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ABSTRACT

WIMAX Technology is also one of the emerging
wireless technology that provides us high speed mobile
data and telecommunication services. It provided several
services such as data, voice, and video including different
classes of Quality of Services (QoS), which in turn were
defined by IEEE 802.16 standard. Scheduling in WiMAX
became one of the most challenging issues, since it
was responsible for distributing available resources of
the network among all users; this leaded to the demand of
constructing and designing high efficient scheduling
algorithms in order to improve the network utilization, to
increase the network throughput, and to minimize the end-to-
end delay. In this paper, | have presented a brief study to
measure  the  performance  of  several scheduling
algorithms in WiMAX, which were Strict Priority algorithm
(SP), Round-Robin (RR), Weighted Round Robin (WRR),
Weighted Fair Queuing (WFQ) and Self-Clocked Fair
(SCF).
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1. INTRODUCTION
WiMAX stands  for Worldwide

Interoperability for Microwave Access. It
supports both fixed and mobile wireless broadband. Various
advance features of WiIMAX are OFDM-based physical
layer, High data rate, Adaptive modulation and coding,
Multiple-antenna techniques, Quality of Service support,
IP-based architecture etc. WiMAX is a wireless system
that is designed for metropolitan area. Therefore,
WiIMAX should support Non-LOS channel,
pedestrian mobility, and high data rate. The core technique
of WiMAX is based on the IEEE 802.16 family standard. [1]
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Fig 1: Working of WiMAX

From the above figure, we can roughly see how WiMAX

works. First, we use 802.16-2004 to build a wireless
WiIMAX Line-of-Sight (LOS) backhaul. Since 802.16-2004

is a LOS version, we can support data rates up to hundreds of
mega bits per second. Second, we use 802.16e to support the
Non-LOS environment in the metropolitan area. The physical
(PHY) layer and MAC design of WiIMAX is based on the
IEEE 802.16 standards. IEEE 802.16 standard has defined
four PHY layers for design of broadband wireless system. They
are WirelessMAN SC (original 802.16): single carrier PHY
layer for 11GHz in Line of Sight (LOS)  condition,
WirelessMAN SCA: single carrier PHY from 2GHz to 11GHz,
from point to multipoint transmission., WirelessMAN
OFDM (802.16-2004): 256 point FFT OFDM PHY layer
for point to multipoint in non-LOS conditions for 2GHz to
11GHz. WiMAX accepted this PHY layer for fixed
transmission, known as fixed WiMAX. and WirelessMAN
OFDMA: 2048 point FFT OFDMA PHY layer for point to
multipoint in nonLOS conditions for 2GHz to 11GHz [2].

The rest of this paper is structured as follows. Section 2 presents
the WiMAX Architecture. The various types of Quality of
service (QoS) classes defined by MAC layer are included in
section 3, section 4 comprises of WiMAX Scheduling and the
brief review of various scheduling algorithms are presented
in section 5. Finally, section 6 concludes the paper.

2. WIiIMAX ARCHITECTURE

WIMAX based on the standard IEEE 802.16, which consist of
one Base Station (BS) and one or more Subscriber Stations
(SSs), as shown in Figure 1, the BS is responsible for data
transmission from SSs through two operational modes: Mesh
and Point-to-multipoint (PMP), this transmission can be done
through two independent channels: the Downlink Channel
(from BS to SS) which is used only by the BS, and the Uplink
Channel (from SS to BS) which is shared between all SSs, in
Mesh mode, SS can communicate by either the BS or other
SSs, in this mechanism the traffic can be routed not only by the
BS but also by other SSs in the network, this means that the
uplink and downlink channels are defined as traffic in both
directions; to and from the BS. In the PMP mode, SSs can only
communicate through the BS, which makes the provider capable
of monitor the network environment to guarantee the Quality of
Service QoS to the customers [4]. An essential principle of
WiIMAX technology is that it is  connection oriented.
Connection oriented means that before the SS can start to send
or receive data. SS must register itself to the base station in order
to initial Quality of Service (QoS) needs with the BS. Voice
over IP (VOIP) is one of the important applications for WiMAX
in order to support bidirectional voice conversation. Since its
introduction, VoIP has been building up more and more
prevalence and some services have widened their coverage
[13].
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3. QUALITY OF SERVICE

QoS parameters are the classes that the BS in a
network should support to be able to support a
wide variety of applications. The IEEE 802.16
Medium Access Control (MAC) specifies five types of
QoS classes: Unsolicited Grant Service (UGS), real-time
Polling Service (rtPS), extended real-time Polling
Service (ertPS), non real-time Polling Service
(nrtPS), and Best Effort (BE) QoS classes and those
parameters include: [5]:-

e Unsolicited Grant Service (UGS):-UGS
is primarily intended for Constant-Bit-Rate
(CBR) services such as VolP, which means that
achieving low latency and low jitter is very
important latency and jitter as possible.

« Real-Time Polling Service (rtPS):- The Real-
Time Polling Service (rtPS) on the other hand is
designed to support real-time service flows
that generate variable size data packets on a
periodic basis, such as MPEG video.

« Extended Real-Time Polling System:-The
ertPS is built on the efficiency of both UGS
and rtPS. The BS provides unicast grants in an
unsolicited manner like UGS. Whereas the UGS
allocations are fixed in size, the ertPS allocations
are dynamic.

* Non-Real-Time Polling Service (nrtPS):-
This service class is intended to support non-
real-time service flows that require variable size
data packets, and a minimum data rate such as
FTP.

- Best Effort (BE):-The BE service is intended
to support data streams that don’t require
minimum guaranteed rate, and could be
handled on best available basis.

4. WiMAX SCHEDULING

Scheduling is critical component of WiMAX network
that impacts significantly on its performance. Scheduling
schemes help in providing service guarantees to
heterogeneous classes of traffic where there are a variety
of different quality-of- service (QoS) requirements. Two
types of scheduling schemes are supported by WiMAX i.e.
uplink request/grant scheduling and downlink scheduling.
The downlink scheduling scheme in the base station (BS)
determines the transmission period and burst profile for
every connection for downlink traffic, based on the QoS
profile as well as channel/queuing related criteria.

Downlink scheduling is simpler than scheduling in the uplink
direction [7]. This is because in the downlink the BS has
knowledge of all queues assigned to SSs, whereas it does not
have in the uplink because the links are wireless in nature with
random characteristics of channel and also the BS does not
have complete information of all SSs [11].

5. SCHEDULING ALGORITHMS

The WIMAX MAC layer is designed to support different types
of applications and services having very different QoS
requirements. The IEEE 802.16 standard does not specify the
scheduling algorithm to be used. Vendors and operators have
the choice among many existing scheduling techniques; they
can also propose their own scheduling algorithms [6]. Many
optimization criteria can be considered for scheduling
algorithms such as the total maximum data rate, fairness, and
operator  revenue optimization. The description of some
scheduling techniques is presented in the following. In this
section, we present some well-known existing scheduling
algorithms [3]:-

e Strict Priority (SP):- Strict-Priority packets
are first classified by the scheduler according
to the QoS class and then placed into
different priority queues. It services the highest
priority queue until it is empty, and then moves
to the next highest priority queue. This
mechanism could cause bandwidth starvation
for the low priority QoS classes [8].
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Fig 3: Strict Priority Scheduler

e Round-Robin (RR):-It serves each priority
queue, starting with the highest priority queue
that contains packets, services a single packet,
and moves to the next lower priority queue
that contains packets, servicing a single packet
from each, until each queue with packets has
been serviced once. It then starts the cycle over
with the highest priority queue containing

packets [8].
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Fig 4: Round Robin Scheduler
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 Weighted Round Robin (WRR):- Packets are
first classified into various service classes
and then assigned a queue that can be
assigned a different percentage of bandwidth
and is serviced in round robin order. WRR
ensures that all service classes have access to
at least some configured amount of network
bandwidth to avoid bandwidth starvation. In
order  to provide the correct percentage of
bandwidth to each class all of the packets in
tall queues are of same size [9].
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Fig 5: Weighted Round Robin Scheduler

Weighted Fair Queuing (WFQ):- As shown
in Figure 6, each flow are assigned different
weight to has different bandwidth percentage in a
way ensures preventing monopolization of the
bandwidth by some flows providing a fair
scheduling for different flows supporting
variable-length packets by approximating
the theoretical approach of the generalized
processor  sharing  (GPS)  system  that
calculates and assigns a finish time to each
packet [10].
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Fig 6: Weighted Fair Queuing Scheduler

e Self-Clocked Fair (SCF) Queuing:-SCF
Scheduler generates virtual time as an index
of the work progress; this time is computed
internally as the packet comes to the head of
the queue. The virtual time determines the
order of which packets should be served next,
Figure 7 illustrates the work progress of
SCF scheduler.
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Fig 7: Self-Clocked Fair Scheduler

7. CONCLUSION

In this paper, various scheduling algorithms such as Strict

Priority algorithm (SP), Round-Robin (RR), Weighted Round

Outgoing traffic

Robin (WRR), Weighted Fair Queuing (WFQ) and
Self- Clocked Fair (SCF) have been reviewed and the
working of their respective schedulers have been studied
in case of data communication. It has been analyzed that
the Strict Priority (SP) scheduling algorithm does not
perform well as compared to other scheduling
algorithms due to the reason of its bandwidth
starvation.

8. REFERENCES
[1] Hungwei Tseng, Ruoyu Sun and Yuan Xu, “A
Brief Introduction to WiIMAX”, EE5505
Wireless ~ Communication  Project
Report, May 12, 2010.

[2] Ala’a Z. Al-Howaide, Ahmad S. Doulat and Yaser
M. Khamayseh, “Performance Evaluation of
Different Scheduling ~ Algorithms  in ~ WIMAX”,
International Journal of Computer  Science,
Engineering and Applications (IJCSEA), Pages
103-115, Vol.1, No.5, October 2011.

[3] Ahmed H. Rashwan, Hesham M.EIBadawy and
Hazem H. Ali, “Comparative Assessments for
Different  WIMAX Scheduling  Algorithms”,
Proceedings of the World Congress on Engineering
and Computer Science 2009 Vol | WCECS 2009,
October 20-22, 2009, San Francisco, USA.

[4] Najah Abu Ali, Pratik Dhrona and Hossam Hassanein
“A performance study of uplink scheduling
algorithms  in point-to-multipoint WiIMAX
networks”, Computer communications, 2009, Vol. 32.
pp. 511-521.

[5]http://lwww.tranzeo.com/allowed/Tranzeo_ WiMAX_QoS
_Classes_Whitepaper.pdf

[6] Aymen Belghith and Loutfi Nuaymi, “Comparison
of WiMAX scheduling algorithms and proposals
for the rtPS QoS class”.

[7] Saruchi Singla and Maninder Singh Kamboj.
“Analysis of Packet Scheduling in WIMAX
Network” IJCA Proceedings  on International
Conference on Recent Advances and Future Trends
in  Information  Technology (iRAFIT  2012)
iRAFIT(4):13-17,  April 2012,  Published by
Foundation of Computer Science, New York, USA.

[8] QualNet documentation, “QualNet 4.5 Model
Library: Developer-ModelLibrary”.
http://www.scalablenetworks.com/products/qualnet/do
w nload.php#docs

[9] Semeria C., “Supporting Differentiated Service
Classes: Queue Scheduling”,
Juniper Network, 2001.
http://www.juniper.net/techpubs

[10] Janevski T., Traffic analysis and design of wireless
IP networks, ArtechHouse Inc, 2003.

[11] Chakchai  So-In,Raj Jain and  Abdel-Karim
Tamini, “Scheduling in IEEE 802.16e Mobile
WiIMAX Networks: Key Issues and Survey”, IEEE
Journal on Selected Areas In Communication |,
Vol. 27, No. 2, February 2009.

[12] Bo Li Yang Qin, Chor Ping Low and Choon Lim
Gwee 2007. A Survey on Mobile WIMAX
[Wireless Broadband Access]. Hon Kong Univ. of Sci.
& Technol., Kowloon, Vol .45, Issue 12, pp. 70-75

36


http://www.scalablenetworks.com/products/qualnet/dow
http://www.scalablenetworks.com/products/qualnet/dow
http://www.scalablenetworks.com/products/qualnet/dow
http://www.scalablenetworks.com/products/qualnet/dow
http://www.juniper.net/techpubs
http://www.juniper.net/techpubs
http://www.juniper.net/techpubs

