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The IEEE 802.11e standard of Wireless Local Area Network (WLAN) has been
designed for improving the Quality of Service (QoS) of real-time applications. The
back-off mechanism used in MAC layer of this standard cannot be adjusted

dynamically in the event of network situation change.

This research attempts to look into ways to produce an effective back-off mechanism
that is adaptive dynamically to the network status and able to support QoS for real-
time applications over wireless ad-hoc networks based on the IEEE 802.11e
standard. The current research proposes a new algorithm so-called Dynamic Fast
Adaptation of back-off algorithm for contention-based EDCA (DFA-EDCA)
mechanism. The main concept of the DFA-EDCA algorithm is to use exponential

functions to tune the back-off parameters adaptively according to changes in network



load and serve the time-bounded multimedia applications rapidly. In addition, the
DFA-EDCA algorithm also provides an intra-AC differentiation mechanism to
increase the back-off time randomness and achieve discrimination of the same traffic

priority on different stations.

The proposed algorithm has significantly reduced both collision rate and packet
delay simultaneously with an obvious increment in both system goodput and channel
utilization ratio which leads to the quality improvement of multimedia applications.
The performance evaluations are conducted by using NS-2 simulator. The simulation
results demonstrate that the proposed algorithm has greatly outperformed the
previous mechanisms such as the non-linear dynamic adaptation scheme of the
minimum contention window (CWpi, HA), dynamic adaptation algorithm of the
maximum contention window (CW .« adaptation), Adaptive Enhanced Distributed
Coordination Function (AEDCF), Random adaptive MAC parameters scheme

RAMPS and the conventional EDCA mechanism.

The results show that proposed DFA-EDCA scheme has significantly decreased the
collision rate in the whole network by 34.6 %, and reduced the mean audio and video
delay by 18.5 % and 20.8 % respectively compared with CWp;, HA scheme in the
heavy load network. It also improves the goodput of the system by 19 % and the
channel utilization ratio by 10.6 %. On the other hand, in the light load network, the
DFA-EDCA improves the total throughput by 7.1 % and the total end-to-end delay

by 8.3 % compared to RAMPS scheme.
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IEEE 802.11e standart Wireless Local Area Network (WLAN) dicipta khas untuk
meningkatkan Quality of Service (QoS) bagi aplikasi real-time multimedia. Back-off
mekanisme yang digunakan dalam MAC piawaian ini tidak boleh dilaras secara

dinamik sekiranya berlaku perubahan keadaan rangkaian.

Penyelidikan semasa cuba untuk mengkaji cara-cara untuk menghasilkan yang
berkesan back-off mekanisme di mana ia dapat menyesuaikan diri dengan beban
saluran dan dapat menyokong QoS untuk aplikasi real-time yang lebih rangkaian
wireless ad-hoc berdasarkan IEEE 802.11e standart. Kajian ini mencadangkan
algoritma baru yang dipanggil Adaptasi Dinamik Fast algoritma back-off untuk
perdebatan berasaskan mekanisme EDCA (DFA-EDCA). Konsep utama algoritma

DFA-EDCA adalah dengan menggunakan fungsi eksponen untuk menala back-off



parameters adaptif mengikut perubahan dalam beban rangkaian dan berkhidmat
aplikasi multimedia masa terbatas dengan masa yang lebih singkat. Di samping itu,
algoritma DFA-EDCA juga menyediakan satu mekanisme intra-AC differentiation
untuk meningkatkan kerawakan back-off time dan mencapai diskriminasi keutamaan

trafik yang sama di stesen yang berbeza.

Algoritma yang dicadangkan itu telah dikurangkan dengan ketara kedua-dua kadar
perlanggaran dan kelewatan paket serentak dengan kenaikan yang jelas di kedua-dua
goodput nisbah penggunaan sistem dan saluran yang membawa kepada peningkatan
kualiti aplikasi multimedia. Penilaian prestasi yang dijalankan dengan menggunakan
simulator NS-2. Keputusan simulasi menunjukkan bahawa algoritma yang
dicadangkan telah banyak mengatasi mekanisme sebelumnya seperti skim
penyesuaian dinamik tak linear tetingkap perdebatan minimum (CWmin HA),
algoritma penyesuaian dinamik tetingkap perdebatan maksimum (CWmax
penyesuaian), Adaptive Enhanced Distributed Penyelarasan Fungsi (AEDCF), skim

Random adaptive MAC tanjakan parameter dan mekanisme EDCA konvensional.

Keputusan menunjukkan bahawa dicadangkan DFA-EDCA skim telah dengan ketara
mengurangkan kadar perlanggaran di seluruh rangkaian oleh 34.6%, dan
mengurangkan min audio video dilewatkan sebanyak 18.5%, dan 20.8% masing-
masing berbanding dengan skim CWmin-HA dalam rangkaian beban berat. Ia juga
memperbaiki goodput sistem sebanyak 19% dan nisbah saluran penggunaan
sebanyak 10.6%. Sebaliknya, dalam rangkaian beban ringan, DFA-EDCA
memperbaiki jumlah throughput oleh 7.1% dan jumlah akhir-o-akhir dilewatkan

dengan 8.3% berbanding dengan skim tanjakan.

vi



ACKNOWLEDGEMENTS

All praise to ALLAH almighty for blessing me with strong faith, enlightenment, and

confidence and for facilitating all the odds to accomplish my academic journey.

I would like to express my sincere gratitude to my academic father whom I have
been blessed by his guidance, to my supervisor Assoc. Prof. Dr.Alyani bt. Ismail for
being my sincere mentor throughout this path and for showing me the way to
perfection through his constant support and scientific approach in discussions with

the utmost care in every detail to achieve excellence in research.

Many special thanks go to my co-supervisor Associate Professor Dr. Nor Kamariah
bt. Noordin, for her encouragement and invaluable guidance throughout the research
and her essential aid during my studies. She always having time for me and readily

providing her technical expertise throughout the period of my study.

I would like to thank Universiti Putra Malaysia for allowing me to proudly pursue
my post graduate studies and accept me as their scholar and for supporting me

throughout my study period.

I would like to thank all my friends especially Ahmad M., Yusser A. Taqi and all my
colleagues in the wireless laboratory, Dr. Ng Chee Kyun, Omar M Ceesay, Mostafa
K. Abdulhusain, Ali Zuhair, Samer A., Milad M. and Bashar for their invaluable
comradeship and for the illuminating discussions and invaluable help in the

development of this research.

vii



I would like to thank the man I proudly carry his name and follow his lead hopefully
one day I can be the great man whom he always meant to me, my father Dr. Ali

Shakir Al-Nuaimi.

I would like to thank the guardian angel who carried my burden and whipped my

tears, to my candle in the darkness, my mother Khariaha A. Mohammed.

I would like to thank my brother and sister whom I can only be speechless to
describe, Wameed A. Shakir and Siba A. Shakir. Without their continuous prayers
and support, this work would not have been accomplished. I ask ALLAH to keep my

family safe, and support them with good health.

Thanks also are due to other members of the academic, and the technical staff in the
faculty of engineering for their help. Also I would like to thank many people I have

met during my stay in Malaysia for their help, enjoyable discussions and good times.

viii



I certify that a Thesis Examination Committee has met on 8 February 2012
to conduct the final examination of Aws Ali Shakir Al-Nuaimi on his master of
science thesis entitled “EFFICIENT BACK-OFF MECHANISM FOR
MULTIMEDIA SUPPORT IN IEEE 802.11E” in accordance with the Universities
and University Colleges Act 1971 and the Constitution of the Universiti Putra
Malaysia [P. U.(A) 106] 15 March 1998. The Committee recommends that the
student be awarded the Master of Science.

Members of the Thesis Examination Committee were as follows:

Chairman, PhD

Dr. Khairulmizam b. Samsudin
Faculty of Graduate Studies
University Putra Malaysia
(Chairman)

Examiner 1, PhD

Professor Dr. Borhanuddin b. Mohd. Ali
Faculty of Graduate Studies

University Putra Malaysia

(Internal Examiner)

Examiner 2, PhD

Dr. Aduwati bt. Sali
Faculty of Graduate Studies
University Putra Malaysia
(Internal Examiner)

External Examiner, PhD
Professor Dr. Mahamod Ismail
Faculty of Graduate Studies
University Kebangsaan Malaysia
(External Examiner)

SEOW HENG FONG, PhD
Professor and Deputy Dean
School of Graduate Studies
Universiti Putra Malaysia

Date:



This thesis was submitted to the Senate of Universiti Putra Malaysia and has been
accepted as fulfilment of the requirement for the degree of Master of Science. The
members of the Supervisory Committee were as follows:

Alyani bt. Ismail, PhD
Associate Professor
Faculty of Engineering
University Putra Malaysia
(Chairman)

Nor Kamariah Noordin, PhD
Associate Professor

Faculty of Engineering
University Putra Malaysia
(Member)

BUJANG BIN KIM HUAT, PhD
Professor and Dean

School of Graduate Studies
Universiti Putra Malaysia

Date:



DECLARATION

I declare that the thesis is my original work except for quotations and citations,
which have been duly acknowledged. I also declare that it has not been previously,
and is not concurrently, submitted for any other degree at Universiti Putra Malaysia
or at any other institution.

AWS ALI SHAKIR AL-NUAIMI

Date: 8 February 2012

Xi



TABLE OF CONTENTS

ABSTRACT

ABSTRAK
ACKNOWLEDGEMENTS
DECLARATION

LIST OF TABLES

LIST OF FIGURES

LIST OF ABBREVIATIONS

CHAPTER

1 INTRODUCTION
1.1 Overview
1.2 Problem Statement
1.3 Motivation
1.4 Aims of the Study
1.5 Objective
1.6 Research Scope
1.7 Contribution
1.8 Study Module
1.9 Thesis Organization

2 LITERATURE REVIEW
2.1 Wireless Local Area Networks
2.2 IEEE 802.11 architecture
2.3 IEEE 802.11 MAC protocol
2.3.1 IEEE 802.11 Distributed Coordination Function (DCF)
2.4 IEEE 802.11e MAC protocol

Page
iii

vii
X1
X1V
XV
XVvii

O 0 B~ = =

10
10
11
12
13

14
14
15
16
17
22

2.4.1 IEEE 802.11e Enhanced Distributed Channel Access (EDCA) 24

2.5 QoS Limitations of IEEE 802.11 MAC
2.5.1 Limitations of DCF for QoS support
2.5.2 Limitations of EDCA for QoS support

2.6 Related Work on the EDCA mechanism

2.7 Summary

3 METHODOLOGY

3.1 EDCA problem analysis and the proposed solutions

3.2 Design of the proposed algorithm
3.2.1 Channel Measurement Scheme
3.2.2 Setting the CW after successful transmission
3.2.3 Setting the CW after unsuccessful transmission (collision)
3.2.4 Back-off timer decrease procedure

3.3 Summary

4 RESULTS AND DISCUSSIONS
4.1 Introduction

28
28
29
30
48

49
49
53
55
59
65
71
79

80
80

Xii



4.2 Simulation Experimental Setup
4.3 Network simulation topology and parameters
4.3.1 Generic Simulation Topology and Scenarios
4.3.2 Network Parameters
4.4 Performance Parameters
4.4.1 Collision Rate
4.4.2 Channel Utilization
4.4.3 Goodput
4.4.4 Gain of Goodput
4.4.5 Throughput
4.4.6 Packet Delay
4.5 Performance Evaluation

81
82
82
85
86
87
87
88
88
88
89
&9

4.5.1 Scenario One-Simulation Results for DFA-EDCA, CWminHA,

CWmax adaptation, Adaptive EDCF and EDCA schemes

900

4.5.2 Scenario Two-Simulation Results for DFA-EDCA, RAMPS and

EDCA
4.6 Summary

5 CONCLUSION AND RECOMMENDATION FOR FUTURE
WORK
5.1 Conclusion
5.2 Recommendation for Future Work

REFERENCES
APPENDIX A

BIODATA OF STUDENT
LIST OF PUBLICATIONS

100
104

105
105
106

107
114
118
119

xiii



Table

2.1

2.2

2.3

2.4

3.1

4.1

4.2

4.3

4.4

4.5

LIST OF TABLES

Page
IEEE 802.11 standards characteristics 15
IFS values specified by the PHY 22
802.11e EDCA parameter set 27
Different Ways to Enhance the EDCA protocol 44

Summaries of the proposed algorithm for IEEE 802.11e wireless Ad-hoc
network 79

MAC parameters for different ACs used in simulation scenario one 86

MAC parameters for different ACs used in simulation scenario two 86

IEEE 802.11a PHY/MAC Parameters used in simulation 86
Summary of Results in Scenario One 99
Summary of Results in Scenario Two 104

Xiv



LIST OF FIGURES

Figure Page
1.1 Small Ad-hoc Network 1
1.2 Study Module 12
2.1 Ad-hoc Network 16
2.2 IEEE802.11 Protocol Architecture 17
2.3 Basic DCF CSMA/CA 18
24 Frame Transmission Procedure of IEEE 802.11 DCF MAC 20
2.5 Data transmission with RTS/CTS in 802.11-DCF 21
2.6 Some IFS Relationships 22
2.7 IEEE802.11e MAC architecture 23
2.8 EDCA implementation of four Access Categories as implemented by

802.11e 25
2.9 IEEE 802.11e EDCA operations 26
3.1 Basic operations of EDCA 49
3.2 The CW size of the back-off timer 50
3.3 Research Process Flow Diagram 53
34 The increment ratio of initial CWmin[i] of the proposed DFA-EDCA

scheme compared with the CWmin HA scheme for each AC 64
3.5 Pseudo code for computation of initial CW size 65
3.6 The increment ratio of CWI[i] of the proposed DFA-EDCA scheme

compared with the CWmax adaptation scheme for each AC 70
3.7 Pseudo code for computation of CW size 70
3.8 Back-off Timer decrease stages 75
39 Impact of threshold value 76
3.10 Pseudo code for DFA-EDCA algorithm 77
3.11 The flow chart of the proposed DFA-EDCA algorithm 78
4.1 Network Topology for simulation scenario one 83
4.2 Network Topology for simulation scenario two 85

XV



4.3

4.4

4.5

4.6

4.7

4.8

4.9
4.10

4.11
Al
A2
A3
A4

Collision rate comparison of DFA-EDCA, DCWmin HA, CWmax

adaptation, AEDCF and EDCA 90
Channel utilization comparison of DFA-EDCA, DCWmin HA, CWmax
adaptation, AEDCF and EDCA 93
Goodput comparison of DFA-EDCA, DCWmin HA, CWmax adaptation,
AEDCF and EDCA 94
Gain of Goodput comparison of DFA-EDCA, DCWmin HA, CWmax
adaptation and AEDCF over EDCA 95
Mean Audio Delay comparison of DFA-EDCA, DCWmin HA, CWmax
adaptation, AEDCF and EDCA 97
Mean Video Delay comparison of DFA-EDCA, DCWmin HA, CWmax
adaptation, AEDCF and EDCA 98
Throughput comparison of DFA-EDCA, RAMPS and EDCA 100
Per-flow throughput performance in (a) EDCA, (b) RAMPS and (c) DFA-
EDCA schemes for different ACs 102
Delay comparison of DFA-EDCA, RAMPS and EDCA 103
Impact of a on mean audio 115
Impact of a on goodput performance 115
Impact of update period on mean audio 116

Impact of update period on goodput 116

Xvi



ACK

AIFS
AIFSN

AP

AC
AEDCF
BSS

BE

BK
CSMA/CA
CTS

Cw

CW max

CW pin
CBR

DCF

DIFS
DE-AEDCA

DFA-EDCA

ESS
EDCA

EDCF

LIST OF ABBREVIATIONS

Acknowledgment

Arbitration Inter-Frame Space

Arbitration Inter Frame Spacing Number

Access Point

Access Category

Adaptive Enhanced Distributed Coordination Function
Basic Service Set

Best Effort

Background

Carrier Sense Multiple Access with Collision Avoidance
Clear To Send

Contention Window

Contention Window Maximum

Contention Window Minimum

Constant Bit Rate

Distributed Coordination Function

Distributed Inter-Frame Space

Differentiation Enhanced Adaptive EDCA

Dynamic Fast Adaptation of back-off algorithm for contention-based
EDCA

Extended Service Set

Enhanced Distribution Channel Access

Enhanced Distributed Coordination Function

Xvii



EDCA-LA
EIFS
EWMA
FTP
FIFO
FR

HC
HCF
HCCA
IEEE
IETF
IBSS
ITU-T
IFS
LAN
Lretry
MAC
MF
NAV
NS-2
OSI
OTcl
PCF
PHY

PIFS

Enhanced Distributed Channel Access with Link Adaptation
Extended Inter-Frame Space

Exponentially Weighted Moving Average

File Transfer Protocol

First In - First Out

Frozen Rate

Hybrid Coordinator

Hybrid Coordination Function

Hybrid Coordination Function Controlled Channel Access
Institute of Electrical and Electronics Engineers

Internet Engineering Task Force

Independent Basic Service Set

International Telecommunication Union — Telecommunication
Inter-Frame Space

Local Area Network

Retry Limit

Medium Access Control

Multiplicative Factor

Network Allocation Vector

Network Simulator 2

Open Systems Interconnect

Object oriented extension of Tcl

Point Coordination Function

Physical Layer

Priority Inter-Frame Space

Xviii



PI

PF

QoS
QBSS
RTS/CTS
RAMPS
SIFS
SD-AEDCA
TXOP
TC

TCP

Tcl

UDP

Up

VoIP
VCH
VBR
WG
WiFi
WLAN

WMM

Proportional Integrator

Persistence Factor

Quality of Service

Quality of Service aware Basic Service Set
Request to Send/Clear to Send

Random Adaptive MAC Parameters Scheme
Short Inter-Frame Space

Load Adaptive EDCA with Enhanced Service Differentiation
Transmit Opportunity

Traffic Category

Transmission Control Protocol

Tool Command Language

User Datagram Protocol

User Priority

Voice over IP

Virtual Collisions Handler

Variable Bitrate

Working Group

Wireless Fidelity

Wireless Local Area Network

Wireless Multi Media

Xix



CHAPTER 1

INTRODUCTION

1.1 Overview

Wireless local area networks (WLANSs) are widely used in many situations, as they
provide an easy facility to collect and process information. The IEEE 802.11 is the
most common wireless standard used in wireless local area networks (WLANS). The
ad-hoc mode is one type of wireless networking mode that is used in a military
environment [1] and it later came to the common life environment (for example,
airports and hospitals). The main characteristics that attract attention in ad-hoc
networks are the network topology and volume of traffic that can be handled over the
network. This kind of networking has the ability to provide network support in areas
that would be impossible for the wired counterpart. Figure 1.1 shows a sample of an

ad-hoc network.

Figure 1.1. Small Ad-hoc Network

Referring to Figure 1.1, stations in ad-hoc networks are randomly distributed and
have the ability to communicate with each other without the presence of a central

controller such as an access point. Quality of Service (QoS) support is considered as



one of the key challenges that must be overcome in order to realize the convenient
benefits of ad-hoc networks. It is worth mentioning that the QoS is defined as the
ability of a network to deliver consistent pre determined results or it is a set of
service requirements to be met by the network while transporting a flow, as defined

by the Internet Engineering Task Force (IETF) [2].

Concerning WLANSs that are based on the IEEE 802.11 standard, all stations share
the network capacity and no packet gets priority over any other. Despite its
popularity, the standard lacks any built-in QoS support by virtue of supporting only
the “best effort” services [3] [4]. Since the key concept of networking in wireless
form without having to lay cables has become massively popular, an interest in
sending data derived from multimedia services (e.g. video, audio, and data) has
begun to grow rapidly in the WLAN arena. For various application levels, different
requirements of QoS are needed. For instance, real-time applications such as audio
and video conferences are delay-sensitive. Thus, packets have to be transported
across the network within a proper time. On the other hand, the delay sensitivity in
non real-time applications such as File Transfer Protocol (FTP) is not a critical issue

whereby some delays can be tolerated.

Therefore, the IEEE 802.11 TGe (task group E) enhanced the original 802.11
Medium Access Control (MAC) protocol to meet QoS requirements for different
applications in WLANs. They proposed a supplementary standard (i.e. 802.11e)
which introduced a new coordination function for the support of applications with
QoS requirements. The new coordination function combines two medium access

mechanisms: the contention-based access mechanism known as enhanced distributed



channel access (EDCA) and the contention-free access mechanism known as hybrid
coordination function (HCF) controlled channel access (HCCA). The first
mechanism delivers traffic based on differentiating user priorities (UPs). The second
mechanism allows for the reservation of transmission opportunities (TXOPs) with
the hybrid coordinator (HC). However, the IEEE 802.11e has been completed and
published as part of the IEEE Std. 802.11-2007 [5] standard. As stated in [6], “the
802.11e will remain an important technology and therefore simple mechanisms for
improving its performance will continue to be studied and eventually included in the

evolving standard”.

This thesis only considers the contention-based medium access mechanism (EDCA)
and proposes some enhancements to it. EDCA provides classes of service
mechanisms allowing packets to gain priority by defining four traffic classes, each
with its own queue. By default, these queues would be reserved for audio, video,
best-effort and background traffic. Differentiation among these classes is achieved by
differentiating three key parameters as follows: TXOP duration during which a
wireless station can send consecutive frames after it acquires the channel, the length
of the contention window to be used for the back-off (CW) and the amount of time
known as Arbitration Inter-Frame Space (AIFS) during which a wireless station
senses the channel to be idle. These parameters can be used to provide differentiation
over the channel access among flows with different priorities. The next chapter gives
a more detailed description of EDCA Differentiation. Although the EDCA
mechanism improves the QoS of real-time applications, the performance obtained is
not optimal since the mechanisms used incur a high probability of collisions and high

delays.



In the literature, several researchers have studied QoS in WLAN ad-hoc networks. It
is observed that most of their researches are focused on solutions at the MAC sub-
layer. As stated in [7], the QoS provisioning is not possible unless supported by the
MAC protocol. To sum up, one aspect of the specification of IEEE 802.11e, the QoS
support for delay-sensitive multimedia applications and the variety of techniques
used to serve such sensitive applications, has opened an issue for the current
research. This research focuses on the EDCA MAC sub-layer which deals with
traffic priorities and the back-off procedure during each contention cycle at each

wireless station.

1.2 Problem Statement

The enhancement of WLAN faces numerous obstacles and challenges that
dramatically affect the general performance of these networks in terms of
throughput, which includes a noticeable increase in time delays. Throughput and
service delay are vital elements in Quality of Service (QoS) determination. With the
ongoing improvements in wireless network standards by the Institute of Electrical
and Electronics Engineers (IEEE) association to provide enhanced QoS for delay-
sensitive applications, such as the IEEE 802.11e 2005, researchers are still
attempting to provide solutions to solve wasted bandwidth and time delays that exist

in the latest working standards.

One of the resulting problems that arise due to the working nature of some MAC
techniques in a WLAN is the problem of increased collision rates for data packets

sent on the shared wireless medium in parallel with an increase in the number of



users. Current solutions for collision reduction suffer from large time delays on
received data packets. Such problems face the WLAN infrastructure in general, and
the Ad-hoc mode specifically, due to the absence of a central coordinating unit such
as an access point (AP). In this matter, an insight into the exact issue and a
performance analysis of the mechanisms used in data services is required to
overcome such a limitation. The IEEE 802.11e standard was specifically proposed to
support QoS for real-time applications as it has become an important factor in user

networks today.

The aforementioned standard utilizes a differentiation protocol such the EDCA
protocol which is based on access category priorities, as explained in the next
chapter, to enhance and support such applications. Although the EDCA mechanism
improves the QoS of real-time applications, the performance obtained is not optimal
since the EDCA parameters still negatively affect the QoS of these applications.
These parameters are not dynamically optimized for varying network conditions [8].
Such circumstances motivate the introduction of a dynamic and optimized solution to

cope with such varying network conditions.

A binary exponential back-off algorithm is one of the mechanisms used in the EDCA
protocol of the MAC sub-layer in IEEE 802.11. The discrete back-off timer
measured in back-off slots is randomly selected from [0, CW[{]] in the contention
procedure of every station [5]. Afterwards, the timer starts to decrease once every
empty time slot for all access categories, while the channel is idle for the duration of
the AIFS. Once a transmission is detected on the wireless channel, the back-off timer

is frozen, and then resumes again after sensing an idle channel. When the back-off



timer reaches zero, the station attempts transmit its data immediately. Upon each
successful transmission, EDCA assigns a minimum value of CW[i] for the next data
frame with a specific priority in a consideration that the channel is not congested

anymeore.

Each time the transmission of a frame failed, the value of CW[i] is doubled blindly
and this continues until it reaches CW,,.,[i] (i.e. the maximum limit of CW[i]). Under
such circumstances, CW[i] remains at CW,,,[i] until the frame can be successfully
sent or the retry limit is reached then CW[i] drops back to CW,,;,[i]. The frame is
discarded if the number of retransmission attempts (i.e. the retry limit) has reached

the maximum value allowed.

The first problem under this study is that the number of collisions for sent frames in a
shared wireless medium increases due to the lack of a mechanism that could adapt
the back-off window procedure for both successful and unsuccessful transmissions
with regard to the channel status. As mentioned before, the standard routine
immediately drops the CW[i] parameter back to CW,;,[i] in case of a successful
transmission regardless of the channel condition whether it is congested or not. Such

a routine leads to a high collision rate in a highly loaded channel.

The assumption in the standard routine is that when several successful transmissions
occur indicates that the wireless channel is not loaded which cannot be considered
true. Thus, frequently setting CW[i] down to the minimum size upon each successful

transmission might lead to an encounter with a high loaded channel in some cases



which would also further lead to repeated collisions and hence decrease the system

performance rapidly.

Conversely, doubling the CW[i] size blindly after each unsuccessful transmission is
not favourable because it might lead to increased time delays in data frame arrival
times. In fact, when the network is lowly loaded, frequent collisions in the medium
might occur due to the choice of the same back-off time slot by another station at
random. Therefore, doubling CW[i] size blindly upon each collision might result in

many time gaps during the back-off procedure.

The second problem is that the back-off countdown procedure is decremented
periodically by one time slot for all access category (AC) priorities while the channel
is idle given equal speeds of reduction for all access category priorities to access the
wireless channel. In fact, such a back-off degradation procedure negatively affects
the QoS of multimedia applications and results in even more degradation in the
channel utilization and network performance, especially when there is contention
among a few wireless stations. Furthermore, this procedure does not provide an intra-
AC differentiation mechanism among the multiple access categories of the same
priority level. When many stations attempt to transmit data of the same AC priority
level on the same selected slot time after the back-off timer reaches zero, a collision
will occur because all these stations will get the same probability of channel access.
As the number of stations increases, the number of collisions increases too, leading
to performance degradation of network throughput, channel usage and increased

access delay.



Therefore, the possibility of collisions and time delays can be minimized to the
lowest levels if each station contends for the wireless medium in a properly selected
time slot. In other words, adopt a dynamic algorithm that adapts the contention
window size and back-off countdown procedure according to the channel condition,
i.e. in terms of recent channel activities. This is in addition to providing an intra-AC
differentiation mechanism for the back-off counter to avoid wasting empty time slots
and reduce packet collisions, which in turn leads to further improve the performance

of whole wireless network and supports QoS for multimedia applications.

1.3 Motivation

One of the challenges in wireless networks of today is providing appropriate QoS
support for the dramatically growing demand from the aspect of multimedia
applications [9]. As recommended in [10] concerning QoS provisioning in IEEE
802.11 MAC, the time sensitive applications need to be adaptive to the channel
condition in order to deal with the inherent fluctuation of wireless channels. In a
shared wireless channel there are two major factors affecting the quality of real-time
applications: collisions due to unsuccessful transmissions and delays due to wasted
idle slots which result from back-off times at each contention period. These two
problems are caused by ineffective algorithms used in the contention-based EDCA
mechanism of the MAC sub-layer. The back-off algorithm is one of these algorithms
that affect the performance profoundly. However, the above mentioned problems are
inherently conflicting, which means reducing delays could increase the number of
collisions and vice versa. As a result, a trade-off between wasting idle slots and the

risk of frequent collisions and retransmissions should be considered. Therefore, it is



desirable to carefully control the back-off procedure at each contention cycle to
achieve better performance for multimedia applications. Since the back-off timer
uses contention window size as part of the countdown procedure, the optimal setting
of the contention window will affect the performance of the system. To this end, the
research target is aimed at designing a good algorithm to manage the contention
window size and enhance the degradation of the back-off timer under the EDCA

protocol in order to provide appropriate QoS support for real time applications.

1.4 Aims of the Study

The aim of this research is to improve general network performance by designing
and refining an algorithm that is able to reduce overall collision rates, reduce time
delays and support time sensitive applications with a better QoS. As much as
possible, the main target in this thesis is to design a dynamic back-off algorithm
adaptive to the channel conditions and traffic priorities in the cases of both a
successful and a failed transmission. This research should demonstrate that the
algorithm presented has the ability to reduce collisions and delays on a shared
wireless channel and give high performance at high and low network loads. The
proposed algorithm will be mainly based on monitoring channel conditions in terms
of average congestion rates of the channel during regular time periods. Then,
exponential functions will be used to adjust the sizes of the contention window upon
successful and failed transmission. Furthermore, the proposed algorithm will use a
fast back-off reduction to serve the highest priority access category rapidly when the
wireless channel is unloaded. In addition, the back-off timer in the proposed

algorithm will provide an intra-AC differentiation mechanism among the multiple



ACs of the same priority level. Simulation results have shown that compared to the
standard routine the proposed procedure achieves better performance in wireless
LANS, and provides QoS support for real-time applications as well as reduces both

the increased time delays and collisions of data sent to the medium.

1.5 Objective

This research aims to achieve these specific objectives as listed below to overcome

some of network problems inherent in the EDCA of the MAC sub-layer.

1. To propose an efficient algorithm that is able to adapt the contention window
size dynamically to the channel status in each contention cycle for improving

the overall network performance.

2. To provide QoS support for multimedia applications by serving multimedia
applications rapidly in each contention cycle in addition to reduce collision
rates among ACs of the same priority level by solving the intra-AC

differentiation problem.

1.6 Research Scope

In wireless local area networks, congestion may bring about degradation of overall
channel utilization due to two important events; increased collision rates of data sent
to the wireless channel and increased time delays. Both of these events affect the

performance profoundly for stations whose data has to traverse a wireless channel

10



quickly. Although EDCA allows setting different MAC static parameters for each
access category to attempt to avoid occurrence of such problems and to provide QoS
mechanisms for medium access, the performance obtained is still not efficient. This
is due to the EDCA parameters not being adapted to the network loads or channel
conditions [11]. Thus QoS support for IEEE 802.11e is still challenging and merits
further study. Therefore, the main task of this thesis is to focus on QoS support in the
IEEE 802.11e EDCA back-off mechanism in which time sensitive multimedia
services should be improved. It is important to mention that the limitation of the
proposed algorithm appears through using a small number of active station in which
the proposed algorithm does not make a good impact in the system. Furthermore, one
more limitation in this research is that the test-bed implementations in which there
were no equipments to run the test-bed in real environment. Since the proposed
algorithm is based on the channel measurement scheme, this modification is required

into existing hardware.

1.7 Contribution

The main contribution of this study is developing an adaptive back-off algorithm that
is able to adjust the contention window size dynamically upon successful and failed
transmission based on up-to-date information obtained about channel activities.
Moreover, the proposed algorithm adapts the back-off countdown procedure to the
current channel condition and uses an exponential decreasing function, with different
exponential decreasing rates for each access category in order to serve multimedia
applications faster and maintain the QoS differentiation for these applications.

Furthermore, to reduce the probability of choosing the same time slot for

11



transmission by stations belonging to the same AC priority level, the randomness of
the back-off timer has extended by using an offset function. The goals behind the
proposed algorithm are to alleviate the overall collision rate, minimize packet delay
and increase the performance of the network in terms of system goodput, network
throughput and medium utilization in all network conditions. In addition, our

algorithm improves the service of time-bounded applications.

1.8 Study Module

The direction of this research is illustrated in Figure 1.2. The bold lines represent the

current research direction.
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1.9 Thesis Organization

This thesis is organized into five chapters including this introductory chapter. The

rest of the chapters are arranged as follows:

Chapter 2 provides an overview of the subject related to the methodology of this
research, and then summarizes several related back-off algorithms proposed by

different researchers.

Chapter 3 is the main part of this thesis; it presents the problem analysis and
describes the methodology used through this research which is mainly focused on the

proposed solutions that are addressed in the objectives.

Chapter 4 presents the network simulation topology and scenarios used to simulate
the new algorithm using an NS-2 simulator. Results of enhancement that have been
obtained from the experiments conducted on different performance metrics are then

presented and their implicit reasons are discussed in detail.

Chapter 5 concludes the overall study of this research and provides recommendations

for future work.

13



[1]

(3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

REFERENCES

S. Manaseer and M. Ould-Khaoua, "Logarithmic based backoff algorithm for
MAC protocol in MANETSs," DCS Technical Report Series, TR-2006-213,
Dept of Computing Science, University of Glasgow, 2006.

The Internet Engineering Task Force (IETF), http://www.ietf.org/, 2011.

H. Zhu, M. Li, I. Chlamtac and B. Prabhakaran, "A survey of quality of
service in IEEE 802.11 networks," IEEE Wireless Communications, vol. 11,
pp. 6-14, 2004.

S. Choi, J. Del Prado and S. Mangold, "IEEE 802.11e contention-based
channel access (EDCF) performance evaluation," in [EEE International
Conference on Communications ICC'03, vol. 2, pp. 1151-1156, 2003.

"IEEE Standard for Information Technology-Telecommunications and
Information Exchange Between Systems-Local and Metropolitan Area
Networks-Specific Requirements - Part 11: Wireless LAN Medium Access
Control (MAC) and Physical Layer (PHY) Specifications," IEEE Std 802.11-
2007 (Revision of IEEE Std 802.11-1999), pp. C1-1184, 2007.

W. Spearman, J. Martin and J. Westall, "Dynamic Traffic Prioritization in
802.11e Networks," Clemson University, 2008.

A. Hamidian and U. Korner, "An enhancement to the IEEE 802.11e EDCA
providing QoS guarantees ," Telecommunication Systems, vol. 31, pp. 195-
212, 2006.

C. Ojeda-Guerra and 1. Alonso-Gonzalez, "Adaptive tuning mechanism for
EDCA in IEEE 802.11e wireless LANSs," in [4th European Wireless
Conference EW 2008, pp. 1-7, 2008.

G. Min and M. 1. Abu-Tair, "An improved medium access control scheme for
multimedia wireless local area networks," in Proceedings of the 3rd
International Conference on Mobile Multimedia Communications, pp. 1-6,
2007.

A. Asaba, "Dynamic dual adaptation of EDCA mode for QoS support in
IEEE 802.11 wireless AD HOC networks," Master thesis, Makerere
University, 2009.

H. Kyung, S. Seo and S. Park, "QoS (quality-of-service) improvement in
IEEE 802.11e enhanced distributed channel access (EDCA)," in IEEE
International Symposium on Communications and Information Technology
ISCIT 2004, vol. 1, pp. 302-307, 2004.

107



[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

A. Kanjanavapastit and B. Landfeldt, "A modified point coordination
function in IEEE 802.11 wireless LAN," in [I/th IEEE International
Conference on Networks ICON'03, pp. 561-566, 2003.

J. Martinez Navarro, "Evaluation of the impact of mobility models on
handover in WLAN indoor environments,” Master thesis, Universitat

Politecnica de Catalunya, 2009.

WiFi Alliance, http://www.wi-fi.org/, 1999.

D. Lowe, Networking all-in-One Desk Reference for Dummies. 3 ed, Wiley
Publishing, Inc., Canada, 2008.

A. S. Tanenbaum, Computer Networks. 4" ed, Prentice Hall PTR, 2002.

Y. C. Lai, Y. H. Yeh and C. L. Wang, "Dynamic Backoff Time Adjustment
with Considering Channel Condition for IEEE 802.11e EDCA," Information
Networking Towards Ubiquitous Networking and Services, pp. 445-454,
2008.

M. Frikha, F. B. Said, L. Maalej and F. Tabbana, "Enhancing IEEE 802.11e
standard in congested environments," in International Conference on Internet
and Web Applications and Services/Advanced AICT-ICIW '06, pp. 78, 2006.

W. Stallings, Wireless Communications and Networks. 2™ ed, Upper Saddle
River, NJ : Pearson Prentice Hall, 2005.

P. Ferre, A. Doufexi, A. Nix and D. Bull, "Throughput analysis of IEEE
802.11 and IEEE 802.11e MAC," in IEEE Wireless Communications and
Networking Conference WCNC 2004, vol. 2, pp. 783-788, 2004.

A. Nafaa, A. Ksentini and A. Mehaoua, "SCW: Sliding contention window
for efficient service differentiation in IEEE 802.11 networks," in /EEE

Wireless Communications and Networking Conference, vol. 3, pp. 1626-
1631, 2005.

Q. Ni, L. Romdhani and T. Turletti, "A survey of QoS enhancements for
IEEE 802.11 wireless LAN," Wireless Communications and Mobile
Computing, vol. 4, pp. 547-566, 2004.

C. Yu, B. Lee, S. Kalubandi, M. Kim, S. Hall and O. Hall, "Medium access
control mechanisms in mobile ad hoc networks," Mobile Computing
Handbook, CRC Press, Boca Raton, FL, 2004.

H. Wu, Y. Peng, K. Long, S. Cheng and J. Ma, "Performance of reliable
transport protocol over IEEE 802.11 wireless LAN: Analysis and
enhancement," in 2/st IEEE Annual Joint Conference of the Computer and
Communications Societies INFOCOM 2002, vol. 2, pp. 599-607, 2002.

108



[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

J. Yoo and C. Kim, "On the hidden terminal problem in multi-rate ad hoc
wireless networks," in Information Networking, pp. 479-488, 2005.

H. Jasani and N. Alaraje, "Evaluating the performance of IEEE 802.11
network using RTS/CTS mechanism," in IEEE International Conference on
Electro/Information Technology, pp. 616-621, 2007.

Y. Ge, J. C. Hou and S. Choi, "An analytic study of tuning systems
parameters in IEEE 802.11e enhanced distributed channel access," Computer
Networks, vol. 51, pp. 1955-1980, 2007.

H. Takabi, A. H. Moghadam and A. Khonsari, "Hybrid adaptation of the
maximum contention window (CWmax) and minimum contention window
(CWmin) for Enhanced Service Differentiation in IEEE 802.11 Wireless Ad-
hoc Networks," International Journal of Computer Science and Network
Security, vol. 6, pp. 281, 2006.

B. Hour and S. Hameed, "Proposed Enhancement of IEEE802.11e WLAN
Through Real Time Simulation Study," The International Arab Journal of
Information Technology, vol. 6, pp. 371-377, 20009.

Y. Xiao, "QoS guarantee and provisioning at the contention-based wireless
MAC layer in the IEEE 802.11e wireless LANs," I[EEE Wireless
Communications, vol. 13, pp. 14-21, 2006.

P. Hemanth, D. Shankar and P. Jayakrishanan, "Enhancement of QoS in
802.11e for Different Traffics," Distributed Computing and Networking, pp.
408-413, 20009.

B. J. Oh and C. W. Chen, "Analysis of retry limit for supporting VoIP in
IEEE 802.11e EDCA WLANS," in Proceedings of 16th International
Conference on Computer Communications and Networks ICCCN 2007, pp.
464-469, 2007.

"IEEE Standard for Information Technology - Telecommunications and
Information Exchange Between Systems - Local and Metropolitan Area
Networks - Specific Requirements Part 11: Wireless LAN Medium Access
Control (MAC) and Physical Layer (PHY) Specifications Amendment 8:
Medium Access Control (MAC) Quality of Service Enhancements," IEEE Std
802.11e-2005 (Amendment to IEEE Std 802.11, 1999 Edition (Reaff 2003),
pp- 0_1-189, 2005.

M. El Masri and S. Abdellatif, "Managing the virtual collision in IEEE
802.11e EDCA," in 8th IFAC International Conference on Fieldbuses and
Networks in Industrial and Embedded Systems, 2009.

S. Mangold, "Analysis of IEEE 802.11e and application of game models for

support of quality-of-service in coexisting wireless networks," Ph.D.
Dissertation, Aachen University, 2003.

109



[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

D. Gu and J. Zhang, "QoS enhancement in IEEE 802.11 wireless local area
networks," IEEE Communications Magazine, vol. 41, pp. 120-124, 2003.

G. W. Wong and R. W. Donaldson, "Improving the QoS performance of
EDCEF in IEEE 802.11e wireless LANs," in IEEE Pacific Rim Conference on
Communications, Computers and Signal PACRIM 2003, vol. 1, pp. 392-396,
2003.

S. Mangold, S. Choi, P. May and G. Hiertz, "IEEE 802.11e-fair resource
sharing between overlapping basic service sets,” in the [3th IEEE
International Symposium on Personal Indoor and Mobile Radio
Communications, vol. 1, pp. 166-171, 2002.

T. Hyung Kim, L. Marwitz and D. Ku Kim, "Dynamic Offset Contention
Window (DOCW) Algorithm for Wireless MAC in 802.11e Based Wireless
Home Networks," Mobile Communications, pp. 1-16, 2003.

S. Mangold, S. Choi, P. May, O. Klein, G. Hiertz and L. Stibor, "IEEE
802.11e wireless LAN for quality of service," in Proc. European Wireless,
pp. 32-39, 2002.

L. Romdhani and C. Bonnet, "Performance analysis and optimization of the
802.11e EDCA transmission opportunity (TXOP) mechanism," in 3rd IEEE
International Conference on Wireless and Mobile Computing Networking
and Communications WiMOB 2007, pp. 68-68, 2007.

W. Huang and R. Li, "A strategy to optimize the EDCA in WLAN," in 3rd
International Symposium on Intelligent Information Technology Application,
pp. 144-147, 2009.

J. Lv, X. Zhang, X. Han and Y. Fu, "A novel adaptively dynamic tuning of
the contention window (CW) for distributed coordination function in IEEE
802.11 ad hoc networks," in International Conference on Convergence
Information Technology, pp. 290-294, 2007.

I. Aad, Q. Ni, C. Barakat and T. Turletti, "Enhancing IEEE 802.11 MAC in
congested environments," Comput. Commun., vol. 28, pp. 1605-1617, 2005.

A. Kajackas and A. VindaSius, "Applying IEEE 802.11e for Real-Time
Services," Electronics and Electrical Engineering, pp. 89, 2009.

Y. Dong, Y. Wang and Q. Xia, "A load adaptive IEEE 802.11e EDCA
backoff scheme with enhanced service differentiation," in /2th IEEE
International Conference on Communication Technology ICCT 2010, pp.
1056-1059, 2010.

L. Romdhani, Q. Ni and T. Turletti, "Adaptive EDCF: Enhanced service

differentiation for IEEE 802.11 wireless ad-hoc networks," in IEEE Wireless
Communications and Networking WCNC 2003, vol. 2, pp. 1373-1378, 2003.

110



[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

H. M. Liang, S. Zeadally, N. K. Chilamkurti and C. K. Shieh, "Optimizing
Channel Access in Wireless Local Area Network Environments with a New
Backoff Approach," International Journal of Multimedia and Ubiquitous
Engineering, vol. 4, pp. 35-48, 2009.

L. Gannoune, S. Robert, N. Tomar and T. Agarwal, "Dynamic tuning of the
maximum contention window (CWmax) for enhanced service differentiation
in IEEE 802.11 wireless ad-hoc networks," in 60th IEEE Vehicular
Technology Conference VTC 2004, vol. 4, pp. 2956-2961, 2004.

J. Naoum-Sawaya, B. Ghaddar, S. Khawam, H. Safa, H. Artail and Z. Dawy,
"Adaptive approach for QoS support in IEEE 802.11e wireless LAN," in
IEEE International Conference on Wireless and Mobile Computing
Networking and Communications WiMob'2005, vol. 2, pp. 167-173, 2005.

L. Gannoune, "A non-linear dynamic tuning of the minimum contention
window (CWmin) for enhanced service differentiation in IEEE 802.11 ad-hoc
networks," in 63rd IEEE Vehicular Technology Conference VIC 2006, pp.
1266-1271, 2006.

Y. Cheng, Z. Li and B. Li, "Adaptive transmission probability for IEEE
802.11e MAC enhancements," in [International Conference on Wireless

Communications, Networking and Mobile Computing WiCom 2007, pp.
2169-2172, 2007.

J. Lv, X. Zhang and X. Han, "A novel dynamic tuning of the contention
window (CW) for IEEE 802.11e enhanced distributed control function,” in
4th International Conference on Networked Computing and Advanced
Information Management, pp. 62-67, 2008.

J. Tao, S. Sipei, W. Kai and L. Xiangpu, "Research on an improved algorithm
based on IEEE802.11e EDCF mechanism," in 4th International Conference
on Wireless Communications Networking and Mobile Computing WiCOM'08,
pp- 1-3, 2008.

P. Patras, A. Banchs and P. Serrano, "A control theoretic approach for
throughput optimization in IEEE 802.11e EDCA WLANS," Mobile Networks
and Applications, vol. 14, pp. 697-708, 2009.

S. Abeysekera, T. Matsuda and T. Takine, "Dynamic contention window
control scheme in IEEE 802.11e wireless LANSs," in 69" IEEE Vehicular
Technology Conference VTC 2009, pp. 1-5, 2009.

J. Wang, S. Makfile and J. Li, "A random adaptive method to adjust MAC
parameters in IEEE802.11e WLAN," Journal of Central South University of
Technology, vol. 16, pp. 629-634, 2009.

N. Tadayon and S. Zokaei, "Introducing an adaptive method to tune initial
backoff window (CWmin-ATM) in IEEE 802.11 wireless networks,"

111



[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

EURASIP Journal on Wireless Communications and Networking, pp. 27,
2010.

H. Wang, Y. Hu, L. Zhang, W. Xia, F. Foukalas, R. B. H. Siddamallaiah, G.
Subramanian, P. S. Satyanarayana, R. Jha and H. Patel, "A New Adaptive
EDCA Approach to QoS of Wireless Communications," Wireless
Engineering and Technology, pp. 1, 2010.

Y. Kwon, Y. Fang and H. Latchman, "A novel MAC protocol with fast
collision resolution for wireless LANS," in 22nd IEEE Societies Annual Joint
Conference of the IEEE Computer and Communications INFOCOM 2003,
vol. 2, pp. 853-862, 2003.

M. Malli, Q. Ni, T. Turletti and C. Barakat, "Adaptive fair channel allocation
for QoS enhancement in IEEE 802.11 wireless LANSs," in IEEE International
Conference on Communications, vol. 6, pp. 3470-3475, 2004.

M. Conti and E. Gregori, "Optimization of bandwidth and energy
consumption in Wireless Local Area Networks" Performance Evaluation of
Complex Systems: Techniques and Tools, pp. 181-211, 2002.

P. M. Berthouex, L. C. Brown and D. F. Hambley, "Statistics for
Environmental Engineers," Environmental and Engineering Geoscience, vol.
8, pp. 244, 2002.

H. Zhu, G. Cao, A. Yener and A. D. Mathias, "EDCF-DM: A novel enhanced
distributed coordination function for wireless ad hoc networks," in /IEEE
International Conference on Communications, vol. 7, pp. 3886-3890, 2004.

Q. Ni, "Adaptive EDCF and its implementation," http://www-
sop.inria.fr/planete/qni/Research/ AEDCF/, 2002.

B. Furht, "Multimedia systems: an overview," in IEEE MultiMedia, vol. 1,
pp. 47-59, 1994.

P. Patras, A. Banchs, P. Serrano, "A Control Theoretic Scheme for Efficient
Video Transmission over IEEE 802.11e EDCA WLANSs", accepted for
publication in ACM  Transaction on Multimedia Computing,
Communications and Applications TOMCCAP, 2011.

Y. Solomon, "Defining and improving data throughput in wireless LAN,"
Texas Instruments, 2003.

M. van Es, "Monitoring of end-to-end delay and throughput in a UMTS
network," Master thesis, Blekinge Institute of Technology in Karlskrona,
2007.

L. Gannoune, "A Comparative Study of Dynamic Adaptation Algorithms for
Enhanced Service Differentiation in IEEE 802.11 Wireless Ad Hoc

112



Networks," in International Conference on Internet and Web Applications
and Services/Advanced AICT-ICIW '06, pp. 31, 2006.

113



	EFFICIENT BACK-OFF MECHANISM FOR MULTIMEDIA SUPPORTIN IEEE 802.11E
	ABSTRACT
	TABLE OF CONTENTS
	CHAPTERS
	REFERENCES



