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Abstract: The problem of chunk-based resource allocation fotonstraints. The resource allocation schemes dni@sts of
the uplink of Long Term Evolution is investigated.this paper, a their optimization problem based on their objectiard

combined order using the promethee method and tamaigrarchy
decision for chunk allocation algorithm is proposé€de utility of

each order is sorted based on promethee methodagbpso that
the utility of each order could be approximatedhesaverage of all
criteria on each order. To decide the best allooatianalytic
hierarchy process score is assigned to its ordeechan their
decision criteria weighting factor to find the baibcation. Using a
particular weighting factor, the proposed algorishoutperform the
previous mean greedy algorithms which use userr@ittecation in

term of spectral efficiency and data rate fairnefthout increase
the time complexity. It also outperform iterativeapping chunk
algorithm in term of data rate fairness.
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1. Introduction

SC-FDMA (Single Carrier Frequency Division Multiple
Access) is a radio access technique which has fregosed
to be used in uplink of third-generation partnguspioject-
long term evolution (3GPP-LTE)[1]. It is developémm
OFDMA (Orthogonal Frequency Division Multiple Ac&s
based technique which uses precoded-DFT (Discratieidt
Transform) encoder to reduce the PAPR (Peak to ageer
Power Ratio) due to power limitation in a user tigiah [1-
2]. Like in OFDMA, SC-FDMA is also designed to pide
multiple users transmissions based on multicatéehnique
which dividing wide transmission bandwidth into ik
narrow band orthogonal subcarriers experiencingt fl
fading[3].

In wireless multiuser systems, the phenomena o tim

varying frequency selective channels occur on diffeusers
at different time. Multiuser diversity is a resuftom

independent fading channels across different uger3o
improve system performance over wireless chanrtbis,
multiuser diversity should be exploited by allooatithe
radio resources to users properly according to

instantaneous channel conditions of active usdrsAg an
advanced of uplink scheme, these phenomena

accommodated in LTE system by dynamically allogatin

radio resources such as subcarrier and power ferefift
users every time transmission interval (TTI)[4-&]n the
instantaneous time or it is called time transmisgiderval,
the resource allocation of LTE systems can be ftatad as
an optimization problem to maximize or minimize th
quality of services of the system with one or mo

the

constraints.

The latest works of downlink resource allocatioms f
OFDMA systems are developed based on greedy-based
algorithms. They have been proposed by [4,6-9].
Waterfilling-based power allocation and subcaralwcation
with linear complexity in [6] is proposed to maximai the
capacity. To reduce the complexity, suboptimum ailgms
using chunk-based subcarrier allocation in [4,7&F
proposed by allocating a set of contiguous subaartio all
users. In downlink, it is allowed to exploit powadiocation
using waterfilling-based since there is only onewgo
constraint in optimization problem. Thus, the coaxily
problem of waterfilling-based power allocation cdme
accepted as long as it achieves optimum allocation.

Unlike in downlink, there are power constraintsnagny
as the number of users in uplink. So using wategibased
on uplink power allocation is more complex thansén@mn
downlink. In [10-13], optimal power and subcarrier
allocation is proposed. Their optimizations arartaximize
the spectral efficiency [10-11], data rate fairn§s®] and
sistem utility [13]. Power allocation and subcaradocation
are performed using waterfilling-based and greeasel,
respectively. They can achieve optimum performagnen
they have high complexity since there are poweistaints
as many as the number of users.

To reduce the complexity, equal power allocations a

groposed in[14-20]. Using this scheme, the problem

resource allocation becomes the problem of sulsrarri
allocation. In [16,18], subcarrier allocations arerformed
on subcarrier by subcarrier and in [14-15,17,19-20
performed on chunk by chunk basis so that the cexitplis
reduced. The optimization problem of those are &ximize
spectral efficiency [14,16-18,20] and to maximibe data
rate fairness [15,19]. In [21-22], chunk-based ctmn
algorithms using waterfilling-based power allocati@re
Investigated where in [22] fractional power coniolsed to
limit transmit power of each user. These schemes ca
achieve the optimum spectral efficiency and faisnes
performances while increase the complexity. In 15417-
18], chunk allocations are performed using greeatsebl
searching with exhausting time of search.

To reduce the exhausting time, mean greedy (MEG),
single mean greedy(SMEG)[19] and multi-criteria kiag

are

regased greedy (MCRG) algorithms [20] are proposed by

performing a user-order allocation based on the' suséility
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performance. SMEG algorithm performs single averad®8,27]. The quality of a user-chunk pair is detared using
calculation instead of MEG algorithm which perforin®n MMSE (Minimum Mean Square Equalizer) equalization a
each allocation however the derivation to rank wders given by [14] :

based on their average utility is not derived. I[CRG

algorithm, users are ranked according to multipleega of =

utility such as mean, standard deviation and mimninutility 1 1)
threshold. A user with the lowest average of ig#itobtains Vor =| =1

a chunk first using the concordance value of tremathee 1N S

method. The promethee method is a sorting metHuodhvis N nimet Vi +1

widely used in a variety of research disciplinesluding
industrial engineering and operations research. They.x is SNR if chunke is allocated to usdt- with
advantages of this method is that it can ranks the0,1,2,..C-1 It is determined for k=1,2,....K and
multidimensional alternatives by considering thetecia yn,kzpn,k.Hn,k/anz. mk IS signal to noise ratio (SNR) if
from all dimensi[23-24]. subcarriem is allocated to uset- To guarantee fairness
The Analytic Hierarchy Process is a decision-makiomy among users, a chunk is allocated to a user anchabbe
that has been used in almost all the applicatiefsted to shared by other users. It is defined tiGt is a chunk
decision theory such as selecting a best altematasource allocated to the usek. Since equal power allocation is
allocation and optimization[25]. The speciality®flP is its performed to each subcarrier within a chunk, thelutetion
flexibility to be integrated with different technigs like scheme and bit per symbol on each subcarrier witlihunk
Linear Programming, Fuzzy Logic, Quality Funtionare also the same. Using Shannon’s formula, theewable
Deployment, etc. It can extracts the benefits fralinthe of data rate if chunk-is allocated to uset-has the upper
combined methods and achieve the desired goalbetter bound as [14] :
way[25].
In this paper, we focus on designing chunk all@eati R:,k:blogz[l-'-yc,k:. (2
using mean greedy-based algorithm. The allocatien i

classified into user-order and chunk-order allamai In \\0 0 is handwidth per chunk and we define thaB/C,
each iteration, it is important to obtain the pitized user . : . :
- B is bandwidth of system. In practical modulatiohesmes,

out of the user-order and the prioritized chunk otithe . : . . .
hunk-order. This is derived b forming. th d the signal-to-noise ratio have to be adjusiedording to the
chunk-order. This 1S derived Dy performing the aggie required BER. The approximate expression is usedfb
preference indices and negative outrangking flow .

th thod 123-241. Using th hbey T rror Rate (BER) by considering SNR gdp)(namely the
promethee method [23-24]. Using these approachkey difference between the SNR needed to achieve aicert

Zraith::jeSr t;'feeitiﬁtn E:r;ﬁez\;e;?(gih%fntkf’flsr uum?(gin?:n transmission data rate for a practical system ane t
‘ y pacefi Y theoretical limit as follow[28]:

in user-order and user’s spectral efficiency inrdtarder,
respectively. To sort them, negative outrangkingwfl
procedure is performed by choosing the highesteagded r
preference indices on each iteration of each orderfind
the best allocation, Analytic Hierarchy ProcessiBiea [25-

26] is performed to decide one order by assignitegAHP per simbol> 2 and BER< 10 3[28]. Using its approximation,

score to both orde_rs. .Th'S score deF’.e".‘d on thespeu the achievable of data rate if chuoks allocated to usek-
criteria and the weighting factor of decision eria. Using becomes

AHP decision to choose the best allocation hasaeh used
in previous studies of chunk allocation problem.

We organize this paper in five sections. Afteroducing R, = blog2{1+ y”} (4)
the background in section 1, in section 2 we dbscthe r
system model and problem formulation. In sectionth® . o . _
complexities are determined and compared with tegipus Userkas:
works. The simulations of the proposed algorithme a :?:log{“ Vc,k}

_ -In(5BER) (3)
15

Equation (3) has been approximated for the numbbit®

described in section 4 and followed by conclusionsection (5)
5.
In our optimization problem, a chunk is only alltazhto a
2. Model and Formulation user. Then, the achievable of the spectral effayesf userk
The model of SC-FDMA system is shown in figuretlis| ]zcaofltltzrwperformmg chunk allocation has the upperidows

assumed that there akeavailable subcarriers aril active . .

users. The channel state information (CSI) of Kalusers r, =ZSC‘erk=ZSck(1+ y“j
which consist the channel gain fsubcarriers are perfectly = o=t r
known by base stasion. In base statiog, contiguous g piect to: ZC: S=10K K

subcarriers are grouped into a chunk according-EDMA =1 (6)
(Localized-Frequency Division Multiple Access) mathin
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Where r is spectral efficiency of user-k&x is the Obijective :
assignment index indicating whett@tchunk is allocated to
the k" user. If thec" chunk is allocated t&" user,S, = 1, Max :U()
otherwiseS; x = 0. The total spectral efficiency of the system
can be expressed as follow :

Subject ta
K
R=
2 N 1 3s=100c
K C y p k=1
PONEESY
k=1 c=1 ' r c
C2 'S, =10kOK
In order to obtain the data rate fairness aftefopering -
. . : . . : 9
chunk allocation. The Jain’s fairness index is uasdollow G S H0D ©
[29]: : - o
K2 Where U(Ry) is the objective of optimization based on
[Zrk] equation (7) or (8). Constraint (C1) until (C3) arsed to
=2 guarantee that each user uses only a chunk andatae
KmZK:rk ®) shared by other users. Optimization problem in (®)
combinatorial optimization problem and it involve@mary
—_—— variableS; i for chunk assignment. The optimum solution can

be achieved based on linear integer programmingfdj
high complexity and it is difficult to implement.h&refore,
low complexity algorithms with accepted performarare
highly preferable than complex optimal algorithms.this

SC-FDMA Wireless SC-FDMA
Transmitter Channel Receiver

Power and Power and

beenalcaied Channel State beo alaied paper, combined allocation is proposed to solvenkhu
. allocation problem with many constraints of optiatian.
uié(sjubceﬁleIN

Feedback Channel Gain H Resource Allocation
of N Subcarrier from K Scheme
Users H

Resource Allocation

1

3. TheProposed Allocation

K :
qsefsubcem‘elN H B s
7 * ase Stasion
-

User - k
& J J
Resource Deision for User 1 The channel state information of all users ardegdy
Rosource Deciion o toor 2 known by base station, thus the spectral efficientyall
P——— assignment posibilities can be expressed as axdtsizeC
. x K:
Figure 1. Model of SC-FDMA Systems
r1,1 r1,2 . rlK
RESOURCE ALLOCATION g oo e e Ty
SCHEME
r =
Clh:nnel |S_lale Output :
y— Chunk assignment index rcvl rcvz rCIK (10)

Usdry
\ | Subcarrier N |

Feedback Channel Gain| |

of N Subcarrier from K i

Users

The basic idea of this work is to obtain the udarrk pairs

by classifying the allocation into user-order adltion and
chunk order allocation. The best allocation is igd by
choosing one of them. In each order, the sortirgp st
according to the promethee method is performed. The
preference structure of the promethee method iedhan
pairwise comparisons which the deviation betweea th
evaluations of two alternatives on a particulartecia is
considered. The aggregated preference indices ef th
promethee method is used as follow[23-24]:

Chunk Allocation

'\ Subcarrier 1
UserK i
\| Subcamier N ¢
>

Objective
and Constraints of
Allocation

Figure 2. Resource Allocation Model Let a bl A and let:
J
The problem of chunk allocation in base stationtas (@, b):Z_; fi(abwy
determine the elements of matri%x specifying chunk 8
assignment index. It indicates which chunk shoule b mb,a)=)" f(baw
assigned to which user such that the objectiveysfes is = (11)
maximized. The optimization formulation of chunkWhere
allocation is presented in figure 2 and it can bigten as : f,(ab)=F [9,- (a)]— ',:[ g( lﬂ
fj(b,a):Fj[gj(b)J—lf[g(zﬂ (12)



42

International Journal of Communication Networks &mfdrmation Security (IJCNIS) Vol. 5, No. 1, April 2013
m(a,b) is expresses to which degraas preferred td over j=arg ma>(¢‘ (i )) = 1,2,..K
all criteria andr(a,b) howb is preferred ta. w; is weighting (17)

factor of criteriah. These function give the preferenceaof ©N00sing a user who has the highest outrangking fit@ans

over b andb over a for observed deviations between theifh@t @ user who has the lowest average of spesftiaiency
evaluation functiorF;(.Jon criteriagi(.). This method is used 9€ts the highest priority to be allocated sinceait guarantee
for sorting all users of user-order allocation aficchunks of (he data rate fairness. Futhermore, a chunk agdoat usei-

chunk-order allocation, respectively. The MEG[19]iS determined by searching a chunk which giveshigaest
SMEG[19] and MCRG[20] algorithms can be seen as-useSPectral efficiency on user-This is also used in [4,9] :
order allocation since the allocation is done bytisg all c= arg max(rivc) ¢=12..C (18)
users.

3.2 Chunk-order Allocation

A chunk which will be allocated on each iteration i
“determined. Each chunk has a number of specfialegicy
from K users. To express to which degree a chunk is

3.1 User-order Allocation

In r, each user has a number of spectral efficien
achieved from all chunks. The spectral efficientygeri on

chunkj is denoted byr;;. The evaluation function used to ferred t ther chunk I ) affidi
compare among all users are spectral efficiencyeaet by preterred 1o another chunk over ail user's spe iency

all users. It means tha&[(g;()] = r; wherei=1:K. The amongC chu_nks, th_e aggregated preference indices is also
pairwise comparison determines the deviation batwed'Sed where}!;: in (13) is replaced bif :

spectral efficiency of usdr-and usei- on a chunk: 11Y=SF N1-F Vw0211
Therefore the comparisons amorl§ users should be . hz; [00(0)] h[g“( )J r a
performed for all spectral efficiency from all ctikan The K

aggregated preference indices is used to expresshwh :;(rhvl_rh,l')wh

degree a user is preferred to another user overhalhk’s (19)

z(l,I") express to which degree chuhkis preferred to
. chunk . Fgn(l) andFgn(l) are the evaluation functions
D) = T ((X1=e Ta (iNlw miziii: on criteriagy(.) of usert and uset-, respectively.W, is
7 ,-Z:;‘FJ [9,0)]-F, [g' ( )JW' HFTTE weighting factor of the spectral efficiency on usér. Since

c the priority of spectral efficiency on all userseaame, it

=Z(r1vi i )WJ‘ means that :

= (13) 1 K
(i,i') is expressing which degree usds preferred to user ~ w,=-—, whered  w=1
. F[g;(i) andF;[g;(i') are the evaluation functions on criteria =1 (20)
g(.) of useri and usei-, respectivelyw; is weighting factor ~ Substituting (20) into (19), equation (19) becomes
of the spectral efficiency on chunk expressing the priority A1 iy
of it. Since the priority of spectral efficiency @l chunks 7l )_Eé(rhv' —rh,l,),D Al

spectral efficiency. It can be formulated as follow

are same, the weighting factor are also the s#tmmeans 1 & 1 &
that : :_Zrh,l __Zrh I
1 Zc: K= K& "™
w, =—, where =1 .
iTc Z w (14) = 1)
By substitucting (14) into (13), the equation (18pbmes : Where I, is the spectral efficiency average ovrusers
7(ii) :iZ(rLi —rjiv),D A i, K on chunkt. Based on (21), pairwise comparison between two
CHa ’ chunks can be determined by averaging spectratieifiy
_1e 18 from K users. It means that the parameter to be compared
== -=2.p;, . . .
ca " ceg amongC chunks is their average of spectral efficiency from

K users. The negatif outrangking flow is also perfdo rank
(15)  them. Eacthr, is facing(C-1) other chunks with the negative

WhereFi is the spectral efficiency average o@chunks on outrangking flow of uset-and this is given by :

useri. Based on (15), pairwise comparison between two ¢ () ZLZIT(XJ),I:“ #,1] 0C

users can be determined by averaging spectralieafig K-l (22)
from C chunks. It means that the parameter to be comparkaxpresses a churkis outranked by all the other chunks. A
amongK users is their average of spectral efficiency filom chunk which has the highest(l) gets the first priority to be
chunks. In order to soK users, the negatif outrangking flow allocated and this is written as :
is performed to rank them. Eachs facing(K-1) other users | = 514 ma>(¢’ (I )) l=12..C
with the negative outrangking flow of useand this is given T (23)

by : A user who obtain chunkis determined by searching a user

who gives the highest spectral efficiency on thmatri:

qf(i):LZH(x,i),Diii*,ii*EIK g 9 P y
-1 (16) k=argmax(r,) k= 1,2,..K

It expresses a usens outranked by all the other users. A

user who has the highest(i) gets the first priority to obtain = 33  TheBest Allocation Decision
a chunk and this is written as :

=r -,

(24)

In order to decide the best allocation whether-osder or
chunk order on each time transmission interval,dieision
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approach using analytic hierarchy process (AHP) is 3.4 The Combined-order Algorithm

performed. The decision is based on the decisiberier and The combined algorithm consist of two order whick a
the priority of both decision criterias. The AHPci#on uses user-order allocation and chunk-order allocatiohe Thest
the structure of &xV matrix whereZ is the number of allocation is obtained using AHP decision by chngsihe
alternative and/ is the number of decision criteria[26]. Thishigher AHP score of both order. The steps of treppsed
matrix contains the elements which indicate theecdibjes algorithm are as follow :

achieved by all alternatives in term of each deaigiriteria.

In general, AHP decision matrix has the basic fasj26]: User-order allocation :
Gy b, - Oy 1. For all users, determine the average of chunk’s
Gy Gy - Gy spectral efficiency and the aggregated preference

q=| ~ ‘ indices based on (13).

2. Calculate the negatif outrangking flow of all users
Ozs %2 - Gey (25) using (16).

Where each element of matrixis the objective achieved 3. Find a user who selects a chunk by choosing aiuser
by each alternative in term of each decision deten case who has the highest negatif outrangking flow using
of chunk allocation, the objective of allocationear (17). )
performance achieved by user-order and chunk-asdiéch 4. Select a chunk allocated to a usébased on (18).
are sum of spectral efficiency and fairness indexan be 5. Chunkc is allocated to userand remove chunk
noted that the criteria to decide the best allocatire sum of and user from process. _
spectral efficiency and fairness index achievements 6. Update chunk assignment indg& userone and
regarding to equation (7) and (8). Then the altirea of spectral efficiency achieved by a pair of usend
allocation are user-order allocation and chunk-orde chunke (rc user-orde)-
allocation. Thus, it means th#t= 2 andV = 2. The AHP 7. Repeated step 3 to 6 until all users get chunks.
decision matrix of the allocation problem becomes : )

R, F Chunk-order allocation :
q:{ ° ”‘} 1. For all chunks, determine the average of user’s
Ro Fa (26) spectral efficiency and the aggregated preference

The first column of matrixj are performances achieved by indices based on (21).
sum of spectral efficiency criteria wif,, andR,, are sum of 2. Calculate the negatif outrangking flow of all users
spectral efficiency based on user-order and chudkro using (22).
respectively. The second column are performanckiewed 3. Find a chunk which allocated to a user by choosing
by fairness criteria with,, andF, are fairness index based a chunkl which has the highest negatif outrangking
on user-order and chunk-order, respectively. Taiabthe flow using (23).
best allocation, the AHP score of each order isrdeined : 4. Select a usek who gets a chunkbased on (18).

Y. q 5. Chunkc is allocated to usérand remove usdrand

Q=D 2w, forz=12,.Z chunke from process.

vt Gy (27) 6. Update chunk assignment indéR. \ chunk.orae and
Where : spectral efficiency achieved by a pair of ukeand
- S - chunkl (rc,k,user—orde)-
4= ; Ay, forv=1,2,.v (28) 7. Repeated step 3 to 6 until all chunks are allocated

w, is the weighting factor of decision criteraAccording

to (27) and (28), AHP score for user-order allawati Decision for The Best Allocation :

Calculate sum of spectral efficiency and fairness

becomes :
R = index using (7) and (8), respectively.
Q.= C— W+ O — W, 2. Determine user-order score and chunk-order score
Rot Ro Fot Foo (29) using (29) and (30), respectively.

Meanwhile AHP score for chunk-order allocation igeg 3. The best allocation is obtained by choosing the

by : higher AHP score of both order based on (31).
-_R F
co ~ R, +0R:o Wee FUO-:OFCOWfair In order to quantify the complexity of the combined

(30)
Where wse and w,;, are weighting factor for spectral
efficiency criteria and fairness criteria, respesly andwg, +
Wiair = 1. The best allocation is obtained by :

allocation, time complexity using asymtotic appiroais
used. This approach is regarding the time restrictiithin a
time transmission interval. The combined order aigm
consists of two orders with step similiarities. @etermine
z=argmay Q) where Q= Q or Q (31) the spectral efficiency average of either chunkssers need
User-order allocation and chunk-order allocatiore arO(KC). The aggregated preference indices calculatiors ne
performed on each time transmission interval. Teaghting O(KC). The user-chunk assignments of both order need
factor of each decision criteria is varied betw@and 1. O(K+C). Finally, finding the best allocation nee@1).

Sum of them is 1. If one of them is O it means oieer Then  the  total  complexity is  given by
criteria is 1. O(KC)+O(KC)+O(K+C)+0O(1)= O(KC).
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Table 1 The time complexity comparison

10 : : ‘
. . . —s— Comb-order 10
Algorithms Time Complexity o oo 0
951 o MEG[19] 10 user b
Mean Enhanced Greedy[19] O(KC? ol -1
l —6 & —6—90—6 o — 6—0—H4
Single Mean Enhanced Greedy[19] O(KC) - ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
1 08 06 -04 02 0 02 04 06 08 1
Wse - Wfair
Iterative Swapping Chunk[17] O(KClogC) The average of faimess index
0.92 ‘ ‘ ‘ ‘ ‘
Combined-order Allocation O(KC) o} = o e oo
0.88F 1
. . . < — % — Comb-order 10 user e
The time complexity of mean greedy (MEG) and ngl 086 —<— SMEG[19] 10 user
—6&— MEG[19] 10 user ) ) ) ) )

mean greedy (SMEG) algorithms [19] are given@(KC?)
and O(KC), respectively. Futhermore, the complexity of
iterative swapping chunk algorithm is given by
O(KClogCJ17]. The comparison of the combined-order
algorithm with the previous algorithms is presentedtable

1. It can be seen that the proposed algorithm éss time
complexity than MEG and iterative swapping chunk
algorithms due to single average calculation onheac
allocation iteration. It has the same time compiexiith
SMEG algorithm even it performs both orders in e&gdh.
Using asymtotic time complexity approach, the carpy

of them is determined by their number of iteratibosvever
using two orders at the same TTI.

4. Simulation Results and Discussions

The performances of the combined-order algorithe ar
compared with the previous algorithms using several
simulation scenarios. The simulations are performsithg
MATLAB 7.8.0 (R2009a). The frequency of 2 Ghz is
assumed. The transmit power of each user is 1 Wat.
channel state information of all time transmisdiaerval are
perfectly known by base station with a number aoheti

transmission interval is 5000. In all scenarios, diesired bit ¥ 08 06 04 02 0 02 04 06 08 1
error rate of system is 0 The CSI per subcarrier of all meaver:’gj"o;f‘gﬁgssm o
0.95 T T T T T T T T T

users are according to the model in [14-15,27].nYsi
0:>=N,.B, CNR per subcarrier of each user can be written :
CNR,,[ dB =10log R, - L,-109log 4 -, - N. (32)
L, is the propagation loss chosen to be 128.1 djBs
userk distance from base stasion in kilomet@rss pathloss
exponent set to 3.76,x is lognormal shadowing with
standard deviation is varied from 1 until 10 dB, is the
rayleigh fading with rayleigh parametesuch thaiE[z % =1.
N, is noise spectral density per subcarrier chosdretel 74
dBm/hz andB is bandwidth per subcarrier set to 15 Khz.
Each chunk consists of 12 consecutive subcarriersfese
propagation parameters are related to the macrooedlel
for urban and suburban area [14-15]. The effestafjhting
factor decision criteria, the number of users, togml
shadowing and the cell radius on the spectralieffiy and
fairness achievements are investigated and shoigure 3
until 10, respectively.
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Figure 3. The average of spectral efficiency and fairness
index versus the decision criteria weights withiaas
number of users
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Figure 3 present the effect of the decision cateveights
on the sum average of spectral efficiency and Hegaae of
fairness index of the combined order algorithmswarious
user numbers within a cell. The horizontal axigespnts the
difference betweemv. andw:,; where its varies between -1
to 1. When the difference between them is -1, 0Jantkans
that wse=0 and wi;=1, wse=0.5 and w,;=0.5, wse=1 and
Wi,i=0, respectively. It is shown that the highest sofm
spectral efficiency happens at,e — Wy = 1 since it
optimizes the sum of spectral efficiency maximiaatiby
choosing whether user-order or chunk-order whiate ghe
maximum criteria of sum of spectral efficiency iaca TTI.
The highest fairness happens vel — Wy, = -1 since it
optimizes the fairness maximization by choosing tivae
both order which give the maximum criteria. By vagywse

— Wi,r between -1 and 1, the combined algorithm shows tispectral

increase of spectral efficiency. Otherwise, it shotihe
decrease of fairness. There is trade-off betweesctsyd
efficiency and fairness due to the weigths of denigriteria
used. When the number of users are 10, 20, 30 @ndsthg
a particular decision criteria weights, the comdiaéorithm
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algorithm in both performances. They also can atibpm
MEG algorithm in term of spectral efficiency howewgves

a little reduction of fairness. The optimum, — wi,;, are 0,
0.4, 0.4 and 0.6 at the number of users are 108@@nd 40,
respectively. In other words, the combined ordgoathm
using a particulaws, — W, can optimize both performances
since it can balance both parameters. This opttiizas
performed without increase the time complexity dntlas
the same time complexity with SMEG algorithm ane th
lower time complexity than MEG algorithm.
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Figure 6. Sum average of spectral efficiency versus the
deviation of lognormal shadowing
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Figure 7. The average of fairness index versus the
deviation of lognormal shadowing

Figure 4 and 5 show the effect of user numbershen t
spectral efficiency and fairness index of the carebiorder
algorithms. The number of users are varied frorm#l %0
and distributed randomly within a cell. The shaduoyvi
deviation of propagation is 7 dB. Increasing thenbar of
users, all algorithms have the same tendency which
efficiency increase and fairness decrease,
respectively. It happens because they add up thetrsp
efficiency achieved by all users, thus it leadshigher
variation of spectral efficiency achieved among wdkrs.
The MEG algorithm[19] has slightly fairness deceeas
because of average calculation on each iteratiome T

gives the best trade-off since they outperform SME@Ptimum decision criteria weights are according the
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number of user which relates to figure 3. Usingsthe fairness since it prioritizes either user-ordercbunk-order
optimum weightings, the combined-order algorithmn cashould to be used to maximize the fairness. Wifhw,;, =
outperform the previous algorithms. These resuliso a 0, it optimizes both performances but it has ahshg

correlate with figure 3 where there are trade-céfween
spectral efficiency and fairness.

Figure 6 and 7 view the variation of lognormal shaihg
deviation on the spectral efficiency and fairnedsthe
combined order algorithms, respectively. The numbgr
users within a cell is 10. The deviation of shadawis
varied between 1 to 10 dB. It describe the impatt
propagation enviroment due to radio signal blockimg
buildings (outdoor), walls(indoor) and other ob&tac The

combined algorithms can outperform the MEG and SMEG

algorithms in term of sum of spectral efficiencycieasing
the deviation, all
efficiency decrease as well as fairness increasause of
the smaller spectral efficiency achieved by allrsis&Jsing
WeerWiair =1 @andWseWegir =
gives the best spectral efficiency and fairnesspeetively.
They can utilize the shadow fading diversity expeced by
all users to maximize the spectral efficiency aattness
using WsgWeir =1 andwseWe,; = -1, respectively. Withwge
Wrair
performances since it can outperform SMEG in terin
spectral efficiency and fairness, respectively.aléo can
outperform the MEG algorithm in term of spectrdlaéncy
even has a little fairness reduction.
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Figure 9. The average of fairness index versus the cell
radius

=0, the combined algorithm can optimizes both

&. Conclusions

In this paper, low complexity chunk allocation aligfam
by classifying allocation into user-order and chuométer for
LTE uplink systems is investigated. The aggregated
preference indices and negative outrangking flow of
promethee method are performed to sort user andkcbfl
both orders. The AHP decision process is perforreed
decide the best allocation between both ordersrdawa to
the decision criteria weighting factor. Using thesethods,
sorting of user or chunk is determined by the ayeraf
user’s or chunk’'s quality. Also the optimizationtiveen
spectral efficiency and fairness criterias is aehieby using
a particular weighting factor. With these approachthe
complexity of the proposed algorithm does not iasee
however user-order and chunk-order are performethat
same time transmission interval due to asymtotioeti
complexity aproximation. The simulation results whthat
the proposed algorithm can outperform the userforde
algorithm, i.e. MEG and SMEG algorithms in termsttodir

Figure 8. Sum average of spectral efficiency versus the SPectral efficiency and fairness by applying - ;=1 and

cell radius

Figure 8 and 9 present the impact of cell radiuthensum
average of spectral efficiency and the averageaohdss
index of the combined order algorithms. The cedliva is
varied between 1 to 5 kilometers and the numbeusefrs
within a cell is 10 when they are randomly disttézi The
deviation of lognormal shadowing is 7 dB. Incregsthe
cell radius, all algorithms experience the specatféitiency
decrease and fairness increase because of theessjictral
efficiency achieved by all users due to the de&edamean

Wse - Wiy =-1, respectively. There are trade-off of the
proposed algorithm when - - Wg;<1. Whenwge- W=

0, 0.4, 0.4 and 0.6, the proposed algorithm cammpd both
performances and outperform SMEG algorithm withuker
numbers of 10, 20, 30 and 40, respectively. Howekey
have a little reduction of fairness compared wittE®
algorithm.
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