RADIO RESOURCE MANAGEMENT FOR MOBILE WIMAX NETWORK

DAHIRU SANI SHU’AIBU

UNIVERSITI TEKNOLOGI MALAYSIA



RADIO RESOURCE MANAGEMENT FOR MOBILE WIMAX NETWORK

DAHIRU SANI SHU’AIBU

A thesis submitted in the fulfilment of the
requirements for the award of the degree of

Doctor of Philosophy (Electrical Engineering)

Faculty of Electrical Engineering

Universiti Teknologi Malaysia

MARCH 2012



| dedicated this to my family with love and respect.



ACKNOWLEDGEMENT

I would like to express my sincere gratitude to Professor Madya Dr. Sharifah
Kamilah Syed-Yusof for her guidance and support. I really benefited from working
with her both professionally and intellectually. More importantly, 1 have benefited
tremendously from her broad range of experience, technical insights, vision,
inspiration and enthusiasm for research. In fact, | appreciate her care, patience and

dedication in constructively criticizing my research work and thesis as well.

Also, | would like to thank all the members of MIMOS Centre of Excellence
for their support, encouragement, friendship and stimulating atmosphere. 1 owe
special thanks to Prof. Dr. Norsheila Fisal for her contribution toward making this
research a reality. It is really a great experience to have the opportunity and privilege

to work with her. 'm deeply indebted for her ideas and vision.

I would also like to thank Dr. Yakubu Suleiman Baguda, Dr. Nuoraddeen
Bashir, Dr. Nuraddeen Magaji, Dr. Kasheef Saleem, Nurulashikin Satiman, Mohd
Sani Gaya, Mustapha Muhammad, Abdulrahman Yusof, Salisu Dan’azumi,
Muhammad Shuwabu Abubakar, Shehu Muhammad and many more for their

valuable discussions, continuous support and suggestions on various issues.

I would also like to express my gratitude to Mac Arthur Grand Foundation for

sponsoring me to do this research.

On a final note, | would to thank all the members of my family especially my wife
for their support, encouragement and constant love which has been my source of

inspiration, motivation, courage and strength.



ABSTRACT

Worldwide interoperability for Microwave Access (WiIMAX) is one of the
broadband wireless technologies that uses Orthogonal Frequency Division Multiple
Access (OFDMA) and is anticipated to be a viable alternative to traditional wired
broadband technique due to it is cost efficiency. It has been an emerging wireless
broadband technology, in which the resources are limited. Thus, there is dramatic
need to effectively manage the available resources and provide the necessary Quality
of Service (QoS) for different traffic classes. Therefore, an effective admission
control, scheduling and resource allocation are critical for the WiMAX network. The
first contribution of this thesis is the development of link aware call admission
control with service differentiation. The total link bandwidth is partitioned into
portions such that each portion is dedicated to unique traffic. The amount of
bandwidth dedicated to each portion is based on the probability mass function of the
traffic arrival rate. A traffic can only be admitted when there is enough bandwidth in
the portion allocated to that particular traffic. Firstly a two partitions call admission
control is considered called dual partition call admission control. The scheme
primarily partitioned the bandwidth into constant bit rate and variable bit rate traffics.
Simulation result shows 63.63% increment in service flow acceptance and 21.42%
reduction in blocking probability when compared to conventional call admission
control. To accommodate handover services, partition base call admission control
(PB CAC) is proposed. By allocating a third bandwidth portion for handover, service
flow acceptance increased by 25%, with reduction of both blocking and dropping
probability by 15.63% and 21.66% respectively. By using fuzzy logic in PB CAC,
the dropping probability is reduced by 51.60%. The second contribution is the
enhancement of the earliest deadline first (EDF) scheduling algorithm. The
enhancement is based on the criterion for buffer selection in which the earliest
deadline first scheduler should serve. The criterion for scheduling a packet depends
on the queuing state and the QoS requirement of a particular service flow. The
proposed algorithm utilizes link quality and is called link and queuing aware EDF
scheduling algorithm (LQA-EDF). The modified algorithm outperformed the
conventional EDF by about 5.77% in terms of throughput with fairness among
service flows. The third contribution is the development of subcarrier and power
allocation algorithm with aim of reducing the computational complexity. The
allocation of subcarrier uses unsorted list technique by using biologically inspired
algorithm which is based on particle swarm optimization. The power allocation
employs the conventional water filling algorithm for optimal power distribution
among users. The proposed technique has reduced the computational complexity by
31.2% compared to linear technique which uses sorted list and by 90.5% compared
to root finding method
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ABSTRAK

Keantarakendalian seluruh dunia untuk akses gelombang mikro (WiIMAX) adalah
salah satu teknologi jalur lebar tanpa wayar yang menggunakan bahagian frekuensi tidak
bertindih pelbagai akses (OFDMA\) dan dijangka akan menjadi alternatif yang berdaya maju
kepada teknik tradisional jalur lebar berwayar disebabkan kosnya yang efisien. WiIMAX
telah menjadi teknologi jalur lebar tanpa wayar yang baru muncul, di mana sumber-
sumbernya adalah terhad. Oleh itu, terdapat keperluan yang dramatik untuk menguruskan
sumber-sumber yang sedia ada secara efisien dan menyediakan Kualiti Perkhidmatan (QoS)
untuk kelas trafik yang berlainan. Justeru itu, kawalan kebenaran masuk yang efektif,
penjadualan dan pengagihan sumber adalah kritikal bagi rangkaian WiMAX. Sumbangan
pertama tesis ini adalah pembangunan kawalan panggilan kebenaran masuk pautan sedar
dengan perbezaan perkhidmatan. Jumlah pautan lebar jalur dibahagikan kepada beberapa
bahagian dengan setiap bahagian dikhaskan kepada trafik yang unik. Jumlah lebar jalur yang
dikhaskan kepada setiap bahagian adalah berdasarkan kebarangkalian fungsi jisim kadar
ketibaan trafik. Trafik hanya akan diterima masuk apabila terdapat lebar jalur yang cukup di
dalam bahagian yang telah diagihkan untuk trafik tersebut. Pertamanya, dua bahagian
kawalan panggilan masuk dipertimbangkan yang dipanggil dua bahagian kawalan panggilan
masuk (DP-CAC). Skim ini mengutamakan pembahagian lebar jalur untuk trafik kadar bit
tetap dan trafik kadar bit berubah-ubah. Hasil simulasi menunjukkan peningkatan sebanyak
63.63% dalam penerimaan aliran perkhidmatan dan pengurangan 21.42% dalam
kebarangkalian sekatan jika dibandingkan dengan kawalan kebenaran masuk panggilan
konvensional. Untuk menempatkan perkhidmatan penyerahan, pembahagian-dasar kawalan
panggilan masuk (PB-CAC) dicadangkan. Dengan mengagihkan bahagian ketiga lebar jalur
untuk perkhidmatan penyerahan, penerimaan aliran perkhidmatan telah meningkat sebanyak
25%, dengan pengurangan kebarangkalian sekatan dan kebarangkalian jatuhan masing-
masing sebanyak 15.63% dan 21.66%. Dengan menggunakan logik kabur di dalam PB-CAC,
kebarangkalian jatuhan berkurangan sebanyak 51.60%. Sumbangan kedua adalah
peningkatan algoritma penjadualan had waktu terawal yang pertama (EDF). Peningkatan
dibuat berdasarkan kriteria pemilihan penyimpan di mana penjadual had waktu terawal yang
pertama harus berkhidmat. Kriteria untuk penjadualan paket bergantung kepada status
pengaturan dan keperluan QoS untuk aliran perkhidmatan tertentu. Algoritma cadangan
menggunakan kualiti pautan dan dinamakan algoritma penjadualan dengan kesedaran pautan
dan pengaturan had waktu terawal yang pertama(LQA-EDF). Algoritma yang telah
diubahsuai mengatasi EDF konvensional sebanyak 5.77% dari segi kadar data yang dihantar
dengan kesaksamaan di kalangan aliran perkhidmatan. Sumbangan ketiga adalah
pembangunan algoritma sub-pembawa dan pengagihan kuasa dengan tujuan mengurangkan
kerumitan pengiraan. Pengagihan sub-pembawa menggunakan teknik senarai yang tak
teratur dengan menggunakan alat pengoptimuman yang diilhami dari biologi yang dipanggil
teknik pengoptimuman zarah serangga. Pengagihan kuasa menggunakan algoritma
pengisian air konvensional untuk taburan kuasa optimal di antara pengguna-pengguna.
Teknik cadangan telah mengurangkan kerumitan pengiraan sebanyak 31.2% jika
dibandingkan dengan teknik garis datar yang menggunakan senarai teratur dan
mengurangkan kerumitan pengiraan sebanyak 90.5% jika dibandingkan dengan kaedah
mencari punca.
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CHAPTER 1

INTRODUCTION

1.1  Background

Achieving high data rates in global wireless communication is complex with
the present increment in bandwidth demand by different service classes. High data
rates for wireless local area networks, such as the Wi-Fi (IEEE 802.11) family of
standards, became commercially flourishing around 2000 [1]. Wide area wireless
networks, such as cellular systems, are still designed and used primarily for low rate
voice services. Even though there are various promising technologies, the reality of
a wide area network servicing users with high data rates through realistic bandwidth
and power utilization, while maintaining high coverage and quality of service has yet
to be achieved [3, 4].

The WiIMAX (Worldwide inter-operability for microwave access) Forum is
formed to solve this problem and to promote solutions based on the IEEE802.16
standards. The target of the IEEE802.16 Forum [1] is to design a wireless
communication system that incorporates the most promising new technologies in
communications and digital signal processing for achieving a broadband internet
access for nomadic or mobile users over a wide or metropolitan area. It is important
to note that WiMAX systems have to face similar challenges just like the existing

cellular



systems, and their eventual performance will be bounded by similar laws of physical
and information theory [4]. The WiIMAX forum which is formed in 2001 completed
the standard and approved for fixed application in 2004, while the standard for
mobile WiMAX is completed in 2005 [1-3]. The IEEE802.16¢ is the name for the
mobile WiIMAX by the IEEE and is designed to enable pervasive, high-speed mobile
internet access to a very large coverage area of several kilometers at data rate of
about 75Mbps [1-4].

1.2 Broadband Wireless Network

A large number of wireless access technologies exist; other systems are still
under design [3]. These technologies can be distributed over different network
families, based on the network scale. Figure 1.1 shows the wireless network

categories, with most famous technologies for each type of the network.

WAN Example cellular network (2™ and 3"
generation), WiMAX (IEEE802.16e), WiBro

WMAN Example EEE802.16 -2004

version

WLAN Example

Wi-Fi, and variant

WPAN EX: UWB,
bluetooth IEEE802.15.1)

Figure 1.1 Wireless network categories



WIMAX IEEE802.16e being one of the WAN categories provides flexible
and easy deployment solution to high-speed communications and supports a variety
of services utilizing advanced multiple access techniques [1]. This means that the
network will be able to accommodate users with different traffic classes and quality
of services (QoS) requirements. As a key component of the state of the art IEEE
802.16e standard is accessed by means of Orthogonal Frequency Division Multiple
Access (OFDMA) which supports broadband access infrastructure based wireless
networks. The technology of OFDMA is based on OFDM as such it inherits
immunity to inter-symbol interference and frequency selective fading like OFDM. It
also increases multi-user diversity by acting the channel fading as a channel
randomizer [1-3].  Its performance depends on the ability to provide efficient

resource allocation, which is limited by the scarce radio spectrum.

A good radio resource allocation scheme should adapt to wireless fading
channel, as well as improves the spectrum efficiency and satisfies active users with
different traffic classes. With OFDM, the prescribed bandwidth is divided to
multiple orthogonal frequency bands called subcarriers [1, 3-4]. These subcarriers
are allocated to subscriber station (SS) by the base station (BS). The allocated
subcarriers may be distributed or adjacent. In WiMAX, a group of these subcarriers
forms a subchannel which can be accessed at different OFDM symbols called slot
and this slot is the minimum resource that can be allocated to a SS [1]. The WiMAX
frame is divided into uplink and downlink sub frame, BS accesses the SS in the
downlink while the reverse is the case in the uplink. Both the downlink and uplink
are either multiplexed in time using the time division duplex (TDD) or in frequency
using frequency division duplex (FDD) [1]. In FDD, simultaneous communication is
achieved by using different subchannels. In time division duplex, the
communication is achieved using the same subchannels in different time slots. In the
TDD mode, the downlink and uplink are separated by transmit receive transition gap
(TTG) and the uplink and subsequent frame are separated by receive transmit
transition gap (RTG) [1]. The throughput of the downlink or uplink is proportional
to the number of subcarriers allocated to the corresponding SS, as well as the
achievable rate of each subcarrier [2-4].



In frequency selective multipath fading environment, different subcarriers
have diverse channel gains for the same SS, so the same subcarrier fades
independently for different SSs [5-7]. Such diversity has motivated the design of
dynamic mechanisms for allocating the resource in OFDM based wireless networks.
In particular, a large body of research work is focused on the downlink subcarrier
assignment and resource (bit and power) allocation schemes, aiming at maximizing

link rate or minimizing transmit power [6, 7].

Many papers have been published on how these limited radio resources in
WIMAX netwok can be allocated efficiently. While some research papers focus on
how to provide efficient call admission control [6-10], others focused on efficient
scheduling algorithm [11-17]. Other research papers target the assignment of
subcarriers, bit and power [18-24]. Even though a lot of papers are published on call
admission control, most of them do not have service differentiation and channel
quality aware when admitting traffics [7-9]. Some works are channel aware but no
service differentiation [10]. While some considered service differentiation but are
channel unaware [38]. In scheduling, some papers considered cross layer design
which has high complexity [11-13]. Scheduling based on channel quality is
proposed in [10, 16] while in [15] utilizes the buffer queuing information for

scheduling a packet.

Resources such as subcarriers, bits and power allocation are separately
treated in some researcher works [18-30]. In an OFDMA system, the radio resource
allocation problems in physical and medium access control (MAC) can be
formulated as joint optimization problem for efficient allocation of the limited
resource. In [39] call admission control and power allocations are treated together.
In [25] resource allocation of subcarriers is proposed by assuming equal subcarrier
allocation irrespective of the user data rate and channel quality. Equal power
distribution to all subcarriers irrespective of the channel quality is assumed in [23].
In [26-27] ideal channel state information is assumed by using fixed modulation for

all subcarriers to all users.



In the actual system, SSs have different data rate at different location from
the BS so the approach in [23-27] above do not reflects the practical situation. Some
realistic approaches are proposed in [18-22, 28-30] in order to reflect the actual
system, by treating the subcarrier and power allocation separately. In [18, 22] users
are allowed to set their data rate based on their QoS and by using proportional rate
constraint each user data rate can be satisfied with constraint to the total transmit
power. However, this leads to high computational burden at the BS. In [21] the
computational complexity is reduced by minimizing the transmit power with
constraint to user data rate but there is no flexibility to users even though they have
different data rate. Computational complexity is reduced in [24] using Lagrangian
dual decomposition which cannot be implemented in the real system. In [102],
computational complexity is reduced by using same techniques in [21] with relay

station deployment.

In wireless network like WiIMAX, QoS is very important parameter to
consider when admitting and allocating resources to SS. This is due to the fact that
the traffics in WiMAX are heterogeneous in nature. Thus, the researches presented
above on resource management may not be suitable in WiMAX network due to
variations in the QoS parameters of the SSs in the network. In addition to this,
WIMAX network supports adaptive modulation to cater for channel variation and
none of the research mentioned above proposed call admission control which is
channel aware with service differentiation or addressed the problem of the
computational complexity of the resource allocation together with the flexibility of
the data rate for the users.

WIMAX network is heterogeneous traffic wireless network that involves
different users wired or wireless, from a real-time, data, voice users, to higher speed
users and so on. The IEEE802.16e standard [1-2] have identified and classified the
heterogeneous traffics expected in WiMAX into five service flows: Unsolicited grant
service (UGS), Real time polling service (rtPs), non-real time polling service (nrtPs),
best effort (BE) and extended real time polling service (ertPs). These traffics have

different QoS and arrive to the network in Poisson process, from random locations



within the coverage area of network. Thus, efficient radio resource management is

needed.

1.3 Problem Statements

IEEE 802.16e, Mobile WIMAX, has the capability to support high
transmission rates and QoS for different applications. Due to the limited resources in
this network, efforts to improve resource utilization are vital issues. In order to
effectively support the heterogeneous traffics expected in this network, great
challenges are anticipated in the radio resource management entity. The resource
management including call admission controls, scheduling controls, bandwidth and
power allocation are essential in order to realize an efficient and optimum network

performance.

1.4  Objectives of the Research

The research question is how to develop an efficient algorithm for call
admission control, with effortless scheduling algorithm and low complex resource
allocation algorithm for subcarriers, bit and power for WiMAX network. The
following are the objectives of the thesis:-

1. To develop an efficient admission control technique based on service
differentiation for WiMAX network.
2. To propose scheduling algorithm that satisfies the QoS requirements for

WIMAX network.

3. To reduce the complexity in resource allocation technique and allows data
rate flexibility in WiMAX network.



1.5  Scope of the Research

The scope of this research covers the admission control based on resources,
dynamic resource allocation, and scheduling in the downlink of the base station of
mobile WiMAX. The research focuses in the downlink in point to multipoint mode
with centralized BS. In the call admission control, bandwidth is allocated based on
grant per subscriber station (GPSS) so that all subscribers need to compete only once
and once admitted they are assumed to adhere with their QoS. All admitted SSs are
assumed to be active in the network throughout the simulation period. Channel
quality per SS is assumed to be feedback by each SS to the BS. The admission
control unit at BS computes the path loss experienced by each user. Erceg model is
used to estimate the path loss which is translated into SNR. Users are assumed to be
moving with low speed like pedestrian so that accurate channel state can be obtained.
Thus, modulation scheme and coding rate can be chosen for each SS. The aggregate
total number of slots required by each SS and each packet in the scheduling can be
computed. Since different modulation techniques and coding rates exist in WiMAX
for the sake of simplicity square M-modulation techniques is assumed with various

coding rate.

The frequency selective multipath channel in resource allocation is modeled
to consist of 6 independent Rayleigh multi-paths, with exponentially decaying
profile. The fading channel will be assumed to be varying slowly. The resource
allocation algorithm starts with two users and consequently users are added with
different data rate requirements. The users can be from any type of service flow in
mobile WiMAX.



1.6 Significant of the Research

Wireless communication is presently the leading communication technology
with millions of subscribers. To satisfy and maintain these subscribers, there is need
to have a very good and efficient way of providing good quality of services to these
subscribers and at the same time try to optimize the available resources as the
spectrum is limited. For example, when a conventional approach of admission
control or resource allocation is implemented on the network, the resource may not
be used efficiently and the subscriber’s QoS may be affected which causes
dissatisfaction to the SSs. WiMAX being a broadband wireless network is expected
to provide services to different traffics with different QoS requirements. With
efficient call admission control algorithm, scheduling and resource allocation
algorithm, the QoS requirement will be guaranteed; this will attract more subscribers
and hence network capacity will be optimized and the overall revenue generated by

the service providers will increase.

1.7 Research Contributions

The following contributions are specifically achieved in this research;-

1  The partitioning for service differentiation in call admission control has
improved the overall service flow acceptance compared to the approach that
uses conventional call admission control in WiMAX.

2 The use of fuzzy logic in the handover partition of the call admission control
has further reduced the overall dropping probability and increases the flow
acceptance.

3  The use of channel quality, link and queuing aware earliest deadline first
(LQA-EDF) scheduling algorithm increases the overall throughput compared
to the conventional earliest deadline first scheduling algorithm in WiMAX.

4 The developed LQA-EDF scheduling algorithm has buffer management and
maintains fairness among the service flow in WiMAX without starvation to

non real time applications.



5  The use of particle swarm optimization technique for allocating subcarriers
and power with flexible data rate has reduced the overall complexity of the
resource allocation algorithm to Mlogi N for M users and N number of
subcarriers. The proposed technique has reduced the central processing unit
(CPU) time usage compared to root-finding method and linear search
techniques adopted by some researchers.

1.8 Thesis Organization

The thesis is organized as follows;

Chapter 1 focuses on introduction, broadband wireless network, problems
definition, research objective, scope and significant of the research work and finally

the contributions of the research work.

Chapter 2 explains some of the important features in WiMAX, the quality of
service provisioning, MAC and physical layer architectures. Literature review on call
admission control, scheduling and resource allocation in WiMAX network are also

presented.

Chapter 3 discusses on the designed framework of the proposed call
admission control policy, scheduling algorithm and the resource allocation technique.
The physical layer model and the resource allocation mathematical model are
presented. The concept of Particle swarm optimization in resource allocation is also

included.

Chapter 4 discusses on the proposed partition call admission control policy.
The link aware CAC with service differentiation is explained thoroughly. A fuzzy

logic implementation in the handover partitioning is developed. The algorithm is
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validated through simulation work in MATLAB and compared with conventional
CAC in WIMAX network.

Chapter 5 presents link and queuing aware scheduling algorithm. The
algorithm is based on the conventional EDF. The technique used to differentiate
services for QoS provisioning in the algorithm is explained. Buffer management
strategies in the algorithm are highlighted. The mathematical model of the proposed

scheduling algorithm is validated through simulation in MATLAB.

The resource allocation algorithm using PSO optimization technique is
presented in Chapter 6. The cost function of the resource allocation using the
proposed technique is highlighted and the optimal power allocation using water
filling algorithm is derived. The complexity of the system is analysed and compared
with related optimization techniques. The computational time taken by the proposed

algorithm is compared with other algorithm using MATLAB simulation flat form.

Chapter 7 consists of final conclusion and contributions made in this work.

The areas for further studies are also highlighted.
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