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Abstract. In this pape the problem of subcarrier allocation on chunketmk
basis in SGFDMA uplink systems is investited. Improvedmean enhance
greedy algorithmsare propose for performing joint-user and chuflased
allocation at each transmission time interval. &@e criteria based on spect
efficiency and fairness are also proposed to chtlosdinal allocatin at eact
transmission time interval. Simulation results shihat when the number .
users and the velocity of the users were variegjrtiproved algorithms that u
selection criteria based on spectral efficiency taichess could outperform tt
existing mean greedy algorithms that employ -based allocation in terms

spectral efficiency and fairness. Moreover, the rioepd algorithms not onl
showed better performance but also had the sangectirmplexity as the existir
mean greedy algorithm
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1 Introduction

The Third Generation Partnership Project Long Té&wolution (3GPI-LTE)
uses SG-DMA (Single Carrier Frequency Division Multiple Aess) as uplin
access scheme in LTE systerbecause it has a low peakdugerage powe
ratio (PAPR) in view of power limitations of theargerminal<[1]. In wireless
communicationthe instantaneoLchannel conditions of all useasways differ
from each other, both in time and frequency dois. Therefore, dynamic rad
resource allocation at each transmission timeatgiT T1) plays a crucial rol
in improving system performance -[3].

Many scheme of resource allocation in both uplink and dowklhmave beel
proposed. They focus on powerocation and subcarrier allocation, wh
power and subcarrier are dynamic allocated to all users to achieve a des
quality of service (QoSAt each TTI, the resource allocation can be formul
as an optimization problem to maximize or minimike quality of service wit|
a number otonstraints
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Algorithm development in uplink is more challengithgn in downlink because
of the power constraints and subcarrier contigpigblem. In downlink there is

only one power constraint (caused by limited poweailability at the base

station), while in uplink there are many power d¢omats (based on the transmit
power of each user). Futhermore, subcarriers shmilgllocated to the user in a
contiguous manner in order to maintain a low PABBh issues make uplink

resource allocation problems more challenging thaee in downlink.

In this paper, improved mean greedy algorithmsaoposed to solve the chunk
allocation problem in SC-FDMA uplink systems. Impement is achieved by
performing a chunk-based allocation simultaneouwsith the existing mean
enhanced greedy allocations, which employ userebatiecation. Additionally,
selection criteria based on spectral efficiency &midhess are proposed to
choose the best of both allocations.

The organization of this paper is as follows. Irctigm 2, we discuss related
works. In Section 3 and 4, the system model andleno formulation are

presented. In Section 5, the improved algorithnasthgir time complexities are
investigated. Finally, the simulation results aramhausion are discussed in
Section 6 and 7 respectively.

2 Related Works

Concerning downlink, several recent studies ofcallimn schemes have been
carried out, as presented in [3]-[7]. In these e one power constraint is
used to limit the transmit power, which dependghmn available power at the
base station. Subcarrier allocation is performedeims of chunk unit. The

chunk can contain an uncontiguous subcarrier, lsscatiwhich a higher PAPR

may occur. This can be accommodated by the batenstaecause of higher

power availability than at the mobile station [&]L].

The most recent schemes of uplink allocation assgmted in [12]-[21]. The
schemes presented in [12]-[15] are each divided b steps, namely power
allocation and subcarrier allocation. The optinmiajproblem of the allocations
was to maximize the spectral efficiency [12],[18]e data rate fairness [13],
and system utility [14]. A waterfilling-based powellocation process is
performed on each subcarrier for all users, whieeepower allocated to each
subcarrier is based on each subcarrier's chanmel §absequently, subcarrier
allocation is performed using a greedy-based dlgori Using a waterfilling
scheme can improve performance, but also increhsdme complexity.

In order to reduce the time complexity, the powkocations proposed in
[2],[8]-[9].[16]-[19] were simplified using equalqguwer allocation by equally
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dividing the amount of available power among thécsuriers without

considering their channel gain. Using equal powiarcation, the problem of

resource allocation becomes a problem of subcaaliecation. The subcarrier
allocations described in [16] and [18] are perfalmen a subcarrier-by-
subcarrier basis and in [2],[8]-[9],[17],[19] oncaunk-by-chunk basis so that
the time complexity is reduced. In [20-21], chunkdhunk allocation

algorithms using power allocation based on waterglare investigated. The
algorithm presented in [21] introduces fractionawer control to limit the

transmit power of each user. The method describel@0]-[21] can achieve

optimal spectral efficiency and fairness perforneanklowever, this method
increases the complexity.

In [2],[8]-[9],[17],[19] chunk-by-chunk allocationwas performed using a
searching process based on a greedy algorithm.optimization problem of
these allocation schemes was to maximize spectiialeacy [9],[17], or to
maximize data rate fairness among users [2],[8],[TBe advantage of chunk-
based subcarrier allocation is that it can maingaiow PAPR due to subcarrier
contiguity within a chunk and reduce the complexitile algorithms described
in [2],[17],[19] consider the data rate fairnessoag users as one of the
constraints for their optimization problem. Thealthm in [17] maximizes the
spectral efficiency while maintaining the fairnessong users.

In [2], two mean greedy algorithms, namely the MEahanced Greedy (MEG)
algorithm and Single Mean Enhanced Greedy (SMEQordahm, are
investigated. Both algorithms maintain the datee ridirness among users
instead of spectral efficiency, by allocating onkumk to one user. Its
allocations are performed according to the avermaig¢he chunk’s channel
quality experienced by the user. In [19], the Multeria Greedy-based
algorithm is investigated. In this scheme, the s18é10 obtain chunks are sorted
according to multiple criteria of utility, such asean, standard deviation and
minimum utility threshold.

3 System Model

The resource allocation model for the SC-FDMA uplaystem is presented in
Figure 1. There ark users andN available subcarriers. The focus of this work
is on the resource allocation scheme that allocatssurces to all users using a
certain algorithm. In the initialization processch user sends channel state
information (CSI) consisting of the channel gainNokubcarriers to the base
station via the control signal. On the basis 0§ t@iSI, the algorithm assigns
power to all subcarriers and allocateschunks toK users. The output of the
resource allocation is resource assignment desismrall users, which are sent
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to all users via the control signals. These arel diseall users for transmitting

traffic signals in the uplink direction.
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Figure2 The optimization problem of chunk allocation.

The available subcarriers are converted into séwdmanks, based on the L-
FDMA (Localized Frequency Division Multiple Accessjethod used in [21]-
[22]. The number of consecutive subcarriers penkhsn, = N/K. One chunk

is equal to the fraction of the total transmissib@mdwidth that is allocated to
one user. In order to maintain fairness among usalg one chunk is allocated
to one user and can not be shared by other usglis7[2 This means that the
number of available chunks is equal to the numbbensers(C = K). Equal
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power allocation is used in our improved algorithres that the problem of
resource allocation becomes a problem of chunicatiion. The problem of
chunk allocation withC chunks andK users is to determine the elements of
matrix S specifying the chunk assignment index. This indisaihich chunk
should be assigned to which user such that theofwpectral efficiency or data
rate fairness among users is maximized. A modethef uplink resource
allocation problem is shown in Figure 2.

4 Problem For mulation

The channel gain on subcarrieof userk at a certain TTI is defined &, . In
this work, the CSI of all users is perfectly knowy the base station and is
modeled as follows [8],[9],[23],[24]:

P
nk J5

L, x (d)" x&,, (1)

WherelL, is the propagation losdy is distance of usdefrom the base station in

kilometers;d is path loss exponent;y is lognormal shadowing; arfg, x is the

rayleigh fading with rayleigh parametersuch thatE[r ]=1. This can be

expressed as channel gain-to-noise ratio of subcarof userk as follows:

an
CNR ,=—%

2
n (2)
0.’ is the noise power of subcarrierin the case of power allocation, power is
allocated to each subcarrier within a chunk usiggak power allocation as
follows:

R
" 3)

wherep, is the power allocated to subcarmeof userk and its allocations are
performed fom = 1,..,Nandk = 1,..,K Py is the transmit power of us&r At
every TTI, the transmit power of all users is cansiand equal to the maximum
power(Px= Pnay. After power is allocated to all subcarriers, chafiocation is
performed. The base station establishes a unitlefadion by collectingn.
consecutive subcarriers into a group, which isecala chunk. One chunk
containing 12 consecutive subcarriers is denotedh.as 12. In the chunk
allocation algorithm, the pairs of user-chunks searched by the base station
such that the objective of the allocation is acktvio be able to search user-
chunk pairs, the quality of all possibilities ofeuschunk pairs should be known
by the base station, which depends on the userk’ T quality of a user-

pn,k =
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chunk pair using MMSE (Minimum Mean Square Equa)izgualization can
be determined by [8],[9]:

-1

1
= i -1
S TRy,

nc n=i.n,+1 yn,k +1

4)
yek IS signal-to-noise ratio (SNR) if churkis allocated to usek andi =
0,1,2,....C-1 This quality is determined fd¢ = 1,2,....Kandy.x= pn,k.Hn,k/anZ.
7k IS SNR if subcarrien is allocated to usek. The achievable data rate of
chunkc if it is allocated to usék has the following upper bound [8],[9]:

Ry =blog,[ 1+, ] 5)

whereb is bandwidth per chunk, which is definedlas B/C, whereB is the
bandwidth of the system. In our optimization praoflén order to maintain the
fairness among users one chunk is allocated to ume only. Then, the
calculation of the achievable data rate of ukeafter chunk allocation is
performed, which has the following upper bound:

R =Z:1‘,§,k R¢= ~ Styel
subject tui S0k K 6)
S;k= {0,

where S« is the chunk assignment index, which indicates dretuserk
occupies chunk or not. In practical modulation schemes, the poaret the
signal-to-noise ratio have to be adjuststording to the required bit error rate
(BER). The approximate expression is used for BER[25], the BER of a
square M-QAM with Gray bit mapping as a functionreteived SNRy and
number of bits per symbolhas been approximated for 2 and BER< 1073,

as follows [25]:

BER, ou (1) = o.zexr{ - '_Sﬂ -

By solving equation (7) we have:

r= Iogz[l+%} -
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where
F= -In(5BER)
1.5 (9)

I' is called the SNR gap, which is the differencereein the SNR needed to
achieve a certain transmission data rate for dipehsystem and the theoretical
limit. y /I" is the effective SNR, which has been adjusted rding to the
desired BER and the modulation scheme. Since qquetr is allocated to each
subcarrier within a chunk, the modulation scheme laih per symbol used in
each subcarrier within a chunk are also the samease of chunk allocation
problems, the number of bits per symbol per chupin a practical modulation
scheme can be approximated as follows:

I’c,k = Ing |:1+ yFk:|
(10)

wherey. « is the SNR of chunk, which is allocated to usé&rbased on equation
(4). By considering the SNR gap, the achievable date of usek can be
expressed as follows:

N Ve
Rk—bz gyk(h = )
c=1 (11)

To obtain the data rate fairness among users,sJ&irness index is used to
express it as [26]:

(88

' Kx 2
&5 (12)

whereR, is the data rate of uskrBy substituting (11) into (12) we obtain:

“ghgelo)] "

In our optimization problem, a new chunk allocatfenmulation is proposed
that uses selection criteria based on spectratiefity or on fairness. The
objective of these criteria is to maximize the safrthe data rate or to maximize
the data rate fairness among users respectively. optimization problem is
formulated as:
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Objective:

Max : R = bii §k[1+ ylik]

k=1 c=1

Subiject to:
C
Cl: Y s, 0k K
c=1

c2: zK:sc,k,de C (14)

C3:5,={0.1

Constraints(C1) to (C3) are used to guarantee the data rate fairness among
users by allowing each user to use only one chhak ¢an not be shared by
other users. The optimization problem in (14) isombinatorial optimization
problem which involves binary variab® for chunk assignment. The optimum
solution can be achieved by linear integer programgnj27] with a high
complexity, which is difficult to implement. Ideg)l chunk and power
allocation should be carried out jointly, whichal®quires a high complexity.
Low-complexity algorithms using a simplified powaltocation with accepted
performance are more preferable over complex optiagorithms. In this
paper, several algorithms to solve the optimizatimblems are proposed.

5 Improved Mean Greedy Algorithm

In user-based allocations, i.e. the MEG and SMEgbréghms [2], the user

order that will determine the chunk on each alliorats established. The user
order is arranged depending on the average of elashk’s channel quality

sorted in ascending order. The user who obtainsuakcon each allocation is
assigned according to the sorted user order. Fatirer the chunk allocated to
a user is obtained by selecting the chunk thathesighest channel quality for
that user. In the MEG algorithm, the calculatiortlué average of the chunk’s
channel quality of all users is done for every adtion at a TTI, but in the

SMEG algorithm the calculation of this average é&f@rmed only once at a
TTI. Both algorithms have a lower complexity thédme tconventional greedy-
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based scheme, because the searching process ipenmrmed on all
possibilities of allocation, which would be timersuming.

In our improved algorithms, chunk-based allocatiae performed
simultaneously with the existing user-based aliooatit determines the chunk
order which be allocated to user on each allocafibe chunk order is arranged
depending on the average of the user’s channeitguabrted in ascending
order. One chunk allocated on each allocation @gaed according to the
sorted chunk order. Then, the user who obtains ¢hatk is determined by
choosing the user who has the highest channeltguati that chunk. The
chunk-based allocation is performed simultaneoustli the MEG and SMEG
algorithms, which are called Chunk-Based MEG (CB@J)Ealgorithm and
Chunk-Based SMEG (CB-SMEG) algorithm respectively.

The improved algorithms consist of user-based atlon combined with
chunk-based allocation. After both allocations aerformed, the spectral
efficiency index and fairness index achieved byhladtocations are obtained. A
selection criteria procedure is proposed to chaoseof both allocations as the
final allocation at each TTI. These combined scheraee called Improved
Mean Enhanced Greedy (IMEG) algorithm and Improv@imgle Mean
Enhanced Greedy (ISMEG) algorithm respectively.heafcthem can use one of
two criteria selections, so we divide them intorfalgorithms, namely IMEG-
SE (IMEG based on spectral efficiency) algorithMEIG-FAIR (IMEG based
on fairness) algorithm, ISMEG-SE (ISMEG based orcsal efficiency)
algorithm and ISMEG-FAIR (ISMEG based on fairneggjprithm respectively.
A flowchart of the improved algorithms can be saeRigure 3. The procedures
of the CB-MEG and CB-SMEG algorithms can be desttias follows:

CB-MEG Algorithm:
1. For all chunks (c = 1,2,....C), calculate the agerasers’s channel quality
(k=1,2,....K) using:

K
Xe =@/ KD Ve
k=1

SortX. in ascending order.
Select a chunk to be allocated by choosing the lchimch has the lowest
average user’'s channel quality using:

(15)

wn

é:argmin X, (16)
4. The user who obtains chur;kis selected by searching the highest channel

quality on chunkE::
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k= argmax J.
ck (17)

5 A chunkE: is allocated to usel;( and both are removed from the process.
6. Repeat step 1 to 5 until all chunks have been atikat
CB-SMEG Algorithm:

1. For all users (c = 1,2,....C) calculate the aversga’'s channel gain quality
(k=1,2,...K):

X, =(W/K)Y v -

SortX. in ascending order.
Select a chunk to be allocated depending on iteglathe ascending-order
sequence. The chunk with the low¥sis selected using:

wn

c=argmin X, (19)

4. The user who obtains churEkiS selected by searching the highest channel
quality on chunk;: using:

k= argmax y.
ck (20)

5. The chunkE: is allocated to usel;(.

6. Remove c from the ascending-order index and remoke from the
allocation process.
7. Repeat step 3 to 6 until all chunks have been aikat

In order to determine the time complexity of thepmoved algorithms, the
asymptotic time complexity due to the time constravithin a TTI is used. In
the MEG algorithm, the calculation of the averadetle chunk’s channel
quality for all users requirgd(KC) operations. The sorting of the average of the
user’'s channel quality and selecting of the user aibtains the chunk requires
O(K) operations. To select the chunk that has the bigtieannel quality for
that user require®(C) operations. All these steps are repeated forsaltsuuntil

all users have been allocated chunks. The totad tiomplexity of the MEG
algorithm isO(K(KC)+K(K)+K(C)) = O(K*C), where the polynomial degree of
O(.)is 3.
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The SMEG algorithm has a lower complexity than MG algorithm because
of the single average calculation at each TTI. G&leulation of the average of
the chunk’s channel quality for all users requité&C) operations. The sorting
of the average of the chunk’s channel quality iceasling order and selection
of the user who will get the chunk requi@€K) operations. To find the chunk
that will be allocated to the user requi@&C) operations. The last two steps are
repeated until all users have been allocated chdiiestotal time complexity is
O(KC+K(K)+K(C))=0O(KC)+O(K?). It can be seen that the polynomial degree
of O(.)is 2, which is lower than that of the MEG algorithm

In the CB-MEG algorithm, the calculation of the eage of the user's channel
quality for all chunks require®(KC) operations. The sorting of the average of
the chunk’s channel quality and selection of thenghthat will be allocated to
the user require®©(C) operations. To select the user who has the highest
channel quality on that chunk requir€€K) operations. All these steps are
repeated for all chunks until all chunks have be#acated. The total time
complexity of the CB-MEG algorithm i©(C(KC)+C(C)+C(K)) = O(KC?).
Futhermore, the selection criteria requi§l) operations. The total time
complexity of the IMEG algorithms is a combinatiohthe time complexity of
the MEG algorithm and that of the CB-MEG algoritifihus, the complexity of
the IMEG algorithms isO(K?*C)+O(KC)+0(1) = O(K’C+KC? where the
polynomial degree o©(.) is 3. Therefore, it has the same time complexsty a
the MEG algorithm.

In the CB-SMEG algorithm, the calculation of theeege of the user’'s channel
quality for all chunks require®(KC) operations. The sorting of the averages of
the user’'s channel quality in ascending order aecton of the chunk to be
allocated require®(C) operations. To find the user who will obtain tbhtink
requiresO(K) operations. The last two steps are repeated alhtthunks have
been allocated. The total time complexity of the-8®MEG algorithm is then
O(KC+C(C)+C(K))=0(KC)+O(C%). Futhermore, the selection criteria need
O(1) operations. The total time complexity of the ISME®orithms is a
combination of the time complexity of the SMEG aigum and that of the CB-
SMEG algorithm. Thus, the complexity of the ISMEQGgaaithms is
O(KC)+0O(K3)+ O(KC)+O(CAH+0(1) = O(KC)+O(KA+O(C?. It can be seen
that the polynomial degree @i(.) of ISMEG is 2, which is lower than that of
the IMEG algorithm. This means that the ISMEG alllpons have less time
complexity than the IMEG algorithms and they hdwe same time complexity
as the SMEG algorithm.

In order to maintain fairness among users by takmg accountk = C, the
total time complexity of the IMEG algorithms beca@(KC? and that of the
ISMEG algorithms becomedD(KC). A comparison between the time
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complexity of the improved algorithms and that loé imean greedy algorithms
is presented in Table 1. It can be seen that tHeEGMlIgorithms have the same
complexity as the MEG algorithm. The ISMEG algamnith have the same
complexity as the SMEG algorithm and less compjeitian the IMEG
algorithms.

Perform user-based Perform chunk-based
allocation allocation
(MEG, SMEG) (CB-MEG, CB-SMEG)

Yy Y

( Find RT ub and Fi ub ) ( Find RT cb and Fi cb )

ub = user-based allocation
cb = chunk-based allocation

Criteria selection
based on
spectral efficiency,

Yes

Criteria selection
based on
spectral efficiency:
IMEG-SE, ISMEG-SE

Criteria selection
based on Fairness :
IMEG-FAIR, ISMEG-FAIR

Yes
RT ub > RTcb

Y Y

User-based chunk Chunk-based chunk User-based chunk Chunk-based chunk
allocation allocation allocation allocation

END END END END
Figure3 Flowchart of the improved algorithms.

Tablel Summary of time complexity witk = C.

Algorithm Tlme.
complexity
Mean Enhanced Greedy(MEG) O(KG)
Single Mean Enhanced Greedy(SMEG) O(KC)
Improved MEG(IMEG) O(KCG)
Improved SMEG(ISMEG) O(KC)
6 Simulation Results and Discussion

The improved algorithms were evaluated based onoatenarlo simulation
using MATLAB. The sum average of the spectral &ficy and the average of
the fairness index of the proposed algorithms vaenmpared to those of the
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MEG and the SMEG algorithms. All simulations wenaleated with 5000
trials, except when observing the effect of ther'sseelocity, for which 50000
trials were used. The desired BER for each usermlinsimulations was
10“. A frequency of 2 Ghz was assumed and the chayaielof the CSI was
perfectly known by the base station. The channel gheach subcarrier per
user at every TTIl was determined on the basisefithcrocell model for urban
and suburban areas based on (1). Substititingon (1) intoCNRon (2) with
0.=N,.B, CNRper subcarrier of each user in decibel can beessed as:

CNR,,[dB =10log R, - L,-10dlog d -&,,- N, E (21)

wherel, is propagation loss, chosen to be 128.1djiBs the distance of usér
from the base station in kilometersis pathloss exponent, set to 3.#6;is the
lognormal shadowing deviation, set to 7 dB; is the rayleigh fading, with
rayleigh parameter such thatE[r ]=1; N, is the noise spectral density per
subcarrier, chosen to be —174 dBm/hz; 8nid the bandwidth per subcarrier,
set to 15 Khz. Each chunk consists of 12 consezstNcarriers.

In order to know the general behaviour of eachhef proposed algorithms in
terms of spectral efficiency and fairness, its gemniance was evaluated in four
scenarios by varying four parameters: number ofsysiistance of all users, cell
radius, and velocity of all users. The average owpment of both
performances was denoted in percentage values dragiag the performance
difference between each proposed scheme with #ngus schemes over all
values on the horizontal axis.

6.1 Effect of Number of Users

Figures 4 and 5 show the effect of the number efsusn spectral efficiency
and fairness respectively, by varying the numbeusdrs from 5 to 50. The
radius of cell was 2 kilometers. The users’ loaadiavere randomly generated
and uniformly distributed over the cell. The sune®age of spectral efficiency
of all schemes increased due to the increase irbeunf users, as can be seen
in Figure 4, since the spectral efficiencies ackiety all users are added up.
The ISMEG-SE algorithm provided a spectral efficieimprovement for all
numbers of users. It gave an average spectraieftig improvement of 2.6%
and 11.6% compared to the SMEG and MEG schemesatbggly. While the
IMEG-SE algorithm gave an average spectral effyeimprovement of 2.1%
compared to the MEG schemes, it achieved an avespgetral efficiency
reduction of 6% compared to the SMEG scheme. BIMHEG-FAIR algorithm
achieved an average spectral efficiency improvernénit9% compared to the
MEG algorithm, while it gave an average spectrétiehcy reduction of 6.3%
compared to the SMEG scheme. The IMEG-FAIR algorithchieved an
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average spectral efficiency reduction of 13.1% &8% compared to the
SMEG and MEG schemes respectively.

In Figure 5, it can be seen that by increasingntlmaber of users, the IMEG-
FAIR, IMEG-SE and MEG algorithms maintained a cansfairness, while the
ISMEG-FAIR, ISMEG-SE and SMEG algorithms experieh@e decrease in
fairness. The IMEG-FAIR scheme had the highestnégis and provided a
fairness improvement for all numbers of users. dtvegan average fairness
improvement of 16.1% and 4% compared to the SMEG MEG schemes
respectively. While the ISMEG-FAIR scheme achiewwd average fairness
improvement of 9.1% compared to the SMEG schemgaite an average
fairness reduction of 2.2% compared to the MEG ieheThe ISMEG-SE
algorithm achieved an average reduction of fairneésl.6% and 11.6%
compared to the SMEG and MEG schemes respectividie IMEG-SE
algorithm gave an average fairness improvement00®% compared to the
SMEG algorithm and an average fairness reductiof.8% compared to the
MEG scheme.
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Figure4 Effect of number of users on spectral efficiency.

Considering the results presented in Figure 4 anitl &n be concluded that
there is a trade-off between spectral efficienay fairness. The ISMEG-SE and
IMEG-SE schemes improved the spectral efficiencemthey used the spectral
efficiency selection criterium to choose the fialbcation, as shown in Figure
4. Consequently, there was a fairness reductichénSMEG-SE and IMEG-

SE schemes, as shown in Figure 5. On the other, hAtEG-FAIR and

ISMEG-FAIR improved the fairness when they used thieness selection
criterium to choose the final allocation, as shawrFigure 5. Consequently,
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there was a spectral efficiency reduction in th&EBAFAIR and ISMEG-FAIR
schemes, as shown in Figure 4.

0.95

The average of fairness index

—+— SMEG
—<— IMEG-SE
0751 | b IMEG-FAR
—<— ISMEG-SE
—— ISMEG-FAIR

0.7 | | | | | | | |
5 10 15 20 25 30 35 40 45 50

The number of users

Figure5 Effect of number of users on fairness.

6.2 Effects of Distance of Users

Figures 6 and 7 present the effects of distan@dl afsers on spectral efficiency
and fairness respectively. These were evaluatgaamyng all users at the same
distance from the base station and varying thigadce from 0.5 to 5
kilometers. The number of users within 1 cell wés @/hen increasing the
distance of all users, all schemes had the sanueney, i.e. to experience a
spectral efficiency decrease and a fairness inerédss occured because both
the average and the variance of the users’ chagaietto-noise ratio (CNR)
decreased with the increasing distance of all users

In Figure 6, it can be seen that the ISMEG-SE sehamave a small
improvement. It gave an average spectral efficiangyovement of 0.9% and
1.5% compared to the SMEG and MEG schemes respBctivhe IMEG-SE

scheme gave an average spectral efficiency impremeraf 0.5% and 1.1%
compared to the SMEG and MEG schemes respectifdlyg. ISMEG-FAIR

scheme achieved an average improvement of 0.2%0 &% compared to the
SMEG and MEG schemes respectively. The IMEG-FAIReste gave an
average reduction of 0.6% and 0.03% compared toSeE=G and MEG
schemes respectively.
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In Figure 7 it can be seen that the IMEG-FAIR schatso provided a small
fairness improvement. It gave an average fairnegsavement of 0.9% and
0.2% compared to the SMEG and MEG schemes respBctiVvhe ISMEG-

FAIR scheme achieved an average improvement of OaB% an average
reduction of 0.3% compared to the SMEG and MEG ms&serespectively. The
ISMEG-SE scheme achieved an average improvemdh06% and an average
reduction of 0.6% compared to the SMEG and MEG mm&serespectively. The
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IMEG-SE scheme gave an average improvement of &ied®.002% compared
to the SMEG and MEG schemes respectively.

By varying the users’ distance, the ISMEG-SE andEG®ASE algorithms
provided a small spectral efficiency improvemenheveas the ISMEG-FAIR
and IMEG-FAIR schemes achieved a small spectrakieficy reduction

compared to the SMEG and MEG schemes respecti@elthe other hand, the
ISMEG-FAIR and IMEG-FAIR schemes provided a smalhirrfess

improvement, while the ISMEG-SE and IMEG-SE schemes/ided a small

fairness reduction compared to the SMEG and MECersels. It can be
concluded that the proposed algorithms achievedigmificant improvements
in both spectral efficiency and fairness comparedhe SMEG and MEG
schemes.

6.3 Effect of Cell Radius

Figures 8 and 9 show the influence of cell radinsspectral efficiency and
fairness respectively. These were varied betweesnd 5 kilometers. The
number of users within 1 cell was 30 and their fioces were randomly
generated with uniform distribution over the c&he results show that the sum
of spectral efficiency and fairness of all schemesreased due to a cell-radius
increase. This was caused by the lower averagahendigher variance of the
users’ CNR when the cell radius increased.
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Figure8 Effect of radius of cell on spectral efficiency.
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In Figure 8, it can be seen that the ISMEG-SE sehgave a small spectral
efficiency improvement for all cell radii. It aclied an average spectral
efficiency improvement of 0.1% and 1.5% comparedhi®s SMEG and MEG
schemes respectively. The IMEG-SE scheme gave arage spectral
efficiency reduction of 1.3% compared to the SMEBesne and an average
spectral efficiency improvement of 1.1% comparedh® MEG scheme. The
ISMEG-FAIR scheme gave an average spectral effigieeduction of 3.1%
and 1.8% compared to the SMEG and MEG schemesatesygg. The IMEG-
FAIR scheme gave an average spectral efficiencyctezh of 4.6% and 3.2%
compared to the SMEG and MEG schemes respectively.

Figure 9 shows that the IMEG-FAIR algorithm prowda small improvement
for all cell radii. It achieved an average fairnesprovement of 2.1% and 0.5%
compared to the SMEG and MEG schemes respectifdlyg. ISMEG-FAIR
algorithm gave an average spectral fairness impnewe of 0.6% and an
average fairness reduction of 1% compared to th&€ SGMnd MEG schemes
respectively. The ISMEG-SE algorithm gave an avwerfyness reduction of
0.1% and 1.7% compared to the SMEG and MEG scheesgectively. The
IMEG-SE algorithm gave an average fairness impra@mnof 1.6% and an
average fairness reduction of 0.04% compared tSMEG and MEG schemes
respectively.

By varying the cell radius, the improved schemesoabave a small
improvement in both spectral efficiency and faisids can be concluded that
there were no significant improvements in this scien
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6.4  Effect of Velocity of Users

Figures 10 and 11 show the effects of user's viscion spectral efficiency
and fairness respectively. The number of usersinwithcell was 10 and they
moved away radially from the base station withgame velocitiy. The velocity
was varied between 0 and 240 km/h. The channa stadrmation of all users
was perfectly known by the base station and thesr@site time of channel
when a user moved at a speed of 240 km/h was 2s16ased on (18) of [28].
This means that a user moved a distance of 0.03&rsn@er TTl. When
increasing the velocity of all users, all schemasl the same tendency of
decreasing spectral efficiency and increasing &sisn This occured because
both the average and the variance of the users’ @dBeased with an
increasing distance of all users.

Figure 10 shows that the ISMEG-SE algorithm acldetree highest spectral
efficiency. It achieved an average spectral efficieimprovement of 6.5% and
12.5% compared to the SMEG and MEG schemes regplctihe IMEG-SE
algorithm gave an average spectral efficiency imenmeent of 4.1% and 10%
compared to the SMEG and MEG schemes respectiVélg. ISMEG-FAIR
algorithm gave an average spectral efficiency redon®f 2.8% and an average
improvement of 2.8% compared to the SMEG and ME@&B®s respectively.
The IMEG-FAIR algorithm achieved an average speéeffciency reduction of
8% and 2.7% compared to the SMEG and MEG scherspsctvely.

Figure 11 shows that the IMEG-FAIR algorithm haa thighest fairness. It
achieved an average fairness improvement of 6%2aB%h compared to the
SMEG and MEG schemes respectively. The ISMEG-FAGorihm gave an
average fairness improvement of 3.4% compareda®MEG scheme and an
average fairness reduction of 0.2% compared tdMB& scheme. The ISMEG-
SE algorithm gave an average fairness reductidn/86 and 5.1% compared to
the SMEG and MEG schemes respectively. The IMEGalggrithm achieved
an average fairness improvement of 0.34% comparétet SMEG scheme and
an average fairness reduction of 3.1% compareaetdEG scheme.

Varying the velocity of all users there was, agartradeoff between spectral
efficiency and fairness. These results are comgistith the results in Section
6.1, where the ISMEG-SE and IMEG-SE schemes impgtotree spectral
efficiency as presented in Figure 10, while themswa fairness reduction as
shown in Figure 11. Moreover, the IMEG-FAIR and IEGFFAIR schemes
improved the fairness, as can be seen in Figuraltthugh there was a spectral
efficiency reduction, as can be seen in FigureThais, it can be concluded that
using the selection criteria based on spectratieficy caused a sacrifice of the
fairness in the system, and vice versa.
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7 Conclusions

In this paper, improved mean greedy algorithmsaleesthe chunk allocation
problem in SC-FDMA uplink have been proposed. Theppsed algorithms
are: IMEG-SE, IMEG-FAIR, ISMEG-SE and ISMEG-FAIR.h@y are
performed by employing chunk-based allocation siamdously to existing
MEG and SMEG algorithms respectively. Selectiortecia based on both
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spectral efficiency and fairness have been proptsetioose either user-based
or chunk-based allocation for the final allocatiah each transmission time
interval.

The simulations results show that by varying thenber of users and the
velocity of the users, the ISMEG-SE and IMEG-SEesobs both achieved
spectral efficiency improvements compared to theE&vand MEG schemes.
On the other hand, there was a fairness reductientd the use of spectral
efficiency as the selection criterium. The IMEG-RAland ISMEG-FAIR
schemes gave fairness improvements compared toSMEG and MEG
schemes because they use fairness as the seledtienium. Consequently,
there was a fairness reduction with the ISMEG-S& BEG-SE schemes, as
well as a spectral-efficiency reduction with thtMEBG-FAIR and IMEG-FAIR
schemes compared to the SMEG and MEG schemes. iTloas, be concluded
that there is a tradeoff between spectral effigyesnad fairness that depends on
the objective of the allocation.

Using both allocations at the same time within & ddes not increase the time
complexity due to the asypmtotic approximation. TRBMIEG-SE and ISMEG-
FAIR algorithms have the same complexity as the SMEEheme. Meanwhile,
the IMEG-SE and IMEG-FAIR algorithms have the samoenplexity as the
MEG scheme. Both ISMEG schemes have less time @xityplthan both
IMEG schemes because the average calculation iIBM&G schemes is done
only once at each TTIl. The ISMEG-SE algorithm hlas highest spectral
efficiency with a low time complexity, whickan be applied in multimedia
services that consider throughput and time comg#aiThe IMEG-FAIR
algorithm has the highest fairness, while its tiocmmplexity can still be
compared with the other schemes.
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