during-HO-

A drop is deﬁned as the situation where an MS has stopped communication with its serving BS. (eitherin

as-be ed: A “drop during HO” is defined
as the situation where the MS 1oses communlcatlon toa tar,qet BS durlng a handover attempt to this target
BS.

An MS can detect a drop by its failure to demodulate the DL, or by exceeding the RNG-REQ retries limit
allowedfor-theperiodieranging-meechanism. A BS can detect a drop when the Number of retries limit

allowed on inviting ranging requests for the periodic ranging mechanism is exceeded. An MS can detect a

drop during HO by its failure to demodulate the DL signals from this target BS. or by exceeding the RNG-
REQ retries limit.

When the MS has detected a drop or a drop during HO, it may perform network reentry at a BS as described
in 6.3.21.2.7. The BS preferred by the MS may be the serving BS.

If the MS performs network reentry, the MS shall perform CDMA ranging with_a preferred target BS using

codes from HO codes domain.

Upon the preferred target BS’s sending RNG-RSP with Ranging Status = success, the target BS shall pro-
vide CDMA ABEEOCIlocation IE with appropriate UL allocation for RNG-REQ from MS. MS shall send
RNG-REQ with MAC address and HMAC/CMAC. Serving BSID TLV and Ranging Purpose Indication
TLV Bit #0 set to 1 shall be included in RNG-REQ as well. The target BS may now identify that HO
attempt by MS was not coordinated with the serving BS and may request all relevant MS context from the
serving BS. Using this information, the target BS shall now send RNG-RSP with HO process optimization
bitmapTLV and network reentry may continue as in the typical, nondrop case.

The network reentry process at the serving BS is identical to the network reentry process at any other pre-
ferred target BS. both for the serving BS and for the MS (see 6.3.21.2.7). If the serving BS has discarded the

MS context, the network re-entry procedure shall be the same as full network reentry with HO optimization
rules and scenarios defined in 6.3.21.2.10.

When the serving BS has detected a drop, it shall react as if a MOB_HO-IND message has been received
with HO _IND type indicating serving BS release.

When the MS has detected a drop during HO, the MS may perform the HO Cancellation procedure specified
in6.3.21.2.3.
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6.3.23 MS idle mode (optional)
6.3.23.1 MS idle mode initiation
[Modify the 1st paragraph in Section 6.3.23.1 as indicated:]

Idle mode initiation may begin after MS deregistration. During normal operation with its serving BS, an MS
may signal intent to begin idle mode by sending a DREG-REQ message with the De-
registration_Request Code parameter = 0x01; request for MS deregistration from serving BS and initiation
of MS idle mode. When the BS decides to reject MS-initiated idle mode request, the BS shall send a DREG-
CMD with action code 0x06 in response to this DREG-REQ message. The BS may include REQ-Duration
TLV in this DREG-CMD message. In this case, the MS may retransmit the DREG-REQ message after the
expiration of REQ Duration. If the MS does not receive the DREG-CMD message within T45 timer expiry
after it sends the DREG-REQ message to the BS, the MS shall retransmit the DREG-REQ message as long
as DREG Request Retry Count has not been exhausted. Otherwise, the MS shall reinitialize MAC.

If the BS decides to accept MS-initiated idle mode request, the BS shall send a DREG-CMD with action
code 0x05 in response to this DREG-REQ message

Also, the BS shall start Management Resource Holding Timer to maintain connection information with the
MS as soon as it sends the DREG-CMD message with action code 0x05 to the MS. If
Management Resource Holding Timer has been expired, the BS shall release connection information with
the MS.

[Add the following in Section 6.3.23.1 immediately after the third paragraph as indicated:|

When extended BS-initiated Idle Mode is supported by the MS and the BS, the BS may send a DREG-CMD

message with Action Code set to 0x07 in an unsolicited manner, with or without the REQ-duration TLV,
signaling the MS to initiate an Idle Mode request through a DREG-REQ message with De-

Registration Request Code = 0x01 at REQ-duration expiration. If the REQ-duration TLV is not included,

MS shall send the DREG-REQ message at the earliest possible time. The MS may include the Idle Mode
Retain Information TLV in the DREG-REQ message.

Upon receiving a DREG-REQ message with De-Registration Request Code = 0x01 from the MS, the BS

shall transmit a DREG-CMD message with Action Code=0x05. If the DREG-REQ  with De-
Registration Request Code = 0x01 included the Idle Mode Retain Information TLV, the BS DREG-CMD

with Action Code set to 0x05 message shall also include this TLV. Upon the reception of the DREG-CMD
with Action Code = 0x05 the MS shall enter Idle Mode.

The BS shall start the TS50 timer at the REQ-duration timer expiration. If the BS does not receive a DREG-
REQ with De-Registration Request Code = 0x01 from the MS before T50 expiration, the BS may retrans-
mit the DREG-CMD message with Action Code set to 0x07.

When extended BS-initiated Idle Mode is supported by the MS and the BS. the BS should not use the
DREG-CMD message with Action Code 0x05 to request Idle Mode initiation.

[Modify the 4th paragraph in Section 6.3.23.1 as indicated:]

MS may reject the unsolicited Idle Mode request from BS when MS has a pending UL data. For this, MS
shall send DREG-REQ with De-Registration_Request Code = 0x03 in response to the unsolicited DREG-
CMD with aa Action Code = 0x05 or 0x07. Upon receiving DREG-REQ with De-Registration Request
Code = 0x03, BS shall stop T50, T46 timer and Management Resource Holding Ftimers and resume all con-
nection information for MS.
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6.3.27 Emergency service

[Modify the text in the 3rd paragraph of subclause 6.3.27 Emegency Service in IEEE 802.16-2009 as fol-
lows]

The BS may broadcast ESM(s) either through an MBS permutation zone or through a normal DL zone (e.g.,
PUSC, FUSC and so on). If the BS decides to broadcast the ESM(s) through the MBS permutation zone, BS
shall transmit MBS MAP _IE with indication of ESM existence in the MBS permutation zone (see
8.4.5.3.12). Even though an MS isnt watching MBS channel, the MS shall check at least the two parameters
in an MBS MAP IE (i.e., the Maero-diversity-enhaneedMBS permutation zone defined and the Existence of
Emergency Service Message) if there is. If the MS detects existence of ESM(s) through MBS permutation
zone when MS decodes MBS MAP IE, the MS shall decode MBS_MAP message in order to identify the
MBS data burst on which MAC PDU containing Emergency Service Message(s) will be transmitted.
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8. Physical layer (PHY)

8.3 WirelessMAN-OFDM PHY
8.3.6 Map message fields and IEs
8.3.6.7 Reduced private maps
8.3.6.7.1 Reduced private DL-MAP

[Insert a new entry to Table 302 above the “Preamble Present” field:]

DIUC 4 -

8.4 WirelessMAN-OFDMA PHY
8.4.4 Frame structure
8.4.4.6 UL transmission allocations

[Modify Section 8.4.4.6 of IEEE 802.16-2009, page 715 line 12 as indicated: ]

a) In each subchannel, the size of each continuous group of OFDMA symbols remaining after alloca-
tion of UIUC = 0, 11 (Extended-2 UIUC) with Type = 8, 12,13 regions shall be a multiple of three
OFDMA symbols. For UIUC = 12, the sum of ranging allocations (in units of OFDMA symbols)

shall be a multiple of 3 symbols. If ranging regions overlap, the symbols are counted once towards
the sum of the ranging allocations.

b)  The slot boundaries in all subchannels shall be aligned, i.e., if a slot starts in symbol k in any sub-
channel, then no slots are allowed to start at symbols k + 1, k + 2 at any other subchannel.

¢)  The number of UL symbols (excluding AAS preambles and Sounding zone (UIUC=13)) per zone
shall be an integer multiple of slot duration.”

8.4.5 Map message fields and IEs
8.4.5.4 UL-MAP IE format

8.4.5.4.11 CQICH allocation IE format
[Modify as indicated:]

Indicates whether an update to the report configuration exists in the IE. A value of 0 indicates that the SS
shall use the configuration defined in the last received CQICH_Alloc_IE with the same CQICH_ID.

The CQICH_Alloc IE with Report configuration included = 0 shall not be transmitted after the expiration
defined in the Duration field for the designated CQICH _ID.
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8.4.8 Space-time coding (STC) (optional)

8.4.8.3 STC for the optional zones in the DL

8.4.8.3.1 Symbol structure for optional AMC and optional FUSC

8.4.8.3.1.2 Allocation of data subchannels

8.4.8.3.1.2.1 STC mapping for optional AMC permutation

[Modify the second paragraph in section 8.4.8.3.1.2.1 as follows and insert Figure 274a:]

For 2-antenna matrix A in 8.4.8.3.3 the bursts are required to have six symbol granularity and both begin and
end on a multiple of six symbol boundary counting from the beginning of the zone. In the first stage the data
is first mapped frequency-first to each 2x3 slot, and frequency-first over the slots of the allocation as
depicted in Figure 220. This implies that subchannels are allocated on slot by slot basis as indicated in Fig-
ure 274a. As a result of the 6+6n symbol granularity required, all non-HARQ burst allocations and all
HARQ sub-burst allocations of matrix A are rectangular. Then at the second stage Matrix A encoding is per-
formed over each pair of QAM symbols which were assigned to the same subcarrier index over two sym-
bols. When 2-antenna matrix B is scheduled with 6+6n symbol per burst granularity (see section 11.8.3.5.5),
the bursts are required to both begin and end on a multiple of 6 symbol boundary counting from the begin-
ning of the zone. In case of matrix B with 6+6n symbol per burst granularity, all non-HARQ burst alloca-
tions and all HARQ sub-burst allocations are rectangular.

Ed: Figure provided in C802.16m-09/3011 is unclear and needs to be re-drawn, re-submitted.

Figure 274a—lllustration of data mapping rules

8.4.12 Channel quality measurements

8.4.12.3 CINR mean and standard deviation

[Modify 8.4.12.3 as indicated:]

[Replace Equation 156 with an equation identical to Equation 158.]

[Change the text below Equation 156 as indicated:]

CINR[£]is a linear measurement of CINR (derived by any mechanism that delivers the prescribed
accuracy) for message k

o avgis an averaging parameter specified by the BS

nis the number of consecutive frames in which no measurement is made
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10. Parameters and constants

10.1 Global Values

[Upate the table as indicated:]

Table 554—Parameters and constants

IEEE P802.16m/D4

. Minimum Default Maximum
System Name Time Reference Value Value Value
ABS Neighbor List Time between Femto ABS 10 minutes | 60 minutes | 1440 minutes
Update Interval neighbor list updates
ABS FFR Partition Time between FFR parti- 1 minute 60 minutes | 143200 minutes
Update Interval tion updates
BS T50 See 6.3.23.1 100ms 250ms 500ms
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11. TLV encodings
11.1.3 MAC version encoding

[Modify the contents of the TLV table as indicated:|

Type Length Value Scope

148 1 Version number of IEEE 802.16 supported on this channel. | PMP: DCD, RNG-REQ
0: Reserved

1-7: Indicates conformance with an earlier and/or obsolete
version of IEEE Std 802.16

8: Indicates conformance with IEEE Std 802.16-2009

9: Indicates conformance with IEEE Std 802.16-2009 and

IEEE Std 802.16j-2009
10: Indicates conformance with IEEE Std 802.16-2009

IEEE Std 802.16j-2009 and IEEE Std 802.16m-2010
9 10-255: Reserved

[Change 11.7.7.1 as indicated]
11.7.7.1 CS type Classification/RHS-optiehs-and-SBU-eneapsulatien support

This parameter indicates which CS type(s) Elassification/PHS-options-and-SDUY-eneapsu-
latien the SS and/or BS supports. By default, Packet, IPv4 and IEEE 802.3/Ethernet shall

be supported, thus absence of this parameter in REG-REQ means that named options are
supported by the SS. When the length field of the TLV is 2, it indicates that bits 16-31
should be considered to be equal to zero.

Bit values are set independent of each other. When multiple bit values are set to 1, the
802.16 entity is capable of having multiple concurrent service flows each with different

CS Specification parameter (see 11.13.18.1) encodings as identified by the bit setting in
this TLV.

11.7.8 SS capabilities encodings
11.7.8.11 Extended capability

[Modify the table as indicated:|
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in case both MS and BS support it.

Bit #1: Indicates the capability to sup-port BS Controlled HO (see
6.3.21.2.2). If the MS does not support this capability, it may ignore the
BS_Controlled HO flag in the DCD.

Bit #2: Indicates support for Group parameter Create/Change TLV (11.13.39)
Bit #3: Indicates the capability to support extended BS-initiated idle mode (see

section 6.3.23.1)

Bits 34-7: Reserved, set to zero.

Type | Length Value Scope
49 1 Bit #0: Indicates the capability to support ARQ Map Last Bit concept and the | REG-REQ,
optimized Sequence Block as defined in Table 169. The feature is enabled only | REG-RSP

11.8 SBC-REQ/RSP management message encodings
11.8.3 Physical parameters supported

11.8.3.5 WirelessMAN-OFDMA specific parameters
11.8.3.5.18 OFDMA parameter sets

[Modify the table for OFDMA PHY parameters set A as indicated:]
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MIMO support

mission

Sets Items Sub-items References
SSTTG = 50 psec
Subscriber transition gap 11.8.3.1
SSTTG = 50 psec
64 QAM
OFDMA SS demodulator CTC 11.8.3.5.2
HARQ Chase
CTC 11.8.3.5.3
OFDMA SS modulator
HARQ Chase
Physical CINR measurement
from the preamble
OFDMA SS CINR measurement Physical CINR measurement .for
o a premutation zone from pilot | 11.8.3.5.8
OFDMA PHY capabillity bearri
parameter set A Subcarriers
Support for two concurrent CQI
channels
OFDMA SS uplink power con- | Uplink open loop power control | 11.8.3.5.9
trol support support
Extended HARQ IE capability
OFDMA MAP capability Sub MAP capability for first 11.8.3.5.10
zone
Enhanced FAST FEEDBACK
Uplink control channel support 11.8.3.5.11
UL ACK
OFDMA SS modulator for | Capable of single antenna trans- | 11.8.3.5.14

11.13 Service flow management encodings

11.13.17 ARQ TLVs for ARQ-enabled connections

11.13.17.3 ARQ_RETRY_TIMEOUT TLV

[Modify the text as indicated:]

The ARQ RETRY TIMEOUT TLYV should account for the transmitter and receiver processing delays and
any other delays relevant to the system.

TRANSMITTER DELAY: This value is the sum of:
* the time between the moment a ARQ block becomes outstanding and the moment it reaches the antenna

of the ARQ block receiver, and;
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*  the time between the moment the ARQ feedback reaches the antenna of the ARQ block transmitter and
the moment the ARQ feedback is processed by the ARQ block transmitter:;

as estimated by the ARQ block transmitter for the identified service flow. This TLV shall only be included
in a DSA-REQ or a DSA-RSP message by the BS for DL service flows, and by the SS for UL service flows.

RECEIVER DELAY: This value is the time between the moment the burst carrying the ARQ block arrives

at the antenna of the ARQ block receiver and the moment an ARQ feedback is received at the antenna of the

ARQ block transmitter, as estimated by the ARQ block receiver for the identified service flow. This TLV
shall only be included in a DSA RE{ Jora DSA RSP message by the BS for UL service flows, and by the S

for DL service flows.

The DSA-REQ message shall contain the values for these parameters, if the sender is requesting ARQ. The
DSA-RSP message shall contain the values for these parameters if the sender of the corresponding DSA-
REQ message requested ARQ and the sender of the DSA-RSP is accepting ARQ. When the DSA handshake
is completed, each party shall calculate ARQ RETRY TIMEOUT TLV to be the sum of
TRANSMITTER DELAY and RECEIVER DELAY.

11.13.18.1 CS Specification parameter

[Modify the table as indicated:]

Type Length Value Scope

[145/146].28 1 : GPCS (Generic Packet Convergence Sublayer) DSA-REQ
: Packet, IPv4

: Packet, IPv6

: Packet, IEEE 802.3/Etherneta

: Reserved

: Packet, IPv4 over IEEE 802.3/Etherneta
: Packet, IPv6 over IEEE 802.3/Etherneta
: Reserved

: Reserved

: ATM

10: Reserved

11: Reserved

12: Reserved

13: Reserved

14: Packet, IPb

15: Multiprotocol flow
+516-255 Reserved

ORI N WN—O

[Change 11.13.8.1 (‘b’ footnote) as indicated]

bSDUs for service flows of this CS type may carry either IPv4 or IPv6 in the header-eompressed payload.
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[Editor to move the first table on page 1315 of IEEE 802.16-2009, section 11.13.42 for Type value 52 to
the end of section 11.13.41.]

11.16 Sleep mode management encodings

O 001N WU A W

[Add a new TLV as indicated:]

Sleep mode functions enabled in full FDD

Bit 2-7: Reserved

Type | Length Value Scope
3 1 Bit 0: If =1, MS will monitor Group #1 (defaulf) MOB_SLP-REQ,
Bitl: If =1, MS will monitor Group #2 (default ) MOB_SLP-RSP

*default condition is both Bit 0 = 1 and Bit 1 = 1. This default condition applies if this TLV is not
included in the MOB_SLP-REQ/RSP messages.

For FDD MS only.

Used to specify the Map Relevance for a full FDD MS during Sleep Mode. When Bit 0 is set to 1, MS will
monitor Group #1 for all power saving classes. When Bit 1 is set to 1, MS will monitor Group #2 for all

power saving classes.

Copyright © 2009 IEEE. All rights reserved.
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[Insert the following clause:|

16. Advanced Air Interface

16.1 Introduction

16.2 Medium access control
16.2.1 Addressing

The AMS has a global address and logical addresses that identify the AMS and connections during opera-
tion.

16.2.1.1 Global Address

16.2.1.1.1 MAC Address

Each AMS shall have a 48-bit universal MAC address, as defined in IEEE Std 802®-2001.
16.2.1.2 Logical Address

The following logical identifiers are defined in the following subsections.

16.2.1.2.1 Station Identifier (STID)

A 12-bit value that uniquely identifies an AMS in the domain of the ABS. The ABS shall assign a STID to
each AMS during network entry as described in 16.2.15. The ABS may assign a new STID to an AMS dur-
ing network reentry.

This subclause does not apply to the Multicast Station Identifier (see 16.2.1.2.5), which is used to support E-
MBS described in 16.9.

16.2.1.2.1.1 Temporary Station Identifier (TSTID)

A STID is used temporarily to protect the mapping between the STID, which is used after network entry,
and the AMS MAC Address. The ABS assigns and transfers a TSTID to the AMS by AAI RNG-RSP dur-
ing initial ranging procedure. During registration procedure the ABS assigns and transfers an STID to the
AMS by encrypted AAI REG-RSP. The ABS shall release the TSTID when it identifies that the AMS has
successfully completed the registration procedure.

16.2.1.2.2 Flow ldentifier (FID)

Each AMS connection is assigned a 4 bit FID that uniquely identifies the connection within the AMS. FIDs
identify control connection and transport connections. DL and UL Transport FIDs are allocated from the
transport FID space as defined in Table 652. An FID that has been assigned to one DL transport connection
shall not be assigned to another DL transport connection belonging to the same AMS. An FID that has been
assigned to one UL transport connection shall not be assigned to another UL transport connection belonging
to the same AMS. An FID that has been used for a DL transport connection can be assigned to another UL
transport connection belonging to the same AMS, or vice versa. Some specific FIDs may be pre-assigned. If
the value is 0001 it indicates that the MPDU is signaling header. See Table 652 for the specific allocation of
FIDs.
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Table 652—FIlow Identifiers

Value Description

0000 Control FID (unicast control FID when PDU is allocated by unicast
assignment A-MAP IE; broadcast control FID when PDU is allo-
cated by broadcast assignment A-MAP IE)

0001 FID for Signaling Header

0010-1111 Transport FID

16.2.1.2.3 Deregistration Identifier (DID)
The DID shall uniquely identify the AMS within the set of paging group ID, paging cycle and paging offset.
16.2.1.2.4 Context Retention Identifier (CRID)

The network shall assign an CRID to each AMS during network entry or zone switch to Mzone. The AMS is
identified by the CRID in coverage loss recovery and DCR mode, where the CRID allows the network to
retrieve AMS context. The network may assign the AMS a new CRID if necessary.

16.2.1.2.5 Multicast Station Identifier (MSTID)

A 12-bit value that is used along with a 4-bits long FID (see 16.2.1.2.2) to uniquely identify a specific E-
MBS flow in the domain of an E-MBS zone (see 16.9.3.2).

16.2.2 MAC PDU formats

MAC PDUs shall be of the form illustrated in Figure 385. Each PDU shall begin with a MAC header. The
MAC PDU may also contain payload. The header may be followed by one or more extended headers.
Extended headers shall not be present in a MAC PDU without payload.

Multiple MAC SDUs and/or SDU fragments from different unicast connections belonging to the same AMS
can be multiplexed into a single MAC PDU. The multiplexed unicast connections shall be associated with
the same security association.

MAC Extended Header(s)
Header (Optional)

Payload (Optional)

Figure 385—MAC PDU formats
16.2.2.1 MAC header formats

There are three defined MAC header formats: the Advanced Generic MAC Header, compact MAC header
and the MAC signaling header. These three MAC header formats shall not be used on the same connection.
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16.2.2.1.1 Advanced Generic MAC Header (AGMH)

The AGMH format is defined in Table 653.

Table 653—AGMH Format

Syntax Size (bit) Notes
Advanced Generic MAC Header() {
Flow ID 4 Flow Identifier
EH 1 Extended header presence indicator; When set to ‘1°, this
field indicates that an Extended Header is present follow-
ing this AGMH.
Length 11 This field indicates the length in bytes of MAC PDU
including the AGMH and extended header if present. If
MLEH is present in a MPDU, Length field indicates 11
LSB of length in byte of MAC PDU.
}

16.2.2.1.2 Compact MAC header (CMH)

The CMH is defined to support applications, such as VoIP, which uses small data packets and non ARQ
connection. Extended header may be piggybacked on the CMH, if allowed by its length field. With the
exception of extended headers, the CMH shall not require any other headers. The CMH is identified by the
specific FID that is provisioned statically, or created dynamically via AAI DSA-REQ/RSP.

The CMH format is defined in Table 654.

Table 654—CMH Format

Syntax Size (bit) Notes
Compact MAC Header() {
Flow ID 4 Flow Identifier
EH 1 Extended header presence indicator; When set to ‘1°, this
field indicates that an Extended Header is present follow-
ing this CMH.
Length 7 This field indicates the length in bytes of MAC PDU
including the CMH and extended header if present.
SN 4 MAC PDU payload sequence number increments by one
for each MAC PDU (modulo 16).
}
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16.2.2.1.3 MAC Signaling Header

The signaling header shall be sent standalone or concatenated with other MAC PDUs in either DL or UL. If
the AMS uses an anonymously assigned UL resource to send the signaling header, the AMS shall include
the STID in the contents field of the signaling header. One FID is reserved for MAC signaling header. The

IEEE P802.16m/D4

value of Flow ID for MAC signaling header is 0001.

All MAC signaling header formats follow the layout defined in Table 655.

Table 655—MAC Signaling Header Format

Syntax Size (bits) Notes
MAC Signaling Header() {
FlowID 4 Flow Identifier. Set to 0001
Type 4 MAC signaling header type
Contents 40 MAC signaling header contents

}

Type field encodings are shown in Table 656.

Table 656—Type field encodings for MAC signaling header type

Type field (4 bits) MAC Signaling Header Type
0000 BR with STID
0001 BR without STID
0010 Service specific BR without STID
0011 Sleep Control
0100 AMS Battery Level Report
0101- 1111 Reserved

16.2.2.1.3.1 BR with STID Header

When an AMS requests bandwidth through an anonymous UL resource, it shall transmit BR with STID sig-
naling header on the anonymous UL resource. BR format with STID header is defined in Table 657.
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Table 657—BR with STID header format

Syntax Size(bit) Notes
BR with STID () {
FID 4 Flow Identifier. Set to 0001.
Type 4 MAC signaling header type = 0b0000
BR Size 19 Aggregated bandwidth request size in bytes
BR FID 4 The FID for which UL bandwidth is requested.
STID 12 STID of the AMS which requests UL bandwidth.
Reserved 5 Reserved. This field shall be filled by 0
}

16.2.2.1.3.2 BR without STID Header

BR without STID Header is sent through dedicated UL resource assigned to the AMS. BR type shall be
included to indicate whether BR type is increment or aggregate. BR format without STID header is defined
in Table 658.

Table 658—BR without STID Header Format

Syntax Size (bit) Notes
BR without STID header() {
FID 4 Flow Identifier. Set to 0001.
Type 4 MAC signaling header type = 0b0001
BR Type 1 Indicates whether the requested bandwidth is incremental or
aggregate:
0: incremental.
1: aggregate.
BR Size 19 Bandwidth request size in bytes.
BR FID 4 The FID for which UL bandwidth is requested.
TI 1 0: No Tx Power report
1: Tx Power information present
If(TI=1) {
UL Tx Power 8 UL Tx power level in dBm for the burst that carries this
header (as described in 11.1.1).
Reserved 7 Shall be filled by 0
} else {
Reserved 15 Shall be filled by 0
}
41
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16.2.2.1.3.3 Service Specific BR without STID Header

Service Specific BR without STID Header is sent through dedicated UL resource assigned to the AMS,
which needs to change the scheduling parameters of its service flow. BR type shall be included to indicate
whether BR type is increment or aggregate. Service Specific BR without STID header format is defined in
Table 659. If SCID change indicator is set to 1, the ABS shall send an acknowledgement to confirm the
change of sleep mode configuration.

Table 659—Service Specific BR without STID Header Format

Syntax Size (bit) Notes

Service specific BR without STID

header() {

FID 4 Flow Identifier. Set to 0001.

Type 4 MAC signaling header type = 0b0010

BR Type 1 Indicates whether the requested bandwidth is incremental
or aggregate.
0: incremental
1: aggregate

BR Size 19 Bandwidth request size in bytes.

BR FID 4 The FID for which UL bandwidth is requested.

if (scheduling type == aGP Service) {

QoS parameter change indicator 1 QoS parameter change indicator
0: no change in QoS parameter
1: having changes in QoS parameter

SCID change indicator 1

if (QoS parameter change indicator = 1){

Running Grant Polling Interval (GPI) 6 Indicating new GPI (frames) to use for future allocation.
Reserved 9

yelse{

QoS parameter set switch 1 0: primary QoS parameter set.

1: secondary QoS parameter set

If(SCID change indicator==1)

{

SCID 4

Padding 9
else{

Padding 13
H
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Table 659—Service Specific BR without STID Header Format

Syntax

Size (bit)

Notes

}

}

else if (scheduling type == BE) {

Minimum grant delay

Indicating minimum delay (frames) of the requested grant

Reserved

10

¥

else {

Reserved

16

Reserved. This field shall be filled by 0

¥

¥

16.2.2.1.3.4 Sleep Control header (SCH)

The Sleep Control header shall be used to convey control signaling related to sleep cycle operation by an

ABS or AMS. The specific control provided by SCH is given in Table 660.

Table 660—Sleep Control header format

Syntax (Slilzt(; Notes
Sleep Control Header Format { —
FID 4 Flow Identifier. Set to 0001.
Type 4 MAC signaling header type = 0b0011
SCH sub-type 3 0b000 = Listening Window control

0b001 = Resume Sleep Cycle Indication
0b010 = Sleep cycle configuration switch
0b011 = Sleep Cycle control

0b100 = Multi-Carrier Listening Window con-
trol

0b101~0b111 = reserved

Response Indication

0: This indicates the request
1: This indicates the response (i.e., acknowl-
edgement) to the request

If (SCH sub-type == Listening Win-
dow Control) {
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Table 660—Sleep Control header format

Size

Syntax (bit) Notes
Listening Window End or Exten- 1 0 = Listening Window End Indication
sion 1 = Listening Window Extension Indication
if(Listening Window End or — —
Extension==1){
Last frame of Extended Listen- 7 LSB of frame sequence.
ing Window Indicate the frame that extended listening win-
dow is terminated.
} _ _
} else if( SCH sub-type == Resume — —
Sleep Cycle Indication) {
Scheduled Sleep Cycle Interrup- 1 0 = no scheduled Sleep Cycle interruption is
tion included included with the Resume Sleep Cycle Indica-
tion
1 = scheduled Sleep Cycle interruption is
included with the Resume Sleep Cycle Indica-
tion
if (Scheduled Sleep Cycle Inter- — —
ruption included == 1) {
Start Frame Offset for Sched- 7 Number of frames in the future from the frame
uled Sleep Cycle Interruption containing this SCH at which the scheduled
Sleep Cycle interruption will occur. Frame off-
set is value of this field plus one (i.e., range is
1 to 128).
} _ _
} _ _
else if (SCH sub-type == Sleep — —
cycle configuration switch){
SCID 4 SCID corresponds to the new sleep cycle set-
ting to be switched
Start Frame Offset for new sleep 3 Least Significant 3 bits of Frame Number in
cycle configuration which sleep cycle setting is to be applied.
} _ _
else if (SCH sub-type == Sleep
Cycle control) {
Next Sleep Cycle Flag (NSCF) 2 0b00 = Reset to Initial Sleep Cycle

0b01 = min (2 x previous sleep cycle, Final
Sleep Cycle)

0b10 = Reset to another Initial Sleep Cycle
value

0bl1 = Reserved

if (NSCF == 0b10)

{
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Table 660—Sleep Control header format

Size
Syntax (bit) Notes

New Initial Sleep Cycle 4 When the current Sleep Cycle is reset, if this
value is included, the current Sleep Cycle shall
be reset to this value.

O 001N WU A W

11 }

13 ;

else if (SCH sub-type == Multi-

16 Carrier Listening Window control)
{

18 Target Carrier Index Bitmap 4 If ny, bit is set to 1, it indicates that DL data
19 transmission on the secondary carrier of which
20 logical carrier index is equal to (n+1) ends.

22 }

24 Padding variable | For byte alignment

26 j — —

29 16.2.2.1.3.5 AMS Battery Level Report Header

32 The AMS Battery Level Report Header should be used to convey AMS battery level information from AMS
33 to ABS. The specific information provided by AMS Battery Level Report Header is given in Table 661.

34

35

36

39 Table 661—AMS Battery Report header format

42 Size
Syntax (bit) Notes

45 AMS Battery Level Report header () - -
46 {

48 FID 4 Flow Identifier. This field indicates MAC sig-
49 naling header

51 Type 4 MAC signaling header type = 0b0100

AMS Battery Status 1 0b0: The AMS is plugged into a power source
Obl: The AMS is not plugged into a power
source

56 Battery Level Indication 1 0b0: The AMS is able to report detailed bat-
57 tery level.

58 Obl: The AMS is not able to report detailed
59 battery level.

61 If (Battery Level Indication = 1) {
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Copyright © 2009 IEEE. All rights reserved.



O 001N WU A W

February 3, 2010 IEEE P802.16m/D4

Table 661—AMS Battery Report header format

Size
Syntax (bit) Notes
AMS Battery Level 3 The field appears only when the Battery Level
Indication is set to 1.
0b001: Battery level is between 75% and 100
%
0b010: Battery level is between 50% and 75 %
0b011: Battery level is between 25% and 50 %
0b100: Battery level is between 5 % and 25 %
0b101: Battery level is below 5 %
0b110 — Ob111: Reserved
Reserved 35 Shall be filled by 0
}
else {
Reserved 38
}
}

16.2.2.2 Extended header formats

The inclusion of Extended Header group is indicated by EH bit in MAC Header. The extended header group
(see Figure 386—), when used, shall always appear immediately after the MAC header. Extended header
group shall not be encrypted. The fields of the extended header group format are defined in Table 662—.

Extended Header Group Length (8bits)
EH Type 1 (4)

EH Body 1
(Variable Length)

EH Type 2 (4)

EH Body 2 Extended Header
(Variable Length) Group Length

EH Type n (4)

EH Body n
(Variable Length)

Figure 386—Extended Header Group Format
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Table 662—Extended Header Group Fields

Size
Syntax (bit) Notes

O 001N WU A W

Extended header Group Length 8 The Extended header Group Length field indicates the total
length in bytes of the extended header group, including all the
extended headers and the Extended header Group length
byte.

15 Extended header Type 4 Type of extended header as defined in Table 663.

17 Extended header Body Variable | The size of the extended header is determined by extended
18 header type as specified in Table 663. The extended header
19 including the extended header type is byte aligned.

30 Table 663—Description of Extended Header Types

33 Extended Header Types Names Description

35 0b0110 Fragmentation and packing extended header | See 16.2.2.2.1

- MAC Control extended header See 16.2.2.2.2

38 0b0000 Multiplexing extended header See 16.2.2.2.3

40 0b0001 Message ACK extended header See 16.2.2.2.4

42 0b0010 Sleep Control extended header See 16.2.2.2.5

44 0b0011 Correlation matrix feedback extended header | See 16.2.2.2.6

46 0b0100 MIMO feedback extended header See 16.2.2.2.7

47 0b0101 Piggybacked bandwidth request extended See 16.2.2.2.8
header

50 0b0111 MAC PDU length extended header See 16.2.2.2.9

52 0b1000 ARQ Feedback extended header See 16.2.2.2.10

54 0b1001-0b1111 Reserved

61 16.2.2.2.1 Fragmentation and packing extended header (FPEH)

3 . . . . .
64 The MAC PDU shall include FPEH when fragmentation or packing are applied to MAC PDU(s) with pay-
65 load from a transport connection, or when a SN is applied to a MAC PDU with payload from a transport
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tains ARQ sub-blocks. LSI and SSN shall be included in FPEH if RI bit set to 1.

Table 664—FPEH Format

Syntax

Size
(bit)

Notes

FPEH() {

Type

FPEH Type

FC

Fragmentation Control bits (see Table 665)

If (MAC Header == AGMH) {

SN

10

SN is maintained per connection. For non ARQ connec-
tion, 'SN' represents the MAC PDU Payload Sequence
Number and the 'SN' value increments by one (modulo
1024) for each MAC PDU. For ARQ connection, 'SN'
represents the ARQ block sequence number.

AFP

ARQ feedback poll indicator

0 =No ARQ feedback poll

1 = ARQ feedback poll for the connection indicated in
AGMH or MEH if multiplexing is used

RI

ARQ Re-arrangement information indicator
0=no ARQ re-arrangement
1= ARQ re-arrangement

if(RI==1) {

LSI

Last ARQ sub-block indicator

0 = indicating the last ARQ sub-block from the single
ARQ block is not included in this MAC PDU

1 = indicating the last ARQ sub-block from the single
ARQ block is included in this MAC PDU

SSN

11

SUB-SN of the first ARQ sub-block

Do {

End

Indication of more information

0 = Indicating another 'Length' and 'End' fields are fol-
lowed

1 = Indicating no more 'Length' and 'End' fields are fol-
lowed

if (End == 0) {
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Table 664—FPEH Format

Syntax

Size
(bit)

Notes

Length

11

This field indicates the length of SDU or SDU fragment
in a MAC PDU payload. If a MAC PDU payload consists
of N' SDU/SDU fragments, N-1 'Length' fields are
present to represent the length of SDU/SDU fragment #1
to #N-1.

No multiplexing:

Length of last SDU/SDU fragment = Length of MAC
PDU (given by length field in GMH/CMH & MLEH) -
Length of GMH/CMH - Extended header group length (if
present) - Length of PN& EKS (3bytes, if present) -
Length of ICV ( if present) - sum of length of SDU/SDU
fragment s #1 to #N-1

With multiplexing:

Length of last SDU/SDU fragment = Length of connec-
tion payload corresponding to this FPEH (see table 666,
MEH format) - sum of length of SDU/SDU fragments #1
to #N-1

} while (!End)

Padding

variable

For byte alignment.

Table 665—Encoding of FC field

FC

Meaning

Examples

00

The first byte of data in the MAC PDU payloadis | «  One or Multiple unfragmented SDUs

the first byte of a MAC SDU. The last byte of
data in the MAC PDU payload is the last byte of

a MAC SDU.

packed in an MAC PDU
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Table 665—Encoding of FC field

not the first byte of a MAC SDU. The last byte of
data in the MAC PDU payload is not the last byte
of a MAC SDU.

FC Meaning Examples
01 The first byte of data in the MAC PDU payload is MAC PDU with only First fragment of an
the first byte of a MAC SDU. The last byte of SDU
g?t:ﬁg‘g gADjﬁj PDU payload is not the last byte MAC PDU with one or more unfragmented
' SDUs, followed by first fragment of subse-
quent SDU
10 The first byte of data in the MAC PDU payload is MAC PDU with only Last fragment of an
not the first byte of a MAC SDU. The last byte of SDU
data in the MAC PDU payload is the last byte of MAC PDU with Last fragment of an SDU,
a MAC SDU.
followed by one or more unfragmented
subsequent SDUs
11 The first byte of data in the MAC PDU payload is MAC PDU with only middle fragment of

an SDU

MAC PDU with Last fragment of an SDU,
followed by zero or more unfragmented
SDUs, followed by first fragment of a sub-
sequent SDU

16.2.2.2.2 MAC Control extended header (MCEH)

The MCEH shall be used when MAC PDU contains payload from a control connection. When message
fragments belonging to two different control messages are being sent, the transmitter shall assign different
Control Connection Channel ID (CCC ID)s to the MCEH of each MAC PDU. The MCEH format is defined

in Table 666.
Table 666—MCEH Format
Size
Syntax (bit) Notes
MCEH () {
EC 1 Encryption Control indicator
0 = Payload is not encrypted
1 = Payload is encrypted
Control Connection Channel 1 Channel ID to identify separate fragmentation / reassembly
ID (CCCID) state machines
0: channel 1
1: channel 2
SN Indicator 1 0 =no FC and sequence number
1=FC and sequence number are followed
If (SN Indicator = 0) {
Reserved 5 For byte alignment
else {
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Table 666—MCEH Format

Syntax (SI:IZS Notes

Polling 1 0 =no acknowledgement required
1 = acknowledge required upon receiving the MAC message
FC 2 Fragmentation control (see Table 665)
SN 8 Payload sequence number
Reserved 2 For byte alignment
}
H

16.2.2.2.3 Multiplexing extended header (MEH)

The format of MEH is defined in Table 667. The MEH is used when payload from multiple connections as-
sociated with the same security association are multiplexed in the same MAC PDU. The AGMH carries the
Flow ID corresponding to the payload of the first connection. MEH carries the Flow IDs corresponding to
remaining connections. If both MEH and FPEH are present in a MPDU, then MEH shall appear before FPEH.

Table 667—MEH Format

Size
Syntax (bit) Notes

MEH () {

Type 4 MEH type

N FI 4 Number of Flow information present in the MEH.
If ‘n’ connections are multiplexed, ‘n-1" Flow IDs
and Lengths are present. .

for(i=1;i<=N_FI; i++) {

Flow ID 4 Flow Identifier. The ‘i’ Flow ID indicates the flow
identifier of the “i+1°™ connection.

LI 1 Length Indicator
LI = 0 indicates that size of Length field is 11 bits
LI=1 indicates that size of Length field is 14 bits

If (LI ==0) {
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Table 667—MEH Format

Syntax

Size
(bit)

Notes

Length

11

Length of the connection payload.
The ‘’th length field indicates the length of the pay-
load of the “i+1°™ connection.

Length of first connection payload = Length of
MAC PDU (given by length field in GMH &
MLEH) - Length of GMH - Extended header group
length (if present) - Length of PN& EKS (3bytes, if
present) - Length of ICV (if present) - sum of 'n-1'
Length fields

}else {

Length

14

Length of the connection payload.

The 'i'" length field indicates the length of the pay-
load of the 'i+1"™ connection.

Length of first connection payload = Length of
MAC PDU (given by length field in GMH &
MLEH) - Length of GMH - Extended header group
length (if present) - Length of PN& EKS (3bytes, if
present) - Length of ICV ( if present) - sum of 'n-1'
Length fields

Reserved

}

FPEH _MCEH indicator bitmap

variable

The numbers of bits in FPEH _MCEH _indicator bit-
map is equal to number of flows multiplexed in
MAC PDU (i.e.N_FI +1). The most significant bit
corresponds to the first connection payload. The
least significant bit corresponds to the last connec-
tion payload

A bit set to 1 in FPEH_MCEH _indicator bitmap
indicates the presence of FPEH/MCEH.

A bit set to 0 in FPEH__MCEH _indicator bitmap
indicates the absence of FPEH/MCEH.

Reserved

variable

For byte alignment

}

16.2.2.2.4 MAC Control Message ACK Extended Header (MAEH)

The MAEH format is defined in Table 668. This header may be used by ABS and AMS to indicate the
reception of a specific, previously received MAC control message. When an ABS or AMS receives a MAC
control message or MAC control message fragment with the Polling bit set to 1 in the MCEH, the ABS or
AMS shall transmit an MAEH or AAI MSG-ACK message as an acknowledgement after receiving the
complete message with the SN of the MAC control message PDU or the SN of the last received fragment if

fragmented.
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Table 668—MAEH Format

Syntax Size (bits) Notes

MAEH () {

Type 4 MAEH type

ACK SN 8 SN retrieved from the MCEH of the MAC PDU
with the Polling bit set to 1

Control Connection Channel ID (CCC ID) 1 Control Connection Channel ID (CCC ID) that
the MAC management message is received.

Reserved Variable For byte alignment

H

16.2.2.2.5 Sleep Control extended header (SCEH)

The Sleep Control extended header shall be used to convey control signaling related to sleep cycle operation
by an ABS or AMS. The specific control provided by SCEH is given in Table 669.

Table 669—SCEH Format

Size
Syntax (bit) Notes
Sleep Control Extended Header
Format () {
FID 4 Flow Identifier. This field indicates MAC
signaling header
Type 4 MAC Signaling Header Type = 0b0011
SCEH sub-type 3 0b000 = Listening Window control
0b001 = Resume Sleep Cycle Indication
0b010 = Sleep cycle configuration switch
0b011 = Sleep Cycle control
0b100 = Multi-Carrier Listening Window
control
0b101~0b111 = reserved
Response Indication 1 0: This indicates the request
1: This indicates the response (i.e.
acknowledgment) to the request .
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Table 669—SCEH Format

Size

sleep cycle configuration

Syntax (bit) Notes
if (SCEH sub-type == - -
Listening Window Control)
{
Listening Window End or 1 0 = Listening Window End Indication
Extension 1 = Listening Window Extension Indication
if (Listening Window End
or Extension == 1) {
Last frame of Extended 7 LSB of frame sequence. Indicate the frame that
Listening Window extended listening window is terminated,;
} - -
} else if (SCEH sub-type == - -
Resume Sleep Cycle Indication) {
Scheduled Sleep Cycle 1 0 = no scheduled Sleep Cycle interruption is
Interruption included included with the Resume Sleep Cycle
Indication
1 = scheduled Sleep Cycle interruption is
included with the Resume Sleep Cycle
Indication
if (Scheduled Sleep Cycle
Interruption
included ==1) {
Start Frame Offset for 7 Number of frames in the future from the frame
Scheduled Sleep Cycle containing this SCEH at which the scheduled
Interruption Sleep Cycle interruption will occur. Frame
offset is value of this field plus one (i.e. range
is 1 to 128).
}
}
else if (SCEH sub-type == Sleep - -
Cycle configuration switch) {
SCID 4 SCID corresponds to the new sleep cycle
setting to be switched.
Start Frame Offset for new 3 Least Significant 3 bits of Frame Number in

which sleep cycle setting is to be applied.

}

else if (SCEH sub-type == Sleep
Cycle control) {
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Table 669—SCEH Format

Size

Syntax (bit) Notes
Next Sleep Cycle Flag 2 0b00 = Reset to Initial Sleep Cycle
(NSCF) 0b01 = min (2 x previous sleep cycle, Final

Sleep Cycle)
0b10 = Reset to another Initial Sleep Cycle
value
Ob11 = Reserved

if (NSCF == 0b10)

{

New Initial Sleep Cycle 4 When the current Sleep Cycle is reset, if this
value is included, the current Sleep Cycle shall
be reset to this value.

}
}
else if (SCH sub-type == Multi-
Carrier Listening Window control) {

Target Carrier Index Bitmap 4 If nth bit is set to 1, it indicates that DL data
transmission on the secondary carrier of which
logical carrier index is equal to (n+1) ends.

}
Padding variable | For byte alignment

16.2.2.2.6 Correlation Matrix Feedback Extended Header (CMFEH)

This Correlation matrix feedback extended header format is defined in Table 670. This extended header may
be used by AMS as a response to a Feedback Polling A-MAP IE requesting the quantized transmit correla-
tion matrix when the ABS is equipped with 2 or 4 transmit antennas. N, is the number of transmit antennas at

the ABS, indicated in S-SFH SP3.
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Table 670—CMFEH Format

Syntax (Sl:lzte) Notes

CMFEH() {
Type 4 CMFEH type
For (i=1; i <= N;; i++){

i.-th diagonal entry of correlation 1 As defined in section 16.3.7.2.5.6
matrix

For (j=i+1; j<= Ng; j+){

‘ (i,j)-th entry of correlation 4 As defined in section 16.3.7.2.5.6
matrix

H

}

Reserved Variable | For byte alignment
H

16.2.2.2.7 MIMO feedback extended header (MFEH)

This MIMO feedback extended header format is defined in Table 671 This header is used by AMS as a re-
sponse to a Feedback Polling A-MAP IE requesting to feedback only the wideband information for MFM 0,
1, 4 or 7, or only the subband information for one subband for MFM 2, 3, 5 or 6. Variables MaxM,,
Codebook_subset, long period ¢ and Measurement Method Indication are indicated in the Feedback Polling
A-MAP IE. N, is the number of transmit antennas at the ABS, indicated in S-SFH SP3. The number of sub-
bands Ygp is described in section 16.3.9.3.1.5. The MFEH shall be padded by zeros for byte alignment to 3
bytes.

The decimal value of wideband STC rate is encoded with 2 or 3 bits in binary representation, but its allowed
values depend on Measurement Method Indication and MaxM,. The decimal value of subband and wideband
PMI is encoded with 4 or 6 bits in binary representation, but its allowed values depend on N, and
Codebook_subset. The decimal value of subband stream index is always encoded with 2 bits, but its allowed
values depend on Measurement Method Indication and MaxM,. The decimal value of logical subband index
is always encoded with 5 bits, but its allowed values are limited to the interval [0, Ygg-1].
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Syntax (SI:IZS Notes
MFEH() {
Type 4 MFEH type
MFM 3
If (MFM == 0){
Wideband CQI 4
Wideband STC rate 3
Zero padding 10
}
If (MFM == 1){
Wideband CQI 4
Zero padding 13
}
If (MFM == 2){
Subband index 5
Subband CQI 4
Subband STC rate 3
Zero padding 5
}
If (MFM == 3 and N, == 2 or 4){
Subband index 5
Subband CQI 4
Subband STC rate 2
Subband PMI 6
}
If (MFM == 3 and N, == 8){
Subband index 5
Subband CQI 4
Subband STC rate 3
Subband PMI 4
Zero padding 1
}
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Syntax (Sl:lzt§ Notes
If (MFM == 4){
Wideband CQI 4
Wideband STC rate 3
Wideband PMI 6
Zero padding 4
}
If (MFM == 5){
Subband index 5
Subband CQI 4
Subband stream index 2
Zero padding 6
}
If (MFM == 6){
Subband index 5
Subband CQI 4
Subband PMI 6
Zero padding 2
}
If (MFM == 7){
Wideband CQI 4
Wideband PMI 6
Zero padding 7
}
}

16.2.2.2.8 Piggybacked bandwidth request extended header (PBREH)

PBREH shall be used when an AMS performs piggybacked bandwidth request for one or more flows.
Table 672 is the format of PBREH.
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Syntax Size (bit) Notes
PBREH() {

Type 4 PBREH type
Num_Of PBR 4 Number of piggybacked BW request
For(i=0;i<
Num_Of PBR ;i+t) {

FID 4 Flow identifier

Request type 1 0: aggregate

1: incremental
BR size 19 Amount of bandwidth requested

16.2.2.2.9 MAC PDU length extended header (MLEH)

The MAC PDU length extended header (MLEH) is added to MAC PDU when the MAC PDU length is
greater than 2047 bytes. The MLEH if present in the MAC PDU, shall be the first extended header in the
MAC PDU. The format of MLEH is defined in Table 673. The Length field in MLEH gives the 3 MSBs of
extended length of MAC PDU. The length field in AGMH gives the 11 LSBs of extended length of MAC

PDU.

Table 673—MLEH Format

Syntax Size (bits) Notes
MLEH (){
Type Length Extended header type
Length The 3 bit length is to be appended as
MSB to the 11 bit length field in
AGMH : MPDU length = MLEH
(length(3)) .. AGMH(Length(11)).
Reserved Setto 0
}

16.2.2.2.10 ARQ Feedback Extended Header (AFEH)

The format of ARQ feedback extended header is defined in Table 674. This header is used by an ARQ
receiver to signal positive or negative acknowledgement.
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Table 674—AFEH format

Syntax Size (bit) Notes
AFEH() {
Type 4 AFEH type
ARQ Feedback variable See 16.2.13.1.1
IE(s)
H

16.2.3 MAC Control messages

The peer-to-peer protocol of MAC layers in ABS and AMS communicate using the MAC control messages
to perform the control plane functions. MAC control messages shall be carried in a MAC PDU to be trans-
ported in broadcast, unicast or random access connections. There is a single unicast Control connection.
HARQ shall be enabled for MAC control messages sent on the unicast Control connection. Encryption may
be enabled for unicast MAC control messages. MAC control messages may be fragmented, but shall not be
packed. Table 675 lists the MAC control messages that shall be defined in the ASN.1 format, as shown in
<<<Appendix P>>>. The indication to the receiver whether the PDU is encrypted is indicated by the EC=1
in MCEH. Whether the encryption is applied on a MAC control message or not shall be determined by the
message type and MAC procedure context, which is define in Table 675. A messages included in a PDU
whose EC bit value does not match the combined message type and corresponding context defined in the
Table 675 shall be discarded. Encrypted and non encrypted MAC control messages shall not be sent in the
same PDU.

Table 675—MAC Control Messages

Message name Message description Security Connection
AAI SCD System configuration descriptor | N/A Broadcast
AAI SII-ADV Service Identity Information N/A Broadcast
Advertisement

AAI RNG-REQ Ranging Request Null: during ranging proce- Initial
dure when there is no SA Ranging or
already established or pre- Unicast
updated.

CMAUC: all other cases

AAI RNG-RSP Ranging Response Null: during ranging proce- Initial

dure when there is no primary | Ranging or
SA already established or pre- | Unicast
updated.

Encrypted/ICV: all other
cases in response to the
AAI RNG-REQ message

AAI RNG-ACK Aggregated CDMA Ranging N/A Broadcast
Acknowledge
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Table 675—MAC Control Messages (continued)

Message name Message description Security Connection
AAI REG-REQ Registration Request Encrypted/ICV Unicast
AAI REG-RSP Registration Response Encrypted/ICV Unicast
AAI SBC-REQ Basic Capability Request null: during capability negoti- | Unicast
ation when there is no pri-
mary SA already established
or pre-updated.
Encrypted/ICV: all other
cases
AAI SBC-RSP Basic Capability Response null: during capability negoti- | Unicast
ation when there is no pri-
mary SA already established
or pre-updated.
Encrypted/ICV: all other
cases
AAI DREG-REQ Deregistration Request Encrypted/ICV Unicast
AAI DREG-RSP Deregistration Response Encrypted/ICV Unicast
AAI DSA-REQ Dynamic Service Addition Encrypted/ICV Unicast
Request
AAI DSA-RSP Dynamic Service Addition Encrypted/ICV Unicast
Response
AAI DSA-ACK Dynamic Service Addition Encrypted/ICV Unicast
Acknowledge
AAI DSC-REQ Dynamic Service Change Encrypted/ICV Unicast
Request
AAI DSC-RSP Dynamic Service Change Encrypted/ICV Unicast
Response
AAI DSC-ACK Dynamic Service Change Encrypted/ICV Unicast
Acknowledge
AAI DSD-REQ Dynamic Service Deletion Encrypted/ICV Unicast
Request
AAI DSD-RSP Dynamic Service Deletion Encrypted/ICV Unicast
Response
AAI DSX-RVD DSx Received Encrypted/ICV Unicast
AAI PKM-REQ Privacy Key Management before AK is derived at net- Unicast

Request

work entry: NULL

after AK is derived at net-
work entry and EAP-transfer
message is enclosed: encryp-
tion/ICV

after AK is derived at net-
work entry and the other mes-
sage is enclosed: CMAC
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Table 675—MAC Control Messages (continued)

Message name Message description Security Connection
AAI PKM-RSP Privacy Key Management before AK is derived at net- Unicast
Response work entry: NULL
after AK is derived at net-
work entry and EAP-transfer
message is enclosed: encryp-
tion/ICV
after AK is derived at net-
work entry and the other mes-
sage is enclosed: CMAC
AAI_ARQ-Feedback Stand-alone ARQ Feedback null Unicast
AAI_ARQ-Discard ARQ Discard Encrypted/ICV Unicast
AAI ARQ-Reset ARQ Reset Encrypted/ICV Unicast
AAI SLP-REQ Sleep Request Encrypted/ICV Unicast
AAI SLP-RSP Sleep Response Encrypted/ICV Unicast
AAI TRF-IND Traffic Indication N/A Broadcast
AAI NBR-ADV Neighbor Advertisement Null: in unicast Unicast or
N/A: in broadcast broadcast
AAI SCN-REQ Scanning Interval Allocation Encrypted/ICV Unicast
Request
AAI SCN-RSP Scanning Interval Allocation Encrypted/ICV Unicast
Response
AAI _SCN-REP Scanning Result Report Encrypted/ICV Unicast
AAI HO-REQ AMS Handover Request Encrypted/ICV Unicast
AAI HO-CMD ABS Handover Command Encrypted/ICV Unicast
AAI HO-IND AMS Handover Indication Encrypted/ICV Unicast
AAI TRF_IND-REQ Traffic indication request Encrypted/ICV Unicast
AAI TRF_IND-RSP Traffic indication response Encrypted/ICV Unicast
AAI L2-XFER AAI L2 Transfer Encrypted/ICV Unicast
AAI PAG-ADV BS Paging Advertisement N/A Broadcast
AAI ULPC NI UL Noise and Interference Level | N/A Broadcast
Broadcast
AAI-MC-ADV multicarrier Advertisement N/A Broadcast
AAI MC-REQ multicarrier Request Null Unicast
AAI MC-RSP multicarrier Response Null Unicast
AAI CM-CMD Carrier Management Command | Encrypted/ICV Unicast
AAI CM-IND Carrier Management Indication Encrypted/ICV Unicast
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Message name Message description Security Connection
AAI RES-CMD Reset command Before authentication :Null Unicast
After authentication :
Encrypted/ICV
AAI SingleBS MIMO FBK | Single-BS MIMO feedback <TBD> Unicast
AAI MultiBS MIMO_FBK Multi-BS MIMO feedback <TBD> Unicast
AAI DL IM Downlink interference mitiga- N/A Broadcast
tion parameter
AAI MULTI BS MIMO- Multi-BS MIMO Request <TBD> Unicast
REQ
PGID _Info Paging Group Advertisement N/A Broadcast
AAI MultiBS PMI COM Multi-BS PMI Combination Unicast
AAI GRP-CFG Group Configuration Encrypted/ICV Unicast
AAI FFR-CMD FFR measurement report com- Encrypted/ICV Unicast
mand
AAI FFR-REP FFR measurement report Encrypted/ICV Unicast
AAI UL POWER ADJUST | Uplink TX power adjustment Encrypted/ICV Unicast
AAI UL PSR Config Uplink Power Status Reporting Encrypted/ICV Unicast
Configuration
AAI UL PSR Uplink Power Status Report Encrypted/ICV Unicast
AAI CLC-REQ Co-located coexistence request Encrypted/ICV Unicast
AAI CLC-RSP Co-located coexistence response | Encrypted/ICV Unicast
AAI E-MBS-CFG E-MBS Configuration Null Broadcast
AAI LBS-ADV LBS Advertisement Null Broadcast

16.2.3.1 AAI_RNG-REQ

An AAI RNG-REQ message is transmitted by AMS at network entry, to which HARQ operation is applied.
An AMS shall generate AAI RNG-REQ message containing parameters according to the usage of the

AAI RNG-REQ message:

If required parameters cannot be transmitted and the AMS does not have an active STID assignment, the
AMS shall request UL bandwidth by sending either a BR without STID header (refer to 16.2.2.1.3.2) or
PBREH (refer to 16.2.2.2.8), if a fragment of the AAI RNG-REQ is sent using the provided UL bandwidth.
In response to the additional UL bandwidth request, the ABS should allocate UL bandwidth by sending a
CDMA Allocation A-MAP IE still masked with the RA-ID and masking prefix indicator for the ranging
code (refer to Table ‘Description of CRC Mask’).
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The following parameters are included according to the usage of the AAI RNG-REQ message:

Table 676—Parameters for AAI_RNG-REQ

Name Value Usage

AMSID* It's the hash value of AMSID in order to protect
AMS privacy, which is used for ABS to distin- | 1t shall be included when the AMS is
guish AMSs when more than one AMS send | ,ttempting network entry without its
AAI RNG-REQ message at the same time. STID/DID which the ABS/Paging

MAC version Version number of IEEE 802.16 supported by | Controller assigns.
the AMS

Ranging  Pur- | The presence of this item in the message indi- | It shall be included when the AMS is

pose Indication

cates the following AMS action: If Bit#0 is set
to 1, it indicates that the AMS is currently
attempting HO reentry, or, in combination with
a Paging Controller ID, indicates that the MS
is attempting network reentry from idle mode
to the BS. In this case, Bit#1 shall be 0.

If Bit#1 is set to 1, it indicates that the AMS is
initiating the idle mode location update pro-
cess, or, in combination with CRID, it indi-
cates that the AMS is initiating DCR mode
extension. In this case, Bit#0 shall be 0.

If Bit#2 is set to 1, ranging request for emer-
gency call setup. When this bit is set to 1, it
indicates AMS action of Emergency Call pro-
cess.

If Bit#4 is set to 1, it indicates that the AMS is
attempting to perform location update due to a
need to update service flow management
encodings for E-MBS flows.

If Bit #5 is set to 1, it indicates that the AMS is
initiating location update for transmission to
DCR mode from idle mode.

If Bit #6 is set to 1 in combination with ID of
the network entity that assigns/retains the con-
text, it indicates that the AMS is currently
attempting reentry from DCR mode.

If Bit#7 is set to 1, it indicates that the AMS is
currently attempting network reentry after
experiencing a coverage loss.

If Bit#8 is set to 1, it indicates that the AMS is
currently attempting network reentry from a
IEEE802.16¢ only Legacy BS

attempting to perform reentry, HO,
location update or DCR mode exten-
sion.

Serving BSID

The BSID of the AMS’s previous serving ABS
before incurring a coverage loss, or the BSID of
the serving ABS to which the AMS is currently
connected (has completed the registration cycle
and is in normal operation). Inclusion of serving
BSID in the AAI RNG-REQ message signals
to the target ABS that the AMS is currently con-
nected to the network through the serving ABS
and is in the process of HO network reentry.

It shall be included when the AMS is
attempting to perform HO reentry. In
case of performing Direct HO, this is
the BSID of the previous serving
Legacy BS.
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Table 676—Parameters for AAI_RNG-REQ

Name Value Usage
CRID AMS identifier which the AMS has been as- | It shall be included when the AMS is
signed for coverage loss or DCR mode and are | attempting to perform network reen-
currently maintained try from coverage loss or DCR mode
STID The STID which the AMS uses in the previous | It shall be included when the AMS is

serving ABS.

attempting to perform HO reentry

Previous CID

The CID which the AMS used in the previous
serving BS

It shall be included when the AMS is
attempting to perform Direct HO re-
entry

Paging Control-
ler ID

The Paging Controller ID which the AMS cur-
rently maintains in idle mode.

Deregistration The ID which the AMS is assigned for idle

Identifier (DID) | mode and currently maintains. It shall be included when the AMS is
PGID The identification of the paging group that the attejmptmg to perform reentry or lo-

. . . cation update
AMS is previously belonging to.

Paging Cycle PAGING_CYCLE applied to the AMS

Paging Offset PAGING_OFFSET applied to the AMS

Paging  Cycle | PAGING _CYCLE requested by the AMS It shall be included when the AMS in
Change Idle Mode is attempting to change

Paging Cycle during Location Up-
date

Power Down In-
dicator

Indicates the AMS is currently attempting to
perform location update due to power down.

It shall be included when the AMS is
attempting to perform location up-
date due to power down

NONCE_AMS | A freshly generated 64-bit random numberused | It shall be included when zone
for PMK derivation switching from LZone to MZone oc-
curs.
NONCE_ABS A 64-bit number transferred from ABS and | It shall be included when zone
used for PMK derivation switching from LZone to MZone oc-
curs.
AK COUNT The AMS’s current value of the AK COUNT, . .
o : .| It shall be included during reentry,
which is used to generate the security keys in secure Location Update or HO
the target ABS. P
CMAC Tuple If included, the CMAC Tuple shall be the last | It shall be included when the AMS is

attribute in the message.

attempting to perform Network Re-
entry from idle mode, Secure Loca-
tion Update, or HO, or a reentry after
incurring a coverage loss if the AMS
has a CMAC tuple necessary to ex-
pedite security authentication.
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Table 676—Parameters for AAI_RNG-REQ

Name Value Usage
LEGACY CM | The AMS's current value of the | Itshall beincluded during Direct HO
AC KEY _COU | CMAC _KEY_ COUNT, which was used at the | from a 16e only Legacy BS to the tar-

NT

previous serving Legacy BS.

get ABS.

Legacy CMAC
Tuple

If included, the CMAC Tuple shall be the last
attribute in the message.

*Note: This is not used to generate the security
keys in the target ABS, This is only for security
authentication

It shall be included when the AMS is
attempting to perform Network Re-
Entry from Direct HO, if the AMS
has a CMAC tuple necessary to ex-
pedite security authentication. This
CMAC is the CMAC tuple used in
the previous serving Legacy BS.

AMS Mobility | 0b00 = Slow
Information
0601 = Medium It may be included when the AMS is
attempting to perform the location
0b10 = Fast update
Obl1 = Reserved
CSGID(s) One or more identifiers for one or more CSG(s). | Sent by AMS to aid quick CSG

membership detection by Femto
ABS as well as to aid ABS reselec-
tion

16.2.3.2 AAI_RNG-RSP

An AAI RNG-RSP, to which HARQ operation is applied, shall be transmitted by the ABS in response to a
received AAI RNG-REQ.

The AAI RNG-RSP message shall be encrypted and not contain CMAC Tuple, when the ABS notifies the
AMS through the HO Process Optimization parameter that the AAI PKM-REQ/RSP sequence may be omit-
ted for the current HO reentry attempt, or when the ABS wishes to respond to the acknowledged AAI RNG-
REQ message containing a valid CMAC.
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The following parameters are included according to the usage of the AAI RNG-RSP message:

Table 677—parameters for AAl_ RNG-RSP

Name

Value

Usage

Ranging Status

Used to indicate whether UL messages are received
within acceptable limits by ABS.

1 = continue, 2 = abort, 3 = success

It shall be included in the AAT RNG-
RSP message

Temporary STID | Used for AMS identification until STID is assigned | It shall be included in the AAI RNG-
to the AMS during registration procedure. RSP message in response to the
AAI RNG-REQ message, which is not
AMSID* A required parameter when the AMS confirms if the | CMAC protected, when the AMS is not
AAI_RNG-RSP is a response to the AAI_RNG- assigned its STID/DID yet.
REQ message which the AMS sent.
STID AMS identification to be used in the target ABS It shall be included in the AAI RNG-
RSP message during uncontrolled HO,
NW reentry or Zone switching in case
that the AAI_RNG-RSP is encrypted
Location Update 0x00= Success of Location Update It shall be included when an ABS sends
Response 0x01= Failure of Location Update an AAI_ RNG-RSP message in response
0x02 = Reserved to an AAI_ RNG-REQ message used to
0x03=Success of location update and DL traffic perform location update or DCR mode
pending initiation from Idle Mode or DCR mode
0x04 = Allow AMS’s DCR mode initiation request extension.
or DCR mode extension request
0x05 = Reject AMS’s DCR mode initiation request
or DCR mode extension request
0x06~0xFF: Reserved
Paging Cycle New Paging Cycle of the AMS It shall be included only if the Location
0b0000 - Ob1111 Update Response is set to 0x00 (Success
of Idle Mode Location Update) and the
Paging Group ID New PGID of the AMS Paging Information has changed
Paging Offset New PAGING_OFFSET of AMS
Paging Control- The new Paging Controller ID which the AMS shall | It shall be included only if the Location
ler ID maintain in idle mode. Update Response = 0x00 (Success of
Idle Mode Location Update) and Paging
DID The new DID which the AMS shall maintain in idle | Controller ID has changed
mode.
HO Process Opti- | Bitmap definition is the same as in 16.2.3.11. It shall be included when the AMS is
mization Identifies reentry process MAC control messages attempting to perform network reentry

that may be omitted during the current HO attempt
due to the availability of MS service and operational
context information obtained by means that are
beyond the scope of this standard, and the MS ser-
vice and operational status post-HO completion.
The AMS shall not enter normal operation with tar-
get ABS until completing receiving all network
reentry, MAC control message responses as indi-
cated in HO process optimization.

or HO and the target ABS wishes to
identify reentry process MAC control
messages that may be omitted during the
current HO attempt

Neighbor station
measurement
report indicator

Perform Neighbor station measurement report if set
to'l’

Identifies Neighbor station measure-
ment report is required during current
network entry for ARS
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Table 677—parameters for AAl_ RNG-RSP

Name Value Usage
NONCE AMS | The 64-bit NONCE AMS transferred by | It shall be included when zone
AAI RNG-REQ switching from LZone to MZone oc-
curs.
NONCE_ABS The 64-bit NONCE_ABS transferred by | It shall be included when zone
AAI RNG-REQ switching from LZone to MZone oc-
curs.
FID update Compound It shall be included if the ABS needs to
{ update AMS's existing flows.
SFID ; FIDs which are not appeared in this field
UD; // U: update, D : Delete shall be regarded as guranteed by the
If (UD==U) { ABS.
Updated QoS Info ; //All the rules and settings that
apply to the parameters when used in the DSC-RSP
message apply to the contents encapsulated in this
field.
b
}
Unsolicit band- If this is set to 1, then an ABS should allocate UL It shall be included when AMS is

width indicator

bandwidth for transmission or retransmission of
MAC messages without request from AMS during
network entry

attempting network entry

CLC-INFO

The information of co-located coexistence response
(Table 690)

It shall be included when the AMS is
attempting network reentry after HO if
the AMS has any Type I or II CLC class
active before handover.

The Information Type field of CLC-
INFO shall be set to 2 to indicate it pro-
vides CLC response information.

Redirection Info

ABSID, preamble index and center frequency for
one or more neighbor ABSs of the serving ABS

Sent by serving ABS to aid cell reselec-
tion in the event the serving ABS is not
able to allow the AMS to perform entry
(due to various reasons such as high
serving ABS load, non existence of

CSG membership etc)

CRID AMS identifier which the AMS has been assigned It shall be included when the AMS is
for coverage loss or DCR mode and are currently attempting to perform network reentry
maintained from coverage loss or DCR mode or to

perform network reentry/location
update/zone-switch with assigning a
new CRID

Ranging Request | If this is set to 1, AMS should send and AAI RNG- | It shall be included when serving ABS

bit CFM after a successful periodic ranging performs coverage loss detection proce-

dure (16.2.26)

16.2.3.3 AAI_RNG-ACK

The AAI_ RNG-ACK message is sent by the ABS in response to the CDMA ranging request during initial
ranging, period ranging and HO ranging in order to provide PHY-level adjustment (e.g. timing offset, power
level and frequency offset). In addition, it may also be transmitted asynchronously to send corrections based
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on measurements that have been made on other received data or MAC messages. As a result, the AMS shall
be prepared to receive an AAI RNG-ACK at any time, not just following a ranging preamble transmission.
Upon reception of ranging codes, the AAI RNG-ACK message is allocated by DL basic assignment A-
MAP IE using broadcast STID. When the AAI RNG-ACK message is sent unsolicitedly to specific user,
the AAI RNG-ACK message is allocated by DL basic assignment A-MAP IE with unicast STID. When the
AMS receives an unsolicited AAI RNG-ACK message, it shall reset the periodic ranging timer and adjust
its PHY parameters as notified in the AAI RNG-ACK message. If all the ranging statuses of the detected
ranging preambles are equal to 'success', the AAI RNG-ACK may be omitted by allocating UL resources

IEEE P802.16m/D4

with CDMA Allocation A-MAP IEs. The AAI RNG-ACK shall include the following parameters:

Table 678—Parameters for AAI_RNG-ACK

Name

Value

Description

Management Message Type

AAI_RNG-ACK

Unicast indication

If set to 1, this message is a unicast mes-
sage; otherwise this is a broadcast mes-
sage

Frame identifier

The frame identifier is produced by con-
catenating the following two values:
1.The 2 least significant bits of the super-
frame number

2.The frame index within the superframe
(ranging from 0b00 to Ob11).

Identifies the frame which con-
tains the ranging opportunities to
which this message refers.

RNG-ACK Bitmap

The size of this bitmap is decided by the
number of ranging slots in the referenced
frame. Each bit indicates the decoding
status of the corresponding ranging
opportunity.

0b0: No ranging code is detected;

Ob1: At least one code is detected.

Shall be included when the
AAI RNG-ACK is sent with
broadcast STID

Number of received codes

The number of ranging code
indices detected in this corre-
sponding ranging opportunity.
Shall be included for each
bit=0b1 in the RNG-ACK Bit-
map when the AAI RNG-ACK
is sent with broadcast STID

Code Index

Code index received in this
ranging opportunity.

Shall be included for each
received ranging codes if Num-
ber of received codes > 0 when
the AAI RNG-ACK is sent with
broadcast STID

Ranging status

Used to indicated whether UL messages
are received within acceptable limits by
the ABS

0b01: continue

Ob11: abort

0b00: success

When the AAI RNG-ACK is
sent with broadcast STID, the
parameter shall be included for
each received ranging code if
Number of received codes > 0.
When the AAI RNG-ACK is
sent with unicast STID, the
parameter is included for the
specific user.
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Table 678—Parameters for AAl_RNG-ACK

Name

Value

Description

cation (API)

Adjustment parameters indi-

cation

Bit#0: Time offset adjustment indication.
Bit#1: Power level adjustment indication
Bit#2: Frequency offset adjustment indi-

When the AAI RNG-ACK is
sent with broadcast STID, this
parameter shall be included for
each received ranging code
when Ranging status is 0b01.
When the AAI RNG-ACK is
sent with unicast STID, the
parameter is included for the
specific user when Ranging sta-
tus is 0b01, and in this case
Bit#2 is always set to 0.

Timing offset adjustment

10 bits

Shall be included when Time
offset adjustment indication bit
is1

Power level adjustment 3 bits

Shall be included when Power
level adjustment indication bit is
1

Frequency offset adjustment 8 bits

Shall be included when Fre-
quency offset adjustment indica-
tion bit is 1

16.2.3.4 AAI_SBC-REQ

An AAI SBC-REQ message, to which HARQ operation is applied, is transmitted by AMS to negotiate

basic capability during network entry.

The AAI SBC-REQ message shall be encrypted and not contain CMAC Tuple during HO reentry if authen-
tication has been completed. In Table 679, the CAPABILITY INDEX transmitted in the AAI SBC-REQ
message refers to the maximum "Capability Class" that the AMS can support. The maximum value of

CAPABILITY INDEX is denoted by [TBD] bits.

Table 679—AAI_SBC-REQ message format

Syntax Size (Bits) Notes
AAI SBC-REQ Message Format() {
Management Message Type = 26 8
CAPABILITY INDEX TBD

The following parameters may be included and parameter sets are mapped to capability index (the mapping

is TBD):

*  Authorization policy support
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» If Bit #0=0, EAP-based authorization is not supported,;
» If Bit #0=1: EAP-based authorization is supported
* PN Window Size : Specifies the size capability of the receiver PN window. The receiver shall track PNs
within this window to prevent replay attacks
*  Auth type for EAP : Auth Type for EAP shall only be included when EAP-based authorization is sup-
ported.
« If Bit #0=0, device authentication
« If Bit #0=1, user authentication

16.2.3.5 AAI_SBC-RSP

An AAI SBC-RSP message, to which HARQ operation is applied, is transmitted by ABS in response to a
received AAI SBC-REQ during initialization.

The AAI_SBC-RSP message shall be encrypted and not contain CMAC Tuple during HO reentry if authen-
tication has been completed. In Table 680, the CAPABILITY INDEX transmitted in the AAI SBC-RSP
message refers to the "Capability Class" that the ABS has allowed the AMS to use during the session. The
value of CAPABILITY INDEX signaled in the AAI SBC-RSP message is numerically smaller than or
equal to the CAPABILITY INDEX signaled in the AAI SBC-REQ message by the AMS.

Table 680—AAI_SBC-RSP message format

Syntax Size (Bits) Notes

AAI SBC-RSP Message Format() {

Management Message Type =27 8

CAPABILITY_INDEX TBD

}

The following parameters may be included and parameter sets are mapped to cabability index(the mapping
is TBD):
*  Authorization policy support
» If Bit #0=0, EAP-based authorization is not supported;
« If Bit #0=1: EAP-based authorization is supported
* PN Window Size : Specifies the size capability of the receiver PN window. The receiver shall track PNs
within this window to prevent replay attacks

16.2.3.6 AAI_SON-ADV message

This message is used by an ABS to broadcast relevant SON information for action types as defined below.
This message contains the following parameters:
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Name

Value

Usage

Action type

Used to indicate the purpose
of this message

0b00: ABS Reconfiguration
0b01: ABS Restart

0b10: ABS Scanning

Ob11: ABS Reliability

It shall be included in the
AAI SON-ADV message.

Unavailable start time (UST)

Start of unavailable time

Unavailable Time Interval
(UTI)

Interval of unavailable time

If Action type = 0b00, 0b01,
0b10), it shall be included in
the AAL SON-ADV mes-
sage.

If Action type =0b11, it may
be included in AAI_SON-
ADV message.

Reason

0x00: Power down
0x01: Power reduction
0x10: FA change
0x11:Bckhual link down

If Action type=0b11, it shall
be included in the AAI_SON-
ADV message.

Tx power reduction

dB value of Tx power reduc-
tion

If Reason = 0b01, it shall be
included in the AAI_SON-

ADV message.
FA index FA index If Reason = 0b10, it shall be
included in the AAI_SON-
ADV message.
Expected power down time or If Action type = 0b11), it shall
resource adjustment time or be included in the AAI_SON-
current FA downtime ADV message.
Expected uptime or new FA If Action type = 0b11), it may
uptime be included in the AAI_SON-
ADV message.
Recommended BSID list Recommended BSID list It may be included in

AAI SON-ADV message to
help AMS to HO.

16.2.3.7 AAI_REG-REQ

The following parameter is included in the AAl REG-REQ message:

AMS MAC address: This is used to derive security keys.
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An AAI_REG-REQ message is transmitted by AMS to negotiate general AMS capabilities and do registra-
tion during network entry.

The AAI REG-REQ message shall be encrypted and not contain CMAC Tuple if authentication has been
completed.
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Table 682—Parameters for AAl_ REG-REQ

AMS capability
negotiation pa-
rameters

Name Value
ARQ SN MODULUS the number of unique SN values; default =210
ARQ WINDOW SIZE the maximum number of ARQ blocks with con-
secutive SN in the sliding window of ARQ
blocks
ARQ SUB BLOCK SIZ | ARQ sub-block length when ARQ block is
E fragmented into ARQ sub-blocks prior to re-
transmission with rearrangement
AR ARQ BLOCK LIFETIM the maximum time interval an ARQ block shall
Q E be managed by the transmitter ARQ state ma-
parameters

chine, once initial transmission of the block has
occurred

ARQ RX PURGE TIME

the time interval the receiver shall wait after

ARQ BUFFER_SIZE

OouT successful reception of a block that does not re-
sult in advancement of
ARQ RX_WINDOW START, before ad-
vancing ARQ RX WINDOW_START
MAXIMUM _ The maximum ARQ buffer size

AMS DL HARQ buffering capability

Bits [6:0]: The number that is higher by 1 than
this field, is the steady amount of aggregated
DL HARQ information bits per frame in units
of 4800 bytes, at which the aimed combining
gain or better is obtained in the benchmark sce-
nario, as defined in paragraph 16.2.14.2.1.3.

AMS UL HARQ buffering capability

Bits [6:0]: The number that is higher by 1 than
this field is the amount of information bits in
4800 bytes units the AMS can buffer in the UL.

AMS DL processing capability per sub-frame

Bits [6:0] The number that is higher by 1 than
this field, is the steady amount of aggregated
DL data information bits per sub-frame in units
of 600 bytes that the AMS can process.

AMS UL processing capability per sub-frame

Bits [6:0] The number that is higher by 1 than
this field, is the steady amount of aggregated
UL data information bits per sub-frame in units
of 600 bytes that the AMS can process.

Multicarrier capabilities

0b00: No MC modes

0b01: Multicarrier aggregation
0b10: Multicarrier switching
Ob11: Both multicarrier
switching

aggregation and

LBS Capabili- | Capability for supporting
ties A-GPS method

0b0: no support
Obl: support

Capabilities for | DL PMI coordination capa-

0: AMS is DL PMI coordination capable

interference bility 1: AMS is not DL PMI coordination capable
mitigation sup- . . . . i
port DL collaborative multi-BS | 0: AMS is DL collaborative multi-BS MIMO
MIMO capability capable
1: AMS is not DL collaborative multi-BS
MIMO capable
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Table 682—Parameters for AAl_ REG-REQ

Name

Value

E-MBS capabilities

If Bit#0 is set to 1, it indicates E-MBS in Serv-
ing ABS only is supported

If Bit#1 is set to 1, it indicates macro diversity
multi ABS E-MBS is supported.

If Bit#2 is set to 1, it indicates non-macro-
diversity multi ABS E-MBS is supported.

If all Bit#0~Bit#2 are set to 0, it indicates no
E-MBS is supported.

Convergence
sublayer capa-
bilities

Classification/PHS options and SDU encapsu-
lation support

Indicates which classification/PHS options and
SDU encapsulation the AMS supports

Maximum number of classification rules

Maximum number of admitted classifica-
tion rules that the AMS supports.

ROHC support

Indicates the level of ROHC support.

PHS support

Indicates the level of PHS support.

Supported-IP-Versions IE

Indicates whether the AMS supports IPv4,
IPv6 or both.

0b00: reserved

0b01: IPv4 support

0b10: IPv6 support

Ob11: both IPv4 and IPv6 support

Host configura-
tion capabilities
and parameters

Host-Configuration-Capability-Indicator IE

Indicates whether the AMS supports the capa-
bility of configuring host using the received
parameters through the AAI REG-RSP mes-
sage. (One bit indicator) This shall be omitted
if Requested-Host-Configurations IE is
included in the message.

Requested-Host-Configurations IE

Includes requested host configuration options
in DHCP Options format. If included, this IE
indicates that the AMS supports host configu-
ration using AAI REG-RSP message, and
Host-Configuration-Capability-Indicator IE
shall be omitted.

Notes

IPv4/IPv6.

If the Supported-IP-Versions IE indicates both IPv4 and IPv6 capable, it means the AMS supports dual stack of

The following parameters may be included:

AMS Scanning Capability:

This field indicates properties of the AMS that the ABS needs to know for scanning purposes:

- Number of Center Frequencies AMS can scan during one scan iteration.

- Maximum number of preambles per Center Frequency AMS can scan during one iteration.

- Number of frames required to complete scanning of all preambles for a given frequency.
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The length of the field is 3 Bytes, which are divided as follows:

*  Bit 0-4: Indicates the maximum number of preambles using the same center frequency that AMS can
scan within one frame

*  Bit 5-7: Number of sub-frames the AMS requires to switch from the serving ABS to the first center fre-
quency. This value is measured from the end of the last frame during which the AMS is connected to the
S-ABS (and may have to receive/send data) until the beginning of the first frame in which a measure-
ment of a neighboring ABS in a different center frequency can be performed.

* 0b000 = 0 sub-frames
e 0bl11 =7 sub-frames)

*  Bits 8-10: The number of sub-frames the AMS requires to switch between center frequencies. This is
the time duration (in sub-frames) between a sub-frame in which a center frequency was scanned until
the beginning of a sub-frame in which a new center frequency can be scanned.

* 0b000 = 0 sub-frames
e 0bl11 =7 sub-frames)

*  Bits 11-13: The number of sub-frames the AMS requires to switch from the last center frequency back
to the serving ABS. This is the time duration (in sub-frames) between a frame in which a center fre-
quency was scanned until the beginning of the first frame in which the AMS is available at the S-ABS
and may receive/transmit data.

* 0b000 = 0 sub-frames

e 0bl11 =7 sub-frames)
*  Bit 14-15: Minimum supported scan duration

* (0b000 = no limit, 0b001= 1 sub-frame, Ob111= 7 sub-frames)
e Bit 16-23: Maximum supported scan duration

e (0x0 =no limit

* All other values: maximum scan duration in number of sub-frames))

16.2.3.8 AAI_REG-RSP

An AAI REG-RSP message is transmitted by ABS in response to AAl REG-REQ message during initial-
ization.

The AAI_REG-RSP message shall be encrypted and not contain CMAC Tuple if authentication has been
completed.

The following parameter is included in the AAI REG-RSP message:

— STID: AMS identifier which the ABS assigns to the AMS in place of the temporary STID which has
been transferred by AAI-RNG-RSP message.

— CRID (Context Retention Identifier): AMS identifier which the AMS has been assigned for coverage
loss or DCR mode

The following parameters may be included:
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Table 683—Parameters for AAl_ REG-RSP message

Name

Value

AMS capabili-
ty negotiation
parameters

ARQ SN_MODULUS

the number of unique SN values; default =210

ARQ WINDOW _SIZE

the maximum number of ARQ blocks with consec-
utive SN in the sliding window of ARQ blocks

ARQ SUB BLOCK_SIZ
E

ARQ sub-block length when ARQ block is frag-
mented into ARQ sub-blocks prior to retransmis-
sion with rearrangement

ARQ ARQ BLOCK LIFETIM | the maximum time interval an ARQ block shall be
parameters E managed by the transmitter ARQ state machine,
once initial transmission of the block has occurred
ARQ_RX PURGE TIME | the time interval the receiver shall wait after suc-
ouT cessful reception of a block that does not result in
advancement of ARQ RX WINDOW START,
before advancing ARQ_RX WINDOW_START
MAXIMUM The maximum ARQ buffer size
ARQ BUFFER_SIZE
Capabilities DL PMI coordination capa- | 0: ABS is DL PMI coordination capable

for interfer-
ence mitiga-
tion support

bility

1: ABS is not DL PMI coordination capable

DL collaborative multi-BS
MIMO capability

0: ABS is DL collaborative multi-BS MIMO capa-
ble

1: ABS is not DL collaborative multi-BS MIMO ca-
pable

DL closed-loop multi-BS
macro diversity capability

0: ABS is DL closed-loop multi-BS macro diversity
capable

1: ABS is not DL closed-loop multi-BS macro di-
versity capable

UL PMI combination capa-
bility

0: ABS is UL PMI combination capable
1: ABS is not UL PMI combination capable

LBS
Capabilities

Capability for support A-
GPS method

0b0: no support
Ob1: support

TBD

TBD

Multicarrier capabilities

0b00: No MC modes

0b01: Multicarrier aggregation

0b10: Multicarrier switching

Ob11: Both multicarrier aggregation and switching

E-MBS capabilities

If Bit#0 is set to 1, it indicates E-MBS in Serving
ABS only is supported

If Bit#1 is set to 1, it indicates macro diversity
multi ABS E-MBS is supported.

If Bit#2 is set to 1, it indicates non-macro-diversity
multi ABS E-MBS is supported.

If all Bit#0~Bit#2 are set to 0, it indicates no E-
MBS is supported.

Co-located coexistence capability supported

Indicates if co-located coexistence is supported.

Capabilities for MIMO support

TBD
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Table 683—Parameters for AAl_ REG-RSP message

Name

Value

Convergence
sublayer capa-
bilities

Classification/PHS options and SDU encap-
sulation support

indicates which classification/PHS options and
SDU encapsulation the AMS supports

Maximum number of classification rules

Maximum number of admitted classification rules
that the AMS supports.

ROHC support

Indicates the level of ROHC support.

PHS support

Indicates the level of PHS support.

Resource Retain Time

Number of frames that the serving ABS shall retain
the AMS context.

IP-Service-Type IE

Indicates which IP service will be used, the value
is one of following:

IPv4-Service

IPv6-Service

IPv4/1Pv6-Dual-Mode-Service

Host configu-
ration capabil-
ities and its

IPv4-Host-Address IE

The allocated IPv4 Host Address for the AMS.
Size: 4 octet

IPv6-Home-Network-Prefix IE

The allocated IPv6 Home Network Prefix for the
AMS.
Size: 8 octet

parameters
Additional-Host-Configurations IE Includes additional host configuration options in
DHCP Options format as detailed in [3], [4]
Redirection ABSID, preamble index and center fre- Sent by serving ABS to aid cell reselection in the
Info quency for one or more neighbor ABS event the serving ABS is not able to allow the

AMS to perform entry.

16.2.3.9 AAI HO-IND

The AMS may send the AAI HO-IND MAC control message in HO preparation, HO execution and HO
cancellation. If Piggyback Extended Header is included in the AAI HO-IND message, bandwidth request
size should be transferred to the target ABS. The AAI HO-IND message includes the following informa-

tion:
Table 684—Parameters for AAI_HO-IND message
Name Value Usage

HO Event Code 0b00: Target ABS selection in case of multiple candi- This is used to distinguish
date T-ABSs. AAI HO-IND among differ-
0b01: All target ABSs in AAI HO-CMD are unreach- ent scenarios
able. In this case, the AMS shall include a new target
ABS that was not included in AAI_ HO-CMD.
0b10: AMS unable to stay connected to serving ABS
until expiration of disconnect time
Ob11: HO cancel.

Target ABS ID Shall be included when HO

Event Code = 0b00 or 0b01
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Table 684—Parameters for AAI_HO-IND message

Name Value Usage
Physical Carrier Index | Physical carrier index of the Target ABS where an May be included when the tar-
AMS will perform network reentry procedure get ABS is a multi-carrier
ABS and HO Event Code =
0b00

16.2.3.10 AAI_HO-REQ

In MS-initiated HO, the AMS shall send the AAI HO-REQ to S-ABS to initiate the HO procedure. The fol-
lowing parameters shall be included in the AAI HO-REQ message:

Table 685—Parameters for AAI_HO-REQ message

Name Value Usage
Report Metric Bit #0: BS CINR mean Bitmap indicator of trigger metrics
Bit #1: BS RSSI mean that the AMS reports in this message.

Bit #2: Relative delay
Bits #3-6: Reserved; shall be set to zero.

N_New_BS Index Number of neighboring ABSs to be con-
sidered for HO, which are included in
AAI NBR-ADV message.

Neighbor ABS ID Shall be included for each recom-
mended neighbor BS

ABS CINR mean Shall be included if Report Metric
Bit #0 is set to 1

ABS RSSI mean Shall be included if Report Metric
Bit#1 is setto 1

Relative delay Shall be included if Report Metric
Bit#2 is setto 1

Carrier Preassignment Indicates whether AMS needs pre- May be included when Multi-Car-

Indication assignment of secondary carriers at the rier Support = 1

Target ABS.

16.2.3.11 AAI_HO-CMD

The S-ABS shall send AAI HO-CMD to initiate the HO procedure, or to acknowledge the AAI HO-REQ
sent by the AMS. The AAI HO-CMD message shall include the following parameters:
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Table 686—Parameters for AAl_HO-CMD message

Name

Value

Usage

Mode

0b00: HO command;

0b01: Zone switch command from MZone to
LZone;

0b10: AMS HO request rejected (ABS in list
unavailable). In this case, AAI HO-CMD mes-
sage shall not include any target ABS.

HO Reentry Mode

1: the AMS maintains communication with
Serving ABS while performing network reentry
with the Target ABS (Mode=0b00); or the AMS
maintains communication with MZone while
performing network reentry with LZone in the
same frame or on another carrier (Mode=0b01).
0: the AMS disconnects from the Serving ABS
before performing network reentry with the
Target ABS (Mode=0b00); or the AMS discon-
nects from the MZone before performing net-
work reentry with the LZone (Mode=0b01).

Should be included when Mode =
0b00.

Shall be included when Mode = 0b01.

HO Reentry Interleav-
ing Interval

If HO Reentry Interleaving Interval > 0, the
AMS performs network reentry to the target
ABS within the HO Reentry Interleaving Inter-
val and continues data transmission with the
Serving ABS in the remaining time.

If HO Reentry Interleaving Interval =0, the
AMS performs multi-carrier EBB (Established
Before Break) HO procedure per 16.2.8.2.9.2.2

Shall be included when HO Reentry
Mode is set to 1

HO Reentry Iteration

The requested number of iterating HO Reentry
Intervals by an AMS.

Shall be included when HO Reentry
Interleaving Interval > 0

Disconnect time offset

Difference between Disconnect time and Action
time in units of frames. The value of disconnect
time shall be calculated for each T-ABS by add-
ing/ subtracting this value with the value of
Action time specified for this T-ABS.

For HO_Reentry Mode = 0, Disconnect time
will be (Action time - Disconnect time offset);
For HO_Reentry Mode = 1, Disconnect time
will be (Action time + Disconnect time offset).

Should be included when Mode =
0b00.

Resource Retain_Time

Should be included when Mode =
0b00.
Shall be included when Mode = 0b01.

Target ABS/YBS ID

Shall be included for each target ABS
when Mode=0b00

Preamble Index

Preamble Index of Target ABS

Shall be included for each target ABS
when Mode=0b00

FA index

FA Index of Target ABS

Shall be included for each target ABS
when Mode=0b00

S-SFH change count

The change count of this BS's S-SFH IE

Shall be included for each target ABS
when Mode=0b00
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Table 686—Parameters for AAI_HO-CMD message

Name

Value

Usage

Action Time

(Mode=0b00) Action Time included in this
message is the absolute frame number at the
serving ABS

(Mode=0b01) This value is defined as the frame
number that AMS starts zone switch. Action
Time included in this message is indicated by
frame number

Shall be included for each target ABS
when Mode=0b00.

Shall be included when Mode = 0b01.

CDMA_RNG FLAG

If CDMA_RNG_FLAG=0, CDMA
based ranging shall be skipped. Other-
wise, if set to 1, it indicates that rang-
ing shall be done. This parameter shall
be included for each target ABS when
Mode=0b00.; It shall be included
when Mode = 0b01.

Dedicated Ranging 1 If set to 0, it indicates that no dedi-

Code Flag cated ranging code is provided. If set
to 1, it indicates that no dedicated
ranging code is provided. May be
included when
CDMA RNG FLAG=1

Dedicated Ranging 1 If set to 0, it indicates that no dedi-

Opportunity Flag cated ranging opprotunity is pro-
vided. If set to 1, it indicates that no
dedicated ranging opportunity is pro-
vided. May be included when
CDMA_RNG_FLAG=1

Dedicated CDMA 5 Indicates the dedicated ranging code.

ranging code Shall be included when Dedicated
Ranging Code Flag
=1

Ranging opportunity 3 Indicates the index of the allocated

index ranging opportunity.
Shall be included when Dedicated
Opportunity Code Flag=1

Subframe Index 3 Indicates the subframe index of the

allocated ranging opportunity.
Shall be included when Dedicated
Opportunity Code Flag=1

HO process optimiza-
tion

For each bit location, a value of 0 indicates the
associated reentry MAC control messages shall
be required, a value of 1 indicates the reentry
MAC control message may be omitted.

Bit #0: Omit AAI_SBC-REQ/RSP MAC con-
trol messages during reentry processing

Bit #1: Omit PKM Authentication phase

Bit #2: Omit AAI REG-REQ/RSP message
and higher layer protocol triggering (for IP
address refresh) during reentry processing.

Bit #3: If Bit #3 = 1, Full service and opera-
tional state transfer or sharing between Serving
BS and Target BS (All static and dynamic con-
text, e.g., ARQ windows, state machines

Shall be included for each target ABS
when Mode=0b00

When Bit #2 is set to 0 and IP address
refresh is needed, the AAI REG-
REQ/RSP includes Host configuration
capabilities and its parameters to pro-
vide IP address information.
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Table 686—Parameters for AAI_HO-CMD message

Name

Value

Usage

Seamless HO

Indicates whether seamless HO is supported

Ranging initiation
deadline

Shall be included for each target ABS
when Mode=0b00

Service level prediction

Indicates the level of service the AMS can
expect from this ABS. The following encodings
apply:

0 = No service possible for this AMS

1 = Some service is available for one or several
service flows authorized for the AMS

2 = For each authorized service flow, a MAC
connection can be established with QoS speci-
fied by the AuthorizedQoSParamSet.

3 = No service level prediction available.

Shall be included for each target ABS
when Mode=0b00

Physical Carrier Inde
X

Physical carrier index of the Target ABS where
AMS will perform network reentry procedure.

Should be included for each target
ABS which is multi-carrier ABS when
Mode = 0b00

Carrier Preassignment
Indication

1: information of pre-assigned secondary carri-
ers by the target ABS is included in this mes-
sage;

0: no pre-assigned secondary carrier

Shall be included for an AMS with
multi-carrier capability when Mode =
0b00

N_Preassigned Carrier
s

Number of pre-assigned secondary carriers at
the target ABS. A value of 0 means no second-
ary is pre-assigned.

Shall be included when Carrier Preas-
signment Indication = 1

Pre-assigned second-
ary carrier information

Carrier information of each pre-assigned sec-
ondary carrier, which includes:

Carrier Status Bitmap: indicating whether this
pre-assigned carrier will be activated immedi-
ately after HO procedure is done;

Physical carrier index of pre-assigned second-
ary carriers;

Logical carrier index, which is assigned implic-
itly in the order of Carrier information of each
pre-assigned secondary carriers.

Shall be included when
N_Preassigned_Carriers > 0

LZone Presambile
Index

LZone Preamble Index for AMS to switch from
MZone to LZone

Shall be included when Mode = 0b01.

Pre allocated Basic
CID

Used by the AMS to derive its own primary
CID and transport CID in target YBS.

May be included when HO to a LZone
ora YBS

16.2.3.12 AAI_NBR-ADV

AAI NBR-ADV message may sort neighbor ABSs (RSs) according to their deployment types, which is cat-
egorized by the following parameters:

1)  ABS type (macro, micro, macro hotzone, Femto, relay, legacy)

a) physical carrier index referring AAI Global-Config message which provides carrier frequency, BW,
CP info, TDD/FDD and related definitions (expected to be the same given carrier frequency)

a) MAC version
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ABS determines and indicates the system configuration information included for each deployment type and
their corresponding broadcast frequency.

To allow AAI NBR-ADV fragmentation while providing flexibility for AMS HO operation without requir-
ing acquisition of the whole AAI NBR-ADV message, ABS always provides the total number of deploy-
ment types and total number of recommended T-ABS for each type. Each AAI NBR-ADV fragment has
corresponding indexes for each deployment type and each neighbor ABS. ABSs with identical type are
listed in the AAI NBR-ADV message in descending order of their cell coverage.

Each AAI NBR-ADV message carries

* AAI NBR-ADV change count

* number of total cell types

* segment information for this AAI NBR-ADV message

+  system information of ABSs from one or more cell types, which is of variable size.

Starting ABS Index: Starting ABS Index is the index offset from the last ABS of the previous

AAI NBR-ADV segment. If this is the first AAIl NBR-ADV segment, the Starting ABS Index will be
0. Hence, each AAI NBR-ADYV segment has one Index which corresponds to the first ABS in that
AAI NBR-ADV segment.

For each cell type, shared configuration parameters are carried as follows
*  IDcell range
* FArange

The IDcell range and FA ranges are optional fields, which can be used when the serving ABS chooses not to
broadcast configuration information for each individual ABS within the cell type.

Within each cell type, if serving ABS chooses to broadcast configuration information for each individual
ABS instead of specifying IDcell range and FA range, a list of ABSs are provided and the following param-
eters are carried for each ABS

*  48bit BS-ID
*  ABS IDcell
* indication whether full system information or partial information is carried for this ABS, which includes

— SFH information

— ESI information

— Physical carrier index (6 bits, refer to the "physical carrier index" defined in AAI Global-Config)
— Number of MAC protocol versions supported (4 bits)

— list of supported MAC protocol versions (4 bits per entry)

where for ABS of macrocell type, all the necessary system information shall be included, and the format
may only carry delta information fields with respect to the reference ABS(e.g., the serving BS or the first
BS/ABS in this cell type); and for Wirelesss-MAN-OFDMA reference system, only 48-bit BS-ID and Pream-
ble index are included in AAI NBR-ADV.

* SFH encoding format: Based on the present system information, the list of ABSs shall be categorized
into three groups. The categorization is indicated by SFH_encoding format parameter

— 0b00: full Subpacket information
— 0b01: delta encoding for which the first BS in this loop is used as reference BS
— 0b10: no SFH included

—  Obl1: reserved
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Table 687—AAI_NBR-ADV message format

Syntax Size (bit) Note
AAI NBR-ADV_Message format() {
Management Message Type = NN 8
Change Count 3 NBR-ADYV Change Count
Cell type 3 Cell type in this message
0b000 macro
0b001 micro
0b010 macro hotzone
0b011 femto
0b100 relay
0b101-0b111 reserved
Total Number of AAI NBR-ADV Segments 4 Total number of segments of
AAI NBR-ADV for this cell type
AAI NBR-ADV Segment Index 4 Indicates current segment index of
this message in the specific cell type
BS number M 8 Total number of BSs to be included
in this AAI NBR-ADV segment
Starting ABS Index 8 Starting ABS Index is the index off-
set from the last ABS of the previous
AAI NBR-ADV segment. If this is
the first AAl NBR-ADV segment,
the Starting ABS Index will be 0.
Hence, each AAI NBR-ADV seg-
ment has one Index which corre-
sponds to the first ABS in that
AAI NBR-ADV segment.
for (i=0; i<M; i++) {
BSID 48
Number of carriers (NC) Number of carriers of the BS
for( j=0; j<NC; j++) {
SA-PREAMBLE index 10
A-PREAMBLE transmit power 8
Physical carrier index 6 Refer to the physical carrier index in
AAI Global-Config message
MAC protocol versions 8 MAC protocol version of the BS
Consistent with REV.2 definition,
with new MAC protocol version 9
defined for 16m.
}
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Table 687—AAI_NBR-ADV message format

Syntax Size (bit) Note
SFH_encoding_format 2 0b00: full Subpkt information
0bO01: delta encoding (the 1st BS in
this cell type shall use full Subpkt
encoding )
0b10: no SFH included
Ob11: reserved
For macrocell ABS, the bitmap shall
be either 0b00 or 0b01
Control_bitmap 4 Each bit maps to one SFH subpacket
or extended broadcast information.
For macrocell ABS, the bitmap shall
be 1111
If( SFH_encoding_format =00) { //lencoding format type-1
If( Control_bitmap[0] ==1 ){
SFH Subpkt 1 88 //exclude those fields already in cell
type info
H
If( Control_bitmap[1] ==1 ){
SFH Subpkt 2 88 /lexclude those fields already in cell
type info
}
If( Control_bitmap[2] ==1 ){
SFH Subpkt 3 88 /lexclude those fields already in cell
type info
}
}
If( SFH_encoding_format =01) {
Delta information variables Delta encoding, w.r.t. the reference
BS
b
Neighbor-specific trigger TLVs variables Optional neighbor-specific triggers
with encoding defined in Table
744—
}
}
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An AAI SCN-REQ message is transmitted by an AMS to request a scanning interval for the purpose of
seeking available ABSs and/or WirelessMAN-OFDMA BSs and determining their suitability as targets for
HO. An AMS may request a scanning interval during the scan interleaving interval.

Table 688—Parameters for AAI_SCN-REQ message

Name

Value

Usage

Scan duration

Duration (in units of AAI subframes) of
the requested scanning period.

Scan Purpose

0b0: scan BS(s) which is in the list of the
AAI NBR-ADV message

Ob1: scan BS(s) which is not in the list of
the AAI NBR-ADV message

Interleaving Interval

The period of AMS's normal operation
which is interleaved between Scan Dura-
tions.

Scan Iteration

The requested number of iterating scan-
ning interval by an AMS.

Recommended Start Frame indication

Indicates whether Recommended start
super frame number field and Recom-
mended start frame field are included

N_Recommended BS Index_indicatio
n

Indicates whether
N_Recommended BS Index field is
included in this message

N_Recommended BS Full indication

Indicates whether
N_Recommended BS Full field is
included in this message.

N_Recommended Preamble
Index_indication

Indicates whether
N_Recommended Preamble Index field
is included in this message

Recommended start super frame num-
ber

Represents the 6 least significant bits of
the absolute super frame number for
which the AMS recommends the first
Scanning Interval to start. This field is
set to 0 if an AMS has no preferred
value.

Shall be included when Rec-
ommended Start Frame indi-
cation is set to 1

Recommended start frame number

Represents recommended start frame
number within the super frame number
which is indicated by Recommended
start super frame number field. The
value indicates:

0b00: The 1st frame in the super frame
0b01: The 2nd frame in the super frame
0b10: The 3rd frame in the super frame
0bl11: The 4th frame in the super frame
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Table 688—Parameters for AAl_SCN-REQ message

Name

Value

Usage

N_Recommended BS Index

This is the number of neighboring BS to
be scanned, which are included in

AAI NBR-ADV message. When an
AMS receives AAI_SCN-RSP message
from BS in response to AAI_SCN-REQ
message, the AMS shall check whether
Configuration Change Count stored by
the AMS is the same as one included in
AAI SCN-RSP message sent by the
ABS. If an AMS detects mismatch of
Configuration Change Counts, it may
retransmit AAI SCN-REQ message to
the ABS.

Shall be included when
N_Recommended BS Inde
x_indication is set to 1

Configuration Change Count for
AAI NBR-ADV

The value of Configuration Change
Count in AAI NBR-ADV message
referred in order to compress neighbor
BSID

Neighbor BS Index

Based on the value of
N_Recommended BS Index, BS index
corresponds to position of BS in

AAI NBR-ADV message is included.

Shall be included when
N_Recommended BS Inde
x>0

N_Recommended BS Full

Number of neighboring BS to be
scanned, which are using full 48-bit
BSID.

Shall be included when
N_Recommended BS Full
_indication is set to 1

Recommended BS ID

Based on the value of
N_Recommended BS Full, identifiers
of the BSs the MS plans to scan is
included.

Shall be included when
N_Recommended BS Full
>0

N_Recommended
Preambe Index

Number of preambles to be scanned

Shall be included when
N_Preamble Index Indicati
on is set to 1

Preamble Index

Based on the value of
N_Recommended BS_ Full, identifiers
of the BSs the MS plans to scan is
included.

Shall be included when
N_Recommended Preamble
_Index> 0

N_Recommended Carrier Index

Number of carriers to be scanned at each
neighboring ABS.

May be included when
N_Recommended BS Inde
x>0 or
N_Recommended BS Full
>0

Recommended Carrier Index

Recommended physical carrier index for
scan at each neighboring ABS.

Shall be included when
N_Recommended Carrier I
ndex >0

N_Recommended Carrier Index at Se
rving ABS

Number of physical carrier index of the
serving ABS to be scanned

Carrier index at serving ABS

Recommended physical carrier index to
be used for scanning

Shall be included when
N_Recommended Carrier I
ndex_at_Serving ABS >0

CSGID(s)

One or more identifiers for one or more
CSG(s)

Sent by AMS to aid ABS
reselection
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16.2.3.14 AAI_SCN-RSP

An AAI SCN-RSP message shall be transmitted by the ABS either unsolicited or in response to an
AAI SCN-REQ message sent by an AMS. An ABS may transmit AAI_SCN-RSP to start AMS scan report-
ing with or without scanning interval allocation. If Scan Duration field contains a non-zero value, scanning
interval pattern included in the AAI SCN-RSP message replaces previous existing scanning interval pattern.

Table 689—Parameters for AAI_SCN-RSP message

Name Value Usage

Scan duration Duration (in units of AAI subframes) of the
requested scanning period.

Scan Purpose 0b0: scan BS(s) which is in the list of the -
AAI NBR-ADV message
Ob1: scan BS(s) which is not in the list of the
AAI NBR-ADV message

Report mode 0b00:No report
0b01:Periodic report
0b10:Event-triggered report
0b11:0ne-time scan report

Report metric Bitmap indicator of trigger metrics that the
serving ABS requests the AMS to report.
The serving ABS shall indicate only the trig-
ger metrics agreed during AAI_ SBC-REQ/
RSP negotiation. Each bit indicates whether
reports will be initiated by trigger based on
the corresponding metric:

Bit 0: BS CINR mean

Bit 1: BS RSSI mean

Bit 2: Relative delay

Bit 3: BSRTD

Bits 4-5: Reserved; shall be set to zero

Report period The period of MS's report of scanning result
when the MS is required to report the value
periodically or one-time. The period is cal-
culated from the start of the first scan dura-
tion. If the BS sends an unsolicited

AAI SCN-RSP message without assign-
ment of a scanning interval and the scan
duration is set to zero, the period is calcu-
lated from the frame the MS receives the
AAI SCN-RSP message. For MS scanning
request denied by AAI_SCN-RSP with Scan
Duration set to zero, Report period is the
number of frames that BS suggests to MS
before transmitting next AAl SCN-REQ

N_Recommended BS Index indica | Indicates whether

tion N Recommended BS Index field is
included in this message. This is valid only
if Scan duration is not equal to zero.

N_Recommended BS Full indicati | Indicates whether

on N Recommended BS Full field is included
in this message. This is valid only if Scan
duration is not equal to zero.
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Table 689—Parameters for AAI_SCN-RSP message

Name

Value

Usage

Start super frame number

Represents the 6 least significant bits of the
absolute frame number in which the first
Scanning interval starts

Included only when Scan
Duration > 0

Start frame number

Represents start frame number in the Start
super frame number.

0b00: The 1st frame in the super frame
0b01: The 2nd frame in the super frame
0b10: The 3rd frame in the super frame
Ob11: The 4th frame in the super frame

Included only when Scan
Duration > 0

Interleaving Interval

The period of AMS's normal operation
which is interleaved between Scan Dura-
tions.

Included only when Scan
Duration > 0

Scan Iteration

The number of iterating scanning interval.

Included only when Scan
Duration > 0

N_Recommended BS Index

Number of neighboring BS to be scanned,
which are included in AAI NBR-ADV mes-
sage.

Included only when Scan
Duration > 0

Configuration Change Count for
AAI NBR-ADV

The value of Configuration Change Count in
AAI NBR-ADV message referred in order
to compress neighbor BSID

Included when
N_Recommended BS Inde
x>0

Neighbor BS Index

Based on the value of

N Recommended BS Index, BS index cor-
responds to position of BS in AAI NBR-
ADYV message is included.

Included when
N_Recommended BS Inde
x>0

N_Recommended BS Full

Number of neighboring BS to be scanned,
which are using full 48-bit BS ID.

Included when Scan Dura-
tion > 0

Recommended BS ID

Based on the value of
N _Recommended BS Full, Recommended
BS ID list for scan is included

Included when
N Recommended BS Full
>0

Preamble Index of Recommended
BSID

Preamble Index of Recommended BS ID

Shall be included when
N_Recommended BS Full
>0

N_Recommended Carrier Index

Number of physical carriers to be scanned at
each neighboring ABS.

May be included for a
multi-carrier target ABS

Recommended_Carrier Index

Recommended physical carrier index for
scan at each neighboring ABS.

Included when
N_Recommended Carrier
Index >0

Carrier index at serving ABS

Recommended physical carrier index to be
used for scanning

May be included when the
serving ABS is a multi-car-
rier ABS

16.2.3.15 AAI_SCN-REP

When the report mode is 0b10 (i.e., event triggered) in the most recently received AAI _SCN-RSP, the MS
shall transmit a AAI SCN-REP message to report the scanning results to its serving ABS after each scan-
ning period if the trigger condition is met. For a periodic report (i.e., Report Mode is 0b01) and for One-time
Scan Report (Report Mode is 0bl11), the AMS reports the scanning results to its serving ABS at the time
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Table 690—Parameters for AAI_SCN-REP message

Name

Value

Usage

Report mode

Action code for an AMS's scan report of
its measurement

0: Event-triggered report

1: Periodic report according to Scan
report period of AAI SCN-RSP

Report metric

Bitmap indicator of trigger metrics that
the serving ABS requests the AMS to
report. The serving ABS shall indicate
only the trigger metrics agreed during
AAI SBC-REQ/RSP negotiation. For
each bit location, a value of 0 indicates
the trigger metric is not included, while
a value of '1" indicates the trigger metric
is included in the message. The bitmap
interpretation for the metrics shall be:
Bit 0: BS CINR mean

Bit 1: BS RSSI mean

Bit 2: Relative delay

Bit 3: BS RTD

Bits 4-5: Reserved; shall be set to zero

N Neighbor BS Index_indication

Indicates whether
N_Neighbor BS Index field is
included in this message

N_Neighbor BS Full indication

Indicates whether
N_Neighbor BS Full field is included
in this message.

N _Scanned Preamble
Indices_indication

Indicates whether
N_Scanned Preamble Indices field is
included in this message.

BS CINR mean

The BS CINR Mean parameter indi-
cates the CINR measured by the AMS
from the particular ABS. The value
shall be interpreted as a signed byte
with units of 0.5 dB. The measurement
shall be performed on the subcarriers of
the frame preamble that are active in the
serving ABS's segment and averaged
over the measurement period.

Included when Report metric
Bit0=1
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Table 690—Parameters for AAI_SCN-REP message

Name

Value

Usage

BS RSSI mean

The BS RSSI Mean parameter indicates
the Received Signal Strength measured
by the AMS from the particular ABS.
The value shall be interpreted as an
unsigned byte with units of 0.25 dB,
e.g., 0x00 is interpreted as -103.75
dBm. An MS shall be able to report val-
ues in the range -103.75 dBm to -40
dBm. The measurement shall be per-
formed on the frame preamble and aver-
aged over the measurement period.

Included when Report metric
Bit1=1

Relative delay

This parameter indicates the delay of
neighbor DL signals relative to the serv-
ing BS, as measured by the MS for the
particular BS. The value shall be inter-
preted as a signed integer in units of
samples.

Included when Report metric
Bit2=1

BS RTD

The BS RTD parameter indicates the
round trip delay (RTD) measured by the
AMS from the particular ABS. RTD can
be given by the latest time advance
taken by MS. The value shall be inter-
preted as an unsigned byte with units of
1/Fs.

Included when Report metric
Bit3=1

N_Neighbor BS Index

Number of neighboring BS reported in
this message and which are included in
AAI NBR-ADV message.

Included when
N_Neighbor BS Index indicati
on=1

Configuration Change Count for
AAI NBR-ADV

The value of Configuration Change
Count in AAI NBR-ADV message
referred in order to compress neighbor
BSID

Included when
N_Neighbor BS Index indicati
on=1

Neighbor BS Index

Based on the value of

N _Neighbor BS Index, BS index cor-
responds to position of BS in

AAI NBR-ADV message is included.

Included when
N_Neighbor BS Index >0

N_Neighbor BS Full

Number of neighboring BS reported in
this message that are using full 48 bits
BS ID.

Included when
N Neighbor BS Full indication
=1

Neighbor BSID

Based on the value of
N_Neighbor BS_Full, full BSID (48-
bit) is included.

Included when
N_Neighbor BS Full >0

N_FA Index

Number of scanned FAs

Included when
N _Scanned Preamble Indices_i
ndication ==

for (i=0; i<N_FA Index; i++) {

FA_ Index

Scanned FA Index

N_Scanned Preamble
Indices

Number of scanned preambles reported
in this message
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Table 690—Parameters for AAI_SCN-REP message

Name

Value

Usage

for (j=0; j<N_Scanned_
Preamble Indices; j++) {

Preamble Index

Based on the value of
N_Scanned Preamble Indices, pream-
ble index (10-bit) is included

Report_Value

Based on the value of Report metric.

}

}

N_Recommended Carrier Index

Recommended physical carrier index
for scan at each neighboring ABS.

May be included for a multi-car-
rier target ABS

Recommended Carrier Index

Recommended physical carrier index
for scan at each neighboring ABS.

Included when
N_Recommended Carrier Index
>0

Carrier index at serving ABS

Recommended physical carrier index to
be used for scanning

May be included when the serv-
ing ABS is a multi-carrier ABS

16.2.3.16 AAI_CLC-REQ (Co-Located Coexistence Request)

The AMS send the AAI CLC-REQ message to activate, terminate, or reconfigure one or several Type I,
Type II, or/and Type III CLC classes. The AAI CLC-REQ message is sent from the AMS to the ABS on the

AMS's Control FID. The AMS may include CLC-INFO parameter fields.

Table 691—AAI_CLC-REQ message

Name

Size (bits)

Request Action

8

CLC-INFO

variable

Parameters shall be as follows:

Request Action

Bit #i of the field set to "0" indicates that AMS requests to terminate the existing CLC class with
CLC ID =1, or the CLC class with CLC ID = i does not exist

Bit #i of the field set to "1" indicates that AMS requests to activate the CLC class with CLC ID =1 if
it does not exist. For existing CLC ID, AMS may keep existing configuration, request to re-config-
ure or replace existing CLC class.

CLC-INFO

These parameters may be present more than once if AMS wants to include multiple CLC informa-

tion fields (Table 693).
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16.2.3.17 AAI_CLC-RSP (Co-Located Coexistence Response)

The ABS sends the AAI CLC-RSP message to AMS on the AMS's Control FID in response to AAI CLC-
REQ.

Table 692—AAI_CLC-RSP message

Name Size (bits)

CLC Response variable

Parameters shall be as follows:

CLC Response

Parameters are listed in Table 696.

16.2.3.18 CLC-INFO

The CLC-INFO parameters are applicable to AAI REG-RSP, AAI RNG-REQ, AAI RNG-RSP,
AAI CLC-REQ, AAI SBC-REQ, AAI SBC-RSP messages. The following sets of parameters may be
included into the CLC-INFO parameters encodings.

Table 693—CLC-INFO parameters

Name Size (bits)
Information Type 8
CLC Limit variable
CLC Request variable
CLC Response variable
CLC Report variable

Parameters shall be as follows:

Information Type

This field indicates which of the following fields are included.

CLC Limit

This field is present if (Information Type == 0), and may be used in AAI REG-RSP message.
Table 694 lists all the parameters that are applied.
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CLC Request

This field is present if (Information Type == 1), and may be used in AAl RNG-REQ, AAI SBC-
REQ, or AAI CLC-REQ messages. Table 695 lists all the parameters that are applied. It may be
present more than once if AMS wants to request for multiple CLC classes.

CLC Response

This field is present if (Information Type == 2), and may be used in AAI RNG-RSP or AAI SBC-
RSP messages. Table 696 lists all the parameters that are applied.

CLC Report

This field is present if (Information Type == 3), and may be used in AAIl CLC-REQ message. Table 698
lists all the parameters that are applied.

Table 694—CLC Limit parameters

Name Size (bits)
Type I Indicator 1
Type 1I Indicator 1
Active Class Limit 3
Active Ratio Limit 6
Active Interval Limit 5

Parameters in the CLC Limit field shall be as follows:

Type I Indicator
The bit field set to 1 indicates the CLC limits are provided for Type I CLC class

Type II Indicator
The bit field set to 1 indicates the CLC limits are provided for Type II CLC class

Active Class Limit

The field indicates the maximum number of active CLC classes of the type

Active Ratio Limit

The field indicates the maximum CLC active ratio. If the Active Ratio Limit is x, the maximum CLC
active ratio shall be x/100.

Active Interval Limit

The field indicates the maximum CLC active interval. If the Active Interval Limit is x, and a frame
consists of m AAI subframes, the maximum CLC active interval shall be x x m AAI subframes.
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Table 695—CLC Request parameters

Name Size (bits)

CLC Start Time parameters 8
Scheduling Impact 2

Flag 3
Reserved 3

Start AAI subframe Index 3

CLC active interval of Type I CLC class 8

CLC active cycle of Type I CLC class 21

CLC active bitmap of Type II CLC class with subtype 1 8

CLC active interval of Type II CLC class with subtype 2 8

CLC active cycle of Type II CLC class with subtype 2 8

CLC active cycle of Type II CLC class with subtype 3 2
Extended CLC active bitmap of Type Il CLC class with subtype 3 variable
CLC active interval of Type III CLC class 8
padding for byte alignment variable

CLC Start Time parameters

Its parameters are listed in Table 697.

Scheduling Impact
0b00 (default) = both DL and UL allocations are prohibited in CLC Active Interval
0b01 = only DL allocations are prohibited in CLC Active Interval
0b10 = only UL allocations are prohibited in CLC Active Interval

0bl1 =reserved

Flag
0b000: Type I CLC class;
0b001: Type II CLC class subtype 1;
0b010: Type II CLC class subtype 2;
0b011: Type I CLC class subtype 3;
0b100: Type III CLC class

Others: reserved;

Start AAI subframe Index

This field is present if (Flag == 0b000) or (Flag == 0b010), and indicates the subframe index of the
first subframe of the CLC active interval.
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CLC active interval of Type I CLC class

This field is present if (Flag == 0b000), and indicates the number of AAI subframes of the CLC
active interval for Type I CLC class

CLC active cycle of Type I CLC class

This field is present if (Flag == 0b000), and indicates the number of microseconds of the CLC active
cycle for Type I CLC class

CLC active bitmap of Type II CLC class with subtype 1

This field is present if (Flag == 0b001), Setting a bit of the field to "1" indicates the corresponding
AAI subframe in each frame is in CLC active interval

CLC active interval of Type II CLC class with subtype 2

This field is present if (Flag == 0b010), and indicates the number of AAI subframes of the CLC
Active Interval for Type II CLC class with subtype 2

CLC active cycle of Type II CLC class with subtype 2

This field is present if (Flag == 0b010) and, and indicates the number of frames of the CLC Active
Cycle for Type II CLC class with subtype 2

CLC active cycle of Type II CLC class with subtype 3

This field is present if (Flag == 0b011), and indicates the length of the CLC active cycle in the unit
of frame. If the value of this field is x, the length of Extended CLC Active Bitmap is calculated as x
+ 2. This field shall be set to one of the following values: 0, 1, and 2.

Extended CLC active bitmap of Type II CLC class with subtype 3

This field is present if (Flag == 0b011). Setting a bit of the field to "1" indicates the corresponding
AALI subframe in each CLC active cycle is in CLC active interval. If the CLC active cycle is x
frames, and a frame consists of m AAI subframes, the length of this field shall be x x m.

CLC active interval of Type III CLC class

This field is present if (Flag == 0b100), and indicates the number of superframes of the CLC active
interval for Type III CLC class

Table 696—CLC Response parameters

Name Size (bits)

Confirmed Action 8

CLC Start Time parameters 8xn

Confirmed Action

Bit #i of the field set to "0" indicates that ABS confirms the termination of the existing CLC class
with CLC ID =i, or the CLC class with CLC ID =i does not exist.

Bit #i of the field set to "1" indicates that ABS confirms the activation of the CLC class with CLC
ID = i. For existing CLC ID, the ABS confirms the existing configuration, the reconfiguration or the
replacement if it is requested by the MS.
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CLC Start Time parameters

This field is included for each Type II or III CLC class that ABS configures its starting time differ-
ently from what is recommended by AMS, and its parameters is listed in Table 697—. If the number
of configured CLC classes is 7, the size of this field is calculated as n x 8.

Table 697—CLC Start Time parameters

Name Size (bits)
CLCID 3
Start Superframe Number 3
Start Frame Index 2

Parameters shall be as follows:

CLCID
An integer number (0~7) to uniquely identify a CLC class

Start Superframe Number
The 3 LSB of the superframe number of CLC start time

Start Frame Index

The frame index of CLC start time

Table 698—CLC Report parameters

Name Size (bits)

Report Type 8

Interference Level 8

Parameters shall be as follows:

Report Type
This field indicates which of the following fields are included.

Interference Level

This field is present if (Report Type == 0), and indicates the average power level over one OFDMA
symbol in unit of 1 dBm with the range from -127dBm to 127dBm received at the AMS from its co-
located non 802.16 radios when they are active
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16.2.3.19 AAI_FFR-CMD (FFR Command) Message

An AAI FFR-CMD message shall be transmitted by the ABS to instruct the AMS to perform measurement
over specific frequency partition(s). Table 699— lists the parameters to be included into the AAI FFR-

O 001N WU A W

CMD message:

Table 699—AAI_FFR-CMD message format

Syntax

Size (bits)

Notes

AAI FFR-CMD_ Message format() { -

Control Message Type

Frequency Partition Bitmap

FPCT

Each bit indicates the interference statistics report
status of corresponding Frequency Partition.

0b0:no report interference statistics

Ob1: report interference statistics

FPCT: the number of Frequency Partition defined
in Table 777 to Table 781

Frequency Partition Bitmap shall contain at least
one bit with value "1". The LSB indicates the
lowest available FP and the MSB indicates the
highest available FP where the size of an available
FP is bigger than zero.

Reporting Type

Each bit indicates if one type of report is required
to be sent by AMS. If one bit has value '1', it
indicates the specific report type is required to be
sent, otherwise it indicates the specific report type
is not required to be sent. At least 1 bit needs to be
set to value '1".

LSB#0: Interference-Mean
LSB#1: Interference-Variance
LSB#2: SINR-Mean

LSB#3: SINR-Variance

Frame Offset

The offset (in units of frames) from the current
frame in which the AAI FFR-REP message shall
be transmitted on the unsolicited UL resource.

Padding

Variable

if needed for alignment to byte boundary

16.2.3.20 AAI_FFR-REP (FFR Report) Message

An AAI FFR-REP message is sent by an AMS to report the interference statistics of frequency partition.

Table 700 shows the parameters for AAI_FFR-REP message:
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Table 700—AAI_FFR-REP message format

Size
Syntax (bits) Notes

AAI_FFR-REP Message format() { _ _

Control Message Type 8 —

Frequency Partition Bitmap FPCT | Each bit indicates the interference statistics
report status of corresponding Frequency
Partition.

0b0:no report interference statistics
Ob1: report interference statistics

FPCT: the number of Frequency Partitions
defined in Table 777 to Table 781, Frequency
Partition Bitmap shall have at least one bit
having value 'l'. The LSB indicates the lowest
available FP and the MSB indicates the highest
available FP where the size of an available FP
is bigger than zero.

Reporting Type 4 Each bit indicates if one type of report is
required to be sent by AMS. If one bit has
value '1', it indicates the specific report type is
required to be sent, otherwise it indicates the
specific report type is not required to be sent.
At least 1 bit needs to be set to value '1".
LSB#0: Interference-Mean

LSB#1: Interference-Variance

LSB#2: SINR-Me¢an
LSB#3: SINR-Variance

for (n=0; n<N_Bitmap 1; n++) { N_Bitmap_1: number of bit '1" in Frequency
Partition Bitmap

If(LSB#0 in Reporting Type == 1){

Interference Measurement Report for nth FP- 8 Per subcarrier receiving power(Noise and
Mean intercell interference)

-134dBm to -30dBm in units of 1dB.

-134dBm is encoded as 0x00, -30dB is
encoded as 0x68, 0x69 to OxFF is reserved.

100
Copyright © 2009 IEEE. All rights reserved.




O 001N WU A W

February 3, 2010 IEEE P802.16m/D4

Table 700—AAI_FFR-REP message format

Size
Syntax (bits) Notes
If(LSB#1 in Reporting Type == 1){
Interference Measurement Report for nth FP- 4 0dB to 15dB in units of 1dB
Variance
}
If(LSB#2 in Reporting Type == 1){
SINR Measurement Report for nth FP— Mean 8 -16dB to 53dB in units of 0.5dB
-16dB is encoded as 0x00, 53dB is encoded as
0x8A, 0x8B-0xFF are reserved
If(LSB#3 in Reporting Type == 1){
SINR Measurement Report for nth FP— 4 0dB to 15dB in units of 1dB
Variance
}
Padding variable | if needed for alignment to byte boundary
}

16.2.3.21 AAI_DREG-REQ message

The following parameters shall be included in AAI DREG-REQ message:
Control Message Type
De-registration_Request Code
0x00: AMS deregistration request from ABS and network
0x01: request for AMS deregistration from serving ABS and initiation of AMS idle mode.

0x02: response for the unsolicited AAI DREG-RSP message with action code 0x05 by the
ABS.

0x03: reject for the unsolicited AAI DREG-RSP message with action code 0x05 by the ABS.
This code is applicable only when an AMS has a pending UL data to transmit.

0x04: request for AMS deregistration from servinng ABS to enter DCR mode
0x05-0x07: reserved

When De-registrationRequest Code is 0x01, the following parameters shall be included in the
AAI DREG-REQ message.

Idle Mode Retain Information element

Paging cycle request

When De-registration Request Code is 0x01, the following parameter may be included in the
AAI DREG-REQ message.

Mobility information
00: Fast
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01: Medium
10: Slow

11: reserved

When De-registration Request Code is 0x04, the following parameters shall be included in the
AAI DREG-REQ message.

Idle Mode Retain Information element

16.2.3.22 AAI_DREG-RSP message

The following parameters shall be included in AAI DREG-RSP message:
Control message type

Action code

0x00: AMS shall immediately terminate service with the ABS and should attempt network
entry at another ABS.

0x01: AMS shall listen to the current ABS but shall not transmit until a RES-CMD message or
AAI DREG-RSP message with action code 0x02 or 0x03 is received.

0x02: AMS shall listen to the current ABS but only transmit on the control connection.
0x03: AMS shall return to normal operation and may transmit on any of its active connections.

0x04: This option is valid in response to a AAI DREG-REQ message with De-Registration
Request Code=0x00. The AMS shall terminate current Normal Operation with the ABS.

0x05: AMS shall begin idle mode initiation: a) to signal AMS to begin idle mode in unsolicited
manner or b) to allow AMS to transmit AMS-initiated idle mode request at the REQ-Duration
expiration

0x06: This option is valid only in response to a AAl DREG-REQ message with De-Registra-
tion Code 0x01: a) to reject AMS-initiated idle mode request or b) to allow AMS to transmit
AMS-initiated idle mode request at the REQ-Duration expiration

0x07: This option is valid in response to a AAI DREG-REQ message with De-registration-
request-code= 0x01.

0x08: This option is valid only in response to an AAl DREG-REQ message with De-Registra-
tion Request Code 0x04 to allow retention of the AMS’s connection information

0x09: This option is valid only in response to an AAl DREG-REQ message with De-Registra-
tion Request Code 0x04 to reject retention of the AMS’s connection information.

0x10-0x15: reserved

When the action code is set to 0x05 or 0x07, the following parameters shall be included in
AAI DREG-RSP message.

Paging information

Paging cycle

Paging offset (4bits)
0x00: 0 superframe
0x01: 8 superframes
0x02: 16 superframes
0x03: 32 superframes
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Paging group ID

Paging controller ID

Idle Mode Retain Information

Deregistration Identifier
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When more than one paging groups are assigned to an AMS, multiple Paging group IDs and the
same number of paging offsets that corresponds to the Paging group ID shall be included in the
AAI DREG-RSP message.

When the action code is set to 0x05 or 0x06 or 0x07, the following parameter may be included in the
AAI DREG-RSP message.

REQ-Duration.
When the action code is set to 0x08, the following parameters shall be included in AAI DREG-RSP

message.

Idle Mode Retain Information
Deregistration identifier (DID)

16.2.3.23 AAI_SLP-REQ

An AMS in Active Mode may use the AAI SLP-REQ message with Request Code = 0b01(i.e., Enter Sleep
Mode) to request a permission to enter Sleep Mode. The AMS in Sleep Mode can change the Sleep Cycle
settings by transmitting AAI SLP-REQ with Operation = 0b10 (i.e., Change Sleep Cycle settings). The
AMS in Sleep Mode can exit from Sleep Mode by transmitting AAI SLP-REQ with Operation = 0b00 (i.e.,
Exit from Sleep Mode).

Table 701—parameters for AAl_ SLP-REQ

Name Value Usage
Operation 0b00 : Exit from Sleep Mode This indicates operation request type of
0bO01 : Enter Sleep Mode AAI _SLP-REQ message
0b10 : Change Sleep Mode
Ob11 : Switch Sleep Cycle setting
SCID 0~15 Sleep Cycle ID. This field appears when
Operation is not 0b00.
Start Frame Num- | 0~63 Least significant 6 bits of Frame Num-
ber ber. This field appears when Operation
is not 0b00
TIMF 0~1 Traffic Indication Message Flag
0 : AAI TRF-IND message is not sent
for the AMS
1 : AAL TRF-IND message is sent to
the AMS during every Listening Win-
dow
This field appears when Operation is
0b01 or Ob10.
LWEF 0~1 Listening window Extension Flag.

This field appears when Operation is
0b01 or Ob10.
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Table 701—parameters for AAl_ SLP-REQ

Name

Value

Usage

NSCF

0b00~0b11

Next sleep cycle indicator.
0b00 = Reset to Initial Sleep Cycle
0b01 = min (2 x previous sleep cycle,
Final Sleep Cycle)
0b10 = Reset to another Initial Sleep
Cycle value
Ob11 = Reserved
This field appears when Operation is
0b01 or Ob10.

Initial Sleep
Cycle

0~15

This indicates an assigned duration for
the Initial Sleep Cycle during which an
AMS keeps sleep state in Sleep Mode
(measured in frames).

This field appears when Operation is
0b01 or Ob10.

Final Sleep Cycle

0~1023

This indicates assigned duration for the
Final Sleep Cycle (measured in frames).
This field appears when Operation is
0b01 or Ob10.

Listening Win-
dow

0~63

Assigned duration of AMS’s default
Listening Window (measured in
frames). This Listening Window may
be extended as long as there is UL/DL
data traffic between AMS and ABS
when Listening Window Extension is
enabled.

This field appears when Operation is
0b01 or Ob10.

Listening sub-
frame bitmap

Each bit in the bitmap indicates:

1: AMS wakes up at the specific AAI subframe

0: AMS does not wake up at the specific AAI sub-
frame

The bitmap indicates the sub-frames in
cach frame where the AMS needs to
remain awake

The size of the bitmap equals to the
number of AAI subframes of a frame.
Bit #0 is mapped to the first AAI sub-
frame.

This field appears when Operation is
0b01 or Ob10.

New Initial Sleep
Cycle

0~31

‘When the current Sleep Cycle is reset, if
this value is included, the current Sleep
Cycle shall be reset to this value. Other-
wise, the current Sleep Cycle may be
reset to Initial Sleep Cycle or may be
updated to min (2 x Previous Sleep
Cycle, Final Sleep Cycle).

This field appears when Operation is
0b01 or Ob10 and NSCF equals to 0b10.

T_AMS

0~31

This timer is for Listening Window
Extension of AMS.

This field appears when Operation is
0b01 or Ob10 and LWEF equals to 1.

Parameters shall be as follows
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Operation
This indicates operation request type of AAI SLP-REQ message.
0b00 = AAI_SLP-REQ message is transmitted to exit from sleep Mode
0b01 = AAI SLP-REQ message is transmitted to enter sleep Mode
0b10 = AAI_SLP-REQ message is transmitted to change the sleep Cycle change

0b10 = AAI SLP-REQ message is transmitted to switch Sleep Cycle setting which has been negoti-
ated since the AMS entered Sleep Mode

SCID

Assigned Sleep Cycle identifier. The ID shall be unique within the AMS. This ID may used in fur-
ther AAI SLP-REQ/RSP message for changing/switching the Sleep Cycle setting

LWEF

Listening window Extension Flag. If LWEF = 0, indicates that the Listening window is of fixed
duration. Otherwise, it is extensible.

TIMF

1 = ABS is requested to transmit an AAI TRF-IND message during the AMS's Listening Window.
When the ABS has DL pending unicast traffic for the AMS, the ABS shall inform the AMS of posi-
tive traffic indication via AAI TRF-IND message.

0 = Traffic Indication via AAI TRF-IND is not required

NISCF
This indicates the inclusion of New Initial Sleep Cycle in AAI_SLP-REQ message.

Start Frame Number

Start frame number for first Sleep Cycle. This represents the 6 significant bits of frame number in
which AMS wants to enter the first sleep state in Sleep Mode. .

Initial Sleep Cycle

This indicates an assigned duration for the Initial Sleep Cycle during which an AMS keeps sleep
state in Sleep Mode (measured in frames). The length of Initial Sleep Cycle shall be equal or longer
than the default Listening Window.

Final Sleep Cycle

This indicates assigned duration for the Final Sleep Cycle (measured in frames).

Listening Window

Assigned duration of AMS's default Listening Window (measured in frames). This
Listening_ Window may be extended as long as there is UL/DL data traffic between AMS and ABS
when Listening Window Extension is enabled

Listening sub-frame bitmap

The bitmap indicates the sub-frames in each frame where the AMS needs to remain awake. Most
significant bit is mapped to the 1st AAI subframe.

If this value is set to OxF, the AMS shall remain awake during entire sub-frames in each frame dur-
ing Listening Window.

New Initial Sleep Cycle
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When the current Sleep Cycle is reset, if this value is included, the current Sleep Cycle shall be reset
to this value. Otherwise, the current Sleep Cycle shall be reset to Initial Sleep Cycle.
T _AMS

This timer is required in AMS for Listening Window Extension. If LWEF =1, it shall be included in
AAI SLP-RSQ.

16.2.3.24 AAI_SLP-RSP

The AAI_SLP-RSP message shall be sent from ABS to an AMS in response to an AAI SLP-REQ message.
The ABS may send the AAI_SLP-RSP message in unsolicited manner with Response Code = 0b00 (i.c.,
Request by ABS in Unsolicited manner).

If the request sent by an AMS is rejected by an ABS, the AMS shall not retransmit the AAI SLP-REQ mes-
sage before the duration, indicated by the REQ duration in AAI_SLP-RSP with Response_Code = 0b10
(i.e., Rejection of AAI_SLP-REQ), expires.

Table 702—parameters for AAl_ SLP-RSP

Name Value Usage
Response_Code 0b00 : Request by ABS in Unsolicited manner This indicates response type of
0b01 : Approval of AAI SLP-REQ AAI_SLP-RSP message.

0b10 : Rejection of AAI SLP-REQ
Ob11 : Reserved

Operation 0b00 : Exit Sleep Mode This indicates operation type of
0bO01 : Enter Sleep Mode AAI SLP-RSP message.
0b10 : Change Sleep Mode This field appears when Response_Code
Ob11 : Switch Sleep Cycle setting is 0b00 or 0bO1.

SCID 0~15 Sleep Cycle ID

This field appears when Response_Code
is 0b00 or Ob01 and Operation is not
0b00.

CQI_Operation 0~2 0: the CQICH assigned to the AMS is
kept

1: the CQICH is de-allocated at the
frame specified by

Start_ Frame Number

2: the CQICH is automatically de-allo-
cated at the beginning of the sleep win-
dow whenever the CQICH is newly
assigned to the AMS during the Listen-
ing Window.

This field appears when Response_Code
is 0b00 or 0b01 and Operation is not
0b00
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Table 702—parameters for AAl_ SLP-RSP

Name

Value Usage

Start Frame Num-
ber

0~63 Least Significant 6 bits of Frame Num-
ber.

This field appears when Response_Code
is 0b00 or 0b01 and Operation is not

0b00

TIMF 0~1 Traffic Indication Message Flag
0 : AAI TRF-IND message is not sent
for the AMS
1 : AAL TRF-IND message is sent to
the AMS during every Listening Win-
dow
This field appears when Response_Code
is 0b00 or Ob01 and Operation is 0b01
or 0b10.

LWEF 0~1 Listening window Extension Flag..
This field appears when Response_Code
is 0b00 or Ob01 and Operation is 0b01
or 0b10.

NSCF 0b00~0b11 Next sleep cycle indicator.

0b00 = Reset to Initial Sleep Cycle
0b01 = min (2 x previous sleep cycle,
Final Sleep Cycle)
0b10 = Reset to another Initial Sleep
Cycle value
Ob11 = Reserved
This field appears when Response_Code
is 0b00 or Ob01 and Operation is 0b01
or 0b10.

Initial Sleep
Cycle

0~15 This indicates an assigned duration for
the Initial Sleep Cycle during which an
AMS keeps sleep state in Sleep Mode
(measured in frames).

This field appears when Response_Code
is 0b00 or Ob01 and Operation is 0b01
or 0b10.

Final Sleep Cycle

0~1023 This indicates assigned duration for the
Final Sleep Cycle (measured in frames).
This field appears when Response_Code
is 0b00 or 0b01 and Operation is 0b01

or 0b10.
Listening Win- 0~63 Assigned duration of AMS’s default
dow Listening Window (measured in

frames). This Listening Window may
be extended as long as there is UL/DL
data traffic between AMS and ABS
when Listening Window Extension is
enabled.

This field appears when Response Code
is 0b00 or 0b01 and Operation is 0b01
or 0b10.
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Table 702—parameters for AAl_ SLP-RSP

Name

Value

Usage

Listening sub-
frame bitmap

Each bit in the bitmap indicates:

1: AMS wakes up at the specific AAI subframe

0: AMS does not wake up at the specific AAI sub-
frame

The bitmap indicates the sub-frames in
each frame where the AMS needs to
remain awake

The size of the bitmap equals to the
number of AAI subframes of a frame.
This field appears when Response_Code
is 0b00 or Ob01 and Operation is 0b01
or 0b10.

SLPID

0~1023

This ID shall be unique within an ABS.
The other AMS shall not be assigned the
same ID and SLP Group ID while the
AMS is still in sleep mode.

This field appears when Response_Code
is 0b00 or 0b01, Operation is 0b01 or
0b10 and TIMF equals to 1.

New Initial Sleep
Cycle

0~63

When the current Sleep Cycle is reset, if
this value is included, the current Sleep
Cycle shall be reset to this value. Other-
wise, the current Sleep Cycle may be
reset to Initial Sleep Cycle or may be
updated to min (2 x Previous Sleep
Cycle, Final Sleep Cycle).

This field appears when Response_Code
is 0b00 or 0b01, Operation is 0bO1 or
0b10 and NSCF equals to 0b10.

T_AMS

0~31

This timer is for Listening Window
Extension of AMS.

This field appears when Operation is
0b01 or Ob10 and LWEF equals to 1.

REQ_duration

0~255

Waiting value for the AAI SLP-REQ
message retransmission , which is the
Least Significant 8 bits of Frame Num-
ber.

This field appears when Response_Code
is 0b10.

Response_Code

This indicates response type of AAI _SLP-RSP message.

0b00 = AAI_SLP-RSP message is transmitted in unsolicited manner
0b01 = AAI_SLP-RSP message is transmitted to approve the request sent by AMS
0b10 = AAI_SLP-RSP message is transmitted to reject the request sent by AMS

Operation

This indicates operation type of AAI_SLP-RSP message.

0b00 = Approves/Requests the exit from sleep Mode

0b01 = Approves/Requests entrance to sleep Mode

0b10 = Approves/Requests the change of an existing Sleep Cycle Setting
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0b10 = Approves/Requests the switch of a Sleep Cycle setting which has been negotiated since the
AMS entered Sleep Mode

SCID
Assigned Sleep Cycle Identifier. The ID shall be unique within the AMS. This ID may used in fur-
ther AAI SLP-REQ/RSP message for changing/switching the Sleep Cycle setting

LWEF
Listening window Extension Flag. If LWEF = 0, indicates that the Listening window is of fixed
duration. Otherwise, it is extensible.

TIMF
1 = ABS will transmit an AAI TRF-IND message during an AMS's Listening Window. When the
ABS has DL pending data traffic for the AMS, the ABS shall inform the AMS of positive traffic
indication via AAI TRF-IND message.
0 = Traffic Indication via AAI TRF-IND is disabled

NISCF

This indicates the inclusion of New Initial Sleep Cycle in AAI_SLP-RSP message.

Start Frame Number

Start frame number for first sleep window. This represents the 6 significant bits of frame number in
which AMS enters the first sleep state in Sleep Mode.

Initial Sleep Cycle

This indicates an assigned duration for the initial sleep cycle during which an AMS keeps sleep state
in Sleep Mode (measured in frames). The length of Initial Sleep Cycle shall be equal or longer than
the default Listening Window.

Final Sleep Cycle

This indicates assigned duration for the final sleep cycle (measured in frames).

Listening Window

Assigned Duration of AMS's default Listening Window (measured in frames). Listening Window
may be extended as long as there is UL/DL data traffic between AMS and ABS when Listening
Window Extension is enabled.

Listening sub-frame bitmap

The bitmap indicates the sub-frames in each frame where the AMS needs to remain awake. Most
significant bit is mapped to the 1st AAI subframe.

If this value is set to OxF, the AMS shall remain awake during entire sub-frames in each frame dur-
ing Listening Window.

SLPID

This is an identifier assigned by the ABS when TIMF is set to 1. This ID shall be unique within an
ABS. The other AMS shall not be assigned the same ID and SLP Group ID while the AMS is still in
sleep mode.

REQ-duration
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Waiting value for the AAI SLP-REQ message retransmission (measured in MAC frames) when
AMS's request is rejected by ABS: the AMS may retransmit the AAI SLP-REQ message after at
least the frame designated by REQ-duration.

New Initial Sleep Cycle

When the current Sleep Cycle is reset, if this value is included, the current Sleep Cycle shall be reset
to this value. Otherwise, the current Sleep Cycle shall be reset to Initial Sleep Cycle.

T_AMS

This timer is required in AMS for Listening Window Extension. If LWEF =1, it shall be included in
AAI SLP-RSP.

16.2.3.25 AAI_TRF-IND

This message, when present, is sent from the ABS to the AMSs. The message is sent in the first frame of
AMS' Listening Window. An AMS, that has not been assigned a SLPID, shall ignore this message. The
message indicates whether there is DL traffic for AMSs addressed by the AAI TRF-IND message.

There are two formats for the AAI TRF-IND message, indicated by the FRMT field. When FRMT = 0, and
if the AMS does not find its own SLPID-Group Indication bit-map or Traffic Indication bit-map, the AMS
shall consider it as a negative indication and may go back to sleep. When FRMT = 1, and if the AMS does
not find its own SLPID in the AAI TRF-IND message, the AMS shall consider it as a negative indication
and may go back to sleep.

110
Copyright © 2009 IEEE. All rights reserved.



O 001N WU A W

February 3, 2010

IEEE P802.16m/D4

Table 703—AAI_TRF-IND message format

Name Value Usage
FRMT 0 : Tt indicates the SLPID bitmap-based traffic This indicates type of Traffic
indication Indication in AAI TRF-IND
1: It indicates the SLPID-based traffic message.
indication
SLPID Group | 32bits This field appears when FRMT is set

Indication
Bitmap

N-th bit of SLPID-Group Indication Bitmap
[MSB corresponds to N = 0] is allocated to
SLPID Group that includes AMS with SLPID
values from N*32 to N*32+31

0: There is no traffic for any of the 32 AMSs
that belong to the SLPID-Group

1: There is traffic for at least one AMS in
SLPID-Group.

to 0.

It indicates the existence of each
SLPID group

Traffic
Indication
Bitmap

Multiple of 32bits (i.e., 0 ~ 32*32bits)

Each Traffic Indication bitmap comprises
multiples of 32-bit long Traffic Indication
units. A Traffic Indication unit for 32 SLPIDs
is added to AAI TRF-IND message whenever
its SLPID Group is set to 1

32 bits of Traffic Indication Unit (starting from
MSB) are allocated to AMS in the ascending
order of their SLPID values:

0: Negative indication
1: Positive indication

This field appears when FRMT is set
to 0.

It indicates the traffic indication for
32 AMSs in each SLPID group

Num_of SLPI
Ds

0~63

This field appears when FRMT is set
to 1.

It indicates the number of SLPID
included in AAI TRF-IND message

SLPID

0~1023

This field appears when FRMT is set
to 1.

Each SLPID is used to indicate the
positive traffic indication for an
AMS

Parameters shall be as follows
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FRMT

The FRMT field indicates one of the SLPID bit-map based format and the SLPID based format.

SLPID-Group Indication Bitmap

SLPIDs from 0 to 1023 are divided into 32 SLPID-Groups. Therefore, the respective SLPID-Group
has the range as follows: SLPID-Group#0 (MSB) corresponds to SLPID = 0...31. SLPID-Group #1
corresponds to SLPID = 32...63. ... SLPID-Group#31 corresponds to SLPID =992...1023. SLPID-
Group Indication Bitmap is a 32-bit field where each bit is assigned to the respective SLPID-Group.
In other words, the MSB in the field is assigned to SLPID-Group#0, and subsequent bit relates to
SLPID-Group #1, etc. The n-th bit (bn), n = 0~31, of SLPID-Group Indication Bitmap shall be inter-
preted in the following manner: bn = 0 means that there is no traffic for all the 32 AMS belonging to
SLPID-Group #n. In this case, the AMS in sleep mode belonging to SLPID-Group #n may return to
sleep mode. bn = 1 means that there exists traffic for one or more AMS belonging to SLPID-Group
#n. In this case, the AMS in sleep mode belonging to SLPID-Group #n shall read its own Traffic
Indication bit-map in AAI _TRF-IND message.

Traffic Indication bit-map

The Traffic Indication bit map comprises the multiples of 32-bit long Traffic Indication Unit for
every SLPID-Group with SLPID-Group indication bit = 1. Bits in a 32-bit Traffic Indication unit
(starting from MSB) are allocated to AMS to in ascending order of SLPIDs. Each bit signals traffic
information for the corresponding AMS as follows:

0: Negative indication

1: Positive indication

Num_of SLPID

SLPID

The number of SLPID with positive indication.

The SLPID for AMS which has DL pending traffic.

The AAI TRF-IND may include the following parameters at end of AAI_SLP-REQ message.

SLPID Update (see xxx)

The SLPID Update provides a shorthand method for changing the SLPID used by the AMS in sleep
mode operation. The SLPID Update specifies a new SLPID that replaces an old SLPID. The
SLPID Update may contain multiple pairs of Old and New SLPID values for the AMSs. Those
SLPID update will be applied from next Listening Window.

16.2.3.26 AAI_TRF_IND-REQ

If the TIMF is set to 1, the AMS shall receive AAI_TRF-IND message in the first frame during its own Lis-
tening Window. However, if the traffic indication message is lost or otherwise not detected by the AMS, the
AMS shall stay awake for the rest of the Listening Window. If the AMS receives any unicast data during the
listening window, then it shall assume that the traffic indication was positive. If the AMS receives neither
the traffic indication message nor any unicast data in the Listening Window, the AMS shall send an
AAI TRF IND-REQ message to the ABS in order to ask which kind of traffic indication (i.e., positive or
negative traffic indication) the ABS sent to it. The ABS shall respond to the AMS by sending an
AAI TRF IND-RSP with traffic indication for the AMS.
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Table 704—AAI_TRF_IND-REQ message format

Name

Value

Usage

Frame_Number

0-15

This indicates the least significant 4
bits of frame number in which the
AMS expected to receive the

AAI TRF-IND.

Parameters shall be as follows

Frame Number

This indicates the least significant 4 bits of frame number in which the AMS expected to receive the

AAI TRF-IND.

16.2.3.27 AAI_TRF_IND-RSP

When the ABS receives AAI TRF IND-REQ message from an AMS, the ABS shall respond to the AMS
by sending AAI TRF IND-RSP message with the traffic indication for the AMS. When the AMS receives
AAI TRF IND-RSP from the ABS, the AMS shall update the current Sleep Cycle based on the
Traffic_Indication in the AAI TRF _IND-RSP.

Table 705—AAI_TRF_IND-RSP message format

Name

Value

Usage

Frame Number

0-15

Least Significant 4 bits of Frame num-
ber

Traffic_Indication

0: Negative Traffic Indication | It indicates the traffic indication which
1: Positive Traffic Indication the ABS has transmitted to the AMS

Parameters shall be as follows

Frame Number

This indicates the least significant 4 bits of frame number in which the ABS sent the AAI TRF-IND

message to the AMS.

Traffic_Indication

This indicates the traffic indication of which the ABS informed the AMS in the specified frame

number.

0 = the ABS sent the negative traffic indication to the AMS in the frame
1 = the ABS sent the positive traffic indication to the AMS in the frame
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16.2.3.28 L2 Transfer message (AAI_L2_XFER)

The AAI provides a generic MAC control message called AAI L2 XFER. This message acts as a generic

service carrier for various services including, but not limited to:

Device provisioning bootstrap message to AMS, GPS assistance delivery to AMS, ABS(es) geo-location

unicast delivery to AMS, 802.21 MIH transfer, messaging service etc.

This container is also used for 16m messages that are not processed by the ABS or ARS, but are rather pro-

cessed by network entities beyond the ABS or ARS.

The format of AAI L2 XFER message is shown in Table 706—

Table 706—Format of the AAI_L2_XFER message

Control Message Type = TBD

Transfer-Type

Sub-Type

Type specific message payload

The enumeration of Transfer-Type is as follows:

a)
b)

¢)
d)

e)

2

h)

i)

Transfer-Type = 1; GNSS assistance (DL)
Transfer-Type = 2; LBS measurement [Terrestrial meas. and GNSS pseudo ranges] (UL)
Transfer-Type = 3; Device Bootstrap (DL/UL)
Transfer-Type = 4; WirelessMAN-OFDMA network boundary indication (DL)
Transfer-Type = 5; ORAT-MSG (DL)
a) Sub-Type = 1: GERAN (GSM/GPRS/EGPRS)
b)  Sub-Type =2: UTRAN
¢)  Sub-Type =3: E-UTRAN
d)  Sub-Type =4: TDSCDMA
e) Sub-Type=5: CDMA2000
Transfer-Type = 6: SMS
a) Sub-Type = SMS data
b) Sub-Type = SMS confirmation
Transfer-Type = 7: MIH Frame
i) Sub-Type =1 : ES/CS MIH Capability Discovery
ii)  Sub-Type =2 : Event Service
iii) Sub-Type = 3 : Command Service
iv) Sub-Type =4 : Information Service
Transfer-Type = 8; ASN control messages for Relay support (DL/UL)
Transfer-Type = 9; Emergency Alert
Transfer-Type = 10-127; reserved
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k)  Transfer-Type = 128-255; Vendor specific types

Some of these messages have sub-types that are further defined in the type specific message payload. For
example, for Transfer-Type=1, the GNSS assistance may be for GPS, Galileo or other satellite systems,

O 001N WU A W

which would be specified as sub-types of Transfer-Type=1.

16.2.3.29 AAI_System Configuration Descriptor (SCD) Message

An AAI _SCD shall be transmitted by the ABS at a periodic interval to define a system configuration.

-- ASNLSTART
AAl _SCDMessage :: SEQUENCE {

Change Configuration Change I NTEGER (0 ~ 15)
BS_Rest art_Count I NTEGER (0 ~ 15)
SA _Preanbl ePartitionforBStype

Trigger TLV encoding :: = SEQUENCE{}

Def aul t Tri gger _Aver agi ngparanmeter (usedc in equation (1))
0x0: 1

Ox1: 1/2

0x2: 1/4

0x3: 1/8

Ox4: 1/16

0x5: 1/32

0x6: 1/64

Ox7: 1/128

0x8: 1/256

0x9: 1/512

Normal i zedCI NR :: = SEQUENCE {}
OL_M MO Paraneters :: = SEQUENCE {

OL- Regi on- ON I NTEGER (0..1) OPTI ONAL
OL- Rank1- Confi guration I NTEGER (0..7) OPTI ONAL

= | NTEGER (0. .9)

SB- OL- Regi on- 2Si ze I NTEGER (0..15) OPTI ONAL

}
Paramet ers_GRA :: = SEQUENCE {}

-- the periodicity of ranging channel for synchronized AMSs allocation (Table 893)

-- This is ignored in Fentocell
peri odi ci t yOf RngChSync I NTEGER (0. . 3),

-- the paraneter ks controlling the start root index of ranging preanble codes for

synchroni zed AMSs. This is ignored in Fentocell

cntl St art CodeOf RngChSync | NTEGER (0. .15),
-- the nunber of codes for periodic ranging (Table 891). This is ignored in Fentocell
rangi ngPr eanbl eCodeSync I NTEGER (0. . 3)
ULPC Dat aChannel _Paraneters :: = SEQUENCE {

GAMVA_| OT_FPO I NTEGER (0..15) OPTI ONAL

GAMVA_| OT_FP1 I NTEGER (0..15) OPTI ONAL

GAMVA_| OT_FP2 I NTEGER (0..15) OPTI ONAL

GAMVA_| OT_FP3 I NTEGER (0..15) OPTI ONAL
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Al pha (a)

Beta (R)

SI NRmi n_Dat a

SI NRmex_Dat a
}

ULPC_Control Channel _Paraneters ::

SI NR_Tar get _HARQ

IEEE P802.16m/D4

I NTEGER (0.. 7) OPTI ONAL
| NTEGER (0..1) OPTI ONAL

| NTERGER (0. .15) OPTI ONAL
| NTERGER (O0..15) OPTI ONAL

= SEQUENCE {
| NTEGER (0. .15) OPTI ONAL

SI NR_Tar get _SyncRangi ngl NTEGER (0..15) OPTI ONAL

SI NR_Tar get _PFBCH

I NTEGER (0..15) OPTI ONAL

SI NR_Tar get _SFBCH_BASEI NTEGER (0. .15) OPTI ONAL
SINR Target SFBCH Del t al NTEGER (0..7) OPTI ONAL

SI NR_Tar get _BWRequest

I NTEGER (0..15) OPTI ONAL

GAMVA_| OT_SOUNDI NG NTEGER (0. .15) OPTI ONAL

SI NRi n_SOUNDI NG
SI NRrax_SOUNDI NG

T_ReTx_Interval
BR_Channel

--Soundi ng sequence

| NTERGER (O0..15) OPTI ONAL
| NTERGER (0. .15) OPTI ONAL

| NTERGER (0. . 8)

Configuration MN Access Cl ass| NTERGER (0..4) OPTI ONAL

-- Dis decimation value for frequency division nmultiplexing

-- Pis maximumcyclic shift for code division nmultiplexing

Soundi ngMul ti pl exi ngType
deci mati onVal ueD

maxCycl i cShi ftl ndexP

}
shi f t Val ueUrFor Soundi ngSynbol
RELAY_Support _Paraneters ::

CHO CE {
ENUMERATED { decVal ueD0 (4), decVal ueDl1 (6),
decVal ueD2 (8), decVal ueD3 (9), decValueD4 (12),
decVal ueD5 (16), decVal ueD6 (18), decVal ueD7 (36)},
ENUMERATED {csl ndexP0O (4), cslndexPl (6),
cslndexP2 (8), cslndexP3 (9), cslndexP4 (12),
csl ndexP5 (16), cslndexP6(18), cslndexP7(36)},

| NTEGER (O. . . 255),
SEQUENCE {

16m Rel ay_zone_AMS_al | ocati on_i ndi cat or | NTEGER (0..1) OPTI ONAL

-- ASN1ISTOP

16.2.3.30 AAI_UL Noise and Interference Level Broadcast Message

An AAI ULPC_ NI broadcast NI values for the UL power control.

-- ASNISTART
AAl _ULPC NI Message ::= SEQUENCE {
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Table 707—ULPC_DataChannel_Parameters Field Descriptions

Parameters

Description

GAMMA _IOT_FPo,
GAMMA_IOT FP1,
GAMMA_IOT FP2,
GAMMA_IOT FP3,

GAMMA _IOT ( vy,,, ) is the fairness and IoT con-
trol factor, broadcast by the ABS. It has 4 bits to rep-
resent the value among {0, 0.1,0.2, 0.3,0.4, 0.5, 0.6,
0.7,0.8,0.9,1.0,1.1,1.2,1.3, 1.4, 1.5}. It is different
for each frequency partition (FPO, FP1, FP2, FP3)

Alpha (a ) a is the factor according to the number of receive
antennas at the ABS. It is 3 bits to express {1, 1/2, 1/
4,1/8, 1/16, 0, reserved, reserved

Beta( B ) B is set to be 0 or 1 by one bit, which is used to in-

dicate disable or enable of the power de-boosting for
uplink multi-stream transmission.

SINRmin_Data

SINRmin_Data is the SINR requirement for the min-
imum data rate expected by ABS. SINRmin_ Data
has 4 bits to represent the value in dB among{ o ,-3,
-2.5,-2,-1.5,-1,-0.5,0,0.5,1,1.5,2,2.5, 3, 3.5, 4}

SINRmax_Data

SINRmax_Data is the maximum SINR threshold de-
fined by ABS. SINRmmax_Data has 4 bits to repre-
sent the value in dB among {10, 12, 14, 16, 18, 20,
22,24, 26, 28, 30, 34, 36, 38, 40}

UL_NI _Information ::

| OT_Soundi ng
| OT_FPO
| OT_FP1
| OT_FP2
| OT_FP3
}
}
-- ASN1STOP

For the open-loop power control, UL noise and interference level shall be broadcast to AMSs in the given
ABS coverage by ABS. All the UL noise and interference noise level are quantized in 0.5 dB steps as IoT

level from 0 dB to 63.5 dB.

= SEQUENCE {

I NTEGER (0..127) OPTI ONAL
| NTEGER (0..127) OPTI ONAL
| NTEGER (0..127) OPTI ONAL
| NTEGER (0..127) OPTI ONAL
| NTEGER (0..127) OPTI ONAL

The absolute power level of NI is transformed from IoT level as:

NI = P+ IoT+ 10log10(Af)

Where,

Py is the thermal noise power density in 0°C

Af is the subcarrier spacing.
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Table 708—ULPC_ControlChannel_Parameters Field Descriptions

Parameters

Description

SINR Target HARQ

SINR_Target HARQ is the HARQ feedback channel tar-
get SINR value broadcasted by the ABS. It has 4 bits to
represent the value among {-3.5,-3,-2.5,-2,-1.5,-1,-0.5,
0,05,1,1.5,2,2.5,3,3.5,4} dB

SINR Target SyncRanging

SINR_Target SyncRanging is the synchronized channel
target SINR value broadcasted by the ABS. It has 4 bits
to represent the value among {-9, -8.5, -8, -7.5, -7, -6.5, -
6,-5.5,-5,-4.5,-4,-3.5,-3,-2.5,-2,-1.5} dB

SINR_Target PFBCH

SINR_Target PFBCH is the P-FBCH target SINR value
broadcasted by the ABS. It has 4 bits to represent the val-
ue among {-4.5, -4, -3.5,-3,-2.5,-2,-1.5,-1,-0.5, 0, 0.5,
1,1.5,2,2.5,3} dB

SINR Target SFBCH BASE

SINR_Target SFBCH BASE is defined as 4 bits to rep-
resent {0,0.5,1,1.5,2,2.5,3,3.5,4,4.5,5,5.5,6,6.5,7,
7.5} dB.

SINR_Target SFBCH_Delta

SINR_Target SFBCH_Delta is defined as 3 bits to repre-
sent {0, 0.20, 0.21, 0.22, 0.23, 0.24, 0.25, 0.26}

SINR_Target BWRequest

SINR Target BWRequest is the bandwidth request
channel target SINR value broadcasted by the ABS. It has
4 bits to represent the value among {-4.5, -4, -3.5,-3,-2.5,
-2,-1.5,-1,-0.5,0,0.5,1,1.5,2,2.5,3} dB

GAMMA 10T _SOUNDING

GAMMA [IOT SOUNDING is 4 bits to represent the
value among {0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9,
1.0,1.1,1.2,1.3,1.4, 1.5}.

SINRmin_ SOUNDING

SINRmin_SOUNDING is the minimum SINR require-
ment for sounding expected by ABS. It has 4 bits to rep-
resent the value in dB among { -4, -3.5, -3, -2.5, -2. -1.5,
-1,-0.5,0,0.5,1,1.5,2,2.5, 3, 3.5}

SINRmax_SOUNDING

SINRmax_SOUNDING is the maximum SINR require-
ment for sounding expected by ABS. It has 4 bits to rep-
resent the value in dB among { 5,6,7,8,9, 10,11, 12,13,
14, 15, 16, 17, 18, 19, 20}

16.2.3.31 AAl_UL_POWER_ADJUST message

An AAI UL POWER ADIJUST message shall be transmitted by the ABS to control the transmit power

level of AMS.

---ASN. 1START

AAl _UL_POWER ADJUST:: = SEQUENCE {
OFFSET_DATA | NTEGER (0. . 63)

OFFSET_CONTROLI NTEGER (0. . 63)
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Table 709—AAI_UL_POWER_ADJUST message Field Descriptions

Parameters

Description

OFFSET DATA

OFFSET DATA is the transmit power adjustment value
transmitted by the ABS. It has 6 bits to represent the value
among -15.5 to 16 dB with 0.5 dB step;

OFFSET _CONTROL

OFFSET_CONTROL is the transmit power adjustment
value transmitted by the ABS. It has 6 bits to represent the
value among -15.5 to 16 dB with 0.5 dB step;

16.2.3.32 AAI_Uplink Power Status Reporting Config (AAI_UL PSR_Config) message

An AAI UL PSR Config message is used to config the AMS uplink power status reporting by unicasting.

It is defined as:

---ASN. 1START

AAl _UL_PSR Config:: = CHO CE {
Di sabl e_Report NULL,
Enabl e_Repor t SEQUENCE {

Tx_Power _Report_Threshol d_dBI NTEGER (0. . 15)
Tx_Power _Report _M ni mum_| nt erval | NTEGER (0. . 15)

Tx_Power _Report_Peri odi cal _I nterval
}

}
--- ASN. 1STOP

I NTEGER (0. . 15)

Table 710—AAI_UL PSR_Config message Field Descriptions

Parameters

Description

Tx Power Report Threshold dB

Tx_Power Report Threshold dB is a 4 bit unsigned in-
teger value in 0.5 dB steps, the specific value "Ob1111"
shall be interpreted as "infinite"

Tx Power Report Minimum_Int
erval

Tx_Power Report Minimum_Interval is coded by 4 bit
. o — — . d

unsigned integer values d representing 2~ frames, the

specific value d=0b1111 shall be interpreted as "infinite"

Tx_Power Report Periodical Int
erval

Tx_Power Report Periodical Interval is coded by 4 bit
= . - — d

unsigned integer values d representing 2~ frames, the spe-

cific value d=0b1111 shall be interpreted as "infinite"
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16.2.3.33 AAI_Uplink Power Status Report (AAI_UL-PSR) message

An AAI UL PSR message is used by the AMS to report uplink power status to ABS. It is defined as:
---ASN. 1START

AAI_UL-PSR : = SEQUENCE {

Tx_Power _PSD Basel NTEGER (0. . 255)

Tx_SI R_Downl oadl NTEGER (0. .1024)

}
--- ASN. 1STOP
Table 711—AAI_UL-PSR message Field Descriptions
Parameters Description
Tx Power PSD Base Tx _Power PSD Base ( PSD(base) ) is coded using 8
bits in 0.5 dBm steps ranging from -74 dBm (coded 0x00)
to 53.5 dBm (coded OxFF).
Tx_SIR Download Tx_SIR_Download ( SIR;; ) is coded using 10 bits in
0.05 dB steps ranging from -10dB (coded 0x000) to 41.15
dB (coded 0x3fY)..

16.2.3.34 AAI_DL_IM Message

The AAI DL IM broadcast message may be transmitted by the ABS to define FFR and multi-BS MIMO
parameters.

AAl_DL_IM::= SEQUENCE {
messageType OCTET STRING (Sl ZE(1)),
-- ffrPartitionResouceMetric to fp3Power are only transmtted when FPCT > 1
-- resourceMetricFP2 is transnitted only when FPS2 >0

resourceMetri cFP2 I NTEGER (0..15) OPTI ONAL,
-- resourceMetricFP3 is transmitted only when FPS3>0
resourceMetri cFP3 | NTEGER (0..15) OPTI ONAL,
f p2Power I NTEGER (0..31) OPTI ONAL,
-- fp3Power is transmtted only when FPS3>0
f p3Power I NTEGER (0..31) OPTI ONAL,

-- bsSiInfo to tenpBslI dSET are transnmitted only when rmulti-BS M MO is operated
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bcSiInfo CHO CE {
-- in case of two transmit antenna, refer 16.3.7.2.5.6
t woTxBCSI BIT STRING (SI ZE (8)),
-- in case of four or eight transmt antenna, refer 16.3.7.2.5.6
ot her TxBCSI BI T STRING (SI ZE (16))
} OPTI ONAL,
ni pThl I NTEGER (0..15) OPTI ONAL,
ni pTh2 I NTEGER (0..15) OPTI ONAL,
cinrTh I NTEGER (0. .15) OPTI ONAL,
di versitySet Num I NTEGER (0..15) OPTI ONAL,

-- Change count in AAl_NBR-ADV for the follow ng BS index. This

-- is only transmtted only when diversitySetNumis higher than O
changeCount I NTEGER (0. .255) OPTI ONAL,

-- tenmpBsi dSET is conmposed of diversitySet Num nunber of BS_indices.

-- tempBsidSET is only transnitted only when diversitySetNumis

-- higher than 0

t enpBsi dSET SEQUENCE {
bsi dSet 1 I NTEGER (0.
bsi dSet 2 I NTEGER (0.
bsi dSet 3 | NTEGER (0.
bsi dSet 4 I NTEGER (0.
bsi dSet 5 I NTEGER (0.
bsi dSet 6 | NTEGER (0.
bsi dSet 7 I NTEGER (0.
bsi dSet 8 I NTEGER (0.
bsi dSet 9 | NTEGER (0.
bsi dSet 10 I NTEGER (0.
bsi dSet 11 I NTEGER (0.
bsi dSet 12 | NTEGER (0.
bsi dSet 13 I NTEGER (0.
bsi dSet 14 I NTEGER (0.
bsi dSet 15 | NTEGER (0.
}

}

-- ASN1STOP

. 255) OPTI ONAL,
. 255) OPTI ONAL,
. 255) OPTI ONAL,
. 255) OPTI ONAL,
. 255) OPTI ONAL,
. 255) OPTI ONAL,
. 255) OPTI ONAL,
. 255) OPTI ONAL,
. 255) OPTI ONAL,
. 255) OPTI ONAL,
. 255) OPTI ONAL,
. 255) OPTI ONAL,
. 255) OPTI ONAL,
. 255) OPTI ONAL,
. 255) OPTI ONAL}

Table 712—Parameters for AAI_DL-IM Message

Name Value

Usage

resourceMetricFP2 4

Resource Metric_ FP2

Resource Metric of the first power de-
boosted frequency partition which is
defined in Table 761.

There is no this field if FPCT=1
which is defined in Table 777 to Table
781
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Table 712—Parameters for AAI_DL-IM Message

Name

Value

Usage

resourceMetricFP3

Resource Metric FP3

Resource Metric of the second power
de-boosted frequency partition which
is defined in Table 761. There is no
this filed if FPS3=0 which is defined
in Table 777 to Table 781

fp2Power

FP2 power[dB] =
0b00000: -Inf
Otherwise
-10+(fp2Power-1)*0.5

fp3Power

FP3 power[dB] =
0b00000: -Inf
Otherwise
-10+(fp3Power-1)*0.5

beSilnfo

8 bits for Nt=2
and 16 bits for
Nt=4or8

BC_SI

If LSB#n is '1', the nth codeword
within the codebook or its subset is
recommended, otherwise the code-
word is restricted.

The code books or its subset are
defined in section 16.3.7.2.5.6 for
Nt=2, 4 or 8 respectively.

nipTh1

NIP th 1

The value shall be interpreted as
unsigned 4bits with units of 0.5 dB,
0b0000 is interpreted as -7.5dB and
Obl1111 is interpreted as 0.0dB

NIP threshold for Single BS precod-
ing with Multi-BS Coordination trig-
ger

nipTh2

NIP_th 2

The value shall be interpreted as
unsigned 4bits with units of 0.5 dB,
0b0000 is interpreted as -7.5dB and
Ob1111 is interpreted as 0.0dB

NIP threshold for DL Multi-BS Joint
MIMO Processing trigger

cinrTh

CINR th

The value shall be interpreted as
signed 4bits with units of 0.5 dB,
Ob1111 is interpreted as -4.0dB and
0b0111 is interpreted as 3.5dB

Used together with NIP_th 1 or
NIP_th 2 for Multi-BS MIMO trigger

diversitySetNum

The number of ABSs coordinating
with the serving ABS for single BS
precoding with multi-BS coordination

changeCount

Change count in AAI NBR-ADV for
the following BS_index
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Table 712—Parameters for AAI_DL-IM Message

Name Value Usage

tempBsidSET 8 Indicates diversity set members
Refers to the ABS index of the
AAI_NBR_ADV.

Temp BSID is derived from this

BS index. The Temp BSID is the
order of the ABSs in respect of the
BS index. The first Temp BSID rep-
resents the ABS that is referred by the
first BS index in AAI DL _IM mes-
sage.

Change count 8 Change count in AAI NBR-ADV for
the following BS_index

BS index 8 Indicates diversity set members
Refers to the ABS index of the
AAI NBR_ADV.

Temp BSID is derived from
BS_index by TBD manner

16.2.3.35 AAI MSG-ACK

The ABS and AMS may use AAI MSG-ACK to indicate the reception of a MAC control message. When
receiving a message over control connection with Polling bit set to 1 in MCEH, the ABS and AMS shall
transmit AAI MSG-ACK as an acknowledgement to the reception of the message. The AAI MSG-ACK
shall include the following information:

— SN retrieved from MCEH of the received MAC PDU
— Control Connection Channel ID (CCC ID) that the MAC control message is received

16.2.3.36 AAI_NBR-REQ

An AMS may send the AAI NBR-REQ message to request the AAI NBR-ADV message. The request
should not contain the BSIDs for which full information is already provided in the AAl NBR-ADV mes-
sage.

The AAI NBR_REQ message shall include following parameters:
* LSB of Requested BS ID: 16 bits

— 16-bit LSB of unique 48-bit identifier of neighbor BS
16.2.3.37 AAI_SingleBS_MIMO_FBK

The AAI SingleBS MIMO FBK message format is defined in Table 713. This message is used by AMS as
a response to a Feedback Polling A-MAP IE requesting to feedback the subband information for MFM 2, 3,
5 or 6. It is also used for the feedback of the transmit correlation matrix when the ABS is equipped with 8
transmit antennas. Variables MaxM,, Codebook_subset, Codebook mode, Num_best_subbands and Mea-
surement Method Indication are indicated in the Feedback Polling A-MAP IE. N, is the number of transmit
antennas at the ABS, indicated in S-SFH SP3. Best subbands_index is encoded as described in section
16.3.9.3.1.4. The feedback information reported in the AAI SingleBS MIMO_FBK message depends on
currently assigned feedback processes and reporting times.
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Table 713—AAI_SingleBS_MIMO_FBK message format

Size
Syntax (bit) Notes

AAI SingleBS MIMO_FBK Messa

ge Format {

MAC Control Message Type 8

If (MFM == 3) and (q > 0)) or MFM and long period q are indicated in Feed-

((MFM == 6) and (q > 0)) or (MFM back Polling A-MAP IEs relevant to currently

==4) and (q > 0)) or (MFM ==7) assigned feedback processes

and (9> 0)))){

For (i=1; i<= N i++){
i-th diagonal entry of correlation 1 As defined in section 16.3.7.2.5.6
matrix
For (j=i+1; j<= Ng; j+H){
(1,j)-th entry of correlation 4 As defined in section 16.3.7.2.5.6
matrix
H
}

}

MFM _bitmap 4 Bitmap to indicate the MFMs for which the
AMS is sending feedback. It shall be consis-
tent with current feedback allocations corre-
sponding to the MFM requested by Feedback
Polling IE.

LSB #0: MFM 2
LSB #1: MFM 3
LSB #2: MFM 5
LSB #3: MFM 6

If (LSB #0 in MFM_bitmap == 1){ MFM 2 as specified in Feedback Polling A-
MAP IE

Best_subbands_index Variable

STC_Rate Variable | If Measurement Method Indication=0b0:
MaxM,=2:1 bit
MaxM,; =3 or 4: 2 bits
MaxM, > 4: 3 bits
This field shall be omitted if Measurement
Method Indication=0b1 or if MaxM, = 1.

For (m=0; m < The subbands are sorted in order of increasing

Num_best_subbands; m ++){ logical index

Subband CQI 4 MCS of m-th subband indicated by

Best_subbands_index
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Table 713—AAI_SingleBS_MIMO_FBK message format

Size

Syntax (bit) Notes
If (LSB #1 in MFM_ bitmap == 1){ MFM 3 as specified in Feedback Polling A-
MAP IE
Best_subbands_index Variable
STC_Rate Variable | MaxM,=2:1 bit
MaxM,; =3 or 4: 2 bits
MaxM,; > 4: 3 bits
This field shall be omitted if MaxM, = 1.
For (m=0; m < The subbands are sorted in order of increasing
Num_best_subbands; m ++){ logical index
Subband CQI 4 MCS of m-th subband indicated by
Best_subbands_index
Subband PMI Variable | PMI of m-th subband indicated by
Best_subbands_index
N,;=2:3 bits
N;=4 and Codebook_subset = 0b0: 6 bits
N;=4 and Codebook_subset = Ob1: 4 bits
N, = 8: 4 bits
}
}
If (LSB #2 in MFM_ bitmap == 1){ MFM 5 as specified in Feedback Polling A-
MAP IE
Best_subbands_index Variable
For (m=0; m < The subbands are sorted in order of increasing
Num_best_subbands; m ++){ logical index
Subband CQI 4 MCS of m-th subband indicated by
Best_subbands_index
Stream index Variable | Best stream index of m-th subband indicated
by Best_subbands_index
If Measurement Method Indication=0b0:
MaxM, = 2: 1 bit
MaxM, =13 or 4: 2 bits
If Measurement Method Indication=0b1: 1 bit
}
}
If (LSB #3 in MFM_ bitmap == 1){ MFM 6 as specified in Feedback Polling A-
MAP IE
Best_subbands_index Variable
For (m=0; m < The subbands are sorted in order of increasing
Num_best_subbands; m ++){ logical index
Subband CQI 4 MCS of m-th subband indicated by

Best subbands_index
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Table 713—AAI_SingleBS_MIMO_FBK message format

Size
Syntax (bit) Notes
Subband PMI Variable | PMI of m-th subband indicated by
Best subbands_index

N,=2:3 bits
N, =4 and Codebook_subset = 0b0: 6 bits
N;=4 and Codebook_subset = 0b1: 4 bits
N,=8: 4 bits

el

16.2.3.38 AAI_MultiBS_MIMO_FBK

The AAI MultiBS MIMO_FBK message format is defined in Table 714. This message is used by AMS as
aresponse to a Feedback Polling A-MAP IE requesting multi-BS MIMO feedback.

Table 714—AAI_MultiBS_MIMO_FBK message format

Size
Syntax (bit) Notes
AAI MultiBS MIMO_FBK Messag
e Format {
MAC Control Message Type = xx
if ICT ==0b10 or Ob11){ Co-MIMO or CL-MD
CQI 4
H
for (i=1;i <=N_multiBS_reports;
i++) {
if ICT == 0b00 or 0b01){
Temp BSID 4 Diversity set member 1D
H
PMI Variable | PMI from the rank-1 base codebook or base
codebook subset
N=2: 3 bits
N~4: 4 bits
N=8: 4 bits
If (ICT==0b00 or 0b01) {
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Table 714—AAI_MultiBS_MIMO_FBK message format

Size

Syntax (bit)

Notes

Additional measurement metric 2

SINR gain assuming the reported PMI set is
coordinated. This can be used for resolving
conflict from multiple AMS.

0b00: 0.25dB

0b01: 0.50dB

0b10: 1.00dB

Ob11: above 1.50dB

PMI _subset_size 1

Indication whether 1 PMI or a PMI set is feed-
back

0b0: 1 PMI

Ob1: multiple PMIs

If (PMI_subset_size == 0b1){

PMI_coordination_subset 1

Set of PMIs from the rank-1 base codebook or
base codebook subset

0b0: correlation level nl (as defined in section
16.5.1.2.1)

0bl: correlation level n2 (as defined in section
16.5.1.2.1)

}

If (ICT==0b10 or 0b11 ) {

ICT is defined in Feedback Polling A-MAP IE

CPMI 3

Concatenating PMI for neighboring cells.

16.2.3.39 AAI_MULTI_BS_MIMO-REQ

The AAI MULTI BS MIMO-REQ message shall be transmitted by the AMS to report its preference on

single BS precoding with Multi-BS MIMO coordination or multi-BS joint MIMO processing.

---ASN.ISTART

AAlI MULTI BSM MOREQ Message: : SEQUENCE{
Mul ti-BS M MO Request Bool ean,
NunBS I NTEGER (1..8)

-- NI PParam shall be transmtted from strongest

to weakest

NI PLi st : : =SEQUENCE (Sl ZE (1..NunBS)) OF NI PParam

NI PPar am : =SEQUENCE{
Tenp_BSID | NTEGER (0. . 15),
N Pval ue | NTEGER (0. . 15)

--ASN1STOP
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Table 715—Parameters for AAI_MULTI_BS_MIMO-REQ message

Name Value Usage

Multi-BS MIMO Request 0: Single-BS precoding with Multi-
BS Coordination

1: Multi-BS Joint MIMO Processing

NIP Value Absolute NIP value encoded as
difference to NIP_th 1 when Multi-
BS MIMO Request = 0. The value
shall be interpreted as unsigned 2bits
with units of 0.5 dB, 0b00 is
interpreted as NIP_thl and Ob11 is
interpreted as NIP_th1+1.5dB or
higher

Absolute NIP value encoded as
difference to NIP_th 2 when Multi-
BS MIMO Request = 1. The value
shall be interpreted as unsigned 2bits
with units of 0.5 dB, 0b00 is
interpreted as NIP_th2 and 0b11 is
interpreted as NIP_th2+1.5dB or
higher

NumBS 3 bits Number of base station which
exceeds threshold

Temp BSID 4 bits Temp BSID is broadcasted through
AAI DL IM message

The AMS shall perform the averaging of NIP measurements according to equation (158) in 8.4.12.3.

16.2.3.40 AAI_MULTI_BS_MIMO-RSP

The AAI MULTI BS MIMO-RSP message shall be transmitted by the ABS to AMS indicating which of
the adjacent ABSs listed in previously broadcasted AAI NBR-Adv message are involved in multiBS MIMO
joint processing operation.

---ASN.ISTART
AAlI MULTI BSM MORSP Message: : SEQUENCE{
Bi t mapf ori nvol vedadj acent ABSsi nmul ti BSM MO BI T STRI NG (Sl ZE (8))

128
Copyright © 2009 IEEE. All rights reserved.



February 3, 2010 IEEE P802.16m/D4

--ASN1STOP
Table 716—AAI_MULTI_BS_MIMO-RSP message format
Name Value Usage
Bitmap_for_involved_adja 8 0: ABS is not involved in multiBS MIMO
cent_ ABSs
in multiBS MIMO 1: ABS is involved in multiBS MIMO

Each bit in this bitmap represents one
ABS and the i-th bit (i=1,°9,8) represents
the neighboring ABS (listed in

AAI NBR-Adv message) with the i-th
strongest channel to the AMS.

The AMS shall perform the averaging of NIP measurements according to equation (158) in 8.4.12.3.

16.2.3.41 Privacy key MAC Control messages(AAl_PKM-REQ/AAI_PKM-RSP)

PKMv3 employs two MAC message types: AAl PKM-REQ (PKM request) and AAI PKM-RSP (PKM
response), as described in Table 864.

These MAC MAC Control message types distinguish between PKM requests (AMS-to-ABS) and PKM

Table 717—Privacy key management version 3 messages

T o

V;]ll:l z Message name Message description
XX AAI PKM-REQ Privacy key management request [AMS -> ABS]
vy AAI PKM-RSP Privacy key management response [ABS -> AMS]

responses (ABS-to-AMS). Each message encapsulates one PKM message in the MAC Control message
payload.

These MAC Control message types distinguish between PKM requests (AMS-to-ABS) and PKM responses
(ABS-to-AMS). Each message encapsulates one PKM message in the MAC control message payload.

PKM protocol messages transmitted shall contain the following parameters. They are unicast control con-
nection.

- Code : The Code field identifies the type of PKM packet. When a packet is received with an invalid code,
it shall be silently discarded. The following Table 718 describes the PKIM message codes.
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Table 718—PKM v3 message types

Code PKM message type MAC control message name

1 PKMv3 Refresh-PMK AAI PKM-REQ

2 PKMv3 EAP-Transfer AAI PKM-REQ/ AAI PKM-RSP
3 PKMv3 Key Agreement-MSG#1 AAI PKM-RSP

4 PKMv3 Key Agreement-MSG#2 AAI PKM-REQ

5 PKMv3 Key Agreement-MSG#3 AAI PKM-RSP

6 PKMv3 TEK-Request AAI PKM-REQ

7 PKMv3 TEK-Reply AAI PKM-RSP

8 PKMv3 TEK-Invalid AAI PKM-REQ/ AAI PKM-RSP
9-16 reserved -

- PKM Identifier: The PKM Identifier is used to match an ABS response to the AMS requests or an AMS
response to the ABS requests.

AMS shall increment (modulo 256) the PKM Identifier field whenever it issues a new PKMv3 TEK-Request
message, and ABS shall increment (modulo 256) the PKM Identifier field whenever it issues a new PKMv3
Key Agreement-MSG#1.

For retransmissions, the Identifier field shall remain unchanged.

The Identifier field in PKMv3 EAP-Transfer, PKMv3 Refresh-PMK or PKMv3 TEK-Invalid messages
which are redundant and don't affect any response messaging, shall be set to zero. The Identifier field in an
ABS's AAI PKM-RSP message shall match the Identifier field of the AAl PKM-REQ message the ABS is
responding to.

An ABS shall keep track of the PKM Identifier of its latest, pending PKMv3 Key Agreement-MSG#1. The
ABS shall discard PKMv3 Key Agreement-MSG#2 messages with Identifier fields not matching that of the
pending PKMv3 Key Agreement-MSG#1. In addition, an AMS shall keep it, pending PKMv3
Key Agreement-MSG#2. The AMS shall discard PKMv3 Key Agreement-MSG#3 messages with Identi-
fier fields not matching that of the pending PKMv3 Key Agreement-MSG#2. An AMS shall keep track of
the PKM Identifier of its latest, pending PKMv3 TEK-Request. The AMS shall discard PKMv3 TEK-Reply
message with Identifier fields not matching that of the pending PKMv3 TEK-Request.

16.2.3.41.1 PKMv3 Refresh-PMK message

Refresh-PMK message may be used to trigger PMK update.( e.g., in case that CMAC PN * or
AK COUNT is exhausted, PMK update is required)

If ABS receives the Refresh-PMK message, it should initiate either reauthentication procedure or PMK
update without reauthentication.

CMAC Digest and Key Sequence Number attributes shall be included in Refresh-PMK message.
Code: 1
Attributes are shown in Table 719.
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Table 719—PKMv3 Refresh-PMK message attributes

Attribute Contents

Key Sequence Number | Current PMK sequence number

CMAC digest Message digest calculated using AK.

The CMAC Digest attribute shall be the final attribute in the message's attribute list. Inclusion of the CMAC
Digest attribute allows the ABS to authenticate the PKMv3 Refresh-PMK message.

16.2.3.41.2 PKMv3 EAP-Transfer message

When an AMS has an EAP payload received from an EAP method for transmission to the ABS or when an
ABS has an EAP payload received from an EAP method for transmission to the AMS, it encapsulates it in a
PKMv3 EAP-Transfer message. In the case of re-authentication, all PKM messages containing a PKMv3
EAP-Transfer message shall beencrypted by the primary SA.

Code: 2

Attributes are shown in Table 720.

Table 720—PKMv3 EAP-Transfer message attributes

Attribute Contents

EAP Payload Contains the EAP authentication data, not inter-
preted in the MAC

The EAP Payload field carries data in the format described in section 4 of RFC 3748.
16.2.3.41.3 PKMv3 Key_Agreement-MSG#1 message

The ABS transmits the PKMv3 Key Agreement-MSG#1 message as a first step in the 3-way key agreement
handshake at initial network entry, at reauthorization, and at PMK update without reauthorization. The ABS
shall send this message to the AMS after finishing authorization procedure(s) selected by the negotiated
authorization policy support included in the basic capabilities negotiation.

It includes a random number challenge (i.e., NONCE BS) to be returned by the AMS in the PKMv3
Key Agreement-MSG#2 message. The ABS shall send this message to the AMS either when the ABS
receives a PKMv3 CMAC-Invalid message or when authenticator relocation is occurred.

Code: 3

Attributes are shown in Table 721.
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Table 721—PKMv3 Key_Agreement-MSG#1 message attributes

Attribute Contents
NONCE_ABS A freshly generated random number of 64 bits.
Key Sequence Number | Current PMK sequence number( included only when this mes-
sage is CMAC protected)
CMAC digest Message digest calculated using AK( included when AK is
shared)

The CMAC Digest attribute shall be the final attribute in the message's attribute list, but in case that valid
AK is not shared yet, PKMv3 Key Agreement-MSG#1 message shall include NONCE_BS only. In case
that valid AK is shared, its corresponding Key Sequence Number and CMAC Digest are included.

16.2.3.41.4 PKMv3 Key_Agreement-MSG#2 message

The AMS transmits the PKMv3 Key Agreement-MSG#2 message after receiving PKMv3 Key Agreement-
MSG#1 message from the ABS. In case that an AK is already shared, the AMS transmits the PKMv3
Key Agreement-MSG#2 message after successful CMAC value verification of PKMv3 Key Agreement-
MSG#1 message received from the ABS.

The AMS derives PMK and AK from MSK depending on NONCE_BS and NONCE_MS, which are shared
by PKMv3 Key Agreement-MSG#1 and PKMv3 Key Agreement-MSG#2 messages.

If this PKMv3 Key Agreement-MSG#2 message is being generated during initial network entry, then it
contains security negotiation parameters.

Code: 4

Attributes are shown in Table 722.

The CMAC Digest attribute shall be the final attribute in the message's attribute list, which is derived from
new AK.

16.2.3.41.5 PKMv3 Key_Agreement-MSG#3 message

The ABS transmits the PKMv3 Key Agreement-MSG#3 message as a final step in the 3-way handshake
key agreement after successful CMAC value verification of PKMv3 Key Agreement-MSG#2 message
received from the AMS.

On receiving PKMv3 Key Agreement-MSG#2 message from the AMS, the ABS derives PMK and AK
from MSK depending on NONCE BS and NONCE_MS, which are shared by PKMv3 Key Agreement-
MSG#2 messages, and validate the CMAC value contained in PKMv3 Key Agreement-MSG#2 message.

Code: 5
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Table 722—PKMv3 Key_Agreement-MSG#2 message attributes

Attribute Contents
NONCE_ABS A freshly generated random number of 64 bits contained
in PKMv3 Key Agreement-MSG#1 message
NONCE_AMS A freshly generated random number of 64 bits
PMK ID PMK ID = Dot16KDF(PMK, 0b0000|PMK

SNINONCE_AMS|NONCE_ABS| "PMKID", 64). This
is used to verify sync of PMK SN and the corresponding
PMK

Key Sequence Number

New PMK sequence number

Security negotiation
parameters

The requesting AMS's security capabilities (it should be
included in case of key agreement during network entry
only.)

1e.,

- size of ICV part in the AES-CCM

0 : 32bits (Max Invalid value is 4096)

1 : 64bits (Max Invalid valuse is not used)

-PN window Size (Min:1, Max: 1024)

CMAC digest

Message digest calculated using new AK

Attributes are shown in Table 723.

Table 723—PKMv3 Key_Agreement-MSG#3 message attributes

Attribute Contents
NONCE_ABS A freshly generated random number of 64 bits con-
tained in PKMv3 Key Agreement-MSG#1 message.
NONCE_AMS A freshly generated random number of 64 bits con-

tained in PKMv3 Key Agreement-MSG#2 message.

Key Sequence Number

New PMK sequence number

Key lifetime

MSK lifetime, this attribute is included only in case of
key agreement following EAP-based authorization or
EAP-based reauthorization procedures.

133

Copyright © 2009 IEEE. All rights reserved.




O 001N WU A W

February 3, 2010 IEEE P802.16m/D4

Table 723—PKMv3 Key_Agreement-MSG#3 message attributes

Attribute Contents

Security negotiation pa- | The responding ABS's security capabilities (it should
rameters be included in case of key agreement during network
entry only.)

- size of ICV part in the AES-CCM

0 : 32bits (Max Invalid value is 4096)

1 : 64bits (Max Invalid valuse is not used)

-PN window Size

CMAC digest Message digest calculated using new AK.

The CMAC Digest attribute shall be the final attribute in the message's attribute list, which is derived from
new AK.

16.2.3.41.6 PKMv3 TEK-Request message

The AMS transmits the PKMv3 TEK-Request message in order to ask the ABS what COUNTER TEKSs are
currently managed.

Code: 6

Attributes are shown in Table 724.

The CMAC Digest attribute shall be the final attribute in the message's attribute list.

16.2.3.41.7 PKMv3 TEK-Reply message

The ABS transmits the PKMv3 TEK-Reply message in response to the PKMv3 TEK-Reply message.
Code: 7

Attributes are shown in Table 725.
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Table 724—PKMv3 TEK-Request message attributes

Attribute

Contents

SAID

Security association identifier

Key Sequence Number

Current PMK sequence number

TEK refresh flag This flag is set to "1" in the signal this request is for the
first TEK after key agreement when both TEKs need
to be updated one after another and set to "0" in any
other case.

CMAC digest Message digest calculated using AK.

Table 725—PKMv3 TEK-Reply message attributes

Attribute

Contents

SAID

Security association identifier

Key Sequence Number

PMK sequence number used for deriving current
TEKyLg

COUNTER_TEK

COUNTER _TEK used for deriving current uplink
TEK

EKS Encryption key sequence number for current uplink
TEK
CMAC digest Message digest calculated using AK.

The CMAC Digest attribute shall be the final attribute in the message’s attribute list.

16.2.3.41.8 PKMv3 TEK-Invalid message

When the ABS detects that EKS is not sychronized yet, the ABS transmits the PKMv3 TEK-Invalid mes-
sage in order for the AMS to send PKMv3 TEK-Request message to the ABS. If the AMS receives the
PKMv3 TEK-Invalid message, it shall send the PKMv3 TEK-Request message.

Meanwhile, the AMS transmits the PKMv3 TEK-Invalid message in order to trigger TEK update. If the
ABS receives the PKMv3 TEK-Invalid message, it discards current TEKp; g and uses TEKj; g as TEKp; g,
and derives a new TEK for TEK g.

Code: 8

Attributes are shown in Table 726 .
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Table 726—PKMv3 TEK-Invalid message attributes

Attribute Contents
SAID Security association identifier
Key Sequence Number AK sequence number
CMAC digest Message digest calculated using AK.

The CMAC Digest attribute shall be the final attribute in the message's attribute list.

16.2.3.42 AAI_ARQ-Feedback message
An AAI ARQ-Feedback message is used for receiver to inform the reception status of a number of ARQ

blocks or ARQ sub-blocks. ARQ feedback IE (see Table 760) is included in the AAI ARQ-Feedback mes-
sage.

Table 727—AAI_ARQ-Feedback message format

Syntax Size (bits) Notes
AAI ARQ-
Feedback Message Format() {
MAC Control Message type = xx 8
ARQ Feedback IE variable see Table 760

16.2.3.43 AAI_ARQ-Discard message

The transmitter sends this message when it wants to skip a number of ARQ blocks. The procedure in the
receiver after receiving an AAI ARQ Discard message is described in the <<15.3.8.7.3.3>>.

Table 728—AAI_ARQ-Discard message format

Syntax Size (bits) Notes

AAI ARQ-Discard Message Format() {

MAC Control Message type = xx 8

Flow ID 4 Corresponding connection ID to
perform ARQ block discard.

SN 10 ARQ block SN of the last block in

the transmission window that the
transmitter wants to discard.
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Table 728—AAI_ARQ-Discard message format

Syntax Size (bits) Notes

Reserved 2 Shall be set to zero.

16.2.3.44 AAI_ARQ-Reset message

The transmitter or receiver may send this message. The message is used in a dialog to reset the parent con-
nection’s ARQ transmitter and receiver state machines. The detail ARQ reset procedure is described in the
<<15.3.8.7.4>>.

Table 729—AAI_ARQ-Reset message format

Syntax Size (bits) Notes

AAI ARQ-Reset Message Format() {

MAC Control Message type = xx 8

Flow ID 4 Corresponding connection ID to perform ARQ
reset procedure.

Type 2 0b00 = Original message from Initiator
0b00 = Acknowledgement from Responder
0b10 = Confirmation from Initiator
Ob11 = Reserved

Reserved 2 Shall be set to zero

16.2.3.45 DSx MAC Control Message
16.2.3.45.1 AAI_DSA-REQ

An AAI DSA-REQ message is sent by an AMS or ABS to create a new service flow and may contain
parameters for more than one service flow. An AMS or ABS shall generate AAI DSA-REQ message,
including the following parameters:

— Control Message Type : Type of AAI DSA-REQ message.

— Service Flow Parameters : Specification of the service flow's traffic characteristics and scheduling
requirements.

— Convergence Sublayer Parameter Encodings : Specification of the service flow's CS-specific param-
eters.

Following parameters may be included in the AAI DSA-REQ message.
— SCID: To switch sleep cycle setting

— Predefined BR index: To use in 3-step Bandwidth Request procedure, only included in ABS initiated
DSA-REQ
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When an AMS commences E-MBS service flow, the following parameters shall be included in the
AAI DSA-REQ message.

- E-MBS Service: Indicates whether the MBS service is being requested or provided for the connec-
tion that is being setup.

When an ABS commences E-MBS service flow, the following parameters shall be included in the
AAI DSA-REQ message.

- E-MBS Service: Indicates whether the MBS service is being requested or provided for the connec-
tion that is being setup.

- E-MBS Zone ID: Indicates an E-MBS zone where the connection for associated service flow is
valid.

- E-MBS Service Flow Parameter: Mapping of Multicast STID (MSTID) and FID are included.

- Physical Carrier Index: Target carrier which the AMS switches or is redirected by ABS to, only
included in ABS initiated DSA-REQ.

After a successful DSA/DSC transaction, BR index mappings included in the AAI DSA-REQ or
AAI DSC-REQ messages shall override previously defined BR index mappings for the same BR indices.

The FID for the transport connection shall not be present in the AMS-initiated AAI DSA message; at the
ABS, the service flow within the AAI DSA-REQ message shall be assigned a unique FID for the transport
connection, which will be sent back in the AAI DSA-RSP message. AMS-initiated AAI DSA-REQ mes-
sages may use the service class name in place of some, or all, of the QoS parameters.

ABS-initiated AAI DSA-REQ messages for named service classes shall include the QoS parameter set
associated with that service class. ABS-initiated AAI DSA-REQ messages shall also include the Target
SAID for the service flow.

16.2.3.45.2 AAI_DSA-RSP

An AAI DSA-RSP message shall be generated in response to a received AAl DSA-REQ message. An
AMS or ABS shall generate AAI DSA-RSP message, including the following parameters:

— Control Message Type : Type of AAI DSA-RSP message.

— Confirmation Code : The appropriate confirmation code (CC) for the entire corresponding
AAI DSA-REQ.

— Service Flow Parameters : Specification of the service flow's traffic characteristics and scheduling
requirements if the transaction is successful. The complete specification of the service flow shall be
included in the AAI DSA-RSP if it includes an expanded service class name.

— Convergence Sublayer Parameter Encodings : Specification of the service flow's CS-specific param-
eters if the transaction is successful.

In response to AAI DSA-REQ message which contains SCID, the SCID may be included in AAI DSA-
RSP message as approval to ABS or AMS’s request. If AAI DSA-RSP message doesn’t include SCID, the
AMS shall regard its request as being failed.

In response to AAI DSA-REQ message which contains 'Predefined BR index', the 'Predefined BR index'
may be included in AAI_DSA-RSP message as approval to ABS or AMS’s request. If AAT DSA-RSP mes-
sage does not include 'Predefined BR index', the AMS shall regard its request to use the 'Predefined BR
index' as being failed.
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The ABS's AAI_DSA-RSP message for service flows that are successfully added shall contain a FID for the
transport connection. The ABS's AAI DSA-RSP message shall also include the Target SAID for the service
flow. If the corresponding AAI DSA-REQ message uses the service class name to request service addition,
an AAI DSA-RSP message shall contain the QoS parameter set associated with the named service class. If
the service class name is used in conjunction with other QoS parameters in the AAI DSA-REQ message,
the ABS shall accept or reject the AAI DSA-REQ message using the explicit QoS parameters in the
AAI DSA-REQ message. If these service flow encodings conflict with the service class attributes, the ABS
shall use the AAI DSA-REQ message values as overrides for those of the service class.

If an AMS's AAI DSA-RSP with status success is sent and Service Flow Parameters are included, the only
Service Flow Parameters that may be included shall be ARQ parameters for ARQ enabled connections).

When an AMS commences E-MBS service flow, the ABS shall include the following parameters in the
AAI DSA-RSP message.

- E-MBS Service: Indicates whether the MBS service is being requested or provided for the connec-
tion that is being setup.

- E-MBS Zone ID: Indicates an E-MBS zone where the connection for associated service flow is
valid.

- E-MBS Service Flow Parameter: Mapping of Multicast STID (MSTID) and FID are included.

- Physical Carrier Index: Target carrier which the AMS switches or is redirected by ABS to, only included in
ABS initiated DSA-REQ.

16.2.3.45.3 AAI_DSA-ACK

An AAI DSA-ACK message shall be generated in response to a received AAI DSA-RSP message. An
AMS or ABS shall generate AAI DSA-ACK message, including the following parameters:

— Control Message Type : Type of AAI DSA-ACK message.

— Confirmation Code : The appropriate confirmation code (CC) for the entire corresponding
AAI DSA-RSP.

16.2.3.45.4 AAI_DSC-REQ

AAI DSC-REQ message is sent by an AMS or ABS to dynamically change the parameters of an existing
service flow. An AMS or ABS shall generate AAI_DSC-REQ message, including the following parameters:

— Control Message Type : Type of AAI_ DSC-REQ message.

— Service Flow Parameters : Specifies the service flow's new traffic characteristics and scheduling
requirements. The admitted and active QoS parameter sets currently in use by the service flow. If the
DSC message is successful and it contains service flow parameters, but does not contain replacement
sets for both admitted and active QoS parameter sets, the omitted set(s) shall be set to null. The ser-
vice flow parameters shall contain a FID.

Following parameters may be included in the AAI DSC-REQ message.
— SCID: To switch sleep cycle setting
— Predefined BR index: To use in 3-step Bandwidth Request procedure

An AAI _DSC-REQ message shall not carry parameters for more than one service flow.
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16.2.3.45.5 AAI_DSC-RSP

An AAI DSC-RSP message shall be generated in response to a received AAI DSC-REQ message. An
AMS or ABS shall generate AAI DSC-RSP message, including the following parameters:

— Control Message Type : Type of AAI_DSC-RSP message.
— Confirmation Code : The appropriate confirmation code (CC) for the entire corresponding
AAI DSC-REQ.

— Service Flow Parameters : Specification of the service flow's traffic characteristics and scheduling
requirements if the transaction is successful. The complete specification of the service flow shall be
included in the AAI DSC-RSP only if it includes an expanded service class name. If a service flow
parameter set contained a service class name and an admitted QoS parameter set, the AAI DSC-RSP
shall include the QoS parameter set corresponding to the named service class. If specific QoS param-
eters were also included in the classed service flow request, these QoS parameters shall be included
in the AAI DSC-RSP instead of any QoS parameters of the same type of the named service class.

— Convergence Sublayer Parameter Encodings : Specification of the service flow's CS-specific param-
eters if the transaction is successful.

In response to AAI_DSC-REQ message which contains SCID, the SCID may be included in AAI_DSC-
RSP message as approval to ABS or AMS’s request. If AAI DSC-RSP message doesn’t include SCID, the
AMS shall regard its request as being failed.

In response to AAI DSC-REQ message which contains 'Predefined BR index', the 'Predefined BR index'
may be included in AAI DSC-RSP message as approval to ABS or AMS’s request. If AAI DSC-RSP mes-
sage does not include 'Predefined BR index', the AMS shall regard its request as being failed.

16.2.3.45.6 AAI_DSC-ACK

An AAI DSC-ACK message shall be generated in response to a received AAI DSC-RSP message. An
AMS or ABS shall generate AAI DSC-ACK message, including the following parameters:

— Control Message Type : Type of AAI_DSC-ACK message.

— Confirmation Code : The appropriate confirmation code (CC) for the entire corresponding
AAI DSC-RSP.

16.2.3.45.7 AAI_DSD-REQ

An AAI DSD-REQ message is sent by an AMS or ABS to delete an existing service flow. An AMS or ABS
shall generate AAI DSD-REQ message, including the following parameters:

— Flow ID : Flow identifier to be deleted.
— Control Message Type : Type of AAI_DSD-REQ message.

The SCID may be included in AAI DSD-REQ to switch Sleep Cycle setting.
16.2.3.45.8 AAI_DSD-RSP

An AAI DSD-RSP message shall be generated in response to a received AAI DSD-REQ message. An
AMS or ABS shall generate AAI DSD-RSP message, including the following parameters:

— Flow ID : Flow identifier from the AAI DSD-REQ to which this response refers.
— Control Message Type : Type of AAI DSD-RSP message.

— Confirmation Code : The appropriate confirmation code (CC) for the entire corresponding
AAI DSD-REQ.
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In response to AAI DSD-REQ message which contains SCID, the SCID may be included in AAI DSD-
RSP message as approval to ABS or AMS’s request. If AAI_ DSD-RSP message doesn’t include SCID, the
AMS shall regard its request as being failed.

16.2.3.46 AAI-RNG-CFM
The AMS shall send the AAI-RNG-CFM message to the ABS upon successful ranging initiated by an unso-

licited AAI-RNG-RSP message with the Ranging Request bit to be one. It shall include the below parame-
ters:

—  STID of the AMS.
Additionally, the AAI- RNG-CFM message shall always include an MCEH with the polling bit set to 1.
16.2.3.47 AAI_MultiBS_PMI_COM

The AAI_MultiBS PMI_COM message format is defined in Table 730—. This message is used by ABS to
indicate AMS the PMImin and PMI combination ratio.

Table 730—AAI_MultiBS_PMI_COM message format

Length o
Name (bits) Description

AAI MultiBS PMI COM_Messa

ge Format {

Control Message Type = xx

PMIMin 4t06 PMI from the rank-1 base codebook£ gener-
ates minimum interference for the neighboring
ABS.

PCR 2 PMI combination ratio

}

16.2.3.48 Group Configuration MAC Control Message (AAl_GRP-CFG)

Group Configuration MAC Control message is used for group management when using Group Resource
Allocation. This message is used to inform an AMS that it has been added to or deleted from a GRA group.

-- Group Configurati on Message
AAl - GRP- CFG :: = SEQUENCE {
messageType OCTET STRING (Sl ZE(1)),

-- identify the flow to be added or del eted
flowd I NTEGER (0. . 15),

-- Signals whether the group corresponds to DL allocations or UL allocations.
dl U | ndi cat or ENUMERATED {
dl Al l ocation (0),
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ul Al l ocation (1)
}

-- present when a flowis added to a GRA
gr al nf oFor AddedFI ow GroupRsr cAl | ocl nfo OPTI ONAL

}

G oupRsrcAl | ocl nfo ::= SEQUENCE {
-- ID of the group to which the flow is added
groupl d BI T STRI NG (SI ZE(12)),

-- Defines nunber of subframes spanned by the allocated resource
-- |f nunmber of DL AAl subframes, D is |ess than number of UL AAl
-- subframes, U and dlUlIndicator = 0Obl, then longTtilndicator = Obl.
I ongTti | ndi cat or ENUMERATED {
oneSubfrane (0),
four Subframe (1)
} DEFAULT oneSubfrane,

-- the periodicity with which the corresponding GRA A-MAP |E will
-- transmtted.
periodicity ENUMERATED {

oneFrame (0),

t woFr anme (1),

fourFrane (2),

ei ght Frame (3)},

-- Signals the 2-bit M MO npde set corresponding to this group.
m moMbdeSet ENUVMERATED {

nodeO (0),

nodeland2 (1),

node2 (2),

node2and4 (3)},

be

-- The size of user bitmap in bits. The size determ nes the maxi num

-- nunber of flows that can be supported in one group

user Bi t mapSi ze ENUVMERATED {
f our (0),
ei ght (1),
node2 (2),

node2and4 (3)},

-- Signals index of the flowin group's user bitnmap
user Bi t mapl ndex I NTEGER (0..31),

-- Signals the starting ACID of the range of ACIDs assigned to the
-- GRA flow
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initialAcid I NTEGER (0. . 15),

-- The nunber of ACIDs assigned to the GRA flow
nurmber O Aci d I NTEGER (0..7),

bur st Si zeli st

resour ceBi t mapLi st

Bur st Si zeLi st OPTI ONAL,
Resour ceBi t mapLi st OPTI ONAL

}
Burst Si zeList ::= SEQUENCE (SIZE (1..4)) OF INTEGER (O..31)
Resour ceBi t mapLi st ::= SEQUENCE (SIZE (1..4)) OF ResourceBitmap

Resour ceBi t map: : = SEQUENCE {

resour cel ncl usi onBi t map BI T STRI NG {

b0
bl
b2
b3
b4
b5
b6
b7
b8
b9

(0),
(1),
(2),
(3),
(4),
(5),
(6),
(7).,
(8),
(9),

b10 (10),
b1l (11),
bl2 (12),
b13 (13),
bl4 (14),
b15 (15)} (S| ZE(16)) OPTI ONAL

Bitmap to signal which
8 resource sizes are
supported in the group
out of the range of
[1,16] LRUs supported
for GRA. If nth bit n
the bitmap is set tol,
it signals that are
source size of n LRUs

is supported in the

-- group.

Table 731—AAI-GRP-CFG conditions

Attributes Conditions
gralnfoForAddedFlow Present when a flow is added to a group.
burstSizeList Present when the HARQ burst sizes are different

from the last GRA allocation for this flow.
resourceBitmapList Present when the resource sizes are different from
the the last GRA allocation for this flow.

IEEE P802.16m/D4

The Group Configuration MAC Control message signals all the information necessary for the AMS to
receive allocations as part of a group via GRA (when the Deletion Flag is set to 0). The encoding of HARQ
burst sizes and resource sizes supported in the group is determined as follows. The Group Configuration
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MAC control message signals four HARQ burst sizes. These burst sizes are assigned 2 bits code in increas-
ing order from 00 to 11 in the order in which they appear in the message.

Similarly, 3-bit resource size codes from 000 to 111 are assigned to the supported resource sizes in increas-
ing order. The Resource size inclusion bitmap should have only 8 bits set to 1 and the rest to 0.

16.2.3.49 AAI_RES-CMD (Reset command)

The AAI_RES-CMD message shall be transmitted by the ABS to force the AMS to reset itself, reinitialize
its MAC, and repeat initial system access. This message may be used if an AMS is unresponsive to the ABS
or if the ABS detects continued abnormalities in the UL transmission from the AMS. It contains no informa-
tion except MAC message name.

16.2.3.50 AAI_SII-ADV (Service Identity Information)

An ABS may use the AAL_SII-ADV message to broadcast a list of Network Service Provider (NSP) Identi-
fiers. Assignment method, administration, and usage of NSP IDs are outside the scope of this standard. The
list of NSP IDs to be included in this message and the message transmission frequency are programmable.
The following parameters may be included in the AAI SII-ADV message; at least one shall be included in
an AAI SII-ADV message.

Table 732—Parameter for AAI_SII-ADV message

Name Value
NSP List List of one or more Network Service Provider 24 bit
Identifiers.
Verbose NSP Name List List of the verbose names of the NSPs. The value of

Verbose NSP Name List is a compound list of ver-
bose NSP name lengths and verbose NSP names.
The order of the Verbose NSP Name Lengths and
Verbose NSP Names presented shall be in the same
order as the NSP IDs presented in the NSP List.

16.2.3.51 AAI_MC-REQ (multicarrier Request) Message

The Multi-Carrier Request Message (AAI MC-REQ) is sent by an AMS to an ABS to request the list of
Assigned Carriers. The AMS cannot send the AAl MC-REQ message until it receives the AAl MC-ADV
message from its serving ABS. According to the multi-carrier configuration supported by serving ABS,
which is indicated in AAI MC-ADV, the AMS shall determine the subset of carriers which it can simulta-
neously support under its hardware capability. Then AMS will send AAI MC-REQ message to the serving
ABS and include sets of physical carrier index to inform ABS this information.

144
Copyright © 2009 IEEE. All rights reserved.



February 3, 2010 IEEE P802.16m/D4

1 Table 733—AAI_MC-REQ message format
2
3
4 Field Size (bits) Notes
5
6 MAC Control Message Type
7
8 Number of Candidate Combinations (N) 4
9
10 For (i=0, i<N; i++) {
% ; Number of Candidate Assigned Carrier 3
13 (Ne)
12 For (j=0, j<Nc; j++) {
16 Physical Carrier Index 6 The carriers AMS can simultaneously sup-
17 port
18
19 }
20
21 }
%g Support of data transmission over guard 1 0b0 = not supported
24 sub-carrier Obl=support
25
26
27 16.2.3.52 AAI_MC-RSP (multicarrier Response) Message
28
gg Based on information provided by the AMS in the AAI MC-REQ message, the ABS shall respond to the

31 AMS through the AAI MC-RSP message to provide the AMS with information about its assigned carriers.
32 The following are the parameters shall be included in the AAI MC-RSP message:

38 Table 734—AAI_MC-RSP message format

41 Field Size (bits) Notes

43 MAC Control Message Type

45 Number of Candidate Combinations 4
46 M)

For (i=0, i<N; i++) {

49 Number of Candidate Assigned Car- | 3
30 rier (Nc)

52 )

54 Support of data transmission over 1 0b0 = not supported
55 guard sub-carrier Ob1=support

59 The AAI MC-RSP (multicarrier Response) Message is typically sent to the AMS in response to the
60 AAI MC-REQ message, but it may also be sent by the ABS to an AMS to update the list of assigned carri-

2 é ers in unsolicited manner.
63
64
65
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16.2.3.53 AAI_Global-Config (global carrier configuration) Message

The AAI_ Global-Config message provides the carrier information for all available carriers in the network.
The ABS transmits the AAI Global-Config message to an AMS right after network entry completes.

Table 735—AAI_Global-Config MAC Control Message Format

Field Size (bit) Description
MAC Control Message Type 8
Number of Carrier Groups 4 Groups of contiguous carriers

For (i=0; i< Number of Carrier
Groups; i++){

Multi-Carrier  Configuration | 6 Index associated to Table 770
Index Across the Network

Start Frequency Assignment | 6 Frequency Assignment Index of the first carrier in
Index carrier group #i
Number of Carriers 6

For(j=0;j<Number of Carriers;

JtH
Physical Carrier Index 6 Index of the physical carrier
Duplexing Mode 1 "0" for TDD
"1" for FDD
b

¥
Physical Carrier Index of current | 6 The carrier that broadcasts this message; the
carrier physical carrier index refers to AAI Global-

Config message

16.2.4 Construction and Transmission of MAC PDUs

Figure 387 illustrates the various functional blocks involved in the construction of MAC PDU, input and
output of each functional block, and sequence in which these functions are applied during the construction
of MAC PDUs of various types of connections i.e., ARQ connection, non ARQ connection and control con-
nection. The construction of a MAC PDU is illustrated in Figure 388 below.
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Figure 388—Construction of a MAC PDU for transport connections
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16.2.4.1 Convention
The MAC data shall be transmitted in accordance with the following rules:

a) Fields of MAC messages and TLV encodings are transmitted in the same order as they appear in
the corresponding tables in this standard.

b) Fields of MAC messages and fields of TLV encodings, which are specified in this standard as
binary numbers, are transmitted as a sequence of their binary digits, starting from MSB. Bit masks (for
example, in ARQ) are considered numerical fields. TLV encodings are transmitted in the order of Type,
Length and Value. If the Value of a TLV or a field within the TLVs Value is explicitly specified as a num-
bered sequence of bits, then the order of transmission shall be from highest sequence number to lowest
sequence number. For signed numbers MSB is allocated for the sign. Length field in the "definite form" of
ITU-T X.690 is also considered a numerical field.

c) Fields specified as SDUs or SDU fragments (for example, MAC PDU payloads) are transmitted in
the same order of bytes as received from upper layers.

d) Fields specified as strings are transmitted in the order of symbols in the string.
In cases c) and d), bits within a byte are transmitted in the order "MSB first."
16.2.4.2 Multiplexing

Multiple connections' payload associated with same security association can be multiplexed and encrypted
together in a MAC PDU. If 'n' connections are multiplexed, one MEH and 0 to 'n' FPEH and/or MCEH shall
be present in a MAC PDU. The AGMH (as defined in 16.2.2.1.1) and the MEH (as defined in 16.2.2.2.3)
carries the information about the Flow Ids and Lengths of the connection payloads.The FPEH and MCEH
carries the information about the transport and control connection payload respectively. For example multi-
ple connections' payloads which are encrypted using AES CCM can be multiplexed and encrypted together
in a MPDU. Figure 389 illustrates the multiplexing of two connection payloads which are associated with
same security association (i.e., AES CCM).). FPEHx and FPEHy in Figure 389 carry the information about
the SDU/SDU fragments in the Payload-X and Payload-Y respectively. Figure 390 illustrates the usage of
FPEH/MCEH together with MEH in a MAC PDU.

150
Copyright © 2009 IEEE. All rights reserved.



O 001N WU A W

February 3, 2010

IEEE P802.16m/D4

Convergence Sublayer

A,

MSDUs for
FlowID = x

MSDUs for
FlowID =y

Plaintext Payloadx

Plaintext Payloady

.I,"
PN, EKS Ciphertext Payloadx ' Ciphertext Payloady Icv
]
H\UQ-Encrypted Encrypted \
\\\ \\
i
GMH | MEH Otgf:nf)HS FPEHx | FPEHy |[PN.EKS|  Ciphertext Payloads | Ciphertext Payloady Icv
Un-Encrypted =T Encrypted >
Figure 389—Multiplexing of connection payload associated with same SA
Other EHs Connection
GMH if any FPEH/MCEH Payload
MAC PDU with payload from one connection
OtherEHs | FPEHX (if needed)/ | FPEHy (if needed)/ Cgnnection Cgnnection
GMH MEH if \ \ Payload Payload
(if any) MCEHXx (if needed) MCEHYy (if needed) FlowlD = X FlowlD = Y

MAC PDU with payloads from multiple connections

Figure 390—Usage of FPEH/MCEH and MEH in MAC PDU

16.2.4.3 Concatenation

Multiple MAC PDUs may be concatenated into a single transmission in either the UL or DL directions. For
AMS attached to ABS, each MAC PDU in UL/DL burst is uniquely identified by Flow ID.

Figure 391 illustrates the concept for an UL burst transmission. Since the MAC SDUs in MAC PDU are
identified by the Flow ID in the AGMH and MEH ( in case of multiplexing), the receiving MAC entity is
able to present the MAC SDU (after reassembling the MAC SDU from one or more received MAC PDUs)
to the correct instance of the MAC SAP. MAC control messages, user data (from one or more connections),
and BR MAC PDUs may be concatenated into the same transmission.

1
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ULburst#n >< ULburst#nt1  ><  ULburst#n+2

User MAC PDU BR Management BR User MAC PDU User MAC PDU User MAC PDU
(1 connection)l MAC PDU MAC PDU | MAC PDU | (2 connection) (2 CO”nSe;\aif))” of (2 connection of
SA2)
FlowID =0x5 FlowlID = 0x7 FlowID = 0x1 FlowID =0x8 FlowlD = 0x8, FlowID = 0x6, FlowID = 0x8,
0x4 0x4 0x9

SA1: Security Association 1
(for e.g. AES CCM)

SA2: Security Association 2
(for e.g. no protection)

Figure 391— MAC PDU concatenation showing example Flow IDs
16.2.4.4 Fragmentation

Fragmentation is the process by which a MAC SDU (or MAC control message) is divided into one or more
MAC PDUs. Capabilities of fragmentation and reassembly are mandatory.

16.2.4.4.1 Transport Connections

For transport connections, theFPEH (as defined in 16.2.2.2.1) shall be present in the MAC PDU with MAC
SDU fragments. THe FPEH provides the information about the SDU fragment. SN in FPEH is used for
sequencing the SDU fragments and Fragmentation control (FC) bits in FPEH, are used to tag the SDU frag-
ments with respect to their position in the parent SDU.

16.2.4.4.1.1 Non-ARQ Transport Connections

For non-ARQ transport connections, fragments are transmitted once and in sequence. The SN assigned to
each connection PDU carrying SDU fragment allows the receiver to recreate the original payload and to
detect the loss of any intermediate fragments. A connection may be in only one fragmentation state at any
given time. Upon loss, the receiver shall discard all SDU fragments on the connection until a new first SDU
fragment is detected or a non-fragmented SDU is detected.

16.2.4.4.1.2 ARQ-enabled Transport Connections

For ARQ connections, fragments are transmitted in sequence. The SN assigned to each ARQ PDU carrying
SDU fragment allows the receiver to recreate the original payload and to detect the loss of any intermediate
fragments.

16.2.4.4.2 Control Connections

For control connections, the MCEH (as defined in 16.2.2.2.2) shall be present in the MAC PDU with MAC
control message fragment. The MCEH provides the information about the control message fragment. SN
and Control Connection Channel ID (CCC ID) in MCEH are used for sequencing the control message frag-
ments, Fragmentation Control (FC) bits in MCEH, are used by the receiver to identify the control message
fragments of a control message. Sequence number shall be maintained independently for each Control Con-
nection Channel ID (CCC ID).

Upto two control message can be in fragmentation state at any given time. The SN and Control Connection
Channel ID (CCC ID) assigned to each control connection PDU carrying control message fragment allows
the receiver to recreate the original payload and to detect the loss of any intermediate fragments. Upon loss
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of a control message fragment on a Control Connection Channel ID (CCC ID), the receiver shall wait for the
lost control message fragments on that Control Connection Channel ID (CCC ID) until a new first control
message fragment is detected or a new non-fragmented control message is detected on the same Control
Connection Channel ID (CCC ID).

16.2.4.5 Packing

MAC may pack multiple MAC SDUs of the same connection into a single MAC PDU. The transmitting side
has full discretion whether to pack a group of MAC SDU s in a single MAC PDU. The capability of unpack-
ing is mandatory. The packing and fragmentation mechanisms for both the non-ARQ and ARQ connections
are specified in 16.2.4.5.1 and 16.2.4.5.2 respectively.

16.2.4.5.1 Packing for non-ARQ Connections

A MAC PDU containing a packed sequence of variable-length MAC SDUs is constructed as shown in
Figure 392. Note that non-fragmented MAC SDUs and MAC SDU fragments may both be present in the
same MAC PDU. The MAC attaches a FPEH (defined in 16.2.2.2.1) in the MAC PDU.

< FPEH < k MAC SDUs
Packing Packing Packing | Variable | Variable Variable
AGMH SN Info-1 Info-2 Info-k Length Length Length
LEN=x+y+2 rc=qo End=0 End=0 End=1 MAC MAC MAC
Length=a | Length=b SDU SDU SDU
Length=a | Length=b Length=c
< < <
2 bytes x bytes y bytes

Figure 392— Packing variable length MAC SDUs into a single MAC PDU

The fragmentation control bits shall be set according to the rules defined in Table 665. Packing with frag-
mentation is illustrated in Figure 393.
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| MAC Headg FPEH o] TMAC SDUs (MAC PDU payload) -
Packing |Packing [Packing Packing | Last | Un- Un- First

AGMH |SN=x [ Info-1 | Info-2 | Info-3 Info-k [Fragmeng fragmented | fragmented Fragment|

LEN-y1 | FC=11 | End=0 | End=0 | End=0 | | End=1 [of MAC|MAC SDU|MACSDU|  |of MAC
Length=alLength=bLength=c[ SDU | Length=b | Length=c | SDU

Length=4 Length=d

. B

y1 bytes (MAC PDU)
a) Packing of Last MAC SDU Fragment, Unfragmented MAC SDUs & First MAC SDU Fragment in a MAC PDU

< s MAC PDUs
MAC PDU MAC PDU MAC PDU
MAC Header P FPEH payload MAC Header P FPEH o |y payload MAC Header P FPEH vioad
SN = Packing Continuing AGMH SN = Packing Continuing SN = Packing Continuing
Al + nfo- ragment o + nfo- ragment o Al + nfo- ragment O
GMH x+1 Info-1 F f G x+2 Info-1 F f GMH x+3 Info-1 F f
LEN=y2 |FC=11 End=1 MAC SDU LEN=y3 | pc=11 End=1 MAC SDU LEN=y4 |FC=11 End=1 MAC SDU
Length=e Length=f Length=g
d » 4 »
y2 bytes (MAC PDU) y3 bytes (MAC PDU) y4 bytes (MAC PDU)

b) MAC PDUs with middle MAC SDU Fragments

MAC Header FPEH | t MAC SDUs (MAC PDU payload)
»
L
gN= |Packing [Packing [Packing Packing | Last | Un- Un- Un-

AGMH | x41+s Info-1 | Info-2 | Info-3 Info-k |Fragmen{ fragmented | fragmented fragmented

LEN=y5 | FC=10 | End=0 | End=0 | End=0 | | End=1 |of MACMAC SDU|MACSDU| _[MACSDU

Length=hlLength=i [Length=j SDU | Length=i | Length=j Length=k

Length=H
>
y5 bytes (MAC PDU)

¢) Packing of Last MAC PDU Fragment, Unfragmented MAC SDUs in a MAC PDU

MAC PDU
IMAC Header | FPEH o [payload IMAC Header | FPEH »| . MAC PDU payload
< » < i< » < < P>«
sN= |Packing | Un- SN =. |Packing |Packing | Un- Un-
AGMH | yip4s | Info-1 |fragmented AGMH «+3+s | Info-1 | Info-2 | fragmented | fragmented
LEN=y6 | FC—00 | End=1 |MAC SDU LEN=y7 | pc—go | End=0 | End=I |MAC SDU|MAC SDU
Length=1 Length=n| Length=m| Length=n
» <
y6 bytes (MAC PDU) y7 bytes (MAC PDU)

d) Packing of unfragmented MAC SDUs in a MAC PDU

MAC Header FPEH ‘MAC PDU payload
> < )l

gN= |Packing |Packing | Un- First
AGMH | gixt4 | Info-1 | Info-1 fragmented [Fragment
LEN=y8 | FC=01 End=0 | End=1 |[MAC SDU |of MAC
Length= Length=0 | SDU
Length=p

y8 bytes (MAC PDU)
e) Packing of unfragmented MAC SDU and first MAC SDU fragment in a MAC PDU

Figure 393—Packing with fragmentation

16.2.4.5.2 Packing for ARQ Connections
The use of FPEH for ARQ-enabled connections is similar to that for non-ARQ connections as described

16.2.4.5.1. The transmitting side has full discretion whether to pack a group of MAC SDUs and/or frag-
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ments in a single MAC PDU. The SN of the FPEH shall be used by the ARQ protocol to identify and
retransmit ARQ blocks.

16.2.4.6 Encryption of MAC PDUs

When transmitting a MAC PDU on a connection that is mapped to an SA, the sender shall perform encryp-
tion and data authentication of the MAC PDU payload as specified by that SA. When receiving a MAC PDU
on a connection mapped to an SA, the receiver shall perform decryption and data authentication of the MAC
PDU payload, as specified by that SA.

The Advanced Generic MAC Header and extended headers shall not be encrypted. The receiver determines
whether the payload in the MAC PDU is encrypted or not from the Flow ID in the AGMH for the transport
connections. The encryption information needed to decrypt a payload at the receiving station is present at
the beginning and at the end of the connection payload. For example in case of AES CCM, PN & EKS are
present at the beginning of connection payload and ICV is appended at the end of the connection payload in
MAC PDU as shown in Figure 394.

MAC PDU

AGMH Extended Headers | Transport Connection Payload with Security

(Transport (if any) information
Connection FID)

EKS PN Transport Connection | |cv
Payload
This figure shows Authentication and
Encryption using AES CCM
" 2bits | 22 bits’ | Encrypted

Figure 394—MAC PDU with Transport Connection Payload

If multiple connection payloads are transmitted in same burst and the connections are mapped to same SA
then multiple connection payload may be multiplexed before encryption and multiplexed payload is
encrypted together. The receiver shall perform the decryption and data authentication on the multiplexed
payload, as specified by the SA. The receiver determines whether the payloads in the MAC PDU is
encrypted or not from the Flow ID in the AGMH for the transport connections. The encryption information
needed to decrypt the multiplexed payload at the receiving station is present at the beginning of the first con-
nection payload and at the end of the last connection payload. For e.g. in case of AES CCM, PN & EKS are
present at the beginning of connection payload 1 and ICV is appended at the end of the connection payload
n in MAC PDU as shown in Figure 395.
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P MAC PDU
al
AGMH Other Extended Transport Connection Payload with Security
(transport | MEH | Headers (if any) information
Connection FID)
| |
| |
EKS PN Transport Connection Payloads ICV
d . .
™~ 2bits " | 22bits’ | Encrypted
This figure shpws Authentlcatlon and Payload | Payload Payload
Encryption using AES CCM 1 2 - — 4 n

Figure 395—MAC PDU with Multiple Transport Connection Payload

16.2.4.7 Padding

Within the data burst, the unused portion shall be initialized to a known state. If the size of the unused por-
tion is only one byte then the unused byte is set to 0xFO0. If the size of the unused portion is greater than or
equal to two bytes, the unused first byte is set to 0xF0 and and the remaining unused bytes are set to 0x00.
16.2.5 AAI Security

16.2.5.1 Security Architecture

The security functions provide subscribers with privacy, authentication, and confidentiality across the AAI
network. It does this by applying cryptographic transforms to MAC PDUs carried across connections

between AMS and ABS.

The security architecture of WirelessMAN-OFDMA Advanced System consists of the following functional
entities; the AMS, the ABS, and the Authenticator as shown in the Figure 396.
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Scope of AAI EAP Method
EAP
Authorization/ EAP Encapsulation/
SA Control Decapsulation
Location Privacy Enhanced Key Management PKM Control
Encryption / Authentication

Figure 396—Security Functions

Within AMS and ABS the security architecture is divided into two logical entities:

Security management entity
Encryption and integrity entity

Security management entity functions included:

Overall security management and control

EAP encapsulation/decapsulation: This stack provides the interface with the EAP layer, in which the
EAP based authentication is used as an authorization policy between an AMS and an ABS.

Privacy Key Management (PKM) control: This stack controls all security components. Various keys are
derived and generated in this stack. Privacy key management protocol version 3(PKM v3) defines how
to control all security components(e.g. such as derivation/ update/usage of keys)

Authorization and Security Association (SA) control: This stack controls the authentication state
machine and the traffic encryption key state machine.

Location privacy: This stack processes the location privacy related messages.

Encryption and integrity protection entity functions included:

Transport data encryption/authentication processing: This stack encrypts or decrypts the transport data
and executes the authentication function for the traffic data.

Control message authentication processing: This stack executes message authentication function such
as CMAC.

Control message confidentiality protection: This stack encrypts or decrypts the control message and
executes the authentication function for the control message.

16.2.5.2 Key Management Protocol (PKMv3)

16.2.5.2.1 Key Management

WirelessMAN-OFDMA Advance System uses the PKM protocol to achieve:

Transparent exchange of authentication and authorization messages
Key agreement
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*  Security material exchange

PKM protocol provides mutual authentication and establishes shared secret between AMS and ABS. The
shared secret is then used to exchange or drive other keying material. This two-tiered mechanism allows the
frequent traffic key refreshing without incurring the overhead of computation intensive operations.

16.2.5.2.1.1 Key Derivation

The PKMv3 key hierarchy defines what keys are present in the system and how keys are generated. The
EAP based authentication process yields the Master Key (MSK). All other PKMv3 keys are derived
directly/indirectly from the MSK.

The MSK is the shared key that is derived in the course of executing the EAP methods. The Pairwise Master
Key (PMK) is derived from the MSK and this PMK is used to derive the Authorization Key (AK). The AK
is used to derive other keys:

*  Traffic Encryption Key (TEK)

*  Cipher-based Message Authentication Code (CMAC) key

After completing the (re)authentication process, key agreement is performed to derive a PMK and an AK,
and to verify the newly created PMK and AK and exchange other required security parameters.

Key derivation is performed using AES-CMAC based dot1 6KDF as defined in 7.5.4.6.1.
16.2.5.2.1.1.1 PMK Derivation

After successful EAP authentication was completed the MS (supplicant), AAA and authenticator holds a
512bit MSK key (that was transferred to the authenticator from AAA using EAP attributes).

Once EAP authentication completed successfully, the BS starts a key agreement 3-way handshake to derive
fresh PMK in both MS and authenticator.

The key agreement 3-way handshake is defined in section 16.2.5.2.1.4 which includes NONCEs exchange
that are used as input for PMK derivation.

The PMK derivation is done:
PMK=Dot16KDF (MSK, NONCE_MS|NONCE_BS|”"PMK”,160).

Where:

NONCE_MS - a random number generated by MS and send to the BS during key agreement.
NONCE_BS — a random number generated by BS and send to MS during key agreement.

The PMK is derived after each successful authentication (nw-entry and re-authentication) and has the same
lifetime as MSK. The PMK can be updated by the key agreement procedure based on the same MSK with-
out re-authentication, and has the same remaining lifetime as MSK.

The MSK may be used as a source for more keying material required by the NW.

16.2.5.2.1.1.2 AK derivation

AK is derived from PMK and it belongs to a pair of AMS and ABS.

The AK derivation is done:
AK = Dot16KDF (PMK, AMSID*|ABSID|AK_COUNT|’AK”, 160)
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Where:

e AMSID* - a permutation of AMSID (i.e., AMS MAC address) sent by AMS to ABS in initial
AAI RNG-REQ message, this is used to bind the key to the AMSID and AMSID* is derived from the
formula AMSID* = Dot]1 6KDF(AMSID |80-bit zero padding, NONCE_AMS ,48).

* AK COUNT - a counter which is used to ensure different AKs for the same ABS-AMS pairs across
handovers. After (re)authentication the counter value is set to "0".

16.2.5.2.1.1.2.1 AK_COUNT_ management

The AMS shall maintain an AK_COUNT counter for each PMK context, and the Authenticator is assumed
to maintain an AK_ COUNT counter for each PMK context, which is normally kept synchronized with the
corresponding counter at the AMS.

During zone switching Key count (i.e either CMAC KEY COUNT or AK COUNT) is reset to zero at the
target zone (see 16.2.5.2.1.5.6 and 16.2.5.2.1.5.7).

The value of this counter maintained by the AMS is denoted as AK_ COUNT), and the value maintained by
the Authenticator is denoted as AK COUNTy. Each AK context that an ABS maintains has an
AK COUNT value, which is denoted AK_COUNTp.

16.2.5.2.1.1.2.2 Maintenance of AK_COUNTM by the AMS

Upon successful completion of the key agreement, the AMS shall derive a new PMK and initiate a new
AK COUNT counter and set its value to zero. In particular, this shall occur upon reception of the
key agreement-MSG#1 message. The AMS shall initiate either re-authentication or new key agreement
before the AK_COUNT), reaches its maximum value of 65535. The AMS shall manage a separate
AK_COUNT)y counter for every active PMK context.

Specifically, during re-authentication or key agreement, the old AK_COUNT,,; (corresponding to the old
PMK) shall be used for CMAC generation of MAC control messages before the new PMK and AK are acti-
vated, while the new AK COUNT),; shall be used for CMAC generation for key agreement-MSG#2 and
key agreement-MSG #3 messages.

16.2.5.2.1.1.2.3 AK_COUNT LOCK state

When the AMS decides to reenter the network or perform Secure Location Update (immediately prior to
transmitting an AAI RNG-REQ for reentry or Secure Location Update to a first preferred ABS), or han-
dover to a target ABS (immediately prior to transmitting AAI RNG-REQ for handover to a first target ABS.
in case of seamless HO, immediately prior to access the target ABS), the AMS shall perform the following
steps in the stated order:

1) Ifthe AMS is handing over to a target ABS, it shall cache the current AK context and SA con-
text used at the serving BS.
2) The AMS shall increment once the AK_COUNT), counter.

3) The AMS shall enter the AK COUNT LOCK state.

For each ABS to which it sends an AAI RNG-REQ message for the first time while in the AK COUNT
LOCK state, the AMS shall derive new AK context and SA context based on the AK_ COUNT), value.

While in the AK COUNT LOCK state, the AMS shall cache the AK context and SA context corresponding
to each preferred or target ABS to which it has sent an AAI_ RNG-REQ message. The AMS shall update and
use these cached values for any subsequent message exchange with the same target or preferred ABS while
in the AK_ COUNT LOCK state.
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When the AMS has completed network reentry at a preferred ABS or has completed handover to a target
ABS (in either case establishing the preferred ABS or target ABS as the new serving ABS) or the AMS has
completed Secure Location Update, or the AMS cancels handover and remains connected to its current serv-
ing ABS, the AMS shall exit the AK COUNT LOCK state.

Upon exit of the AK_ COUNT LOCK state, the AMS may purge the cached AK context and SA context for
all ABSs other than the serving ABS.

16.2.5.2.1.1.2.4 Processing of AK_COUNTg by the ABS (informative)

The ABS may possess one or more AK contexts associated with the AMS, each of which includes the value
of AK_COUNTgp. This value shall be maintained as specified in subsequent paragraphs of this section.

Upon successful completion of the (re)authentication, the ABS shall obtain new AK during key agreement
procedure. In particular, this shall occur upon reception of the key agreement-MSG#2 message. The ABS
shall manage a separate AK_ COUNTF for every AK context it is maintaining.

Specifically, during re-authentication or PMK update, the old AK COUNTp (corresponding to the old
PMK) shall be used for CMAC generation of MAC control messages before the new AK is activated, while
the new AK_COUNTjp shall be used for CMAC generation for key agreement-MSG#2 and key agreement-
MSG #3 messages.

Upon receiving the AAI RNG-REQ message from the AMS containing the AK_COUNT, the ABS shall
compare the received AK_ COUNT value, which is AK COUNT),, with AK COUNTp, if ABS has AK
context.

+ IfAK COUNT)y; < AK COUNTg, the ABS shall process the message as having an invalid CMAC

tuple and send an AAI RNG-RSP message requesting re-authentication; see subclauses 6.3.23.8.2.1
and 6.3.21.2.7.

+ IfAK COUNTg <AK_COUNT),, the ABS shall request and get an AK context, which corresponds to
both AK SN in the CMAC tuple and AK_ COUNT),, from the authenticator. ABS shall generate the

CMAC KEY_* and validate the received AAl RNG-REQ message. If it is valid, the ABS shall set
AK _COUNTg = AK_COUNT,,, update AK context and SA context based on the AK, and send the

AMS an AAI_RNG-RSP message encrypted by the newly generated TEK.

o Ifthe CMAC value is not valid, the ABS shall send an AAI RNG-RSP message requesting re-authenti-
cation; refer to subclauses 6.3.23.8.2.1 and 6.3.21.2.7.

+ If AK_COUNTg = AK_COUNT,y, the ABS shall validate the received AAI_RNG-REQ using the

cached AK context. If the CMAC value is valid, the ABS shall send the encrypted AAI RNG-RSP
message to the AMS allowing legitimate entry. If the CMAC value is invalid, the ABS shall send an
AAI RNG-RSP message requesting re-authentication; refer to subclauses 6.3.23.8.2.1 and 6.3.21.2.7.

Upon receiving the AAI RNG-REQ message from the AMS containing the AK_COUNT, if ABS has no
AK context, it shall request an AK context, which corresponds to both AK SN in the CMAC tuple and
AK_COUNT),, to the authenticator.

+ If AK COUNT); < AK COUNTY, the authenticator shall let the ABS send an AAI RNG-RSP mes-
sage requesting re-authentication; see subclauses 6.3.23.8.2.1 and 6.3.21.2.7.
+ If AK COUNT); >= AK COUNTY, the authenticator shall reply AK context to the ABS. ABS shall

generate the CMAC KEY * and validate the received AAI RNG-REQ message. If it is valid, the ABS
shall set AK_COUNTgR = AK_COUNT),, update AK context and SA context based on the AK, and
send the AMS an AAI_RNG-RSP message encrypted by the newly generated TEK. If the CMAC value

is not valid, the ABS shall send an AAI_RNG-RSP message requesting re-authentication; refer to sub-
clauses 6.3.23.8.2.1 and 6.3.21.2.7.
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During seamless HO preparation, ABS obtains AK context based on AK COUNTY from the authenticator
and the ABS shall set AK COUNTg = AK COUNTY.

Once the AMS has completed network reentry, cancelled handover, or completed Secure Location Update,
the ABS is assumed to inform the Authenticator and send to it the value of AK_ COUNT),.

The ABS shall cache the AK context in case it receives subsequent MAC control messages from the AMS.
When the ABS can determine that the AMS has exited the AK_ COUNT LOCK state associated with
AK COUNT,, and if it is not serving the AMS, it may purge the cached AK context.
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2(1) 16.2.5.2.1.1.3 CMAC key derivation

62 . L
63 CMAC keys are derived from AK and used for message authentication in some of the control messages.

64
65
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There are 2 CMAC keys one used for UL and one for DL.

The keys derivation is done:

CMAC_KEY U|CMAC KEY D =Dotl6KDF (AK, “CMAC _KEYS”, 256).
Each key is 128 bit in size.
All this keys are derived every time a new AK is derived.

16.2.5.2.1.1.4 TEK derivation

TEK is the transport encryption key used to encrypt data.

TEK is managed within an SA where each SA contains 2 TEKs.The TEK is derived at AMS and ABS by
applying identity parameters to a key derivation function. All PKMv3 key derivations are based on the
Dot16KDF algorithm, which is the same as the AES-CMAC based Dot1 6KDF algorithm (see 7.5.4.6.1).

The TEK derivation is done:
TEK; = Dot16KDF (AK, SAID |[COUNTER TEK=i|"TEK”, 128),

Where:
SAID is the security association that the TEK belongs to.

COUNTER _TEK is a counter used to derive different TEKs for the same SAID, the value of the
counter is changed every time a new TEK need to be derived within the time the same AK is valid.
Each SA shall hold two TEKs in every given time; these two TEKs will be derived from two consec-
utive counter values.

Every time a new AK is derived this counter is reset.

New TEK(s) are derived in the following cases:

*  During initial network entry, handover reentry, location update, or network reentry from idle mode
where new AK was derived, both TEKs are derived, counter is reset and the values 0 and1 are used for
TEK derivation and the value of EKS for each TEK is same as the value of the COUNTER TEK which
was used to generate the TEK.

*  TEK PN space exhausted and there is a need to refresh TEK only (not AK) — in this case
COUNTER_TEK will be increased by 1 and a new TEK will be derived.

*  Right after re-authorization or PMK update where new AK was derived, new TEKSs are derived and
updated according to the subclause 16.2.5.2.1.5.3.

TEK lifetime is identical to AK lifetime.

16.2.5.2.1.2 Key Hierarchy

Figure 398 outlines the process to calculate the AK when only EAP-based authentication exchange has
taken place, yielding an MSK: Figure 399 outlines the unicast key hierarchy starting from AK
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MSK - 512-bit Primary Authorization Key
Transferred to AMS by EAP method, dur-
ing the authentication exchange
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NONCE_MS|NONCE_BS|"PMK”,160)

PMK (160bits)

‘ PMK
Dot16KDF
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Figure 398—AK from PMK

AK - 160 bits Authentication Key
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AK context
AK
Dot16KDF (AK, “CMAC_KEYS”, TEK; = Dot16KDF (AK, SAID
256). |COUNTER _TEK=i|"TEK”, 128)
CMAC KEY U | CMAC KEY D TEKO ]
(128 bits) (128 bits) (128 bits)

LT

CMAC_KEY U CMAC_KEY_D TEKO, TEK1, ... TEKi

Figure 399—CMAC key and TEK derivation from AK

16.2.5.2.1.3 Maintenance of PMK and AK, PMK and AK switching methods

The active PMK and AK are maintained as follows:
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a) PMK context management - An AMS and an Authenticator cache a new PMK context upon suc-
cessful completion of key agreement procedure. Upon caching a new PMK for a particular AMS and
completing TEK update procedure (updating both TEKs in each SA to be derived from the new
PMK), any older PMK for that AMS (as well as all associated derived keys) shall be discarded. For
the case of full re-authentication or PMK update through key-agreement, deletion of old PMKs is
done after full TEK update following the switchover mechanism described in this sub clause.

b) AK activation and deactivation. Successful completion of the key agreement 3-way handshake
causes the activation of the AK associated with the new PMK on any BS under the current Authenti-
cator (i.e., when the AMS hands over or re-enters a target ABS, and the key agreement 3-way hand-
shake associated with the newest PMK has completed successfully at former ABS under the target
ABS’s Authenticator, the AK associated with the newest PMK and the target ABS is used without a
new key agreement 3-way handshake at the target ABS). [f CMAC_PN or AK_COUNT reach their
maximum value, the associated AK as well as PMK becomes permanently deactivated. The ABS
and AMS shall maintain the AK context as long as they retain the AK. Once the key agreement 3-
way handshake begins, the ABS and AMS shall use the new AK matching the new PMK context for
the key agreement MSG#2 and key agreement MSG#3 messages. The other MAC control messages
shall continue to use the old AK until the key agreement completes successfully. Upon successful
completion of the key agreement 3-way handshake, CMAC key from the new AK shall be used. The
old AK matching the old PMK context may be used for receiving packets before completion of TEK
update procedure following the key agreement 3-way handshake.

16.2.5.2.1.4 Key agreement

The key agreement procedure takes place immediately following authentication/re-authentication or when
PMK update is required without re-authentication.

It includes exchange of parameters between the AMS and ABS including NONCEs which are used to derive
the PMK from the MSK which was created during authentication.

All other keys are derived from PMK right after or in other situation that requires it like HO or location
update/reentry from idle.

The key agreement procedure (as shown in Figure 400) includes the following steps:

EAP authentication completes (Authenticator got “EAP Success” from AAA and sent it to AMS).

The ABS sends AAI PKM RSP (key agreement MSG#1) to the AMS, after protecting it with the
CMAC tuple if ABS already has an AK shared with the AMS. The message includes a random
NONCE_ABS.

Receiving the key agreement MSG#1, the AMS derives all security keys from newest MSK, created by
the last EAP authentication and other parameters including AMSID*, the NONCE_ABS and a random
NONCE_AMS as defined in 16.2.5.2.1.1 and sends AAI PKM-REQ (key agreement MSG#2) includ-
ing the NONCE_ABS and a random NONCE_AMS to the ABS. The AAI PKM-REQ is integrity pro-
tected (CMAC digest using the derived CMAC keys) but not encrypted. If the AMS receives another
MSG#1 before sending MSG#2 it shall ignore and discard it.

Receiving the key agreement MSG#2, the ABS takes the NONCE AMS, calculates the keys and shall
confirm that the supplied PMKID refers to the PMK that it has. If the PMKID is unrecognized, the ABS
shall ignore the key agreement MSG#2. The ABS shall verify the CMAC. If the CMAC is verified then
the ABS knows it has the same keys which are bound to the AMSID and ABSID, the keys are also fresh
due to the 2 NONCE values in the derivation function. If the CMAC is invalid, the ABS shall ignore the
key agreement MSG#2. The ABS shall verify that the NONCE_ABS in the key agreement MSG#2
matches the value provided by the ABS in the key agreement MSG#1. If the NONCE_ABS value does
not match, the ABS shall ignore the key agreement MSG#2. If the ABS does not receive the key agree-
ment MSG#2 from the AMS within Key Agreement Timeout, it shall resend the previous key agree-
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ment MSG#1 up to KeyAgreementMSG#1MaxResends times. If the ABS reaches its maximum number
of resends, it shall initiate another full authentication or drop the AMS.

*  Upon successful validation of the key agreement MSG#2, the ABS shall send to the AMS AAI PKM-
RSP (key agreement MSG#3) that includes the NONCE_AMS, NONCE_ABS, the supported SAIDs
(0x1 or 0x2 or both) and CMAC digest to prove the possession of the keys and their freshness.

*  Receiving the key agreement MSG#3, the AMS verifies the CMAC and derive the TEKSs for the sup-
ported SAIDs. If the CMAC is invalid, the AMS shall ignore the key agreement MSG#3. The AMS
shall verify that the NONCE_AMS in the key agreement MSG#3 matches the value provided by the
AMS in the key agreement MSG#2. If the NONCE_AMS value does not match, the AMS shall ignore
the key agreement MSG#3. If the AMS does not receive key agreement MSG#3 from the ABS within
Key Agreement Timeout, it shall resend the key agreement MSG#2. The AMS may resend the key
agreement MSG#2 up to Key Agreement MSG#2 MaxResends times. If the AMS reaches its maximum
number of resends, it shall initiate another full NW entry or attempt to connect to another ABS.

In case of initial network entry, once key agreement is completed successfully, the AMS sends to the ABS
AAI REG-REQ that includes the real AMSID as defined in 16.2.15.6.

Note that supplying the AMSID to the ABS allows, among other used of AMSID, for the NW elements to
calculate AMSID* whenever a new AK needs to be derived from PMK (HO for example).
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Figure 400—Key agreement procedure

Each SA maintains 2 TEKs marked as DLE (used to be called “old” in IEEE802.16eREV2) and ULE (used
to be called “new”).

The TEK | g key is used for encrypting DL data by the ABS and the TEKyj; g key is used for encrypting UL
data by the AMS, the decryption is done according to the EKS so basically in transition times were the ABS
derived a new TEKyj g and set the TEKp; g = old TEKy; g, then the ABS TEKy; g and MS TEKy g are the
same TEK with same EKS and both can transfer data securely using the same TEK (until TEK update hap-
pens from AMS side and AMS is re-synced on new TEKj g).
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Each TEK has its own PN counter size 22bits.

The PN space is spread between the DL traffic and UL traffic as defined in 16eREV2, where the lower PN
(0x000000-0x1FFFFF) space is used for DL, and upper PN space (0x200000-0x3FFFFF) is used for UL.

16.2.5.2.1.5.2 TEK update

The TEK update is triggered by either TEKp g or TEKyy1 g is running out the relevant PN space. In particu-
lar ABS derives new TEK either when the DL PN space of TEKp; g or the UL PN space of TEKyy  is
exhausted. The AMS requests key update when the PN space of its TEKy g is exhausted or the AMS
detects that its TEKyyy i is being used for downlink traffic as well.

The threshold value of PN exhaustion is different between the ABS and AMS (the AMS’s threshold for PN
exhaustion is higher than that for the ABS) to ensure the ABS derives new TEK prior to AMS requesting the
key update, thus ensuring minimal protocol overhead.

The TEK maintenance follows the procedure described in the following example.
»  Assume the system starts with ABS using TEKp; ;=TEKj, for DL traffic and AMS using

TEK 1 g=TEK; for UL traffic.

»  The ABS monitors its TEKp; ;=TEK( DL PN usage and TEK; g=TEK; UL PN usage and when one
of them becomes its threshold, updates it derives TEK, and set TEKp; g = TEK ,nq TEKy g = TEK,
while discarding TEK).(note that after this both DL and UL traffic is done using TEK;).

»  The AMS shall monitor TEKj; g=TEKjin its downlink traffic. Once the downlink traffic is received
with this key, the AMS knows that ABS derived new TEK and should update its TEKy; g for uplink
traffic with the key update procedure (see Figure 401). After the successful update TEKp; (=TEK; and
TEK 1 =TEK,.

»  The AMS shall also monitor TEKj; g both DL and UL PN usages. In the event that one of the PN

spaces runs out (in the case more UL than DL it may happen that ABS derived new TEK but AMS
could not identify it due to lack of DL traffic) The AMS shall trigger the key update procedure to update
TEKyr g

The key update procedure is shown in Figure 401. The AMS shall send in the request message with the asso-
ciated SAID. The ABS shall indicate the EKS, AKSN and COUNTER TEK in the reply message. If the
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COUNTER_TEK/EKS are updated, the MS updates its TEK accordingly. If the COUNTER_TEK/EKS are
not updated, it means the ABS did not derived new TEK yet and the AMS shall maintain current TEKs.

AMS ABS

—>

AAI_PKM-REQ("TEK-Request’, SAID)(ICV)

L

AAI_PKM-REQ("TEK-Reply”, EKS, PMK SN, COUNTER_TEK)(ICV)

— New EKS?

TEK Update

Figure 401—MS TEKy_g update procedure

16.2.5.2.1.5.3 TEK update after PMK refersh (Full re-authentication or only Key agreement)

The PMK refresh is done via key-agreement three-way handshaking (following EAP re-authentication or
standalone) similar to that defined in Figure 400—. Note that for PMK refresh, i) after the key agreement,
the AKy p is still valid and ii) only one new TEK is derived right after key agreement. The detail procedure
is as follows

Key agreement finishes with generation of AKygw, but AKqp p is still valid.

Right after Key agreement, ABS updates its TEKp; g with TEK(j; g and derives new TEKy g from
AKNEW

Right after the AMS realizes key agreement finished successfully it starts the TEK Reauth Timer
which once expired - the ABS is already expected to derive a fresh TEKj; g from the new AK (at this
point, TEKy g is still derived from the old AK) Once the timer expires or the AMS realizes ABS uses
its TEK g in the DL (if AMS monitors this event), the AMS initiates TEK update procedure in order
to obtain new TEK{y; g, this procedure is done using the new AK SN in TEK-Request = in which the
TEK refresh flag is set to "1" in order to signal the ABS that this is the first TEK update after re-authen-
tication.

The ABS is expected to responds with the sequence number of AKygw (Which is used in both CMAC
and TEK) and AMS can know it needs to derive its TEKyy g from AKNgw

After TEK update procedure with the AMS was completed and the ABS knows the AMS possesses
TEKyy g derived from the new AK,(either by using it in UL or by receiving another TEK request with
the TEK refresh flag set to "0") , it should derive another new TEK and change TEKyj;  to be marked
as TEKp g and then mark the new TEK as a TEKyy; g and discards all keys dependent on AK; p, and
then it can discard AK gy p as well.

After obtaining the first TEK from the new AK, the AMS initiates another key update procedure (with
the re-authentication flag not set) using the new AK seq-number to obtain the second TEK EKS derived
from new AK.
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16.2.5.2.1.5.4 Key update during Handover

During Handover (with handover process optimization bitmap bit#1=1 "omit PKM authentication phase"),

AK, CMAC keys and TEKs shall be derived by the target ABS and AMS respectively as described in

16.2.5.2. In particular,

* In AK derivation, the AK_COUNT is managed on AMS and target ABS sides in the same way as in
Section 16.2.5.2.1.3.

* In TEK derivation, COUNTER TEK is set to be 0 and 1, in order to generate two new TEKs to be used
at the target ABS. Corresponding EKS is also reset to be 0 and 1 respectively.

When Seamless Handover Flag =1 in AAI HO-CMD, the AMS and target ABS may use derived TEKSs for
the target ABS to resume data communications before network reentry procedure finishes.

When the Network Reentry Mode = 1, for which the AMS is to maintain communications with serving
ABS during network reentry at the target ABS, the AMS shall manage two set of key context for AK,
CMAC keys and TEKSs, where the context associated with the serving ABS is used to maintain communica-
tions with serving ABS until Disconnection Time, and the "new" context associated with the target ABS is
used to perform required network reentry procedures with target ABS. The AMS discards key context asso-
ciated with the serving ABS when the network reentry procedure finishes. The serving ABS discards this
MS's key context (along with other MAC context associated with the AMS) upon either the expiration of
Resource Retain_Time or a HO-Complete signaling from target ABS via backbone.

16.2.5.2.1.5.5 Key usage during Location Update and Network reentry from Idle mode

During Location Update or Network reentry from idle mode, AK, CMAC keys and TEKSs shall be derived
by the network and AMS respectively if the AMS and the network share valid security context (e.g. PMK).

In particular,

* In AK derivation, the AK COUNT is managed on AMS and network sides in the same way as in Sec-
tion 16.2.5.2.1.1.2.1.

* In TEK derivation, COUNTER TEK is set to be 0 and 1, in order to generate two new TEKs to be used
at the preferred target ABS. Corresponding EKS is also reset to be 0 and 1 respectively.

16.2.5.2.1.5.6 Key update during zone switching from LZone to MZone
ABS shall include Nonce BS in the zone switch information.

AMS shall perform key agreement and network reentry procedure in MZone to derive new PMK, AK,

CMAC keys and TEKSs to be used in MZone as follows.

*  AMS derives new PMK, based on the NONCE_ABS and a NONCE_AMS. (key agreement MSG#1 is
omitted since the zone switching information containing the NONCE_ABS can be regarded as a key
agreement challenging message.)

¢ On calculating AMSID*, AMS derives new AK and its CMAC key and TEK based on the new PMK.

* AMS sends AAI RNG-REQ message containing key agreement MSG#2 attributes (e.g. NONCE ABS,
NONCE AMS and CMAC digest, which is based on the new CMAC key.)

*  Onreceiving the AAI RNG-REQ message, network entities derive new PMK, AK and CMAC keys.
ABS validates the AAI RNG-REQ by CMAC tuple. If the CMAC is valid, ABS derives new TEKs and
responds with AAI RNG-RSP message containing key agreement MSG#3 attributes (e.g.
NONCE_ABS and NONCE_AMS) where the AAI_ RNG-RSP is transferred in encrypted manner by
the new TEK.

o Ifthe AMS decrypts and decodes successfully the AAI RNG-RSP message, then the AMS regards it as
completion of a successful key agreement procedure.
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16.2.5.2.1.5.7 Key update during zone switch from MZone to LZone

Based on the current active PMKy;zong, new PMK to be used in Lzone is derived (e.g., PMK 7ong =
Dot16KDF(PMKy;z0ng"PMK for LZONE") ), and CMAC_KEY COUNT is set to 0.

New AK, KEK, CMAC keys are derived, based on PMK; 7onE, according to Section 7.2.2.2. New TEKSs are
derived according to Section 7.2.2.2 if in AAI_HO-CMD message Seamless HO is set to 1. Otherwise TEKs
to be used in LZone are obtained via TEK transfer encrypted by KEK. The AMS shall also manage the old
security context used to maintain communications in MZone before zone switching to LZone finishes.

16.2.5.2.2 SA Management

A security association (SA) is the set of information required for secure communication between ABS and
AMS. SA is shared between ABS and its client AMS across the AAI network. SA is identified using an SA
identifier (SAID). The SA is applied to the respective unicast flows. AAI supports unicast static SA only and
SAs are mapped one-by-one to cryptographic methods. ( see Table 736—)

SA is used to provide keying material for unicast transport/control flows. Once an SA is mapped to an uni-
cast transport flow, the SA is applied to all the data exchanged within the unicast transport flow. Multiple
flows may be mapped to the same SA.

The fragment extended header is used only for control flows. The EC bit in the Fragment extended header is
used to indicate whether the PDU contains control message encrypted based on security level. Whether each
control message is encrypted or not is decided based on the security level which the message is associated
with.

If authorization is performed successfully, SAID 0x01 is applied to flows for confidentiality and integrity,
and SAID 0x02 for confidentiality only. SAID 0x01 shall be applied to control flows as defined
inTable 675. However, SAID 0x02 can be applied to transport flows only If the AMS and ABS decide to
create an unprotected transport flow, the Null SAID(i.e. SAID 0x00) is used as the target SAID (See
Table 736).

Table 736—SA mapping with protection level

SAID | Name of Characteristics usage
SA

0x00 | Null SA Neither confidentiality nor integrity protection For non-protected transport

flow.

0x01 Primary Confidentiality & integrity protection(i.e., AES-CCM Encryption for unicast control/
SA mode is applied) transport flow.

0x02 Confidentiality protection only(i.e., AES-CTR mode is | Encryption for unicast trans-

applied) port flow
0x03- Reserved
OxFF

Using PKM protocol, AMS shares the SAs’ keying material with ABS. An SA contains keying material that
is used to protect unicast flows(see SA context in 16.2.5.4.4).
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16.2.5.2.2.1 Mapping of flows to SAs

The following rules for mapping flows to SAs apply:
a)  The unicast transport flows shall be mapped to an SA.
b) The multicast or broadcast transport flows shall be mapped to Null SA.
¢) The encrypted unicast control flows shall be mapped to the Primary SA.
d) The non-encrypted unicast control flows shall not be mapped to any SA.

e) The broadcast control flows shall not be mapped to any SA.

The actual mapping is achieved by including the SAID of an SA in the DSA-xxx messages together with the
FID.

Control messages which the Primary SA is applied to are predetermined according to the control message
protection level depending on each control message type and its usage. Even if non-encrypted unicast con-
trol flows shall not be mapped to any SA, CMAC-based integrity protection can be applied per control mes-
sage according the control message protection level (see 16.2.5.3.3).

16.2.5.2.3 Cryptographic Methods
16.2.5.2.3.1 Payload encryption methods

AES-CCM is used to encrypt unicast control connections. Unicast transport connections may be encrypted
with AES-CTR or AES-CCM .

16.2.5.2.3.1.1 AES-CCM

PDU payload format

The MAC PDU payload shall be prepended with a 2-bit EKS and a 22-bit PN (Packet Number). The EKS
and PN shall not be encrypted. The plaintext PDU shall be encrypted and authenticated using the active
TEK, according to the CCM specification. This includes appending an integrity check value (ICV) to the
end of the payload and encrypting both the plaintext payload and the appended ICV where the size of ICV is
decided by either 4 or 8 byte during key agreement procedure in network entry.

The ciphertext message authentication code is transmitted so that byte index 0 (as enumerated in NIST Spe-
cial Publication 800-38) is transmitted first (i.e., LSB first). The processing yields a payload that is 7 or 11
bytes longer than the plaintext payload.

Packet number (PN)

The PN associated with an SA shall be set to 1 when the SA is established and when a new TEK is installed.
After each PDU transmission, the PN shall be incremented by 1. Any pair value of {PN, TEK} shall not be
used more than once for the purposes of transmitting data. The AMS shall ensure that a new TEK is derived
in both sides before the PN on either TEK for downlink or TEK for uplink reaches maximum value
Ox1FFFFF or 0x3FFFFF, respectively. If the PN on either TEK for downlink or TEK for uplink reaches
maximum value Ox1FFFFF or Ox3FFFFF, respectively, without new TEKs being installed, transport com-
munications on that SA shall be halted until new TEKs are installed.

CCM algorithm
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The NIST CCM specification defines a number of algorithm parameters. Those parameters shall be fixed to
specific values as follows.

'Tlen' shall equal 64 and t shall equal 8, meaning, the number of bytes in the message authentication field
shall be set to 8. Consistent with the CCM specification, the 3-bit binary encoding [(t-2)/2)] of bits 5, 4, and
3 of the Flags byte in B0 shall be 011.

The size q of the Length field Q shall be set to 2. Consistent with the CCM specification, the 3-bit binary
encoding [g-1] of the q field in bits 2, 1, and 0 of the Flags byte in BO shall be 001.

The length a of the associated data string A shall be set to 0.

The NONCE shall be 13 bytes long as shown in Figure 402. Bytes 0 through 1 shall be set to the 2 bytes of
MAC header. If a 2-byte Advanced Generic MAC Header (AGMH) leads payload, then that field is filled
with AGMH. But if a 2-byte compact MAC header (CMH) leads payload, then that field is filled with the
CMH. Bytes 2 through 3 shall be set to the STID and FID, which MSB 12bits are for STID and LSB 4 bits
are for FID. While STID and FID are not assigned yet, STID ‘000000000000° and FID ‘0000’ shall be used.
When the multiplexed MAC PDU is encrypted, FID of the first-come payload is applied to the field. Bytes 4
through 9 are reserved and shall be set to 0x00000000. Bytes 10 through 12 shall be set to the value of the
EKS and PN.

Byte Number 0 1 2 3 4 9 10 12
Field MAC Header ST ID and Flow ID Reserved EKS and Packet Number
Contents AGMH or CMH STID | FID 0X000000000000 EKS | PN

Figure 402—NONCE construction

Consistent with the CCM specification, the initial block BO is formatted as shown in Figure 403—.

Byte Number 0 1 13 14 15

Byte significance MSB LSB
Number of bytes 1 13 2

Field Flag NONCE L

Contents 0x19 As specified in Fi gure 402 Length of Plaintext Payload

Figure 403—Initial CCM Block B0

Note the ordering of the L value is MSB first, consistent with the NIST CCM specification.
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Consistent with the NIST CCM specification, the counter blocks CTRj are formatted as shown in
Figure 404.

Byte Number 0 1 13 14 15
Byte significance MSB LSB
Number of bytes 1 13 2

Field Flag NONCE Counter
Contents 0x1 As specified in Figure 402 j

Figure 404—Construction of counter blocks CTR;

Receive Processing rules

On receipt of a PDU the receiving AMS or ABS shall decrypt and authenticate the PDU consistent with the
NIST CCM specification configured as specified above.

Packets that are found to be not authentic shall be discarded.
Receiving ABS or AMSs shall maintain a record of the highest value PN receive for each SA.

The receiver shall maintain a PN window whose size is specified by the PN WINDOW _SIZE parameter for
SAs. Any received PDU with a PN lower than the beginning of the PN window shall be discarded as a
replay attempt. The receiver shall track PNs within the PN window. Any PN that is received more than once
shall be discarded as a replay attempt. Upon reception of a PN, which is greater than the end of the PN win-
dow, the PN window shall be advanced to cover this PN.

TEK update should be completed before MPDUs with ICV error are detected over the MaxInvalid times for
the same TEK.

If AMS recognizes that TEKy; g update is required due to ICV errors, it initiates TEK update by sending a
PKMv3 TEK-Invalid message to the ABS. On receiving the PKMv3 TEK-Invalid message, the ABS dis-
cards current TEKy; g and uses TEK 1 g as TEKp; g, and derives a new TEK for TEKj; .

If ABS recongizes that TEKj; g update is required due to ICV errors, it initiates PMK update by sending
PKMv3 Key Agreement-MSG#1. Then PMK and AK are refreshed and finally the TEKs are updated also.

When the ABS detects that EKS is not sychronized yet, the ABS transmits the PKMv3 TEK-Invalid mes-
sage in order for the AMS to send PKMv3 TEK-Request message to the ABS. On receiving the PKMv3
TEK-Request message, the ABS responds with a PKMv3 TEK-reply message notifying the current TEKSs.

16.2.5.2.3.1.2 AES-CTR

The MAC PDU payload shall be prepended with a 2-bit EKS and a 22-bit PN. The EKS and PN shall not be
encrypted. Construction of the counter blocks is same as counter blocks of AES-CCM.( i.e. the counter
blocks CTRj and NONCE are formatted as shown in Figure 404 and Figure 402, respectively.)

16.2.5.2.3.2 Calculation of Cipher-based message Authentication Code (CMAC)

An ABS or AMS may support MAC control message integrity protection based on CMAC-together with the
AES block cipher. The CMAC construction as specified in NIST Special Publication 800-38B shall be used.
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The calculation of the keyed hash value contained in the CMAC Digest attribute and the CMAC Tuple shall
use the CMAC algorithm with AES. The DL authentication key CMAC_KEY D shall be used for authenti-
cating messages in the DL direction. The UL authentication key CMAC_KEY U shall be used for authenti-
cating messages in the UL direction. UL and DL message authentication keys are derived from the AK (see
16.2.5.2.1.4 for details).

The CMAC Packet Number Counter, CMAC PN *, is a 3-byte sequential counter that is incremented for
each MAC Control Message which contains a CMAC Tuple or CMAC Digest TLV in the context of UL
messages by the AMS, and in the context of DL messages by the ABS.

If STID is not assigned yet then STID '000000000000" should be used. The CMAC_PN_* is part of the
CMAC security context and shall be unique for each MAC control message with the CMAC tuple or digest.
Any tuple value of {CMAC PN * CMAC KEY_ *} shall not be used more than once. Either the reauthori-
zation process or PMK update without reauthorization should be initiated (by ABS or AMS) to establish a
new PMK/AK before the CMAC_PN_* reaches the end of its number space.

The CMAC digest shall be calculated over a field consisting of the PMK ID followed by the CMAC PN_*,
expressed as an unsigned 24-bit number, followed by the 12-bit STID and 4-bit FID on which the message is
sent, followed by 16-bit of zero padding (for the header to be aligned with AES block size) and followed by
the entire MAC control message with the exception of the CMAC tuple or digest.

The LSBs of the digest shall be truncated to yield 64-bit length digest.

Note: This is different from the recommendation in NIST special publication 800-38B where the MSB is
used to derive the CMAC value.

ie., if CMAC _KEY_ * is derived from AK:

CMAC value <= Truncate(CMAC (CMAC_KEY *, PMK ID | CMAC PN |STID|FID|24-bit zero padding |
MAC _Control_Message), 64) , where STID '000000000000' should be used if STID is not assigned yet.

Only CMAC PN that arrives in order can be accepted. MAC control messages with out-of-order
CMAC_PN shall be discarded.

16.2.5.2.4 AMS Authentication state machine

The PKMv3 authentication state machine consists of six states and 18 events (including receipt of messages
and events from other FSMs) that may trigger state transitions and send events/messages. The authentication
state machine is presented in both a state flow diagram (Figure 406—) and a state transition matrix (Table
737—). The state transition matrix shall be used as the definitive specification of protocol actions associated
with each state transition.

The PKMv3 Authentication process has 2 phases: EAP phase and key agreement phase.

The EAP phase is controlled by the EAP_FSM as defined in RFC3748 and RFC4173 and it is out of scope in
this standard.

The Authentication FSM is responsible for all PKMv3 phase excluding the actual EAP exchange, it is also
responsible for communicates with other FSMs in the system using events.

The relationships between the security related FSMs in the system are as described in the Figure 405—.
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EAP FSM

AMS

Key agreement MSGs,
Refresh-PMK
EAP-Transfer

PKM message
dispatcher

vents like EAP- Auth FSM Evf;s N lge
success/fail etc. Stop etc.

TEK FSM

[EK-Request, TEK-
Reply, TEK-Invalid

ABS

Figure 405—System Relationships in Security Related FSM

Through operation of an Authentication state machine, the AMS attempts to get authenticated with the NW,
maintain this authentication and support Authentication context switching for Re-authentication, PMK
refresh, HO, zone switching and Idle situations. The state machine takes care of requesting the BS to renew
the key hierarchy before it expires either by initiating re-authentication or PMK refresh only. it also sup-
ports key derivations according to definitions for optimized re-entry for HO, for location update and idle.

The optimized re-entry/Location update support is done in a special state in which the NW connection is
suspended and therefore re-authentication can't occur, the triggers for re-authentication continue to work in
this state but the initiation is done only after returning to an authenticated state.
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Figure 406—Authentication State Machine for PKMv3

Table 737—Authentication FSM State Transition Matrix for PKMv3

State
(E) (F)
Event or receive (C)Key (D) Refresh |, “ien (O} (H)
(A) (B) Not | Agreem Key . Authen Secure
message Authen ticated . .
Stoppe Authen ent . Agreem ticated Locatio
. ticated Reentry .
d ticated MSG Active ent Auth idle/ n
#3 Wait MSG Wait DCR Update
#3 Wait
(1) Start Auth Not Not Not
Authen- Authen- | Authen-
ticated ticated ticated
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Table 737—Authentication FSM State Transition Matrix for PKMv3

State
Event or receive (C)Key D) Refresh Authen ) (H)
message (A) (B) Not | Agreem Authen Key ticated Authen Secure
Stoppe | Authen ent . Agreem ticated Locatio
. ticated Reentry .
d ticated MSG Active ent Auth idle/ n
#3 Wait MSG Wait DCR Update
#3 Wait
(2) PKMv3 Key Key Key Refresh | Refresh
Agreement MSG Agree- Agree- Key Key
#1 ment ment Agree- Agree-
MSG#3 | MSG#3 | ment ment
Wait Wait MSG#3 | MSG#3
Wait Wait
(3) PKMv3 Key Authen- Authen-
Agreement MSG ticated ticated
#3 Active Active
(4) EAP Success Not Authen-
Authen- ticated
ticated Active
(5) Key Agree- Key Refresh
ment Timeout Agree- Key
ment Agree-
MSG#3 ment
Wait MSG#3
Wait
(6) Key Agree- Not Authen-
ment MSG #2 max Authen- ticated
resend elapsed ticated Active
(7) Key Context Authen-
Refresh needed ticated
Active
(8) Start Reentry Authen- | Authen-
ticated ticated
Reentry | Reentry
Auth Auth
Wait Wait
(9) refresh-PMK Authen-
timeout ticated
Active
(10) HO cancelled Authen-
ticated
Active
(11) TBS change Authen-
ticated
Reentry
Auth
Wait
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Table 737—Authentication FSM State Transition Matrix for PKMv3

State
Event or receive (C)Key D) Refresh Authen G (H)
(A) (B) Not | Agreem Key . Authen Secure
message Authen ticated . .
Stoppe | Authen ent R Agreem ticated Locatio
. ticated Reentry .
d ticated MSG Active ent Auth idle/ n
#3 Wait MSG Wait DCR Update
#3 Wait
(12) Reentry Com- Authen-
pleted ticated
Active
(13) Auth Expired Stopped | Stopped | Stopped | Stopped
(14) EAP Fail Authen-
ticated
Active
(15) External Stop Stopped | Stopped | Stopped | Stopped | Stopped
(16) Exit to Idle Authen- | Authen-
ticated ticated
Idle Idle
(17) ReEntry from Authen-
Idle ticated
Active
(18) [Ext]Secure Secure
Location Update location
update
(19) TEK update Authen-
finished ticated
Active
(20)[Ext] Secure Authen-
location update ticated
done idle

16.2.5.2.4.1 States

Stopped: This is the initial state of the FSM. Nothing is done in this state.

Not Authenticated: The Authentication FSM is not authenticated and waiting for an MSK from the EAP FSM
and start of key agreement,

Key Agreement MSG #3 Wait: The Authentication FSM holds all key hierarchy derived from MSK and is
waiting to receive MSG#3 in order to validate the keys with the BS:

*  Resend MSG#2 if valid MSG#3 was not received within Key Agreement Timer.

* Resend MSG#2 if MSG#1 with same NONCE received again (reset resend counter).

*  Discard MSG#3 received with invalid CMAC
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Authenticated Active: The AMS has successfully completed EAP-based authentication and key agreement

and has valid Key context derived from the MSK received from the EAP FSM. All SAs are created and TEK

FSM is active for each SA:

*  PMK or its derivatives (not including TEK) is about to expire and the AMS sends refresh-PMK, and
refresh-PMK timer starts

e refresh-PMK timer is expired and the AMS sends refresh-PMK.

« AK Count/ CMAC PN * is about to be exhausted and the AMS sends refresh-PMK

*  All management messages are protected as defined in table 673.

*  Received messages without valid encryption/CMAC are discarded.

*  Manage two key Context during transition period between 2 key agreements.

Refresh Key Agreement MSG #3 Wait: The Authentication FSM holds all key hierarchy derived from newest

MSK (in parallel to active context used for ongoing operation) and is waiting to receive MSG#3 in order to

validate the keys with the BS:

*  Resend MSG#2 if valid MSG#3 was not received within Key Agreement Timer.

*  Resend MSG#2 if MSG#1 with valid CMAC (using active CMAC key) is received (reset resend
counter).

*  Discard MSG#3 received with invalid CMAC (using newest CMAC key)

Authenticated Reentry Authentication Wait: In this state the Authentication FSM has the context of the target
ABS. The AMS should have the PMK context of the target ABS in this state before it sends an AAI RNG-
REQ message with CMAC during HO or reentry from coverage loss

*  Caches AK context of all TBSs until reentry completed or HO canceled.

*  Create new context and key hierarchy for the TBS whenever TBS changes (if context is not cached).

*  Maintain AK_ COUNT LOCK state

Authenticated Idle/DCR: In this state the Authentication FSM caches the PMK context and derives the ap-
propriate key hierarchy for the TBS in case of re-entry from idle or DCR mode.

Secure Location Update: In this state the system is active for short period of sending location update and for
that TEKs need to be derived so TEK FSM is started.

16.2.5.2.4.2 Messages

PKMv3 Key Agreement MSG #1: The first message of Key Agreement. It is sent from the ABS to the AMS
after EAP-based authentication has finished or once the ABS decides to renew the KEY context for PMK and
derived keys and it is protected by CMAC using CMAC_KEY D of the active Key context if there is one (it
is not protected for initial key agreement).

PKMv3 Key Agreement MSG #2: The second message Key Agreement. It is sent from the AMS to the ABS
as a response to a valid PKMv3 Key Agreement MSG #1, it is protected by CMAC using CMAC _KEY U
of the newest EAP-based authentication (same as active if only key agreement happens or new MSK in case
of full EAP re-auth)

PKMv3 Key Agreement MSG #3: The last message of Key Agreement. It is sent from the ABS to the AMS
as a response to a valid PKMv3 Key Agreement MSG #2 and it is protected by CMAC-Digest using
CMAC_KEY D of the newest EAP-based authentication.
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PKMv3 refresh-PMK: The message used by the AMS to request the ABS to renew all the key hierarchy
(PMK and derivatives) either by initiating full EAP-based re-authentication or just new key agreement. If new
key agreement is not completed within fresh key agreement timer (TBD), the AMS may re-send refresh-
PMK.

PKMv3 EAP Transfer: This message is bidirectional and used for transmission of EAP packet. This message
is sent unprotected in "Not Authenticated" state. In Authenticated Active state, the message SHALL be en-

crypted

16.2.5.2.4.3 Events

Start Authentication: After completion of basic capabilities negotiation, this event is generated to start the Au-
thentication state machine. It is also issued when the HO Process Optimization Bit #1 of the AAl RNG-RSP
message is set to one (i.e. 'omit PKM authentication phase') during HO or network reentry.

EAP Success: EAP FSM generates this event to notify the Authentication FSM that it received EAP Success
message from the authenticator.

Key Agreement Timeout: This event is generated when the AMS does not receive PKMv3 Key Agreement
MSG #3 from the ABS within Key Agreement Timer after transmitting a PKMv3 Key Agreement MSG #2.
The AMS resends the PKMv3 Key Agreement MSG #2 up to Key Agreement MSG#2 Max Resends times.

Key Agreement MSG #2 max resends elapsed: The Authentication state machine generates this event when
the AMS has transmitted the PKMv3 Key Agreement MSG #2 up to Key Agreement MSG #2 Max Resends
times and Key Agreement Timer expires.

Key context refresh Needed: An internal event to trigger a message to the ABS requesting for a new key
agreement with/out re-authentication per ABS decision. This event can be derived from several sources such
as Authentication Grace Timeout or other reason that makes authentication close to expiration.

Start HO Reentry: An event to inform the Authentication FSM that AMS is in reentry phase. The FSM should
derive the new AK context for the target ABS.

refresh-PMK Timeout: A timer event that causes the AMS to resend a PKMv3 refresh-PMK message in order
to ask the ABS to refresh the key hierarchy from PMK and down. This event is used in the case that key agree-
ment is not completed successfully during refresh-PMK timer from transmitting the PKMv3 refresh-PMK
message. This timer is active only after key context refresh needed event occurred.

Reentry Completed: An event to notify the Authentication FSM that reentry has finished successfully. This
event is issued when the AMS receives an AAI RNG-RSP message including HO Process Optimization Bit
#1 set to one (i.e. 'omit PKM authentication phase') during HO or network re-entry from Idle mode

HO Canceled: An event to notify the Authentication FSM that HO was canceled. The cached AK context for
the serving ABS should be retrieved.
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TBS (Target ABS) changed: An Event to notify the Authentication FSM that it needs to generate the AK con-
text for the new target ABS.

Authentication Expired: This event indicates the AK context became obsolete due to the expiration of AK
lifetime.

EAP Failure: This event indicates EAP-failure has been received from the NW.

External Stop: The event to stop the Authentication FSM and terminate connection with ABS.

[Auth] TEK update finished: The event received from TEK FSM to notify the Auth FSM that PMK context
of old PMK can be discarded

NOTE-The following events are sent by an authentication state machine to the EAP state machine:

[EAP] key agreement completed: sent to the EAP FSM once key agreement is completed which means that
new authentication is valid and old keys may be discarded.

NOTE-The following events are sent by an Authentication state machine to the TEK state machine:

[TEK] Stop: Sent by the Authentication FSM to an active (non-START state) TEK FSM to terminate the FSM
and remove the corresponding SAID's keying material from the AMS's key table.

[TEK] Start: Sent by the Authentication FSM to a nonactive (STOP state), but valid TEK FSM.

[TEK] Key agreement finished: sent from Auth FSM after re-auth key agreement finished to trigger TEK
FSM to renew both TEKs from new AK.

NOTE-The following events are sent by an external state machine to the TEK state machine:

Exit to idle: sent by the idle FSM when the AMS exit to idle mode

Reentry from idle: sent by idle FSM when AMS return from idle/DCR to active mode

[Ext] Secure location update: send by the paging FSM when secure location update is required.

[Ext] Secure location update: send by paging FSM when secure location update done and the Auth FSM back
to idle.
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16.2.5.2.4.4 Parameters

Key agreement Timer: The timer which expires if the AMS does not receive a PKMv3 Key Agreement MSG
#3 after sending a PKMv3 Key Agreement MSG #1.

Refresh-PMK timer: Timeout period between sending PKMv3 Refresh-PMK messages from Authenticated
active state.

16.2.5.2.4.5 Actions

Actions taken in association with state transitions are listed by <Start State> (<rcvd message>) --> <End
State>:

1-A: Stopped (Start Auth) ?> Not Authenticated

a) Enable PKMv3 EAP-Transfer messages to be transferred.

1-F: Authenticated Reentry Authentication Wait (Start Auth) -> Not Authenticated

a) Stop TEK FSMs

b) Re-initialize the Authentication FSM

¢) Enable PKMv3 EAP-Transfer messages to be transferred.

1-G: Authenticated Idle/DCR (Start Auth) -> Not Authenticated

a) Stop TEK FSMs

b) Re-initialize the Authentication FSM

¢) Enable PKMv3 EAP-Transfer messages to be transferred.

2-B: Not authenticated (Key Agreement MSG#1) -> Key Agreement MSG#3 Wait

a) Obtain MSK from EAP FSM .

b)Derive all Key hierarchy (PMK, AK,CMAC key, TEK),
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¢) Send Key Agreement MSG#2 with CMAC

d) Start Key Agreement Timer

2-C: Key Agreement MSG#3 Wait (Key Agreement MSG#1) -> Key Agreement MSG#3 Wait

a) Send Key Agreement MSG#2

b) Start Key Agreement Timer .

2-D: Authenticated Active (Key Agreement MSG#1) -> Refiresh Key Agreement MSG#3 Wait

a) Obtain MSK from EAP FSM .

b)Derive all Key hierarchy (PMK, AK,CMAC key, TEK),

¢) Send Key Agreement MSG#2 with CMAC

d) Start Key Agreement Timer

2-E: Refresh Key Agreement MSG#3 Wait (Key Agreement MSG#1) -> Refresh Key Agreement MSG#3 Wait

a) Send Key Agreement MSG#?2

b) Start Key Agreement Timer .

3-C: Key Agreement MSG#3 Wait (Key Agreement MSG#3) -> Authenticated Active

a) Stop Key Agreement Timer

b) Start TEK FSM per negotiated SA

¢) Start Authentication Grace Timer

d) Notify EAP FSM that authentication was completed
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3-E: Refresh Key Agreement MSG#3 Wait (Key Agreement MSG#3) -> Authenticated Active

a) Stop Key Agreement Timer

b) Trigger TEK FSMs to update TEK to new AK

¢) Start Authentication Grace Timer

d) Notify EAP FSM about authentication completion.

e) Notify TEK FSMs about key agreement finish so they will be aboe to obtain TEKs from new AK

4-B: Not authenticated (EAP Success) -> Not authenticated

a) Obtain MSK

4-D: Authenticated Active (EAP Success) -> Authenticated Active

a) Obtain MSK

5-C: Key Agreement MSG#3 Wait (Key Agreement Timeout) -> Key Agreement MSG#3 Wait

a) Send Key Agreement MSG#2

b) Start Key Agreement Timer .

5-E: Refresh Key Agreement MSG#3 Wait (Key Agreement Timeout) -> Refresh Key Agreement MSG#3 Wait

a) Send Key Agreement MSG#?2

b) Start Key Agreement Timer .

6-C: Key Agreement MSG#3 Wait (Key Agreement MSG #2 max resend elapsed) -> Not authenticated

6-E: Refresh Key Agreement MSG#3 Wait (Key Agreement MSG #2 max resend elapsed) -> Authenticated
Active
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7-D: Authenticated Active (Key context refresh needed) -> Authenticated Active

a) Send refresh-PMK Message

b) Start refresh-PMK Timer

8-D: Authenticated Active (Start Reentry) -> Authenticated Reentry Authentication Wait

a) Generate AK Context and all derived keys for Target ABS

b) Enter AK_ COUNT LOCK state

8-E: Refresh Key Agreement MSG#3 Wait (Start Reentry) -> Authenticated Reentry Authentication Wait

a) Generate AK Context and all derived keys for Target ABS

b) Enter AK_COUNT LOCK state

¢) Remove all refresh key agreement created context

9-D: Authenticated Active (refresh-PMK Timeout) -> Authenticated Active

a) Send refresh-PMK Message

b) Start refresh-PMK Timer

10-F: Authenticated Reentry Authentication Wait (HO canceled) -> Authenticated Active

a) Remove AK context of all Target ABS

b) Retrieve AK context of Serving ABS

¢) Update PMK context with AK key counter value

d) Exit AK counter lock state
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11-F: Authenticated Reentry Authentication Wait (HO canceled) -> Authenticated Reentry Authentication
Wait

a) Cache AK context of former Target ABS

b) Retrieve or generate if not cached AK context of new Target ABS

12-F: Authenticated Reentry Authentication Wait (Reentry Completed) -> Authenticated Active

a) mark AK context of last Target ABS as Serving ABS

b) Delete AK context of all cached Target ABSs

¢) Update PMK context with AK_COUNT value

d) Exit AK COUNT LOCK state

13-D,E,F: Any state with valid authentication (Authentication expired) -> Stopped

a) Stop TEK FSMs

b) Delete all authentication context

¢) Stop authentication FSM

14-D: Authenticated Active (EAP Failure) -> Authenticated Active

15-B,C,D,E,F,G: Any state (External stop) -> Stopped

a) Stop TEK FSMs if active

b) Delete all authentication context

¢) Stop authentication FSM

16-D: Authenticated Active (Exit to Idle) -> Authenticated Idle
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a) Stop TEK FSM

16-E: Refresh key agreement MSG#3 wait (Exit to Idle) -> Authenticated Idle

a) Stop TEK FSM

17-G: Authenticated idle/DCR (Re-entry from idle) -> Authenticated Active

a) Update AK context with AK_ COUNT

b) Notify PMK context about AK_COUNT updated value

¢) Derive AK context and all sub keys

d) Start TEK FSM

18-G: Authenticated idle ([Ext]Secure location update) -> Secure Location update

a) Update AK context with AK_ COUNT

b) Notify PMK context about AK_COUNT updated value

¢) Derive AK context and all sub keys

d) Start TEK FSM

19-D: Authenticated active (TEK update finished) -> Authenticated Active

a) If all TEK FSMs reported TEK update finished'delete old PMK context

20-H: Secure Location Update ([Ext]Secure location update done) -> Authenticated idle/DCR

a) Stop TEK FSM
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16.2.5.2.5 TEK state machine

The AMS TEK state machine of 16m consists of six states and eight events (including messages) which will
trigger state transitions. The TEK FSM is presented in both a state flow diagram (Figure 407—) and a state
transition matrix (Table 738—).

TEK FSM under shaded states in Figure 407—has valid SA Context.

The Authentication FSM starts an independent TEK FSM for each of its authorized SAIDs. As mentioned in
[1], the AMS maintains two active TEKs for each SAID.

For the TEK update of a given SAID, the ABS includes in its Key Response with parameters such as EKS,
PMK Seq Num, COUNTER TEK. The BS encrypts DL traffic with TEKp; g and decrypts UL traffic
according to the EKS bit, depending upon which of the two keys the AMS used at the time. The AMS
encrypts UL traffic with TEKy g and decrypts DL traffic according to the EKS bit. See <<15.2.5.2.4>> [1]
for details on AMS and ABS key usage requirements.

Through operation of a TEK FSM, the AMS attempts to keep the SAID related TEK Context synchronized
with the ABS. TEK state machine issues TEK-REQ message to update the related TEK Context for the indi-
cated SAID whenever required. When AMS receives a TEK-RSP message and there is a new
COUNTER_TEK (not maintained by the AMS at the moment), AMS shall always update its records with
the TEK Context contained in the TEK-RSP message for the associated SAID.
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Figure 407—TEK State Machine for PKMv3
Table 738—TEK FSM State Transition Matrix for PKMv3
State
Event
or Revd -
Messavge (A) Stopped/ (B) TEK in (C) Rekey (D) Post key (E) Re-auth (fg(?lgez;;th
Idle Active Wait agreement Rekey Wait Wait y
(1) Stopped/idle Stopped/idle Stopped/idle Stopped/idle Stopped/idle
[TEK]Stop
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Table 738—TEK FSM State Transition Matrix for PKMv3

State
Event
or Revd -
Message (A) Stopped/ (B) TEK in (C) Rekey (D) Post key (E) Re-auth (;zfle{eﬁth
Idle Active Wait agreement Rekey Wait cLey
Wait
2) TEK in
[TEK]Start Active
3) Post Key Post Key
[TEK]Key agreement agreement
agreement
Finished
(4)TEK-RSP TEK in Re-auth Re-auth 2nd
(existing Active Rekey Wait Rekey Wait
EKS)
(5) TEK-RSP TEK in Re-auth 2nd TEK in
(newer EKS) Active Rekey Wait Active
(6) New TEK Rekey Wait Rekey Wait Re-auth Re-auth 2nd
used Rekey Wait Rekey wait
7) PN Space Stopped/idle Stopped/idle Stopped/idle Stopped/idle Stopped/idle
Exhausted
8) PN Grace Rekey Wait Rekey Wait
space
exhausted
(9) Rekey TEK in
Counter Active
threshold
(10) Rekey Rekey Wait RE-Authen Re-auth 2nd
Wait Timer Rekey Wait Rekey wait
timeout
(11) TEK Re- RE-Authen
Auth timer Rekey Wait
expired

16.2.5.2.5.1 States

Stopped: This is the initial state of TEK FSM, No resources are assigned to or used by the FSM in this state
- e.g., all timers are off, and no processing is scheduled.

This state is used before there are valid TEKs and when TEKs are not active like idle, DCR etc

TEK in Active: The AMS has valid SA Context for the associated SAID and is not waiting for any TEK-

RSP message and AMS is in active/HO mode under this state.

Rekey Wait: The AMS has valid SA Context for the associated SAID and is waiting for TEK-RSP message

for regular TEK update for this SAID. AMS is in active mode under this state.

Post key agreement: This is a transition state after re-authentication to let the BS time to derive first TEK
from new AK, in this state all TEKs are active and the AMS waits for the timer to expire so it can send
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TEK REQ to the ABS. While in this state the AMS SHALL discard all received TEK RSP messages from
ABS

Re-auth Rekey Wait: After key agreement with associated AK refresh, AMS have send TEK RSP and
stays in this state to waits for TEK-RSP message to refresh its TEKyj g derived from new AK. AMS is in
active mode under this state.

Re-auth 2nd Rekey Wait: When receiving the TEK-RSP message and AMS successfully refresh its first
TEKy g associated with new AK, AMS shall transfer to this state to wait for the second refreshed TEK
from new AK. This state is different than normal Rekey wait in the sense that the MS SHALL not leaves this
state without refreshing the second TEK from new AK.

16.2.5.2.5.2 Messages

TEK-REQ: refer to section 16.2.3.41.6
TEK-RSP: refer to section 16.2.3.41.7
16.2.5.2.5.3 Events

[TEK]Stop: Sent by the Authorization FSM to TEK FSM to terminate TEK FSM and remove the corre-
sponding SAID's TEK Context from the AMS's key table.

[TEK]Start: Sent by the Authorization FSM to TEK FSM or a new TEK FSM to activate the TEK FSM for
the associated SAID.

[TEK] New TEK used: This event MAY be triggered by the Data Path function (it is implementation spe-
cific weather to monitor this event or not) when current PMK is valid and the AMS realizes that ABS uses
its TEK{y g in the DL,. Once the active TEK FSM receives this event, it shall start to update the related
TEK.

[TEK] Key Agreement Finished: This event is sent from the Authentication FSM to trigger the TEK
update after re-auth procedure.

[Auth] TEK update finished: This event is sent to the Authentication FSM to notify that both TEK are
updated with new AK and old AK context can be discarded.

PN space exhausted: This event is triggered when the PN space for the current TEK in use is exhausted.

PN grace space exhausted: This event is triggered when the PN reached its grace space and triggers TEK
update procedure.

Rekey Counter threshold: This event is triggered when the number of times AMS retries TEK-REQ
exceeds the maximal Rekey Counter threshold. The AMS shall continue using its current TEK.

Rekey Wait Timer timeout: This event is triggered when AMS does not receive TEK-RSP by the Rekey
Wait Timer expiration.

TEK Re-Auten Timer exhausted: This event trigger the AMS to request for a new KEY after key agree-
ment.
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16.2.5.2.5.4 Parameters

All configuration parameter values take the default values from Table xxx or may be specified in Auth
Reply message.

PN Grace Space:

PN Grace Space is set to the value smaller than the maximum number of the PN Space to guarantee that
AMS can update related TEK between the interval of PN Grace Space and PN Space gracefully.

It takes the default value from Table XXX.
Rekey Wait Timer:
The timer for TEK FSM to receive TEK-RSP message after sending out TEK-REQ message.

It takes the default value from Table xxx or may be specified in a configuration setting within the Auth
Reply message and is the same across all SAIDs (see 11.9.18.6).

Rekey Counter:

The counter for re-sending the TEK-REQ if AMS doesn't receive the TEK-RSP by the Rekey Wait Timer
for the SA.

The initial value is 0. It shall be increased by 1 for each re-sending. The threshold takes the value from Table
XXX.

TEK Re-Authen Timer:

The timer fro the AMS to wait after key agreement before sending the key request to the ABS, this timer is
used to allow the BS time to derived the new key before asking for it.

The value of this timer is taken from XXXX>
16.2.5.2.5.5 Actions
Actions taken in association with state transitions are listed by <state> (<event>) --> <state>:
1-B,C,D,E,F: Any state ([TEK]stop) -> Stopped
a) Remove TEK Context for the related SAID
b) Clear UL/DL PN number
2-A: Stopped ([TEK]start) -> TEK in Active
a) Generate TEK context for the related SAID
b) Set TEK counter to 0
¢) Set PN for each TEK to 1
3-B: TEK in Active ([TEK] Key agreement Finished) -> Post key agreement
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a) Start TEK re-Authen Timer
3-C: Rekey wait ([TEK] Key agreement Finished) -> Post key agreement
a) Start TEK re-Authen Timer
4-C: Rekey wait (TEK-RSP with existing EKS) -> TEK in Active
4-E: Re-auth Rekey wait (TEK-RSP with existing EKS) -> Re-auth Rekey wait
a) Reset Rekey Wait Timer
b) Sent TEK-REQ
4-F: Re-auth 2nd Rekey wait (TEK-RSP with existing EKS) -> Re-auth 2nd Rekey wait
a) Reset Rekey Wait Timer
b) Send TEK-REQ
5-C: Rekey wait (TEK-RSP with newer EKS) -> TEK in Active
a) Turn off Rekey timer/counter
b) Install received TEK
5-E: Re-auth Rekey wait (TEK-RSP with newer EKS) -> Re-auth 2nd Rekey wait
a) Turn off Rekey timer/counter

b) Install received TEK

16.2.5.3 Privacy
16.2.5.3.1 AMS identity privacy

AMS identity privacy support is the process of protecting the identity of AMS so that AMS MAC Address
(ie., AMSID) is not revealed via air interface. To protect AMSID a hash value of the real AMSID (i.e.
AMSID¥*) is defined as follows:

AMSID*=Dot16KDF(AMSID|80-bit zero padding, NONCE_AMS, 48)

*  NONCE_AMS is a random of 48-bit generated by AMS before sending AAI RNG-REQ message, and
transmitted to ABS during the following Key Agreement procedure. If the AMS doesn't receive a suc-
cessful AAT RNG-RSP from the ABS, the AMS should re-generate a NONCE_AMS and re-derive the
AMSID*, and then send another AAI RNG-REQ with it to the ABS.
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16.2.5.3.2 AMS location privacy

AMS location privacy support is the process of protecting the mapping between AMS MAC address and
STID so that intruders cannot obtain the mapping information between the MAC address and STID. To pro-
tect the mapping between STID and AMS MAC address, a TSTID is assigned during initial ranging process,
and is used until STID is allocated.

The STID is assigned during registration process after successful completion of initial authentication/autho-
rization process, and is encrypted during transmission. The temporary STID is released after STID is
securely assigned. The STID is used for all remaining transactions. The detailed procedures are described as
follows:

AMS generates a new NONCE_AMS and derive AMSID*, then it sends AAI RNG-REQ carrying the
AMSID* to ABS. When ABS receives the AAI RNG-REQ, it returns AAI RNG-RSP containing tempo-
rary STID (instead of STID) and the AMSID* which the AMS sent. After being assigned, the temporary
STID is used for the subsequent network entry procedures until STID is allocated. The real AMSID is trans-
mitted to ABS in AAI REG-REQ message in an encryption manner. As a response to the AAI REG-RSP, a
STID is assigned and transferred to the AMS through the encrypted AAI REG-RSP. Once the AMS
receives the STID via AAI REG-RSP, it releases the temporary STID. The STID is then used for remaining
transactions. Figure 408 shows the overall network entry procedures.
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AMS ABS

C AMS DL Synchronization D)

———AAI RNG-REQ (AMSID¥*) ——p»|

<« AAI_RNG-RSP (TSTID)

( Basic Capabilities Negotiation )

( AMS Authentication/Authorization Phase )

( Key Agreement )

| AAI REG-REQ (AMSID) — p»

<¢———AAI REG-RSP (STID)

C further message/data transactions )

Figure 408—Network Entry Procedure to Support AMS Location Privacy in
IEEE 802.16m

16.2.5.3.3 Control Plane Signaling Protection

AAI supports the confidentiality protection as well as integrity protection over MAC control messages. Spe-
cifically, encryption is selectively applied to the control messages whenever confidentiality protection is
required. The encrypted unicast control messages shall be mapped to the primary SA. The selective confi-
dentiality protection over control messages is the mandatory feature of 16m and the negotiated keying mate-
rials/ciphersuites are used to encrypt the control messages.

The selective confidentiality protection over control messages is indicated by the EC bit in the MCEH. Con-
trary to the transport flows where the established SA is applied to all data, the primary SA is selectively
applied to the control messages. EC bit in the MCEH is used only for control flows to indicate whether PDU
contains the control message that is encrypted based on control message type and its usage. In particular,
whether control message is encrypted or not is decided on the security level with which the message is asso-
ciated.

The selective protection over MAC control messages is made possible after the successful completion of
local TEK derivation.

Figure 409 shows the three levels of protection over control messages.
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No protection; If AMS and ABS have no shared security contexts or protection is not required, then
the control messages are neither encrypted nor authenticated. The control messages before the
authorization phase also fall into this category.

CMAC based integrity protection; CMAC Tuple is included as the last attribute of MAC control
message. CMAC protects the integrity of entire control messages. Actual control message is plain-

text

AES-CCM based authenticated encryption; ICV part of the encrypted MAC PDU is used for the

integrity protection about the payload of control messages as well as AGMH.

Classification of

Protection level

Control Messages

No protection

Confidentiality, Integrity
Integrity
Encryption Hash
Encryption, ICV CMAC None

Figure 409—Flow of AAI Selective Control Message Protection

16.2.5.4 Security Context

The security context is a set of parameters linked to a key in each hierarchy that defines the scope while the

key usage is considered to be secure.

Examples of these parameters are key lifetime and counters ensuring the same encryption will not be used
more than once. When the context of the key expires, a new key should be obtained to continue working.
The purpose of this sub clause is to define the context that belongs to each key, how it is obtained and the

scope of its usage.

16.2.5.4.1 MSK context

The MSK context includes all parameters associated with the MSK. This context is created when EAP

Authentication completes.

The MSK context is described in Table 739.
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Table 739—The MSK context

Parameter Size(bit) Usage
MSK 512 The key yielded from the EAP authentication
MSK SN 4 MSK sequence number, when the EAP-based authentica-

tion is achieved and a key is generated. The 2 LSbs are the
sequence counter. And the 2 MSbs set to 0. The initial
value shall be set to zero. For each update, the value shall
be increased by 1 mod 4.

MSK Lifetime 32 The time this MSK is valid. Before this expires re-authen-
tication is needed.

This context is created upon completion of successful re/authentication and discarded when no longer valid
or if key-agreement procedure was not completed for 120 seconds. It is created by the AMS and Authentica-
tor when authenticating in LZONEs or MZONEs and must be maintained across zone switches.

The MSK lifetime shall be transferred from the EAP method and could also be configured by the AAA
Server.

The life time may be enlarged using the key lifetime attribute in Key Agreement-MSG#3 message during
key agreement procedure following EAP-based authorization or EAP-based reauthorization procedures.

If the ABS needs to refresh the key it should initiate re-authentication to create a new one.
16.2.5.4.2 PMK context

The PMK context includes all parameters associated with the PMK. This context is created during a key
agreement procedure and cached after successful key agreement procedure.

Two PMK contexts may exist in parallel in the AMS and Authenticator in transition phases were new PMK
is created but the current PMK is still in use.
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Table 740—The PMK context

Parameter

Size(bit)

Usage

PMK

160

The key is created during key agreement procedure.

PMK SN

4

PMK SN is the serial number assigned to a given PMK by
the AMS in the key agreement; it is included in CMAC
tuple to identify the used PMK.

PMK Lifetime

32

PMK Lifetime=MSK Lifetime

PMKID

64

PMKID = Dot1 6KDF(PMK, 0b0000[PMK
SNINONCE_AMS|NONCE_ABS| "PMKID", 64)

The PMK SN in the Dot16KDF function is encoded in
MSB first order.

This is used in key agreement to verify sync of assignment
SN to PMK

NONCE_AMS

64

The Random NONCE received from the AMS in the key-
agreement that was done in order to create this PMK.

NONCE_ABS

64

The Random NONCE sent by the ABS in the key-agree-
ment that was done in order to create this PMK.

The ABS should not use same NONCE_ABS in more than
one key-agreement procedure

AK_COUNT

16

Value of the Entry Counter that is used to guarantee fresh-
ness of computed CMAC_KEY_* with every entry and
provide replay protection.

This counter is maintained across zone switch (LZONE
and MZONE) to ensure replay protection when switching
to LZONE multiple times within the validly period of
MSK

16.2.5.4.3 AK context

The AK context includes all parameters associated with the AK. This context is created whenever a new AK

is derived.

An AMS may manage several AK contexts in parallel in transition phases.

This context shall be deleted whenever the AK is no longer valid or used.

The AK context is described in Table 741.
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Table 741—The AK context

Parameter Size(bit) Usage

AK 160 The key derived from PMK

AK Lifetime 32 AK Lifetime=PMK Lifetime

PMKID 64 The ID of the PMK used to derive this AK

PMK SN 4 The sequence number of PMK used to derive this AK.

CMAC KEY U 128 The key which is used for signing UL MAC control mes-
sages.

CMAC PN U 24 Used to avoid UL replay attack on the control connection
before this expires, reauthorization is needed. The initial
value of CMAC_PN_U is zero and the value of
CMAC _PN_U is reset to zero whenever AK_ COUNT is
increased.

AK_COUNT 16 A value used to derive the AK

CMAC KEY D 128 The key which is used for signing DL MAC control mes-
sages.

CMAC_PN D 24 Used to avoid DL replay attack on the control connection
before this expires, reauthorization is needed. The initial
value of CMAC_PN_D is zero and the value of
CMAC_PN_D is reset to zero whenever AK_COUNT is
increased.

Next available 16 The counter value to be used in next TEK derivation, after

counter TEK derivation this is increased by 1.

16.2.5.4.4 SA context

The SA context is the set of parameters managed by each SA in order to ensure TEK management and usage

in secure way.

The SA context holds 2 TEK contexts and additional information that belongs to the SA itself.

16.2.5.4.4.1 TEK Context

The TEK context includes all relevant parameters of a single TEK and is described in Table 742.

16.2.5.4.4.2 SA Context

The SA context is described in Table 743.
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Table 742—The TEK context

Parameter Size(bit) Usage
TEK 128 Key used for encryption or decryption of MPDUs from
FIDs associated with the corresponding SA
EKS 2 Encryption key sequence number
PMK SN 4 The sequence number of PMK used to derive this TEK.
COUNTER_TEK 16 The counter value used to derive this TEK
TEK lifetime 32 TEK lifetime=MSK lifetime
TEK PN U 22 The PN used for encrypting UL packets. After each
MPDU transmission, the value shall be increased by 1.
(0x300000-0x4FFFFF)
TEK PN _D 22 The PN used for encrypting DL packets. After each
MPDU transmission, the value shall be increased by 1.
(0x00000000-0x2FFFFF)
PN Window Size As negoti- | The receiver shall track the PNs received inside PN win-
atedinkey | dow
agreement

Table 743—The SA context

Parameter Size(bit) Usage
SAID 8 The identifier of this SA, which describes the applied en/
decryption method and TEK contexts.
TEKpp g context Sizeof(TE | TEK context used for downlink encryption and decryp-
K Context) | tion.
TEKy g Context Sizeof(TE | TEK context used for uplink encryption and decryption.
K Context)

16.2.6 MAC HO procedures

This subclause specifies the HO procedures for the AAI. An AMS/ABS shall perform HO using the proce-

dures defined in 16.2.6

16.2.6.1 Network topology acquisition

16.2.6.1.1 Network topology advertisement

An ABS shall periodically broadcast the system information of the neighboring ABSs using an AAI NBR-
ADV message. A broadcast AAl NBR-ADV message may include the information of Open Subscriber
Group Femto and/or macro hotzone ABSs, but shall not include information of neighbor Closed Subscriber
Group (CSG) Femto. A broadcast AAI NBR-ADV message may omit information of neighbor cells with

cell bar information=1 in its S-SFH.

201

Copyright © 2009 IEEE. All rights reserved.




O 001N WU A W

February 3, 2010 IEEE P802.16m/D4

A serving ABS may unicast the AAI NBR-ADV message to an AMS upon reception of the AAI NBR-
REQ message or in unsolicited manner. The AAI NBR-ADV message may include parameters required for
cell selection e.g., cell load and cell type. The ABS may broadcast different fragments of AAI NBR-ADV
message over multiple MAC PDU’s.

16.2.6.1.2 AMS scanning of neighbor ABSs

The scanning procedure provides the opportunity for the AMS to perform measurement and obtain neces-
sary system configuration information of the neighboring cells for handover decision. An ABS may allocate
time intervals to an AMS to seek and monitor suitability of neighbor ABSs as targets for HO. Such time
interval during which the AMS scans neighbor ABS while not available to serving ABS is referred to as a
scanning interval. The ABS may specify the different trigger parameter values based on the target ABSs or
ABS types in the AAI_SCD message. The ABS may specify the target ABS types the AMS shall scan, and/
or averaging parameters that override the value defined in the AAI_SCD message.

The AMS may use any unavailable interval to perform autonomous scanning

An AMS shall be capable of performing intra-frequency preamble measurement without dedicated alloca-
tions for scanning .

An AMS selects the scanning candidate ABSs using the information obtained from the ABS through mes-
sages such as AAI NBR-ADV and AAI SCN-RSP. The ABS may prioritize the scanning candidates by
presenting the candidate ABSs in descending order of priority in the AAI_SCN-RSP message. The AMS
should follow the order of scanning as suggested in the AAI SCN-RSP message.

An AMS measures the signal from selected scanning candidate ABSs and reports the measurement result
back to the serving ABS according to report mode and report parameters defined by the serving ABS.

An AMS may request an allocation of a scanning interval to an ABS by sending the AAI SCN-REQ mes-
sage to the serving ABSs. Upon reception of the AAI_SCN-REQ message, the ABS shall respond with an
AAI SCN-RSP message. The AAI_ SCN-RSP message shall either grant the requesting AMS a scanning
interval or deny the request. The serving ABS may also send unsolicited AAI_SCN-RSP message to initiate
AMS scanning.

16.2.6.2 Trigger condition definitions

The S-ABS may define trigger conditions for the following actions:
1)  Conditions that define when the AMS shall initiate scanning procedure
a) Conditions that define when the AMS shall report scanning measurement results to the serving ABS
a)  Conditions that define when AMS shall initiate HO by sending AAI HO-REQ.
a)  Conditions for defining when a target ABS is unreachable
a) Conditions for defining when AMS is unable to maintain communication with the serving ABS
a)  Conditions for HO cancellation
The trigger TLV (type xx) in Table xxx is encoded using the description in Table 744. The trigger TLV for

another ABS type (which includes ABS type parameter: such as macro, macro hot-zone, Femto and relay,
etc) is encoding using the description in Table XY
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Table 744—Trigger TLV Description

Name

Type

Length (Bytes)

Value

Type/Function/Action

xx.1

1

See Table 745—for description

Trigger Value

Xx.2

1

Trigger value is the value used in comparing mea-
sured metric for determining a trigger condition

Trigger averaging param-
eter

XX.3

The averaging parameter used for averaging this
trigger metric according to equation (1). If not
present, the default trigger averaging parameter in
AAI SCD is used.

0x0: 1

0x1:1/2

0x2: 1/4

0x3:1/8

0x4: 1/16

0x5: 1/32

0x6: 1/64

0x7:1/128

0x8: 1/256

0x9: 1/512

0x10 to OxFF: reserved

ABS type

xy.1

ABS type of target ABS for this Trigger TLV:
(Macro Hot-zone ABS, Femto ABS, etc.)
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Table 744—Trigger TLV Description

eter

Name Type Length (Bytes) Value
Type/Function/Action xy.2 1 See Table Y'Y for description
Trigger Value xy.3 1 Trigger value is the value used in comparing mea-
sured metric for determining a trigger condition.
Trigger averaging param- xy.4 1 The averaging parameter used for averaging this

trigger metric according to equation (1) for target
ABS (which is defined in ABS type). If not
present, the default trigger averaging parameter in
AAI SCD is used

0x0:
1172
0x2:
0x3:
0x4:
0x5:
0x6:
0x7:
0x8:
0x9:
0xA to OxFF: reserved

0x1

1

1/4
1/8
1/16
1/32
1/64
1/128
1/256
1/512

The Type/function/action byte field of the trigger description in Table 744 is described in Table 745.

Metric averaging is performed according to (1)

Let x[k] be the metric the AMS is required to average (e.g. RSSI) for the k-th measurement, expressed in
linear units. Then x[k] , the averaged metric expressed in linear units, equals:

x[k] =

(1—aave)" '3[k—11+ (1 = (1 —aave)" " Hx[]

Where:

[0

k=0
k>0

(M

aavg = trigger averaging parameter in relevant trigger TLV. If this field is not present, the default trigger
g gg ging p g8 p ) gg

averaging parameter in AAI SCD is used.

n=number of consecutive frames in which no measurement was made

In frames in which no measurement is made, the AMS shall report the latest averaged results.
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Table 745—Trigger; Type/Function/Action Description

Name

Size (Bit)

Value

Type

2(MSB)

Trigger metric type:

0x0: CINR metric

0x1: RSSI metric

0x2: RTD metric

0x3: Metric = Number of consecutive P-SFHs missed

Function

Computation defining trigger condition:

0x0: Reserved

0x1: Metric of neighbor ABS is greater than absolute value
0x2: Metric of neighbor ABS is less than absolute value

0x3: Metric of neighbor ABS is greater than serving ABS metric
by relative value

0x4: Metric of neighbor ABS is less than serving ABS metric by
relative value

0x5: Metric of serving ABS greater than absolute value

0x6: Metric of serving ABS less than absolute value

0x7: Reserved

NOTE-0x1-0x4 not applicable for RTD trigger metric
NOTE-When type 0x1 is used together with function 0x3 or 0x4,
the threshold value shall range from -32 dB (0x80) to +31.75 dB
(0x7F). When type 0x1 is used together with function 0x1, 0x2,
0x5 or 0x6, the threshold value shall be interpreted as an
unsigned byte with units of 0.25 dB, such that 0x00 is inter-
preted as -103.75 dBm and OxFF is interpreted as -40 dBm
NOTE-Type 0x3 can only be used together with function 0x5 or
function 0x6

Action

3(LSB)

Action performed upon reaching trigger condition:

0x0: Reserved

0x1: Respond on trigger with AAI SCN-REP

0x2: Respond on trigger with AAI HO-REQ

0x3: Respond on trigger with AAI_ SCN-REQ

0x4 : Declare ABS unreachable: If this ABS is the serving
ABS(meaning the AMS is unable to maintain communication
with the ABS), AMS sends AAI_HO-IND with code 0x03 to the
serving ABS and proceeds as specified in section
<<15.2.5.2.4>>_ If this ABS is a target ABS, the AMS needs not
take immediate action when this trigger condition is met for a
single ABS. The AMS shall act only when this condition is met
for all target ABSs included in AAI-HO-CMD during HO exe-
cution. The specific actions are described in section
<<15.2.5.2.4>>.

0x5: Cancel HO

0x6 and 0x7: Reserved

NOTE-0x3 is not applicable when neighbor ABS metrics are
defined (i.e., only Function values 0x5 or 0x6 are applicable).

The ABS may define complex trigger conditions by including multiple Trigger TLV encodings in the same
compound TLV. In this case, all included triggers shall have the same Action code (as defined in Table 744).
The AMS shall perform a logical AND of all the conditions in a complex trigger condition and invoke the

action of the trigger only when all trigger conditions are met.
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Whenever the condition of a simple trigger or all the conditions of a complex trigger are met, the AMS shall
invoke the action of the trigger. If multiple trigger conditions are met simultaneously the AMS shall invoke
the action of at least one of the triggers for which the trigger condition was met. Action 0x2: Respond on
trigger with AAI HO-REQ takes precedence over actions 0x1 and 0x3

The ABS may define neighbor-specific triggers by including neighbor-specific trigger TLVs in the
AAI NBR-ADV message. The AMS evaluates neighbor-specific triggers only for the specific neighbor BS
metric.

Neighbor-specific trigger TLVs use the format in Table 744—, where only function types 0x1, 0x2, 0x3 and
0x4 and actions types 0x1 and 0x2 are allowed. When present, neighbor-specific handover triggers override
any general trigger TLVs (define in the AAI SCD message) of the same type, function and action.

16.2.6.3 HO procedure

The subclause defines the HO procedure in which an AMS transfers from the air-interface provided by one
ABS to the air-interface provided by another ABS.

16.2.6.3.1 HO Framework

The handover procedure is divided into three phases, namely, HO initiation, HO preparation and HO execu-
tion. When HO execution is complete, the AMS is ready to perform Network reentry procedures at target
ABS. In addition, HO cancellation procedure is defined for AMS to cancel the HO procedure.

AMS S-ABS T-ABS
I T
1 HOREQ __ __ |
ABS | HO-RSP |
Initiated HO ¢ ----—-—"=——-—"—-—----
ap AAI_HO-CMD '
we-———————— 1 - - _ __ _u
or m-— —— - — —— | — —— — — — — -1
| AAI_HO-REQ R |
AvS | o HOREQ _ _ _ _ ]
Initiated HO - HO-RSP |
! AAl_HO-CMD !
e __ _ - _ _ U
fo o - SAHOIND. __
[ 1
' Data communication with ' Network reentry
| s-ABS during network reentry to T-ABS
| |
L _'fHOReentrymode=1 | HO-COMPLT _ __ _ |
Data path established

Figure 410—Generic HO Procedure
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16.2.6.3.2 HO decision and initiation

Either the AMS or the serving ABS may initiate handover. If the serving ABS defines trigger conditions for
initiating handover, the AMS shall initiate a handover when one or more of the trigger conditions is met.

When HO is initiated by AMS, an AAI HO-REQ message is sent by the AMS to start the HO procedure. In
case of ABS initiated HO, HO preparation is performed before HO initiation, and an AAI HO-CMD mes-
sage is sent by the ABS to initiate the HO procedure. For ABS-initiated HO, an ABS shall set Polling bit to
1 in MCEH of the AAI HO-CMD message. Upon receiving AAI HO-CMD message the AMS shall
acknowledge it according to the procedure defined in 16.2.21, so that the ABS confirms whether the AMS
receives the AAI HO-CMD message correctly or not.

During handover initiation, the serving ABS may indicate whether the AMS can maintain communication
with the serving ABS while performing network reentry with the target ABS by setting the
HO_Reentry Mode in AAI HO-CMD to 1. If the AMS is not expected to maintain communication with the
serving ABS while performing network reentry in the target ABS, the HO Reentry Mode is set to 0.

The AMS shall not perform HO to a cell with Cell Bar bit=1 in its S-SFH. The “Cell Bar” bit, when set, indi-
cates that an AMS should not perform network entry or re-entry to this cell.

16.2.6.3.3 HO Preparation

During HO preparation phase, the serving ABS communicates with target ABS(s) selected for HO. The
AAI-HO_CMD message should not include an ABS with cell bar information =1. A Femto ABS shall fol-
low the handover procedure described in section 16.4.8. The target ABS may obtain AMS information from
the serving ABS via backbone network for HO optimization.

During HO preparation phase, the target ABS may allocate a dedicated ranging code and dedicated ranging
opportunity to the AMS via the serving ABS through the AAI HO-CMD message, indicated by both
Dedicated Ranging Code Flag and Dedicated Ranging Opportunity Flag. The dedicated code and oppor-
tunity is assigned to the AMS until the Ranging Initiation Deadline. The AMS may reuse the pre-assigned
dedicate ranging code and opportunity during network re-entry. If the AMS fails to perform ranging before
expiration of Ranging Initiation Deadline it shall stop using the dedicated code and opportunity but ran-
domly pick a ranging code if further ranging is necessary. The target ABS shall select the dedicated ranging
code from the group of codes which are allocated for dedicated handover ranging purpose.

Information regarding AMS identity (e.g.STID) and security context should be pre-updated during HO prep-
aration. Any mismatched system information between AMS and the target ABS, if detected, may be pro-
vided to the AMS by the Serving ABS during HO preparation. If pre-allocated at target ABS, the serving
ABS shall include an STID to be used at target ABS in the AAI HO-CMD message. The pre-allocated
STID shall be used in the target ABS by the AMS to communicate with the target ABS. The FIDs which are
used to distinguish different connections are not updated during the handover procedure. If the network
decides that certain service flow will not exist at the target ABS, this shall also be indicated in the AAI HO-
CMD message.

IfHO Reentry Mode is set to 1, the serving ABS shall negotiate with the target ABS the EBB HO parame-
ters. In the single carrier handover case, the EBB HO parameters include HO Reentry Interleaving Interval
and HO_ Reentry Iteration for the AMS to communicate with the serving ABS during network reentry. In
the multicarrier handover case, the EBB_HO parameters include the carrier information in the target ABS
for the AMS performing network reentry while continuing communication with the serving ABS concur-
rently.

When only one target ABS is included in the AAI_ HO-CMD message, the HO preparation phase completes
when serving ABS informs the AMS of its handover decision via an AAl HO-CMD message. When multi-
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ple target ABSs are included in the AAI HO-CMD message, the HO preparation phase completes when the
AMS informs the ABS of its target ABS selection via an AAI HO-IND message with HO Event code 0b00.
The AAI_HO-CMD message shall include Action Time of each target ABS for the AMS to start network
reentry. The AAI HO-CMD message shall also include a Disconnect Time Offset for each AMS to calcu-
late disconnect time for each candidate target ABS which is the time instant when the data communication
with the Serving ABS will be terminated. When HO_Reentry Mode is set to 0, the Disconnect Time will be
(Action time - Disconnect Time Offset). For HO_Reentry Mode=1, Disconnect time will be
(Action time + Disconnect Time Offset).

The AAI_ HO-CMD message indicates if the static and/or dynamic context and its components of the AMS
are available at the target ABS.

All on-going DSx transaction during HO shall be cancelled, and shall be re-started after HO completion.
After an ABS receives the AAI HO-REQ message from an AMS, the ABS shall not send any DSx message
to the AMS until HO completion. After an ABS sends the AAI HO-CMD message to an AMS, the ABS
shall not send any DSx message to the AMS until HO completion.

16.2.6.3.4 HO Execution

HO execution starts with AAI HO-CMD message and ends at AMS's beginning to perform network reentry
at Action Time. If HO_Reentry Mode is set to 0, The serving ABS stops sending DL data and providing UL
allocations to the AMS after the disconnect time derived from Action Time and Disconnect Time Offset
included in the AAI HO-CMD message or upon receiving AAI HO-IND with HO Event Code 0bl10,
whichever occurs first. [f HO_Reentry Mode is set to 1, the serving ABS stops sending DL data and provid-
ing UL allocations to the AMS after the disconnect time, upon receiving AAI HO-IND with HO Event
Code 0b10 or after receiving HO completion confirmation from target ABS, whichever occurs first.

If HO_Reentry Mode is set to 0, at the Disconnect Time, the serving ABS shall start the Resource Retain
Timer counting down from value Resource Retain_Time provided by ABS in AAI REG-RSP or AAI HO-
CMD messages.

The default Resource Retain Time indicated in AAI REG-RSP is used unless AAI HO-CMD provides
Resource Retain_Time. If AAI HO-CMD includes Resource Retain Time, the value included in
AAI HO-CMD shall be used instead of the value included in AAI REG-RSP. The serving ABS shall retain
the context of the AMS including connections, states of MAC state machine, and untransmitted/unacknowl-
edged data associated with the AMS for service continuation until the expiration of the
Resource Retain Time.

If the AAI_HO-CMD message includes only one target ABS, the AMS shall execute the HO as directed by
the ABS, unless, during HO execution or network reentry, the AMS finds that the target ABS is unreachable.
The serving ABS defines conditions based on which the AMS decides if it is unable to maintain communica-
tion with the serving ABS. If the AMS decides, based on these conditions, that it cannot maintain communi-
cation with the serving ABS until the expiration of Disconnect Time, the AMS may send an AAI HO-IND
message with HO Event Code 0b10 to the serving ABS. If the AAI HO-CMD message includes more than
one target ABSs, the AMS shall select one of these targets and inform the S-ABS of its selection by sending
an AAI_HO-IND message with HO Event Code 0b00 to the S-ABS before the expiration of Disconnect
Time.

The serving ABS defines conditions based on which the AMS decides when a target ABS among those that
are included in the AAI HO-CMD message is unreachable. These conditions are defined as triggers with
action code 0x4, as specified in section 16.2.6.2.

If the AAI_ HO-CMD message includes no target ABS, or if all the target ABSs that are included in the
AAI HO-CMD message are unreachable as defined above, the AMS shall inform the serving ABS of it's
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preferred target ABS by sending the AAI HO-IND message with HO Event Code 0b01 before expiration of
Disconnect Time. If a serving ABS receives the AAI HO-IND message with HO Event Code 0b01, it shall
respond to the AMS by sending AAI HO-CMD with a target ABS which may include the target ABS pro-
posed by the AMS in the AAI_ HO-IND message. The AMS shall wait until receiving the AAI HO-CMD
message before expiration of Disconnect Time unless the AMS cannot maintain communication with the
serving ABS as defined above. If the AMS has no preferred target ABS, it may perform HO cancellation as
described in section 16.2.6.3.6. If the AAI HO-CMD message includes no target ABS, or all the target
ABSs that are included in the AAI HO-CMD message are unreachable, the Disconnect Time defines the
deadline by which the AMS shall respond by sending AAI_HO-IND to the serving ABS.

An AMS may request bandwidth for the residual data in the buffer before the Disconnect Time. The serving
ABS may send information about any unallocated requested bandwidth to the target ABS over the backhaul
so that the target ABS may allocate uplink resource immediately after receiving the dedicated ranging code
from the AMS or after Action Time if CDMA ranging is omitted.

16.2.6.3.5 Network Reentry

16.2.6.3.5.1 CDMA-based HO Ranging Procedure

The serving ABS indicates in the AAI HO-CMD how CDMA HO ranging shall be performed by AMS dur-
ing network reentry, as shown in Figure 411.
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Figure 411—MS State machine during HO network reentry

If the serving ABS indicates in AAI HO-CMD that CDMA-based HO ranging is not omitted by setting
CDMA_RNG _FLAG=I and a dedicated ranging code/opportunity is assigned to the AMS by target ABS,
the AMS shall transmits the dedicated ranging code to the target ABS during network reentry. A serving
ABS may schedule a ranging channel for handover purpose only if Ranging channel allocation periodicity in
S-SFH SP1 is not set to 0 (i.e., every frame). If a ranging channel is scheduled by the target ABS for han-
dover purpose only, the serving ABS shall also inform the AMS about the resource allocation of the ranging
channel, and the ranging opportunity index where the ranging opportunity is located via the AAIl HO-CMD
message. In such case, the AMS should use that ranging channel in order to avoid excessive multiple access
interference. Upon reception of the dedicated ranging code and if ranging is successful, the target ABS shall
allocate uplink resources for AMS to send AAI_RNG-REQ message and/or UL data. If the target ABS does
not receive the dedicated ranging code within Ranging Initiation_Deadline Timer, the target ABS shall dis-
card the pre-assigned STID of the AMS.
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If CDMA-based HO ranging is not omitted and if an AMS does not have a dedicated ranging code or a ded-
icated ranging opportunity at the target ABS, the AMS shall transmit a random handover ranging code at the
earliest available ranging opportunity.

If the serving ABS determines that the AMS will be sufficiently synchronized with the target ABS and indi-
cates in AAI HO-CMD that CDMA based ranging can be skipped while performing network entry at the
target ABS by setting CDMA_RNG_FLAG=0, the AMS shall apply the independently calculated adjust-
ments when starting network entry at the target ABS by comparing A-Preamble signal timing measurements
of the target ABS to serving ABS measurements. If the 'CDMA_RNG_FLAG' is set to 0, the target ABS
shall allocate the UL resource for AAI RNG-REQ after the Action Time. The Ranging_Initiation Deadline
- Action Time provides a bounded interval during which the MS may expect UL resource allocation for
AAI RNG-REQ.

Regardless of whether CDMA ranging is omitted or not, the serving ABS may send AAI RNG-ACK mes-
sage with timing/power adjustment parameters for which the MS shall apply for subsequent uplink transmis-
sions. The serving ABS may also send AAI RNG-ACK message with ranging status "continue" so that the
AMS shall perform CDMA ranging with randomly selected HO ranging code in the next earliest ranging
opportunity to adjust its uplink transmission timing/power properly. The ABS may dynamically allocate
additonal ranging opportunities for the purpose of CDMA HO ranging.

16.2.6.3.5.2 Network Reentry Procedure

The network reentry procedure with the target ABS may be optimized by target ABS possession of AMS
information obtained from serving ABS over the backbone network.

At the Action Time specified in the AAT HO-CMD message, the AMS performs network reentry at the tar-
get ABS.

If HO_Reentry Mode is set to 1, the AMS performs network reentry with the target ABS at Action Time
while continuously communicating with the serving ABS. However, the AMS stops communication with
serving ABS after network reentry at target ABS is completed. In addition, AMS does not exchange data
with target ABS prior to completion of network reentry. If HO_Reentry Interleaving Interval > 0, the AMS
communicates with the serving ABS during HO Reenry Interleaving Interval, and with the target ABS
using the remaining communication opportunity. If HO Reentry Interleaving Interval = 0, AMS performs
Multi-carrier EBB HO reentry procedure per 16.2.8.2.9.2. Upon completion of network reentry, the target
ABS informs the serving ABS to stop allocating resources to the AMS and release AMS context.

The network reentry procedure is depicted in Figure 412 (HO_ Reentry Mode = 0) and Figure 413
(HO_Reentry Mode = 1) respectively. This procedure corresponds to the block arrow entitled "Network
reentry" in Figure 410 and is described in detail in the following.
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dotted lines are transmitted only in certain HO scenarios. The dashed line (optional)
AAI RNG-ACK carries time adjustment parameters, etc.

Figure 412—Network reentry procedure with HO_Reentry_Mode set to 0
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Messages depicted with dotted lines are transmitted only in certain HO scenarios.
The dashed line (optional) AAI RNG-ACK carries time adjustment parameters, etc.

Figure 413—Network reentry procedure with HO_Reentry_Mode set to 1

During network reentry, the AMS is required to initiate the AAI RNG-REQ/RSP message transaction by
sending an AAI_ RNG-REQ message before the deadline specified by the "Ranging Initiation Deadline"
attribute included in AAI HO-CMD message during handover preparation. The time is measured from the
time the AAI HO-CMD message is transmitted. If the target ABS does not receive an AAI RNG-REQ
message from the AMS within the deadline defined by the "HO Ranging Initiation Deadline" attribute, the
target ABS considers the HO as failed and stops allocating bandwidth to the AMS. It is recommended that
the ABS allows time equal to T3 timer (Table 553) before it reuses the STID that was allocated to the AMS.
The AMS considers the HO as failed if it does not transmit AAI RNG-REQ message before the deadline. If
the AMS transmits AAI_ RNG-REQ within the deadline, it may still consider the HO as failed if it does not
receive an AAI RNG-RSP within T3 after the last transmission or retransmission of AAI RNG-REQ that
was performed within the deadline. When the AMS considers the HO as failed, it invalidates the pre-allo-
cated STID. In all cases, even when the AAI RNG-REQ/RSP message transaction is initiated before the
deadline, the HO is considered failed if the AAI RNG-REQ/RSP procedure fails.

If data packets are exchanged between AMS and target ABS before the AAI RNG-REQ/RSP transaction is
completed, the recipient (AMS or target ABS) should store the received data packets and not release them to
the upper layers until the sender is authenticated. If the data packets belong to a service flow associated with
an SA that supports data authentication (as indicated by the data authentication algorithm identifier in the
cryptographic suite of the SA) the receiver can authenticate the sender by verifying that the ciphertext
authentication code included in each data packet was produced with the TEK associated with this SA. If the
data packets belong to a service flow associated with an SA that does not support data authentication the
receiver can authenticate the sender when the AAI RNG-REQ/RSP transaction completes successfully. In
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all cases, if the sender is authenticated, the decrypted data packets are released to the upper layer in the
recipient, and if the sender is not authenticated the data packets are discarded.

If data packets are exchanged between AMS and target ABS before the AAI RNG-REQ/RSP transaction is
completed, the sender (AMS or target ABS) should store the sent data packets and not discard them before
the receiver is authenticated. If a service flow from the receiver exists and that service flow is associated
with the primary SA that supports data authentication, the sender can authenticate the receiver by verifying
that the ICV of the data packet received was generated using the TEK associated with the primary SA. Alter-
natively, the sender can authenticate the other side (the receiver) when the AAI RNG-REQ/RSP transaction
completes successfully. In all cases, if the sender fails to authenticate the other side, then it shall consider all
sent packets as never transmitted and retransmit them to a new ABS or AMS when a new connection is
established; If the sender successfully authenticates the other side, the sender shall discard the packets that
were sent and stored.

The AAI RNG-REQ/RSP transaction for HO is shown in Figure 413. The AMS shall initiate the
AAI RNG_REQ/RSP transaction by transmitting an AAI RNG-REQ message to the target ABS before the
deadline specified by the "Ranging Initiation Deadline" attribute included in AAI HO-CMD message dur-
ing handover preparation. The AAI RNG-REQ message shall include STID, AK COUNT and a CMAC
tuple, but not include AMS MAC address or previous serving ABSID. When ABS receives the AAI RNG-
REQ message including a valid CMAC tuple, the ABS shall respond to the AAI RNG-REQ message by
transmitting encrypted AAI RNG-RSP message. The AAI RNG-RSP message shall be addressed to the
AMS's STID.

After AMS finish network reentry with the target ABS, the target ABS becomes the serving ABS of the
AMS.

In the case of an uncoordinated handover, the AAI RNG-REQ message shall include the former serving
BSID and previously used STID if the resource retain timer is not expired. When ABS receives the
AAI RNG-REQ message including a valid CMAC tuple, the ABS shall respond to the AAI RNG-REQ
message by transmitting encrypted AAl_RNG-RSP message including a STID for the AMS.

16.2.6.3.6 HO cancellation

After HO is initiated, the handover could be canceled by AMS at any phase during HO procedure. The HO
cancellation is initiated before the expiration of the Resource_Retain_Time. An AMS requests HO cancella-
tion to the serving ABS by sending the AAI HO-IND with HO Event Code 0b11 (HO cancel) with its cur-
rent CMAC KEY COUNT after Disconnect Time. The serving ABS shall explicitly acknowledge to the HO
cancellation message upon receiving it through the AAI MSG-ACK message. The AAI MSG-ACK mes-
sage is triggered by setting Polling bit to 1 in MCEH of the AAI_HO-IND message. After the HO cancella-
tion is processed, the AMS and serving ABS resume their normal operation.

The network can advertise HO cancellation trigger conditions. When one or more of these trigger conditions
are met the AMS cancels the HO.

16.2.6.3.7 Drops during HO

A drop during Handover is defined as the situation where an AMS experiences coverage loss with its serving
ABS (either in the DL or in the UL) before the normal HO procedures with the serving ABS has been com-
pleted or where an AMS experiences coverage loss with target ABS before the network reentry procedure
with the target ABS has been completed.

An AMS can detect a drop by FFS. An ABS can detect a drop by FFS.
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When the AMS has detected a drop during network reentry with a target ABS, it may attempt network reen-
try with its preferred target ABS as through Cell Reselection, which may include resuming communication
with the serving BS by sending AAI HO-IND message with HO Event Code = Ob11 (HO cancel) or per-
forming network reentry at the serving BS.

The network reentry process at the serving ABS is identical to the network reentry process at any other tar-
get ABS, both for the serving ABS and for the AMS. If the serving ABS has discarded the AMS context, the
network reentry procedure shall be the same as full network reentry.

16.2.6.4 Handover between WirelessMAN-OFDMA Advanced and Reference Systems
16.2.6.4.1 Handover from WirelessMAN-OFDMA Reference to Advanced System
16.2.6.4.1.1 Network Topology Acquisition

16.2.6.4.1.1.1 Network Topology Advertisement

A WirelessMAN-OFDMA BS shall broadcast the system information of the LZone of its neighboring ABS
using MOB_NBR-ADV message. This system information is used to facilitate AMS and WirelessMAN-
OFDMA MS synchronization with the LZone of neighboring ABS without the need to monitor transmission
from the neighboring ABS for DCD/UCD broadcasts.

The support of WirelessMAN-OFDMA advanced system in the neighbor ABS is indicated in the MAC ver-
sion TLV in the MOB_NBR-ADV message transmitted in either the WirelessMAN-OFDMA BS or the
LZone of the ABS.

An ABS uses one reserved bit in FCH to indicate the presence of its MZone, as defined in 16.10.1.1.

The MAC version may be used for AMS to distinguish between WirelessMAN-OFDMA Reference System
and WirelessMAN-OFDMA Advanced co-existing System. A MAC version of 10 indicates an ABS of
WirelessMAN-OFDMA Reference/Advanced co-existing system.

The AMS may acquire full system information by scanning of target WirelessMAN-OFDMA Advanced
only System.

16.2.6.4.1.1.2 AMS Scanning
The AMS shall follow the same scanning procedure as defined in section 6.3.21.1.2.

In addition, an AMS may use the scanning interval to perform a scanning for the MZone of a neighboring
WirelessMAN-OFDMA Advanced/WirelessMAN OFDMA Reference co-existence System.

16.2.6.4.1.2 Handover Procedure

An AMS performs handover from a WirelessMAN-OFDMA BS to an ABS either by using zone switching
based handover process or direct handover process. The detailed procedures for zone switch based handover
and direct handover are described in 16.2.6.4.1.2.1 and 16.2.6.4.1.2.2 respectively. The zone switching
based handover is applicable to the ABS supporting WirelessMAN-OFDMA Reference System/Wireless-
MAN-OFDMA Advanced co-existing System. The direct handover based handover is applicable to the ABS
which only supports WirelessMAN-OFDMA Advanced System. An ABS may also decide to keep an AMS
in the LZone of a WirelessMAN-OFDMA Reference System/WirelessMAN-OFDMA Advanced co-exist-
ing System.
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16.2.6.4.1.2.1 Zone Switch based Handover Procedure

The zone switch based HO begins with a decision for an AMS to HO from the serving WirelessMAN-
OFDMA BS to the LZone of a target ABS. The HO decision, initiation and cancellation follow the same
procedures as defined in section 6.3.21.2. Zone Switch is initiated either by AMS or ABS while the final
decision shall be made by ABS. In case of an AMS initiated zone switch, the AMS transmits an RNG-REQ
message with the 'Ranging purpose indicator' bit #5 set to 1, which implies the zone switch request. Upon
reception of such RNG-REQ message, the ABS sends a RNG-RSP message including the zone switch TLV.

The AMS performs network reentry in the LZone of the target ABS following the same procedures as
defined in section 6.3.21.2.7. In addition, upon knowing the AMS capability of supporting WirelessMAN-
OFDMA Advanced System based on the MAC version obtained either from the RNG-REQ sent from AMS
in the LZone or from the serving ABS over the backbone, the ABS may direct the AMS to switch from
LZone to MZone during or after AMS network reentry to the LZone.

In case zone switch from Lzone to Mzone during network reentry is required, during an AMS performing
network reentry in LZone, the ABS directs the AMS to stop the LZone network reentry and switch from
LZone to MZone immediately by transmitting the RNG-RSP message containing Zone Switch TLV, as
shown in Figure 414.

AVIS Serving Target ABS
YBS LZone | MZone
MOB_MSHO-REQ R
P MOB_BSHO-RSP
| ___ _MOBHO-IND ___
(Target BSID)
RNG{REQ

A4

RNG-RSP (with Zone switch TLV)

DA Synchronizatior) with MZone _ _ _ _ _ _ _ L
AAI_RNG-RE
_ Q >
AAl_RNG-RSP

Data path established >

VAN

The T-ABS instructs the AMS to switch zones through RNG-RSP with Zone switch TLV

before completion of network reentry at LZone.
Figure 414—Handover procedure from YBS to ABS
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If the ABS decides to switch the AMS to MZone after AMS finishes the network reentry in the LZone, it
sends an unsolicited RNG-RSP with Zone Switch TLV in LZone, as shown in Figure 415—.

AMS Serving Target ABS
WirelessMAN-OFDMA BS| LZone MZone
MOB_MSHO-RE
_____ 0B MSHOREQ _ _ |
P MOB_BSHO-RSP
| ___ _MOBHOIND
(Target BSID)
RNG-REQ |
RNG-RSP
< Data path established
RNGiREQ

B _(Rz;gin_g P_urpo_semdic_aticm = yone svTitchreq_uesT (b@4)_)’

RNG-RSP (with Zone switch TLV)

A

€ - —— = Synchronization with MZone

AAI_RNG-REQ
(Ranging Purpose Indication = network reentry (bit#0))

AAI_RNG-RSP

< Data path established >

The T-ABS instructs the AMS to switch zones after completion of network reentry at Lzone.

Figure 415—Handover procedure from WirelessMAN-OFDMA BS to ABS

The Zone Switch parameters shall include the followings and are coded as TLV tuples as defined in
16.10.2.1:

MZone A-Preamble index.
Time offset between LZone and MZone

Action Time: Action time of zone switch from LZone to MZone. AMS performs zone switch at Action
Time. If HO_Reentry Mode=0, ABS stops all resource allocation for the AMS at LZone.

Zone Switch Mode: If set to 1, the AMS maintains its data communication with the ABS in LZone
while performing network reentry in MZone; otherwise it breaks data communication in LZone before
performing network reentry in MZone.

NONCE_ ABS: It is used to derive a new PMK to be used in Mzone.

The Zone Switch TLV may also include the following:

Temporary STID for being used in MZone
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— Ranging initiation deadline: Valid time for Temporary STID. Shall be included if Temporary STID
is included.

After receiving zone switch command through RNG-RSP in LZone, the AMS performs network reentry in
MZone by performing DL synchronization with the MZone and listening to the ABS's SFH to acquire the
system information of the MZone. The AMS maintains its normal operation in LZone (e.g., exchanging user
data with the ABS in LZone) while performing network reentry in MZone if data path in LZone has been
established before the start of zone switch operation and Zone Switch Mode is set to 1 in the Zone Switch
TLV.

The AMS shall append CMAC tuple to the AAI RNG-REQ message if the security context is available for
the MZone. The ABS then responds with the AAI RNG-RSP message. If the CMAC tuple in the
AAI RNG-REQ message is valid, the ABS shall respond to the AMS with the encrypted AAI RNG-RSP
message. If the CMAC in the AAT RNG-REQ message is invalid or not included, the ABS shall trigger the
AMS to initiate network entry procedure.

The AMS shall request UL bandwidth to send the AAI RNG-REQ by using the pre-assigned STID if it is
provided while in LZone. Upon reception of such BR, the ABS provides a UL grant for AMS to send
AAI RNG-REQ message. After receiving the AAI RNG-REQ the target ABS responds with the
AAI RNG-RSP message.

The AMS shall also perform capability negotiation during network reentry in MZone through the exchange
of AAI SBC-REQ/RSP message and AAI_REG-REQ/RSP message. AMS context mapping from LZone to
MZone is performed by the ABS per section 16.2.6.4.2.3.

16.2.6.4.1.2.2 Direct Handover Procedure

An AMS served by a WirelessMAN-OFDMA BS may discover an AAI only ABS and decide to directly HO
to this ABS. The AMS may obtain target AAI only ABS information by blind scanning. In this case, the
AMS performs network reentry procedure to the target ABS per section 16.2.6.3.5.2. To indicate a Direct
HO, the Ranging_Purpose Indicator is set to 'Direct HO' in the AAI RNG-REQ message. Also, the AMS's
CMAC tuple used in the previous WirelessMAN OFDMA Reference System shall be included in the
AAI RNG-REQ message to allow the target ABS retrieve AMS's context and authenticate the AMS. If the
target ABS has no capability of authenticating an AMS by its CAMC tuple used at a WirelessMAN
OFDMA Reference System, ABS shall indicate the AMS to perform initial network entry by appropriately
setting the HO process optimization flags in the AAI RNG-RSP message. Otherwise, the AMS shall per-
form network reentry procedure as described in Figure 416—.
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AMS Serving BS (Legacy only) Target ABS (16m only)

Data path

AAI_RNG-REQ (16e CMAC tuple,
Ranging Purpose Indjcator="Direct HO’)

<
Retrieve AMS’s context
(e.g., security context)

€ - - CESTTYOTEL >

< AAI_RNG-RSP (HO Prgcess Optimization)
Key agreement
< >
Remaining Network Entry Procedure

< (e.g., capability negptiation, registration)

< Data path established

Figure 416—Direct HO procedure from WirelessMAN-OFDMA Refer-
ence System to a WirelessMAN-OFDMA Advanced Only System

16.2.6.4.1.3 Context Mapping

With zone switch based handover, the context management process from serving WirelessMAN-OFDMA
BS to the LZone of target ABS follows section 6.3.21.2.8.1. The following section describes the context
mapping from the LZone to the MZone of the target ABS during network reentry procedure in the MZone in
the case of zone switch based handover.

16.2.6.4.1.3.1 MAC Identifiers

The FIDs for the control connections are set to xxx automatically. The FIDs for the transport connections are
sequentially derived starting from yyy for all of the transport CIDs used in LZone. The AMS autonomously
updates its Flow IDs in the ascending order from the first transport Connection ID.

16.2.6.4.2 Handover from Advanced WirelessMAN-OFDMA System to WirelessMAN-OFDMA
Reference System

Handover of an AMS/WirelessMAN-OFDMA MS from LZone of an ABS to LZone of neighboring ABS or
a WirelessMAN-OFDMA BS follows the same HO procedure defined in section 6.3.21.2. The following
section only defines the handover procedure for an AMS from MZone of the serving ABS to a target Wire-
lessMAN-OFDMA BS.
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16.2.6.4.2.1 Network Topology Acquisition
16.2.6.4.2.1.1 Network Topology Advertisement

In the WirelessMAN-OFDMA Reference System/WirelessMAN-OFDMA Advanced co-existing System,
an ABS shall broadcast the system information of its neighboring WirelessMAN-OFDMA BS and LZone of
ABS in its LZone using MOB_NBR-ADYV message, and an ABS shall broadcast the existence of its neigh-
boring WirelessMAN-OFDMA BS and LZone of ABS in its MZone using AAl NBR-ADV. An AMS by
reading the indication of existence of neighbor WirelessMAN-OFDMA BS or LZone of ABS in AAI_ NBR-
ADV, always obtains the neighbor WirelessMAN-OFDMA BS information from the MOB_NBR-ADV
message transmitted in its serving ABS LZone.

16.2.6.4.2.1.2 AMS Scanning

The scanning procedure for an WirelessMAN-OFDMA MS/AMS served in LZone of an ABS follow the
procedure as defined in section 6.3.21.1.2. The scanning procedure for an AMS served in MZone of an ABS
follows the procedure defined in section <<15.2.5.1.2>>.

16.2.6.4.2.2 Handover Procedure

The handover procedure for WirelessMAN-OFDMA MS/AMS served in LZone of an ABS shall follow the
procedure defined in section 6.3.21.2. This section specifies the handover process for an AMS served in
MZone of the serving ABS to a target WirelessMAN-OFDMA BS.

An AMS uses information acquired from an AAI NBR-ADV message for cell reselection. The serving ABS
may schedule scanning intervals for AMS to conduct cell reselection activity. The cell reselection procedure
follows the same procedure defined in section 6.3.21.2.1.

The AMS or the ABS initiates and executes the handover using AAI HO-REQ or AAI_ HO-CMD per sec-
tion 16.2.6 (intra-16m HO), if the selected target ABS is a WirelessMAN-OFDMA BS. The ABS may allo-
cate Basic CID to the AMS to be used in target WirelessMAN-OFDMA BS through the AAI-HO-CMD
message. Based on the Basis CID, the AMS can derive its primary management CID and transport CIDs
autonomously in the target WirelessMAN-OFDMA BS as defined in section 6.3.21.2. If the AMS informa-
tion is required to be transferred to the target ABS for handover optimization, the serving ABS shall map the
AMS context to the format in WirelessMAN-OFDMA Reference System per section <<15.2.5.3.2.2.4>>,
and provide it to the target WirelessMAN-OFDMA BS over the backbone. In addition, the serving ABS may
indicate the time of the fast ranging opportunity negotiated with the potential target WirelessMAN-OFDMA
BSs in the AAI HO-CMD message. The AMS and target WirelessMAN-OFDMA BS use fast ranging
opportunity as defined in section 6.3.21.2.4. Handover cancellation procedure is performed per section
<<15.2.5.2.6>>.

The AMS follows the same network reentry procedure to the target WirelessMAN-OFDMA BS as defined
in section 6.3.21.2.7.

16.2.6.4.2.3 Context Mapping
16.2.6.4.2.3.1 MAC Identifiers

The control connections with Flow ID (0b0000) are mapped to Basic CID and Primary Management CID
respectively. If the Basic CID is allocated to the AMS by the target WirelessMAN-OFDMA BS and pro-
vided to the AMS via the serving ABS using AAI HO-CMD message, the AMS shall derive the Primary
Management CID based on the procedure defined in section 6.3.21.2.11. The connection with Flow ID yy is
mapped to the first transport connection. The AMS derives the first transport CID based on the procedure
defined in section 6.3.21.2, and it autonomously updates its remaining transport CIDs in the ascending order
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from Flow ID IDy,. If the Basic CID is not provided to the AMS via the serving ABS using AAI_ HO-CMD
message, the AMS obtains its basic, primary management and transport CIDs from the target Wireless-
MAN-OFDMA BS at the network re-entry phase as specified in section 6.3.21.2. The Station Identifier is
released after the AMS handover to the target WirelessMAN-OFDMA BS.

16.2.6.4.2.4 Handover from AAIl only ABS to WirelessMAN-OFDMA BS

An AMS served by an AAI only ABS may discover and handover to a WirelessMAN-OFDMA BS. The
existence of neighbor WirelessMAN-OFDMA BS is indicated by the AAI-NBR-ADV message from the
serving AAI only ABS. The AMS scans neighbor WirelessMAN-OFDMA BS based on the indication infor-
mation. After the target WirelessMAN-OFDMA BS is determined, the AMS leaves WirelessMAN-OFDMA
Advance System per Section 16.2.6.3, and starts WirelessMAN-OFDMA System network reentry procedure
to the target BS. Specifically, In the AAI HO-CMD sent in MZone for the HO procedure, HO reentry mode
shall be 0 (unless it is a MC HO) and no dedicated ranging code is assigned for the network reentry in Wire-
lessMAN-OFDMA BS.

The context mapping follows the procedure in 16.2.6.4.2.3.
16.2.6.4.2.5 Zone switch from MZone to LZone

The ABS indicates zone switch of AMSs that currently operate in the MZone for several reasons, such as
load balancing purposes. The AAI HO-CMD message is used to trigger the zone switch from MZone to
LZone when HO Mode=0b01. When the AMS is instructed by the ABS to perform zone switch from MZone
to LZone, the AMS is provided with LZone information in prior, such as CID, security parameters or capa-
bility information via the AAI-HO-CMD message in the MZone. In this case, when HO_Reentry Mode is
set to one, the AMS maintains communication with MZone until the network reentry is finished in the
LZone.

16.2.6.5 Handover between Wireless-OFDMA Advanced System and Other RAT Systems
16.2.6.5.1 Inter-RAT Capability Negotiation

AMS's capabilities for inter-RAT operation can be negotiated with ABS during network entry through
AAI SBC-REQ/RSP

Negotiated Inter-RAT capability is used to decide which other RAT information can be provided, and to
make sure handover procedure will be initiated only with supported other RATs.

AAI-SBC-REQ/RSP may include the following parameters for inter-RAT capability negotiation.
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Table 746—Inter-RAT capability parameters

Name Type Length Value Scope
Inter-RAT Opera- TBD 1 Bit 0: single radio mode operation for inter AAI SBC-REQ
tion Mode RAT handover

Bit 1: multi radio mode operation for inter
RAT handover
Bit 2-7: Reserved, set to zero
Supported Inter- TBD 1 1 indicates support, 0 indicates not support: | AAI SBC-REQ
RAT type bit #0: 802.11 AAI SBC-RSP
bit #1: GERAN(GSM/GPRS/EGPRS)
bit #2: UTRAN

bit #3: E-UTRAN
bit #4: CDMA 2000
bit #5-7: Reserved, set to zero

MIH Capability TBD TBD Indicates the capability of IEEE 802.21 AAI SBC-REQ
Supported Media Independent Handover Services. The | AAI SBC-RSP
detail value is TBD

16.2.6.5.2 Inter-RAT Handover Procedure
16.2.6.5.2.1 Network topology acquisition

WirelessMAN-OFDMA Advanced systems advertise information about other RATs (such as RAT
Type,pre-registration supported, RAN information etc.) to assist the AMS with network discovery and
selection. WirelessMAN-OFDMA Advanced systems provide a mechanism for AMS to obtain information
about other access networks in the vicinity of the AMS from an ABS either by making a query or listening to
a system information broadcast. This mechanism can be used both before and after AMS authentication.
WirelessMAN-OFDMA Advanced system may obtain the other access network information (such as RAT
Type, pre-registration supported, RAN information etc.) from an information server.

The ABSs may also indicate the boundary area of the WirelessMAN-OFDMA Advanced network by adver-
tising a network boundary indication using AAI L2 XFER message. Upon receiving the network boundary
indication and/or measured signal quality from serving ABS is below an inter-RAT scanning threshold, the
AMS may query for RAP (Radio Access Point) information of another RAT and/or perform channel mea-
surement on the other RATs.

The information may be restricted to specific access technologies, based on the AMS's current location and
preferences.

16.2.6.5.2.1.1 Passive Other RAT Discovery

ABS may broadcast information such as the presence of another RAT and/or RAN information of another
RAT. Upon receiving such information, the AMS may obtain the RAP information of other RAT from an
information server, and start scanning process.

The AAI L2 XFER message may include the following:

*  RAT Type: This field specifies air interface technology type.

*  Pre-registration supported: This field indicates whether pre-registration is supported or not for Inter
RAT handover.
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*  PHY Profile ID: The PHY Profile ID contains the information related to scan the corresponding RAP.
The contents of PHY profile ID are TBD.

*  Network boundary indication: This field indicates the whether the ABS which is sending this message
is located in the boundary area of the AAI network or not.

¢  RAN Information: The RAN information specifies information for different radio access networks with
various RATs defined by different standard bodies

*  RAP Information: The RAP information specifies information for different radio access points (such as
carrier frequency, BSID, preamble).

16.2.6.5.2.1.2 Active Other RAT Discovery
16.2.6.5.2.1.2.1 Active Other RAT Discovery with MIHF Support

The AAI entity may send or receive a generic MAC container to or from the peer AAI entity in order to con-
vey MIHF frames carrying the 802.21 MIH protocol messages. When MIH query capability during network
entry is enabled, which is notified with MIH Capability Supported TLV in AAI_SBC-REQ/RSP, PKM mes-
sages may be used to exchange MIH frames for MIH queries. The AMS may submit an MIH query by send-
ing a AAI PKM-REQ message with MIH Initial Request code containing an MIHF frame encapsulating the
query. Upon receiving this message the ABS acknowledges the request by sending an AAT PKM-RSP mes-
sage with MIH Acknowledge code. This message does not contain the response to the MIH query, but con-
tains a Cycle TLV which indicates when the response is expected to be ready for delivery to the AMS. This
message also contains a Query ID, which the AMS may use to correlate the query with the response, and the
delivery method (unicast or broadcast) that the ABS should use. When a unicast delivery method has been
negotiated, then if the ABS is ready to transmit the MIH response, the ABS shall allocate bandwidth for the
AMS in the A-MAP in the MAC frame indicated by the Cycle TLV. Upon receiving this UL allocation, the
AMS shall transmit at least a Bandwidth request PDU. If the AMS has no data to transmit, the BR field of
the Bandwidth request PDU shall be set to 0. The ABS may use the receipt of the Bandwidth request PDU to
assert the continued presence of the AMS. If the AMS does not send at least a Bandwidth Request PDU, the
ABS shall abort the network entry procedure for the AMS, otherwise it shall send an AAI PKM-RSP mes-
sage with MIH Comeback Response code containing the encapsulated MIH response. The MIH Comeback
Response message shall also contain the Query ID previously sent in the MIH Acknowledge message,
which the AMS may use to correlate the MIH response with the MIH query. When a broadcast delivery
method has been negotiated, then if the ABS is ready to transmit the MIH response, the ABS shall transmit
an AAI SII-ADV message containing the MIH response in the MAC frame indicated by the Cycle TLV. If
the ABS is not ready to transmit the MIH response at the time indicated by the Cycle TLV, the AMS and
ABS shall wait for another cycle and repeat the procedures specified in the preceding paragraph. The maxi-
mum number of times the AMS and ABS shall perform those procedures is determined by the MIH max
cycles system parameter.

16.2.6.5.2.1.2.2 Active Other RAT Discovery Using AAIl Scanning

AMS shall initiate other RAT discovery using scanning procedure. The single radio AMS shall negotiate
scanning procedure before scanning commencement. If location information of AMS and other RATS is
available, the AMS may transmit its location information with scanning request message and the network
may respond with recommended RAT information based on the AMS's location information.

16.2.6.5.2.1.2.3 Generic Active Network Discovery and Selection Procedure

During the target RAT selection process, the AMS may communicate with an information repository using
its 16m connection to obtain operator-defined rules and preferences that affect the inter-RAT handoff deci-
sions. The handoff policy may be pre-provisioned in the AMS and may be updated when AMS requests the
information repository for network discovery and selection information. The target RAT discovery and
selection procedure is shown in Figure 417.
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Figure 417—Generic target RAT discovery and selection procedure
The AMS is connected to 16m access network

The AMS learns about the presence of other-RAT(s) in SFH and then obtains the system
parameters and configuration information from the Multi-RAT information MAC control mes-
sage.

The AMS requests inter-RAT handover policy from the information repository.
The information repository provides the updates inter-RAT handover policy to the AMS.
The AMS evaluates target RATs for handover

The AMS requests more information from the information repository. This can be a unicast
information retrieval using MIH messages.

The information repository provides information about target RATs as requested by the AMS.

In the single radio case, the AMS negotiates with the AAI ABS about scan/sleep intervals so
that it can evaluate the link connections at target RATs.

The device turns on the other radios and configures measurement reporting for target RATs.

The device conducts measurements and these reports are sent by the AMS to the 16m ABS for
evaluation.

The AMS in conjunction with ABS and target access conducts the handover procedure.
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16.2.6.5.2.2 Generic inter RAT HO procedure

The WirelessMAN-OFDMA Advanced system may forward handover related messages with other access
technologies such as IEEE 802.11, 3GPP and 3GPP2. The specifics of these handover messages may be
defined elsewhere, e.g., IEEE 802.21.

16.2.6.5.2.2.1 Generic Other RAT MAC container

Generic Other RAT MAC container is used to convey other RAT control messages which are defined in
elsewhere, e.g., 3GPP, 3GPP2.

16.2.6.5.2.2.2 Measurements

While the AMS is attached to the AAI network and is in active mode, the AMS may need to perform radio
measurements on other RATs when directed by the AAI network. The AAI network will provide the AMS
required neighbor cell list information and measurement controls. When needed the AAI ABS will be
responsible for configuring and activating the measurements on the AMS via dedicated signaling message
with appropriately defined IEs.

For single-radio AMSs, measurement gaps are needed to allow the AMS to switch to the other RAT and do
radio measurements. These measurement gaps may be AMS controlled or network-controlled. In case of
network-controlled scenarios the AAI ABS is responsible for configuring the gap pattern and providing it to
the AMS through dedicated signaling. AMSs can send the bandwidth request to the serving ABS to request
to terminate the measurement and resume original DL and UL transmission. Upon receiving the bandwidth
request, ABS could also grant additional UL resources to AMS for make measurement report. AMSs with a
dual receiver can perform measurements on other RATs neighbor cells without tuning away from the AAI
network.

In order to assist the AAT ABS, the AMS shall inform the system of its gap-related capabilities. This capabil-
ity needs to be transferred along with other AMS capabilities. The AMS needs to indicate if it has a dual
receiver. In cases that the measurement gaps are not required, the AAI ABS can configure measurements on
cells of other RATs without the need to configure measurement gaps. No DL gap patterns will be required
for AMSs which are capable of simultaneous reception on the involved frequency bands. No UL gap pat-
terns will be required for AMSs which are capable of simultaneous transmission in one access and conduct-
ing measurements on another access.

16.2.6.5.2.2.2.1 Scanning

When AMS's location information is available, ABS may provide neighbor other RAT information based on
the AMS's location information. The AMS conducts scanning of neighboring target RAT cells for handover
decision. Scanning is triggered by

*  AMS: when serving channel quality on current RAT falls below a certain threshold
*  ABS: the serving ABS may direct AMS to perform scanning via scanning control signaling

16.2.6.5.2.2.2.2 Measurement parameters

The AMS may measure the following parameters when considering handover to IEEE 802.11:
*  RSSI: received Signal Strength Indicator

The AMS may measure the following parameters when considering handover to 3GPP/3GPP2 RATs:
*  RSSI: received Signal Strength Indicator
*  RSRP: Reference Signal Received Power
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16.2.6.5.2.2.2.3 Measurement Reporting

After completion of scanning, AMS may report scanning results to a serving ABS via AAI SCN-REP.
16.2.6.5.2.3 Enhanced inter-RAT HO procedure

16.2.6.5.2.3.1 Dual Transmitter/Dual Receiver Support

An AMS with dual radio support may connect to both an ABS and a PoA (Point of Attachment) operating on
other RAT simultaneously during handover. The second RF is enabled when inter RAT handover is initi-
ated. The network entry and connection setup process with the target PoA are all conducted over the second-
ary radio interface. The connection with the serving ABS is kept alive until handover completes.

In this mode a dual radio device may receive and transmit simultaneously on both the radios. Since both
radios may be active simultaneously, these types of devices may connect to target network to prepare
resources while maintaining the connection with source network during handover.

16.2.6.5.2.3.2 Single Transmitter/Single Receiver Support

An AMS with a single RF may connect to only one RAT at a time. Once target RAT preparation is com-
pleted the AMS may switch from source RF to target RF and complete network entry in target RAT. Only
one RF is active at any time during the handover

In this mode a single radio device can receive and transmit on one radio at a time. Since only one radio may
be active at any given time, these types of devices use the serving radio and connection with serving network
to prepare the target network for handover. Control signaling messages for the target RAT are exchanged
between the single radio device and the target RAT, by encapsulating the target RAT signaling messages in
a serving 802.16m MAC container.

\ \
/
\ . . \
// - HO Function Dlscovery; \ AAl
, \ \ ABS Target
AMS | I Authentication o | ] Network
o " WIMAX | 4—
| | g Context Transfer s |
\
/ /
Handover command
N Sl >

Figure 418—Control Signaling through MAC Container
16.2.6.5.2.3.2.1 Handover Execution & Completion

Once an AMS decides to perform other RAT handover, the AMS requests other RAT handover from the
serving ABS. Upon receiving handover response from the ABS, the AMS switches its radio over to the tar-
get RAT and turns off the serving 16m radio.

16.2.7 Persistent Scheduling in the Advanced Air Interface
Persistent allocation is a technique used to reduce assignment overhead for connections with periodic traffic

pattern and with relatively fixed payload size. To allocate resources persistently to a single connection, the
ABS shall transmit the DL Persistent Allocation A-MAP IE for DL allocations and the UL Persistent Allo-
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cation A-MAP IE for UL allocations. The configuration parameters of the persistently allocated resource
shall be maintained by the ABS and AMS until the persistent assignment is de-allocated, changed, or an
error event occurs. Persistent scheduling does not include special arrangements for HARQ retransmission of
data initially transmitted using persistently allocated resources. Resources for retransmissions can be allo-
cated one at a time as needed using a DL Basic Assignment A-MAP IE or a UL Basic Assignment A-MAP
IE.

16.2.7.1 Allocation Mechanism

For persistent allocation in the DL/UL, the ABS shall transmit the DL/UL Persistent Allocation A-MAP IE.
Allocation of the persistently assigned resource begins in the DL/UL AAI subframe that is referenced by the
DL/UL Persistent Allocation A-MAP IE and repeats after an allocation period that is specified in the DL/UL
Persistent Allocation A-MAP IE. The configuration parameters of the persistently allocated resource are
maintained as per the DL/UL Persistent Allocation A-MAP IE. The values of ACID and N_ACID config-
ured in the DL/UL Persistent Allocation A-MAP IE are used together to specify an implicit cycling of
HARQ channel identifiers. At the initial transmission with the DL/UL Persistent Allocation A-MAP IE, the
ACID of the HARQ burst is set to the value specified in the nitial ACID field of the DL/UL Persistent
Allocation A-MAP IE. From the next new transmission, the ACID of the HARQ burst is incremented by 1,
and cycled within the range of [Initial ACID, Mod (Initial ACID + N _ACID-1, 16)], where the
Initial ACID is the starting ACID value at the initial transmission. If the retransmission process for the pre-
vious HARQ burst is not completed before a new HARQ burst with the same ACID is transmitted, the
retransmission process for the previous HARQ burst is terminated and the new HARQ burst overrides it.

In order to facilitate link adaptation and avoid resource holes, the configuration parameters of a persistently
allocated resource can be changed. To change a persistent assignment, the ABS shall transmit the DL Persis-
tent Allocation A-MAP IE for DL reallocation and the UL Persistent Allocation A-MAP IE for UL realloca-
tion respectively. If an AMS has an existing persistent allocation in a particular AAI subframe and receives
a new persistent allocation in the same AAI subframe, the new persistent allocation replaces the original
allocation (i.e., the original persistent allocation is de-allocated).

When the ABS sends a Persistent Allocation A-MAP IE to reallocate a persistently assigned resource, a dif-
ferent HARQ feedback channel must be assigned in the Persistent Allocation A-MAP IE used for realloca-
tion. Reception of an ACK in the newly assigned HARQ feedback channel for the persistently assigned
resource with the changed attributes will confirm that the reallocation A-MAP IE was received correctly.

16.2.7.2 Deallocation Mechanism

For de-allocation of persistent allocations in the DL/UL, the ABS shall transmit the DL/UL Persistent Allo-
cation A-MAP IE. When the Allocation Period is set to 0b00 in the DL/UL Persistent Allocation A-MAP IE,
the assigned persistent resource in DL/UL Persistent Allocation A-MAP IE is de-allocated in referenced DL/
UL AAI subframe and the ABS and AMS terminate the persistent allocation.

When the ABS sends a PA A-MAP IE to de-allocate a persistently assigned resource, a different HARQ
feed-back channel must be assigned in the Persistent Allocation A-MAP IE used for de-allocation. Recep-
tion of an ACK in the newly assigned HARQ feedback channel for de-allocating a persistently assigned
resource will confirm that the Persistent Allocation A-MAP IE that signaled the de-allocation was received
correctly.

16.2.7.3 HARQ Retransmissions

Asynchronous HARQ retransmission is used for downlink persistent allocations. The DL Basic Assignment
A-MAP IE shall be transmitted to signal control information for HARQ retransmission. Synchronous
HARQ retransmission is used for uplink persistent allocations. The UL Basic Assignment A-MAP IE may
be transmitted to signal control information for HARQ retransmission.
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16.2.7.4 Error Handling Procedure

For transmissions with HARQ enabled, an ACK is transmitted to acknowledge the successful decoding of a
data burst, or a NACK is transmitted to notify failure in decoding a burst transmitted on the DL/UL. If an
ACK for the data burst identified by the DL Persistent Allocation A-MAP IE is detected in the assigned
HARQ Feedback channel, the ABS assumes that the DL Persistent Allocation A-MAP IE is correctly
received by AMS. If the initial data burst identified by the UL Persistent Allocation A-MAP IE is success-
fully decoded, the ABS assumes that the UL Persistent Allocation A-MAP IE is correctly received.

When NULL detection is used, in the absence of an ACK or a NACK in the HARQ feedback channel
assigned in the DL Persistent Allocation A-MAP IE for the data burst, the ABS assumes that the AMS has
not received the DL Persistent Allocation A-MAP IE and the same DL Persistent Allocation A-MAP IE may
be transmitted again.

In the case of de-allocation of persistent allocations in the DL/UL, the ABS shall transmit a HARQ Feed-
back Allocation in the DL/UL Persistent Allocation A-MAP IE. This allocation is used to identify the
HARQ channel in which the ACK for the DL/UL Persistent Allocation A-MAP IE signaling the de-alloca-
tion is transmitted. In the absence (NULL detection) of an ACK, the ABS assumes that the AMS has not
received the DL/UL Persistent Allocation A-MAP IE, and the same DL/UL Persistent Allocation A-MAP IE
that signaled the de-allocation may be transmitted again.

In the absence of the UL data burst in the resource assigned by the UL Persistent Allocation A-MAP IE, the
UL data burst transmitted by the AMS is not successfully decoded at the ABS, but may be detected as a
NULL. In such a case, the ABS assumes that the AMS has not received the UL Persistent Allocation A-
MAP IE and the ABS may transmit the same UL Persistent Allocation A-MAP IE again. In order to ensure
that resource assignment information for subsequent persistent allocations is received correctly, if the initial
data burst identified by the UL Persistent Allocation A-MAP IE cannot be decoded successfully after
N MAX ReTX HARQ retransmissions, and no subsequent persistent allocation is decoded successfully,
the same UL Persistent Allocation A-MAP IE may be transmitted again.

16.2.8 Multicarrier operation
16.2.8.1 Multicarrier Types and Operational Modes

The carriers involved in multicarrier mode of operation from an AMS point of view are of two types:

* A primary carrier is a carrier used by the ABS to exchange traffic and PHY/MAC control signaling
(e.g., MAC control messages) with an AMS. An ABS may be deployed with multiple carriers but each
AMS in the ABS has only one primary carrier which is also used when AMS is operating in single car-
rier mode.

*  Secondary carriers are additional carriers which the AMS may use for traffic, only per ABS's specific
commands and rules received on the primary carrier.

For both FDD and TDD mode, the carrier refers to a downlink or uplink physical frequency channel. Physi-
cal carrier index is the index for the available carriers of an ABS, which is sorted from lower frequency to
higher frequency.

In the multicarrier operation a common MAC can utilize radio resources in the primary carrier and one or
more of the secondary carriers, while maintaining full control of AMS mobility, state and context through
the primary carrier.

Based on the primary and/or secondary usage and target services, the carriers of a multicarrier system may
be configured differently as follows:
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Fully configured carrier: A standalone carrier for which all control channels including synchronization,
broadcast, multicast and unicast control signaling are configured. Fully configured carrier supports both
single carrier AMS and multicarrier AMS.

Partially configured carrier: A carrier configured for downlink only transmission in TDD or a downlink
carrier without paired UL carrier in FDD mode. . Such supplementary carriers may be used only in con-
junction with a primary carrier and cannot operate standalone to offer AAI services for an AMS.
Whether a carrier is fully configured or partially configured is indicated using Advanced Preamble of
the carrier. The AMS shall not attempt network entry or handover to partially configured carrier. In
multicarrier aggregation, the UL control channels corresponding to the secondary partially configured
carriers shall be located in distinct non-overlapping control regions in the UL of the primary carrier. The
AMS shall use the UL control channels on the primary carrier to feedback HARQ ACK/NACK and
channel quality measurements corresponding to transmission over DL only secondary carrier.

A primary carrier is fully configured while a secondary carrier may be fully or partially configured depend-
ing on deployment scenarios. A secondary carrier for an AMS, if fully configured, may serve as primary car-
rier for other AMS's. Multiple AMSs, each with a different primary RF carrier may also share the same
secondary carrier. The following multicarrier operation modes are identified, which may all or indepen-
dently be supported:

multicarrier Aggregation: The multicarrier mode in which the AMS maintains its physical layer connec-
tion and monitors the control signaling on the primary carrier while processing data on the secondary
carrier. The resource allocation to an AMS may span across a primary and multiple secondary carriers.
Link adaptation feedback mechanisms should incorporate measurements relevant to both primary and
secondary carriers. In this mode the system may assign secondary carriers to an AMS in the downlink
and/or uplink asymmetrically based on system load (i.e., for static/dynamic load balancing), peak data
rate, or QoS demand.

multicarrier Switching: The multicarrier mode in which the AMS switches its physical layer connection
from the primary to the secondary carrier per ABS' instruction. The AMS connects with the secondary
carrier for the specified time period and then returns to the primary carrier. When the AMS is connected
to the secondary carrier, the AMS is not required to maintain its transmit or receive through the primary
carrier. This mode is used for switching to partially configured carriers(s) or fully configured carrier to
receive E-MBS.

The following is common to all multicarrier modes of operation:

The system defines N standalone fully configured RF carriers; each configured with all synchroniza-
tion, broadcast, multicast and unicast control signaling channels needed to support an AMS in single
carrier mode. Each AMS in the cell is connected to and its state being controlled through only one of the
fully configured carriers designated as its primary carrier.

The system may also define M (M >= 0) partially configured RF carriers, which can only be used as
secondary carriers along with a primary carrier, for downlink only data transmissions.

The set of all supported radio carriers in an ABS is called Available Carriers.

The Available Carriers may be in different parts of the same spectrum block or in non-contiguous spec-
trum blocks.

In addition to information about the (serving) primary carrier an ABS, also provides AMSs with some
configuration information about its available carriers through such primary carrier. Through such mes-
saging the ABS informs AMS's of the presence, bandwidth, duplexing, and location in the spectrum for
all available carriers to help AMS prepare for any operation involving multiple carriers. The primary
carrier may also provide an AMS the extended information about the configuration of the secondary
carrier.

16.2.8.2 MAC operation

16.2.8.2.1 Addressing

A multicarrier supporting ABS or AMS follows the same MAC addressing mechanism defined in 16.2.1.
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16.2.8.2.2 Security

A multicarrier supporting AMS follows the same security procedure defined in 16.2.5. All the security pro-
cedures between an AMS and an ABS are performed using the AMS's primary carrier. The security context
created and maintained by the procedures is managed per ABS through the primary carrier.

16.2.8.2.3 Network Entry

The network entry in multicarrier mode is the same as single carrier mode as defined in 16.2.15, where the
AMS and ABS also indicate their support for multicarrier modes during the registration. An AMS can only
perform network entry (or network reentry) procedures with a fully configured carrier. Once the AMS
detects the A-PREAMBLE on a fully configured carrier, the AMS may proceed with reading SFH or
Extended system parameters and system configuration information.

During the initial network entry, AMS will inform ABS of its support of multicarrier transmission by
AAI REG-REQ message and the ABS will indicate if it supports any of multicarrier modes for that AMS
through AAI REG-RSP message. The basic multicarrier capability exchange uses a two bit code in
AAI REG-REQ/RSP message with the following indications:

Table 747—NMulticarrier capability in AAIl_REG-REQ/RSP message

b1, b2 Multicarrier Capabilities
00 No MC modes
01 Basic MC mode
10 Multicarrier Aggregation
11 Multicarrier Switching

The Basic MC mode involves AMS awareness of multicarrier operation at the ABS which includes support
for Primary Carrier Changes as defined in section 16.2.8.2.11.2 as well as optimized scanning of carriers
involved multicarrier operation defined in section 16.2.8.10.

Support for Both Multicarrier Aggregation and Switching does not imply E-MBS support, which is negoti-
ated separately.

The procedure for initialization of an AMS, following network entry, to prepare for subsequent multicarrier
operation shall be as shown in Figure 419. This procedure includes

* Obtaining the multicarrier configuration for available carriers at the ABS

* Obtaining information about Assigned Carriers consisting of two steps

1.  Provide ABS with information on AMS's supportable carriers and their combined multicarrier con-
figurations

2. Obtain information about the subset of available carrier, hereby referred to as the Assigned Carriers,
which ABS may utilize in subsequent multicarrier operation for that AMS.

The AMS does not perform any MAC or PHY processing on an assigned carrier until such carrier is acti-
vated per ABS's direction.

230
Copyright © 2009 IEEE. All rights reserved.



O 001N WU A W

February 3, 2010

YES

v

Continue with single car-
rier procedures

IEEE P802.16m/D4

Network entry process (defined in
16.2.15) including Basic Multicar-
rier Capability negotiation through
AAI REG-REQ/RSP message.

4
‘ Establish provisioned connections ‘

v

‘ Operational ‘

!

AMS supports NO MC mode
nly?

YES

AAI MC-ADV
received?

AMS supports Basic
MC mode only?

Send AAI MC-REQ including the
MC capability negotiation

Receive AAI MC-RSP including
list of the assigned carrier(s)

AMS/ABS are ready for multicar-

rier operation.

Figure 419—AMS initialization overview to support multicarrier transmission

16.2.8.2.3.1 AMS’s Obtaining MC Configuration

The ABS will broadcast the SFH on each carrier with the format defined in 16.3.6.2.1. The ABS shall also
provide the AMS with basic radio configuration for all available carriers in the ABS through the AAI MC-
ADV message. This message is periodically broadcast by the ABS, which includes the multicarrier mode
and the configurations supported by the ABS. The multicarrier configuration information is relevant to and
shall be used by all AMSs in any of multicarrier modes or in single carrier mode.
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16.2.8.2.3.1.1 AAI_MC-ADV (multicarrier Advertisement) Message

The MC ABS shall periodically broadcast AAl MC-ADV message for the reception by all AMSs.

Table 748—AAI_MC-ADV MAC Control Message Format

Field Size (bit) Descrpition
MAC Control Message Type 8
Multi-carrier  configuration 4 Incremented by 1 upon each update.
change count
Serving BS Carrier Number 3
Serving BS Uniformity Flag 1 0: All Carriers supported by serving ABS have
the same Protocol Version, SFH_Info
1: otherwise
Physical Carrier Index of cur- 6 The carrier that ABS broadcast this message;
rent carrier the physical carrier index refers to
AAI Global-Config message
MAC Protocol version 8 Consistent with REV.2 definition, with new
MAC protocol version 9 defined for 16m
For(i=1;i<=Serving BS Car-
rier Number-1; i++){
Physical carrier index 6 /Iphysical carrier index in AAI Global-Config
message
SA-Preamble Index 10
if (Serving BS Uniformity
Flag==1) {
MAC Protocol Ver- 8 Consistent with REV.2 definition, with new
sion MAC protocol version 9 defined for 16m
SFH_encoding_form 1 0bO0: full Subpkt information
at Obl: delta encoding, w.r.t. the current carrier
Control_bitmap 4 Each bit maps to one SFH subpacket or extend-
ed broadcast information
If
(SFH_encoding_for
mat==00) {
If
(Control_bitma
pl0]==1){
SFH Sub- 88
pkt 1
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Table 748—AAI_MC-ADV MAC Control Message Format

Field Size (bit) Descrpition
H
If
(Control bitma
pl1]==D{
SFH Sub- 88
pkt 2
§
If
(Control bitma
pl2]==1) {
SFH Sub- 88
pkt 3
§
H
If
(SFH_encoding_for
mat==01) {
Delta informa- | variables | Delta encoding, w.r.t. the current carrier
tion
H
}
H

16.2.8.2.3.2 Secondary Carrier Assignment

After the initial network entry procedure defined in 16.2.8.2.3 and obtaining the information about the
ABS’s multicarrier configurations, the AMS shall send AAI_ MC-REQ message to the ABS if the AMS and
the ABS both support multicarrier transmission. The AMS shall inform the ABS its capability on multicar-
rier support by the parameters defined in the AAI MC-REQ message. Based on AMS's multicarrier capabil-
ities informed in the AAI MC-REQ message, the ABS shall reply the AAI MC-RSP message to assign one
or more carriers from its available carriers to the AMS as the assigned secondary carriers.

16.2.8.2.4 Ranging

In some cases, the AMS may not be able to communicate with the ABS over the secondary carrier(s) with-
out ranging to adjust time/frequency synchronization and power for the carrier(s). If the channel correlations
between the primary and the secondary carriers are very high, the transmission parameters of the secondary
carrier(s) could be quite similar with those of primary carrier. If the AMS already completed the network
entry with the ABS over the primary carrier, it does not need to perform the initial ranging over the second-
ary carrier(s). Therefore, only the periodic ranging instead of initial ranging may be performed over the sec-
ondary carrier(s). Once the secondary carriers are activated, the AMS may perform the periodic ranging over
the active secondary carrier(s) if directed by the ABS in AAI_ CM-CMD at secondary carrier activation
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When the AMS omit the ranging for the secondary carrier(s), the AMS may use the same timing, frequency
and power adjustment parameters for the secondary carrier(s) as in the primary carrier for initial transmis-
sion. The AMS may perform the fine timing, frequency and power adjustment on the secondary carrier(s)
through measuring the synch channel and/or pilot on the secondary carrier(s).

CDMA initial/periodic ranging with a fully configured carrier shall be the same as defined in 6.3.10.3.1,
6.3.10.3.2[1]. Periodic ranging may only be performed on the activated secondary carrier(s) if directed by
the ABS in AAI CM-CMD at secondary carrier activation. CDMA handover ranging shall be done only
with one of the fully configured carriers of target ABS.

16.2.8.2.5 MAC PDU processing

The construction and transmission of MAC PDU is the same as that in single carrier operation. For each ser-
vice flow the ARQ operates for a common MAC as defined in 16.2.13.

16.2.8.2.5.1 MAC segmentation

MAC data (<<15.3.2.6>>) shall be processed as defined for single carrier physical layer operation and can
be mapped to data region (<<15.3.2.6>>) in one of primary or secondary carriers. The A-MAP IE shall be
sent through the carrier where the OFDMA data region is located. The A-MAP IE is the same as the one
defined in <<15.3.6.5.2>>.

16.2.8.2.6 Bandwidth Request and Resource Allocation
16.2.8.2.6.1 Bandwidth Request

All bandwidth requests are transmitted on the AMS's primary carrier following the same procedures as
defined in 16.2.11. Bandwidth request using piggyback may be transmitted in MAC PDUs over the second-
ary carrier(s) as well as the primary carrier.

16.2.8.2.6.2 Resource Allocation

The ABS may allocate downlink or uplink resources which belong to a specific carrier or a combination of
multiple carriers based on available resources, QoS requirements and other factors. The multicarrier
resource assignment for carrier aggregation can use the same A-MAP IE's as single carrier mode, where A-
MAP messages for each active carrier are transmitted in the respective carrier.

16.2.8.2.7 QoS and connection management

The STID and all FIDs assigned to an AMS are unique identifiers for a common MAC and used over all the
carriers of the AMS. The service setup/change messages (i.e., DSx messages) are transmitted only through
the AMS's primary carrier. The service flow is defined for a common MAC entity and AMS's QoS context
represented by an SFID is applicable across primary carrier and secondary carrier(s) and collectively applied
to all carriers of the AMS.

16.2.8.2.8 DL CINR report operation

An ABS may assign FastFeedback channels to each carrier of an AMS. When FastFeedback channel is
assigned, the AMS reports CINR for a carrier over the assigned FastFeedback channel of the corresponding
carrier. ABS may also direct AMS to report CINRs of active carriers through FastFeedback channel(s) on
the primary carrier at the feedback region as defined in Section 16.3.8.3.3. When measurement/report MAC
messages are used for DL CINR report operation, the messages are transmitted on the AMS's primary car-
rier. The measurement/report MAC message may contain CINR reports for all carriers or for each carrier of
the AMS.
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16.2.8.2.9 Handover

The multicarrier handover (MCHO) is defined as the handover procedure which involves multiple radio car-
riers. An AMS with multicarrier capability may follow the single-carrier handover procedure per section
16.2.6. It may also decide to perform MCHO procedure as defined in this section.

16.2.8.2.9.1 Network topology acquisition
16.2.8.2.9.1.1 Network topology advertisement

The AAI_ NBR-ADV message shall carry neighbor ABS's multicarrier configuration information to facili-
tate AMS's scanning of neighbor ABSs' fully configured carriers.

16.2.8.2.9.1.2 AMS scanning of target carriers

The AMS with multicarrier capability may perform the single-carrier scanning procedure per section
16.2.6.1.2. It may also perform multicarrier scanning procedure, i.e., scanning procedure which involves
multiple radio carriers, as defined in this subsection.

The AMS may scan the carriers of Neighboring ABSs indicated in AAI NBR-ADV as directed by
AAI _SCN-RSP. The AMS may also scan other fully configured carriers of the serving ABS which are not in
use by the AMS. Figure 420 illustrates the example message flows for neighbor ABS advertisements and
scanning of fully configured carriers of serving and neighbor ABSs.
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Figure 420—Neighbor ABS advertisement and scanning of serving and neighbor ABSs

An AMS capable of concurrently processing multiple radio carriers may perform scanning with neighbor
ABSs using one or more of its available radio carriers without interruption to its normal communication with
the serving ABS on the primary carrier and/or secondary carriers. In this case, the AMS and the ABS may
negotiate through AAT SCN-REQ/RSP messages the radio carriers to be assigned for scanning operations to
avoid resource allocation on those carriers, as illustrated in Figure 421. The carrier index will be included in
AAI _SCN-REQ/RSP/REP message.
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Figure 421—Scanning while maintaining communication with serving ABS

16.2.8.2.9.2 Multicarrier handover (MCHO) procedure

The multicarrier handover (MCHO) is defined as the handover procedure which involves multiple radio car-
riers, which includes multi-carrier EBB HO and HO with secondary carrier pre-assignment as described in
this section. For an AMS supporting basic MC mode handover from one carrier to another carrier of the
same ABS, the handover procedure follows the primary carrier change procedure per 16.2.8.2.11.2.

16.2.8.2.9.2.1 MCHO preparation

An AMS in multicarrier operation follows the handover operations defined in 16.2.6.3. MAC control mes-
sages in relation with handover preparation and initiation between the AMS and the serving ABS are trans-
mitted over the primary carrier of the AMS.

During HO preparation, the AMS may request or be requested by the serving ABS to perform MCHO proce-
dure through AAI HO-REQ/AAI HO-CMD messages. The serving ABS informs the AMS the carrier
information (e.g. target primary carrier index) of the target ABSs through AAI HO-CMD message. The
serving ABS may communicate with the target ABS(s) to help the AMS obtain the assigned secondary car-
riers before handover execution. The serving ABS will forward the information received from AAI MC-
REQ message to the target ABS(s) for secondary carrier pre-assignment. The serving ABS will reply the
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secondary carrier pre-assignment results to the AMS if Carrier Preassignment Indication is set to 1 in the
AAI HO CMD message.

16.2.8.2.9.2.2 MCHO execution and network reentry with HO_Reentry_Mode=1

The AMS with multicarrier capability follows the network reentry procedure per section 16.2.6.3.5. When
HO_Reentry Mode is set to 1 and HO_ Reentry Interleaving_Interval is set to 0, the AMS performs net-
work reentry to the target ABS on one carrier and maintains normal communication with the serving ABS
on another carrier not performing network reentry procedure. The AMS may use the original primary carrier
for network reentry to the target ABS, as illustrated in Figure 422. It may also use another carrier different
from its original primary carrier for network reentry procedures, as illustrated in Figure 423. In this case,
Disconnect_time should be long enough that network reentry procedure to target ABS can be completed
prior to the expiration of Disconnect_time. In case of AAI HO-CMD message with multiple target ABS and
carriers, the physical index of each candidate carrier provided by each target ABS should also be indicated
in the AAT HO-CMD message The AMS may inform the serving ABS through AAI_HO-IND the carrier to
be used for network reentry operations to avoid resource allocation by the serving ABS on that carrier.

Serving ABS Target ABS
AMS (Carrier 1) (Carrier 2)

AAI_HO-REQ

AAI_HO-CMD

A

AAI_HO-IND

:— Data communication with S-ABS 1,
| during network reentry !

Data path established
- P
4___________I:)gta_p_atbgst_ab_lls_hgd _____ L~ — —
Radio Radio Serving Serving Target Target
carrier 1 carrier 2 primary  secondary primary  secondary
carrier carrier carrier carrier

Figure 422—Multicarrier HO with network reentry on the target ABS

238
Copyright © 2009 IEEE. All rights reserved.



O 001N WU A W

February 3, 2010 IEEE P802.16m/D4

Serving Target
AMS ABS ABS
AAI_HO-RE
| ____|maLHoREQ
. AAI_HO-CMD
AAI_HO-IND

Network reentry to T-ABS

Data communication with S-ABS 1|
during network reentry 1

Data path established

- L
< - Datg path ESLaEIithd ________ I
Radio Radio Serving Serving Target Target
carrier 1 carrier 2 primary  secondary primary  secondary
carrier carrier carrier carrier

Figure 423—A call flow for multicarrier HO in which the AMS performs network reentry on
the target primary carrier which is different from the serving primary carrier

From AMS point of view, if network entry is completed (see 16.2.6), the AMS shall stop communicating
with the serving ABS. Then, the AMS may send UL data or BW-REQ message to the target ABS.

HO with secondary carrier pre-assignment

The serving ABS may negotiate with the target ABS for secondary carrier pre-assignment as illustrated in
Figure 424. When Carrier_Preassignment_Indication is set to 1 in the AAI HO-CMD message, the pre-
assignment information is forwarded from the Target ABS(s) via backbone to the Serving ABS, and then
sent to the AMS by the serving ABS through AAI_ HO-CMD message, and part of the pre-assigned second-
ary carriers (indicated by the Carrier Status Bitmap) may be activated right after network reentry. The target
ABS may start transmitting data on such activated secondary carrier(s) if the AMS sends AAI CM-IND
message to the target ABS after network reentry. Before secondary carrier pre-assignment, the serving ABS
shall forward the multicarrier capability of the AMS to the target ABS(s) via backbone.
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Figure 424—A call flow for multicarrier HO with secondary carrier pre-assignment

When Carrier Preassignment Indication is set to 0 in the AAI HO-CMD message, the AMS follows the
operation of secondary carrier assignment (see 16.2.8.2.3.2) and carrier activation (see 16.2.8.2.11.1) after
the AMS completes its network reentry with the target ABS.

16.2.8.2.10 Power Management

The AMS is only assigned to one or more secondary carrier during the active/normal mode. Therefore, the
power saving procedures in OFDMA multicarrier mode of operation are the same as single carrier mode and
all messaging including idle mode procedures and state transitions are handled by the primary carrier.

16.2.8.2.10.1 Sleep mode

When an AMS enters sleep mode, the AMS negotiates its sleep mode parameters (i.e., Sleep Window and
Listening Window configuration) with an ABS. The negotiated parameters of sleep mode are applied to an
AMS over all the active carriers. The messages and procedures before entering sleep mode and during sleep
mode are processed over the primary carrier. Note that the serving ABS may request the AMS to change its
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primary carrier upon entering the sleep mode or during the Listening Window using AAI_ CM-CMD mes-
sage for load balancing, power saving, or alleviating signaling overhead.

At the beginning of the Listening Window, data transmission over all the active carriers of the AMS is
allowed. The AMS, if the traffic indication is enabled monitors the traffic indication message with its pri-
mary carrier. Upon receiving negative traffic indication in the traffic indication message, the AMS goes
back to sleep. If positive traffic indication is received, the AMS continues to receive any DL data on all the
active carrier(s). Following the traffic indication, the ABS may send a Sleep Control Extended Header via
the primary carrier to terminate data transmission over some active secondary carrier(s).

If the traffic indication is disabled, data transmission and allocation follows the normal operation during the
Listening Window. In this case, the AMS monitors the active carriers during the Listening Window, and the
ABS may allocate the DL data on the primary carrier and the active secondary carrier(s), and the AMS
receives the data on the primary carrier and the active secondary carrier(s) during the Listening Window. If
the traffic indication is disabled, when the DL data transmission on the active secondary carrier(s) is com-
pleted, the ABS may instruct the AMS to end data transmission over the active secondary carrier(s) through
the Sleep Control Extended Header which is transmitted in the primary carrier during Listening Window. If
the ABS receives the bandwidth request from the AMS during Listening Window, it shall regard that DL/
UL data transmission over all active carriers is allowed during the Listening Window.

When an AMS is in the Sleep Window, and if AMS has pending UL traffic, it may transmit bandwidth
request on the primary carrier. If the ABS receives the bandwidth request from the AMS, it shall regard that
DL/UL data transmission over all active carriers is allowed. After completing UL traffic transmission, the
normal sleep cycle operation of the AMS is resumed and all the active carriers shall use the sleep cycle set-
ting.

16.2.8.2.10.2 Idle mode
A multicarrier supporting AMS in idle state follows the same procedures defined in 16.2.17.

In a multi-carrier system the PGID Info message is transmitted in all the carriers. The AAl PAG-ADV
message for an AMS shall be transmitted in only one of the carriers. An idle mode AMS determines the car-
rier index for monitoring the paging message within AMS's paging-listening interval where its paging mes-
sage is transmitted using the following equations:

Paging carrier index = DID modulo N 2)

The value of N is the number of carriers per PGID or a set of PGIDs in an ABS that are used for transmitting
paging message for idle mode AMS(s). This can be all the carriers or a subset of carriers used by a multicar-
rier ABS. Paging carrier indication bit is used to specify if a carrier is a paging carrier or not. When the Pag-
ing carrier indication =1, then the corresponding carrier is paging carrier. The Paging carrier indication of
different carriers is included in the PGID Info message and may be included in the AAI NBR-ADV mes-
sage or the AAT MC-ADV message.

When an idle mode AMS moves to a new ABS and determines that the SFH change count of the new ABS
is same as the information it received through the AAI NBR-ADV message, then the AMS may use the
paging carrier indication received through AAI NBR-ADV message if this paging carrier indication is
included in the AAI NBR-ADV message.

The AAI PAG-ADV message is transmitted in one or more of the frames starting from the second sub-
frame in the super-frame.

For an E-MBS AMS the AAI PAG-ADV message may be transmitted in the same carrier as the dedicated
carrier for E-MBS. In this case, the AMS does not use (2).
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An AMS may perform Location Update process to acquire its preferred carrier for the idle mode support
when AMS cannot find the paging carrier.

16.2.8.2.11 Carrier management
16.2.8.2.11.1 Secondary Carrier Activation/De-activation

The activation or deactivation of secondary carrier(s) is decided by the ABS based on QoS requirement, load
condition of carriers and other factors. The ABS activates and/or deactivates secondary carrier with the
AAI CM-CMD MAC control message. The ABS sends the AAI CM-CMD MAC control message on the
primary carrier and includes the following information:

*  Indication Type per DL/UL: Activation, Deactivation

»  List of Secondary Carriers: (referred by logical carrier index)

*  Ranging indicator for the activated carrier

The ABS sends the AAI CM-CMD message with Polling set to 1 in MCEH and the AMS, upon receiving
the AAI CM-CMD message, transmits an AAl MSG-ACK message or Message ACK EH to inform that
the AAI CM-CMD message has been successfully received. The AMS transmits the AAI CM-IND MAC
control message through the primary carrier, where this message confirms with the ABS that the AMS has
successfully activated/deactivated the carriers listed in the AAI CM-CMD message. In case of activation,
the AAI CM-IND message is sent by the AMS when DL/UL of the newly activated carrier is ready to be
used to transport data traffic.

When AMS performs secondary carrier activation while AMS supports data transmission over both the pri-
mary carrier and secondary carrier with single radio transceiver, the AMS reconfigures its hardware setting
(e.g. RF center frequency). After completing the hardware reconfiguration and synchronization on the new
carrier, AMS notifies the ABS its readiness of the new carrier by sending AAI CM-IND message and then
resume communication with ABS.

After the ABS receives the AAI CM-IND MAC control message, the ABS may start transmitting data on
such active secondary carrier(s).

16.2.8.2.11.2 Primary Carrier Change

The Primary Carrier change involves changing the serving carrier for an AMS in a multicarrier ABS without
changing the MAC layer security and mobility contexts and unlike normal inter-FA handover. An AMS
which is Multicarrier Aware shall support primary carrier change. The ABS may instruct the AMS, through
the AAI CM-CMD MAC control message on the current primary carrier, to change its primary carrier to
one of the assigned fully configured carriers within the same ABS for load balancing purpose, carriers' vary-
ing channel quality or other reasons. When an AMS receives the AAl CM-CMD MAC control message
with Polling set to 1 in MCEH, the AMS transmits the AAI MSG-ACK message or Message ACK EH in
response to the AAl CM-CMD message and the AMS disconnects control signal on the serving carrier and
switches to the target fully configured carrier at action time specified by the ABS. The action time in the
AAI CM-CMD message shall be set to the value more than the retransmission timer for AAI CM-CMD
message.

If the AMS supports carrier aggregation mode and the target carrier is one of the active secondary carriers of
the AMS, the AMS may receive data and control signal on the target carrier immediately after switching.
Otherwise, the AMS first reconfigures its hardware setting (e.g. RF center frequency) and switches to target
carrier. If Ranging indicator in the AAI CM-CMD message is set to '1', the AMS shall perform the periodic
ranging procedure with the target carrier. After successfully completing this action, the AMS shall transmit
an AAI CM-IND message to notify its readiness of the target carrier to the ABS. The ABS may transmit
data and control signal after the AAI CM-IND message is received from the AMS through the target pri-
mary carrier. Given that a common MAC manages both serving and target primary carriers, network reentry
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procedures at the target primary carrier is not required. The ABS may direct an AMS to change the primary
carrier without scanning. For the multi-carrier supported AMS, the logical carrier indices of the serving and
target primary carrier are swapped after the primary carrier change.

The AMS may perform scanning on other assigned carriers which are not serving the AMS in an unsolicited
manner or by the instruction of the ABS. The AMS reports the scanning results back to the serving ABS,
which may be used by the ABS to determine the carrier for the AMS to switch to. In this case, if the target
carrier is not currently serving the AMS, the AMS may perform synchronization with the target carrier if
required.

The AAI_ CM-CMD MAC control message for the primary carrier change is transmitted on the primary car-

rier and shall include the following information:

*  Target primary carrier index

* Indication of the next state of serving primary carrier: if the AMS does not support carrier aggregation,
this filed shall be always set to ‘0’

e Action Time

* Ranging indicator

The serving primary carrier will be kept active or deactivated depending on the indication of the next state of
serving primary carrier.

AMS ABS
Common MAC Common MAC
S-carrier T-carrier S-carrier T-carrier

Control signal ——

AAI CM-CMD

MSG Acknowledgement ——
Action time

AAI_CM-IND
(for primary carrier change)

v

A 4

¢ Control signal

Figure 425—Primary carrier change procedure when target carrier
is one of the active carrier
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AAI CM-IND
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Control signal
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Figure 426—Primary carrier change procedure when target carrier
is one of the inactive carrier

16.2.8.2.11.3 Multicarrier Aggregation

The ABS activates one or more assigned secondary carriers of an AMS through an AAI CM-CMD mes-
sage. The ABS may make concurrent resource allocation using A-MAP on multiple active carriers, includ-
ing primary carrier. The Multicarrier allocation and aggregation may be used independently in the downlink
or uplink and the ABS performs the operations based on QoS, loading and AMS's capabilities.

The AMS in multicarrier aggregation mode is assigned the same STID to be used across primary and sec-
ondary carriers. The AMS supporting Multicarrier aggregation mode shall monitor all active carriers and

follow the resource allocations while in active mode.

When supported by AMS, serving and target ABS the carrier aggregation mode may be maintained during
the handover procedure through secondary carrier pre-assignment procedure per 16.2.8.2.9.

16.2.8.2.11.4 Primary to Secondary Carrier Switching

Primary to secondary carrier switching in multicarrier mode is used for E-MBS only. The E-MBS operation
on the multi-carrier deployment is defined in 16.9.2.1
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16.2.8.2.11.5 MAC Control Messages for Carrier Management
16.2.8.2.11.5.1 Carrier Management Command (AAl_CM-CMD) MAC control message

An AAI CM-CMD message shall be transmitted by an ABS to initiate a carrier management procedure,
such as carrier activation/deactivation and primary carrier change. In order to respond to a received
AAI CM-CMD MAC control message, the AMS shall transmit the AAI CM-IND MAC control message.

The ABS shall transmit the AAI CM-CMD with Polling set to 1 in MCEH and start retransmission timer for
the AAI CM-CMD when transmitting the AAT CM-CMD message as described in 16.2.21. If the ABS suc-
cessfully receives the acknowledgement message (i.e., AAI MSG-ACK message or Message ACK
extended header) before expiration of the retransmission timer, the ABS stops the timer and performs the
procedure corresponding to the action code. Otherwise, the ABS may retransmit AAl CM-CMD message.

The format of the AAI CM-CMD MAC control message is shown in Table 749—.

Table 749—AAI_CM-CMD MAC Control Message Format

Field Size (bit) Description

AAI Carrier Management Com-
mand Control Message Format() {

Control message type 8 AAI_CM-CMD

Action code 1 0: Secondary carrier management

1: Primary carrier change

If(Action code==0){ This message is for secondary carrier activation
and/or deactivation

Indication Type 2 For Activation and/or Deactivation
Bit#0:0:No actoin, 1:Activation
Bit#1: 0: No action, 1: Deactivation

If(Indication Type#0==1){

Num of target carrier 3 The number of to be activated carrier(s)

For(i=0;i<Num of target
carrier;i++){

Target carrier index 3 Target logical carrier index for activation

Activation of DL/UL 1 0: Both DL/UL are activated.
1: DL is activated but UL is not activated.

Ranging indicator 1 Ranging indicator for target carrier
0: No initial or periodic ranging is required for
the target carrier

1: Periodic ranging is required for the target
carrier.
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Table 749—AAI_CM-CMD MAC Control Message Format

Field Size (bit) Description
H
§
If(Indication Type #1==1){
Num of target carrier 3 The number of deactivated carrier(s)
For(i=0;i<Num of target
carrier;i++){
Target carrier index 3 Target logical carrier index for deactivation
Deactivation of DL/ 1 0: Both DL/UL are deactivated.
UL 1: UL is deactivated but DL is kept active.
H
§
H
If(Action code==1){ This message is for primary carrier change
Physical carrier index of Target 6 Physical carrier index of target carrier for pri-
carrier mary carrier change
If the AMS supports multicarrier operation, the
carrier shall be one of the assigned carriers.
Action Time 3 LSB bits of Superframe number at the time to
switch to the target carrier
This value shall be set to the value more than
the retransmission timer for AAl CM-CMD
message
Next state of serving primary 1 0: serving carrier will be deactivated after pri-
carrier mary carrier change; If the AMS does not sup-
port carrier aggregation, this field shall be
always set to '0".
1: serving carrier is kept active after primary
carrier change
Ranging indicator 1 Ranging indicator for target carrier

'0": No ranging is required for the target carrier

'l": Periodic ranging is required for the target
carrier
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16.2.8.2.11.5.2 Carrier Management Indication (AAI_CM-IND) MAC control message

An AAI_CM-IND message shall be transmitted by an AMS to inform the ABS of the readiness of target car-
rier when the AMS is instructed to newly activate the target carrier(s) in an AAl CM-CMD message with
action code=0 or when the target carrier in an AAl_ CM-CMD message with action code=1 has not been an

active carrier.

The format of the AAI_ CM-IND MAC control message is shown in Table 750—.

Table 750—AAI_CM-IND MAC Control Message Format

Field Size (bit) Description
Control message type 8 AAI CM-IND
Action code 1 0: Secondary carrier managment
1: Primary carrier change

16.2.9 Group Resource Allocation

Group Resource Allocation mechanism allocates resources to multiple users as a group in order to save con-
trol overhead. Group Resource Allocation may be used for connections with a periodic traffic pattern and
with relatively fixed payload size.

16.2.9.1 Grouping Mechanism

Grouping criteria include MIMO modes and HARQ burst sizes. As a result, every group may correspond to
a given set of MIMO modes, and HARQ burst sizes.

An AMS may be assigned to a DL and/or a UL group. Each DL or UL group is identified by a unique 12-bit
Group ID, which is chosen from the same number space as Station ID 16.2.1.2.1.

16.2.9.2 Group Configuration

Dynamic changes within the limited set of MIMO modes and HARQ data burst sizes are facilitated within a
group.

The ABS configures a Group MIMO Mode Set for each group among the predefined candidate sets listed in
Table 751 for the downlink andTable 752 for the uplink. When an AMS is added into the group, the config-
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ured Group MIMO Mode Set ID is indicated through Group Configuration MAC control message. The
assigned MIMO mode to an AMS in the group shall be chosen from the configured set.

Table 751—DL MIMO mode set candidates

M;\(/llelzl\S/IeSID DL Group MIMO mode set SM Restriction
0b00 Mode 0 N/A
0b01 Mode 0, Mode 1 M;=2
0b10 Mode 2 M,=1
Ob11 reserved N/A
Table 752—UL MIMO mode set candidates
M(ﬁgl\s/lg D UL Group MIMO mode set SM Restriction
0b00 Mode 0 N/A
0b01 Mode 0, Mode 1 M,=2
0b10 Mode 2 M,=1
Obl1 reserved N/A

The ABS configures a HARQ Burst Size Set for each group Each HARQ burst size set supports four HARQ
burst sizes. The Group Configuration MAC control message signaled to an AMS contains the HARQ burst
sizes assigned to its group. The assigned HARQ burst size to AMS in the group shall be chosen from the
configured set.

The four burst sizes in the set are chosen from the burst sizes defined in 753. The table also lists the corre-
sponding 5-bit codes that will be used to signal these burst sizes in the Group Configuration MAC control
message. Note that these burst sizes are the first 32 sizes supported in the PHY layer as defined in Table 922
of section 16.3.11.1.2.

Table 753—Burst Sizes Supported in GRA and corresponding Codes

Burst Size (bytes) Code Burst Size (bytes) Code
6 00000 44 10000
8 00001 50 10001
9 00010 57 10010
10 00011 64 10011
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Table 753—Burst Sizes Supported in GRA and corresponding Codes

Burst Size (bytes) Code Burst Size (bytes) Code
11 00100 71 10100
12 00101 80 10101
13 00110 90 10110
15 00111 100 10111
17 01000 114 11000
19 01001 128 11001
22 01010 144 11010
25 01011 164 11011
27 01100 180 11100
31 01101 204 11101
36 01110 232 11110
40 01111 264 11111

16.2.9.3 Group Management
16.2.9.3.1 Addition of AMS to a Group

Addition of an AMS to a group occurs when group resource allocation is initialized for the AMS or when an
AMS in a group moves to another group. For inclusion, all the group information that is required to interpret
resource assignment information from Group Resource Allocation A-MAP IE shall be signalled to an AMS.
The information is transmitted through a unicast Group Configuration MAC control message. Note that the
addition of a flow to a group for Group Resource Allocation does not preclude the use of individual or
dynamic allocations for packets of that flow.

16.2.9.3.1.1 ABS Operation

When an ABS decides to use group resource allocation for an AMS, the ABS adds the AMS into an appro-
priate group among existing groups. If the existing groups are not appropriate to the AMS, the ABS may
form a new group. ABS shall indicate group configuration information via Group Configuration MAC con-
trol message which includes the Group ID of the group to which the AMS is added and the assigned User
Bitmap Index to the AMS.

The addition of AMS to a group shall apply starting at least one frame following the frame in which the ABS
receives a successful acknowledgement from the AMS for the Group Configuration MAC control message.
Once the AMS is added to the group, resources used for initial transmission of an HARQ data burst may be
allocated as part of the group until the AMS is deleted from the group.

16.2.9.3.1.2 AMS Operation

Upon receiving Group Configuration MAC control message, the AMS knows the group ID of the group to
which it is added, the periodicity of group resource allocation and the AMS's index in the group's user bit-
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map. In addition, the AMS receives the required information to interpret the assigned MIMO mode, HARQ
burst size and resource size from the bitmaps in the corresponding Group Resource Allocation A-MAP IE.
Once the AMS successfully acknowledges a Group Configuration MAC control message, starting the next
frame, the AMS shall monitor its allocation in the corresponding Group Resource Allocation A-MAP IE
until it is deleted from the group.

When an AMS is added to a group, the AMS shall be assigned a set of consecutive ACIDs to be used for
group allocations. This set of ACIDs is determined by the parameters Initial ACID and N_ACIDs signaled
in the Group Configuration MAC control message. The set of allowable ACIDs belong to the range
[nitial ACID, Mod(Initial ACID+N_ACIDs-1,16)], where the operation Mod(X,y) is the remainder of divi-
sion of x by y. For integers x and y, Mod(x,y) lies between 0 and y-1.

16.2.9.3.2 Deletion of AMS from a Group

The ABS may delete an AMS from a group when one or more of the following conditions applies: (i) all the
GRA-enabled connections are terminated (ii) the MIMO mode/HARQ burst size suitable for the AMS no
longer belongs to the MIMO Mode Set/HARQ burst size set corresponding to the group.

16.2.9.3.2.1 ABS Operation

ABS may delete multiple AMSs from a group in a AAI subframe. The deletion information shall be signaled
individually to each AMS via the Group Configuration MAC control message. The deletion can be signaled
explicitly by setting the Deletion Flag field in the control message to 1. The deletion from the current group
can be implicit if the flow is reassigned to a group by setting the Deletion Flag to 0.

Once the Group configuration MAC control message for deletion is sent to an AMS, no allocations shall be
provided to the AMS in the group in the subsequent frames. After sending the deletion information, the ABS
shall wait for an ACK from the AMS. The ABS shall not allocate the corresponding bitmap position to
another AMS until an ACK for deletion has been received.

16.2.9.3.2.2 AMS Operation

After decoding a Group Configuration MAC control message, if an AMS finds that it has been deleted from
the group, then it shall stop expecting allocations in that group after the AAI subframe in which deletion
information was sent. The AMS shall send an ACK to the ABS signaling that the AMS has successfully
received the Group Configuration MAC Control message.

16.2.9.4 Normal Operation

An ABS shall provide contiguous allocations to the AMSs belonging to a group, which have the correspond-
ing bit in the user bitmap set to 'l'. The order of resource allocation shall be the same as the order in which
they appear in the group's user bitmap. If there is no transmission for a given AMS in a certain AAI sub-
frame, then the ABS shall set the corresponding bit in the user bitmap to '0'.

When an AMS receives a Group Resource Allocation IE in which the corresponding bit in user bitmap is set
to 'l', then the AMS shall decode the remaining bitmaps to determine other attributes of the allocated
resource. An AMS shall determine the location of its allocation by counting the resource allocation sizes of
other AMSs appearing before it in the user bitmap. If an AMS does not receive the Group Resource Alloca-
tion IE in any of the AAI subframes of a frame in which the IE was expected, then the AMS shall assume no
allocations for the group in that frame.

The ACID corresponding to a resource allocated to an MS in a given frame is not explicitly signaled in the
Group Resource Allocation A-MAP IE. The ACIDs for an AMS implicitly cycle in the ACID range defined
in section 16.2.9.3.1.2. The ACID for an allocation shall be determined using the following formula.
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ACID = Mod(Initial_ACID + Mod( floor( Frame_Number / Allocation_Period), N_ACID), 16) 3)

where,

ACID = ACID used for current allocation

Initial ACID = Initial ACID parameter signaled in the Group Configuration MAC Control Message
Periodicity = Periodicity of group resource allocation in terms of number of frames signaled in the Group
Configuration MAC Control Message

N_ACIDs = Number of ACIDs assigned to the AMS for group resource allocation, signaled in the Group
Configuration MAC Control Message

Frame_Number = Current frame number, which is given by Equation (4) below

The Frame Number parameter is determined as

Frame Number = Superframe_Number * 4 + Frame_Offset @)

Where Superframe Number is the current superframe number and Frame_Offset is the offset of the current
frame with respect to the start of the corresponding superframe and 0 < Frame Offset<3. The
Frame Number parameter corresponds to the frame in which the Group Resource Allocation A-MAP IE is
transmitted.

If the calculated ACID is still performing retransmissions of a previous packet, then the previous packet
shall be dropped and the ACID shall be freed for the new allocation. The packet drop shall happen in the
frame in which Group Resource Allocation A-MAP IE is received.

16.2.9.4.1 Bitmaps in Group Resource Allocation

The ABS uses bitmaps to signal resource allocation information for AMSs within a group. These bitmaps
are sent in the Group Resource Allocation A-MAP IE. The first bitmap is the User Bitmap which uses 1 bit
per AMS to signal which users are scheduled in the frame. The user bitmap size can be 8, 16 or 32 bits. Each
AMS belonging to the group shall be assigned a unique index in the User Bitmap of that group. The bitmap
size for a given group shall remain fixed. As AMSs are deleted from the group, some bit indices in the user
bitmap may become empty or unassigned. These empty bits may be assigned to new users as they are added
to the group.

In addition to the user bitmap, a second bitmap called the MIMO Bitmap is used to indicate the assigned
MIMO mode, when multiple MIMO modes and SM parameters are supported in the group. The MIMO Bit-
map is only required for certain MIMO mode sets and may not always be transmitted. The existence of
MIMO bitmap and the number of bits per scheduled AMS in the MIMO Bitmap are listed in Table 754 and
Table 755.

Table 754— MIMO Bitmap Information for DL

MIMO Existence Number of Bit
Mode Set of MIMO Per Scheduled MIMO Mode Indication
Bitmap AMS
0b00 No N/A OL SU-MIMO (SFBC with non-adaptive precoder)
0b01 Yes 1 0b0: OL SU-MIMO (SFBC with non-adaptive precoder)
0Ob1: OL SU-MIMO (SM with non-adaptive precoder) with M, =2
0b10 No N/A CL SU-MIMO with M~1
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Table 755—MIMO Bitmap Information for UL

MIMO Existence Numberof Bit
Mode Set of MIMO | Per Scheduled MIMO Mode Indication
Bitmap AMS

0b00 No N/A OL SU-MIMO (SFBC with non-adaptive precoder)

0b01 Yes 1 0b0: OL SU-MIMO (SFBC with non-adaptive precoder) with
M=2
Obl: OL SU-MIMO (SM with non-adaptive precoder) with M,=2

0b10 No N/A CL SU-MIMO with M=1, TNS=2

The third bitmap is the Resource Allocation bitmap which uses 2 bits per AMS to signal HARQ burst size
and 3 bits per AMS to signal the Resource Size for the scheduled AMS in the AAI subframe or extended
AAI subframe that are scheduled in the frame. The resource size refers to the number of LRUs allocated to
the AMS. The resource size supported in GRA is limited to 16 LRUs. Each group supports eight resource
sizes for each burst size supported in the group. The set of resource sizes for each burst size belong to the
range [1,16] LRUs. The set of HARQ burst sizes and resource sizes supported in the group is signaled in the
Group Configuration MAC control message. AMS i calculates the starting location of its own resources in
the AAI subframe as follows.

j<i
R, = Ry+ 3 L

j=1

Where RO is the resource offset of the group as signalled in the DL/UL Group Resource Allocation A-MAP
IE and Ljj is the resource size in LRUs of the AMS in the group whose user bitmap index is j.

Examples of utilizing the bitmaps are shown in Figure 427 and Figure 428.

0 . 1 0 User Bitmap

Resource Allocation Bitmap

Figure 427—Example of Bitmaps with Group MIMO Mode Set: DL (0b00, 0b10), UL(0b0O,

0b10)
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Figure 428—Example of Bitmaps for Group MIMO Mode Set: DL (0b01), UL(0b01)

16.2.10 Connection Management

Connection is a mapping between MAC peers of an ABS and one or more AMSs. When the mapping
applies to ABS and one AMS, the connection is a unicast connection. Otherwise it is a multicast or broadcast
connection. Messages sent over unicast connections are distinguished by the 16-bit CRC masking in the uni-
cast assignment A-MAP IEs using the STID as specified in 16.3.6.5.2.4.

Broadcast connections are intended for reception by all AMS that may be listening, not to any specific AMS.
Messages sent over broadcast connections are distinguished by the 16-bit CRC masking in the broadcast
assignment A-MAP IEs as specified in 16.3.6.5.2.4.

Two types of connections are used: control connections and transport connections. Control connections are
used to carry MAC control messages. Transport connections are used to carry user data including upper
layer signaling messages such as DHCP, etc., and data plane signaling such as ARQ feedback. MAC control
message shall never be transferred over transport connection, and user data (except SMS over AAI RNG-
REQ/RSP and AAI_L2-XFER) shall never be transferred over the control connections.

16.2.10.1 Control connections

One pair of bi-directional (DL/UL) unicast control connections are automatically established when an AMS
performs initial network entry. When FID is required to be present in a control connection, the FID value
shall be set to the unicast or broadcast control FID value (see Table 652—).

Once the TSTID is allocated to the AMS, the control connections are established automatically. FIDs for the
control connections shall never be changed during WirelessMAN-OFDMA Advanced System handover or
network reentry.

16.2.10.2 Transport connections

All the user data communications are in the context of transport connections. A transport connection is uni-
directional and established with unique FID assigned using DSA procedure per section <<15.2.z.3>>. If a
Group parameter Create/Change TLV is included in a DSA message (see 11.13.39) it may indicate whether
the grouped transport connections are coupled to be considered together in admission. Each transport con-
nection is associated with an active service flow to provide various levels of QoS required by the service
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flow. The transport connection is established when the associated active service flow is admitted or acti-
vated, and released when the associated service flow becomes inactive. Once established, the FID of the
transport connection is not changed during WirelessMAN-OFDMA Advanced System handover.

To reduce bandwidth usage, the ABS and AMS may establish/change/release multiple connections using a
single message transaction on a control connection.

Transport connections can be pre-provisioned or dynamically created. Pre-provisioned connections are those
established by system for an AMS during the AMS network entry. On the other hand, ABS or AMS can cre-
ate new connections dynamically if required. A connection can be created, changed, or torn down on
demand.

16.2.11 Bandwidth Request and Allocation Mechanism
16.2.11.1 Bandwidth Request

Bandwidth Requests (BR) refer to the mechanism that AMSs use to indicate to the ABS that they need UL
bandwidth allocation. The AMS shall use a contention-based random access based BR preamble sequence
and an optional quick access message on BR channel, a BR signaling header, a piggybacked bandwidth
request carried in an Extended Header in the MAC PDU or a bandwidth request using fast feedback channel.
The BR from AMS shall indicate the requested data in units of bytes exclusive of any header, security or
other MAC PDU overhead and PHY overhead that may be applied during transmission over the air inter-
face.

An AMS requests UL bandwidth on a per-connection basis. In addition, the AMS may request bandwidth
for multiple connections in one piggyback BR.

16.2.11.1.1 Contention-based random access bandwidth request

The ABS may advertise a minimum access class in the BR Channel Configuration MIN Access Class ele-
ment within the AAI_SCD. If no minimum access class is advertised in the AAI _SCD that means that all
access classes are allowed. An access class is assigned to a service flow via DSx MAC control messages
during service flow establishment / modification. When an AMS has information to send and decides to use
the contention-based random access bandwidth request, the AMS shall check if the information the AMS
has to send is for an access class with priority higher than or equal to the minimum access class advertised
by BR channel configuration in the AAI_SCD. If it is not (the minimum access class is not sufficiently low
such that the AMS access class is allowed), then the AMS shall wait until the BR channel configuration in
the AAI_SCD advertises a minimum access class, which is less than or equal to the access class of the data
and the AMS. When the AMS access class is allowed, the AMS shall set its internal backoff window equal
to Bandwidth request backoff start (or Ranging for initial ranging) and send a bandwidth request when the
backoff timer expires.

As specified in 16.3.9.2.5, bandwidth request channel and bandwidth request preamble sequences shall be
used for contention-based random access BRs. Each BR channel indicates a BR opportunity.

The AMS decides whether to send BR preamble sequence only or to send BR preamble sequence together
with quick access message for the random access based BR procedure.

The 3-step random access based BR procedure is illustrated in Figure 429. At step 1, the AMS shall transmit
a BR preamble sequence and a quick access message on a randomly selected opportunity. At lease one BR-
ACK A-MAP IE shall be sent in the next DL frame if the ABS detects at least one BR preamble sequence in
the BR opportunities in the previous frame. The ABS may send multiple BR-ACK A-MAP IEs, with each
BR-ACK A-MAP IE containing its own bitmap relating to the preamble sequences being acknowledged/
granted in this message alone. Each AMS should try to decode all BR-ACK MAP-IEs in the next DL frame
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after it transmitted a BR preamble sequence. In this case if no BR-ACK A-MAP IEs are not sent in the next
DL frame, the AMS considers it as an implicit-NACK and may restart BR procedure.

The BR-ACK A-MAP IE indicates

— The decoding status of each BR opportunity in the previous frame (no or at least one BR preamble
sequence is detected). Each BR-ACK A-MAP IE contains its own bitmap relating only to the pream-
ble indices being acknowledged/granted in this message.

— The correctly received BR preamble sequences in the BR opportunities of the previous UL frame
being acknowledged/granted in this message, and

— The decoding status of the quick access message for each correctly received BR preamble sequence
being acknowledged/granted in this message.

If the BR-ACK Bitmap(s) indicates no BR preamble sequence is detected at the BR opportunity selected by
the AMS, or the AMS’s BR preamble sequence is not included at the selected BR opportunity in the BR-
ACK A-MAP IE(s), the AMS shall consider that it has received a Negative-ACK. The AMS shall wait until
the last DL subframe of a frame before deciding it has received an implicit Negative-ACK.

Upon successfully decoding the quick access message, the ABS may provide an UL grant to the AMS, using
the STID and the BR index provided in the quick access message.

The AMS shall start the BR timer at the DL frame which is right after the UL frame in which the AMS sent
the BR if the AMS receives neither any UL grant nor Negative-ACK. If the BR-ACK A-MAP IE indicates
successful reception of BR preamble sequence and quick access message, the BR Timer value shall be set to

the Differentiated BR timer acquired during the DSx transaction. For all other cases, the BR Timer value
shall be fixed.

The AMS shall stop the BR timer upon reception of the UL grant.

The AMS considers the BR as failed and may restart the BR procedure (according to the rules defined later
in this section) when any of the following conditions is met:

1)  AMS receives a Negative-ACK;
2)  The BR timer expires.

When an AMS restarts BR procedure, the AMS shall randomly select a number within its backoff window
specified by the connection priority. This random value indicates the number of contention transmission
opportunities that the AMS shall defer before transmitting. The connection priority is defined by the tuple of
contention window parameters and the number of retries. The ABS transmits initial connection priority
parameters - initial and maximum window sizes and backoff window scaling factor - in DSx-REQ and/or
DSx-RSP messages

AMS SABS

@ BR preamble sequence and quick access message

BR ACK A-MAP |E

A

Grant for UL transmission @

@ UL scheduled TX

A

A 4
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Figure 429—3-step random access BR procedure

During the 3-step BR procedure of Figure 429, if the ABS is unable to decode the quick access message, the
ABS falls back to the 5-step BR procedure illustrated in Figure 430. In that case, in Step 2, the ABS shall
provide an UL grant to the AMS using a BR ACK A-MAP IE or CDMA Allocation A-MAP IE. The maxi-
mum HARQ retransmission of the allocation mode through the BR ACK A-MAP IE or CDMA Allocation
A-MAP IE is set to the default value defined in section 16.2.14.2. In Step 3, the AMS transmits a standalone
BR header.

In case of the 5-step procedure, the AMS shall start the BR timer after sending BR header in Step 3. The BR
Timer value shall be set to the Differentiated BR timer acquired during the DSx transaction.

The AMS shall stop the BR timer upon reception of the UL grant.

The AMS may restart (according to the rules defined later in this section) the BR procedure if BR timer is
expired, or the AMS receives a negative acknowledgement that is generated locally at the AMS.

When the AMS restarts the BR procedure, the AMS shall follow a binary exponential backoff algorithm,
i.e., doubles its backoff window and randomly selects a number within the new backoff window. This ran-
dom value indicates the number of contention transmission opportunities that the AMS shall defer before
transmitting a new bandwidth request preamble sequence.

AMS SABS

@ BR preamble sequence and quick access message

" Message part |
L undecodable |
BR ACK A-MAP IE T

A

P Grant for standalone BR header @
@ standalone BR header R
Grant for UL transmission @

A

\4

@ UL scheduled TX

Figure 430—Example of 5-step random access BR procedure

In the regular 5-step random access BR procedure, an AMS shall send a BR preamble sequence only. If the
AMS receives neither any UL grant nor Negative-ACK at the next DL frame after it has transmitted the BR
preamble sequence, a fixed value of BR timer shall be activated. The rest of the BR procedure shall be the
same as the fallback 5-step procedure of Figure 430.
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16.2.11.1.2 Standalone Bandwidth Request Header

Standalone bandwidth request header is used by AMS to send bandwidth request in step 3 in the 5-step con-
tention-baesd random access BR procedure, or as a response to the polling from the ABS. The AMS can use
any UL resource allocated to itself to send the standalone BR header.

16.2.11.1.3 Piggybacked Bandwidth Request

Piggybacked bandwidth request is used by the AMS to request for bandwidth for the same or different con-
nection, to which the user data in the MAC PDU is mapped to. It is carried in the extended header.

16.2.11.1.4 Bandwidth Request using FFB

Bandwidth request can also be sent from an AMS to the ABS through P-FBCH. Two P-FBCH codewords
are reserved for the AMS to send a BR indication flag and an ertPS/aGPS BR flag. In order to maintain oper-
ation of link adaptation mechanisms at the ABS and adequate CINR reporting, the AMS shall not transmit
either one of the BR codewords on two consecutive P-FBCH allocations that are allocated to it.

16.2.11.1.4.1 Indication flag feedback

An AMS can send an indication flag on the P-FBCH. The indication flag is used by the AMS to indicate to
the ABS its intention to request UL allocation without the need to perform the random access bandwidth
request. The codeword Ob111110 is used for that purpose. After receiving the indication flag from the AMS,
the ABS may allocate the required UL resource to the AMS.

16.2.11.1.4.2 ertPS/aGP Service BR

If an AMS has ertPS connections, the AMS may inform the serving ABS of the existence of pending ertPS
data. If an AMS has aGP Service connections, the AMS may inform the serving ABS of the existence of
pending aGP Service data related to primary QoS parameters. The codeword 0b111111 is used for those
purposes.

If the ABS receives the codeword (i.e., 0b111111) on P-FBCH from the AMS, the ABS should make UL
allocation as follows:

1) If an AMS has ertPS connections only, the ABS should allocate for the AMS an UL burst corre-
sponding to the largest Maximum Sustained Traffic Rate of the AMS's stopped ertPS UL service
flows.

2) If an AMS has aGP Service connections only, the ABS should change allocation for the AMS UL
bursts corresponding to the Primary service flow QoS parameter set of the AMS's aGP Service UL
service flow, which has the largest Grant_Size primary among all aGP Service flows.

3) If an AMS has both ertPS and aGP Service connections, the ABS should allocate for the AMS UL
bursts corresponding to the largest Maximum Sustained Traffic Rate of the AMS's ertPS and aGP
Service UL service flows.

If an AMS has ertPS connections, this codeword also implicitly indicates the stopped ertPS UL service flow
to resume.
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16.2.11.1.5 Bandwidth request message format
16.2.11.1.5.1 Quick access message format

When a 3-step BW-REQ procedure is used, in step-1 the quick access message carries 12 bit information
including AMS addressing information with quick access sequences carrying additional 4-bit BW-REQ
information.

The following parameters are carried in step-1 of 3-step BW-REQ procedure. Detailed encoding method is

provided in the section <<15.3.9.1.5>>.

«  STID (12 bits)

*  Predefined BR index (4 bits): The mapping between "predefined BR index' and 'BR size & QoS level' is
done during DSx procedure. 'BR size' and 'QoS level' is determined based on the QoS parameters of the
flow in the DSx messages. 'BR size' is in unit of bytes and is mapped to Maximum Traffic Burst param-
eter, and 'QoS level' is mapped to UL Grant Scheduling Type parameter.

16.2.11.1.5.2 Bandwidth request header format

When the standalone Bandwidth Request Header is transmitted in step 3 in the 5-step contention-based ran-
dom access BR procedure, it shall contain the following parameters:

e STID of the AMS

*  FID of the requesting connection

*  Aggregate bandwidth to request

When the standalone Bandwidth Request Header is transmitted using the UL grant specifically for the AMS
(e.g., polling from ABS), it may request bandwidth for one flow or multiple flows if allowed by space; it
may request GPI change for aGP service or minimum delay of the requested grant for BE, and it may con-
tain the following parameters. An ABS should use the size of single flow standalone bandwidth request
header as the minimum allocation size for polling allocation.

*  FID of the requesting connection

*  Aggregate or incremental bandwidth to request for one or multiple flows

*  New GPI value for aGP service or minimum delay of the requested grant for BE

*  GPI change indicator for aGP service

16.2.11.1.5.3 Piggyback bandwidth request extended header format

Piggybacked bandwidth request shall contain the FID of the requesting connection and the aggregate band-
width to request. Multiple requests can be included in one piggybacked bandwidth request.

16.2.11.2 Grant

In the contention-based random access bandwidth request procedure, the grant for BR header is allocated by
CDMA Allocation A-MAP IE, which is shown in Table 755. CDMA Allocation A-MAP IE is used for UL
allocation of bandwidth to a user that requested bandwidth using a ranging preamble code or BR preamble
code. The AMS decodes the IE and checks the MCRC by its specific 15-bit RA-ID and 1-bit Masking Prefix
Indicator. The RA-ID is derived from the AMS' random access attributes (i.e., superframe number (LSB
Sbits), frame_index (2 bits), ranging preamble code/BR preamble code index (6 bits) and opportunity index
(2 bits)) as defined below:

RA-ID = (LSB 5bits of superframe number | frame_index | preamble code index | opportunity index)

The maximum number of the HARQ retransmission is set to the default value defined in section 16.2.14.2.
HARQ retransmission control information cannot be changed during retransmission process.
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16.2.12 Quality of Service (QoS)

16.2.12.1 Global Service classes

Global service class name is a rules-based, composite name parsed in a variable number of information
fields of format,

for I=1, format is ISBRLSPS1R and length is five bytes;

for I=0 and S2=0 or 1, format is ISBRLSPS1S2R and length is five bytes;

for I=0 and S2=2 or 3, format is ISBRLSPS1S2S3R and length is six bytes;

for I=0 and S2=4, format is ISBRLSPS1S2S3S5R and length is six bytes;

for I=0 and S2=5, format is ISBRLSPS1S2L1S3S4R and length is seven bytes;

for I=0 and S2=6, format is ISBRLSPS1S2L1S4R and length is seven bytes;

for I=0 and S2=7, format is ISBRLSPS1S2L1S3S6S7S8S9S10R and length is eleven bytes.

Table 756—Global Service Class Name Information Field Parameters

Position Name Size (bits) Value

I Uplink / Downlink indicator 1 0 = uplink;
1 = downlink

S Maximum sustained traffic rate 6 Extensible look-up Table 187 (value Ob111111

per flow indicates TLV to follow)

B Maximum traffic burst 6 Extensible look-up Table 187 (value Ob111111
indicates TLV to follow)

R Minimum reserved traffic rate 6 Extensible look-up Table 187 (value Ob111111
indicates TLV to follow)

L Maximum latency 6 Extensible look-up Table 188 (value Ob111111
indicates TLV to follow)

S Fixed-length versus variable 1 0 = variable length;

length SDU indicator 1 = fixed length

P Paging preference 1 0 = No paging generation
1 = Paging generation

S1 Request/Transmission Policy 8 (Refer to 11.13.11)

S2 Uplink Grant Scheduling Type 3 (Refer to 11.13.10)
1 = Undefined
2=BE
3 =nrtPS
4 =rtPS
5 =ertPS
6 =UGS

7 = aGP Service
This field is included when I=0

L1 Tolerated Jitter 6 Extensible look-up Table 188 (value Ob111111
indicates TLV to follow). This is available only
for Uplink Grant Scheduling Type = ertPS, or
UGS. This field is included when I=0 and S2 =5
or 6.
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Table 756—Global Service Class Name Information Field Parameters

Position Name Size (bits) Value

S3 Traffic Priority 3 (Refer to 11.13.5) This is used only for Uplink
Grant Scheduling Type = rtPS, ertPS, nrtPS or
BE.This field in included when I=0 and S2=2 or 3
or4or5.

S4 Unsolicited Grant Interval 6 Extensible look-up Table 189 (value Ob111111
indicates TLV to follow) This is available only for
Uplink Grant Scheduling Type = ertPS, or
UGS.This field is included when =0 and S2=5 or
6.

S5 Unsolicited Polling Interval 6 Extensible look-up Table 189 (value Ob111111
indi-cates TLV to follow). This is available only
for Uplink Grant Scheduling Type = rtPS.This
field is included when I=0 and S2=4.

S6 Primary GPI 6 This is available only for Uplink Grant Schedul-
ing Type = aGP Service. This field is included
when =0 and S2=7.

S7 Primary Grant Size 6 This is available only for Uplink Grant Schedul-
ing Type = aGP Service. This field is included
when =0 and S2=7.

S8 Secondary GPI 6 This is available only for Uplink Grant Schedul-
ing Type = aGP Service. This field is included
when I=0 and S2=7.

S9 Secondary Grant Size 6 This is available only for Uplink Grant Schedul-
ing Type = aGP Service. This field is included
when =0 and S2=7.

S10 Adaptation Method 3 This is available only for Uplink Grant Schedul-
ing Type = aGP Service. This field is included
when =0 and S2=7.

R Padding variable Padding bits to ensure byte aligned. Shall be set to
Zero.

Maximum sustained traffic rate per flow

A parameter that defines the peak information rate of the service. The rate is expressed in bits per second
and pertains to the service data units (SDUs) at the input to the system. Explicitly, this parameter does not
include transport, protocol, or network overhead such as MAC headers or CRCs, or non-payload session
maintenance overhead like SIP, MGCP, H.323 administration, etc. This parameter does not limit the instan-
taneous rate of the service since this is governed by the physical attributes of the ingress port. However, at
the destination network interface in the uplink direction, the service shall be policed to conform to this
parameter, on the average, over time. The time that the traffic rate is averaged over shall be defined during
service negotiation. On the network in the downlink direction, it may be assumed that the service was
already policed at the ingress to the network. If this parameter is set to zero, then there is no explicitly man-
dated maximum rate. The maximum sustained traffic rate field specifies only a bound, not a guarantee that
the rate is available. The algorithm for policing this parameter is left to vendor differentiation and is outside
the scope of the standard.
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16.2.12.2 Service Flow Management

In addition to the legacy scheduling services described in 6.3.5, AAI supports adaptation of service flow
(SF) QoS parameters.One or more QoS parameter set(s) may be defined during the initial service negotia-
tion, e.g., a mandatory primary SF QoS parameter set, and an optional secondary SF QoS parameter set, etc.
Each SF QoS parameter set defines a set of QoS parameters. If multiple SF QoS parameter sets are defined,
each of them corresponds to a specific traffic characteristic for the user data mapped to the same service
flow. When QoS requirement/traffic characteristics for UL traffic changes, the ABS may autonomously per-
form adaptation by either changing the SF QoS parameters or switching among multiple SF QoS parameter
sets. The AMS may also request the ABS to perform adaptation using explicit signaling. The ABS then allo-
cates resource according to the adapted SF QoS parameters.

The value of FID field specifies the FID assigned by the ABS to a service flow of an AMS with a non-null
AdmittedQosParamSet or ActiveQosParamSet. The 4-bit value of this field is used in BRs and in MAC
PDU headers. This field shall be present in a ABS-initiated AAI DSA-REQ or AAI DSC-REQ message
related to establishing an admitted or active service flow. This field shall also be present in AAI DSA-RSP
and AAI_DSC-RSP messages in response to AMS-initiated AAI DSA-REQ and AAI DSC-REQ messages
related to the successful establishment of an admitted or active service flow.

AAI DSA-REQ/RSP shall include the MAC Header type field to indicate which MAC header format is to
be used for such service flow. When MAC Header type = 0, the given service flow shall use AGMH. When
MAC Header type = 1, the given service flow shall use CMH.

16.2.12.3 Scheduling services

Scheduling services represent the data handling mechanisms supported by the MAC scheduler for data
transport on a connection. Each service flow is associated with a single scheduling service as in Wireless-
MAN-OFDMA reference system. A scheduling service is determined by a set of SF QoS parameters that
quantify aspects of its behavior. These parameters are established or modified using service flow manage-
ment procedures.

16.2.12.3.1 Adaptive granting and polling service

The set of QoS parameters associated with adaptive granting and polling services are categorized into pri-
mary QoS parameters and secondary QoS parameters. The ABS may grant or poll AMS periodically and
may negotiate only primary SF QoS parameters, or both primary and secondary QoS parameters with the
AMS. Initially, ABS uses primary SF QoS parameters including Primary Grant and Polling Interval (GPI)
and Primary Grant Size. When both primary and secondary QoS parameters are negotiated, primary QoS
parameters shall have more stringent QoS requirements than secondary QoS parameters. The admission con-
trol shall be done by considering the most stringent QoS requirement defined by the primary QoS parame-
ters. The secondary QoS parameters are the minimal QoS guarantees that the scheduling service shall
always provide.

During the service, the traffic characteristics and QoS requirement may change, for example silence-sup-
pression enabled VoIP alternates between talk spurt and silence period, which triggers adaptation of the
scheduling service state machine as described below. Adaptation of scheduling state includes switching
between using primary and using secondary SF QoS parameters or changing of GPI/Grant size to values
within the QoS flexibility range, i.e., without exceeding the maximal QoS requirement or violating the min-
imal QoS guarantee, that are defined by the primary or secondary SF QoS parameters when the traffic can be
characterized bymore than two QoS states.

Depending on the adaptation method specified during the service flow negotiation, the grant size or GPI can
be changed by ABS automatically upon detecting certain traffic condition, or can be triggered by explicit
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signaling from AMS, such as Bandwidth request signaling header, quick access message in BR channel or
Fastfeedback Channel.

There are three adaptation methods:

Implicit: upon detecting of certain traffic condition with respect to a pre-negotiation SF QoS parameter
set, ABS automatically changes GPI and/or Grant size; or switches between GPI_primary/

Grant_Size primary and GPI secondary/Grant_Size secondary if secondary SF QoS parameter set is
defined.

Explicit, sustained: GPI and grant size change is triggered by explicit signaling from AMS such as
bandwidth request signaling header, quick access message in BR channel, or fast feedback channel.
Such change is sustained until next change request. If GPI_secondary/Grant_Size secondary is defined,
GPI and grant size switches between GPI_primary/ Grant_Size primary and GPI_secondary/
Grant_Size secondary as requested by the explicit signaling; otherwise, GPI and grant size changes as
indicated by QoS requirement carried in the explicit signaling as mechanisms mentioned above. If an
AMS has requested a change in GPI or grant size (different than GPI_Primary and Grant size primary
respectively), when this AMS performs handover to another ABS it should retransmit the GPI and grant
size request to the target ABS after network reentry is completed.

Explicit, one time only: GPI and grant size change is triggered by explicit signaling from AMS such as
in bandwidth request signaling header, quick access message in BR channel, or fast feedback channel.
Such change is one-time only. If GPI_secondary/Grant Size secondary is defined, GPI and grant size
one-time switches from GPI primary/ Grant Size primary to GPI secondary/Grant Size secondary;
otherwise, GPI and grant size changes as indicated by QoS requirement carried in the explicit signaling
as mechanisms mentioned above.

Table 757— describes the SF QoS parameters for Adaptive grant and polling scheduling service (aGP ser-
vice).

Table 757—SF QoS parameters for aGP service scheduling service

Information Elements Notes

Maximum latency (unsigned int)

Tolerated Jitter (unsigned int)

Minimum reserved traffic rate (unsigned int)

Maximum sustained traffic rate (unsigned int)

Traffic Priority (unsigned int)

Request/Transmission Policy (unsigned int)

if (uplink service flow) { (Boolean)

Scheduling Type (unsigned int) aGP service
GPI_primary (unsigned int) Primary GPI used initially
Grant_size primary (unsigned int) Primary grant size. If the primary grant size equals to x bytes

(the newly defined bandwidth request header size), this indi-
cates a primarily polling based service; otherwise, it is primarily
granting based service.

GPI_secondary (unsigned int) Secondary GPI (optional)
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Table 757—SF QoS parameters for aGP service scheduling service

Information Elements

Notes

Grant_Size secondary (unsigned int)

Secondary grant size (optional). If the secondary grant size is
defined and equals to x bytes (the newly defined bandwidth
request header size), this indicates a secondarily polling based;
otherwise, it is a secondarily granting based service.

Adaptation Method (unsigned int)

» Implicit adaptation
»  Explicit adaptation, sustained
»  Explicit adaptation, one time only

Padding

Padding bits to ensure byte aligned. Shall be set to zero.

The mandatory QoS parameters of aGP Service are the Maximum Sustained Traffic Rate, the Request/
Transmission Policy, Primary GPI and Primary Grant Size.

16.2.12.3.1.1 Handover Support

During AMS handover from Mzone/ABS to LZone/WirelessMAN-OFDMA BS, an ABS should map an
aGP service flow to a service flow of legacy scheduling type.

An aGP service flow should be mapped to an ertPS service flow or a rtPS service flow based on the value of
‘GrantSize primary’. If ‘GrantSize primary’ value is equal to the bandwidth request header size, an aGP
service flow should be mapped to a rtPS service flow. Otherwise, an aGP service should be mapped to an

ertPS service flow.

Table 758—mapping from aGP service to ertPS/rtPS

AAI aGP service flow

Mapped legacy service flow

QoS Parameters

Scheduling type | QoS Parameters

Adaptation Method = Implicit adaptation or
Explicit adaptation - sustained or
Explicit adaptation - one time only

GrantSize primary != x bytes (the newly
defined bandwidth request header size

ertPS *  UGI = Primary GPI

* and map equally all the other com-
mon QoS parameters between
ertPS and aGP service

Adaptation Method = Implicit adaptation or
Explicit adaptation - sustained or
Explicit adaptation - one time only

GrantSize primary = x bytes (the newly defined
bandwidth request header size)

rtPS *  UGI = Primary GPI

* and map equally all the other com-
mon QoS parameters between rtPS
and aGP service
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16.2.12.4 Emergency Service Flow

Service flow parameters for emergency service may be pre-defined in the system. When default service flow
for emergency service flow is predefined, an emergency FID for the default service flow is either predefined
or allocated by the ABS. During the network entry, the ABS shall allocate the emergency service FID
through AAI RNG-RSP upon receiving emergency service indicator in the AAl RNG-REQ. During the
connected state, if an emergency FID is not pre-defined, the ABS shall allocate the emergency service FID
through AAI DSA-RSP upon receiving the emergency service indication in the AAI DAS-REQ.

16.2.12.5 Emergency Service Notification during initial ranging

The AMS may request for Emergency Service flow setup during initial ranging process by including an
Emergency Service Indicator in the AAI RNG-REQ message. Default service flow parameters are defined
for emergency service flow.

If the emergency service flow parameters are pre-defined, the AMS transmits the emergency message using
the emergency FID without going through the complete service flow setup through DSA transaction. The
ABS grants resources according to the default service flow parameters defined for emergency service. If no
default service flow parameters are defined for the emergency service, the AMS and the ABS shall establish
the emergency service flow via DSA transaction.

If a service provider wants to support National Security/emergency Preparedness (NS/EP) priority services,
the ABS uses its own algorithm as defined by its local country regulation body. For example, in the US the
algorithm to support NS/EP is defined by the FCC in Hard Public Use Reservation by Departure Allocation
(PURDA).

16.2.12.6 Emergency Service Notification during connected state

When an AMS requests for Emergency Service in the connected state and default service flow parameters
are defined for the emergency service, the AMS shall send a bandwidth request using the emergency service
FID without going through the complete service flow setup through DSA transaction. When an AMS
requests for Emergency Service in the connected state and no default service flow parameters are defined for
the emergency service, the AMS shall establish the emergency service flow using service flow setup proce-
dure and include the emergency service notification in the AAI DSA-REQ.

16.2.12.7 Emergency Alert Service

Emergency alert service is defined as a service that would provide the public with alerts on imminent emer-
gency events, such as earthquake, storm, etc. The alerts would target subscribers in a specific geographical
location. The emergency alert service includes the transmissions of emergency information. The emergency
information is broadcasted through AAI L.2-XFER.

16.2.12.8 Service Flow/Convergence Sublayer Parameters

Table 759defines the parameters associated with UL/DL scheduling for a service flow.

Table 759—Service flow/convergence sublayer parameters

Fields Size (bits) Description
Flow ID 4 An identifier of a service flow
Uplink/Downlink Indicator 1 Whether parameters are for uplink or for downlink
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Table 759—Service flow/convergence sublayer parameters

Fields Size (bits) Description

Differentiated BR timer 6 Grant reception timeout before contention-based BR
is attempted again for the service flow. Value of
range 1 ~ 64 frame(s)

MAC in-order delivery indicator 1 Indicate whether or not the order of delivery in non-
ARQ connection is preserved by the MAC.
0 : not preserved
1 : preserved

GPI primary TBD

Grant size primary TBD Primary grant size. If the primary grant size equals
to x bytes (the newly defined bandwidth request
header size), this indicates a primarily polling based
service; otherwise, it is primarily granting based ser-
vice.

GPI secondary TBD

Grant size secondary TBD Secondary grant size (optional). If the secondary
grant size is defined and equals to x bytes (the newly
defined bandwidth request header size), this indi-
cates a secondarily polling based; otherwise, it is a
secondarily granting based service.

Adaptation method TBD —  Implicit adaptation

—  Explicit adaptation, sustained
—  Explicit adaptation, one time only

Service Class Name 16 ~ 1024 Refer to 11.13.3

QoS Parameter Set Type 3 Refer to 11.13.4

Traffic Priority 3 Refer to 11.13.5

Access Class 2 This parameter specifies the priority assigned to a
service flow. This priority is used in prioritizing
access requests as described in paragraph
16.2.11.1.1.

Maximum Sustained Traffic Rate 6 Refer to 11.13.6

Maximum Traffic Burst 6 Referto 11.13.7

Minimum Reserved Traffic Rate 6 Refer to 11.13.8

Vendor-Specific QoS Parameter variable Referto 11.13.10

Uplink Grant Scheduling Type 3 Refer to 11.13.11. In addition to the legacy schedul-
ing services described in 11.13.11, aGP Service is
supported.

Request/Transmission Policy 8 Refer to 11.13.12

Tolerated Jitter 6 Refer to 11.13.13

Maximum Latency 6 Referto 11.13.14

Fixed-length versus Variable-length 1 Refer to 11.13.15

SDU Indicator
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Fields Size (bits) Description
SDU Size 8 Referto 11.13.16
Target SAID 16 Refer to 11.13.17
ARQ Enable 1 Referto 11.13.17.1
ARQ_WINDOW_SIZE 16 Referto 11.13.17.2
ARQ BLOCK _LIFETIME 16 Referto 11.13.17.4
ARQ_SYNC_LOSS_TIMEOUT 16 Referto 11.13.17.5
ARQ RX PURGE TIMEOUT 16 Referto 11.13.17.7
RECEIVER_ARQ_ACK_PROCESSI 8 Referto 11.13.17.9
NG TIME
ARQ SUB BLOCK SIZE 8
ARQ_ERROR_DETECTION_TIME 16
OuT
ARQ FEEDBACK POLL RETRY 16
TIMEOUT
CS Specification variable Refer to 11.13.19
Unsolicited Grant Interval 6 Refer to 11.13.20
Unsolicited Polling Interval 6 Refer to 11.13.21
MBS service 2 Refer to 11.13.23
Global Service Class Name variable Refer to 11.13.24
Type of Data Delivery Services 3 Refer to 11.13.25
SDU Inter-arrival Interval 16 Refer to 11.13.26
Time Base 16 Refer to 11.13.27
MBS zone identifier assignment 8 Referto 11.13.29
Paging Preference 1 Refer to 11.13.30
SN Feedback Enabled 1 Refer to 11.13.31
HARQ Service Flows 1 Referto 11.13.32
Authorization Token variable Refer to 11.13.34
HARQ Channel Mapping variable Refer to 11.13.35
PDU SN Extended Subheader for 2 Refer to 11.13.36
HARQ Reordering
MBS contents ID variable Refer to 11.13.37
ROHC Parameter Payload variable Refer to 11.13.38
Packet Error Rate 8 Refer to 11.13.39
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Table 759—Service flow/convergence sublayer parameters

Fields Size (bits) Description

PSC assignment 3 Refer to 11.13.40

Emergency Indication 1 Indicates the associated flow is used for emergency
purposes.

MAC Header Type 1 Indicates whether AGMH or CMH is presented at
the start of MPDUs of the service flow
0 =AGMH (Advanced Generic MAC Header)
1 = CMH (Compact MAC header)

16.2.12.8.1 Flow ID (FID)

The value of this parameter specifies the FID assigned by the ABS to a service flow. The ABS shall use this
parameterization to assign FIDs in ABS-initiated AAI DSA-REQ messages and in its AAI DSA-RSP to
AMS-initiated AAI DSA-REQ messages. The FID shall be used for DSx message signaling as the identifier
for a service flow.

16.2.12.8.2 Uplink/Downlink Indicator

The value of this parameter specifies whether a service flow is for uplink or for downlink. If the service flow
is for uplink, the value of this parameter is set to 0. Otherwise, it is set to 1. The Uplink/Downlink Indicator
shall be used for DSx message signaling as the indicator of uplink/downlink for a service flow.

16.2.12.8.3 Differentiated BR timer

This parameter is negotiated upon connection setup or during operation, based on other service flow param-
eters such as Uplink Grant Scheduling Type, Maximum Latency and so on. The AMS-initiated AAI_DSA-
REQ message may contain the suggested value for this parameter. The ABS-initiated AAI DSA-REQ and
AAI DSA-RSP message shall contain the confirmation value or an alternate value for this parameter. An
AMS and ABS may send AAI DSC-REQ message to dynamically change the parameters of an existing ser-
vice flow. The ABS shall send AAI DSC-RSP message containing the confirmation value or an alternate
value for this parameter in response to a received AAI DSC-REQ. The value of this parameter is the num-
ber of frames before contention-based BR is attempted again for the service flow. The ABS should try to
allocate UL grant within the confirmed value of this parameter when it receives BR for the service flow dur-
ing the contention-based BR procedure.

16.2.13 ARQ mechanism

ARQ may be enabled on a per-connection basis. ARQ parameters shall be specified and negotiated during
connection setup.

A connection shall not have a mixture of ARQ and non-ARQ traffic. The scope of a specific instance of
ARQ is limited to one unidirectional flow.
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16.2.13.1 ARQ block usage
16.2.13.1.1 Initial transmission

An ARQ block is generated from one or multiple MAC SDU(s) or MAC SDU fragment(s) of the same flow.
ARQ blocks is variable in size.

ARQ block is constructed by fragmenting MAC SDU or packing MAC SDUs and/or MAC SDU fragments.
The fragmentation or packing information for the ARQ block is included in MAC PDU using a FPEH.

When transmitter generates a MAC PDU for transmission, MAC PDU payload may contain one or more
ARQ blocks. If the MAC PDU payload contains traffic from a single connection, PDU payload itself shall
be a single ARQ block. If traffic from multiple ARQ connections is multiplexed into one MAC PDU, the
MAC PDU payload contains multiple ARQ blocks. The number of ARQ blocks in a MAC PDU payload
shall be equal to the number of ARQ connections multiplexed in the MAC PDU.

The ARQ blocks of a connection are sequentially numbered. The ARQ block SN (sequence number) is
included in MAC PDU using a FPEH. The original MAC SDU ordering shall be maintained.

16.2.13.1.2 Retransmission

When an ARQ block transmission fails in the initial transmission, a retransmission is scheduled with or
without re-arrangement.

In case of ARQ block retransmission without rearrangement, the MAC PDU shall contain the same ARQ
block and corresponding fragmentation and packing information, which was used in the initial transmission.

In case of ARQ block retransmission with rearrangement, a single ARQ block shall be fragmented into a
sequence of multiple ARQ sub-blocks. The size of ARQ sub-block is defined by
ARQ_SUB BLOCK SIZE (see 16.2.13.3.3), which is fixed in size. The last ARQ sub-block of the ARQ
block may be smaller in size than ARQ_SUB_BLOCK SIZE. ARQ sub-blocks are sequentially numbered
using ARQ block SUB_SN (SSN). ARQ sub-block and SSN are is maintained during retransmission. When
a MAC PDU payload is constrructed from one or more ARQ sub-blocks, it shall include FPEH(see
16.2.2.2.1) which includes SDU and ARQ information about the MAC PDU payload

Figure 431 illustrates ARQ block initial transmission and retransmissions; two options for retransmission
are presented-with and without rearrangements of the failed ARQ block.
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SN-SSN  Retransmission of PDU #2 with rearrangement

Packed PDU #3

Frag 1of
Frag 0 of SDU #2

Retransmission of PDU #2 without rearrangement

Figure 431—ARQ block initial transmission and retransmission

16.2.13.2 ARQ feedback
16.2.13.2.1 ARQ feedback IE
Table 760 defines the ARQ Feedback IE. It is used by the receiver to signal positive or negative acknowl-

edgments for ARQ block and sub-blocks. ARQ feedback IEs in Table 760 may be transported either as a
part of extended header ("piggybacked") within a MAC PDU or a standalone MAC control message.
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Table 760—ARQ feedback IE format for ARQ block

Syntax Size (bits) Notes
ARQ_feedback IE(LAST){ variable
Last 1 0 =More ARQ Feedback IE in the list
1 = Last ARQ Feedback IE in the list
Flow ID 4 The ID of the flow being referenced
FLAG 1 0 = Cumulative ACK

1 = Selective ACK MAP existence

SN 10 FLAG =0, ARQ block up to and including SN
has been received successfully.

FLAG =1, ARQ block less than SN has been
received successfully.

if(FLAG==1){

NSI 1 NACK Suspended Indicator

0 = Bit marked '0' in the following Selective ACK
MAP represents a ARQ block NACK

1 = Bit marked '0' in the following Selective ACK
MAP represents that ARQ block NACK decision
is suspended (i.e.

ARQ ERROR DETECTION_ TIMER is run-
ning for corresponding ARQ block).

EXT 1 Extension for ARQ sub-block indication
0=No ARQ sub-block ACK/NACK indication
1= ARQ sub-block ACK/NACK indication fol-
lows

Selective ACK MAP 5 Each bit represents ACK or NAK of correspond-
ing ARQ block. '0' is NAK and '1' is ACK.

First MSB of first Selective ACK MAP1 repre-
sents ACK or NAK information of SN. Contigu-
ous bits after first MSB of first ACK MAP are
corresponding to contiguous SN.

FLAG 1 0 = No more selective ACK MAP and FLAG
1 = Another set of selective ACK MAP and
FLAG follows

while(FLAG==1){

Selective ACK MAP 7 Each bit represents ACK or NAK of correspond-
ing ARQ block. '0' is NAK and '1" is ACK.
Selective ACK MAP represents ACK or NAK
information of ARQ blocks after first selective

ACK MAP.
FLAG 1 0 = No more selective ACK MAP and FLAG
1 = Another set of selective ACK MAP and
FLAG follows
}
if(EXT==1){
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Table 760—ARQ feedback IE format for ARQ block

Syntax

Size (bits)

Notes

SEM

variable

Sub-block-Existence Map

The numbers of SEM bits are same as NACKed
ARQ blocks in the Selective ACK MAP.Each bit
represents the existence of partially nacked ARQ
blocks or completely nacked ARQ blocks.

1 = Partially nacked ARQ block (the ARQ block
has some sub-blocks which have received cor-
rectly)

0 = Completely nacked ARQ blocks( the ARQ
block has no sub-blocks which have received cor-
rectly)

For(i=0;Num_SN;i++) {

Num_SN is the number of bits equal to 1 in the
SEM field

do{

If NSI bit set to '0', all ARQ sub-blocks that are
not listed the Start SSN and Num_SSN in 'do
loop' are considered as NACK. If NSI bit set to
'1", All ARQ sub-blocks that are not listed the
Start SSN and Num_SSN in 'do loop' are consid-
ered that ARQ sub-block NACK decision is sus-
pended.

START SSN

11

Start of ARQ sub-block SN which was received
correctly.

Num_SSN

11

Number of consecutive ARQ sub-blocks which
were received correctly from START SSN
onwards

End

0 = One more set of START SSN, NUM_SSN
and End fields

1 = There are no more START SSN, NUM_SSN
and End fields

ywhile(End ==0)

}

Padding

variable

For Byte alignment

16.2.13.2.2 ARQ feedback poll

Transmitter uses ARQ feedback poll to update the reception status of the transmitted ARQ blocks. The ARQ
feedback poll is sent using a FPEH. When transmitter sends ARQ feedback poll, ARQ_Polling_Timeout is
started. If there is no ARQ feedback from the recevier during ARQ_Polling Timeout, the transmitter may
retry the ARQ feedback poll. Transmitter shall perform ARQ feedback poll when ARQ buffer is full or the

last ARQ block in the "not sent" state is sent.

In downlink, an ABS may assign unsolicited bandwidth using A-MAP for the AMS to send the cumulative
ACK information as an ARQ feedback. When the unsolicited bandwidth is granted to AMS, AMS should
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send ARQ feedback. If the granted bandwidith is not enough for sending ARQ feedback IE for cumulative
ACK information, MS should send BW request header instead of sending ARQ feedback.

16.2.13.2.3 ARQ feedback triggering conditions

The receiver shall send an ARQ feedback when at least one of the following conditions is met:

— An ARQ feedback poll is received from the transmitter.
— An ARQ block is declared as an error by the receiver.

— An ARQ Discard message is received from the transmitter.
16.2.13.3 ARQ parameters and timers
16.2.13.3.1 ARQ_SN_MODULUS
ARQ_SN_MODULUS is equal to the number of unique SN values, i.e., 2°(10).
16.2.13.3.2 ARQ_WINDOW_SIZE
ARQ WINDOW SIZE is defined in 6.3.4.3.2.
16.2.13.3.3 ARQ_SUB_BLOCK_SIZE
ARQ _SUB BLOCK SIZE is the ARQ sub-block length when an ARQ block is fragmented into a sequence
of multiple ARQ sub-blocks prior to retransmission with rearrangement. The last ARQ sub-block of an
ARQ block may be smaller in size than ARQ _SUB_BLOCK SIZE.
16.2.13.3.4 4 ARQ_BLOCK_LIFETIME
ARQ BLOCK LIFETIME is defined in 6.3.4.3.3.
16.2.13.3.5 ARQ_RX_PURGE_TIMEOUT
ARQ RX PURGE TIMEOUT is defined in 6.3.4.3.6
16.2.13.3.6 ARQ_MAX_ BUFFER_SIZE
The ARQ MAX BUFFER SIZE is the maximum size of the buffer (in bytes) that the AMS is able to
allocate for all ARQ connections. The AMS shall inform this parameter to the ABS during capability
negotiation.
16.2.13.3.7 ARQ_SYNC_LOSS_TIMEOUT
ARQ SYNC LOSS TIMEOUT is defined in <<<6.3.4.3.5>>>
16.2.13.3.8 ARQ_ERROR_DETECTION_TIMEOUT
An  ARQ block may arrive due to out-of order due to HARQ retransmission.
ARQ ERROR DETECTION_ TIMEOUT is the time duration for which the receiver shall wait before
declaring an ARQ block as being in error. For example if ARQ block SN #n arrives before #n-1, this timer

starts for ARQ block SN # n-1 in the receiver. When the timer expires, the ARQ block SN #n-1 is declared
as being in error in the receiver.
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16.2.13.3.9 ARQ_FEEDBACK_POLL_RETRY_TIMEOUT

ARQ _FEEDBACK POLL RETRY_ TIMEOUT is the time duration for which transmitter shall wait an
ARQ feedback from receiver after an ARQ feedback poll. When the timer expires, transmitter may retry
ARQ feedback poll.

16.2.13.4 ARQ state machine variables

All ARQ state machine variables in the transmitter and receiver are set to zero when a connection setup or an
ARQ reset occurs.

16.2.13.4.1 ARQ_TX_WINDOW_START

ARQ TX WINDOW _START is used in the transmitter ARQ state machine and represents the lower edge
of the ARQ window in the transmitter in that all the ARQ blocks up to (ARQ_TX WINDOW_START - 1)
are regarded as positively acknowledged.

16.2.13.4.2 ARQ_TX_NEXT_SN

ARQ TX NEXT SN is used in a transmitter ARQ state machine and corresponds to the lowest ARQ SN of
the next ARQ block to be sent by the transmitter. ARQ TX NEXT SN is a value in the interval
ARQ TX WINDOW_START to (ARQ TX WINDOW_START + ARQ WINDOW_SIZE).

16.2.13.4.3 ARQ_RX_WINDOW_START

It is used in a receiver ARQ state machine and represents the lower edge of ARQ window in the receiver in
that all the ARQ blocks up to (ARQ _RX WINDOW _START - 1) are regarded as correctly received.

16.2.13.4.4 ARQ_RX_HIGHEST_SN

It is used in a receiver ARQ state machine and corresponds to the highest ARQ SN of ARQ block received,
plus one. ARQ RX HIGHEST SN is a value in the interval ARQ RX WINDOW START to
(ARQ_RX WINDOW START + ARQ WINDOW _SIZE).

16.2.13.5 ARQ operation

16.2.13.5.1 Sequence number comparison

The ARQ SN comparison procedure is the same as defined in section <<<6.3.4.6.1>>>.
16.2.13.5.2 Transmitter operation

16.2.13.5.2.1 Transmitter state machine

Each ARQ enabled connection shall have an independent ARQ state machine. The ARQ state transitions
shall be ARQ block based.(i.e., not based on the ARQ sub-block).

An ARQ block may be in one of the following five states-not-sent, outstanding, waiting-for-retransmission,
discard, and done state.
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ACK

Waiting for
retransmission

Figure 432—ARQ Tx block states

Any ARQ block in the buffer begins from "not-sent" state before being transmitted. ARQ block formation
continues with a connection's "not-sent" MAC SDUs. The transmitter builds each ARQ block using the rules
for fragmentation and packing. As each "not-sent" ARQ block is formed and constructs a MAC PDU, ARQ
block is assigned the current value of ARQ TX NEXT SN, which is then incremented by one.

When an ARQ block is initially transmitted, the ARQ BLOCK LIFETIME timer is started for this ARQ
block and the ARQ block state transits from "not-sent" state to "outstanding" state.

While an ARQ block is in "outstanding" state, the transmitter waits for an acknowledgement. If a positive
acknowledgement (ACK) arrives, the ARQ block state transits to the "done" state. If ARQ block is nega-
tively acknowledged (NACK or Local NACK), the ARQ block state transits to "waiting-for-retransmission"
state. [f the ARQ_BLOCK_ LIFETIME period expires, the ARQ block state transits to "discard" state.

While an ARQ block is in "waiting-for-retransmission" state, transmitter prepares for ARQ block retrans-
mission. If ARQ block is re-transmitted, the ARQ block state transits to "outstanding". If a positive
acknowledgement (ACK) arrives, the ARQ block state transits to the "done" state. If the
ARQ BLOCK LIFETIME period expires, the ARQ block state transits to "discard" state.

While ARQ block is in "discard" state, the transmitter sends Discard message (see 16.2.3.43) and waits for
the acknowledgement from the receiver. If a positive acknowledgement (ACK) of the ARQ block corre-
sponding to the Discard message arrives, the ARQ block state transits to "done" state.

When ARQ block is in "done" state, the transmitter shall flush the ARQ block and remove the timers and
state variables associated with the flushed ARQ block.

For a given connection the transmitter shall first handle (transmit or discard) blocks in "waiting-for-retrans-
mission" state and only then blocks in "non-sent" state. Blocks in "outstanding" or "discarded" state shall not
be transmitted. When blocks are retransmitted, the block with the lowest BSN shall be retransmitted first.

16.2.13.5.2.2 ARQ feedback processing
In response to the transmitted ARQ block, the transmitter receives ARQ feedback IE sent by the receiver.

The ARQ feedback IE may include either a positive (ACK) or a negative acknowledgement (NACK).
Optionally, when ARQ and HARQ interaction (see <<15.2.14.5>>) is enabled, the ARQ feedback may also
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be received in the form of a local NACK, which is a negative acknowledgement that is generated locally at
the transmitter. When local NACK occurrs in a certain ARQ block, ARQ NACK of the corresponding ARQ
block should be ignored until HARQ transmission is finished.

When transmitter receives an ARQ feedback IE, the transmitter shall check the validity of the SN of the
ARQ blocks being acknowledged. If the ARQ SN is in the interval ARQ TX WINDOW_START to
ARQ TX NEXT SN - 1 (inclusive) then the ARQ SN is valid; otherwise it is invalid and shall be ignored
by transmitter.

If the SN is valid and the ARQ feedback IE includes Cumulative ACK, the transmitter shall consider all the
ARQ blocks in the interval ARQ TX WINDOW_START to SN (Inclusive) as positively acknowledged,
and set the ARQ_TX WINDOW_START to SN+I.

If the SN is valid and the ARQ feedback IE includes a selective ACK MAP, it shall consider all ARQ blocks
in the interval ARQ _TX WINDOW_ START to SN (not inclusive) as positively acknowledged, and set the
ARQ TX WINDOW _START to SN. The selective ACK MAP is processed from left to right (MSB to
LSB) and the left most bit indicates SN. Each bit in the selective ACK MAP that is set to '1'indicates that the
corresponding ARQ block has been received correctly. Each bit that is set to "0" in the selective ACK MAP
indicates that the corresponding ARQ block has been received incorrectly. If 'NSI' is set to '1', all bits set to
"0" in the selective ACK MAP, transmitter ignore all bits set to "0" in the selective ACK MAP and transmit-
ter only considers bits set to "1" in the selective ACK MAP. If ARQ feedback IE includes selective ACK
MAP and "EXT" field set to 1, the transmitter shall process ARQ feedback information of ARQ sub-blocks.
"Num_SSN" represents the number of ARQ sub-blocks which has been received correctly from
"START SSN" onwards. If 'NSTI' is set to '1', transmitter only considers correctly received ARQ sub-blocks.

16.2.13.5.3 Receiver operation
16.2.13.5.3.1 Receiver state machine

ARQ state machine procedure in a receiver is defined in Figure 52 (6.3.4.6.3). In the figure, BSN equal to
SN.

When a MAC PDU is received, receiver checks a FPEH and obtains all ARQ block information for ARQ
operation. After receiver knows ARQ SN and corresponding ARQ block in the MAC PDU, state machine
adds SN to list of SN to be acknowledged. State machine checks whether the SN which falls in the ARQ
window range (ARQ_RX WINDOW_START + ARQ WINDOW_SIZE). If ARQ SN is not valid, receiver
discards the corresponding ARQ block.

If ARQ SN is valid, but the corresponding ARQ block is already received, state machine resets
ARQ RX PURGE TIMEMOUT and discards the ARQ block. If an ARQ block is received and it is valid
and not duplicated, receiver state machine begin to update ARQ state.

The procedure of ARQ state update is as follows. If SN is equal or larger than ARQ RX HIGHEST SN,
receiver updates ARQ RX HIGHEST SN as SN+1. If SN is less than ARQ RX HIGHEST SN and more
than ARQ RX WINDOW START, receiver state variables are not changed. If SN is not equal to
ARQ RX WINDOW_START, ARQ RX PURGE TIMEOUT for this SN shall be (re)set. If SN is less
than ARQ RX HIGHEST SN and equal to ARQ RX WINDOW_START,
ARQ RX WINDOW_ START is advanced to the next lowest numbered ARQ block that has not been
received. The ARQ _SYNC LOSS TIMEOUT shall be (re)set. After finishing ARQ state update, ARQ
block is stored in the receiver buffer.
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16.2.13.5.3.2 Error detection and ARQ feedback generation

When an ARQ block arrives out of sequence, then each ARQ block with an intermediate SN is declared as
missing and the ARQ ERROR DETECTION TIMEOUT for every missing ARQ block is started. If the
missed block does not arrive within ARQ ERROR DETECTION TIMEOUT, the receiver declares the
corresponding ARQ block as an error.

The receiver shall send ARQ feedback corresponding to each ARQ block using the ARQ feedback IE (see
16.2.13.2.1). ARQ feedback is sent when 1) an ARQ feedback poll is received from the transmitter or 2)
when receiver detects an ARQ block error or 3) when discard message is received from the transmitter.

If all the ARQ blocks in the ARQ window have been received correctly, the ARQ feedback IE should con-
tain a cumulative ACK. If one or more ARQ blocks in the ARQ window have an error, the ARQ feedback IE
should contain a selective ACK MAP for indicating the error.

16.2.13.5.3.3 ARQ discard message reception

When a discard message is received from the transmitter with a valid ARQ SN, the receiver shall discard the
ARQ blocks specified by valid ARQ SN and advance ARQ RX WINDOW_ START to the SN of the first
block not yet received after the SN provided in the Discard message, and mark all not received blocks in the
interval from the previous to new ARQ RX WINDOW_ START values as received for ARQ Feedback 1E
reporting.

16.2.13.5.3.4 ARQ block purge procedure

When a block does not result in an advance of the ARQ RX WINDOW START, the
ARQ RX PURGE TIMEOUT for that block shall be started. When the value of the timer for a block
exceeds ARQ RX PURGE TIMEOUT, the timeout condition is marked. When the timeout condition is
marked, ARQ RX WINDOW_ START is advanced to the SN of the next block not yet received after the
marked block. Timers for delivered blocks remain active and are monitored for timeout until the SN values
are outside the receiver ARQ window.

When ARQ RX WINDOW_START is advanced, any SN values corresponding to blocks that have not yet-
been received residing in the interval between the previous and current ARQ RX WINDOW_START
value shall be marked as received and the receiver shall send an ARQ Feedback IE to the transmitter with
the updated information. Any blocks belonging to complete SDUs shall be delivered. Blocks from partial
SDUs shall be discarded.

16.2.13.5.3.5 SDU reconstruction and in-order delivery

MAC SDU at the receiver is reconstructed from the received ARQ blocks. MAC SDUs shall be delivered to
the upper layers in-order. Only completely reconstructed MAC SDU shall be delivered to the upper layers.

Whenever a complete SDU is reconstructed from the ARQ blocks, the receiver shall check if there are any
incomplete SDUs in front of the newly reconstructed SDU in the order of the components ARQ block SNs.
If so, the receiver does not deliver the complete SDU until the incomplete SDUs are recovered or explicitly
skipped.

16.2.13.5.4 ARQ Reset procedure

The ARQ reset procedures defined in figures 50 and 51(see 6.3.4.6.2) shall be supported by both the ARQ
receiver and ARQ transmitter. Each side (receiver or transmitter) may initiate an ARQ reset procedure when
ARQ Synchronization loss (see <<15.3.8.7.5>>) happens or for any other implementation specific reason.
When ARQ reset error happens during the ARQ reset procedure, the ABS or AMS may reinitialize its MAC.
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16.2.13.5.5 ARQ Synchronization loss

Synchronization of the ARQ state machines is governed by ARQ_SYNC LOSS TIMEOUT timer managed
by the transmitter and receiver state machines. Each time ARQ TX WINDOW_START is updated in the
transmitter or ARQ RX WINDOW_ START is updated in the receiver, the
ARQ _SYNC LOSS TIMEOUT timer is set to zero. When the ARQ SYNC LOSS TIMEOUT timer
expires at the transmitter or receiver, the transmitter or receiver declares ARQ synchronization loss.

16.2.13.5.6 ARQ buffer management

When transmitting a new ARQ block, the ABS should ensure that the size of the new ARQ block does not
exceed ARQ_ MAX _BUFFER_SIZE — ARQ BUFFER_USED. ARQ BUFFER_USED is defined as the
sum of ARQ BUFFER USED PER FLOW for all the ARQ enabled flows for the AMS.
ARQ BUFFER USED PER FLOW is calculated as the occupied buffer size of ARQ transmitter window
(ARQ _TX_WINDOW_START to ARQ_TX NEXT_SN-I(inclusive)).

If the ARQ blocks, with SN smaller than ARQ_TX WINDOW _START, are part of same SDU as the first
ARQ block in the ARQ transmitter window, then those ARQ blocks shall be included in the calculation of
ARQ BUFFER_USED PER _FLOW.

16.2.14 HARQ Functions

HARQ shall be used for unicast data traffic in both downlink and uplink. The HARQ shall be based on a
stop-and-wait protocol. ABS and AMS shall be capable of maintaining multiple HARQ channels. DL
HARQ channels are identified by downlink HARQ channel identifier (ACID). UL HARQ channels are
identified by uplink HARQ channel identifier (ACID).

16.2.14.1 HARQ subpacket generation and transmission

Generating the HARQ subpackets shall follow 16.3.11 Channel coding and HARQ . The received
subpackets shall be combined by the FEC decoder as part of the decoding process.

Incremental redundancy (IR) is mandatory, with Chase combining as a special case of IR. For IR, each
subpacket contains the part of codeword determined by a subpacket identifier (SPID).

The rule of subpacket transmission is as follows:
For downlink,

a) At the first transmission, ABS shall send the subpacket labeled 0b0O.
b) ABS may send one among subpackets labeled 0b00, 0b01, Ob10 and Ob11 in any order.

For uplink,

a) At the first transmission, AMS shall send the subpacket labeled 0b00.
b)  AMS shall send one among subpackets labeled 0b00, 0b01, O0b10 and Ob11 in sequential order.

In order to specify the start of a new transmission, one-bit HARQ identifier sequence number (AI_SN) is
toggled on every new HARQ transmission attempt on the same ACID. If the AI_SN changes, the receiver
treats the corresponding HARQ attempt as belonging to a new encoder packet and discards previous HARQ
attempt with the same ACID.
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16.2.14.2 Generic HARQ signaling and timing
16.2.14.2.1 HARQ Signaling
16.2.14.2.1.1 Downlink

Upon receiving a DL Basic Assignment A-MAP IE, AMS attempts to receive and decode the data burst as
allocated to it by the DL Basic Assignment A-MAP IE . If the decoding is successful, AMS shall send a
positive acknowledgement to ABS; otherwise, AMS shall send a negative acknowledgement to ABS.

The process of retransmissions shall be controlled by ABS using the ACID and AI SN fields in the DL
Basic Assignment A-MAP IE. If the AI SN field for the ACID remains same between two HARQ bursts
allocation, it indicates retransmission. Through the DL Basic Assignment A-MAP IE for retransmission,
ABS may allocate different resource allocation and transmission format. If AI SN field for the ACID is
toggled, i.e., from 0 to 1 or vice versa, it indicates the transmission of a new HARQ burst, and the
retransmission process for the previous HARQ burst with the same ACID is terminated if the retransmission
process is in progress.

For an AMS operating over carriers with a sum of FFT sizes that is 2048 subcarriers or less, in DL, the
maximum number of total HARQ channels per AMS is 16. For an AMS operating over carriers with the sum
of FFT sizes that is larger than 2048 subcarriers, in DL, the maximum number of total HARQ channels per
AMS is floor(16 * sum of FFT sizes of all used carriers /2048). The delay between two consecutive HARQ
transmissions of the same data burst shall not exceed the maximum T ReTx Interval. The number of
retransmissions of the same data burst shall not exceed the maximum DL N MAX ReTx. The values for
DL N MAX ReTx are 4 or 8. The default value is 4. The ABS may configure a maximum number of DL
HARQ retransmission via S-SFH SP1 IE.

The timing for transmitting DL Basic Assignment A-MAP IE, DL HARQ subpacket, and HARQ feedback
in UL are described in 16.2.14.2.2.

16.2.14.2.1.2 Uplink

Upon receiving a UL Basic Assignment A-MAP IE, AMS shall transmit the subpacket of HARQ data burst
through the resource assigned by the UL Basic Assignment A-MAP IE.

ABS shall attempt to decode the data burst. If the decoding is successful, ABS shall send a positive
acknowledgement to AMS; otherwise, ABS shall send a negative acknowledgement to AMS.

Upon receiving the negative acknowledgement, AMS shall trigger retransmission procedure.

In the retransmission procedure, if AMS does not receive a UL Basic Assignment A-MAP IE for the HARQ
data burst in failure, AMS shall transmits the next subpacket through the resources assigned to the latest
subpacket transmission with the same ACID as specified in Table 751 for FDD and Table 753 for TDD,
respectively. A UL Basic Assignment A-MAP IE may be sent to signal control information for
retransmission with the corresponding ACID and AI SN being not toggled. Upon receiving the UL Basic
Assignment A-MAP IE, AMS shall perform the HARQ retransmission as instructed in this UL Basic
Assignment A-MAP IE. As an example, ABS may change the resource index of the HARQ data burst or
may command to skip retransmission in the corresponding AAI subframe. If AI SN field for the ACID is
toggled, i.e., from O to 1 or vice versa, it indicates the transmission of a new HARQ burst, and the
retransmission process for the previous HARQ burst with the same ACID is terminated if the retransmission
process is in progress.

For an AMS operating over carriers with sum of FFT sizes that is 2048 sub-carriers or less, in UL, the

maximum number of total HARQ channels per AMS is 16. For an AMS operating over carriers with sum of
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FFT sizes that is larger than 2048 sub-carriers, in UL, the maximum number of total HARQ channels per
AMS is floor(16 * sum of FFT sizes of all used carrier /2048). The number of retransmissions of the same
data burst shall not exceed the maximum UL N _MAX ReTx. The values for UL_ N MAX ReTx are 4 or
8. The default value is 4. The ABS may configure a maximum number of UL HARQ retransmission via S-
SFH SP1 IE.

The timing for transmitting UL Basic Assignment A-MAP IE, UL HARQ subpacket, and HARQ feedback
in DL are described in 16.2.14.2.2.

16.2.14.2.1.3 DL HARQ buffering capability

The AMS shall report its buffering capability by stating the steady amount of information bits in 4800 byte
units it can receive while providing the aimed combining gain in the following benchmark scenario:

» The reception errors of each FEC block transmitted are identical and independent (e.g., each of the
AMS antennas is connected through an attenuator to 1 of the ABS antennas)

* Frame is entirely DL with 8 subframes.

* A number of HARQ channels (or, 8 ACIDs) are evenly distributed over a frame (that is, one ACID per
each subframe) each with the same amount of information bits carried over and the same HARQ chan-
nels (ACIDs) are allocated over frames.

» Each burst is always transmitted with the same constellation (or, modulation order) and over the same
amount of LRUs.

» Burst error rate of the first HARQ transmission can be up to 50%.

* The SPID increases by 1 circularly every retransmission.

* DL HARQ retransmission time delay of Smsec

Where the aimed combining gain is:

* The error rate of second transmission is not higher than 5%

"Buffer overflow" is defined as a condition of no available buffer for storing soft bits of a failed burst. Upon
buffer overflow the AMS should indicate to the ABS the overflow condition with EDI (Event Driven
Indication) as defined in paragraph 16.3.9.3.1. The EDI shall be transmitted at the first fast feedback
opportunity the AMS is allocated following the AMS DL processing time from the overflow condition.
Even upon buffer overflow event, the AMS shall attempt to receive DL HARQ bursts allocated to itself and
to transmit the appropriate HARQ feedback to the ABS.

Upon reception of overflow EDI from the AMS, the ABS may consider as a worst case assumption that all
soft bits of bursts that the AMS failed to receive, in their last transmission, are not buffered at the AMS.
Consequently, to make sure that the systematic bits are used for decoding by the AMS, the ABS may
retransmit with SPID=0 for the failed bursts that were transmitted only 1 time.

The ABS may consider the overflow indications from the AMS when selecting the amount of information
bits, the SPID or the MCS of the bursts transmitted to that AMS. Clearly, the ABS may also consider the
HARQ feedbacks from the AMS for different retransmissions when selecting the amount of information
bits, the SPID or the MCS of the bursts transmitted to it.

16.2.14.2.1.4 UL HARQ buffering capability

The AMS shall report the amount of information bits in 4800 bytes units it can buffer in the UL. The ABS
shall not exceed this buffer.
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16.2.14.2.2 A-MAP relevance and HARQ timing

Transmissions of Assignment A-MAP IE, the HARQ subpacket, and the corresponding feedback shall be in
accordance to a pre-defined timing. In UL, retransmission of the HARQ subpacket shall also follow a pre-
defined timing.

Each transmission time is represented by frame index and AAI subframe index. The frame index shall range
from 0 to 3. In FDD, the index of DL or UL AAI subframe shall range from 0 to F-1, where F is the number
of AAI subframes per frame. In TDD, the index of DL AAI subframe shall range from 0 to D-1, where D is
the number of DL AAI subframes per frame, and the index of UL AAI subframe shall range from 0 to U-1,
where U is the number of UL AAI subframes per frame.

To determine A-MAP relevance and HARQ timing, DL HARQ feedback offset z, UL HARQ Tx offset v
and UL HARQ feedback offset w shall be set. In DL HARQ transmission, the DL Rx processing time
T R processing @t AMS shall be considered for the DL HARQ feedback offset(z). In UL HARQ trans-
mission, UL Tx processing time Ty 1y processing ~at AMS and the UL Rx processing time
Tyr R processing at ABS are considered for the UL HARQ Tx offset(v) and the UL HARQ feedback off-
set(w), respectively.

For F= 8 in FDD or D + U = 8 in TDD, both T gy processing @14 TUL Tx processing 3t AMS are 3 AAL
subframes. The Ty, at ABS is 3 or 4 AAI subframes broadcast via S-SFH SP1 IE.

L_Rx_Processing
16.2.14.2.2.1 FDD
16.2.14.2.2.1.1 Downlink

In DL HARQ transmission, DL Basic Assignment A-MAP IE, the HARQ subpacket, and the corresponding
feedback shall follow the timing defined in Table 761.

Table 761—FDD DL HARQ timing

Content AAI Subframe Index Frame Index
Assignment A-MAP IE / i
Tx in DL
HARQ Subpacket Tx in m =1 i
DL

HARQ feedback in UL n = cell(m—‘,-F/z)modF J _ (l +ﬂ00r(cell(m;F/2)) +z)m0d4

DL HARQ subpacket transmission corresponding to a DL Basic Assignment A-MAP IE in /-th DL AAI
subframe of the i-th frame shall begin in the m-th DL AAI subframe of the i-th frame. A HARQ feedback for
the DL HARQ subpacket shall be transmitted in the n-th UL AAI subframe of the j-th frame. The AAI sub-
frame index m, n and frame index j shall be determined by using / and i, as shown in Table 761—. Note that
the AAI subframe index / shall range from O to FF—1 .

DL HARQ feedback offset z shall be set to 1 only if a time gap from completion of the HARQ subpacket
transmission to its feedback time derived with z = 0 is shorter than T, . Otherwise, z shall be
set to 0. This rule shall be also applied to the long TTI transmission:

L _Rx_ Processing
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. = 0, if((ceil(F/2)—=Nppp) 2 TDL_RX_Processing)
1, else

where Njp;; is the number of AAI subframes which a HARQ subpacket spans; i.e., 1 for the default TTI
and 4 for the long TTI in FDD. The index m in Table 761 indicates the first AAI subframe which a long TTI
subpacket spans.

‘ i-th frame _ (i+1)-th frame N
Assignment + Assignment +
DL data burst DL data burst
DL
0 1 4 5 6 7
DL AAI subframe 1
UL AAI subframe index UL AAI subframe index
0 1 2 0 1 2 3 6 7
UL
HARQ HARQ
Feedback Feedback

Figure 433—Example of FDD DL HARQ timing for 5, 10 and 20 MHz channel bandwidths

Figure 433 shows an example of the timing relationship between a DL Basic Assignment A-MAP IE, a DL
HARQ subpacket with the default TTI, corresponding HARQ feedback, and retransmission in FDD frame
structure, for 5, 10 and 20 MHz channel bandwidths. In this example, Tp; gy processing 1S 3 AAL sub-
frames. o

16.2.14.2.2.1.2 Uplink

In UL HARQ transmission, UL Basic Assignment A-MAP IE, the HARQ subpacket, the corresponding
feedback, and retransmission of the HARQ subpacket shall follow the timing defined in Table 762.

Table 762—FDD UL HARQ timing

Content AAI Subframe Index Frame Index
Assignment A-MAP Tx l i

IE in DL
HARQ Subpacket Tx in m = n where . . ceil(l+F/2

o I moar | = (4 oo SEEL) )
HARQ feedback in DL / k = (j +ﬂoor((—m i F/2)) + w) mod4
: F
HARQ Subpacket ReTx m p= (k +ﬂ00r(w) + V) mod4
in UL F

UL HARQ subpacket transmission corresponding to a UL Basic Assignment A-MAP IE in /-th DL AAI
subframe of the i-th frame shall begin in the m-th UL AAI subframe of the j-th frame. A HARQ feedback for
the UL HARQ subpacket shall be transmitted in the /-th DL AAI subframe of the k-th frame. When the UL
HARQ feedback indicates a negative-acknowledgement, retransmission of the UL HARQ subpacket shall
begin in the m-th UL AAI subframe of the p-th frame. The AAI subframe index m, n and frame index j, k, p
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shall be determined by using / and 7, as shown in Table 762. Note that the AAI subframe index / shall range
fromOto F\—1.

UL HARQ transmission offset v shall be set to 1 only if a time gap from completion of the UL Basic Assign-
ment A-MAP IE transmission to the HARQ subpacket transmission time derived with v = 0 is shorter than
TUL Tx processing - Otherwise, v shall be set to 0:

0, if((ceil(F/2)—=1) 2 Ty 1x processing)

v = _Tx |
1, else

UL HARQ feedback offset w shall be set to 1 only if a time gap from completion of the HARQ subpacket

transmission to its feedback time derived with w = 0 is shorter than Ty gy processing - Otherwise, w shall be
set to 0. This rule shall be also applied to the long TTI transmission:

L= 0, lf((fZOOI"(F/Z) - NTT]) 2 TULfofProccssing)
1, else
where Njp; is the number of AAI subframes which a HARQ subpacket spans; i.e., 1 for the default TTI

and 4 for the long TTI in FDD. The index m in Table 762 indicates the first AAI subframe which a long TTI
subpacket spans.

_ i-th frame p (i+1)-th frame
. (Assignment +)
Assignment HARQ Feedback
DL
0 1 2 3 4 5 6 7 % 1 2 3 4 5 6 7
DL AAI subframe in L AAI subframe
UL AAI subframe index UL AAI subframe index
0 1 2 S 6 7 0 6 7
UL
UL data burst UL data burst

Figure 434—Example of FDD UL HARQ timing for 5, 10 and 20 MHz channel bandwidths

Figure 434 shows an example of the timing relationship between a UL Basic Assignment A-MAP IE, a UL

HARQ subpacket with the default TTI, corresponding HARQ feedback and retransmission in FDD frame

structure, for 5, 10 and 20 MHz channel bandwidths. In this example, Ty 1y processing ~ and
Tur R Processing  are 3 AAI subframes.

16.2.14.2.2.2 TDD
16.2.14.2.2.2.1 Downlink

DL HARQ subpacket transmission corresponding to a DL Basic Assignment A-MAP IE in /-th DL sub-
frame of the i-th frame shall begin in the m-th DL subframe of the i-th frame. A HARQ feedback for the DL
HARQ subpacket shall be transmitted in the n-th UL subframe of the j-th frame. The subframe index m, n
and frame index ; shall be determined by using / and i, as shown in Table 763—.
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Table 763—TDD DL HARQ timing

IEEE P802.16m/D4

Content AAI Subframe Index Frame Index
Assignment A- / i
MAP IE Tx in DL
HARQ Subpacket m =1 i
Tx in DL
For D>U
0,for0<m<K j = (i+z)mod 4
= -K,forK<m<U+K
HARQ feedback " =R, o " where
in UL U-1l,forU+K<m<D .
_ 0, lf(D —m- NTTI + n) 2 TDLfofProccssi"lg
where Z= 1. else
K = floor((D-U)/2) ’
For DS U
n=m-K
where
K = —ceil(U-D)/2)
Where:
D - is the number of downlink subframes as defined by the frame configuration table
U - is the number of uplink subframes as defined by the frame configuration table
/ - is the reference to the DL subframe, starting from O for the first downlink subframe and

numbering up to D-1, where the A-MAP is transmitted

m - is the reference to the DL subframe, starting from O for the first downlink subframe and
numbering up to D-1, where HARQ subpacket begins its transmission

n - is the reference for the UL subframe, starting from 0 for the first uplink subframe and
numbering up to U-1, where the HARQ acknowledgement is sent

Ny is the number of AAI subframes which a HARQ subpacket spans; i.e., 1 for the default
TTI and D for long TTI in TDD DL

Ty
frames

L _Rx_Processing
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< i-th frame P (i+1)-th frame N
Assignment + Assignment +
DL data burst DL data burst
DL
0 1 2 3 4 /OV' 2 3 4
DL AAI subframe in L AAI subframe 1i
UL AAI tame inde UL AAI subframe index|
U 1 2 0 1 2
UL
HARQ HARQ
Feedback Feedback

Figure 435—Example of TDD DL HARQ timing for 5, 10 and 20 MHz channel bandwidths

Figure 435 shows an example of the timing relationship between a DL Basic Assignment A-MAP IE, a DL
HARQ subpacket with the default TTI, corresponding HARQ feedback and retransmission in TDD frame
structure, for 5, 10 and 20 MHz channel bandwidths. In this example, Tpy gy processing 1S 3 AAL sub-
frames. -

16.2.14.2.2.2.2 Uplink

In UL HARQ transmission, UL Basic Assignment A-MAP IE, the HARQ subpacket, the corresponding
feedback, and retransmission of the HARQ subpacket shall follow the timing defined in Table 764—.

Table 764—TDD UL HARQ timing

Content AAI Subframe Index Frame Index
Assignment A-MAP IE / i
Tx in DL
For D>U

0, for0<I<K
m=3[-K, for K<I<U+K
U-1, forU+K<I[<D

HARQ Subpacket Txin | For 1 <D< U j=(itv)mod 4
UL 0,...,0r [—K, for [ = 0

m =4 1-K, for 0</<D-1
[-K,...,orU-1,for]l = D-1

For D =1

m=20,.,or U-1forl=0

HARQ feedback in DL / k= (G+1+w)mod 4
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Table 764—TDD UL HARQ timing

Content AAI Subframe Index Frame Index
HARQ Subpacket ReTx m p = (ktv)mod 4
in UL

UL HARQ subpacket transmission corresponding to a UL Basic Assignment A-MAP IE in /-th DL AAI
subframe of the i-th frame shall begin in the m-th UL AAI subframe of the j-th frame. A HARQ feedback
time for the HARQ subpacket shall be transmitted in the /-th DL AAI subframe of the k-th frame. When the
UL HARQ feedback indicates a negative acknowledgement, retransmission of the UL HARQ subpacket
shall begin in the m-th UL AAI subframe of the p-th frame. The AAI subframe index m, n and frame index j,
k, p shall be calculated as shown in Table 764—. In the table, if D is less than U,

K = —ceil(U-D)/2) . Otherwise, K = floor((D—-U)/2) . Note that the AAI subframe index /
shall range fromOto D—1 .

When a UL Basic Assignment A-MAP IE in the /-th DL AAI subframe of the i-th frame indicates the long
TTI transmission, the UL HARQ subpacket transmission shall begin in the 0-th UL AAI subframe of the j-th
frame. A HARQ feedback for this long TTI transmission shall be transmitted in the /-th DL AAI subframe of
the k-th frame. When the UL HARQ feedback indicates a negative acknowledgement, retransmission of the
UL HARQ subpacket shall begin in the 0-th UL AAI subframe of the p-th frame. The frame index j, &, p
shall be calculated according to equation in Table 764, with replacing the AAI subframe index m by 0.

UL HARQ transmission offset v shall be set to 1 only if a time gap from completion of the UL Assignment
A-MAP IE transmission to the HARQ subpacket transmission time derived with v = 0 is shorter than
T, . Otherwise, v shall be set to 0:

UL_Tx_Processing
v = {0’ 1f(D —I-1+ m) 2 TULiTforoccssing

1, else

UL HARQ feedback offset w shall be set to 1 only if a time gap from completion of the HARQ subpacket
transmission to its feedback time derived with w = 0 is shorter than Ty, ry processing - Otherwise, w shall be
set to 0. This rule shall be also applied to the long TTI transmission:

= 0, if(U—=m—Nrpy+ 1) 2 Ty, ry_ processing
1, else

where Ny, is the number of AAI subframes which a HARQ subpacket spans; i.e., 1 for the default TTI
and U for the long TTI in TDD UL. The index m in Table 764— indicates the first AAI subframe which a
long TTI subpacket spans.
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i-th frame (i+1)-th frame

. (Assignment +)

Assignment HARQ Feedback
DL

0 1 2 3 4 %1 2 3 4
DL AAI subframe ifi L AAI subframe
UL AAI Tame index| UL AAI subframe index
1 2 0 1 2

UL

UL data burst UL data burst

Figure 436—Example of TDD UL HARQ timing for 5, 10 and 20 MHz channel bandwidths

Figure 436 shows an example of the timing reclationship between a UL Basic Assignment A-MAP IE, a UL
HARQ subpacket with the default TTI, corresponding HARQ feedback and retransmission in TDD frame
structure, for 5, 10 and 20 MHz channel bandwidths. In this example, Ty 1y processing — and

TUL R Processing A€ 3 AAI subframes. o
16.2.14.2.2.2.3 HARQ Timing in frame structure supporting the WirelessMAN-OFDMA
frames

The A-MAP relevance and HARQ timing defined in 16.2.14.2.2.2 shall be applied to the frame structure
supporting the WirelessMAN-OFDMA TDD frames in <<15.3.3.4.1>>.

AAI subframes in the frame supporting the WirelessMAN-OFDMA TDD frames shall be indexed as fol-
lows: the DL AAI subframe index shall range from 0 to D-1, where D is the number of DL AAI subframes
dedicated to the Advanced Air Interface operation in frame. The UL AAI subframe index shall range from 0
to U-1, where U is the number of UL AAI subframes dedicated to the Advanced Air Interface operation in
frame.

Figure 437 shows an example of AAI subframe indexing for 5, 10 and 20 MHz channel bandwidths. In this
example, the ratio of whole DL AAI subframes to whole UL AAI subframes, D' : U is 5 : 3.
FRAME OFFSET is 1, and UL AAI subframes of the WirelessMAN-OFDMA and the Advanced Air Inter-
face are frequency-division multiplexed. Then, the ratio of DL to UL AAI subframes for the Advanced Air
Interface, D : U is 4 : 3. The AAI subframe index, /, m, and n are the renumbered index of /', m', and »',
respectively.

AAI Subframe index(l, A6GPND¥,m, A6PNP¥,n, ACDNP¥): DL={0,1,0.,D, A6DNP¥1}, UL=3 4 0 1 2
AAI Subframe index(/,m,n): DL={0,1,....D-1}, UL={0,1,...,U-1} 0 1 2 3 0 1 2
“—>
FRAME DL UL
OFFSET

Example showing a frame structure supporting the WirelessMAN-OFDMA frame

Figure 437— Example of AAI subframe indexing
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The same equations and rule in Table 763— and Table 764— shall be applied for deciding HARQ timing
with [, m, n, D, and U, except that /', m’, n', D', and U’ shall be used to set z, v, and w, as follows:

_ 0, if ((D’ -m'— NTTI + I’l') 2 TDLﬁRxﬁProcessing)
z= (172)
1, else
0, if (D' —1'-1+m')>T, )
v = > UL_Tx_Processing (1 73)
1, else
_ 0, if (( U—m'— NTTI + l’) 2 TULfofProcessing) (174)
1, else
| i-th frame B (i+1)-th frame _
A;Lignment + Assignment +
DL data burst DL data burst
DL
FRAME| 0 2 3 0 . FRAME
orrser| DL AAI stubframe index FFFSEE; DL AA OFFSET
UL AALI subffame index UL AALI subframe index
0 1 2 0 1 2
UL
HARQ HARQ
Feedback Feedback

Example showing a frame structure supporting the WirelessMAN-OFDMA frame

Figure 438— Example of TDD DL HARQ timing
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_ i-th frame P (i+1)-th frame
- (AVS ?gnment +)
Assignment HARQ Feedback
DL
FRAME 0 3 FramE 0 . FRAME
OFFSET| DL AAI subframe index Fser| DL AAT st OFFSET
UL AAI subffame index UL AAI subframe index
0 1 2 0 1 2
UL

UL data burst UL data burst

Example showing a frame structure supporting the WirelessMAN-OFDMA frame

Figure 439— Example of TDD UL HARQ timing

Figure 438 and Figure 439 show examples of the DL and UL timing relationships between a Assignment A-
MAP IE, a HARQ subpacket with the default TTI, corresponding HARQ feedback and retransmission, for 5,
10 and 20 MHz channel bandwidths. The ratio of whole DL AAI subframes to whole UL AAI subframes, D'
: U'is 5 : 3. In this example, FRAME OFFSET is 1, UL AAI subframes of the WirelessMAN-OFDMA and
the Advanced Air Interface are frequency-division multiplexed, the ratio of DL to UL AAI subframes for the
Advanced Air Interface, D : Uis 4 :3,and T gy processing > L UL Tx Processing @19 TUL Rx Processing  aI€
3 AAI subframes.

16.2.14.3 Group Resource Allocation HARQ signaling and timing
16.2.14.3.1 Downlink

Upon receiving a DL Group resource allocation A-MAP IE, the scheduled AMS attempts to decode the data
burst intended for it. If the decoding is successful, AMS shall send a positive acknowledgement to ABS;
otherwise, AMS shall send a negative acknowledgement to ABS.

With DL group resource allocation, the HARQ retransmissions shall be allocated individually. HARQ
retransmissions shall be done by using a DL Basic Assignment A-MAP IE, as described in 16.2.14.2.1.1.
This DL Basic Assignment A-MAP IE shall carry the same ACID as the one used by the DL Group resource
allocation A-MAP IE for the first HARQ subpacket transmission.

16.2.14.3.2 Uplink

Upon receiving a UL Group resource allocation A-MAP IE, AMS shall transmit the subpacket of HARQ
data burst through the resource assigned by the UL Group resource allocation A-MAP IE.

ABS shall attempt to decode the data burst. If the decoding is successful, ABS shall send a positive
acknowledgement to AMS; otherwise, ABS shall send a negative acknowledgement to AMS.

With UL group resource allocation, the HARQ retransmissions shall be allocated individually. HARQ
retransmissions shall be done as described in 16.2.14.2.1.2. When a UL Basic Assignment A-MAP IE is
sent, the UL Basic Assignment A-MAP IE shall carry the same ACID as the one used by the UL Group
resource allocation A-MAP IE for the first HARQ subpacket transmission.
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16.2.14.4 Persistent Allocation HARQ signaling and timing
16.2.14.4.1 Downlink

Upon receiving a DL persistent allocation A-MAP IE, AMS attempts to decode the data burst at every
periodic AAI subframe specified in the DL persistent allocation A-MAP IE. If the decoding is successful,
AMS shall send a positive acknowledgement to ABS; otherwise, AMS shall send a negative
acknowledgement to ABS.

With DL persistent allocation, HARQ retransmissions shall be done by using a DL Basic Assignment A-
MAP IE, as described in 16.2.14.2.1.1.

16.2.14.4.2 Uplink

Upon receiving a UL persistent allocation A-MAP IE, AMS shall transmit the subpacket of HARQ data
burst through the assigned resource at every periodic AAI subframe specified in the UL persistent allocation
A-MAP IE.

ABS shall attempt to decode the data burst. If the decoding is successful, ABS shall send a positive
acknowledgement to AMS; otherwise, ABS shall send a negative acknowledgement to AMS.

With UL persistent allocation, HARQ retransmissions shall be done as described in 16.2.14.2.1.2.
16.2.14.5 HARQ and ARQ Interactions

When both ARQ and HARQ are applied for a flow, HARQ and ARQ interactions described here may be
applied to the corresponding flow.

The HARQ entity in the transmitter declares a HARQ data burst failure when a HARQ data burst will no
longer be retransmitted and has not been positively acknowledged by the receiver. In this case the HARQ
entity in the transmitter shall inform to the ARQ entity in the transmitter about the failure of the HARQ data
burst. In response to the information provided by the HARQ entity, The ARQ entity in the transmitter can
then initiate retransmission of the ARQ blocks that correlate to the failed HARQ data burst.

16.2.14.6 Combined feedback scheme for ROHC and HARQ

When both HARQ and ROHC are applied for a flow, the cross layer design between HARQ and ROHC
(Combined feedback scheme for ROHC and HARQ) may be applied to the corresponding flow.

If the HARQ entity in the transmitter receives the feedback from the HARQ entity in the receiver, it shall
report the HARQ feedback to the ROHC compressor which replaces ROHC feedback explicit feedback
mechanisms.

Once the ROHC compressor receives the HARQ feedback it will estimate the decompression state;
determine its own adjusted compression rate state based on the HARQ feedback information and the context
of the ROHC packet transmissions. The compressor transmits ROHC packets according to the adjusted
compression rate state, and at the same time informs the lower layers to do operations such as: adding header
information to the MAC packets in the cache, discarding the MAC packets or HARQ data burst in the cache,
etc.

Capability to support combined feedback scheme for ROHC and HARQ shall be negotiated between ABS

and AMS during the network entry procedure.
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16.2.15 Network Entry and Initialization

IEEE P802.16m/D4

The procedure for initialization of an AMS is shown in Figure 440. This figure shows the overall flow
between the stages of initialization in an AMS. This figure does not include error paths and is shown simply

to provide an overview of the process.

Scan for

-

Remaining

DL channel /

y
DL PHY synch.
/with a target cell

established

A 4
Obtain
P-SFH/S-SFH IE SP1

A

P-SFH/S-SFH
/ IE SP1 acquired|

Cell bar bit ==

Obtain Remaining
S-SFH IEs

S-SFH IEs
acquired

v

DL synch.with a

target cell
established

Pereferred Cell Type?

Ranging &
automatic
adjustments

Ranging & auto-

atic adjustment
‘complete & obtain
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Negotiate basic

capabilities
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Basic capabilitiey
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v

'AMS authorization
and
key exchange

A 4
AMS authorizatio
& key exchangp
complete

=

v

Register with
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v

Registration completg
& obtain STID
assigned & setup

default service flows

Operational

Figure 440—AMS Initilaization Overview

Systems shall support the applicable procedures for entering and registering a new AMS to the network. The
procedure for initialization of an AMS shall be divided into the following steps:

a)
b)
¢)
d)
e)

Scan for DL channel and establish DL PHY synchronization with the ABS
Obtain DL/UL parameters (from P-SFH/S-SFH IEs etc.) and establish DL synchronization

Perform ranging and automatic adjustment

Negotiate basic capability

Perform AMS authorization and key exchange
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f)  Perform registration, and setup default service flows (i.e. pre-provisioned service flows).

Figure 441 and Figure 442 describe the state machine of the AMS and ABS for the initial NW entry process
respectively.
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Figure 441—State machine of the AMS for the initial NW entry process
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Figure 442—State machine of the ABS for the initial NW entry process
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During network entry, ABS may allocate an UL bandwidth for transmission or retransmission of MAC
messages, the size of which is predefined, without a bandwidth request from AMS by setting an unsolicited
bandwidth indicator in an AAI RNG-RSP message to the AMS. If the unsolicited bandwidth indicator is
enabled, ABS should allocate UL bandwidth within the predefined time duration in order to transmit or
retransmit subsequent MAC messages during network entry.

AMS should monitor the A-MAP IE during the predefined time duration for possible bandwidth allocation
without performing any bandwidth request. If the AMS fails to identify allocated bandwidth within the
predefined time duration, the AMS may perform contention based bandwidth request. When the allocated
resource is not sufficient for transmission of MAC messages, the AMS shall send a bandwidth request. To
reduce latency, a piggyback bandwidth request is used for this purpose.

When AMS sends an MAC message in a different size from the predefined, AMS should notify the ABS of
its size in the previous message defined for the network entry procedure, so that ABS can allocate precise
bandwidth to the AMS.

Each AMS contains the following information when shipped from the manufacturer:

* A 48-bit universal MAC address (per IEEE Std 802-2001) assigned during the manufacturing process.
This is used to identify the SS to the various provisioning servers during initialization.

*  Security information as defined in Clause 7 (e.g., X.509 certificate) used to authenticate the AMS to the
security server and authenticate the responses from the security and provisioning servers.

16.2.15.1 AMS DL PHY synchronization.

On initialization or after signal loss, the AMS shall acquire the DL PHY synchronization by A-Preamble.
The detailed procedure for DL PHY synchronization is described in section 16.3.6.1.

The AMS shall have nonvolatile storage in which the last operational parameters are stored and, when the
AMS needs to acquire DL PHY synchronization, it may at first try synchronizatioin using the stored DL
channel information. But if the trial fails, the AMS shall begin to scan the possible channels of the DL
frequency band of operation until it finds a valid DL signal.

16.2.15.2 AMS obtaining DL/UL parameters

For initial network entry, once the AMS has achieved DL PHY synchronization with an ABS, the AMS shall
decode the P-SFH and S-SFH in order to obtain the necessary system information containing the DL and UL
parameters for the initial network entry. Based on the network information such as NSP list which may be
obtained from AAI SII-ADV message, the AMS shall decide whether to continue the network entry process
with this ABS or to scan for other ABSs. If the AMS reads cell_bar=1 in SFH, this means this cell does not
allow access of new AMS and the AMS shall select a different cell to restart network entry procedure.

If the AMS succeeds to decode the essential system information, the AMS is DL synchronized with the
ABS.

16.2.15.3 Initial ranging and automatic adjustments

After DL synchronization, the AMS shall attempt to perform initial ranging with the ABS. If the ranging
procedure is successfully completed, the AMS is UL synchronized with the ABS and obtains TSTID from
the ABS. The TSTID is used until the ABS assigns the AMS an STID through registration procedure.

Ranging is the process of acquiring the correct timing offset, frequency offset and power adjustments so that
the AMS's transmissions are aligned with the ABS, and they are received within the appropriate reception
thresholds.
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An AMS that wishes to perform initial ranging shall take the following steps:

The AMS, after acquiring downlink synchronization and uplink transmission parameters, shall select
one ranging opportunity based on the random backoff. The random backoff shall use a binary truncated
exponent algorithm. After selecting the ranging opportunity, the AMS shall choose a ranging preamble
code (from the Initial Ranging domain) using a uniform random process. The AMS shall send the
selected ranging preamble code to the ABS in the selected ranging opportunity.

The ABS should respond with an AAI RNG-ACK message in a predefined, subsequent DL AAI sub-
frame as defined in 16.2.3.3. The AAI RNG-ACK message provides responses to all the successfully
received and decoded ranging preamble codes in all the ranging opportunities in a previous UL AAI
subframe. If all the decoded ranging preamble codes prove 'success' status and the ABS provides UL
BW allocation for each ranging preamble codes before the predefined DL AAI subframe that

AAI RNG-ACK is to be transmitted , the AAl RNG-ACK may be omitted. If the AMS finds in the
RNG-ACK bitmap that no ranging preamble code has been successfully decoded in the ranging oppor-
tunity selected by the AMS, or it does not find either a response in the AAI RNG-ACK message or UL
BW allocation to its ranging preamble code, the AMS considers its initial ranging request is failed and
restarts the initial ranging procedure.

There are three possible ranging status responses from ABS to AMS provided in the AAT RNG-ACK
message:

- continue: the ABS provides the needed adjustments (e.g., time, power, and possibly frequency
corrections) and a status notification of "continue".

- success: the ABS provides a status notification of "success", but may have adjustment sugges-
tions to the AMS if necessary. With IR status successs, the ABS shall provide the AMS an UL
BW allocation for the AMS to send AAI RNG-REQ message.

- abort: the ABS requests the AMS to abort the ranging process.
Based on the received response of ranging status, the AMS performs the followings.

- Upon receiving a Continue status notification and parameter adjustments in the AAI RNG-
ACK message, the AMS shall adjust its parameters accordingly and continue the ranging pro-
cess as done on the first entry (using random selection rather than random backoff) with rang-
ing preamble code randomly chosen from the initial ranging domain sent on the initial ranging
region.

- Upon receiving a Success status notification, the AMS shall wait for the ABS to provide UL
BW allocation. If the AMS has not received CDMA Allocation A-MAP IE for UL BW alloca-
tion by T3 after sending a ranging preamble code, it restarts the initial ranging procedure or, if
'ranging retries' is exhausted, it retries DL PHY synchronization. When receiving an UL BW
allocation, the AMS shall send the AAI RNG-REQ message. If the granted BW allocation can-
not accommodate the entire AAI RNG-REQ message, the AMS may fragment the AAI RNG-
REQ message to fit the provided BW allocation, and requests additional UL bandwidth through
either BR without STID header (refer to 16.2.2.1.3.2) or PBREH as defined in 16.2.2.2.8 for
the remaining fragments. In response to the PBREH, the ABS shall provide UL BW allocation
through CDMA Allocation A-MAP IE, which is identified by the same RA-ID used for the pre-
vious BW allocation. The RA-ID is used until AAT RNG-RSP tranmission is completed, but if
AMS does not receive UL bandwidth allocation in T3 or the AAI RNG-REQ/RSP transaction
is not completed in 128 frames, it sends ranging code to perform ranging procedure again.

ABS assigns and transfers a TSTID by AAI_RNG-RSP message when ranging status is success. Initial
ranging process is over after receiving the AAI RNG-RSP message. The TSTID is used until STID is
newly assigned and received at successful registration. If the AMS has not received AAI RNG-RSP by
T3 after sending an AAI RNG-REQ, it restarts the initial ranging procedure or, if 'ranging retries' is
exhausted, it retries DL PHY synchronization.
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16.2.15.4 Basic Capability Negotiation

Immediately after completion of ranging, the AMS informs the ABS of its basic capabilities by transmitting
an AAI-SBC-REQ message. A "Capability Class" is defined as a unique set of functions, configuration
parameters, air-interface protocol revision, and/or services that can uniquely describe a mobile station
implementation or configuration while operating in the network. The AMS, by default, shall support the
basic capabilities associated with "Capability Class 0". If the AMS is capable of supporting higher revisions
of physical layer or medium access control layer protocols or further wishes to use enhanced features, it
shall send an AAI SBC-REQ message to the ABS indicating the highest "CAPABILITY INDEX" that it
can support. The CAPABILITY INDEX = 0 indicates the default capability index and basic feature set or
configuration parameters and may not need to be signaled.

Upon receipt of the AAI_SBC-REQ message containing the "CAPABILITY INDEX" from the AMS, the
ABS determines whether it could allow or could support the requested feature set or MAC and/or PHY
protocol revisions. If the ABS does support or can allow the use of enhanced features, it shall respond with
an AAI SBC-RSP message to inform the AMS of its decision. The ABS shall only signal a
"CAPABILITY INDEX" which is numerically smaller than or equal to that requested by the AMS.

The higher numeric values of "CAPABILITY INDEX", the more enhanced features or higher protocol
revisions are used. The "CAPABILITY INDEX" values range from 0 to N, where N denotes the maximum
CAPABILITY INDEX value. The features and configuration parameters included in the baseline capability
class shall be sufficient to meet the minimum performance requirements of the standard.

In case of failure in any stages of operation, the AMS and ABS shall fall back to "Capability Class 0" and
restart negotiations for a new "Capability Class", if necessary.

Figure 443 shows the MAC control messages exchanged over the advanced air-interface and the relationship
between the Capability Classes.

AAI SBC-REQ
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AMS ABS
AAI_SBC-RSP
-

/ Capability Class N-1 \

Capability Class 1

Increased/Enhanced
Device Capability

Capability Class 0
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Figure 443—AAI_SBC-REQ/RSP messages over the air-interface and
relationship between capability classes
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16.2.15.5 AMS authorization and key exchange

If authorization support is enabled in basic capability negotiation, the ABS and AMS shall perform
authorization and key exchange through EAP-based authentication (IETF RFC 3748) and key agreement
procedure(see 16.2.5.2.1.4). If this procedure completes successfully, all parameters for TEK generation are
shared, and TEKSs are derived at each side of AMS and ABS. If authorization support is disabled, the step of
AMS authorization and key exchange shall be skipped.

16.2.15.6 Registration
Registration is the process by which the AMS is allowed to enter into the network.

After authorization and key exchange are finished, the AMS informs the ABS of its capabilities and requests
the registration for entry into the network by AAI REG-REQ. If an ABS receives an AAI_ REG-REQ, the
ABS shall respond with AAI REG-RSP.

In AAI REG-REQ, the AMS informs the ABS of its capability parameters to be negotiated except those
capabilities already negotiated with the ABS through AAI SBC-REQ/RSP messages. In AAI REG-RSP,
the ABS responds with the accepted capability parameters. If the AMS omits some capability parameters in
the AAI REG-REQ, the ABS considers AMS follows the default values for those parameters and, if
acceptable, ABS may omit those parameters applying default value in its AAI REG-RSP.

The ABS shall allocate and transfer a STID to the AMS through encrypted AAI REG-RSP message. The
temporary STID, which was allocated during initial ranging procedure, is discarded when the ABS
recognizes that the AMS received the AAI REG-RSP messages successfully. The AAI REG-RSP message
contains the CRID, where the network retains the AMS contexts including the CRID and AMS MAC
address.

Upon successful registration, a DL and UL FID are assigned to the AMS without using the DSA procedure
in order to activate one preprovisioned service flow for each UL and DL FID which can be used for upper
layer signaling (e.g. DHCP).

During the registration procedure, the AMS and the ABS shall negotiate IP versions and may negotiate host
configuration parameters. The AMS shall inform the supported IP version(s) (for example, IPv4, IPv6 or
both) to the network through the ABS by including the Supported-IP-Versions IE in the AAI REG-REQ
message. After the network selects one of the supported IP version(s), the ABS shall inform the AMS of the
selected IP service type (for example, IPv4 only, IPv6 only or IPv4/IPv6 dual mode) by including the IP-
Service-Type IE in the AAI REG-RSP message.

The AMS may indicate its capability of configuring host parameters (for example, host address or home
network prefix) and request the additional parameters (for example, DNS Server Address) to the network
through the ABS by including the Host-Configuration-Capability-Indicator IE in the AAI-REG-REQ
message.

If the AMS indicates its capability of configuring host parameters, the ABS shall include either the IPv4-
Host-Address IE or the IPv6-Home-Network-Prefix IE or both and the requested host configuration
parameter(s) in the AAI-REG-RSP message. If the AMS does not indicate its capability of configuring host
parameters, the ABS shall not include any of those host configuration parameters in the AAI REG-RSP
message assuming that the AMS will be configured by using upper layer protocol.

If the AMS wants to configure additional host configuration parameters, the AMS may indicate those

parameters by including Requested-Host-Configurations IE in AAI REG-REQ message. If AMS indicates
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additional host configuration parameters or the network decides to configure additional host configuration
parameters, ABS may include Additional-Host-Configurations IE in AAI REG-RSP message.

The format of the value field of Requested-Host-Configurations IE and Additional-Host-Configurations 1E
is defined in RFC2132[1] for IPv4, RFC3315[2] for IPv6. Note that list of parameters can be found in [3],

[4].
16.2.16 Sleep Mode

Sleep Mode in connected state is a sort of sub-state in which an AMS conducts pre-negotiated periods of
absence from the serving ABS air interface. Sleep Mode can be activated through explicit signaling when an
AMS is in Active Mode. During the activation of Sleep Mode, the AMS is provided with a series of Sleep
Cycles that typically consists of a Listening Window followed by a Sleep Window.

During Sleep Window in Sleep Mode, the ABS shall not transmit DL unicast MAC PDU to the AMS; there-
fore the AMS may power down one or more physical operation components or perform other activities that
do not require communication with the ABS.

During Listening Window, the AMS is expected to receive all DL transmissions same way as in the state of
normal operations. AMS shall ensure that it has up-to-date system information for proper operation. The
synchronization and system configuration information acquisition and verification may be done by AMS
waking up at the Super Frame Header just prior to the frame in which its listening window is located to
ensure that the Super Frame number and the S-SFH Change Count are as expected. Upon wakeup from sleep
state, if the AMS detects that it is not synchronized, then it shall stay awake until the AMS is successfully
synchronized with the serving ABS. If the AMS detects another ABS than the serving ABS, then it shall exit
sleep mode and perform Network reentry as described in 16.2.15 or 16.2.6.3.5. If the AMS detects that the
information it has is not up-to-date, then it shall not transmit in the Listening Window until it receives the
up-to-date system information.

The length of successive Sleep Cycles may remain constant or may be adaptive based on traffic conditions.
Sleep Windows and Listening Windows may also be dynamically adjusted for the purpose of data transpor-
tation as well as MAC control signaling transmission. The AMS may send and receive data and MAC con-
trol signaling without deactivating the Sleep Mode.

For each AMS, the AMS and ABS shall keep up to 16 previous used Sleep Cycle settings and associated
SCIDs.

If an AMS request to switch Sleep Cycle setting to the previous Sleep Cycle setting by the AAI_SLP-REQ
including associated SCID, the ABS shall respond with the AAI SLP-RSP including approval or other
SCID. Per AMS, a single Sleep Cycle setting shall be applied across all the active connections of the AMS,
and is indicated by the Sleep Cycle ID (SCID).

16.2.16.1 Sleep Mode initiation

Sleep Mode activation/entry may be initiated either by an AMS or an ABS. When an AMS in the Active
mode decides to enter the Sleep Mode, it shall negotiate parameters of the Sleep Cycle with the ABS. ABS
makes the final decision regarding the AMS request and instructs the AMS to enter Sleep Mode. The negoti-
ation of Sleep Cycle setting is performed by the exchange of corresponding MAC control messages
AAI SLP-REQ and AAI SLP-RSP or Service Flow control messages. Sleep Cycle parameters can be
included in the Service Flow control messages

The AMS may initiate the negotiation by sending an AAI SLP-REQ message and shall expect an
AAI SLP-RSP message from the serving ABS in response. Alternatively, the ABS may initiate the negotia-

298
Copyright © 2009 IEEE. All rights reserved.



O 001N WU A W

February 3, 2010 IEEE P802.16m/D4

tion by sending an unsolicited AAI SLP-RSP message to the AMS. In this case, the ABS should request the
AMS to send acknowledgment(i.e., AAl MSG-ACK) to the AAI _SLP-RSP.

In the event that the ABS-initiated request (i.e., Unsolicited Sleep response) and an AMS-initiated request
for Sleep Mode entry is being handled concurrently, the ABS-initiated request shall take precedence over
the AMS-initiated Request. In this case, even though the AMS receives the ABS-initiated request while it is
waiting for AAI SLP-RSP message in response to AAI SLP-REQ, the AMS shall stop the remaining pro-
cedure of the AMS-initiated request and continue with the ABS-initiated request. The ABS shall ignore an
AMS's request if the ABS has already initiated a change request.

16.2.16.2 Sleep Mode operation
16.2.16.2.1 Sleep Cycle operations

The period of the Sleep Cycle is measured in units of frames. A sleep cycle is the sum of a Sleep Window
and a Listening Window. The first sleep cycle on entry to Sleep Mode from Active Mode contains only a
sleep window which equals to the Initial Sleep Cycle.

A Sleep Cycle shall begin with a Listening Window. A Sleep Window shall follow the Listening Window
and shall continue to the end of the current Sleep Cycle if the Listening Window does not occupy the full
Sleep Cycle. If the Listening Window of a Sleep Cycle is neither extended nor terminated early, its length
shall be equal to the value of the Default Listening Window parameter, which is set during the initiation of
Sleep Mode or may be changed during a Sleep Cycle update. The ABS may negotiate with the AMS that the
AMS only needs to wake up in certain AAI subframes during each frame in the listening window. The AMS
shall perform synchronization prior to the scheduled listening window.

The AMS's exact mechanism for maintaining synchronization with the ABS, based on the preamble, is
implementation-specific.

The length of the Listening Window length within a Sleep Cycle may be dynamically extended, as specified
in section 16.2.16.2.3.2.

The length of a Sleep Cycle may be changed implicitly. If there is negative indication in the traffic indica-
tion message or if there is no data traffic during the Listening Window or if the NSCF is set to 0b01, the
AMS and ABS shall update the length of the Sleep Cycle as follows:

Current Sleep Cycle = min( 2 x Previous Sleep Cycle, Final Sleep Cycle)...................... (x)

The value of the Default Listening Window shall remain unchanged when Sleep Cycle is changed implicitly
according to Equation (x).

The parameters associated with Sleep Cycle operation are specified as follows:
* Default Listening Window: length of the Default Listening Window
* Initial Sleep Cycle: length of initial Sleep Cycle
* Final Sleep Cycle: length of final Sleep Cycle
+ Starting Frame Number: The number of the frame where the Sleep Cycle setting is requested to start to
take effect.

Other parameters:
» Listening window Extension Flag (LWEF):
If LWEF = 0, indicates that the Listening window is of fixed duration.
If LWEF = 1, indicates that the Listening window can be extended and is of variable duration
* Traffic Indication Message Flag (TIMF)
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If TIMF = 0, then a Traffic Indication Message is never sent
If TIMF = 1, then a Traffic Indication Message is sent every Listening window

When TIMF=0 and AMS does not receive any traffic in the listening interval, the AMS shall stay awake for
the rest of the Listening Window.

When Final Sleep Cycle is equal to or larger than 2 times the Initial Sleep Cycle, the length of Sleep Cycle
exponentially doubles until the Final Sleep Cycle is reached. This Sleep Cycle operation is suitable for BE-
traffic scenario. If the traffic indication message is positive for the AMS, then the length of the current Sleep
Cycle shall be determined based on the value of NSCF which was included in the AAI SLP-RSP or SCH or
SCEH. The Sleep Cycle could be the different length according to the Next Sleep Cycle Flag (NSCF) within
the AAI_SLP-REQ/RSP message, SCH or SCEH. If the NSCF is set to 0b00 then the Initial Sleep Cycle is
always the same as the first Initial one. When the NSCF is set to 0b01 then current sleep cycle is doubled in
previous sleep cycle.

When NSCF is set to 0b10, during sleep mode initiation the AMS negotiates with the ABS the new initial
sleep cycle value to be used after positive traffic indicator.

When Final Sleep Cycle is equal to the Initial Sleep Cycle, the length of Sleep Cycle is fixed. This Sleep
Cycle operation is suitable for "real-time traffic-only" or "real-time and BE-traffic mixed" scenario.

16.2.16.2.2 Sleep Window operations

During the Sleep Window, the AMS is unavailable to receive any DL data and MAC control signaling from
the serving ABS. The AMS may perform power-down or autonomous scan or any other autonomous opera-
tions that do not involve the reception of DL transmissions. Handling of control signaling during sleep mode
is specified in 16.2.16.2.6.

The protocols and procedures relating to interruptions of normal Sleep Cycle operation are provided in
16.2.16.2.6.

16.2.16.2.3 Listening Window operations

During the Listening Window, the AMS shall be available to receive DL data and MAC control signaling
from ABS. AMS may also send data if any uplink data is scheduled for transmission. If the Traffic Indica-
tion is enabled, the AMS shall receive and decode a traffic indication message sent by an ABS during the
Listening Window. Otherwise, the AMS shall ignore the traffic indication message.

Listening window is measured in units of frames. By default, the length of a Listening Window shall be gov-
erned by the Default Listening Window parameter.

At an AMS, a Listening Window shall end on encountering one of the following conditions:

* onreception of a SCH or SCEH from the ABS to terminate the Listening Window

*  on reaching the end of the current nominal end of the Listening Window (the nominal end is the length
of the Default Listening Window parameter if the Listening Window is not extended; if extended, the
nominal end is length after adjusting for the length of the last extension)

* on reaching the end of the Sleep Cycle.

At the serving ABS, a Listening Window shall end on encountering one of the following conditions:

*  on transmission of a SCH or SCEH to the AMS to terminate the Listening Window

*  on reaching the end of the current nominal end of the Listening Window (the nominal end is the length
of the Default Listening Window parameter if the Listening Window is not extended; if extended, the
nominal end is length after adjusting for the length of the last extension)
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* on reaching the end of the Sleep Cycle.

After termination (by explicit signaling or implicit method) of a Listening Window, the Sleep Window of
the Sleep Cycle shall begin and shall continue to the end of the Sleep Cycle.

16.2.16.2.3.1 Traffic Indication
Traffic Indication is sent for one or a group of AMS using the AAI_TRF-IND message.
The AAI TRF-IND message shall be transmitted as described in 16.3.6.5.2.1.

If the traffic indication is enabled for an AMS with SLPID assigned, the AMS shall wait for a traffic indica-
tion message. Upon receiving the traffic indication message, the AMS shall check whether there is positive
traffic indication (e.g. by the SLPID-Group Indication bit-map and Traffic Indication bit-map or the SLPID
assigned to it).

If the AMS receives a negative traffic indication, then it shall end the Listening Window and proceed with
Sleep Window operation for the remainder of the Sleep Cycle, unless the AMS has UL signaling or traffic
pending for transmission. If the ABS transmits a negative indication to the AMS, the ABS shall not transmit
any DL data traffic to the AMS during the remaining part of the Listening Window, unless there are UL
bandwidth requests or UL MAC PDU sent from the AMS which have not been fulfilled.

If the ABS sends a positive indication to a specific AMS, the ABS shall transmit at least one DL MAC PDU
to the AMS during the AMS's Listening Window.

If the traffic indication message is lost or otherwise not detected by the AMS, the AMS shall stay awake for
the rest of the Listening Window. If the AMS receives any unicast data during the listening window, then it
shall assume that the traffic indication was positive. If the AMS receives neither the traffic indication mes-
sage nor any unicast data in the Listening Window, the AMS shall remain awake until it receives its own
traffic indication using AAI TRF IND-REQ/RSP exchange. The AMS shall then send an AAI TRF IND-
REQ message to ask the ABS what was the traffic indication for the AMS. The ABS shall respond to the
AMS by unicasting an AAI TRF IND-RSP message containing the traffic indication for that AMS. On
receiving the the traffic indication, the AMS shall behave in accordance with the traffic indication.

16.2.16.2.3.2 Listening Window extension

The length of the Listening Window of a Sleep Cycle may be extended beyond the value of the Default Lis-
tening Window parameter setting. The maximum length of a Listening Window shall be bounded by the
length of the Sleep Cycle in which the Listening Window exists. The extension of the Listening Window
may be done via implicit or explicit means.

The Listening Window can be extended implicitly if one of the following conditions is true:
*  Exchange of new MAC PDU between an AMS and an ABS

*  Pending HARQ retransmission in UL or DL

*  AMS sends a bandwidth request

The AMS shall maintain an inactivity timer during Listening window called the T AMS timer, a similar
timer is maintained by the ABS called the T _ABS timer. The value of T _ABS timer shall be less than or the
same as T _AMS timer.

AMS shall not sleep if any of the following condition is true:
— The Listening Window has not been explicitly terminated
— The T_AMS timer has not expired

301
Copyright © 2009 IEEE. All rights reserved.



O 001N WU A W

February 3, 2010 IEEE P802.16m/D4

— The T_HARQ Retx timer has not expired

— The number of retransmissions of the UL HARQ burst has not reached the maximum number of
HARQ retransmission attempts

— The default Listening Window has not ended.

The rules regarding the starting/restarting of T AMS timer and the T HARQ_ Retx timer at the AMS are as

follows:

» Ifthere is a transmission of new DL/UL MAC PDU between an AMS and an ABS, the T AMS timer
shall be started. If AMS receives a HARQ ACK or DL MAC PDU or Assignment-A-MAP IE from an
ABS, the AMS shall restart the T _AMS timer.

o Ifthere is NAK for HARQ retransmission in UL or DL, the T HARQ Retx timer for the associated
HARAQ process shall be started/restarted. If there is an ACK for HARQ retransmission in UL or DL, the
T HARQ_Retx timer for the associated HARQ process shall be set to zero.

o Ifthere is an NAK for UL HARQ transmission, the AMS shall not sleep until an ACK is received or the
maximum retransmissions of the HARQ burst are exhausted.

« IfT HARQ ReTx expires and number of retransmissions of the DL HARQ burst is less than the maxi-
mal retransmission number, the AMS shall restart the T HARQ ReTx timer and increases the retrans-
mission number by one.

ABS shall consider the associated AMS is in the wakeup state if any of the following condition is true:
— The Listening Window has not been explicitly terminated
— The T_ABS timer has not expired
— The T_ HARQ Retx timer has not expired

— The number of retransmissions of the DL HARQ burst has not reached the maximum number of
HARQ retransmission attempts

— The default Listening Window has not ended.

The rules regarding the starting/restarting of T ABS timer and the T HARQ Retx timer at the ABS are as
follows:

o Ifthere is a transmission of new DL/UL MAC PDU between an AMS and an ABS, the T _ABS timer
shall be started. If ABS receives a HARQ ACK or UL MAC PDU from an AMS, the ABS shall restart
the T_ABS timer for the AMS.

o Ifthere is NAK for HARQ retransmission in UL or DL, the T HARQ Retx timer for the associated
HARQ process shall be started/restarted. If there is an ACK for HARQ retransmission in UL or DL, the
T HARQ Retx timer for the associated HARQ process shall be set to zero.

e Ifthere is an NAK for UL HARQ transmission. the ABS shall not consider that AMS has entered the
sleep until it transmits the maximum number of HARQ retransmission. If the maximum retransmissions
of the HARQ burst are exhausted, the ABS considers that AMS has entered the sleep.

The T_AMS timer is negotiated between the AMS and the ABS through AAI SLP-REQ/RSP exchange.
The ABS shall set the T _ABS timer by referring to the negotiated T _AMS timer.

After the default listening window ends, if the T ABS timer expires and the number of DL HARQ retrans-
mission is exhausted for DL of the AMS, the ABS shall either retransmit the HARQ-failed MAC PDU or
regard the AMS as returning to sleep (i.e., the Sleep Window starts).

In order to provide scheduling flexibility and to take advantage of radio link conditions and to reduce control
signaling latency of AMSs, the Listening Window may also be extended explicitly. The ABS may send an
explicit signaling in Sleep Control Extended header or Sleep Control header including the number of frame
for extended listening window to control extension of Listening Window during the Default Listening Win-
dow. Upon receiving the explicit signaling, the AMS shall either extend its Listening Window until the
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frame specified in signaling or terminate the listening window. The AMS may also send an explicit signal-
ing in Sleep Control Extended header or Sleep Control header including the number of frame for extended
listening window to control extension of Listening Window during the Default Listening Window. Upon
receiving the explicit signaling to extend Listening Window, the AMS shall extend its Listening Window
until the frame specified in signaling or terminate the listening window.

The ABS may send an explicit indication using Sleep Control Extended Header or Sleep Control Header to
terminate the current Listening Window. The AMS may send an explicit indication using Sleep Control
Extended Header or Sleep Control Header to terminate the current Listening Window. In this case, the ABS
shall regard the AMS as returning to sleep (i.e. the Sleep Window starts). When an ABS has a last PDU in
the DL buffer during the listening window, the ABS may transmit an explicit indication using Sleep Control
Extended Header or Sleep Control Header provided that it allows to terminate the current Listening Win-
dow. In this case, the ABS shall regard the AMS as returning to sleep (i.e., the Sleep Window starts).

16.2.16.2.4 Sleep Mode parameter update
The AMS or the ABS may dynamically change the active Sleep Cycle settings without exiting Sleep Mode.

The Sleep Cycle setting update may be accomplished by the AMS sending an AAI_SLP-REQ message or
SCH/SCEH with request to re-activate a previously defined sleep cycle or change the sleep parameters of
existing SCID. Changing the sleep parameters of existing SCID overrides the old parameters. On receipt of
an AAI SLP-REQ requesting Sleep Cycle setting change, the ABS shall respond with an AAI_SLP-RSP
message to confirm the change along with the start frame number, or to propose alternate settings, or to deny
the requested change. At the frame specified by Start Frame Number, the newly updated sleep cycle set-
tings shall be applied. Alternatively, the ABS may initiate a Sleep Cycle parameter change by sending an
unsolicited AAI_SLP-RSP or SCH/SCEH message to the AMS. In this case, the ABS shall request the AMS
to send acknowledgment using AAI MSG-ACK or MAEH to the AAI_SLP-RSP. The Sleep Cycle change/
switching may be performed with the exchange of Service Flow Control message when the AMS is in Sleep
Mode. In case that the AMS in Sleep Mode sends an AAI DSx-REQ with Sleep Cycle Setting (refer to
Table 766), the ABS shall regards Sleep Cycle Setting included in the AAI DSx-REQ as negotiation of
Sleep Cycle parameters in AAI_SLP-REQ. If the ABS decides to accept sleep cycle setting, the ABS shall
include the Response Code = 0b01 (i.e., Approval) with the parameters which are different from the AMS's
request. Otherwise, the ABS shall either omit the entire Sleep Cycle Setting or include both the Response
Code =0b10 (i.e., Reject) and REQ_duration in AAI_DSx-RSP message, as rejection of the AMS’s request.
If the ABS rejects Sleep Cycle setting negotiation while accepting creation/change/deletion of service flow,
the ABS or AMS may initiate another Sleep Mode transaction to change/switch Sleep Cycle setting by
AAI SLP-REQ/RSP. On the other hand, if the ABS sends the AMS an AAI DSx-REQ with Sleep Cycle
Setting, the AMS shall regard Sleep Cycle Setting in the AAI DSx-REQ as negotiation of Sleep Cycle
parameters in unsolicited AAI _SLP-RSP. Therefore, the AMS shall apply the Sleep Cycle setting sent in the
frame specified by Start Frame Number in Sleep Cycle setting included in the AAI DSx-REQ sent by
ABS.

If DSx transaction is failed with Confirmation Code = Non-zero, the AMS and the ABS shall ignore the
Sleep Cycle setting in AAI_ DSx-REQ/RSP message, as well.
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Table 765—Sleep Cycle Setting

In the event that an ABS-initiated request (i.e., Unsolicited Sleep response) and an AMS-initiated request for
Sleep Cycle setting change or switch are being handled concurrently, the ABS-initiated request shall take
precedence over the AMS-initiated Request. Therefore, if the AMS receives the ABS-initiated request while
it is waiting for AAI SLP-RSP message in response to AAI SLP-REQ, the AMS shall stop the remaining
procedure of the AMS-initiated request and continue with the ABS-initiated request. The ABS shall ignore

Name Type Length Value
Sleep Cycle | [145./146].x | Variable | Sleep Cycle Setting may be included in AAI DSx-REQ/RSP
Setting message for changing/switching Sleep Cycle parameters. It
contains part of sub-parameters which are defined in Table 766
Table 766—Sleep Cycle parameters in Sleep Cycle Setting
Name Type Length Value
Operation [145./146].x.1 1 Refer to Table 701 and Table 702
SCID [145./146].x.2 1 Refer to Table 701 and Table 702

Start Frame Number

[145./146].x.3

Refer to Table 701 and Table 702

LWEF [145./146].x.4 1 Refer to Table 701 and Table 702
TIMF [145./146].x.5 1 Refer to Table 701 and Table 702
NISCF [145./146].x.6 1 Refer to Table 701 and Table 702

Initial Sleep Cycle

[145./146].x.7

Refer to Table 701 and Table 702

Final Sleep Cycle [145./146].x.8 2 Refer to Table 701 and Table 702
Listening Window [145./146].x.9 1 Refer to Table 701 and Table 702
New Initial Sleep Cycle | [145./146].x.10 1 Refer to Table 701 and Table 702
T AMS [145./146].x.11 1 Refer to Table 701 and Table 702
Response_Code [145./146].x.12 1 Refer to Table 702
SLPID [145./146].x.13 2 Refer to Table 702
REQ_duration [145./146].x.14 1 Refer to Table 702

an AMS-initiated request if it has initiated a change request.

16.2.16.2.5 CQl operation during Sleep Mode

In case of a CQI_Operation in AAI_SLP-RSP = 0b00, the CQICH assigned to the AMS is kept. In this case,

the MS shall transmit CQI on the CQICH to the BS during the Listening Window.

In case of the CQI Operation = 0b0l1, the CQICH is de-allocated at the frame specified by

Start Frame Number in AAI_SLP-RSP.
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In case of the CQI_Operation = 0b10, whenever the CQICH is newly assigned to the AMS during the Lis-
tening Window, the allocated CQICH is automatically de-allocated at the beginning of Sleep Window.

16.2.16.2.6 Interruptions to Normal Sleep Cycle Operation

Events specified in Subclauses <<15.2.x.x.2.5.1>> and <<15.2.x.x.2.5.2>> can interrupt the normal opera-
tion of Sleep Cycles without de-activating sleep mode.

16.2.16.2.6.1 Sleep Operation During Control Signaling Transactions

During a control signaling transaction between an ABS and AMS, the AMS shall remain awake after it has
transmitted any UL signaling to which the ABS is expected to respond unless it is instructed by ABS to
resume normal Sleep Cycle operation. The UL signaling for which this shall be applicable includes any type
of ranging, any request type signaling header and any MAC control message requiring ABS response. The
AMS shall remain in the listening mode until the occurrence of one of the following events:

» the expected response is received from the ABS

»  the required timeout waiting for the ABS response has been reached

*  the ABS has indicated a return to normal Sleep Cycle operation by sending sleep control information
with Resume Sleep Cycle Indication set to the AMS.

On the occurrence of any of these events, the AMS shall return to normal Sleep Cycle operation after
accounting for the time elapsed during the control signaling transaction. The length and phase of the Sleep
Cycles are not impacted by the interruption.

If normal Sleep Cycle operation is resumed via the ABS sending Resume Sleep Cycle Indication to the
AMS, the ABS may send the expected control signaling response in a Listening Window of a normal Sleep
Cycle or in a specific scheduled Sleep Cycle interruption. When a scheduled Sleep Cycle interruption is
used, the ABS may specify the starting time of the scheduled Sleep Cycle interruption relative to Resume
Sleep Cycle Indication Sleep Control Extended Header or Sleep Control Header along with Resume Sleep
Cycle Indication. If the scheduled Sleep Cycle interruption has not been cancelled, the AMS shall be in a lis-
tening mode regardless of its current Sleep Cycle state from the specified start time of the scheduled Sleep
Cycle interruption until either the AMS receives the expected ABS response or times out waiting for the
response. At the end of the scheduled Sleep Cycle interruption, normal Sleep Cycle operation shall resume
after accounting for the time elapsed during the scheduled Sleep Cycle interruption. The occurrence of a
scheduled Sleep Cycle interruption does not impact the length and phase of the Sleep Cycle(s) to which it
coincides.

16.2.16.2.6.2 Sleep Operation With Reception of Broadcast/Multicast Transmissions

The timings of broadcast/multicast transmissions are governed by control signaling specific to the type of
broadcast/multicast traffic. The AMS is made aware of when it needs to be listening in order to receive these
transmissions via specific signaling related to the broadcast/multicast transmission. The AMS shall be able
to receive such pre-scheduled DL transmissions independently of normal Sleep Cycle operation. The AMS
may not wake up at the frame specified by the ABS for the reception of broadcast/multicast message.

16.2.16.3 Sleep Mode termination

Sleep Mode termination can be initiated by either the AMS or the ABS. If AMS-initiated, then the AMS
shall send an AAI SLP-REQ message with de-activation request and subsequently the ABS shall respond
with the AAI_SLP-RSP message. The ABS may also send an unsolicited AAI _SLP-RSP message to de-
activate Sleep Mode. In this case, the ABS shall request the AMS to send acknowledgment using
AAI MSG-ACK or MAEH to the AAI SLP-RSP. When the AMS successfully exits from Sleep Mode, the
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AMS and ABS shall keep sleep mode context until Resource Retain Time expires. Sleep Mode shall be
implicitly terminated when an AMS successfully achieves idle mode, handover, or scanning mode transac-
tion by explicit signaling.

In the event that the ABS-initiated request (i.e., Unsolicited Sleep response) and an AMS-initiated request
for Sleep Mode exit is being handled concurrently, the ABS-initiated request shall take precedence over the
AMS-initiated Request. In this case, even though the AMS receives the ABS-initiated request while it is
waiting for AAI_SLP-RSP message in response to AAI SLP-REQ, the AMS shall stop the remaining pro-
cedure of the AMS-initiated request and continue with the ABS-initiated request. The ABS shall ignore an
AMS request if it has initiated a change request.

16.2.17 Idle mode

An ABS may be a member of one or more paging groups that may have different paging cycles and paging
offsets. When AMS operating in legacy mode select the mixed ABS as a preferred ABS, AMS may stay in
the Lzone and perform the legacy Idle Mode operation. If an AMS in Idle Mode decides to change its opera-
tion mode, the AMS shall perform network reentry from Idle Mode in the new operation mode. The change
includes the AMS moves between BSs operating in different mode or switches from LZone to MZone of a
mixed mode ABS. And the decision may be based on the detection of a new operation mode. When an AMS
is paged in the Lzone of a mixed mode ABS, the AMS shall perform the network reentry in the LZone of the
ABS and may switch to the MZone of the ABS using Lzone to Mzone handoff procedures as defined in
16.2.6.4.1.2.1.

An AMS may be assigned to one or more paging groups. If an AMS is assigned to multiple paging groups, it
may be assigned multiple paging offsets within a paging cycle where each paging offset corresponds to a
separate paging group. The AMS is not required to perform location update when it moves within its
assigned paging groups. The assignment of multiple paging offsets to an AMS allows the AMS to monitor
paging message at different paging offset when the AMS is located in one of its paging groups.

When an AMS is assigned to more than one paging groups, one of the AMS's paging groups is called the pri-
mary paging group and rest of the assigned paging groups are called secondary paging groups. When an
AMS is assigned to one paging group, the paging group is considered as a primary paging group. The paging
offset associated with the primary paging group is called the primary paging offset, while the paging offsets
associated with secondary paging groups are called secondary paging offsets.

When the AMS is assigned to multiple paging groups with the same paging cycle and different paging off-
sets, the primary paging offset is less than the secondary paging offset. The distance between two adjacent
paging offsets should be long enough so that the ABS can (i) send a paging message to the AMS in the pri-
mary paging offset within the paging cycle, (ii) when the AMS is in the primary paging group, receive a
response to the paging message by the AMS before the secondary paging offset, and (iii) retransmit the pag-
ing message to the AMS at the secondary offset within the same paging cycle only if a response to the pag-
ing message in the primary paging offset is not received.

An AMS determines if it is within its primary paging group or within a secondary paging group by monitor-
ing the PGIDs advertised by its preferred ABS during a paging listening interval. If the AMS determines that
it is in its primary paging group, the AMS wakes up at its primary paging offset and responds to paging mes-
sages that are sent in the primary paging offset and are addressed to it. If the AMS determines that multiple
secondary paging groups are present, the AMS wakes up at the shortest paging offset and responds to paging
messages that are sent in during this paging offset and are addressed to it. If the AMS determines that none
of the paging groups it has been assigned to are present, the AMS shall perform a location update.

16.2.17.1 Idle mode initiation

Idle mode for an AMS is initiated either by the AMS or by its serving ABS.
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In the event that the ABS-initiated request (i.e., Unsolicited AAI DREG-RSP) and an AMS-initiated
request for Idle Mode entry is being handled concurrently, the ABS-initiated request shall take precedence
over the AMS-initiated Request. In this case, even though the AMS receives the ABS-initiated request while
it is waiting for AAI DREG-RSP message in response to AAl DREG-REQ, the AMS shall stop the remain-
ing procedure of the AMS-initiated request and continue with the ABS-initiated request. The ABS shall
ignore an AMS's request if the ABS has already initiated an idle mode initiation request.

16.2.17.1.1 AMS initiated

In case of AMS initiated idle mode entry, an AMS may signal intent to begin idle mode by sending a
AAI DREG-REQ message with the De-registration Request Code parameter = 0x01; request for AMS
deregistration from serving ABS and initiation of AMS idle mode. The AMS may request the paging con-
troller to retain specific AMS service and operational information for idle mode management purposes
through inclusion of the Idle Mode Retain Information element in the AAI DREG-REQ control message.
When the ABS decides to allow AMS-initiated idle mode request, the ABS shall send a AAI DREG-RSP
with action code 0x07 in response to the AAl DREG-REQ message. When the ABS decides to reject AMS-
initiated idle mode request, the ABS shall send a AAI DREG-RSP with action code 0x06 in response to this
AAI DREG-REQ message. ABS may include REQ-Duration TLV in this AAI DREG-RSP message. In
this case, the AMS may retransmit the AAl DREG-REQ message after the expiration of REQ_ Duration. If
the AMS does not receive the AAl DREG-RSP message within T45 timer expiry after it sends the
AAI DREG-REQ message to the ABS, the AMS shall retransmit the AAIl DREG-REQ message as long as
DREG Request Retry Count has not been exhausted. Otherwise, the AMS shall reinitialize MAC and per-
form  network  reentry with its  preferred ABS. Also, the ABS  shall start
Management Resource Holding Timer to maintain connection information with the AMS as soon as it
sends the AAI DREG-RSP message with action code O0x07 to the AMS. If
Management Resource Holding Timer has been expired, the ABS shall release connection information
with the AMS. The operation of idle mode entry during AMS initiated idle mode is shown in Figure 444 and
Figure 445.

AMS may include its mobility information in the AAl DREG-REQ message.

AMS SABS

AAI DREG-REQ N
(De-Registration_Request Code = 0x01)

AAI DREG-RSP
(action code = 0x07)

Figure 444—Call flow for AMS initiated idle mode entry
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AMS in connected state

v v
ABS initiated idle mode entry AMS initiated idle mode entry
AMS inreases DREG Req. | REQ-Duration expired

Retry Count by 1.

1. AMS sends AAI DREG-
REQ (0x01) to serving ABS.
2. AMS starts T45 timer.

Count exhausted?

NO

AAI_DREG-RSP
is received?

AMS re-initializes MAC AMS starts REQ-Duration

REQ-Dura-
tion(>0) is
included?

dle mode initiation

AMS enters idle state. AMS remains in connect-
ed state.

Figure 445—Procedures during AMS initiated idle mode entry

16.2.17.1.2 ABS initiated

Using ABS initiated idle mode entry, a serving ABS may signal for an AMS to begin idle mode by sending
an AAI DREG-RSP message with action code 0x05 in unsolicited manner. This unsolicited AAI DREG-
RSP may include REQ-Duration TLV. When an AMS receives an unsolicited AAI DREG-RSP without
REQ Duration TLV, the AMS shall immediately start the idle mode initiation procedures. In this case of
ABS-initiated idle mode, after sending the AAI DREG-RSP message with action code 0x05, the serving
ABS shall start T46 timer as well as Management Resource Holding_ Timer at the same time. If the ABS
does not receive the AAI DREG-REQ message with the De-registration Request Code parameter = 0x02
or the AAI DREG-REQ message with the De-registration Request Code parameter = 0x03 from the AMS
in response to the unsolicited AAI DREG-RSP message with action code 0x05 within T46 timer expiry, the
ABS shall retransmit the AAI DREG-RSP message with action code 0x05 in unsolicited manner as long as
DREG command retry count has not been exhausted. When the AMS sends the AAI DREG-REQ message
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with the De-registration_Request Code parameter = 0x02 in response to the unsolicited AAl DREG-RSP
message with action code 0x05, the AMS shall send AAI DREG-REQ message with polling bit set to 1 in
MCEH. The AMS shall not enter idle mode immediately after sending a message indicating that it will enter
idle mode, because that message could get lost in the air link. Rather, the AMS shall wait for AAl MSG-
ACK message from the ABS. If the AMS detects the AAl MSG-ACK message, the AMS shall enter idle
mode. Otherwise, the AMS shall send the same AAI DREG-REQ message with the request for the
AAI MSG-ACK message again. If the AMS has a pending UL data to transmit, it shall send AAl DREG-
REQ message with De-registration Request Code parameter = 0x03 in response to the unsolicited
AAI DREG-RSP message with action code 0x05 by the ABS. These procedures are illustrated in Type 1 in
Figure 446, Figure 447 and Figure 448.

AMS SABS AMS SABS
P AAI DREG-RSP
P AAI DREG-RSP (unsolicited, action code = 0x05
"~ (unsolicited, action code = 0x05) REQ-Duration TLV included)
AAI DREG-REQ R AAI DREG-REQ
(De-registration_Request_Code g REQ D{' (De-registration_Request_Code
-Duration
= 0x02) expired = 0x01)
P AAI MSG-ACK P AAI DREG-RSP
h (action code = 0x07)

Type 1 ABS initiated idle mode entry Type 2 ABS initiated idle mode entry

Figure 446—Call flow for ABS initiated idle mode entry

As another case of ABS initiated Idle Mode, the serving ABS may also include a REQ-duration TLV with
an Action Code = 0x05 in the AAI DREG-RSP, signaling for an AMS to initiate an Idle Mode request
through a AAI DREG-REQ with De-registration_Request Code = 0x01, request for AMS De-Registration
from serving ABS and initiation of AMS Idle Mode, at REQ-duration expiration. In this case, ABS shall not
start T46 timer. AMS may include Idle Mode Retain Information TLV with in AAT DREG-REQ message
with De-Registration Request Code = 0x01 transmitted at the REQ-duration expiration. If the ABS receives
the AAI DREG-REQ with De-registration Request Code=0x01, the ABS shall transmit another
AAI DREG-RSP message with Action Code=0x07 including Idle Mode Retain Information TLV. These
procedures are illustrated in Type 2 in Figure 446, Figure 449 and Figure 450.
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AMS in connected state

v

AMS initiated idle mode entry

v
ABS initiated idle mode entry

v

ABS initiated idle mode entry Type 2

v
ABS initiated idle mode entry Type 1

ABS increases DREG CMD Retry
Count by 1.

DREG CMD Retr
Count exhausted?

ABS does not send AAI DREG-RSP
any more.

v
ABS releases AMS connection at the

expiration of MRHT.

1. ABS sends unsolicited AAI_ DREG-RSP (0x05) to
AMS.

2. ABS starts T46 timer.

3. ABS starts
Management Resource Holding_Timer (MRHT).

T46 is expired?

Y

NO AAI DREG-
REQ received?

YES

NO AMS accepts idle mode

y
1. ABS stops T46 timer.

2. ABS stops MRHT timer.

3. ABS resumes all connection informa-
tion for AMS.

initiation (0x02)?

YES

ABS sends AAI MSG-ACK

4
1. ABS regards AMS entering idle
mode normally.

2. ABS deletes AMS connection in-
formation at expiration of MRHT.

Figure 447—ABS Procedures during Type 1 ABS initiated idle mode entry
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AMS in connected state

v

AMS initiated idle mode entry

v
ABS initiated idle mode entry

v

ABS initiated idle mode entry Type 2

v
ABS initiated idle mode entry Type 1

y

AMS receives AAI

DREG-RSP (0x05).

NO

YES

:

Ready to enter idle state?

A 4

AAI MSG-ACK.

AMS sends AAI DREG-REQ (0x02) to
the serving ABS, with the request for

4
1. AMS sends AAI DREG-REQ
(0x03) to the serving ABS to reject the

idle mode comman.
2. AMS remains in connected state.

AMS enters idle state.

Figure 448—AMS Procedures during Type 1 ABS initiated idle mode entry
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AMS in connected state

v

v

AMS initiated idle mode entry

ABS initiated idle mode entry

v

ABS initiated idle mode entry Type 2
|

v
ABS initiated idle mode entry Type 1

v

AMS receives AAI DREG-RSP (0x05)
including REQ-duration from serving ABS

v

AMS starts REQ-duration timer.

NO ﬁ
YES AMDS has NO
¢ UL traffic?

AMS sends AAI DREG-REQ
(0x03) to the serving ABS to

P
e A

REQ-duration timer
expired?

reject the idle mode command [

" YES

AMS increases DREG
NO

1. AMS sends AAI DREG-REQ (0x01) to
the serving ABS
2. AMS starts T45 timer

Req. Retry Count by 1
DREQ Req>

Retry Count
Exhausted

YES

y

A

»
»

AAl DREG-RSP (0x0
is received?

NO

Idle mode initiation

AMS remains in connected state.

AMS re-initialized MAC.

request granted?

AMS enters idle state.

Figure 449—AMS Procedures during Type 2 ABS initiated idle mode entry
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AMS in connected state

v v
AMS initiated idle mode entry ABS initiated idle mode entry
v v
ABS initiated idle mode entry Type 2 ABS initiated idle mode entry Type 1

v

ABS sends AAI DREG-RSP (0x05)
including REQ-duration to the AMS

v

ABS receives AAI DREG-REQ from
the AMS

Request for Idle Mode NO

(0x01)

YESi

1. ABS sends AAI DREG-RSP (0x07) to ABS regards AMS remains in
the AMS. connected state.
2. ABS regards AMS entering idle state

Figure 450—ABS Procedures during Type 2 ABS initiated idle mode entry

16.2.17.2 Operation during Idle mode
16.2.17.2.1 Broadcast paging message

A Paging message is an AMS notification message which either indicates the presence of DL traffic pending
for the specified AMS or it is intended to poll an AMS and request a location update without requiring a full
network entry. In addition, an emergency alert indicator is included in the paging message to notify the idle
AMSs reception of the emergency information. Upon reception of the emergency alert indicator that is set to
'l", the AMS shall decode the A-A-MAP to obtain the emergency information.

A single Paging message may include the information for multiple AMSs.

Paging message includes identification of the AMSs to be notified of DL traffic pending, location update.
The Paging message also includes an action code directing each AMS notified via the inclusion of its identi-
fier as appropriate:

e 0b0: Perform network reentry

e 0bl: Perform ranging to establish location

An AMS shall terminate idle mode and reenter the network if it decodes a paging message that contains the

AMS's identification and action code 0b0 (Re-enter Network). In the event that an AMS decodes a paging
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message that contains the AMS's identification and action code Obl, it performs ranging for location update.
When the AMS decodes a paging message that does not include its identification, it means that the AMS is
not being paged and the AMS may enter its next paging unavailable interval.

The ABS shall transmit the paging message within a frame known to both the ABS and the AMS. The
remaining message, if any, shall be transmitted in the very next AAI subframe of the frame. If the overflow
happens in the last DL AAI subframe of a frame, then the remaining message is transmitted in the next
frame. The extension of paging listening interval shall be indicated by the extension flag in the paging mes-
sage. Thus, in this case, an idle mode AMS remains awake and monitors the subsequent AAI subframe or
frames for paging message. After receiving the complete paging message, the idle mode AMSs returns to
paging unavailable interval if the AMS is not paged.

Table 767—Parameters for AAI_PAG-ADV message format

Name

Value

Usage

Paging Group_IDs bitmap

Each bit in the bitmap indicates:

0: the paging information for the corresponding
PGID is not included

1: the paging information for the corresponding
PGID is included

The size of Paging Group IDs
bitmap equals to the number of
paging group IDs in the
PGID_Info message.

Num_AMSs

Number of paged AMSs in a particular paging
group

For each non-zero bit in the
Paging Group_IDs bitmap,
there shall be one Num_AMSs.

Deregistration Identifier

0~1023

Deregistration Identifier and
Paging Cycle are used to iden-
tify each paged AMS.

Paging Cycle

0b0000~0b1111

Deregistration Identifier and
Paging Cycle are used to iden-
tify each paged AMS.

Action Code

0b0 = Perform network reentry
Ob1 = Perform ranging to establish location

Paging action instruction to
each paged AMS.

Extension Flag

0 = There is no remaining part of this paging
message

1 = The remaining part of this paging message
will be transmitted in the subsequent frame or
sub-frame

If the ABS cannot transmit the
entire paging message in a pre-
determined region, the Exten-
sion Flag will be set to 1. Then
the remaining part of the paging
message is transmitted in the
earliest subsequent frame or
sub-frame.

Emergency Alert Indica-
tion

0 = There is no emergency information
1 = There is emergency information

If the emergency alert indicator
is set to '1', the AMS shall
decode the A-A-MAP to obtain
the emergency information.

16.2.17.2.2 Operation during paging unavailable interval

An ABS shall not transmit any DL traffic or paging message to the AMS during paging unavailable interval.

During paging unavailable interval, the AMS may power down, scan neighbor ABSs, select a preferred
ABS, conduct ranging, or perform other activities for which the AMS will not guarantee availability to any

ABS for DL traffic.
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An AMS may reselect its preferred ABS during paging unavailable interval by evaluating and selecting an
ABS with the best air interface DL properties which may include the RSSI, CINR, cell type and the avail-
able radio resources, etc.

At evaluation and selection of the preferred ABS, the AMS shall synchronize and decode the SFH (super-
frame header) for the preferred ABS and extract the super-frame number to determine the time that is
remaining until the next regular paging listening interval for the preferred ABS. The calculated time until the
next regular paging listening interval shall be the paging unavailable interval.

16.2.17.2.3 Operation during paging listening interval
The AMS derives the start of the paging listening interval based on the paging cycle and paging offset. The

paging listening interval shall comprise of the superframe whose superframe number meets the
condition.

Ns uperframe

N,

superframe

modulo PAGING CYCLE ==PAGING OFFSET
The length of the paging listening interval is one superframe per paging cycle.

At the beginning of the paging listening interval, the AMS shall scan and synchronize on the A-PREAM-
BLE of its preferred ABS and decode the P-SFH of the ABS.

The ABS shall transmit the PGID_Info at a predetermined location in the paging listening interval in order
to advertise the paging group(s) that is supported by the ABS. The PGID_Info shall be transmitted by the
ABS regardless of whether or not there any notifications for AMSs.

The ABS transmits the PGID_Info right after SFH and A-MAP of the 13* AAI subframe during AMS's pag-
ing listening interval as shown in Figure 451. The PGID _Info shall be transmitted as described in the section
<<16.3.6.5.2.1>>.

The PGID_Info shall be present before any AAI PAG-ADV message in the superframe. The PGID_Info
includes the PGID(s) that the ABS belongs to.
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Figure 451—Transmission of PGID_Info

The PGID_Info format is presented in Table 768.

Table 768—PGID_Info Format

Name Value
Num_PGIDs Number of paging groups in the ABS
PGID Identifier of paging group (0~216)
m Time domain hash parameter (1 ~ 4)

used to determine the frame number
of a superframe for paging message
transmission of an idle mode AMS.

The AMS shall determine whether it exists in the same paging group at the preferred ABS as it has most

recently belonged using the PGID Info.

If the AMS determine that its paging group has changed, the AMS shall perform idle mode location update
as described in section 16.2.23.

If the P-SFH indicates a change in essential system parameters and system configuration information, the
AMS shall acquire the latest essential system parameters and system configuration information when the

system information is broadcast by the ABS.
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The AMS shall monitor pre-determined frame for paging message. The pre-determined frame N,
for an AMS is implicitly determined as follows:

aging frame

N,

paging frame = AMS’s deregistration identifier mod m,

where m=1 or2 or 3 or 4
m is indicated by an ABS using the PGID Info message.

If AMS's identification is included in the paging message, the AMS shall perform network reentry or loca-
tion update depending on the notification in the paging message. Otherwise, the AMS may return to the pag-
ing unavailable interval.

16.2.17.3 Idle mode termination

Idle mode may only be terminated through

*  AMS reentry to the network

*  Paging controller detection of AMS unavailability through repeated, unanswered paging messages
«  Expiration of the idle mode timer

*  AMS enters DCR mode from Idle mode

An AMS may terminate idle mode at any time. For the termination of the idle mode, the AMS performs net-
work reentry with its preferred ABS as described in section 16.2.17.5. If the preferred ABS has Cell Bar
bit=1 in its S-SFH, the AMS should re-select other ABS for network re-entry.

16.2.17.4 Location update
Location update comprises condition evaluation and update processing.
16.2.17.4.1 Location update trigger conditions

An AMS in idle mode shall perform a location update process operation if any of the location update trigger
condition is met. There are four location update evaluation conditions: paging group based update, timer
based update, power down update and MBS update. AMS may also perform location update process at will.

When an AMS performs location update, the AMS may include Paging Cycle Change TLV in RNG-REQ
message to change the paging cycle. An ABS may also change AMS's paging cycle by requesting the AMS
to perform location update using the paging message with action code = Ob1 (i.e., Perform ranging to estab-
lish location and acknowledge message). Whether an AMS has requested or an ABS has initiated, the ABS
shall include appropriate Paging Information in the RNG-RSP message, in response to RNG-REQ message
including Paging Cycle Change TLV sent by the AMS during Location Update.

An AMS may inform its mobility (slow, medium, fast) during location update procedure. The AMS mobility
information may be used to assign new paging group(s) to the AMS.

During location update, AMS may update deregistration identifier, paging cycle and paging offset.
16.2.17.4.1.1 Paging group based update
An AMS shall perform Location Update process when an AMS detects the current paging group is not in its

assigned paging group. The AMS shall detect the change of the paging groups by monitoring the PG IDs,
which are transmitted by the preferred ABS during the paging listening interval. If none of the PG ID(s), to
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which the AMS belongs, is detected, the AMS shall determine that the paging group(s) has changed and per-
form a Location Update.

ABSs and Idle Mode AMSs may belong to multiple paging groups. In case an AMS belongs to multiple pag-
ing groups, it starts Paging Group Location Update Timer (PG_LU_TIMER) when it leaves primary paging
group and enters a secondary paging group. An AMS performs the paging group location update after
PG LU TIMER expires and may inform its mobility (slow, medium, fast) to ABS. Based on the AMS
mobility information, the ABS may assign new paging group(s) of different size(s) to AMS.

If the AMS returns to the primary paging group before the expiration of PG LU TIMER, it releases the
timer and does not perform location update.

16.2.17.4.1.2 Timer based update

An AMS shall periodically perform location update process prior to the expiration of the idle mode timer. At
every location update including the paging group location update, the idle mode timer is reset to 0 and
restarted.

16.2.17.4.1.3 Power down update

An AMS shall attempt to complete a location update once as a part of its orderly power down procedure.
This mechanism enables network entity to update the AMS's exact status and to delete all information for the
AMS and discontinue idle mode paging control for the AMS at the time of power down. At the time of suc-
cessful power down location update, the paging controller shall release all idle mode retaining information
related to the AMS.

16.2.17.4.2 Location update process

If an AMS in idle mode determines or elects to update its location, depending on the security association the
AMS shares with the preferred ABS, the AMS shall use one of two processes: secure location update pro-
cess or unsecure location update process. After synchronization with its preferred ABS and getting P-SFH, if
the AMS finds that it does not have the updated information after comparing the system configuration
change count, the AMS needs to get the S-SFH or extended system parameters and system configuration
information from the preferred ABS.

If the AMS shares a valid security context with the preferred ABS so that the AMS includes a valid CMAC
Tuple in the AAI RNG-REQ message, then the AMS shall conduct initial ranging with the ABS by sending
a AAI RNG-REQ message including Ranging Purpose Indication set to Location Update Request and Pag-
ing Controller ID and the CMAC Tuple.

If the ABS evaluates the CMAC Tuple as valid and supplies a corresponding authenticating CMAC Tuple,
then the ABS shall reply with an encrypted AAI RNG-RSP message including the Location Update
Response completing the location update process. If paging group has changed, then the ABS shall include
Paging Group ID in the AAI RNG-RSP message.

If the AMS and the ABS do not share a current, valid security context, or if the ABS for any reason has
elected to instruct the AMS to use Unsecure Location Update, they shall process Location Update using the
Network Reentry procedure from Idle Mode.

16.2.17.5 Network reentry from idle mode
For the network reentry from idle mode, the AMS shall initiate network reentry with the ABS by sending a

ranging sequence from Handover Ranging domain. When the ranging processs is successful, the AMS sends
an AAI RNG-REQ message including the Ranging Purpose Indication set to network reentry from idle

318
Copyright © 2009 IEEE. All rights reserved.



O 001N WU A W

February 3, 2010 IEEE P802.16m/D4

mode and Paging Controller ID. If the AMS shares a valid security context with the ABS so that the AMS
includes a valid CMAC Tuple in the AAI RNG-REQ message, then the AMS shall conduct initial ranging
with the ABS by sending a AAI RNG-REQ message including CMAC Tuple. If the ABS evaluates the
CMAC Tuple as a valid and supplies a corresponding authenticating CMAC Tuple, then the ABS shall reply
with an encrypted AAI_ RNG-RSP message. The network reentry procedure may be shortened if the ABS
possesses AMS's information which may be obtained from paging controller or other network entity over the
backbone network.

16.2.17.6 Idle Mode Support for MBS
16.2.17.6.1 MBS location update

An AMS in idle mode, with one or more MBS service flows, shall perform a location update process when
the AMS detects a change in the MBS Zone unless the AMS already has the MBS information in the target
MBS zone. The AMS detects the change of MBS Zone by monitoring the MBS zone identifier list which is
transmitted by the preferred ABS. If the MBS zone identifier list detected does not include the MBS zone
identifiers for all MBS flows to which the AMS belongs, the AMS shall determine that the MBS Zone has
changed.

Idle Mode Support for SON/Femto is specified in 16.4.9.
16.2.18 Deregistration with content retention (DCR) mode

Deregistration with content retention (DCR) mode is a mode in which an AMS is deregistered from the net-
work while its context is kept in a network entity until the Resource Retain Time is valid.

While the Resource Retain Time is valid, the network retains AMS’s information which is used to expedite
AMS’s network reentry.

CRID is used to uniquely identify the DCR mode AMSs.
16.2.18.1 DCR initiation in connected state

AMS may initiate DCR mode by transmitting an AAI DREG-REQ message with the De-
registration_Request Code parameter= 0x04; request for AMS deregistration from serving ABS and reten-
tion of AMS’s connection information. The AMS may request the network to retain specific AMS service
and operational information for DCR mode management purposes through inclusion of the Idle Mode
Retain Information element in the AAI DREG-REQ. When the ABS decides to allow AMS’s DCR mode
request, the ABS shall send an AAI DREQ-RSP with action code 0x08 in response to the AAI-DREG-REQ
message. When ABS decides to reject AMS’s DCR mode request, the ABS shall send an AAI DREQ-RSP
with action code 0x09 in response to the AAIl DREG-REQ message.

16.2.18.2 DCR mode initiation from idle mode

AMS may initiate DCR mode in idle mode state by performing the location update with ranging purpose
code Bit#5 is set to 1 in AAI RNG-REQ message for transition to DCR mode.

When the ABS decides to allow AMS’s DCR mode request, the ABS shall send a AAI RNG-RSP with
action code 0x04. When ABS decides to reject AMS’s DCR idle mode request, the ABS shall send an
AAI RNG-RSP with action code 0x05.

Upon successful DCR mode change request, the network shall initiate DCR mode operation by retaining
AMS’s information until the Resource Retain Time is valid. At the time of DCR mode change, the CRID
shall be used to uniquely identify DCR mode AMS.
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16.2.18.3 DCR mode extension

An AMS in DCR mode can extend its Resource Retain Time by sending a AAI RNG-REQ message with
ranging purpose code Bit#1 is set to 1 in combination with CRID to extend the timer before it expires. When
the ABS decides to allow AMS's extension request, the ABS shall send an AAI RNG-RSP with location
update response=0x04 in response to the AAI RNG-REQ message. The ABS may also reject AMS's exten-
sion request, in this case, the ABS shall send an AAI RNG-RSP with location update response=0x05 in
response to the AAI RNG-REQ message. Upon receiving the rejected indication in AAI RNG-RSP, the
AMS shall perform reentry to the network as defined in section 16.2.18.4.

16.2.18.4 Network reentry from DCR mode

For the network reentry from DCR mode, the AMS shall initiate network reentry with the ABS by sending
an AAI RNG-REQ message with ranging purpose code Bit#6 is set to 1 and the CRID. Rest of reentry pro-
cedure shall be performed same as network reentry from idle mode described in section 16.2.17.5.

16.2.18.5 DCR mode termination

DCR mode may only be terminated through:
*  AMS reentry to the network
«  Expiration of the Resource Retain Time

16.2.19 Co-Located Coexistence (CLC)

AMS conducts pre-negotiated periodic absences from the serving ABS to support concurrent operation of
co-located non 802.16 radios, e.g. IEEE 802.11, IEEE 802.15.1, etc., and the time pattern of such periodic
absence is referred by ABS and AMS as CLC class.

Terminologies used in this section:

*  CLC active interval: the time duration of a CLC class designated for co-located non 802.16 radio activ-
ities

¢ CLC active cycle: the time interval of the active pattern of a CLC class repeating

*  CLC active ratio: the time ratio of CLC active intervals to CLC active cycle of a CLC class

*  CLC start time: the start time of a CLC class

* number of active CLC classes: the number of active CLC classes of the same type of an AMS

There are three types of CLC classes, and they differ from each other in terms of the time unit of CLC start
time, active cycle and active interval, as shown in Table 769—. Support of all three types of CLC classes is
mandatory for ABS, and optional for AMS.

Table 769—Time unit of CLC class parameters

CLC active cycle CLC active interval CLC start time
Type I microsecond AAI subframe AAI subframe
Type II frame AAI subframe frame
Type 111 not applicable superframe superframe
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AMS shall determine CLC active interval and CLC active cycle based on the activities of its co-located non
802.16 radios and its 802.16 performance requirements. AMS shall determine CLC start time of Type I CLC
class. ABS shall determine CLC start time of Type II or III CLC class.

Type I CLC class is recommended for non 802.16 radio activity that is low duty cycle, and may not align
with 802.16 frame boundary. Otherwise, Type II CLC class is recommended for better scheduling flexibil-
ity. Type III CLC class is recommended for continuous non-802.16 radio activity that lasts long time, e.g.
seconds.

The serving ABS manages each type of CLC class with the following three limits:

*  R,;:maximum CLC active ratio (%)
*  T;: maximum CLC active interval

* N, :maximum number of active CLC classes

Hereiis setto 1, 2, and 3 to indicate Type I, II, and III CLC class, respectively.

ABS may include the CLC Limits in AAI REG-RSP. The higher value of a limit indicates better support for
non-AAI radio activities. The CLC limits, if set, shall be no less than the default values in Table 770. If not
specified in AAT_ REG-RSP, the CLC limits shall assume the values in Table 770.

Table 770—Default Value of CLC limits

N; R; T;
Type I 1 5% 8 AAIT subframes (Sms)
Type II 1 30% 64 AAI subframes (40ms)
Type 111 not applicable not applicable 150 superframes (3 second)

The serving ABS shall not schedule A-MAP, data, and HARQ feedback of the AMS's allocations in the
CLC active interval of an active CLC class. Whether only DL or only UL or both are prohibited depends on
the configuration of the CLC class. The default is both DL and UL allocations are prohibited.

The ABS and AMS should set the starting time of a CLC class appropriately to prevent its CLC active inter-
val from overlapping with SFH (super-frame header) as much as possible.

The ABS shall not schedule a Long TTI allocation when a CLC active interval overlaps with any part of the
Long TTI allocation.

Any part of a previously scheduled persistent allocation that overlaps with a pre-negotiated CLC active
interval shall not be transmitted in the designated resource. Since both the ABS and AMS have full knowl-
edge of CLC activity, the ABS and AMS shall skip such a transmission that was scheduled during the CLC
active interval. Non-persistent scheduling with all the attributes of the skipped allocation may be used to
transmit such data at the next available opportunity. Subsequent persistent allocations that do not overlap
with the CLC interval shall retain the attributes that were assigned in the Persistent Allocation A-MAP IE
until an explicit de-allocation or re-allocation occurs. Implicit ACID cycling shall continue with the original
pattern and the ACID corresponding to the skipped allocation is skipped in order to maintain the cycle.
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When a pre-negotiated CLC active interval overlaps with any part of the initial transmission of a group
resource allocation, the ABS shall not schedule the allocation in the designated resource and the GRA trans-
mission shall be scheduled at the next available opportunity.

Any part of a synchronous HARQ retransmission that overlaps with a pre-negotiated CLC active interval
shall not be transmitted in the designated resource. Since both the ABS and AMS have full knowledge of
CLC activity, the ABS and AMS shall skip the retransmission that occurs in the CLC active interval, and
continue to maintain the original timing relationship for all subsequent retransmissions. The retransmission
number is incremented for the skipped retransmission.

Figure 452 illustrates the protocol for a skipped HARQ retransmission. In the example shown, the Ist
retransmission is scheduled to occur in a CLC active interval. The 1st retransmission is skipped and the
allocation originally scheduled for the 2nd retransmission is then used for the 1st retransmission. The alloca-
tion originally scheduled for the 3rd retransmission will be used for the 2nd retransmission and so on.

initial (skipped due to collision (used for 1st (used for 2nd
A-MAP transmission with CLC active interval) retransmission) retran/smission)
¥ [ L4
-1 v =
DL U|L D|L Ul L
<> <>
AAI subframe CLC active interval
Frame

Figure 452—Skipping for Synchronous HARQ due to Collision with CLC Active Interval

The serving ABS shall accept the request from the AMS to activate a CLC class, and honor it (i.e., not unso-
licited deactivate or change it after activation) if the requested CLC class meets the CLC limits. Otherwise,
if the requested CLC class does not meet the CLC limits, the serving ABS may reject or accept the request,
and even if the requested CLC class is accepted initially, the serving ABS may deactivate it at any time by
sending unsolicited CLC Response. The process of determining whether a CLC class meets the CLC limits
for Type I, 11, and III classes is specified in 16.2.12.

The AMS, if needed, shall request to activate only one Type I or II CLC class during Basic Capability Nego-
tiation. In this case, the CLC class parameters shall be set within the default CLC limits as shown in
Table 770. The AMS may request to active one or several Type I or II CLC classes in the connected state.
The AMS shall request to activate Type III CLC class only in the connected state. After the currently active
Type III CLC class ends, the AMS shall wait for at least 5 minutes to request another Type III CLC class.

The AMS shall wait for at least 1 second to send new CLC Request since its last successful reception of
CLC Response.
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Figure 453—CLC Request / Response Exchange

The serving ABS should send CLC Response before the CLC start time defined in CLC Request. If the
AMS receives CLC Response, or the ABS sends CLC Response, after the starting time of the CLC class that
it activates, the ABS and the AMS shall consider the CLC class as active and starting at the beginning of the
next CLC active cycle. If the class is Type III, the ABS and the AMS shall consider the CLC class starting
immediately and ending at the ending superframe calculated with CLC start time and CLC active interval as
defined in CLC Request.

An active CLC class shall remain active until it has been deactivated by the AMS no matter whether the
AMS is in active mode, sleep mode, or scanning mode. The AMS may skip scanning operation in a scan
interval if it overlaps with a CLC active interval. The AMS and the serving ABS shall locally deactivate all
CLC classes after the AMS enters idle state.

The AMS shall locally terminate the active Type III CLC class at the Disconnect Time or upon transmission
of AAI_HO-IND with code 0b10. The AMS shall also locally suspend all active Type I and II CLC classes
at the Disconnect Time or upon transmission of AAI _HO-IND with code 0b10, and reactivate them with the
new serving ABS. During HO preparation, the new serving ABS may obtain information on active CLC
classes from the serving ABS via backbone network. The CLC active cycle and interval parameters shall
remain the same. The new serving ABS shall set the Super Frame Number of the start time to the suggested
value in CLC Request from the AMS in case of an uncoordinated handover, or in case of a coordinated han-
dover, to the beginning of the next CLC active cycle based on the information obtained from the previous
serving ABS via the backbone network. For Type II class, the new serving ABS may set the Start Frame
Index of the start time different from the value in the AMS's CLC Request or from the previous serving
ABS. For Type I class, the new serving ABS shall keep the Start Frame Index the same as suggested by the
AMS or obtained from the previous serving ABS. The ABS shall send the start time information to the AMS
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in AAI_RNG-RSP during network reentry for fast reactivation if the AMS supports CLC mode. The AMS
and the serving ABS shall automatically reactivate the suspended CLC classes if the handover is cancelled.

The AMS may use the CLC Report to provide ABS information about the characteristics of its co-located
non-AAlI radio activities.

The AMS shall wait for at least 100ms to send new CLC Request since its last successful transmission of
CLC Request.

Figure 453— shows an example of CLC Request / Response exchange for activating and deactivating a
Type II CLC class.

16.2.19.1 Type | CLC Class

The parameters for Type I CLC class (settings) are specified as follows:

* S, : start superframe number

*  F,:start frame index

*  f;:start AAI subframe index

*  a,:time duration of CLC active intervals in each cycle (AAI subframe)

* b, :time duration of CLC active cycle (microsecond)

The combination of the start superframe number and the start frame index indicates in which frame the first
CLC active cycle starts. The start AAI subframe index further indicates in which AAI subframe the first
CLC active cycle of a Type I CLC class starts in a frame.

The following parameters are needed in addition to N;, R;, and T in determining whether a Type-1 CLC
class meets the CLC limits:

* n;:number of currently active Type-I CLC classes for the requesting AMS
* s: latency limit (millisecond)

*  d: latency margin (millisecond)

*  m: total number of AAI subframes in a frame

The latency limit indicates the minimum value of the Maximum Latency parameter and the Tolerated Jitter
parameter of all active service flows of the requesting AMS. It shall assume infinite if none of the active ser-
vice flows of the requesting AMS has explicitly configured the Maximum Latency parameter or the Toler-
ated Jitter parameter. The latency margin provides additional time for meeting the Maximum Latency and
Tolerated Jitter requirement of all active service flows of the requesting AMS, and shall be set to 10ms.

The default value of m is 8. m is 7 and 6 for 8.75MHz and 7MHz frame structure, respectively.

A Type-I CLC class meets the CLC limits, if all following conditions are met:
e a <min(T),(s—d)/5xm)
s n <N

 a,/(mxfloor(b,;/5000)) <R,

Figure 454— shows an example of Type I CLC class.
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Figure 454—Type | CLC Class Example (a4=8, b1=102400)
16.2.19.2 Type Il CLC Class

The parameters for Type II CLC class (settings) are specified as follows:

* S, start superframe number
»  F,: start frame index
*  a,:time duration of CLC active intervals in each cycle (AAI subframe)

* b, : time duration of CLC active cycle (frame)

The combination of the start superframe number and the start frame index indicates in which frame the first
CLC active cycle starts.

The following parameters are needed in addition to N, , R, , T, in determining whether a Type-II CLC class
meets the CLC limits:

*  n,:number of currently active Type II CLC classes for the requesting AMS

* s: latency limit (millisecond)
* d: latency margin (millisecond)

e m: total number of AAI subframes in a frame

AMS may use one of the following three subtypes to configure a Type II CLC Class, depending on the
length of CLC Active Cycle, see Table 771. Support of Extended CLC Active Bitmap is optional for ABS.

Table 771—Type Il CLC Class Subtype

Subtype CLC Active Cycle (frame) Information Elements
1 1 * CLC Active bitmap
2 >1 * CLC Active interval
*  CLC Active Cycle
3 2,3,0r4 + Extended CLC Active bitmap
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16.2.19.2.1 Type Il CLC Class - Subtype 1

If CLC active cycle is one frame, the AMS shall use CLC Active Bitmap to configure a Type II CLC class.
The bi