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Abstract

Orthogonal frequency division multiple access
(OFDMA) has emerged as one of the core multiple
access schemes in 4G to mitigate the problems of
frequency selectivity and inter-symbol interferences.
In OFDMA, cooperative transmission can be adopted

in transmission between each user and base station.-

Cooperative transmission can provide better channel
environments and additional transmitter diversity. In
this paper, we formulate a user and subcarrier
assignment problem in OFDMA system with user
cooperation and propose an efficient scheme to solve
it.

Keywords: OFDMA. Cooperative network
I. Introduction

With the increasing popularity of data traffic
over wireless systems, the design of next
generation wireless networks emphasizes efficient
use of wireless resources to provide maximum
data throughput over the shared link channel.
Orthogonal frequency division multiple access
(OFDMA) is a promising multiple access sheme
for 4G wireless broadband  networks. It has
been designed to mitigate the problems of
frequency selectivity and inter-symbol
interferences[1].
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In OFDMA, adaptive subcarrier allocation
combined with adaptive bit loading and power
control is performed. In this system, the
optimization of subcarrier and power allocation
for different users is an effective way to take
advantages of dynamic channel fluctuations and
get multi-user diversities[2].

Multiuser cooperation has recently emerged
as a candidate for improving performance of
wireless communication systems. ~ Cooperative
transmission uses multiple nodes as a virtual
macro antenna array, and creates multiple
independently  fading  communication  paths
between the source and the destination. By using
it, users in deep fading can transmit in
association with relayers and get better channel
gain. In addition, the broadcasting nature of
wireless channels provides an opportunity for
multi-node diversity among users[3]. v

Subcarrier and power allocation in OFDMA
uplink system have been studied a lof[1], [2],
[4]. User cooperation is an emerging issue and
many researchers have tried to adopt user
cooperation in existing wireless network[5].
However, the research on OFDMA network with
user cooperation is very recent field and resource
allocation in the system have been studied a
Little[6], [7].

In this paper, we consider an OFDMA
system which allows cooperative transmissions
among users and base station. To increase
capacities of wireless data networks, Cooperative
transmission can offer substantial gains to the
system performance.

We formulate subcarrier for sender-relayer
pairs and power allocation problem for OFDMA
uplink system. Then, we propose a heuristic
method to solve the problem. Our method
converts relay-assisted OFDMA system to simple
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OFDMA system and make it possible to apply
existing resource allocation methods for OFDMA
system.

The rest of the paper is organized as
follows: In section II, the system model is given.
We formulate the optimization problem in section
III. We provide an algorithm to solve the
problem in section IV. Finally section V
concludes the paper.

II. System model

We consider a broadband OFDMA uplink
system with two-hop relaying. Each user can be
a sender or relayer who relays another user's
data to base station. For simplicity, we assume
that relaying method is a simple
amplify-and-forward and sender and relayer use
same subcarrier. Only one relayer can be
assigned to one sender.

In OFDMA system, we should determine
sender and sender's transmission power. However
In such a system, we should determine who will
transmit, who will relay his/her data. In addition,

subcarrier  should be  assigned to that
transmission.
Suboarrier k USCr] wrierk
User 1 Subcarrier k BS

Figure 1: single-sender & single-relayer case

Before formulating the wuser and power
allocation problem, we consider single-sender and
single-relayer case[3]. Suppose that user i sends
data by k subcarrier and user j relays it as
Figure 1. There exist two paths from sender to
base station, one path is direct (i-BS) path and
the other is relay (i-j-BS) path. We define the
channel gain of each link as follows.

ng : the channel gain from user i to base
station at k subcarrier.

gf] : the channel gain from user i to j at k
subcarrier.

k , o
When we denote p; as 4's transmission

power and pf as relayer j's transmission power,
SNRs of direct path and relay path are

(7' - BS) D; LB (1)
kK k
. . YOy BgL
y(i—j— BS) = "0 )
Pigss+ pig
and SNR for user ¢'s transmission is

~¥ = y(i— BS)+~(i — j— BS). Hence, when we
use adaptive modulation and coding (AMC), we
have
k k k
rf = 1082(1 +pigip+ M] 3)
]g JB+plglj
by shannon capacity[8].

In multiuser . case, there may exist many
senders and relayers in OFDMA uplink network.
Each sender uses different subcarrier from others
to avoid interferences. If cooperative transmission
is allowed, sender should decide whether he/she

will use relayer or not in the transmission of
his/her data to BS.

II. Optimization problem

To formulate wuser-relay and subcarrier
assignment  problem, we classify each
transmission into direct transmission and relay
transmission. Direct transmission means that user
directly sends data to BS without any relayer's
help. In relay transmission, sender transmits data
with a relayer's help. Then, we can define

assignment index wf and (f] as

k {1 yiusertransmit with kchannel justdirectly

i = o ,otherwise
CL _ {1 siusersends and jhelps with kchannel
Y 0 otherwise

SNR of direct transmission is same as (1) and
that of relay transmission can be calculated as
(D+(2).

Suppose that there are K users and N
subcarriers in the network. Then, user-relay and
subcarrier assignment problem can be formulated
as

(P)
Max
N

M M _—
2 2 2 wiSNRDG) + GSNRR(pf, )] (4)

=14
s.t.

A M N
Dwh+ Z“EIC@- <1, Vk )
j=1lk=

i=1
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N
Epﬁpl )< P Vi (6)

wf, ij=00r1,pf,pfzo )
where SNRD(pF) =1og, (1+ pfgks),
Tk k kK
oF ;P9
SNRR(p",p¥) = log, (1 + prgks + :kTJ__JgJ_B_)

b; g” P;ig;B

Equation (4) is Objective function
maximizes total throughput of the network and
(5) means that each subcarrier should be
assigned to one sender or sender-relayer pair.

Power of each user has a limitation £ in (6).

IV. Proposed scheme

Above optimization problem (P) is not easy

to solve because SNRR(pI , p]) varies - according
to the change of sender's and relayer's power

pf, pf. In this section, we propose a method for
assigning subcarriers to users and relayers and
allocating power.

In the optimization problem (P), it is most
efficient to distribute sender's and relayer's power
to maximum SNR within given fixed power. Let

SNRR(p}) = max SNRR(pF, o) ®)

where pf]: pf+ pf.

Our main idea is to establish an imaginary
path which is directly comnected from sender to
BS and has same SNR and power consumption
as relaying path

In [5], Anghel et al. solved optimal power
allocation for SNR maximization in single-sender
and single-relayer case. If there is given power
P, optimal power distribution is calculated as

p=P—p, ©)
p;= agij/giB - 1/9jB

where p;,p; are sender's and relayer's powers,
g,], 9ip_are channel gains. For simplicity, we let
; = kp], then we can set imaginary channel

gain g¢;p as

which |

= 1M ;~M§

k %k k
Tk DiP;9:9;8 TR TR, R
pigipt == —=plgis= (it p})gis
ngz]+pjg]B
k 1 gz]g]B
giB:( )( ) (10)

By using g:B and pi‘J instead of g;;, g;p

and  p;,p;, we can modify all the relaying
transmissions into simple direct transmissions.
Thus, subcarrier and power allocation problem
can be solved in same way as OFDMA uplink
system without cooperation. ’

Now, optimization problem (P)
modified as follows.

can be

(P)
Max

N

2};;] [w 10g2 (1 +ngzB) +5k10g2 (1 +pz]ng)J
E Z ij <
j=1k=1

;@”m%: , Vi,j

sw~tﬂa

wf, i =0orl, pz,puz 0

Problem (P') is a subcarrier and power
allocation problem in OFDMA uplink system.
There exists M+M’ number of users, which
consists of M directly transmitting users and M’
users using power pfj and having channel gain

98-

Kim et al. studied the optimal conditions of
subcarrier and power allocation problem in
OFDMA uplink system in [1]. According to [1],
user and subcarrier pair ¢*,5*,k* should be
determined given by

i*,5*, k* = argmaz [max (pfgf,pfj,g—fg)] (11

In (11), if pf:gf: B> pf:j*gf: B, 1% user transmits
by k* subcarrier directly. In the other case, i*
user transmits using j* relayer.

Given user-relayer and subcarrier allocation,
optimal power can be allocated by water-filling

algorithm. After optimal power p,J is determined

by water-filling, total power pu is distributed to
sender ¢ and relayer j as follows.
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%
Dis

ke Rk k
1+k)pi_pij p; (12)

If pi;> 0, pi=

Thus, we can allocate power to every
directly transmitting wuser and relaying user.
However, in solving problem (P'), our method
regards as if sender in relaying transmission used

power pfj even though he/she used pf actually.
In relaying, sender is recognized as he/she
transmitted more power than he/she actually did
and relayer is in opposite case. Hence, we
should adjust power in order to make our
solution be feasible to problem (P). We propose
a heuristic algorithm to adjust power as follows.

<Heuristic: Power adjustment>
If Epf < P, let A= P~ pr
k %

S, = {k|wi~c = 1}.
k*= argmaz,c g [log, (1+ (p¥ + A)g5s)].
‘["Ing(l +pigis) }
Then pf* =pf* + A
i 5> 7t &= Yt P
%
S, = {k|wi~c = 1}.

k*=argmin,c s, log, (1 +pfgf3) :
—log, (1+ (pf — A)glp)
Then pf =pf — A.

In this heuristic, if an user's power remains,
remaining power is added to a subcarrier which
was already allocated before. Among them, we
choose a subcarrier so as to maximize the
increment of the user's throughput. If an user's
power exceeds power constraint, one of the
already allocated subcarrier is selected so as to
minimize the decrease of the throughput by
eliminating excessive power.

Our method is a sub-optimal algorithm
because power adjustment is needed after solving
the problem (P'). However, our method is highly
applicable because it converts the complex
user-relay problem to simple and well-known
problem.

V. Conclusions

In the paper, we formulated a resource
allocation problem in OFDMA system with user
cooperation and proposed sub-optimal algorithm
to solve it. We substituted relaying transmission

to direct transmission by using imaginary channel
gain and made problem easier. Based on our
method, many heuristc methods applied in
OFDMA system can be adopted in relay
combined system easily.

< References >

[1] K Kim, Y Han, and SL Kim, "Joint Subcarri
er and Power Allocation in Uplink OFDMA Syst
ems", IEEE Communications Letters, 9(6), June,
pp. 526-528, 2005.

[2] G Kulkarni, S Adlakha, and M Srivastava, "
Subcarrier Allocation and Bit Loading Algorithms
for OFDMA-Based Wireless Networks", IEEE Tr
ansactions on Moble Computing, 4(6), pp. 652- 6
62, 2005. :
{3] P A Anghel and M Kaveh, “Exact Symbol E
rror Probability of a Cooperative Network in a R
ayleigh-Fading Environment", IEEE Transactions
on Wireless Communications, 3(5), pp.1416-1421,
2004.

[4] M Ergen, S Coleri and P Varaiya, "QoS Aw
are Adaptive Resource Allocation Techniques for
Fair Scheduling in OFDMA Based Broadband W
ireless Access Systems", IEEE Transactions on B
roadcasting, 49(4), pp.362-370, 2003.

[5] P A Anghel, M Kaveh, ZQ Luo, "Optimal R
elayed Power Allocation in Interference-Free Non
-regenerative Cooperative Systems", 2004 IEEE 5
th Workshop on Signal Processing Advances in
Wireless Communications, pp.21-25, 2004.

[6] I Hammerstrom, J Zhao and A Wittneben, "
Temporal Faimess Enhanced Scheduling For Coo
perative Relaying Networks in Low Mobility Fad
ing Environments", 2005 IEEE 6th Workshop on
Signal Processing Advanced in Wireless Commun
ications, pp. 525-529, 2005.

[7] S Yatawatta and A P Petropulu, "A Multiuse
r OFDM System with User-Cooperation", Signals,
Systems and Computers, 2004, Conference record
of the 38th Asiloma Conference on, 1, Nov., pp.
319-323, 2004.

(8] Z Han, T Himsoon, W P Siriwongpairat, and
K J R Liu, "Energy-Efficient Cooperative Transm
ission over Multiuser OFDMA Networks: who he
Ips whom and how to cooperate", 2005 IEEE Wi
reless Communications and Networking Conferenc
€, 2, March, pp.1030-1035, 2005.

-677-



	GOGGAD_2006_y2006m11a-0689.tif
	GOGGAD_2006_y2006m11a-0690.tif
	GOGGAD_2006_y2006m11a-0691.tif
	GOGGAD_2006_y2006m11a-0692.tif

