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Among the issues the telecommunication industry is the demand for multimedia
applications with Quality of Service (QoS) in wireless/mobile networks. In the face of
this increasingly complex traffic mix, where each service imposes different requirements,
QoS provisioning and guarantee for multimedia services have become increasingly
important. This is partially due to the users' requirements and poses a difficult challenge
for network service providers. The tasks are more challenging than those in the wired
networks due to the shortage of resources and the mobility present in wireless networks.

The mobility factor causes severe fluctuations of resource usage.

In this research, the QoS provisioning and resource utilization for multimedia services in

wireless/mobile networks aspects are addressed.

The first proposed scheme is called Adaptive Multi-Class Services Controller scheme

(AMCSC). This scheme harnesses the combinations of Call Admission Control (CAC),



an Adaptive Bandwidth Allocation (ABA) algorithm with micro-Acceptable Bandwidth
Level (micro-ABL) and the Connection Management Table (CMT). The specific
objective in designing the AMCSC Scheme is to reduce the New Connection Blocking
Probability (NCBP) and the Handoff Connection Dropping Probability (HCDP) by
managing resource allocation to address. The insufficient resource problem is
experienced by the MTs. This scheme supports multiple classes of non-adaptive and

adaptive multimedia services with diverse QoS requirements.

The second proposed scheme is a bandwidth reservation scheme based on Mobility
Prediction Scheme (MPS). Two proposed MPSs are deployed to predict the mobility
movement of mobiles. The first MPS obtains the user mobility information by Received
Signal Strength (RSS) which also includes the direction of the MT. This is enhanced
based also on the position of the MT within a sector and zones of the cell. The second
MPS obtains the user mobility information using the road map information of the cell and
the integrated RSS and Global Position System (GPS) measurements. The simulation
results show that the proposed scheme enhances the estimation of the target cell. This
shown by the reduction of the signalling traffic in wireless cellular networks, reduction of
the number of terminated ongoing calls of non-real time traffic and reduction of the

number of cancelled reservation due to false reservation.

The third proposed framework is an integration of the AMCSC scheme and the
bandwidth reservation done based on the MPS. This integration is used to achieve the
ideal balance between the users’ QoS guarantee of multiple classes of wireless
multimedia and maximizing the bandwidth utilization. The performance result of the

proposed framework has proven to improve the achieved performance metrics.



The performances analysis in this research is discrete simulation. The proposed schemes
have proven to enhance the performance in terms of NCBP and HCDP for each type of
traffic, management the resource for multiple traffics with diverse requirement,

bandwidth utilization and predicting the target cell in the right time and place.
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Salah satu isu terkini dalam industri komunikasi adalah permintaan aplikasi multimedia
dengan Quality of Service (QoS) untuk rangkaian tanpa wayar/mobil. Berdepan dengan
cabaran dalam menghadapi peningkatan trafik yang kompleks, di mana setiap servis
mempunyai permintaan yang berlainan, kepentingan untuk pengawasan QoS dan jaminan
bagi servis multimedia semakin meningkat. Sebahagian hal ini adalah disebabkan oleh
permintaan pengguna dan peranan yang sukar dimainkan oleh penyedia khidmat
rangkaian. Cabaran yang perlu dihadapi oleh rangkaian tanpa wayar adalah lebih sukar
jika dibandingkan dengan rangkaian berwayar kerana rangkaian tanpa wayar kekurangan
dari segi sumber dan kehadiran mobility dalam rangkaian tersebut. Faktor mobiliti

mengakibatkan fluktuasi pada sumber yang sedia ada.
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Dalam penyelidikan ini, aspek pengawasan QoS dan jaminan terhadap servis multimedia

pada rangkaian tanpa wayar/mobil akan diberi lebih penekanan.

Skema pertama iaitu skema adaptasi yang dinamakan sebagai skema Adaptive Multi-
Class Services Controller (AMCSC). Skema ini menggabungkan Call Admission Control
(CAC) dan algoritma Adaptive Bandwidth Allocation (ABA) bersama mikro-Acceptable
Bandwidth Level (mikro-ABL) dan Connection Management Table (CMT). Objektif
yang lebih spesifik dalam mereka-bentuk Skema AMCSC adalah untuk mengurangkan
New Connection Blocking Probability (NCBP) dan Handoff Connection Dropping
Probability (HCDP) dengan mengawal penenmpatan sumber kepada alamat. Masalam
kekurangan sumber ini dialami oleh MT. Skema ini menyokong beberapa kelas servis

multimedia bukan-adaptasi dan multimedia adaptasi dengan pelbagai keperluan QoS.

Skema kedua, iaitu skema penempahan jalur-lebar berasaskan kepada Mobility Prediction
Scheme (MPS). Dua MPS yang dicadangkan digunakan untuk menjangkakan pergerakan
mobil. MPS pertama memiliki informasi pergerakan pengguna melalui Received Signal
Strength (RSS) termasuk arah pergerakan MT. Asas peningkatan ini juga berlaku ke atas
posisi MT dalam jangkauan sektor dan zon sel. MPS kedua memiliki informasi
pergerakan penguna yang menggunakan maklumat peta perjalanan sel dan gabungan RSS
dan ukuran Global Position System (GPS). Keputusan simulasi menunjukkan skema
yang dicadang meningkatkan jangkaan terhadap sel sasaran. Ini ditunjukkan melalui
pengurangan isyarat trafik di dalam rangkaian sellular tanpa-wayar, pengurangan jumlah
panggilan keluar dalam trafik masa sebenar yang dicantas dan pengurangan jumlah

penempahan yang dibatalkan berikutan penempahan yang tidak tepat.
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Skema ketiga yang dicadangkan adalah integrasi antara skema AMCSC dan penempahan
jalur-lebar berdasarkan kepada MPS. Integrasi ini digunakan untuk mencapai
keseimbangan antara kepelbagaian kelas multimedia tanpa wayar bagi jaminan QoS
pengguna ke atas pelbagai kelas media tanpa-wayar serta memaksimumkan penggunaan
jalur-lebar. Keputusan skema yang dicadangkan telah dibuktikan bahawa ia berupaya

memperbaiki keputusan metric.

Analisis keputusan penyelidikan ini adalah berdasarkan simulasi berpisa. Skema yang
dicadangkan telah membuktikan bahawa ia berupaya memperbaiki keupayaan dalam
NCBP dan HCDP untuk pelbagai jenis trafik, mentadbir sumber untuk perlbagai traffic
dengan berbagai keperluan, penggunaan jalur lebar dan menjangkakan sel sasaran pada

masa dan tempat yang betul.

viii



ACKNOWLEDGEMENTS

In the name of ALLANh, all praise is due to Almighty ALLAH as he is all merciful, most
gracious and most compassionate and it is he who gathered all knowledge in its essence
and our Messenger the Prophet Muhammed (Peace and Blessings be Upon Him) and his

progeny, companions and followers. All grace and thanks belong to almighty ALLAH.

I would like to thank my supervisor Dr. Shamala Subramaniam for her incredible
guidance, continuous support, and encouragement. Always having time for me and
readily providing her technical expertise. | owe more than | can ever repay, her valuable
direction and suggestions are very helpful in my research. The successful completion of

this work is possible due to her supervision.

To my thesis committee members, Associate Professor Dr. Mohamed Othman and Dr.
Zuriati Zukrnian, 1 would like to express appreciation for their insightful comments,

questions, criticisms, and suggestions on the work.

I would like to thank many people | have met during my stay in Malaysia for their help,

enjoyable discussions and some goods time.

Finally, I would like to express my love and deepest thanks to my brother Hani who has
supported me throughout my study. And also my brother Fadhel with his family, my
wife, my son Aiman and my daughters Munia and Haya, for their prayers, love. They

truly made my life in Malaysia enjoyable and memorable.



| certify that an Examination Committee met on May 30, 2008 to conduct the final
examination of Maher Ali Al-Sanabani on his Doctor of Philosophy thesis entitled
“Resource Allocation and Mobility Prediction Algorithms for Multimedia Wireless
Cellular Networks” in accordance with Universiti Pertanian Malaysia (Higher Degree)
Act 1980 and Universiti Pertanian Malaysia (Higher Degree) Regulations 1981. The
Committee recommends that the candidate be awarded a relevant degree. Members of the
Examination Committee are as follows:

Hamidah Ibrahim, PhD

Associate Professor

Faculty of Computer Science and Information Technology
Universiti Putra Malaysia

(Chairman)

Ramlan Mahmod, PhD

Associate Professor

Faculty of Computer Science and Information Technology
Universiti Putra Malaysia

(Internal Examiner)

Mohd Fadlee A. Rasid, PhD
Lecturer

Faculty of Engineering,
Universiti Putra Malaysia
(Internal Examiner)

Ku Ruhana Ku Mahmud, PhD
Professor

Faculty of

Universiti Utara Malaysia
(External Examiner)

HASNAH MOHD GHAZALI, PhD.
Professor and Deputy Dean

School of Graduate Studies

Universiti Putra Malaysia

Date: 22 July 2008.



This thesis was submitted to the Senate of Universiti Putra Malaysia has been accepted as
fulfilment of the requirements for the degree of Doctor of Philosophy. The members of
the Supervisory Committee were as follows:

Shamala Subramaniam, PhD.

Faculty of Computer Science and Information Technology
Universiti Putra Malaysia

(Chairman)

Mohamed Othman, PhD.

Associate Professor

Faculty of Computer Science and Information Technology
Universiti Putra Malaysia

(Member)

Zuriati Zukrnian, PhD.

Faculty of Computer Science and Information Technology
Universiti Putra Malaysia

(Member)

AINI IDERIS, PhD.
Professor and Dean

School of Graduate Studies,
Universiti Putra Malaysia

Date: 14 August 2008.

Xi



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

institutions.

MAHER ALI AL-SANABANI

Date:

Xii



TABLE OF CONTENTS

DEDICATION

ABSTRACT
ABSTRAK

ACKNOWLEDGEMENTS

APPROVAL

DECLARATION

LIST OF TABLES

LIST OF FIGURES

LIST OF ABBREVIATIONS

CHAPTER

1

INTRODUCTION

11
1.2

13
1.4
1.5
1.6
1.7

Overview of Wireless Cellular Network Systems

Research Challenges
1.2.1 Radio Resource Management
1.2.2 Mobility Management

1.2.3 Power Management, Security and Health Concerns

Problem Statement
Research Objectives
Research Scope
Research Significance
Thesis Organization

LITERATURE REVIEW

2.1
2.2
2.3
2.4
2.5

2.6

2.7

QoS of Multimedia

Mobility Management

QoS Provisioning

Resource Allocation Schemes

Call Admission Control Schemes

25.1  CAC with Non-Adaptive Multimedia
2.5.2  CAC with Adaptive Multimedia
Handoff Management Schemes

2.6.1  Non-Predictive Schemes
2.6.2  Predictive Schemes
Analytical Models

Xiii

Page

iii
Vi

Xi
Xii
XVi
XVii
xXii



2.7.1 Analytical Model of CAC
2.7.2 Analytical Model of MPS

2.8 Summary
METHODOLOGY
3.1  Performance Evaluation Techniques
3.2  Simulation
3.3  Discrete Simulation Framework
3.3.1 Network Model
3.3.2  Mobility Model
3.3.3  Traffic Model
3.3.4  Multimedia Services Requirement
3.3.5  Resource Allocation Model
3.3.6  Representation of Models
3.4  Design of Simulator Model
3.4.1  WCNS Simulator Structure
3.4.2 Simulator Events
3.4.3 Performance Metrics
3.4.4  Case Study
3.45  Experimental Design
3.4.6  Validation of the WCNS Simulator
3.5  Summary

ADAPTIVE SCHEME FOR QoS PROVISIONING OF
MULTIMEDIA TRAFFIC

4.1

4.2

4.3
4.4

4.5

The Proposed AMCSC Scheme

4.1.1  Bandwidth Allocation/Reallocation Policy
4.1.2  CAC with ABA Algorithms

4.1.3 CMT

4.1.4  Analytical Modulation for AMCSC Scheme
Simulation Model

4.2.1 Network Model

4.2.2 Traffic Model

4.2.3 Mobility Model

Simulation Results and Discussion

Performance Analysis

441 Effect of Non-uniform Traffic

442 Effect of micro-ABLs

4.4.3 Effect of Fixed Reservation

Summary

BANDWIDTH RESERVATION BASED ON MPSs

5.1

5.2

CAC Scheme.

5.1.1  Negotiate QoS Algorithm
5.1.2 Preemptive Algorithm
Bandwidth Reservation Scheme

Xiv

62
65
68

70
71
73
76
78
79
81
82
84
86
87
89
91
93
94
96
98
105

106
107
109
110
117
123
125
126
126
127
128
133
133
136
138
141

143
144
146
147
148



521 Bandwidth Access Approach
5.2.2  Determining the Time of Handoff Requests Reservation
5.2.3 Reservation Pool Derivation

5.3  Proposed MPS Based on RSS Measurements

53.1  Cell Geometry
5.3.2  Mobility Model

5.3.3 Prediction Algorithm

5.4  Proposed MPS Based on RTI and Integrated GPS and RSS

Measurements

54.1 Road Topology Database

5.4.2  Mobility Model

543 Prediction Algorithm

5.5  Simulation Model

5.6  Simulation Results and Discussion

5.6.1 RSS Measurements

5.6.2  RTI and integrated GPS and RSS Measurements
5.6.3  Comparison between the Proposed MPSs

5.7  Summary

6 INTEGRATION OF AMCSC SCHEME AND THE BANDWIDTH

RESERVATION BASED ON MPS

6.1  Proposed Framework

6.1.1 Enhanced CAC in AMCSC Scheme
6.1.2 Enhanced ABA in AMCSC Scheme
6.1.3 Bandwidth Reservation Scheme

6.1.4  Fixed GC Approach

6.2  Simulation Model
6.2.1 Traffic Model
6.2.2 Mobility Model

6.3  Simulation Results and Discussion

6.4  Summary

7 CONCLUSION AND FUTURE WORK

7.1 Contributions
7.2 Future Research

REFERENCES
BIODATA OF STUDENT
LIST OF PUBLICATIONS

XV

149
151
154
156
156
157
158

160
161
163
164
168
170
171
176
183
188

190
191
193
194
197
198
201
201
201
203
208

209
210
211

213
227
228



Table

3.1
3.2
3.3
3.4
3.5
3.6
4.1
4.2
4.3
5.1

LIST OF TABLES

Multimedia Traffic Characteristics

General Purpose Languages vs. Special Purpose Languages
Time-Stepped vs. Event-Driven Execution

Experimental Set for VValidation

Different Experimental Setup with Deviations

Literature Review of Experiments with different Acceptable Deviation
A Typical CMT Example

Table Mapping of Applications

System Parameters used in Simulation

Parameters used in the Simulation

XVi

Page

83
86
87
100
101
105
119
121
127

170



Figure

11
2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9
2.10
211
3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9
3.10

LIST OF FIGURES

Wireless Cellular Architecture
Handoff Scenario in Wireless Cellular Network Systems

New Call and Handoff Call

Page

2
20

21

Classification of CAC Schemes Based the Information to Make a Decision31

Shadow Cluster Scheme

Resource Reservation in All Neighboring Cells

Most Likely Cluster Scheme

Classification of CAC Schemes Based on the Type of Traffic
Classification of Handoff Management Schemes

Distance based Scheme

Location and Direction based Scheme

Utilization of RTB Scheme

Simple of Modeling Process

Methods of Simulation Model

Simulation Framework

Sample of Topology with Wrapped Around

Example of Random Mobility Model with Semi-directed Trajectories
Example of Manhattan Grid Mobility Model

Partitions of Bandwidth in Cell

Example of Levels of Bandwidth in Multimedia Stream
Interaction between Radio Network Planning and Simulator

State Diagram of a Call

XVii

32
33
34
35
44
57
59
61
74
75
77
79
80
81
85
85
88
94



3.11
3.12
3.13
3.14
3.15
3.16
3.17
4.1
4.2
4.3
4.4(a)
4.4(b)
4.4(c)
4.5
4.6
4.7
4.8
4.9
4.10
411
4.12
4.13
4.14
4.15

4.16

The WCNS Simulator Flowchart

NCBP and HCDP vs. the Traffic Load

Bandwidth Utilization vs. the Traffic Load

NCBP vs. the HCDP with Fixed Traffic Load = 1

NCBP vs. the HCDP with Fixed Traffic Load = 1.2
NCBP and HCDP vs. the Traffic Load

HCDP with Fixed Traffic Load = 40%

AMCSC Scheme Components

ABL and Micro-ABLs Range/Spectrum

Proposed Scheme Flow Chart

CAC with QoS Negotiate Process Algorithm

Bandwidth Degradation Procedure

Bandwidth Upgrade Procedure

Real time (CBR) - NCBP and HCDP vs. the Traffic Load
Real time (VBR) - NCBP and HCDP vs. the Traffic Load
Non-real time (UBR) - NCBP and HCDP vs. the Traffic Load
NCBP and HCDP vs. the Traffic Load

Bandwidth Utilization vs. the Traffic Load

Real time (CBR) — NCBP and HCDP vs. the Traffic Load
Real time (VBR) — NCBP and HCDP vs. the Traffic Load
Non-real time (UBR) - NCBP and HCDP vs. the Traffic Load
Bandwidth Utilization vs. the Traffic Load

Real time (CBR) — NCBP and HCDP vs. the Traffic Load
Real time (VBR) - NCBP and HCDP vs. the Traffic Load

Non-real time (UBR) - NCBP and HCDP vs. the Traffic Load

XViii

95

102
102
103
103
104
104
108
110
111
115
116
106
129
129
130
132
132
134
134
135
135
137
137

138



4.17
4.18
4.19
4.20
4.21
5.1
5.2
5.3
5.4
5.5
5.6
5.7
5.8
5.9
5.10
5.11

5.12

5.13
5.14
5.15
5.16
5.17
5.18

5.19

Bandwidth Utilization vs. the Traffic Load

Real time (CBR) - NCBP and HCDP vs. the Traffic Load
Real time (VBR) - NCBP and HCDP vs. the Traffic Load
Non-real time (UBR) - NCBP and HCDP vs. the Traffic Load
Bandwidth Utilization vs. the Traffic Load

CAC Scheme

Time of Handoff Requests Reservation

Current Statues of Capacity Bandwidth in Current Cell
Boundary Cell Points and Determines Direction of MT
Road Map within Its Coverage Area

Utilization Road Topology Information

Real time NCBP vs. the Traffic Load

Non-real time NCBP vs. the Traffic Load

Real time HCDP vs. the Traffic Load

Non-real time HCDP vs. the Traffic Load

Non-real-time Termination vs. the Traffic Load

Number of Cancelled Reservation Due to False Reservation vs. the

Traffic Load

Bandwidth Utilization vs. the Traffic Load

Prediction Accuracy of Target Cell vs. the Traffic Load
Real time NCBP vs. the Traffic Load

Non-real time NCBP vs. the Traffic Load

Real time HCDP vs. the Traffic Load

Non-real time HCDP vs. the Traffic Load

Non-real time Termination vs. the Traffic Load

Xix

138
139
140
140
141
146
152
155
157
163
166
172
172
173
173

174

174
175
176
177
177
178
179

180



5.20 Number of Cancelled Reservation Due to False Reservation vs. the

Traffic Load 181
5.21 Bandwidth Utilization vs. the Traffic Load 181
5.22 Prediction Accuracy of Target Cell vs. the Traffic Load 182
5.23 Number of Messages Overhead vs. the Traffic Load 183
5.24  Prediction Accuracy of Target Cell vs. the Traffic Load 184
5.25 Number of Cancelled Reservation Due to False Reservation vs. the

Traffic Load 186
5.26  Non-real time Termination vs. the Traffic Load 186

5.27 NCBP and HCDP of Real time and Non-real time vs. the Traffic Load 187

5.28 Bandwidth Utilization vs. the Traffic Load 187
6.1  Proposed Framework Architecture 192
6.2  Enhanced CAC in AMCSC Scheme 194
6.3  Degradation Procedure 196
6.4  Procedure of Bandwidth Reservation 198
6.5  Snapshot of the Bandwidth at the BS 200
6.6  Real time NCBP vs. the Traffic Load 203
6.7  Non-real time NCBP vs. the Traffic Load 204
6.8  Real time HCDP vs. the Traffic Load 205
6.9  Non-real time HCDP vs. the Traffic Load 205
6.10 Non-real time Termination vs. the Traffic Load 206

6.11 Bandwidth Utilization vs. the Traffic Load 207

XX



LIST OF ABBREVIATIONS

ABA Adaptive Bandwidth Allocation
ABR Adaptive Bandwidth Reservation
AMCSC Adaptive Multi-Class Services Controller scheme
AMPS Advanced Mobile Phone System
ATM Asynchronous Transfer Mode

BCP Boundary Cell Point

BS Base Station

CAC Call Admission Control

CDMA Code Division Multiple Access
CMT Connection Management Table

CP Complete Partitioning

CS Complete Sharing

DCA Dynamic Channel Allocation

FCA Fixed Channel Allocation

FCFS First-Come-First-Served

FDMA Frequency Division Multiple Access
GC Guard Channel

GPS Global Positioning System

GSM Global System for Mobile communications
HCA Hybrid Channel Allocation

HCDP Handoff Call Dropping Probability

HPS Handoff Probable Segment

XXi



HZ Handoff Zone

IP Internet Protocol

ITU-T International Telecommunications Union - Telecommunications
Km Kilometres

LAN Local Area Network

MAHO Mobile Assisted HandOff

MCHO Mobile Controlled HandOff
micro-ABL micro Acceptable Bandwidth Level
MLC Most Likely Cluster

MPS Mobility Prediction Scheme

MSC Mobile Switching Centre

MT Mobile Terminal

NCBP New Call Blocking Probability
NCHO Network Controlled HandOff

NRZ Non-Reservation-Zone

nrt-UBR non-real time-Unspecified Bit Rate
PCS Personal Communications System
PDA Personal Digital Assistant

PDC Personal Digital Cellular

PSTN Public Switched Telephone Network
QoS Quiality of Service

RD Reservation Deadline

RRM Radio Resource Management

RSS Received Signal Strength

RTB Road Topology Based

XXii



RTI
rt-CBR
rt-VBR
RZ

TD
TDMA
WAN
UMTS
WCNS
1G

2G

3G

4G

Road Topology Information

real time-Constant Bit Rate

real time — Variable Bit Rate
Reservation Zone

Threshold Distance

Time Division Multiple Access
Wide Area Network

Universal Mobile Telecommunications System
Wireless Cellular Network Simulator
First Generations

Second Generations

Third Generations

Fourth Generations

XXiii



CHAPTER 1

INTRODUCTION

Wireless communication is, by any measure, the fastest growing segment of the
communications industry (Anderea, 2005). As such, it has captured the attention of
the media and the imagination of the public. Wireless cellular networks system has
experienced exponential growth over the last decades and there were 2 billion users
in 2005 as compared to the 10 million users in 2000. It is predicted to reach 3 billion
users by the end of 2010 (Audrey, 2006). Nowadays, cellular phones have become a
critical business tool and this form important aspect of daily life. This popularity of
wireless communication systems is due to its advantages as compared to wireline
systems. Among the main advantages is the mobility and cost savings.
Complementary to the fast growing Internet technology, wireless communication
systems offer an easy and convenient way to share information around the world

(Nicopolitidis et al., 2003).

1.1 Overview of Wireless Cellular Network Systems

A wireless cellular network comprises of two levels, a fixed level and a movable
level. There are three key constituent elements in wireless cellular network: a Mobile
Terminal (MT) which is at the movable level, Base Station (BS) and Mobile
Switching Centre (MSC) which are at the fixed level. The MT can be any handheld
device, such as a mobile phone, portable computer, Personal Digital Assistant
(PDA), car communication systems, notebook, or any other device capable of

communicating via omni-directional radio waves within a given frequency band





