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ABSTRACT

In this paper, we study resource allocation problem in orthogonal frequency division multiple access multiple-input
multiple-output (OFDMA-MIMO) relay systems and formulate the optimal instantaneous resource allocation problem
including subcarrier assignment, relay selection and power allocation to maximize system capacity. Based on the as-
sumption that the availability of perfect channel state information (CSI) is known at the resource allocation controller,
we propose a new resource allocation algorithm which can guarantee proportional fairness among users. In the proposed
algorithm, a two-step suboptimal method is taken into account. Firstly, we assume equal power allocation for each user
to linearize the problem and propose the subcarrier assignment and relay selection scheme based on equivalent channel
gain. Secondly, we derive the closed-form expressions for power allocation through relaxing the proportional fairness
constraints. Numerical simulations show that the proposed algorithm performs well in terms of satisfying proportional

fairness among users in strict sense and achieving improvement on system total capacity.
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1. Introduction

The Orthogonal Frequency Division Multiple Access
(OFDMA) is regarded as a leading candidate for the
fourth generation (4G) wireless communication system
because of its high spectral efficiency, flexible resource
allocation and inherent robustness against frequency-
selective fading. Furthermore, Multiple-Input Multiple-
Output (MIMO) system has been extensively studied in
recent years. Since the multiple antenna technology pro-
vides extra spatial degrees of freedom, an OFDMA-
MIMO system can improve transmission reliability and
capacity without the need of increasing power or band-
width. On the other hand, due to its potential benefits of
enlarging the coverage of communication systems, in-
creasing the capacity and enhancing the link reliability,
cooperative relaying has attracted significant attention of
many researchers.

Recently, there have been many research efforts on
improving the system throughput by resource allocation
in OFDMA-MIMO relay system. Resource allocations of
Amplify-and-Forward (AF) and Decode-and-Forward
(DF) MIMO-OFDM relay systems are proposed in [1,2]
respectively. But, both [1] and [2] only focus on a single
user scenario.

A number of results have been published on resource
allocation for multi-user MIMO-OFDMA relay systems
[3-5]. The optimal instantaneous resource allocation

Copyright © 2013 SciRes.

problem, including path selection, power allocation and
sub-channel scheduling, is formulated in [3]. Optimal
and suboptimal resource allocation algorithms for
weighted sum rate maximization are presented in [4]. In
[5], heterogeneous data rate requirements for delay sensi-
tive and non-delay sensitive users are taken into consid-
eration; the authors derive a distributed iterative resource
allocation and scheduling algorithm with closed-form
power and subcarrier allocation via employing dual de-
composition.

However, most existing research resource allocation in
OFDMA-MIMO relay systems focus on maximizing the
system capacity, fairness among multiple users has not
received much attention. In most practical communica-
tion system, the different business types of users have
different rate, are endowed with different resource allo-
cation priority. Therefore, to study the resource alloca-
tion problem with proportional fairness constraint is es-
sential for OFDMA-MIMO relay systems.

In this paper, we investigate subcarrier assignment,
relay selection and power allocation problem with pro-
portional fairness constraint for OFDMA-MIMO relay
assisted cellular system, and formulate the problem as a
joint optimization problem. Since the problem is a
NP-hard combination optimization problem with non-
linear constraints, we use a two-step suboptimal method
to solve it. Firstly, we assume equal power allocation for
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each user to linearize the problem and propose the sub-
carrier assignment and relay selection scheme based on
equivalent channel gain. Secondly, we derive the closed-
form expressions for power allocation through relaxing
the proportional fairness constraints. Simulation results
show that the proposed algorithm performs well in terms
of satisfying proportional date rate constrains in strict
sense and achieving improvement on system total rate.

The rest of this paper is organized as follows. The
OFDMA-MIMO relay assisted cellular communication
system model and optimization problem formulation is
described in Section II. The proposed resource alloca-
tion solution is presented in Section III. In Section IV,
simulations results are given and discussed. Finally,
conclusions are drawn in section V.

2. System Model

We consider a OFDMA-MIMO relay assisted single cel-
lular communication system as shown in Figure 1. In the
adopted system, the overall bandwidth is B which is di-
vided into N orthogonal subcarriers. A base station (BS)
is located at the center, while K relay stations (RS) at the
inner boundary, operating in decode-and-forward (DF)
mode. M mobile stations (MS) are separated between the
inner and the outer boundaries. The BS and the RSs are
equipped with Ngg, Npg antennas, respectively. While,
each MS is equipped with only one antenna. In order to
guarantee all users can receive signals from the base sta-
tion, the system operates in a time division duplex (TDD)
mode, where transmission takes place in two time slots.
In the first time slot, each RS receives and decodes the
signal from BS, then re-enc odes and forwards the signal
to the relevant MSs during the second time slot. For sim-
plicity, we assume that the subcarriers used in the first
time slot and the second time slot are the same. It is fur-
ther assumed that each subcarrier can be assigned to only
link in each slot [6].

Let HggynsH mn represent the channel gain matrix
of the link from BS to relay k on the subcarrier n and the
link from relay k to user m on the subcarrier n, respec-
tively. And the corresponding transmission power is

pBS,k,n’ pk,m,n .

BS,k,n BS,k,n hlBS,k,n
1 2 . Ngs
BS,k,n BS,k,n hZBS,k,n
H _ 1 2 .. Ngs
BS,k,n — .
hBS,k,n hBS,k,n hBS,k,n
Ngs,1 Ngs,2 Nrs,Ngs
k,m,n k,m,n k,m,n
Hk,m,n _I: | 2 hNRS:I

The singular value decomposition of Hgg, , and

H are given by

k,m,n

N ) ) H
_ i i i
Hesin = Z Uss k.nOBskn (VBs,k,n )
i=1
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Hk,m,n = l“Ik,m,no-k,m,nvli—,'m,n
where ags’k’n(i=l,2,...N‘) and o ,, are the singular
value of the matrix Hgg, ,, H, ., respectively.
N ={NBS=NR3} is the rank of the matrix

H
H BS,k,n H BS,k,n *

The instantaneous rate between BS and relay Kk on the
subcarrier N can be written:

B
Resin = mlng (1 * Pask.n gss,k,n)

Similarly, the instantaneous rate between relay k and
user mon the subcarrier n in the second time slot is given

by
B
|%(,m,n = mlogz (1 + pk,m,n gk,m,n)

The achievable rate of user massisted by the relay K on
the subcarrier n is the minimum rate of Ryg,, and

R»(,m,n [7]
Rgs,k,m = mll’l( RBS,k,n’ Rx,m,n) (1)

1 2 2
(O-BS,k,n) (O-k,m,n)

I'N,B/N " IN,B/N

where

gBS,k,n - gk,m,n
are the main characteristic sub-channel gain of the link
from BS to relay k on the subcarrier n and the link from
relay k to user mon the subcarrier N, respectively. " is the
SNR gap related to BER, I' =In(-5BER)/1.5 and N,
denotes the power spectral density of the Gaussian white
noise.

Define py ., €{0,1} as the joint user selection, path
selection and subcarrier allocation indicator. o, =1
if and only if the subcarrier n is assigned to the user m
and relayed by relay k. Thus the achievable data rate of

K N
the user mis R, =2 p maResm- Therefore, the

k=1 n=1
adaptive optimal resource allocation problem subject to
total transmit power constraint and guaranteeing propor-
tional fairness among users is expressed as follows

Figure 1. Single cdlular OFDMA-MIMO reday system modd.
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K M N
max Z Z 2 PrmnREsicm

k=1 m=1 n=1

subject to:
Al . pk,m,n € {Ov 1}

A2: ZZ Pemn =1 2)

Ry =TT Ty

where Al and A2 emphasize that every subcarrier
can be allocated at most one link in each slot. A3 and
A4 are the total transmit power constraints for BS and
RS, respectively. A5 denotes the proportional data rate
constraint.

3. Proposed Resour ce Allocation Algorithm

It is difficult to solve the optimization problem in (2),
because it includes both integer and continuous variables.
In this section, we use a two-step suboptimal algorithm
to reduce the computational complexity. In step one, the
subcarrier allocation and relay selection under equal
power allocation are discussed. In step two, the problem
of power allocation is solved.

3.1. Subcarrier Allocation and Relay Selection
Scheme

In order to approaches the maximum rate in (1), the fol-
lowing equation should be satisfied

pBS,k,ngBS,k,n = pk,m,ngk,m,n
So we obtain
Pes.k.nesik,
pk‘m,n = . . (3)
gk,m,n

and the equivalent channel gain of link [8],

gBS,k,n gk,m,n
gBS,k,n + gk,m,n

Thus (1) can be rewritten as

RISS,k,m =

gBS,k,m -

B
_Nl()gz (1 + sz,k,nng,k,n)
“
=£10g2 1+ pk,m,ngk,m,n
2N
The subcarrier allocation and relay selection algorithm
is described as follows

A) Determine the minimum number of subcarriers as-
signed for each user
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M
= {rmN /(Zrm”,l <m<M
m=1

B) Implement the subcarrier allocation and relay se-
lection for each user
a) Initialization
K={172>"'9K}BQ _{12

M}.R,=0,p=

N,

-

M ={1725"'9

Pz |—1-U

b) While N, #0
1) Find msatisfying arg min( R,/ }/m)

meQy

2) For the found m, find " and Kk’ satisfying
(n".k)= argmax (G )

4 *
n eQy .k eQg

3) Let Pt

according to (3).

C) The remaining subcarrier allocation

a) While Q  #0, for n=1 to N and n doesn’t be
used, find the user m and relay k™ satisfying

=10, =0, /{n'} . update R

BS,k" ,m

(m,k)= argmax (ggsyk)m)

m eQy ., K" eQy

L =10, =9, /{n} and update R ot
according to (3).

b) Let p.

3.2. Proposed Power Allocation Scheme

After the subcarrier allocation and relay selection, the
next is to assign the available power on subcarriers. The
optimization problem can be reformed as

K B
maxz Z mlogz(l‘* PasknHeskn)

k=1 neCy
subject to:
. 6]
BIL: kz:z Pesin < B
=1 n=1
B2:R:R:...i R =N i Nt o Ny
Formulate Lagrangian problem as following
L(pBSknaﬁ ,uk)
= Z_Ing I+ Pes.k.n BS,k,n)
1 n=
K N
zz BS k,n T
k=1 n=1
K B
Z Z 108, (14 Pas i, nHes iy n)
=1 I"IECkO
k#ky
N B
ko
- N_k nEZC:k ml()gz (14 PesicnHesin)]
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Then differentiate L( Pes.k.n» B> ,uk) with respect to

6L( pBS,k,n’ﬁn ,“k)
OPgs n
_ BH sk ‘5
(1+ pBS,k,nHBS,k,n)ZN In2 ©6)
— N_kO BHes i
N (1 + PesnH Bs,k,n)ZN In2
=0

From (6) we have

H BS,k,n _ H BS,k,n %)

1 + pBS,k,nv H BS,k,n' 1 + pBS,k,n H BS,k,n

Then equation (7) can be reformed as

1 1
Peskn = Pesiit Hos, - Hosen @)
The rate of link k
R = £|: Ny log, [ Peski L] + . log, H BS,k,n:|
2N H BS,k,1 neCy

According to the last constraint in (5), we can obtain:

1
[Nngz[p%%J+II———]+m%]
BS,kp.1
1
=| Ny log, sz,k,1+H— + W
BSK.I

where W, = ) log,Hgg, . K, isareference relay.

®

neCy
From (9), we can derive
Pesii = 8 Pesy.1 + B (10)
Nk"VkO‘NkOWk 1
where a, =2 NNy b, = &  _
H BS.ky.! H BS.k,1
Therefore,
K
R - Z( N +& )
pBS,kO,l = kji (11)
2 Nia
k=1
According to (8) and (11), we have
1 1
Paskn = 8 Pesi,1 0 + H “H
BS,k,1 BS.,k,n
12)

_ pBS,k,n gBS,k,n
pk,m,n -
gk,m,n
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4. Numerical Resultsand Analysis
4.1. Simulation Parameters

In this section, we consider a single cellular OFDMA-
MIMO relay communication system with a BS located in
the center, RSs equally distributed at the inner boundary
and MSs separated between the inner and the outer
boundaries. Both BS and RS are equipped with multiple
antennas, each MS is equipped with one antenna. We
adopt the channel for simulation consists of six-path
Rayleigh fading and the maximum doppler shift is 30Hz.
The total bandwidth is set to be IMHz. Assume that
Gaussian white noise single PSD is 10 and BER is
107,

4.2. Resultsand Analysis

In our simulation, a heuristic algorithm, PAARS+EquPo
and a static algorithm, Static+ EquPo are compared with
the proposed algorithm. PAARS+EquPo means the
subcarriers allocation and relay selection according to the
proposed scheme, equal power allocation for each
subcarrier, which is adopted in [6]. Static+ EquPo means
each user is assigned fixed subcarriers and the power
equally allocated to subcarriers. In the following, the
performance of proposed algorithm is evaluated from
two aspects: user fairness and system capacity.

To evaluate user fairness, we first define the normal-
ized capacity
R

M
M Z R,

I=m

Figure 2 and Figure 3 depict the normalized capacity
of each user with different subcarrier numbers, respec-
tively. It is shown that, the normalized capacity of pro-
posed algorithm is close to the original normalized fair-
ness constraint. PAARS+EquPo algorithm can achieve
better fairness among users when the number of subcar-
riers is large. However, Static+ EquPo algorithm can’t
obtain proportional fairness among users.

Figure 4 shows the performance of system capacity
with respect to the number of users. As shown in this
figure, the capacity increases as the number of users in
the system increases. This is due to multiuser diversity
gain, which is more prominent in systems with larger
number of users. Furthermore, the capacity using
PAARS + EquPo algorithm is higher than that adopting
the proposed algorithm, because in the proposed algo-
rithm, we consider proportional fairness among users in
subcarrier allocation, relay selection scheme, and power
allocation scheme. The proposed algorithm outperforms
Static+EquPo algorithm, because the proposed algorithm
is an adaptive resource allocation algorithm which can
adapt to different channel information.

The normalized capacity =
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Figure 2. Normalized capacity versus user index after 50
iterations, the number of subcarriersis 1024.
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Figure 3. Normalized capacity versus user index after 50
iterations, the number of subcarriersis 2048.
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Figure 4. System capacity versus number of users after 50
iterations.

5. Conclusions

In this paper, we propose a new resource allocation algo-
rithm for OFDMA-MIMO relay assisted single cellular
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communication system, which consider proportional
fairness among users. The performance of the proposed
algorithm is compared with other algorithms and simula-
tion results demonstrate that he proposed algorithm per-
forms well in terms of satisfying proportional fairness
among users in strict sense and achieving improvement
on system total capacity.
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