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Abstract— This paper presents a path selection algorithm in
conjunction with (2,2) Alamouti’'s space-time blockcode with
pre-coding scheme (STBC-PC) to improve the network
performance of a dual-hop amplify-and-forward coopeative
mobile network. STBC-PC is applied to this study inorder to
employ STBC with single antenna which is incorporate in any
wireless portable devices, e.g., mobile stations@to achieve high
gain. The path selection algorithm is designed to besed at the
mobile station where is assumed to have the knowlgd of all
channel gains, hence it can be designed to maximitee channel
capacity and to provide better network performance. The
simulation results have been shown that the coopdmae
transmission with STBC-PC can achieve BER of 1Dat the level
of SNR about 17 dB which is lower level than the operative
transmission without STBC-PC. Moreover, the proposednethod
can provide BER of 107 at SNR of 3 dB which is lower level the

STBC-PC-based cooperative transmission without path
selection.
Key Words: Cooperative communication; amplify-and-

forward; mobile network; path selection; STBC

I INTRODUCTION
Relay nodes-based cooperative communication
emerged as a promising solution to increase speatrd
power efficiency as well as network coverage, afsb do
reduce outage probability for the next generationeless
networks. A cooperative Communication System comsis
source, relay, and destination nodes which hava beeepted
as a virtual Multiple-Input Multiple-Output (MIMO}¥ystem
because it can provide transmit diversity
implementing multiple antennas at wireless nodewineless
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AF protocol was chosen to consider. Moreover, tlieeqnding
scheme is also applied to the transmitted (2,2)mAlati's
STBC (space-time block code) symbols in this paper
proposed by Ho-Jung Ast. al. [1] so as to employ STBC
with single antenna and to achieve high gain.

In [1], the single relay and the AF protocol wasisidered
and the simulation results have been shown thatSthBC
with pre-coding scheme (STBC-PC) can always achtbee
low BER (bit error rate) at the low SNR (Signal Mhwise
Ratio). Particularly, even if the reduction of perhance were
proposed by using the statistical characteristicehannel, it
can acquire performance advantage as ever andropesed
method is more useful when the channel impairmént o
direct link exists. In mobile network, the mobikatsoon cannot
connect to the base station because that soumé ©f reach
from the destination and the direct link cannosexthus the
dual-hop relaying cooperation is a feasible metiooaissist the
mobile network.

E. Kudohet. al. [2] has still proposed a lot of power and
frequency efficient methods to acquire higher dasae
transmission with low transmit power in wireless Itihop

hagrtual cellular network (VCN). Cooperative relagirenables

one or more relay nodes to process the transmityatbols
from a source and retransmit the signals to theiretks
destination. The transmitted signals are then coei
together in the destination by using a suitable kiaimng
technique. Therefore, path selection methods héitebsen
proposed by a lot of researchers in order to gthspbetter

insteafl onetwork performance.

Zinan Lin et. al. [3] proposed a simple relay search

communication. Although MIMO systems provide manyalgorithms by utilizing only the knowledge of avgea

advantages and achieve spatial diversity, they atare
served to provide diversity when the wireless puealevices,
especially for mobile stations, cannot support iplgt
antennas due to size and power limitations. Thepe@dive
transmission protocols used in the relay node ateere
amplify-and-forward (AF) and decode-and-forward {DRF

received SNRs at the destination node.

A. Bletsaset. al. [4] presented an opportunistic relaying
scheme which used high SNR among multiple cooperati
terminals, but this scheme considered only ong/rela

Therefore, the main goal of this paper is to aralgnd
improve the network performance of a dual-hop AF

is often used when the relay nodes have only linite cooperative mobile network with multiple relay nedehich

computing time or power available. Since the coafpez
transmission is applied to a mobile network in fraper, thus
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are based on a proposed path selection algoritttrSamBC-
PC. The propagation channels undergo the compldiiael
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Figure 1. Cooperative mobile network model

white Gaussian noise (AWGN) and Rayleigh fading.

Furthermore, the proposed path selection algoritisn
implemented at the mobile station and the estimakathnels

are assumed to be perfect, hence it can be desigmed

maximize the channel capacity directly and to pilevbetter
network performance.

Il. COOPERATIVE MOBILE NETWORK MODEL

Since the mobile network is considered in this papence
the most of wireless devices are the mobile statiemd they
are connected to a base station which is assumieel lmcated
at the center of a cell. We consider a system maslelepicted
in Fig. 1, where each source, relay, and destinatares have

M. STBC WITH PRE-CODING SCHEME [1]

In general, a mobile node must have two transniéraras
in order to apply (2,2) Alamouti's STBC. But HonguAn et.
al. [1] applied pre-coding scheme with the STBC syrahml
employ STBC with single antenna. Moreover, [1] wasfied
that the pre-coding processing is feasibly to beduat the
source node as an up-link communication instead déwn-
link communication and the statistical charact&sstof
channel can be used instead of the instantaneous
completely.

Bit sequences from a source node in the form
Alamouti’'s STBC as shown in eq. (1) are firstly tplled by
the reciprocal of channels and then are combinediding
orthogonal frequency division multiplexing (OFDM)rin.

only single antenn& source is assumed to be out of reach

from the destination. The channels considered im shstem
model are assumed to undergo AWGN, multipath, dod s

fading. Source and relay nodes must know chanrake st

information (CSI) between source and relay as wadl
between relay and destination, respectively. Mogeowe
have still considered the statistical charactesstif channel in
this paper instead of the instantaneous CSI asierqal in [1].

Refer to [1], DF protocols cannot provide the fililfersity,
but AF protocols can achieve full diversity. Moreoy
multiple relays may receive, amplify, and retransrtie

signals which are mixed by any noisy versions. The

destination can combine the bit sequences from iplalt
relays and employ maximum
completely, because we assume that the faded msrefoeach
transmitted sequences in any relaying paths arepgmtent
absolutely.
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The transmitted symbol sequences are processededy p

coding scheme as shown in eq. (2) - (5).

s=H,c,+H.c, )
s, =—-H/c,+Hjc, 3)
s,=H;c,+H,c, 4)
s, =—HJ}c,+H;c, (5)

where H;" denotes the reciprocal dfl, and (.J is the
complex conjugate.
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Before the equations of each signal are shownsyhols Below equations, eq. (22) — (25), are the exampaish
are used in this paper and must be addresseg fistollows:  are shown in this paper only, after eq. (6) — (@ @placed
lsr and 'z D denote the received bit sequences from sourceith S from eq. (2), eq. (8) and eq. (9) are replacedt wij.

to i" relay and ' relay to destination, respectivelN is the (6) and eq. (7), respectively. Eq. (10) - (21) bardone in the

duration of one OFDM symbol, antn= 0,1, ..., N-1. same way.
N, — N, are the complex AWGNs including the effect of rs,Rl[m]=Cl+HlH§+nl 22)
interference signals; and Ng are amplified nmseﬂR is a fon [m] _HIH,G N, 23)

amplifier gain of eacH'irelay. Mo [m+ N] = B Hy(c,+ HH 1C,+N)+n,

The received bit sequences in the first phase of (24)
transmission are shown below in eq. (6) - (13).réug of eq. =B HC + B HHHC,+n
(6) - (9) is the representative of signals whick atansmitted RS RS TETRS
from source and received by relay 1 and 2, ancdbapgof eq. Mo, o [M+N]= B Hg(HiH € +C #n) +ng
(10) — (13) is the representative of signals whiate — B H.H'H H o (25
transmitted from source and received by relay 34and - ﬂRz 61 ch+ﬂRz & 2 MNg

_ In order to simplify the equations, the followingtations,
f'sr [m] =Hs+n (6) eq. (26) — (29), will be used, after eq. (6) — (at¢ replaced

and arranged completely. The sampled terms caedrefsom
s, [M]=H,s+n, D eq 22) —9(25). PEEY P
. o[M+N|=H_B.r.. [m|+n (8)
o[ N =iy [, . ”
olm N W nlen, o o
fsr, [M]=Hass+ 1 (10) W=H_H; (28)
I'sr, [m]:H4S3+n4 (1 Y=H,H; (29)
"D [m+ N] - H7ﬂR3rSvF"3 [m]+ n; (12) At the destination, the received bit sequences #oralay

_ links are combined as shown in eq. (30) — (37). sého
'R0 [m+3N]= Hofr s, [m+2N]+n,  (13) combined bit sequences are then passed throughakienum
likelihood (ML) decision.
The received bit sequences in the second phase of Eq. (30) — (31) are the representatives of the dosdbbit
transmission are shown below in eq. (14) - (21)grdup of  sequences from the signal reception from relay 1.
eq. (14) - (17) is the representative of signaldciwhare
transmitted from source and received by relay 1 2ndnd a
group of eq. (18) — (21) is the representativeigfiads which
are trans-mitted from source and received by relayd 4.

¢ =Hglg o (M+N)+HGr (m+3N) (30)
¢, =(HsG) 1y o (M+N)—Hgry , (M+3N) (3D

sk [m+ ZN] =Hs, +n, (14) Eq. (32) — (33) are the representatives of the @oaabbit
lor, [m+ 2N] = H,s,+n, (15) sequences from the signal reception from relay 2.
rR, o [M+3N]=Hsfrrsg [M+2N]+ng (16) G =(HeK) e o (M+N)+Hgre ,(m+3N)  (32)
rR,0 [M+3N]=Hgfp Isg,[M+2N]+ng (17) €, =Hely p (M+N)—(HK)r 5 (m+3N) (33)
s [m+ 2N] =Hgs,+n, (18) Eq. (34) — (35) are the representatives of the ¢oaabbit
o, [m+ 2N] =H,s,+n, (19) sequences from the signal reception from relay 3.
oo [M+3N]=H Sy rsp [M+2N]+n;  (20) & = Hiry o (M4 N)+ (H, W), 5 (m+3N)  (34)
fe, o [M+3N]=Hgf rsp [M+2N]+n, 21 & =(H,W) ry o (M N)—H 1, o (M+3N) (39
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Eq. (36) — (37) are the representatives of the @oeabbit
sequences from the signal reception from relay 4.

6 =(HgY) Iy p(M+N)+Hgrg o (Mm+3N)  (36)
€ =Hale o (M+N)—(HsY)rg (Mm+3N)  (37)

V. PROPOSED PATH SELECTION SCHEME

In this section, the proposed path selection sché&me
addressed. Refer to [5], an equation to find a wbbecapacity
of each hop, s -"irelay or " relay -> d, can be seen in eq.
(38). Moreover, the variances are assumed to bagkacies
of a distance of each hop approximately. Thereftre, net
channel capacity of each path between the sourdetfz
destination is derived from the sum of a channglacay of
each hop as shown in eq. (39). Among those netnehan
capacities, the selected path can be chose frorméx@mum
one as defined in eq. (40). Because 4 relays arsidered in
this paper, so there exist 4 values of the netrdlacapacities.

C =log, (1+1T2|h|2j (38)
O-n
Path,, = argmax Path(1),Path( 2) ..Path(n)} (40)
n

V. SIMULATION RESULTS

of the instantaneous CSI completely. The STBC-Pi&zse
and the proposed path selection algorithm are ssgum be
processed at the mobile stations in order to maikeproposed
method possible through up-link communications, did

decision is also assumed to be processed at thestst®n.

Firstly, the mobile network model is composed of 1
source, 2 relays, and 1 destination in order to pzm the
network performance of cooperative transmissionsvdsen
without STBC-PC and with STBC-PC. Also, the dis&sc
(variances) of all hops are equal to 1. The sinadatesult has
been shown that the cooperative transmission witBGGPC
can bring low bit error rate (BER) even at the IBNR and
outperforms the cooperative transmission withouBSIPC
absolutely.

Refer to Fig. 2 in the next page, BER of?l4t the level of
SNR about 6 dB can be achieved by using the cotipera
transmission with STBC-PC, while it must be attdire SNR
about 16 dB by using the cooperative transmissidthouwt
STBC-PC. Moreover, BER of T0at the level of SNR about
17 dB can be accomplished sufficiently by using the
cooperative transmission with STBC-PC, while it mbg
attained at SNR of more than 25 dB by using thepeoative
transmission without STBC-PC.

Secondly, the mobile network model is composed of 1
source, 4 relays, and 1 destination in order to p=ym the
network performance of STBC-PC-based cooperative
transmissions between without path selection andh wi
proposed path selection. Also, the distances (vegi®) of all
hops are not equal which are 0.5, 1, 5, 10, 15230and 30.
The simulation result has been shown that the SPBC-

In the simulation, BPSK modulation is used and thebased cooperative transmission with proposed peitction

propagation channels of mobile network undergoctiraplex
additive white Gaussian noise (AWGN) and Rayleigtirig.
Furthermore, the estimated channels are assumea perfect
and the statistical characteristics’ channel carubed instead

0

outperforms the STBC-PC-based cooperative trangmiss
without path selection completely. The proposedeseh can
bring low bit error rate (BER) at the lower levélSNR about
4 -5dB.
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Figure 2. BER comparison of cooperative transmissions betwanSTBC-PC and without STBC-PC
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Figure 3. BER comparison of cooperative transmissions betwégnpath selection and without path selection

Refer to Fig. 3, BER of I®at SNR of 3 dB can be cooperative transmission without path selection mletely.
accomplished by using the proposed method, whiteuist be  The proposed scheme can bring low bit error raieR)Bat the
attained at SNR of 8 dB by using the STBC-PC-basetbwer level of SNR about 4 — 5 dB.
cooperative transmission without path selectiosoABER of
10* at SNR about 15 dB can be accomplished by using the

proposed method, while it must be attained at SKR9%dB _ ACKNOWLEDGEMENT
by using the STBC-PC-based cooperative transmission This research was finished completely by the good
without path selection. assistances and suggestions of Mr. Thosporn Jakpho
(Computer Center of Nakhon Ratchasima Rajabhat égniv
VL. CONCLUSION sity). We'd like to thank him through this paper.
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