Journal of Computer Science 7 (9): 1368-1374, 2011
ISSN 1549-3636
© 2011 Science Publications

A New Approach for Sub-Channels Assignment in
Downlink Fourth Generation Mobile Systems

Y2Fakhreddine Khelifa anthbdelaziz Samet
'Research Department, Studies and Research Teleaunatians Center,
Ariana, 2088,
’Research Units: Electronics Systems and Components,
Polytechnic School of Tunisia, EPT, University adrage, Tunis, 2078, Tunisia

Abstract: Problem statement: We proposed a new heuristic method for subchanakeation
problem in the contexApproach: In this system, OFDM transmission method has bsed,un order

to reduce the effect of multipath fading, OFDMA dchieve multiple access schemes and flexibility in
resource allocatiorResults: An adaptive method for subchannels allocation isessary in order to
exploit the multiuser diversity, to respect reahdi constraints and to maximize the capacity system.
The proposed algorithm is based in the ChannekSt#brmation (CSI) of total mobiles stations
present in the cell. The idea of this method istas the statistic parameters of the gain of fesmqy
response channel for every mobile station. Thesanpeters are the key to organize the different MS'’s
and subchannels priorityConclusion/Recommendations. Numerical results showed that the
proposed algorithm outperforms an allocation schém&rms of Bloc Error Rate, Higher system
capacity and Fairness among active users, compautiers previous methods.

Key words: Multiuser diversity, subchannel allocation, dynama&source allocation, fast fading,
Channel State Information (CSI), Long Term Evolati. TE), transmit power, rate
adaptive, numerical results

INTRODUCTION In OFDMA based systems, the available spectrum
is divided into overlapping frequency subcarriers
A long way in a remarkably short time has beenwhich leads to efficient use of the available speut
travelled in the history of wireless mobile By exploiting the multiuser diversity, OFDMA
communication. Looking past, wireless accessallocates different  subcarriers to different rase
technologies have experienced several evolutions@i based on their Channel State Information (CSI)
at unified target: performance and efficiency imthi  (zunxionget al., 2009).
mobile data rate and large bandwidth accordinghéo t In order to reduce the signaling overhead, recent
Quality Of Services (QOS) required by users. Tdilful researches have defined a Resource Unit (RU) that
such target, new challenges have been imposed f@onsists of a set of subcarriers. It is referred T as
wider band high data rate technologies such as Longesource Block (RB) and subchannel in 802.16 m
Term Evoluton (LTE) and Mobile Worldwide standard (Seret al., 2009). In.the literature, two
interoperability for Microwave Access (WiMAX), methods for  RU ~construction —are proposed:
referred as IEEE 802.16e standard. The main obecti distributed” mode where scattered subcarriers over
. o whole bandwidth are chosen to build the RU and
of 4th generation (4G) technologies is to suppdatrge

ber of domly | d in th I with 2diacent” mode where a group of consecutive
number of user randomly located in the cell Withghearriers denotes the RU. In the context of nitgbil

flexible QOS requirement. OFDMA, also referred asand high mobility, most popular literatures recomuhe
Multiuser Orthogonal Frequency Division Multiplegin  to use distributed method in this case (8eal.,
(OFDM), is considered as a key step in the evalutib  2009) rather than adjacent method because of its
packet access wireless networks, due to its cafyatnl  difficulty to affect the best subchannels to users
mitigate Inter-Symbol-Interference (ISl), tolerante  dynamically. Ideally, is to adapt the contiguoustimoel
multipath propagation and frequency selective fadin  in context of mobility and high mobility in ordep t
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optimize the resource utility and to maximize tbéat  on the Lagrangian dual of these non-convex prohlems
capacity of the system. Motivated by results proved in (Yu and Lui, 2006),
In recent years, many dynamic resource allocatiomuthors Seongt al. (2006) resolve OFDMA downlink
schemes for the OFDMA downlink systems have beemesource allocation problems in the dual domain by
developed to close the optimal solution of optimizi ysing Lagrange dual decomposition.
problems that aim to achieve the highest throughput  Recently, several algorithms have been proposed to
with the minimum transmit power either with the ts5¢  yggolye RA problems. They aim to maximize the total
data rates as the constraint and the total tran®wer  yatq rate of the system with power constraint.Jang

as the objective function or with the constraintthe 4 | ce 2003), it is proved that the sum of thersis
power and the total throughput of the system as th8ata rates is maximized when each subcarrier is

objective, referred respectively as Margin Adaptive___. : ; o
AN ) assigned to the user with the best subcarrier ¢raifis
(MA) (Cheonget al., 1999; Liejuneet al., 2011, Yu, study, the problem is divided into two steps: suben

and Lui, 2006; Seongt al., 2006) and Rate Adaptive assignment and power allocation. By the two step

(RA) (Jang and Lee, 2003) optimization problems. N i
There is also a third type that aims to achieve th@PProach, the data rate maximization problem is

highest possible throughput by maintaining fairness$implified and may be solved analytically. Authans
among users (Rhee and Cioffi, 2000; Angisal., (Jang and Lee, 2003) restrict their focus on exatus

20011; Marabissit al., 2008; Papoutsig al., 2010). assignment of each subcarrier to only one user thih
best channel gain. In the second step, they datermi
METERIALSAND METHODS the amount of transmit power to be allocated on

subcarriers by using a water-filling algorithm and
Standard Lagrange multiplier technique in order to

In this study, we propose an adaptive resourc ,
determine the water level.

allocation algorithm in downlink OFDMA systems. Our

main objective is to maximize the total system citya In the literature, several researches resolve RA

while maintaining fairess among users. problems by using water-filling algorithm in thever
The remainder of this study is described as failow allocation step because of its capability to penfan

In Section 2, related works are studied. In Secliamd ~ OPtimal solution. However, this is true only in tbese of

4 the optimization problem and system model areSingle user systems or multi-users systems witixeal f

formulated. Then, the novel adaptive resourcg€source assignment for example in FDMA and TDMA

allocation algorithm and the computational compiexi With non-adaptive fixed resource allocation, bute t
are described, respectively, in details in Secficand ~ Maximized rate reached by the static resourceatltwe

6. In Section 7, numerical results and performancedlgorithms using water-filling algorithm is far et the
analysis are provided. Finally, we conclude thisrate that can be achieved by adaptive resourceatitm
presented work in section 8. schemes. Furthermore, the water-filling approagmse
to be not a powerful tool in (4G) wireless netwothat

Related works: In the literature, MA problems have are characterized by multi-services, mobility ahdrmel
been less investigated than the RA problems. Thay a time variations. Such wireless networks require
to minimize the transmit power with the users’ datainstantaneous channel estimations and feedbacks tha
rates as the constraint. In (Cheodgal., 1999), the cannot be performed by water-filling algorithm doets
authors attempted to minimize the total transmiv@o  high computational complexity.
under a fixed performance requirement and a gietn s In order to reduce the inconvenience of maximum
of user data rates. In the formulation of trangpoitver  sum capacity algorithm which is the lack of fairmes
minimization problem, authors in (Cheoagal., 1999) among users, several researches introduce a fairnes
do not allow more than one user to share a sulecarri criterion in order to reduce resource monopolizaty
To find efficient suboptimal algorithms, many works set of users experiencing a good channel gain. ¢jenc
have considered convex relaxation methods bysers with low channel gain may not receive dagtdu
introducing time-sharing or frequency-sharing vales  lack of resources. In the literature, three appnieaare
(Rhee and Cioffi, 2000). However, this approach mayntroduced to enforce a fairer behavior of the eyst
introduce significant loss in optimality becauseitsf such as max-min fairness, proportional fairness and
relaxation of the data rate constraints and itshhig hard fairness. In (Rhee and Cioffi, 2000), fairnesthe
complexity in implementation. To cope with theseresource allocation is incorporated through maximgjz
inconveniences, authors in (Yu and Lui, 2006) makeghe minimum data rate among users under the total
progress toward numerical solution of non-convextransmit power constraint. However, the main
optimization problems for multicarrier systems lshse inconvenience of max-min approach rises when users
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with best channel conditions obtain a lower numider

resources with respect to others with worse channef: zxkn(t) 10n (4)
conditions. Moreover, in (4G) wireless networks

characterized by multi-services requirements and N

multiuser diversity, the max-min method seems to be® Zxkn(t)<1|:|k' (5)
not powerful. To avoid this inconvenience, a
proportional fairness allocation strategy is pragabdn Thet, ., variable is the mean throughput of user k

(Marabissiet al., 2008), the maximum capacity for each ) i ) R A
user is estimated accordingly to(Rhee and CioGQ®. In @ simulation time. This indicator is given byeth
In this study, the slot allocation for which thepeaity ~ following formula, wheret, ; is the throughput of user
values assigned to the users are proportional ¢o thk in sub-frame duration i:

maximum capacity values expressed as:

n=T/Tg¢
C C:1 Q< Qmaxo :C maxl .Cmax,K tk,mean:]-/n Z tkvi. (6)

i=1

where, K is the total number of users. In this caser The constraints denoted by &rd G ensure that
k satisfying R, /C,, <R/ /C,; is more prior to each subchannel is assigned to only one user at the
choose the next available subcarrier. Authors irsame time t. We suppose that the number of active
(Anpalaganet al., 2009) aim to maximize the total users K is greater than the number of available

system throughput while rate proportionality is subchannels N, meaning=KN. Then the BS assigns to

maintained among the users according to: each user only one subchannel and a subchannel is
R: R =a o : allocated to only one user during a time slot whigh
L RO denoted by constraint,C

where, {o;:a,:...:0,} is the set of predetermined Sysem model: In this study an OFDMA system for 4th
proportional constraints. generation of wireless networks is considered. The

Although, a fairness criterion provides a fairersystem consists of a single Base Station (BS) that
behavior for OFDMA systems, it decreases the totatervers K users randomly distributed in a singl#, ce
system throughput. The main challenge in recenwvhere B is the total bandwidth and N represents the
researches is to maximize the total system dag ranumber of subchannels. A subchannel is composed by
while ensuring fairness among users which is thinma group of M adjacent subcarriers, with N = L/M andsL
objective in this study. the total number of available subcarriers.

In this study, the available spectrum is dividetbi
1024 subcarriers and the subchannel is composd® by
subcarriers contiguous in frequency (16 data suilecar
and 2 pilot subcarriers). We assume that a subehann

introduce also, Xq(t) as a binary variable wherg,Xt) may be as_S|gned t(_) only ong user where each
if subchannel n is allocated to user k at time d an Subchannel is a Rayleigh fast fading channel taatth
X, . (t) = 0 otherwise. paths with an Additve White Gaussian Noise

The main objectives in this study are the(AWGN). It is assumed also that the Channel State
maximization of the total system throughput andInformation (CSI) for each user is well known byeth
fairness between users. The optimization resourc8S. We suppose that the transmitter and the recaree
allocation problem can be formulated as follows: equipped with a single antenna. We can define the
channel gain array H as follows:

Optimization problem: We note by () the

information quantity transmitted by wuser k on
subchannel n at subframe t and T the simulatior tim
where it is a multiple of subframe duration. We

T K N
Maximize) 3> %, (0.G,,, () ®)
=1 k=1 =1 h, h, . h
« » 11 12 1N
h, h, . h
(ztk.meanj H= 2 z 2N (6)
Maximize ‘lairnesslndex: Kli (3) ' ' ' '
K. Z( K, mean) he . hq
k=1
Subject to: Where:
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Kand N = present, respectively, the number of usersGsx = Antenna gain
and the number of available subchannelsxs = Probability that the same subchannel used by

in the system the mobile _
i n = The channel gain of thé"subchannel for k = Used in the same time by another MS served by
to the user k the BS
L,k = Path loss between B&nd the Mg
o, O, . O Moreover, Rdenotes the downlink transmit power
O, O, . O, per subchannel of the BSand fBsx denotes the
Ay = (7) interference matrix, where the coefficighy equals to
' R 1 if cells e and s use the same band and zerovatieer
g - Oy The average spectral efficiency of the ukeis

determined by Adaptive Modulatipn and Coding
A denotes the matrix assignment whagg= 1 if (AMC) Iev_el according to the estimated SINR is
the i" subchannel is allocated to the user k, otherwis@resented in Table 1 and obtained as follows:

N
— 5 _ N
0, = 0. Obviously, > a,, =1 when the H subchannel c, :%zak'iq (11)
=1

n=1

N N
's allocated anOZ;ak" =0 otherwise. Thuil;lakn <N Adaptive resource allocation: Initialization: Equal
" r power is allocated to groups.

Considering fyas the frequency response of tie k r={12..N
user on i subchannel, it follows the complex Gaussian e
distribution and its magnitude, called fading facto
follows Rayleigh distribution (Zhu and Wang, 2010).
Moreover, we notice thattr #he, with kK'#£ k.

The Signal to Noise Ratio (SNR) of thé"n
subchannel for user k is expressed as:

w={12,..K
hen,OKOW,OnOT
a,,=0,0k0W,0n0r
SNR= 10log, (;TQO\ h (8) R, =0,0kO0W On0Or

Usersordering:
For k=1 to K do
Sort hy, in descending order

In OFDMA-based systems, inter-cell interference hOrderhuser__I< according to its besiannel gain
kj Where j=1

occurs at a mobile station, when the BS's of
) . X N end for
neighboring cells transmits data over a subcaused g pchannds allocation:

by its serving node. The inter-cell interference gqor k=1 to Kwhere Order(k)<order(k+1)
phenomenon depends on user location, mobility ang.find the subchannel n where the user k has its best

where, R and Af are respectively the transmit power
and subcarrier spacing and, lpresents the AWGN
noise variance.

frequency reuse factor: channel gain.
P , Step (1): _
SINR,, = 10log, (——2——| h|*) 9) If (unique order = 1) then / only user k has this
Af(le «+N 9 order
Sub-Step (1.a):

The downlink quality can be measured by the ifa;xn= 0 then
Signal to Interference plus Noise Ratio (SINR) and %the subchannel n is not allocated.

expressed as: Ogn<— 0
The average downlink interference per subchannePb allocate the subchannel n to user k
l,x by the M served by BSis expressed as follows: r=r-{n}
Update data ratg R
P.G, end if
Lo = ZB% &Tk'k) (10)  sub-Step (Lb):

if 01 xn=1then
%the subchannel is allocated to more prior usen th
Where: the actual one%.
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Repeat Numerical results: We present numerical results in
j=j+1 order to show the performance of the progose
{Search the next free and best subcHanne algorithm compared to (Hwang al., 2008; Shen

until oy ;= 0 or hj<he; o et al., 2005). The channel is modeled as a Rayleigh fast

{ k* is the user with less priority thamet t5qing channel with four paths. The system consider

actual one and Ki[k+1,K] }. for simulation is the downlink of a single cell thases

Jump to sub-step (1.a). 48 subchannels for communications and serves 150

end_ if mobile users. We suppose that a subchannel is tbrme
end if : : L .
Step (2): by a group of adjacgnt subcarn_ers subdivided ma@
subcarriers and 2 pilot subcarriers. We have censt

If (uniqueorder = 0) then

{Two or more users have the same order.} _ \
Sub-step (2.a) 128us and subcarrier spacing =7.813.

If (unique subchannel = 0) then Table 1 describes Adaptive Modulation Coding
{Users with the same order do not require the saméAMC) where each state is represented by a modulati

a frame duration TF = 5ms, a useful symbol time=Ts

subchannel.} scheme: QPSK, 16QAM and 64QAM and the
jump to step (1.a) or sub-step (1.b) corresponding coding rate, Forward Error Correction
end if (FEC), according to SINR expressed in decibels.(dB)
Sub-step (2.b) In order to consider mobility, we assume that thennel
If (unique subchannel = 1) then state changes every sub-frame delay and the sionlat
{Users with the same order require the same&yindow is equal to 10 000 sub-frames Table 2.
subchannel.} The performance of the proposed algorithm is
- foekn=0 compared with suboptimal existing solutions in temwh
k — Determine the user that has the minimum secongbtal system capacity, fairness, outage probabiityl
best subchannel Bloc Error Rate (BLER). The performance of the
{This user has a low chance to get a good sub@&ihnn proposed algorithm is compared with those propased
Jump to step (1.a). (Hwang et al., 2008; Shenet al., 2005). The reason for
end if this comparison is as follows. Authors Shetal. (2005)
~ ifagyn=1then formulate the problem of maximizing the total syste
k — Determine the user that has the minimum seconghroughput with proportional rate constraints. The
best subchannel. principle of this suboptimal subchannel algorithsntd
~Jump to sub-step (1.b) use the subchannel with a high channel-to-noise rat
endif (SNR) for each user. Authors in (Hwang al., 2008)
end if propose a heuristic channel allocation and schegluli
end if scheme, where an alternative factor is defined for
Erl]\ldeor subchannel allocation. It aims to increase the diokn
throughput while maintaining sufficient fairnessavthg
RESULT AND DISCUSSION the same target, suboptimal algorithms proposed in

(Hwang et al., 2008; Sheret al., 2005) are then used to
Computational complexity: Resource allocation evaluate the proposed algorithm performances.
complexity is a main criterion in the design of
suboptimal algorithms. In order to analyze theTable 1: Types of modulation and coding

computational complexity of the proposed algorithm, _ G in bit per
. Modulation FEC SINR (dB)  symbol Level

recall that K refers to the total number of userghe SSK A 55 3 1
system. N on the other hand refers to the number CgpSK 12 6.0 2 2
RU’s. The initialization step (i) requires constdime  QPSK 213 7.5 2 3
T ; QPSK 3/4 9.0 2 4
for |n|t|aI|zat|qn. Then, t_he RU allocation stepriso 16-OAM i 150 h c
sub_channels in desc_endlng order for ee}ch user. The.oam 23 145 4 6
sorting process requires Nlog (N) operations folyon 16-QAM 3/4 15.0 4 7
one user. Sorting subchannels in descending ooder f16-QAM 5/6 17.5 4 8
Il users requires then K.Nlog (N). These o eration 24 M 12 180 6 9
all us g -Nlog (N). p N64-QAM 213 20.0 6 10
pertain to the RU allocation and the asymptotices-Qam 3/4 21.0 6 11
complexity is equal to O (K.N). 64-QAM 5/6 23.0 6 12
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Table 2:0FDMA Parameters for IEEE 802.16 m

Parameter Value
Super frame delay (m sec) 20
Number of frame per super frame 4
Frame delay (m sec) 5
Number of sub-frame per frame 7

Sub-frame delayu(sec) 714,286

Figure 1 compares the average spectral efficiency
per subcarrier versus the number of users for rdiffe
resource allocation schemes. The X axis represbats
number of active users and Y axis shows the total
spectral efficiency expressed in (bit/symbol). This
figure shows that the proposed algorithm provides
more spectral efficiency than methods proposed in
(Hwang et al., 2008; Sheret al., 2005).

To better examine the fairness of these algorithms
for different number of users, their performance is
shown in Fig. 2. It is obvious that the proposedhuoé
provides a fairness index close to 1 Fig. 3 theagait
probability versus the number of users. The X axis
represents the number of active users and Y arigsh
the outage probability that represents the rejeaseals’
percentage. This figure shows that the proposed
algorithm provides lower outage probability than
(Hwang et al., 2008; Sheret al., 2005) methods and
then, satisfies greater number of users.

Figure 4 shows the average Bloc Error Rate versus
the number of users. X axis represents the number o
users and Y axis shows the average BLER. It is
outstanding that the proposed method provides lbwes
BLER compared to other methods.
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CONCLUSION
_ ) Liejun, W., 2011. An improved water-filling power
This study has considered the problem of resource " gllocation method in MIMO OFDM systems.
allocation for mobiles users in context of OFDMA Inform. Technol. J., 10: 639-647.
system. Particularly we have used the contiguous  http://www.doaj.org/doaj?func=abstract&id=695385
method for subchannels construction in mobileMarabissi, D., D. Tarchi, R. Fantacci and A. Biadjo
environment. The main objective in this study is to 2008. Adaptive subcarrier allocation algorithms in
resolve the problem of subchannels assignment to wireless ofdma systems. Proceedings of the
mobile users, in order to take into account thderaff International Conference on Communications,
between maximization the use of resources and May, 19-23, IEEE Xplore Press, Beijing, pp: 3475-
fairness. In this context, a new dynamic heuristic ~ 3479. DOI: 10.1109/ICC.2008.653
a|gori'[hm have been proposed and Compared Witlﬁ)apOUtSiS, V.D., I.G. Fraimis and S.A. KOtSOpOUlOS,

alternatives previously proposed in the literature. 2010. A novel fairness-aware resource allocation
The proposed algorithm is based on statistc ~Scheme in multiuser siso-ofdma downlink. Int. J
indicators as the average variance of subchanméts g Vehicular  Technol,  2010:  10-10. DOI

for each mobile user and for each subchannels lmged 10.1155/2010/432762

all mobile users. The assignment is performed everﬁheﬁ;u\{gugg:jgfa’\f‘r‘] (s:i/osftf(ia’rﬁofsoihgl:]ngryifmeiicnscfbpfr?:nnel

sub-frame delay. Numerical results show that the : .
; . . allocation. Vehicular Technology Conference Proc.
proposed algorithm permits to achieve a betteretaitl Vehicular Technol Conf.. 2:1085-1089. DOI:

between fairness and efficiency use of resources 10.1109/VETECS.2000 851292

compared to other methods. In addition to thisgy, ¢ ; Hong and L. Xi, 2009. A novel adaptive
contribution, the new heuristic algorithm presemtew resource allocation scheme in downlink ofdma-

complexity and may be adopted for real-ime and  pased system. Proceedings of the International

mobile applications, as: voice and video-call. Conference on Wireless Communications
Networking and Mobile Computing, Sep. 24-26,
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