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ADAPTIVE RESOURCE ALLOCATION ALGORITHMS WITH
QOS SUPPORT IN OFDMA-BASED WIMAX NETWORKS

By

ALTI MOHAMMED MANSOOR ALSAHAG

October 2014

Chairman: Professor Borhanuddin Mohd Ali, PhD
Faculty: Engineering

In Worldwide Interoperability for Microwave Access (WiMAX) the primary con-
cern is Quality of Service (QoS) support which aims to satisfy the diverse service
requirements and to guarantee higher data rates allocation for different service
classes. However, IEEE 802.16 standard does not specify a bandwidth alloca-
tion algorithm to guarantee QoS, this is purposely done in order to allow service
providers and vendors to innovate in this area and distinguish their products.

The performance benefits of existing solutions in PHY and MAC layers often fall
short of providing the QoS support, particularly, it is still experiencing additional
access latency and bandwidth allocation disorder where errors occur, that leads
flows backlogged. At the same time, mapping the prioritized resources in PHY is
become vital to design adaptive resource allocation algorithms that support QoS
by way of maximize spectral efficiency, reduce outage probability and efficiently
utilize the system resources. The aim of this thesis is to develop a fair and effi-
cient packet scheduling and adaptive multiuser frequency-time domain resources
allocation algorithms to support QoS for a diverse service class in OFDMA based
IEEE 802.16 network.

This thesis presents four main contributions for QoS provisioning which are
robust, scalable, and can be successfully executed in WiMAX system. The



first and second contributions are two slot resource allocation algorithms for
OFDMA downlink (DL) scheduling, namely Weighted-rate Adaptive Slot Alloca-
tion (WASA) and Feedback Delay-based Slot Allocation (FDSA). The aim is to
satisfy QoS requirements for diverse traffic type demands by exploiting available
resources in time and frequency domain, and maximize spectral efficiency. These
algorithms have been devised with two different approaches. WASA classifies the
users based on their weighted-rate factor, which is greater than the minimum
requirements, to determine the achievable data rate for each connection in each
time-frequency slot. This weighted-rate factor takes into account the achievable
data rate along with the QoS requirement to ensure improvements to the sys-
tem capacity and to guarantee the service type priority for real time over non
real-time connections.

On the other hand, FDSA allocates the resources based on feedback information
delay, which adjusts its traffic in agreement with the feedback to explore the
number of slots that must be allocated to the corresponding service type. The
purpose of the delay feedback information in real-time service is to utilize available
bandwidth efficiently and assign it evenly among the active connections. The

Third contribution is an efficient bandwidth allocation algorithm for the up-
link transmission called Fuzzy Adaptive Deficit Round Robin (FADRR). FADRR
is fully dynamic with fuzzy logic based approach and adaptive deadline-based
scheme for various service class traffics in the base station (BS). The algorithm
employs fuzzy logic control which is embedded in the scheduler, whereby the
function is to control and dynamically update the bandwidth required by the
various service classes according to their respective priorities, maximum latency
and throughput. FADRR also presents a new adaptive deadline-based approach
in order to guarantee a specific maximum latency for real-time connections.

The final contribution is Two-Tier hierarchical scheduling algorithm with En-
hanced Deficit Round Robin (Two-Tier EDRR) to update and offer new schedul-
ing information to DL and uplink (UL) sub-frame. The main objective is to
dynamically allocate the overall bandwidth to DL and UL service classes in such
a way that the overall system throughput is optimized without sacrificing their
QoS requirements. This is done by assigning the bandwidth fairly among different
service classes in a hierarchical structure. The key feature of Two-Tier EDRR is
its low-latency queue, in which it allows strict priority queue with delay-sensitive
data such as voice to be dequeued and start allocation first before packets in
other queues are dequeued.

Simulation results indicate that the proposed WASA and FDSA achieve signif-
icant performance improvements in terms of spectral efficiency, outage proba-
bility, and fairness against the conventional OFDMA-TDMA and MAX-SNR
algorithms. WASA obtains higher spectral efficiency in comparison with the

ii



OFDMA-TDMA by about 46% and WASA experiences lowest outage probabil-
ity by about 21%. FDSA attains lower outage probability than OFDMA-TDMA
reached by about 51%. In terms of fairness, FDSA outperform MAX-SNR by
about 51% and OFDM-TDMA about 71%, respectively.

Simulations results show the performance of the proposed FADRR outperforms
the conventional MDRR and CDRR schemes. Specifically, it reduces the packet
queue delay by 72% and 58% on average in comparison to MDRR and CDRR,
respectively. Further, FADRR exhibits better fairness by up to 86% and 61% as
compared to MDRR and CDRR, respectively. The throughput for Best Effort
(BE) service is maintained at a certain minimum reserved rate, which is still
higher by about 27% and 13% in comparison to CDRR and MDRR, respectively.
FADRR achieves superior throughput performance for real time Polling Service
(rtPS) flows compared to the MDRR and CDRR algorithms by about 18% and
11%, respectively.

Two-Tier EDRR provides better performance than the conventional algorithms
in terms of end-to-end delay, throughput, and delay jitter for Unsolicited Grant
Service (UGS), enhanced real time Polling Service (ertPS), rtPS, non-real time
Polling Service (nrtPS) and BE services. It is observed that decreasing delay of
real-time packets lead to increase packet delivery ratio, thus enabling the system
to show higher throughput.

1ii



Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia
sebagai memenuhi keperluan untuk ijazah Doktor Falsafah
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Pengerusi: Profesor Borhanuddin Mohd Ali, PhD
Fakulti: Kejuruteraan

Dalam Kebolehoperasian Seluruh Dunia bagi Akses Gelombang Mikro (WiMAX)
kebimbangan utama adalah Kualiti Perkhidmatan (QoS) sokongan yang bertu-
juan untuk memenuhi keperluan pelbagai perkhidmatan dan untuk menjamin
peruntukan data pada kadar yang lebih tinggi bagi kelas perkhidmatan yang
berbeza. Walau bagaimanapun, IEEE 802.16 standard tidak menyarankan algo-
ritma peruntukan jalur lebar untuk menjamin QoS, ini sengaja dilakukan untuk
membolehkan pembekal perkhidmatan dan vendor untuk membuat inovasi dalam
bidang ini dan membezakan produk mereka.

Manfaat prestasi penyelesaian yang sedia ada di lapisan PHY dan MAC masih ga-
gal untuk menyediakan sokongan QoS, terutamanya, ia masih mengalami kepen-
daman akses tambahan dan gangguan peruntukan jalur lebar di mana kesila-
pan yang berlaku akan menyebabkan aliran tertunggak. Pada masa yang sama,
pemetaan sumber keutamaan dalam PHY adalah penting untuk mereka bentuk
penyesuaian algoritma peruntukan sumber yang menyokong QoS dengan cara
memaksimumkan kecekapan spektrum, mengurangkan kebarangkalian gangguan
dan menggunakan sumber sistem dengan cekap. Matlamat projek ini adalah un-
tuk membangunkan penjadualan paket yang adil dan cekap serta penyesuaian
pelbagai pengguna dalam domain masa dan frekuensi dengan algoritma perun-
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tukan sumber untuk menyokong QoS bagi pelbagai kelas perkhidmatan dalam
OFDMA berasaskan rangkaian IEEE 802.16.

Tesis ini mempersembahkan empat sumbangan utama untuk menyokong QoS
yang teguh, berskala, dan boleh berjaya dilaksanakan dalam sistem WiMAX.
Sumbangan pertama dan kedua adalah algoritma peruntukan sumber slot untuk
penjadualan OFDMA muat turun (DL) yang dikenali sebagai Peruntukan Slot
Kadar-Wajaran Penyesuaian (WASA), dan Peruntukan Slot Berasaskan Kele-
watan Maklum Balas (FDSA). Tujuannya adalah untuk memenuhi keperluan QoS
daripada pelbagai jenis trafik permintaan dengan mengeksploitasi sumber yang
ada dalam domain masa dan frekuensi serta memaksimumkan kecekapan spek-
trum. Walau bagaimanapun, kedua-dua algoritma ini telah dibangunkan dengan
pendekatan yang berbeza. WASA mengklasifikasikan pengguna berdasarkan fak-
tor kadar-wajran mereka, yang lebih besar daripada keperluan minimum, untuk
menentukan kadar data yang boleh dicapai untuk setiap sambungan dalam se-
tiap slot masa dan frekuensi. Faktor kadar-wajaran ini mengambil kira kadar
data boleh dicapai bersama-sama dengan keperluan QoS untuk memastikan pen-
ingkatan kapasiti sistem dan untuk menjamin keutamaan jenis perkhidmatan
untuk masa nyata melalui sambungan masa bukan nyata. FDSA memperun-
tukkan sumber-sumber yang berdasarkan maklum balas kelewatan maklumat,
yang menyesuaikan trafik dengan maklum balas untuk meneroka bilangan slot
yang perlu diperuntukkan kepada jenis perkhidmatan yang sama.

Tujuan maklumat maklum balas kelewatan dalam perkhidmatan masa nyata
adalah untuk menggunakan jalur lebar yang ada dengan cekap dan memba-
hagikan sama rata antara sambungan aktif. Sumbangan ketiga ialah algoritma
peruntukan bandwidth cekap untuk penghantaran muat naik (UL) yang dipanggil
Fuzzy Penyesuaian Defisit Round Robin (FADRR). FADRR dinamik sepenuhnya,
menggunakan pendekatan berasaskan fuzzy logik dan skim berdasarkan tarikh
akhir penyesuaian trafik kelas pelbagai perkhidmatan di stesen pangkalan (BS).
Algoritma ini menggunakan kawalan fuzzy logik yang tertanam dalam penjad-
ual, di mana fungsinya adalah untuk mengawal dan mengemaskini secare dinamik
bandwidth yang diperlukan oleh pelbagai kelas perkhidmatan mengikut keuta-
maan masing-masing, kependaman maksimum dan pemprosesan. FADRR juga
membentangkan pendekatan berasaskan penyesuaian tarikh akhir baru bagi men-
jamin kependaman maksimum tertentu untuk sambungan masa nyata.

Sumbangan terakhir adalah algoritma penjadualan hierarki dengan Dua-Peringkat
Peningkatan Defisit Round Robin (Dua-Peringkat EDRR) untuk mengemas kini
dan menawarkan maklumat penjadualan baru untuk DL dan uplink (UL) sub-
frame. Objektif utama adalah untuk memperuntukkan jalur lebar secara dinamik
bagi keseluruhan kelas perkhidmatan DL dan UL menerusi sistem pemprosesan
keseluruhan dioptimumkan tanpa mengorbankan keperluan QoS mereka. Ini di-
lakukan dengan memberikan jalur lebar secara adil di kalangan kelas perkhid-



matan yang berbeza dalam struktur hierarki. Ciri utama Dua-Peringkat EDRR
adalah giliran rendah kependaman, di mana ia membenarkan giliran keutamaan
yang ketat untuk data sensitif lewat seperti suara untuk digilirkan dan mula
peruntukan sebelum paket di barisan lain digilirkan.

Keputusan simulasi menunjukkan bahawa WASA dan FDSA yang dicadangkan
mencapai peningkatan prestasi yang ketara dari segi kecekapan spektrum, ke-
barangkalian gangguan, dan keadilan berbanding algoritma konvensional OFDMA-
TDMA dan MAX-SNR. WASA mencapai kecekapan spektrum ketara jika dibandin-
gan dengan OFDMA-TDMA sekitar 46% dan juga mengalami kebarangkalian
gangguan yang paling rendah sebanyak 21%. FDSA mencapai kebarangkalian
gangguan rendah penting daripada OFDMA-TDMA mencapai kira-kira 51%.
Tambahan pula, keputusan dari segi keadilan menunjukkan FDSA mengatasi
MAX-SNR sebanyak 51% dan OFDM-TDMA kira-kira 71%.

Keputusan simulasi menunjukkan prestasi FADRR yang dicadangkan adalah
melebihi skema konvensional MDRR dan CDRR. Terutamanya, ia mengurangkan
kelewatan dalam giliran paket sebanyak 72% dan 58% secara purata lebih dari-
pada MDRR dan CDRR. Pada masa yang sama FADRR menunjukkan keadilan
jangkauan yang lebih baik sehingga 86% dan 61% berbanding MDRR dan CDRR.
Walaupun kendalian Usaha Terbaik (BE) dikekalkan sekurang-kurangnya terpeli-
hara pada kadar yang tertentu, yang masih lebih tinggi kira-kira 27% dan 13%
berbanding dengan CDRR dan MDRR. FADRR mencapai prestasi pemprosesan
atasan Khidmat Pengumpulan masa nyata (rtPS) aliran berbanding dengan al-
goritma MDRR dan CDRR sebanyak 18% dan 11%.

Dua-Peringkat EDRR mempunyai prestasi yang lebih baik daripada algoritma
konvensional dari segi akhir-ke-hujung kelewatan, pemprosesan, dan kelewatan
ketar untuk perkhidmatan Pemberian Service Tetap (UGS), Peningkatan Khid-
mat Pengumpulan masa nyata (ertPS), rtPS, Khidmat Pengumpulan masa tidak
nyata (nrtPS) dan BE. Jelas sekali, pengurangan kelewatan paket masa nyata
membawa kepada meningkatkan nisbah penghantaran paket serta membolehkan
sistem untuk menunjukkan daya pemprosesan yang lebih tinggi.
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CHAPTER 1

INTRODUCTION

This chapter introduces a general background about this research and identifies
the research problems and motivation. It also presents the research objectives
and describes the scope of this research. Furthermore, this chapter highlights the
research contributions, justifies the benefits, and clarifies the implications of this
research. Finally, this chapter summarizes the organization of the thesis.

1.1 Background

Wireless networks have experienced tremendous progress over the last few years.
The pace of evolution of providing ever higher data rate from 2G to 2.5G, 3G
and beyond never seem to have abated. Nevertheless, it is a consensus that
future wireless networks, known generically as beyond 3G (B3G), are targeted at
supporting various applications such as voice, data, and multimedia over packet-
switched networks as shown in Figure 1.1. On these networks, high bandwidth
and quality of service (QoS) provisioning is the critical goals to provide different
services to mobile devices.

In recent years, the proliferation of mobile devices and technologies provides
voice service, data and multimedia to subscribers (SSs) gives rise to need for
seamless, ubiquitous broadband wireless access (BWA) technologies to support
diverse applications such as VolIP, streaming and interactive multimedia such as
gaming. This remarkable growth in the demand for high data rates has driven
current and future wireless communications infrastructure, to innovate robust
techniques to provide high data rates and guarantee better services.

To respond to this demand, the IEEE 802.16 family of standards has been devel-
oped for BWA over a metropolitan area, initially covering a fixed Line-of-Sight
(LoS) wireless access. IEEE 802.16e adds the support of mobility [1] and uses
orthogonal frequency division multiplexing access (OFDMA) as its air interface
technique [2], and further to that IEEE 802.16m has been developed to meet
IMT-Advanced network specifications defined by ITU-T [3]. Mobile WIMAX en-
ables several interesting features including support of high data rate, coverage of
large areas, corporate-grade security, dynamic Quality of Service (QoS) and good
spectral efficiency. It also provides better support for Non Line-of-Sight (NLOS)
technologies, multiple services with different QoS policies and inexpensive deploy-
ment of last mile access to public networks.
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Support for a variety of multimedia services, some with high QoS requirements,
have become increasingly sophisticated. This implies that increasingly more users
have to share the available wireless spectrum, thus necessitating the use of highly
efficient and robust schemes for wireless resource allocation. Judicious allocation



of these radio resources becomes an important research area in wireless com-
munications and networking with the objective of managing the network more
effectively.

In wireless communications, different resources can be allocated simultaneously
depending on the technology and demand. Sample technologies include time-
division multiple access (TDMA), frequency-division multiple access (FDMA),
and code-division multiple access (CDMA). The current literature, however shows
that OFDMA is becoming increasingly more important[4]. One advantage of
OFDMA over the other technologies is that it dynamically allocates larger amounts
of radio resource to users that are capable of making the best utilization of the
resource considering the prevailing channel conditions.

OFDMA also makes it possible for users to operate with smaller power amplifiers.
With these advantages, OFDMA has been adopted for various standards such as
IEEE 802.11n [5] and 4™ generation cellular systems such as IEEE 802.16m and
3GPP long term evolution (LTE)[6]. Therefore, the question of how to fulfil the
QoS requirement and service differentiation in IEEE 802.16 networks is one of
the most important and open issues.

In such a multi-service environment, BWA networks are challenged to meet the
diverse QoS requirements in terms of bounded delay, jitter, packet loss rate, guar-
anteed throughput and spectral efficiency. In order to achieve QoS provisioning,
several key modules including the adaptive resource allocation, packet scheduling
and queue management, must be carefully designed.

Packet scheduling and resource allocation algorithms are two key mechanisms in
WiMAX that are used to support the required QoS. The mechanisms must be
effectively designed to maximize efficient utilization of spectrum and of systems
resources. Scheduling is the problem of determining which users that will be
given priority for the bandwidth; whereas adaptive resource allocation refers to
the problem of allocating physical layer (PHY) resources such as rectangular slots
and power among these priority users. This thesis focuses on packet scheduling
and adaptive resource allocation algorithms for QoS provisioning in WiMAX
networks especially in the MAC and PHY layers.

The rest of the Chapter is organized as follows. First, the problem statement of
this thesis is discussed. This is followed by a listing of the objectives, contributions
of the thesis, and its scope. Finally, the organization of the thesis is presented.
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1.2 Research Problem

EEE 802.16 has the ability to provide high transmission data and QoS for diverse
demand of users. However, IEEE 802.16 standard does not specify a bandwidth
allocation algorithm, this opens opportunities for vendors and researchers to in-
novate in this area. The resource allocation algorithms in 802.16 are concerned
about maintaining traffic scheduling continuity without much of service disrup-
tion. However, for high priority flows, system throughput degradation may hap-
pen due to bandwidth allocation disorder. Also, instability in real-time and non
real-time services leads to degradation in latency guarantee and deterioration of
overall system utilization. Prioritizing non real-time service will impact real-time
service negatively. Therefore, an efficient fair packet scheduling and a bandwidth
allocation algorithm need to be developed towards improving the throughput and
providing seamless QoS.

At the same time adaptive resource allocation at the PHY Layer must maximize
spectral efinAciency, reduce outage probability and maximize utilization of sys-
tem resources. OFDMA was developed to manipulate a multicarrier transmission
that is time-shared among contending users. However, transmitting at different
time slots to different users reduce system efficiency and affect the mapping of
the required resources. Therefore, the rectangular slot must be fully allocated in
a two dimensional domain of time and frequency. Furthermore, in a given band-
width, the rectangular slots transmit to different users considering the channel
gain responses by applying Adaptive Modulation and Coding (AMC). However,
to satisfy a higher achievable data rate and fairness, further appropriate trade-off
of resource allocation need to be developed towards providing seamless QoS as
well as improving system performance. The research framework of this thesis is
depicted in Figure 1.2.

1.3 Research Objectives

The aim of this thesis is to develop new packet scheduling techniques and adaptive
multiuser frequency-time domain resource allocation algorithms to provide the
QoS support for real-time and non real-time services. This scheduling framework
encompasses prioritization of traffic at the MAC layer and adaptive multiuser
frequency-time domain resource allocation model at the OFDMA downlink. To
fulfill this aim the following objectives are established:

o To design an adaptive slot allocation algorithm for a multiuser diversity
in downlink direction for mobile WiMAX networks called Weighted-rate
Adaptive Slot Allocation (WASA). The aim is to improve system perfor-
mance by exploiting the available resources in a two-dimensional domain
and to optimize the subcarrier with the number of bits to ensure the system



capacity.

o To develop an algorithm for a trade-off between fairness and capacity called
Feedback Delay-based Slot Allocation (FDSA). This will improve fairness
in slot assignment and maintain higher data rates.

» To propose an efficient bandwidth allocation algorithm for the uplink direc-
tion in mobile WiMAX referred to as FADRR. This will control and update
the bandwidth required by the various service classes information for QoS
support such as guarantee a maximum latency for real-time traffic.

e To develop a Two-Tier hierarchical scheduling algorithm with Enhanced
Deficit Round Robin (Two-Tier-EDRR) to update and offer new scheduling
information to DL and UL sub-frames. The main objective is to dynamically
allocate the overall bandwidth to DL and UL service classes in such a way
that the overall system throughput is optimized without sacrificing their
QoS requirements.

1.4 Research Contributions

The contributions of this thesis are as follows:

o An adaptive slot allocation algorithm for multiuser diversity in downlink di-
rection called WASA. It exploits the available resources in a two-dimensional
domain to maximize system capacity.

o An algorithm called FDSA that finds a trade-off between fairness and ca-
pacity. It mainly relies on MAC and PHY layers of each service type by
updating the resource allocation algorithm of real-time and non real-time
classes efficiently, using a feedback delay information mechanism.

o A prioritized user function assessment for guaranteeing QoS requirements
called weighted-rate factor. It enables users to use the wireless resources
efficiently in order to maximize the achievable data rate and distinguish the
service type priority for real time over non real-time connections.

o An efficient bandwidth allocation algorithm in the uplink referred to as
FADRR. This is based on an intelligent systems approach for increasing
the reliability by means of control and updating the bandwidth during a
communication session. It is based on two concepts:

1. Fuzzy logic control which is embedded in the scheduler. This utilizes
service class information and dynamically updates the bandwidth re-
quired to support QoS.

2. Adjust the service queue weights for real-time and non real-time con-
nections. It exploits the new traffic, according to their respective pri-
orities, maximum latency and throughput to confirm and verify the

6



optimal bandwidth required for real-time and non real-time connec-
tions, taking the maximum throughput that satisfies the maximum
delay objective.

3. A scheme to identify the maximum latency for real-time service. This
is done firstly, by introducing adaptive deadline-based approach to
handle the bandwidth fairly for traffic that the maximum latency has
been violated, and then to improve throughput of the overall system
network when the non real-time service are granted their required
bandwidth during a tolerated latency.

o two-Tier hierarchical scheduling algorithm with Enhanced Deficit Round
Robin (Two-Tier-EDRR) to update and offer new scheduling information
to DL and UL subframes, and to ensure effective scheduling to SSs.

1.5 Research Scope

This thesis covers packet scheduling and adaptive resource allocation algorithms
at the MAC and PHY layers in the 802.16 standards for QoS provisioning, in
both UL and DL directions of the Base Station (BS). The system model for this
thesis is illustrated in Figure 1.3. A Point-to-Multipoint (PMP) network topology
is considered, where one BS serves multiple SSs in a single cell. Throughout the
simulation period, connections in the service class queues are assumed to be active
in the network. Channel quality is assumed to be perfectly fedback by each SS to
the BS. Here, resource allocation refers to the assignment of frequency-time slots
in the OFDMA frame. Even though the allocation of power is also possible, they
are not covered in this thesis. Note that there are other QoS related modules
such as the admission control and buffer management, but they are outside the
scope of this thesis.
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1.6 Thesis Organization

This thesis is organized as follows: Chapter 1 provides a general introduction to
the thesis with regards to the background of the subject and the problem state-
ment; and it introduces the research objectives and highlights the contributions
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and scope of the thesis.

Chapter 2 presents the literature reviews; it covers the concept of packet schedul-
ing and adaptive resource allocation mechanisms based on channel awareness and
OFDMA resource allocation algorithms for BWA. This Chapter also provides a
general overview and classification of QoS resource allocation mechanisms that
operate at different layers. Then, it describes the main techniques inspired by
channel conditions that works in WiMAX, and focuses on the adaptive resource
allocation algorithms that use the frequency-time domain allocation in WiMAX.
Further, the Chapter describes briefly the ideas and concepts used in previous
works and highlight the strengths and limitations of these schemes.

Chapter 3 describes the methodology used in this thesis. The first section presents
a brief description of our proposed algorithms. Then, the framework of the pro-
posed schemes is presented with an illustration starting from the pre-analysis of
the existing mechanisms of the evaluations and results. The stages of the research
are depicted in the flowchart that shows the different patterns and their integra-
tion. The second part introduces the system models used in this study such as
the channel capacity, queuing, traffic and network models. Finally, the Chapter
gives an overview of the experimental parameters, environmental resources, and
performance metric used.

Chapter 4 describes the architecture and evaluation of the proposed adaptive
resource allocation algorithms, WASA and FDSA, in the downlink OFDMA.
This Chapter describes in detail the structure and main operations of WASA
and FDSA. The Chapter concludes with the results and observations of several
experiments conducted to test and validate the proposed algorithms in terms of
spectral efficiency, outage probability, and fairness.

Chapter 5 introduces a fair uplink bandwidth allocation and latency guarantee
algorithm and provides its architectural design. The model presented in this
chapter is an efficient bandwidth allocation algorithm for the UL transmission
called FADRR. FADRR is fully dynamic, using fuzzy logic based proach and
adaptive deadline-based scheme of the various service class traffic in the BS.
The algorithm uses fuzzy logic control which is embedded in the scheduler; its
function is to control and dynamically update the bandwidth required by the
various service classes according to their respective priorities, maximum latency
and throughput. The Chapter concludes with the results and observations of
several experiments performed with simulations.

Chapter 6 describes in detail the proposed Two-Tier hierarchical scheduling algo-
rithm with Enhanced Deficit Round Robin (Two-Tier-EDRR) and its structure.
The main objective is to dynamically update and offer new scheduling informa-



tion to DL and UL sub-frames in such a way that the overall system throughput is
optimized without sacrificing their QoS requirements. This Chapter also presents
the performance evaluation of the Two-Tier-EDRR developed in this thesis.

Finally, Chapter 7 concludes the thesis with the description of features and capa-
bilities of the proposed methodologies. This Chapter also includes some promising
directions for future works that can be used as guidelines for further research.
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