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Abstract

This paper formulates resource allocation for decode-and-forward (DF) relay assisted
multi-cell orthogonal frequency division multiple (OFDM) networks as an optimization
problem taking into account of inter-cell interference and users fairness. To maximize the
transmit rate of system we propose a joint interference coordination, subcarrier and power
allocation algorithm. To reduce the complexity, this semi-distributed algorithm divides the
primal optimization into three sub-optimization problems, which transforms the mixed
binary nonlinear programming problem (BNLP) into standard convex optimization problems.
The first layer optimization problem is used to get the optimal subcarrier distribution index.
The second is to solve the problem that how to allocate power optimally in a certain
subcarrier distribution order. Based on the concept of equivalent channel gain (ECG) we
transform the max-min function into standard closed expression. Subsequently, with the aid
of dual decomposition, water-filling theorem and iterative power allocation algorithm the
optimal solution of the original problem can be got with acceptable complexity. The third
sub-problem considers dynamic co-channel interference caused by adjacent cells and
redistributes resources to achieve the goal of maximizing system throughput. Finally,
simulation results are provided to corroborate the proposed algorithm.
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1. Introduction

Orthogonal frequency division multiplexing (OFDM) is a mature technique to mitigate

frequency selective fading and inter-symbol interference by dividing the total bandwidth into
several orthogonal subcarriers. The fading of each subcarrier can be seen as flat fading which
can provide higher spectrum utilization. Cooperative relaying has been regarded as a
promising candidate for next generation broadband wireless communication systems, and
has been considered by the IEEE 802.16j standard [1] because it can provide an efficient
way to overcome the disadvantages brought by wireless fading channel through exploiting
multiuser diversity (MUD). According to the difference of the received signal, two main
relay strategies have been identified: amplify-and-forward (AF) and decode-and-forward
(DF) [1, 2]. A large number of works has been devoted to the resource allocation of OFDM
and cooperative relaying systems [3-5]. However, the future wireless communication
network needs to provide higher transmission rate and broader coverage that a single
technology cannot satisfy these requirements. Thus, there emerges combination of OFDM
and relay technology which can provide better customer service experiences, assure fairness
of inside and the edge users in multi-cell mobile communication networks. However, the
resource allocation for it is more challenging because three issues should be taken into
account [6], they are, how to allocate power at source and relay nodes to the subcarriers, how
to match subcarriers of first-hop and the second-hop, and which pair of subcarrier should be
allocated to which user.

Although there is a rich literature consider the resource allocation for relay-enhanced
OFDM networks, most of them focus on the single-cell scenario [6-10], in which inter-cell
interference (ICI) is ignored. However, in reality 1CI severely degrades system performance.
Hence, for practical systems it should be considered in the resource allocation process.
Undoubtedly, interference coordination and interference elimination will be a new trend in
future communication networks since it can help to achieve a higher system capacity. In
[11-15] multi-cell resource allocation scheduling are studied under different system
configuration. However, [11, 13] have not consider the fairness of heterogeneous users. The
authors of [12] use intermediate variable (interference constraint) to transform the
max-min DF problem into standard closed expression which can only get a lower bound for
the original problem instead of optimal solution. Reference [14] gives a two-stage resource
allocation scheme: in the first stage, all of the users in each cell are selected sequentially and
the joint subcarrier allocation and scheduling is conducted for the selected users, in the
second stage, the optimal power control is performed by geometric programming method.
However, [14, 15] only allow each user connect with one fixed relay, such kind of
distribution method cannot make full use of space diversity, which will greatly reduce the
flexibility of carrier allocation. In addition, the majority methods of the above researches are
centralized or half-centralized solutions. Therefore, frequent and complex signaling
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interaction is indispensable among base stations of different cells which are difficult to apply
in real large-scale wireless communication systems.

Also, there are some recent works on the space-time coding design in cooperative
decode-and-forward relay systems [17] for the combination of space-time coding with
cooperative relay can further improve the wireless transmission performance. The author of
[17] proposed two O-DSTC (opportunistic distributed space-time coding) schemes for
full-duplex and half-duplex relaying scenarios which provided a new direction for the
application of cooperative relay. In addition, the research of relaying selection [18] can also
be used in resource allocation of relay-enhanced OFDM systems.

To maximize system capacity, we propose a low complexity distributed algorithm which
considers not only inter-cell interference but also heterogeneous users’ fairness of DF relay
enhanced OFDM systems in this paper. We deduce the optimization model under the power
constraints of source and relay nodes and formulate resource allocation as a joint interference
coordination, subcarrier and power distribution problem. Through dividing the original
optimization into three sub-optimization problems, we transform the primal BNLP into
convex optimization problem thus the optimal solutions of the objective function can get by
using dual decomposition approach, water-filling theorem and iterative power allocation
algorithm. Finally, the performance of our proposals is evaluated by extensive simulations.

The remainder of this paper is organized as follows. DF relay based multi-cell OFDM
system model and problem formulation are introduced in Section 2. Section 3 introduces our
proposed resource allocation algorithm. Performance results and analysis are presented in
section 4. In the last section we give a brief summary of this paper.

2. System Model and Problem Formulation

2.1 System Model

Consider the downlink transmission of a relay-aided multi-cell OFDM system that consists
of L cells. Each cell has one base station (BS) locates at the center of the hexagon area, K
users, and M relay stations (RS) uniformly distribute on the circle around the BS. We
assume universal frequency reuse which means that the L base stations share the total
bandwidth. The intra-cell interference does not considered in this paper. Each subcarrier can
be used by one user or relay at any time. All nodes hold only one antenna and can’t transmit
and receive simultaneously. And we assume that there is no direct transmission from source
to relay, the destination can receive signals only from the relay because of high shadowing
between source and destination. The TDD transmission protocol is adopted that the
communication between source and destination covers two time slots. The source transmits
an OFDM symbol through the source to relay channel (first-hop) during the first time slot.
During the second time slot, the relay decodes and re-encodes the previously received signal,
and retransmit it toward the corresponding destination over the relay-destination channel
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(second-hop). The destination decodes the signal based on the received signal from the relay.
It is assumed that the base station knows all of the channel state information (CSI) at the
transmitter in each cell. The relay enhanced multi-cell OFDM system model as is shown in
Fig. 1.

A 1 s

BS Relay Mobile

Fig. 1. Relay-enhanced multi-cell OFDM networks

This paper uses two different time slot allocation strategies to minimize the inter-cell
interference. For example, if cell 1 uses time slot allocation strategy 1 for subcarrier n, the
base station of cell 1 communicates with relay stations during the first time slot through
subcarrier n and relay stations decodes and re-encodes the previously received signal, and
retransmits it toward the corresponding user in the second phase; Meanwhile, the adjacent
cell 2 may use the strategy 2 for subcarrier n, that is the base station communicate with relay
stations in the second time slot and relay stations communicate with users during the next
first time slot. Therefore, if one cell uses the strategy 1 for a subcarrier the adjacent cell may
uses the strategy 2 for this subcarrier, and vice versa. Table 1 is the time slot allocation
scheme on subcarrier n of different cells in this paper.

Table 1. Time slot strategies of different cells

Slot Slotl | Slot2 Slotl | Slot2 | Slotl | Slot2 | Slotl | -+«
Cell No.
Cell 1, subcarriern | Bs-RS | Rs-Ms | Bs-RS | Rs-Ms | Bs-RS | Rs-Ms | Bs-RS | .-
(strategy 1)
Cell 2, subcarrier n Bs-RS | Rs-Ms | Bs-RS | Rs-Ms | Bs-RS | Rs-Ms | --- -
(strategy 2)
Cell 3, subcarriern | Bs-RS | Rs-Ms | Bs-RS | Rs-Ms | Bs-RS | Rs-Ms | Bs-RS | -+
(strategy 1)
Cell 4, subcarrier n Bs-RS | Rs-Ms | Bs-RS | Rs-Ms | Bs-RS | Rs-Ms | --- -
(strategy 2)
CellL, subcarrier n Bs-RS | Rs-Ms | Bs-RS | Rs-Ms | Bs-RS | Rs-Ms | Bs-RS | -+
(strategy 1)
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2.2 Problem Formulation

For each cell I (suppose that [ is an odd number), considering the downlink of OFDM
system with N subcarriers. We assume the signal of user k transmitted on the n-th first-hop
subcarrier is decoded and re-encoded by relay m and finally retransmitted on the n-th
second-hop subcarrier. To express conveniently here we do not consider subcarrier pairing of
two hops for the moment. The subcarrier matching strategy will be presented more detail in
section 3.1. Thus the first-hop capacity and the second-hop capacity of subcarrier n,
R}, (m)and R, ,(n)can be expressed as

2
pfm(n)|Hlsm(n)|
RS, (n) =log,| 1+ — : €Y
Lm 2 No + I,
2
p{mk(n)|lemk(n)|
Rimx(m) =log, | 1 +—= — (2)
o No + I ke
where
Iim = L + I
2
i = ). pim @ [H7L )
)\ l'en, 3)
2
FE= ) o (o |HyE )

\ l'en, m
The Additive White Gaussian Noise (AWGN) variance is denoted by Ny. p;j,,,(n) is the

transmit power for subcarrier n during the source to relay channel that allocated by BS I;
Pimx (M) is the transmit power of subcarrier n during the relay to destination channel,

£, represents the set of adjacent cells which use the same time slot allocation strategy as [

and 2, the set of adjacent cells which use different time slot allocation strategy; ILST}l and
I[_ Tfl are the total interference that caused by the BSs of 2, and relays of £, respectively.
And pls,:}n(n) is the transmit power for subcarrier n during the first-hop that distributed by
base station ', 'pffn(n) indicates the transmit power of subcarrier n during second-hop;

2 2
st’}ln(”)| and lefn (n)| are the channel gains of the two phases severally.

Using the similar analysis approach we can get the expression of 17, ,
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where 2, represents the set of adjacent cells that use the same time slot allocation strategy
as [ and f, the set of adjacent cells which use different time slot allocation

strategy; I{,}L kandl,mk are the total interference caused by the RSs of 2; and BSs of

Qz;plrfn(n) is the transmit power allocated by relay m in cell I'for n-th subcarrier of

second-hop and pfﬁfn(n) denotes the power allocated by BS [ for the n-th first-hop

2 2
subcarrier. |le72n (n)| and |Hlsfn (n)| are the channel gains of the two hops respectively.

We use DF relay in this paper and with the above definition, the achievable capacity of the
n-th sub-channel C;,, ,(n) is

1
Cume(n) = 5 MIn{R} (1), Ry s (n)} (5)

The 1/2 factor appears in (5) due to the two hops used for a complete transmission.
Therefore, the joint interference coordination, subcarriers and power allocation algorithm
with relay and BS power constraints can be formulated as follows

M K N
gngf)z Z Z Wik * Prmk (M) * Cpmic () (6)
ST m=1k=1n=1
Subject to:
N

Prmx (M) - PPy (M) < ps

=

=
&
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1

S
1]
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Cs:pim(n) =20VI=12,,L;n=12,,Nym=12-,M

Co:Pimr(m) =0V 1Lnmk

Cripymr(m) €{0,1}Vn=12,---,N
where wy is the priority value of user k in cell [; psandp, are the transmit power
constraints of BS and relay nodes respectively. p; ,, (n) is the subcarrier allocation index
which can be 0 or 1, p;,,(n) = 1 means that the signal of user k transmitted on the n-th
first-hop subcarrier is decoded and re-encoded by relay m and finally retransmitted on
the n-th second-hop subcarrier. Constraints C; (C,) indicates the individual power
constraint for each BS (relay) with maximum transmit power ps (p,). C3and C, are
imposed to guarantee each subcarrier can only be used by one relay or user for any time. Cg
and Cg are the positive power constraints.

3. The Proposed Resource Allocation Algorithm

The optimization problem in (6) is a mixed binary nonlinear programming problem, which is
generally hard to solve. In this section, we divide the original problem into three
sub-problems thus transform (6) into convex optimization problem based on the concepts of
semi-distributed resource allocation method. This method optimizes resource allocation of
single-cell firstly then coordinate inter-cell interference to achieve higher system capacity.
The first layer optimization problem is used to seek optimal subcarrier distribution index,
and can be expressed as
M K N

Q (pl,m,k (n) {max Z Z Z Z Wik * Cime ()
lhk=1n

=1

pZm,k (n)r pf,m (n)' Ils,m' IZ:m,k} (8)

The second is to solve the problem—how to optimization power allocation in a certain
subcarriers distribution order and can be formulated as

Q (P, P () {maxz > z Z Wi Comye ()

1m=1k=1n=

Prmx (M), Ilm'Ilmk} C))

The last sub-problem takes into account of the dynamic inter-cell interference caused by
adjacent cells and redistributes resources to further improve system performance which can
be expressed as

L M K N
Q(lek(n) sz(n) Pimk (M), Izm»llmk) {rr,lax Z z z Z Wig* Cl,m,k(n)} (10)

Il
[y
Il
[y
&
1l
=
S
[y

3.1 Subcarrier Allocation and Matching

The first layer optimization problem can be reformulated as
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For given p;,,(n) and p[,,,(n) values the transmit rate C;,,,(n) is constant and
independent of p; ,,,  (n). Additionally, each subcarrier has the same constraints C3 and Cj.
Thus, problem (8) can be divided into per-subcarrier problem in each cell as
M K N

T;(p) = max Z Z zwlk Cime(n) | =
m=1k=1n=
Obviously
(m, k,n)=argmax C, x(n),l = 1,2,---,L (11

That is, each subcarrier should be allocated to the relay or user that can maximize its
instantaneous transmit rate and this theory is the same as the single-hop systems.

In the previous sections, we have assumed the symbols that the BS transmitted over
the n-th first-hop subcarrier are encoded by the relay and retransmitted over the n-th
subcarrier of the second-hop to destination without considering subcarrier matching. A
higher performance will be achieved if the subcarriers of the two hops are matched
according to their actual strength—the source to relay channel with the highest channel gain
is matched with the relay to destination channel with the highest channel gain [1].

3.2 Power Allocation

After subcarrier allocation, each sub-channel is associated with a specific destination through
a certain relay. We use the subcarrier pairing method mentioned in section 3.1 to further
increase the system throughput. This subsection focuses on power distribution of
sub-channels at BS and relay nodes separately. Due to the interference item contains power
variables, we suppose that power variables in the interference are static values. Accurately,
resource allocation optimization problem in a single-cell scenario need not consider the
adjacent interference. Therefore, basing on the above hypothesis the non-convex problem
can be thought as standard convex problem that can be solved by using optimization theory.
We use equivalent channel gain (ECG) transform the max-min problem into closed
expression. Meanwhile, to reduce the complexity without sacrificing performance we use
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power constraints instead of binary subcarrier distribution index constraints that can make
the power allocation process easily to operate.

By using the Lagrange decomposition method we can get the Lagrangian function of the
primal optimization problem (6). After rearranging the same terms, the Lagrangian is given
by
L(Ps,P.p,A,pn6,1m)

M K N
z Z Z Pimk (n) {Wl,k Cimk (n) — Alpls,m (n) — .ul,mplr,m,k (n)}

=1 m=1k=1n=1

I
Nl

=1 =1 m=1 =1 m=1k=1
L M K

=D m ) [Gumat 1] (12)
=1 m=1 k=1

where Pg, P,.corresponding to the allocated power vector of first-hop and second-hop. 4 is
the Lagrange multiple vector associated with the individual BS power constraints. u is the
Lagrange multiple vector corresponding to the relay power constraints. Lagrange multiple
vector & and nm are connected with the subcarrier usage constraints C; and Cj.

Lemma 1: Through power transformation the Lagrangian L(Ps,Pr,p,/l, u,d, n)can be
equivalent to L( Py, P,.p, 4, ), which can be formulated as
L(Ps,P.p, A 1)

+ Z Aips + Z i Him (13)

Proof: The re-arranged Lagrangian function (13) does not consider the constraints C3~C.
However, through the processing (14) (15) for power transformation, (13) can achieve the
same solution of the objective function as (12).

Do) = DEn) ) = 1 14
p; () =0Vm' #m;l=12,L (14)
Pime(M) = D@ prme(®) =1 .
p{mk,(n) =0 Vk, * k, | = 1’2’...,L ( )

where p;y,(n), pimx(n) denotes the optimal power allocation for n-th sub-channel pair.
The superscripts and subscripts have the same definition as previous sections. Obviously this
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approach in the process of achieving optimal solution of power allocation is suitable.
The dual problem is:

DA, u) = min {max ]L(Ps, P.p, 4, u)}

A20,u=0 (P4, P, p
where
gy P Prp 18]
L M K N
= pngx Z Pum k(M) Z Z E{Wl,kcl,m,k (M) = pim(n)
=1 m=1k=1n=1
L L M
— lmPhmi ) + ) Aps+ DD him (16)
=1 I=1m=1

It is obvious that the innermost maximization in (16) can be regarded as optimization
problem in single-cell scenario. Therefore, the assumption about interference we do at the
beginning of this section is reasonable. In addition, the power optimization of single-cell can
be divided into N independent per-subcarrier problems. By using the concept of equivalent
channel gain we can get a simple closed-form expression for the optimal power values.

Lemma 2: To assist mathematical discussion, we let Hl,m’,?(n) denote the equivalent
channel gain of subcarrier pair n that can be expressed as

|5 )| | H e ()|
|Hm (D] (No + I nse) + [Hi e (| (No + 1)

Hyme(n) = (17)

Proof :
For DF relay it is obvious that only when both capacities are equated can the end-to-end
capacity be maximized which means

(i | Him (O _ DLt | s )]

Ny + I? Ny + I
0| Lm |2 0 ILmk (18)
Pim (M) |Hipm () —
, , _ H
No + Ils,m p(n) Lmk (1)

where p(n) is the equivalent power of subcarrier pair n, we assume that p(n) = p;,,,(n) +
Pimi (M), (18) can be re-expressed as

Dim | HEm @ [p() = P ]| Hmre )|
No + I, - No + Ik

(19)

|Hl1:m,k(n)|2(N0+1ig,m)
|Hls,m(n)|2(N0+Il7:m,k)+|Hl7,.m,k(n)|2(N0+Ils,m)

into (18) the corresponding ECG H,,,, (1) is given by

Thus we can getp;,,,(n) = p(n) , substituting this
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2 2
|Hls:m(n)| |Hl7:m,k(n)|
2 2
[Him @)™ (No + 1) + [H e (| (No + 1)
The achievable capacity on the n-th subcarrier pair (5) can be formulated as a simple

close-form expression
Cimix (M) =

Hymi(n) =

2 2
|Hiim )| [H] i ()]
2 2
|Him " (No + i) + [HE i (" (No + i)
(20)
Substituting the capacity expression (20) to (13), the considered problem becomes a
convex optimization problem. The derivative of (13) with respect to p;,,(n) is given by

1
Fl0g2 i1+ ORI OIE

oL(P ,P ,p,).,[l Wl,k 1
(P sr )_ ————— = Dlmi (M) 1)
Op; () 2Mn2  Hypp ()
OL(Pg,P,p.Au)

If pim(n) = piy(n), then =0, where p;y,(n) is the optimal

N
Wim™) s m=pim)
solution which is given by
+
2
- _ Wik [Hl e (| (No + I No + I,
pl,m(n) = R 2 , N 2 S s 2
2/11[7'12 [|Hl,m(n)| (NO + Il,m,k) + |Hl,m,k(n)| (NO + Il,m)] |Hl,m(n)|
(22)
Using a similar approach we can get the optimal p;, ,(n) that should satisfy
2
- _ Wyie| Him ()| (No + 1m0
Pimi () = < 2 , ” 2 s
2ﬁul,mln2 [lHl,m(n)l (NO + Il,m,k) + |Hl,m,k(n)| (NO + Il,m)]
+
Ny + I[ mk
T 2
|Hl1:m,k (Tl)|
(23)

The power allocation (22), (23) can be regarded as a multi-level water-filling scheme as
the water levels of different users can be different. And the water levels of (22) (23) are
determined by w; x,4; and wy g, u; , respectively.

After the optimal transmit power value is derived, the problem (6) is a function of 4, u.
Parameters 4 and p can be obtained by sub-gradient method iteratively.

M K N

B=ps= ) > > i) B () (24)

m=1k=1n=1
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K N

A.ul,rn =DPr— Z Pimk n)- plr,m,k (n) (25)
k=1n=1

At + 1) = [A(®) — O(t) AA]* (26)

Hm(E+ 1) = [t (0) = 0(8) Apym]” (27)

where t is the iterative times, 8(t) and @(t) represent the step size which are equal to a
small positive real number or update as 9(t):%, Q(t):g [7] where a,B are

constants. A1 and Ay, ., are gradients stated in (26) and (27).

The first and second layer sub-problems can be interpreted as the optimal resource
allocation of single-cell scenario. The optimal resource allocation processing is summarized
as follows.

Algorithm I: Optimal resource allocation

s. Initialize p;,,(n) = ps/N, p[mx(M) = /N , pymx(®) =0V, m,n,k
eFind the optimal p; ,, (1)

For l=1: L

Forn=1: N

(m, k,n)= argmax C; ,,, , (n)
End
End
Ss,. Initialize loop number, A, u;
eFind the optimal p;,, ,(n), p;, (1)

For j =1: loop number

Calculate p;,,(n) and pj,, x(n) by using (22), (23) respectively VI, m,n, k
Update A, u base on (25) and (26) separately;

Until convergence or j = loop number

End

3.3 Semi-Distribution Solution

The resource allocation of relay-enhanced multi-cell OFDM systems can be classified into
two categories [16]: centralized resource allocation and distributed resource allocation.
Centralized means that there exists a central controller gathers all the information and
feedback required from all the BSs and performs global resource allocation. Meanwhile, a
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scheme may be considered as distributed if each cell individually performs its own resource
allocation based on local information and perhaps aided with some inter-cell information.
Distributed resources allocation can avoid frequent and complex signaling interaction among
different cells, which can help to solve the difficulty of implementation for centralized in the
large-scale communication network. However, there seems to be no agreement in the
literature on the use of the terms “centralized” and “distributed”. This paper uses a
semi-distributed resources allocation scheme, for we regard the co-channel interference
caused by adjacent cells as noise in the previous section. This can help prevent frequent and
complex signaling interaction to realizing distributed processing. However, it also makes
power information of each cell lost at the same time. As a result BSs can’t coordinate to
reduce the influence of inter-cell interference. So this section will concentrates on the solving
of the third level problem——taking into account of the dynamic inter-cell interference
caused by adjacent cells and redistributing resources to further improve system performance.
The mathematical expression is given by
M K N
ZZ ZZWlk Cim e () (28)
P*P*I””Ilmk I=1 m=1k=1n=
where Pg, Py are the transmit power allocation vectors for subcarriers at BS and relay nodes
which can get from the analysis of Algorithm I.

In a word, the third sub-optimization problem combines Algorithm I with inter-cell
interference coordination process to reduce the influence of interference. Based on the
analysis of the previous sections the resource allocation algorithm of this paper can be
summarized as Algorithm II.

Algorithm II: A semi-distribution resource allocation for relay assisted multi-cell OFDM
networks

s;. Initialize wy ;, the maximum inter-cell loop number N
s,. Repeat inter-cell loop

s3. Initialize pj,,(n) = ps/N, P mi (™) = /N , ppmr(m) =0V, mn,k
eFind the optimal p; ., (1)

Forl=1:L

Forn=1: N

(m, k,n)= argmax C , ,(n)
End
End
s4. Initialize intra-cell loop number m, A, y;
eFind the optimal p;],,, ,(n), P, (1)
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For j = 1: loop number

Calculate p;,,,(n) and pj, x (n)using (22), (23) respectively VI, m,n, k;

Update A, u base on (25) and (26) separately;

Until convergence or j = m

End
ss. Each cell takes into account of the dynamic inter-cell interference caused by adjacent
cells and redistributes resources. Until convergence or inter-cell loop number equals N.

4. Simulation Results and Analysis

We use simulation results to show the performance of the proposed semi-distributed resource
allocation. In our simulations we use the Okumura-Hata model: L(d) = 137.74 + 35.22 dB
to measure path loss where d (km) is the distance between two nodes. We consider
frequency-selective  channels which can be defined in the time domain
by h(t) = XpZ5a(p)8(t — pT/N), where a(p) is the complex amplitude of the p-th path,
P the number of channel taps and T the OFDM symbol interval. We assume that all taps
are subject to Rayleigh fading a(p)~CN(0,1/P). The additive white Gaussian noise
(AWGN) variance N, of each subcarrier is the same.

4.1 System Throughput Analysis

The number one to seven cells in Fig. 1 compose a system names cluster, this subsection
using the weighted rate of this cluster as the basis for comparison. Simulation parameters for
system capacity analysis are given in Table 2.

Table 2. Simulation parameters for system capacity analysis

Parameters Values Parameters Values
Transmit power of BS p, 35 Transmit power of RS p, 35/2
(dbm) (dbm)

Radius of each cell 1 Radius of each relay circle 0.5
(Km) (Km)

Cell number of every 7 Relay number/cell 3
cluster

Number of subcarrier 128,64 User number K /cell [345678]
Priority value of users 1 N, (dbm) -128
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Fig. 2 and Fig. 3 illustrate the cluster system (seven cells) capacity versus different user
number of each cell. We compare our resource allocation algorithm with resource allocation
method of [12] and [14] under different subcarrier number N and different user number
K of each cell. It is clearly show that the method we propose in this paper can provide a
significant performance improvements compared with the scheme of [12], about 15% when
the use number of each cell is 4 or 5, because the method of [12] can only give a lower
bound for the original problem and the proposed algorithm uses optimal power allocation
solution which can utilize limited resources more effectively under the power constraints of
base stations and relay nodes. The performance of our algorithm is still better than [14], for
[14] only allow each user connect with one fixed relay which cannot make full use of space
diversity.

On one hand, seven-cell system capacity is increasing with the increase of total user
number in every single cell. On the other hand, increasing the total subcarrier number can
help enhance system capacity to some extent for the three different algorithms, which can be
conclude by comparing simulation results Fig. 2 and Fig. 3.

4.2 Convergence Performance Analysis

The proposed power allocation algorithm can be divided into multi-level water-filling and
cyclic iteration two parts. Through the analysis of 4,u we can get system iterative
convergence performance. Fig. 4 to Fig. 6 are system convergence performance versus
number of iterations. The decision conditions for convergence are as follows
[A(R) —A(t—1)]| <A (29)
|.ul,m(t) - .ul,m(t - 1)| <A (30)
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where A is a nonnegative constant; A(t) and p;.,(t) have the same meaning as previous
introduction. Table 3 gives the related simulation parameters for convergence analysis.
Table 3. Simulation parameters for convergence analysis

Parameters Values Parameters Values
Transmit power of BS p; 30 Transmit power of RS p, ps/2
(dbm) (dbm)
Radius of each cell 2 Radius of each relay circle 1
(Km) (Km)
Cell number of every 7 Relay number/cell 3
cluster
Number of subcarrier 128 User number K /cell [345678]
Priority value of users 1 N, (dbm) -128
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Fig. 4, Fig. 5 and Fig. 6 are different system convergence performance versus number of
iteration times. A is the Lagrange multiple vector associated with the individual BS power
constraints. pis the Lagrange multiple vector corresponding to the relay power constraints.
By changing the nonnegative constant A in convergence conditions (29) (30) reasonably, the
convergence time of system can be reduced. In addition, convergence can represent system
time delay to some extent which means that when the algorithm convergence is good, the
delay of system is relatively small. Carefully analysis the trends of the curves in the three
pictures, we can find that the convergence performance of the proposed algorithm is slightly
better than the algorithm of [12] for our curves tend to be gentle faster. Convergence
performance analysis indicates the realizability of the resource algorithm we proposed in this
paper. That is, convergence speed will not bring troubles to the process of system resource
allocation.

4.3 Fairness Performance Analysis

This part we will give an analysis for system fairness performance, according to the author’s
acknowledge that most of the existing research works have taken into account of user fairness
by using the following two schemes: (D)Proportional fairness scheduling, that is in the
process of subcarrier allocation not only consider system capacity maximization but also
consider the edge users requirements; (2)QOS (Quality of system) constraints which adds the
minimum rate requirements for specific users in the original target function. We use a more
concise way to achieve system fairness by regulating the priority values of different users.
The related simulation parameters for fairness performance analysis are given in Table 4.
Table 5 represents the different user weights schemes.
Table 4. Simulation parameters for fairness performance analysis

Parameters Values Parameters Values
Transmit power of BS p; (dbm) 30 Transmit power of RS p,. (dbm) ps/2
Radius of each cell (Km) 1 Radius of each relay circle (Km) 0.5
Cell number of every cluster 7 Relay number/cell 3
Number of subcarrier 128 User number K /cell 5
Priority value of users Table5 | N, (dbm) -128

Table 5. Users weights schemes

Weights schemes Wk, subcarrier matching
Algorithm 1 [0.8,0.8,1.4,1.4,1.4], with subcarrier matching
Algorithm 2 [0.8,0.8,1.4,1.4 ,1.4], without subcarrier matching
Algorithm 3 [1.4,1.4,0.8,0.8,0.8], with subcarrier matching
Algorithm 4 [1.4,1.4,0.8,0.8,0.8], without subcarrier matching
Algorithm 5 [1,1,1,1,1], with subcarrier matching

Algorithm 6 [1,1,1,1,1], without subcarrier matching
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Fig. 7 depicts user average transmission rates under different weight schemes, there are
five users in each single cell. Ordinate illustrates average transmission rate of users with the
same weight coefficient of the seven-cell system. Abscissa indicates different user number. It
is shown that algorithms with subcarriers matching performance better than schemes without
subcarriers pairing. However, capacity increasing that the subcarriers matching can bring is
limited because power allocation algorithm of this paper is the optimal scheme. At the same
time users with heavier weights coefficient have higher capacity than these with lighter
weights. When all user weights are 1, the average transmission rates of different users are
almost the same. Therefore, it can be concluded that by regulating the priority values of
different users reasonably the fairness of system can be achieved.

5. Conclusion

In this paper, we present a study on resource allocation for relay assisted multi-cell OFDM
networks, deduce an optimization model under the power constraints of source and relay
nodes, formulate resource allocation as a joint interference coordination and carrier, power
distribution problem and propose a semi-distributed resource allocation algorithm. Through
dividing the original optimization into three sub-optimization problems, we transform the
original BNLP into standard convex optimization problem. By the application of dual
decomposition approach, water-filling theorem and iterative power allocation algorithm we
get the optimal solution of the primal problem finally. Meanwhile, by regulating the priority
values of different users reasonably the fairness of system can be achieved. The proposed
scheme is easy to operate which can help to solve the difficulty of implementation for
centralized algorithms in the large-scale communication network.
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