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Abstract Over the past few years, there has been a rapid
growth of new services offered to end users on the Internet,
such as online video games, video conferences, and multimedia
services. WiMAX networks are one prominent viable solution
for wireless broadband access that provides last-mile access to
the Internet. To satisfy the Quality of Service (Qo0S)
requirements of the applications in an acceptable way, an
efficient scheduling algorithm is needed. In the literature,
attention was focused on throughput and delay only. Jitter,
though of great significance, was not taken into account. In this
paper, we consider jitter, in addition to throughput and delay,
in order to formulate a three-term dynamic weight function.
The jitter and delay terms, in particular, are weighted by
specific  weighting factors, whose values in real-time
applications are different from those in non-real-time
applications. Simulation results are obtained by OPNET, and
it is shown that the proposed algorithm outperforms two
famous previoudly published algorithms.
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throughput, delay, and jitter [4, 5]. A schedul@gorithm is
needed to allocate the bandwidth to applicationsuch a
way as to maximize throughput and minimize delag an
jitter. The scheduling algorithm should be simgdkgr, and
efficient.

A good survey about scheduling algorithms in WiMAX
networks is presented by So-In et al. [6]. Dhrehal. [7]
have made a comprehensive performance study ofikupli
scheduling algorithms in point-to-multipoint  WiMAX
networks, where simulation analysis was carried usibg
average delay, average throughput, fairness andhefra
utilization. Recently, Kumar and Gupta [8] perfoamother
comparative descriptive analysis for various scliegu
algorithms in WiMAX networks.

Among notable scheduling algorithms for WIiMAX
networks are [9, 10, 11]: Weighted Fair Queuing QYF
Random Early Detection (RED), Fair Queuing (FQ)fithe
Round Robin (DRR), Round Robin (RR), Weighted Round
Robin (WRR), and First-In First-Out (FIFO). We hatee
choose the algorithm which guarantees the besbipeaihce.

In this respect, an algorithm with dynamic bandtvidt
allocation is usually recommended. It is also nmmd in

microwave access [12] that weighted scheduling algorithms are prreigrfor

(WiMAX) networks are a broadband wireless acces$atisfaction of QoS requirements. The reason is tha

network technology, designed according to IEEE B882.

standard [1, 2, 3]. These promising networks gEssa
multitude of advantageous features such as high dde,
large spanning area, and provision for achievimgréguired
Quality of Service (QoS) of real-time applicatiofifiey act
as a convenient medium for delivering vital sersite end
users on the Internet, such as video conferenoéiaeosideo
games, and multimedia services to end users.

weight corresponds to the number of time slots & b
allocated to the service class. This number ofsstfixed

for each WIMAX frame; hence the weight representimg
number of slots is preferably to be an integer.sTinieans
that we do not actually need algorithms such as DRR

12] in which floating point numbers are used. Ferththe
resulting algorithm will be much less sophisticated

Other recent attempts have been made by Ali and

The QoS plays a major role in determining networkDimyati [13] and El-Shinnawy et al. [14]. In [13]
performance. It has three main parameters, namelgcheduling algorithm has been developed on thes ldighe
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number of bandwidth requests from Non-Real-TimdiRpl
Service (nrtPS). In [14], a priority scheduling @lighm
based on jitter, minimum rate, delay, and clase tygs been
introduced. It was the first time for jitter to &gy in a
scheduling algorithm, but the treatment was coufirte
priority algorithms.

Jitter [15] is defined as a measure of the vaiiigbiver
time of the packet latency across a network. laisery
important QoS factor
performance. The cause of jitter occurrence is éhphacket

standard are: wireless MAN-SC (single carrier), elass
MAN SCa, wireless MAN-OFDM (orthogonal frequency
division multiplexing) and wireless MAN-OFDMA
(orthogonal frequency division multiple access).tdis
about these layers can be found in [1, 2]. OFDMAWAKK
frame is divided into two subframes: uplink subfearsind
downlink subframe separated by a Transmit-receive
Transition Gap (TTG) and a Receive-transmit Tramsit

in the assessment of networkGap (RTG). The structure of the WiIMAX frame is shoin

Figure 1 [1, 2, 6].

can get queued or delayed somewhere in the network.

Increasing the jitter value beyond a certain thotskeads to
missing packets and serious audio problems in tireal-
applications.

In the present paper, we include jitter explicitty a

performance attained is better than other algosttimterms
of average throughput, average delay, and aveitégye |

The rest of this paper is organized as followsSéttion
Il, an overview of WiMAX networks is given. Schethg
algorithms are reviewed in Section Ill. Section pxesents
the details of the proposed approach. Simulaticnlte are
introduced in Section V. Finally, conclusions anehtls for
future work are reported in Section VI.

¥

II.  ONWIMAX NETWORKS

WIMAX networks have two basic operation modes [6, 7
8]: point-to-multipoint (PMP) connection and mesh
connection. In the PMP mode, the communicationg/éxet
all subscriber stations (SSs) are organized andepas
through the base station (BS), while in the mesidanthe
communication can be achieved directly betweencsies
stations. WiIMAX provides five service classes tppsurt the
variation of QoS requirements for different apgiicas [1,
6, 7]. The first class is an unsolicited grant ser(UGS),
which is used to support real-time applicationshveibnstant
data rate such as VolP(Voice over Internet Projogithout
silence suppression. The second class is an extemdd-
time polling service (ertPS) class, which is desijrto
support real-time applications with variable datgersuch as
VolIP with silence suppression. The real-time pgllgervice
(rtPS) is the third service class type. rtPS fosuse real-
time applications with variable data rate such adaaing

: S
dynamic weight function. To our knowledge, the vitig ; St
function so formulated implies a new concept. Th:e5+2
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Figure 1. WIMAX Frame Structure

WiIMAX provides a Media Access Control (MAC) layer
that uses a grant request mechanism to authorige th
exchange of data. Thus, a better exploitation ef itidio
resources, in particular with smart antennas, addgendent
management of the traffic of every user is allowW#8].
MAC layer in WIMAX has actions [1, 2, 6], i.e., pides
QoS, responsible of security and key managemerd, an
provides power saving mode and idle mode operations
MAC layer is divided into three sub-layers. Firsd,

Picture Experts Group (MPEG) compressed video. Theonyergence sub-layer is designed as a link between

fourth service class is a non-real-time pollingvaes (nrtPS)
class, which is designed for non-real-time varidtlerate
traffic such as file transfer protocol (FTP). Thithfclass is
the best effort (BE) at, which applications do matke use of
any specific QoS requirements.

WIMAX is based on the principles of orthogonal
frequency division multiplexing (OFDM) [1], whiclsia
suitable modulation access technigue for non— dingight
(NLOS) conditions with high data rates. However,
WIMAX the various parameters pertain to the phyldizger,
such as the number of subcarriers, pilots, anddgband.
The WIMAX physical (PHY) layers defined in IEEE 808
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higher layers and WIMAX MAC layer. This is done by
mapping data from the upper layers to the apprphgAC
layer. Second, a common part sub-layer, whichspaesible
for bandwidth allocation, connection establishmemd
maintenance for all QoS requirements. Third, a istycsub-
layer, which is developed for authentication, sigukey
exchange, and encryption. To ensure good perforenanc

. WIMAX networks for the different requirements of §adn
Nreal-time applications, a suitable bandwidth allmca

algorithm is needed. In the starting of each WiMAkxme,
the scheduling algorithm computes the bandwidtbcation
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for each subscriber station to send this infornmatio UL-
MAP.

Ill.  EARLIER SCHEDULING ALGORITHMS

To meet the QoS requirements of
applications, a scheduling algorithm is neededltzate the
bandwidth to users to satisfy upper bounds on dataljitter
and to maximize throughput. Scheduling algorithras be
classified into two categories [6]: channel-awdgoathms,
and channel-unaware algorithms. In
algorithms, channel information, such as signaérgth,
signal-to-noise ratio, and received signal powéfects the
bandwidth allocation decision. In
algorithms, however, no channel information is usddny
aware schedulers are proposed in the literatusanples are
modified largest weighted delay first (M-LWDF) [1&hd
Link Adaptive largest weighted throughput (LWT) [18

Also, the channel-unaware schedulers are the dubfec
many research papers. In [6, 10], the weighted lfaRR
algorithm is proposed. This algorithm assigns
allocation for each connection in each servingeybt [6,
7, 10] WRR assigns a weight value to each connedtien
serves connections according to their allocateddwatth
based on weight. The main problem of WRR is thamitthe
traffic has a variable packet size, it providesomect
percentage of bandwidth allocation. DRR [11, 16yes® the
problem of WRR by using two variables for each gyeu
deficit counter (DC) and quantum (Q). Deficit weigth
round robin (DWRR) [18] is the same as DRR but véth
new weight variable for each queue and the Q vadyeends
on the weight value. Another modification on DRRymed
modified deficit round robin (MDRR) [20], is opeeat in the
same way as DRR but with adding a new paramettdcal
queue priority.

The above-mentioned scheduling algorithms have the
in weighted scheduling

following drawbacks. First,
algorithms, the bandwidths are assigned statieaity do not
vary with the burst changes. Second, no enoughtatteis
given to jitter causing problems in real-time apafions.
Finally, priority scheduling algorithms caused g#ion in
low priority classes. According to [6] and to thesb of our
knowledge, no scheduling algorithms take jitteragleinto
account in weighting function when taking the baitlw
allocation decision.

IV. THEPROPOSEDALGORITHM

In WIMAX networks, the BS is responsible for the
scheduling of service classes for uplink and dawknli
directions. The scheduling algorithm works on tlasds of
the bandwidth requests of SSs in the uplink dioectiThe
proposed approach is used as an uplink scheduljogtam
in the MAC layer of BS. This approach is a typevefighted
scheduling algorithms with a dynamic weight equatio
defined in terms of the parameters: throughput deldy as
well as jitter. These parameters characterize th8 Qf the
application at hand.

For each type of applications, the importance @s¢h
parameters is varying. In real-time applicationschibelong
to rtPS service class in WiMAX, the QoS parametgesall
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multimedia

channel-unaware

important and none of them can be dispensed witl, iB
non-real-time applications, which belong to nrtH&sg in
WIMAX, throughput is the only important parametsince
non-real-time applications are insensitive to delag jitter.

The problem under consideration is concerned with t
development of a real-time scheduling algorithm for
WIMAX networks. The bandwidth is to be allocatedanmg
n queues; that is, n subscriber stations. The gegpmethod
depends on the formulation of a dynamic weight fiancin

channel-awaréerms of the three QoS parameters: throughputydelad

jitter. To this end, a weight Wi is assigned to ugié as a
positive factor of the form:

N
Wi= ———
N j
j=1
In (1), N is expressed as the sum of three terms
corresponding to contributions of throughput, delapd
jitter, respectively. Specifically, we propose tfedlowing

)

€ 0N formula for a weight function N

Ni =Ti+Di+J 2)(
The first term T, in (2), is the fractional throughput
contribution to N defined as:
X
n 3
3 ox 3)
=1
where X is the minimum reserved traffic rate for queue i.
The second term;Ds the fractional delay contribution

D = (aiYi/Li)
5 (a,v,,)

=1
where Y is a time-varying average delay, is the given
maximum latency, andy is a positive delay weighting
factor. In (4), the ratio YL; (less than unity) expresses the
proportion of the delay of a particular queue re&ato the
maximum acceptable delay of the network. Furthe,ratio
Yi/L; is weighted by a factay;, whose value varies according
to the subscriber station (value of i). This idifieble since
each subscriber station is devoted to a parti@palication.
The third term Ji is the fractional jitter contriimn,

l8z/%)

J=———

n

jzl(ﬁ]ZJ/KJ)
where Zi is a time-varying average jitter; I§ the given
maximum jitter andBi is a positive jitter weighting factor.
The terms in (5) can be interpreted in the sameagap (4).

Equation 2 is valid for both real- and non-real dim

applications; this implies that the weighting fasta, andp;
should take on different values of the two types of
applications. The values ofy; and fB; for real-time
applications should be greater than those for eaftime

T .

4)

©)
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applications. The reason is the fact that-time applications
are more highly sensitive to delay and jitter. Ehés na
apparent way for systematically determining theugadf o;
andp;. Therefore, we resort to a triahic-error method. The
criterion for the choice of the values @ andf; depends on
the performance of the algorithm in WiMAX netwoir We
begin with arbitrary initial values of andp;, and estimate
the network performance in terms of throuut, delay, and
jitter. When the performance is not satisfactdng talues o
ai andpi are changed in a prescribed rancmanner, until
a satisfactory network response is arrived These final
values ofai andpi arethen fixed and made use of the
bandwidth allocation operation of the algorithrThe
simulation results to follow demonstrate idea.
The computational scheme of the proposed algorith
summarizedin the following consecutive ste
1) Values forthe delay weighting factos; and the
jitter weighting factof; are selecte.
2) For each queue, gtite values cY;and Z.
3) Calculate the values of Tin (3)), D; (in (4)), and J
(in (5)).
4) Calculate the threeerm weiglt function N
according to (2).
5) Calculate the weight Wy virtue of(1).
6) Divide the bandwidth of the uplink subfrar
among the n queudmsed on the relationsh
(BW) i= W, * (UL) gw (6)
where BW is the bandwidth reserved to quei

and Ulgyw Iis the total bandwid of the uplink
subframe.

7) The value of the bandwidth of each queue is se
SS.

8) The service for the queue is continued until
bandwidth is ended.

9) The service is moved between the queues
round robin mechanism.

V.  SIMULATION SETTING AND EXPERIMENTS

Simulation in this papers performed by theOPNET
simulator [21]. The network usezbnsists of four WiMAX
service classes: ertPS, rntPSP8tand BE with application
VolIP, video conference, FTP and HT, respectively. The
traffic parameters for each s@re class arlisted in tablel.

TABLE |. TRAFFIC PARAMETERS

 |EB8,|EBRL|EE | Ec
sevice | 2258 |ESGE E o g Egg
dass |EBEc |[BUECS| B E 8 =
=E-Sf 7 |=3887|==H ==
ertPS 25000 64000| 20 150
rPS 64000 500000 30 160
nrtPS 45000 500000] 100 300
BE 1000 64000 | N/A N/A
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The simulation results areobtained using several
scenaids by varying the number of S Each scenario
consists of one BS servinghamber of SSs in PMP mode of
operation. The frame duration ii msec, with 50% for each
uplink and downlinksubframe A random topology in 1000
x 1000 m square spaée usec The number of SSs varies
from 10 to 60 with ratio 2:3:3:2SSs for service classes
ERTPS:RTPS:NRTPS:BE, respectively. The proposed
weighted scheduling algorithmis compared with both
MDRR [20] and WRR®6, 7, 10. The throughput, delay, and
jitter are considered as performance me The simulation
time is 10 minutes

Figures 2, 3, and show the simulation results for t
average throughput, average delay, and averager,
respectively, as functions of the number of , for the
proposed algorithm together with the other two atgms
WRR and MDRR, it is clear from these figuresat the
proposed approach exhibits a better performanceWRR
and MDRR since it has:

¢ A higher throughpt
e Alower delay
* Alower jitter

In Figure 2,1 is to be noted that the differences betw
the average throughput values in the three scheyp
algorithms are not appreciable, because the thpugh the
three algorithms is defined using the same cor

4 N\
@ 12000000 |—— -
s -
‘€ 10000000 - B
3 8000000 - - EWRR
=
® 6000000 - B
o
£ 4000000 - -  EMDRR
% 2000000 - B
g 0 - = Proposed
3 Algorithm
10 20 30 40 50 60
Number of SSs
\ /

Figure 2. WiMAX averagethroughputvs. number of SSs

170



ICWMC 2013 : The Ninth International Conference on Wireless and Mobile Communications

4 A
5 -
(8]
()]
" 4 -t [—
£
> — ® WRR
& 3
()
-c | —
g 27 = MDRR
o
g 1- B
< 0 - - Proposed
Algorithm
10 20 30 40 50 60
Number of SSs
. J

Figure 3. WIMAX average delays. number of SSs
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Figure 4. WiMAX average jittevs. number of SSs

The relativesuperiority of the proposed algorithm can
attributed to the inclusion of jitter, in additiéa throughpu
and delay, in the weight function Niquation 2). Beside
the values of the weighting factoss and i are chosen in
such away that both delay and jitter are given tgr
attention in reatime applications than in n-real-time
applications. In this specific application, it isuhd thit the
best possible values of andfi are in the ratio 1:5 and 1:
respectively, in non-real-time and reghe application:

VI. CONCLUSIONAND FUTURE WORK

An uplink dynamic channelhaware weighted
scheduling algorithm for WiIMAX networkshas been
proposed. It has advantages afnceptual soundness e
computational simplicityA weight function, for each queu
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is formulated as the sum of the respective corniohs of
the QoS parameters: throughput, delay, and jitldre
inclusion of jitter is the esential modification that results
a more comprehensive weight funct Weighting factorsui
and Bi are introduced in the expressions of delay andr
contributions, respectivelffhe values of these factors in-
realtime applications should befferent from those in non-
real-time applicationslhere is no obvious strategy to cho
the values ofii and i ; therefore, a tric:and-error technique
is resorted to. Theroposedalgorithm is simulated using
OPNET. Comparison is made with two poweilgorithms:
WRR and MDRR. The results demonstrate tlour
algorithm outperforms the other two, with respect
throughput, delay, and jitter, as functions of thenber of
subscriber stations.

In a future research work, a systematic methodttie
choice of ai and Bi  will be devised. In addition, tt
algorithm will be extended to the char-aware case. An
interesting challenging task will be focused on
application of the algorithm to the newly estaldidiLong-
Term Evolution (LTE) netorks [22].
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