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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in
fulfilment of the requirement for the degree of Master of Science

CHANNEL-AWARE DOWNLINK SCHEDULING FOR QUALITY OF
SERVICE IN LONG TERM EVOLUTION NETWORK

By

ALAA OMER NAJIM

January 2018

Chairman: Nor Asilah Wati Abdul Hamid, PhD
Faculty: Computer Science and Information Technology

Long Term Evolution (LTE) is a recently evolving technology proposed by the
Third Generation Partnership Project to provide a smooth migration toward the
Fourth Generation of cellular networks. Radio Resource Management (RRM) is
one of the core modules in LTE network architecture which includes functions to
manage and handle involved system users who are communicating with their
resources sites. In this thesis, Packet Scheduling is defined as one of the main
RRM functions, and it is responsible for the intelligent selections of users and
transmissions of their packets such that radio resources are efficiently utilized,
and user’s Quality of Service (QoS) requirements are satisfied. The emphasis of
this research is on the radio resource scheduling of LTE downlink. For flows
with different volumes, delay has been defined as a major challenging issue that
restricts the delivered network performance to subscribed users.

In this thesis, a Delay-oriented Resource Allocation (DoRA) scheduler is pro-
posed to provide an efficient allocation of wireless resources across users of
different traffic volumes to minimize delay. Initially, a range of constraints was
defined based on a recent algorithm from the literature, namely Delay Based
Weighted Proportional Fair (DBWPF). These constraints comprise the use of
an inefficient method to determine delay by the buffer size. In the proposed
algorithm we, utilize Head of Line delay with channel-related parameters such
as user data rate in addition to several pre-defined QoS tunable parameters
to formulate a rule that prioritizes different user flows assigned with channel
resources in order to improve delay.

The proposed algorithm using system-level simulation experiments with perfor-
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mance comparison with DBWPF in terms of end-to-end delay, fairness, system
throughput, Packet Loss Ratio (PLR), and spectral efficiency was evaluated. The
output results indicate that the proposed DoRA scheduling algorithm outper-
forms DBWPF in providing a minimum level of end-to-end delay.
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia
sebagai memenuhi keperluan untuk ijazah Master Sains

PENJADUALAN PAUTAN TURUN SALURAN-SEDAR UNTUK KUALITI
PERKHIDMATAN DALAM JARINGAN EVOLUSI JANGKA PANJANG

Oleh

ALAA OMER NAJIM

Januari 2018

Pengerusi: Nor Asilah Wati Abdul Hamid, PhD
Fakulti: Sains Komputer dan Teknolologi Maklumat

Evolusi Jangka Panjang (LTE) adalah teknologi yang baru-baru ini berkembang
dan dicadangkan oleh Projek Perkongsian Generasi Ketiga untuk menyediakan
migrasi yang lancar ke arah rangkaian selular Generasi Keempat. Pengurusan
Sumber Radio (RRM) merupakan salah satu modul teras dalam seni bina
rangkaian LTE yang merangkumi fungsi untuk mengurus dan mengendalikan
pengguna sistem yang terlibat yang berkomunikasi dengan laman sumber
masing-masing. Di dalamnya, Penjadualan Packet dianggap sebagai salah satu
fungsi RRM utama dan ia bertanggungjawab untuk pemilihan pengguna pintar
dan penghantaran paket mereka supaya sumber radio digunakan dengan cekap
dan keperluan Kualiti Perkhidmatan (QoS) pengguna dipenuhi. Penekanan
kajian ini adalah penjadualan sumber radio LTE pautan tutun. Untuk aliran
dengan jumlah yang berlainan, kelewatan telah disenaraikan sebagai isu utama
yang membataskan prestasi jaringan yang disampaikan kepada pengguna yang
dilanggan. Dalam tesis ini, Penjadualan Peruntukan Sumber Berorientasikan
Kelewatan (DoRA) dicadangkan untuk menyediakan peruntukan sumber tanpa
wayar yang cekap menanggani masalah jumlah kesesakan pengguna yang
berbeza dan meminimumkan kelewatan. Pada mulanya, pelbagai kekangan
telah ditakrifkan pada algoritma yang sebelumnya, iaitu Kelewatan Berasaskan
Pemberat Berpatutan Adil (DBWPF). Kekangan-kekangan ini merangkumi
penggunaan kaedah yang tidak ketara untuk menentukan penangguhan oleh
saiz penampan. Dalam algoritma yang dicadangkan, kami menggunakan Ketua
Talian Kelewatan dengan parameter yang berkaitan dengan saluran seperti
kadar data pengguna sebagai tambahan kepada beberapa parameter yang
boleh dimodelkan QoS yang telah ditetapkan untuk merumuskan peraturan
yang mengutamakan aliran pengguna yang berbeza untuk ditugaskan dengan
sumber saluran untuk meningkatkan kelewatan.
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Kami menilai algoritma yang dicadangkan menggunakan eksperimen simulasi
paras sistem dengan perbandingan prestasi dengan DBWPF dari segi kelewatan
akhir, keadilan, beban sistem, Nisbah Kehilangan Paket (PLR), dan keceka-
pan spektrum. Keputusan output menunjukkan bahawa algoritma penjadu-
alan DoRA yang dicadangkan mengatasi DBWPF dalam memberikan kelewatan
akhir dari hujung ke hujung.
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CHAPTER 1

INTRODUCTION

Mobile communication has recently received increasing approbation worldwide
due to the rapid increase in the number of User Equipment (UE), the rate of
mobile data and the demand for wireless multimedia applications. The expected
increase in the rate of mobile data has become an evolutionary driving force
that led to new mobile communication technologies. Although several mobile
communication technologies are used in wireless networks, this research ocused
on technologies that centered on the Long-Term Evolution (LTE) standard. The
LTE standard was launched by the Third Generation Partnership Project (3GPP)
and was defined as a step to the Fourth Generation (4G) mobile platform (Astély
et al., 2009). The LTE architecture is characterized as flat and Internet Protocol
(IP)-based, and the performance of multimedia services is thus expected to
take a step further in mobile communication such as achieving high data rates,
low latency and increased level of Spectral Efficiency (SE) (Zyren and McCoy,
2007). The LTE can provide a better user experience in delivering multimedia
and Internet applications even in high-mobility scenarios. In fact, the LTE
achieves a high performance level due to the adoption of Orthogonal Frequency
Division Multiple Access (OFDMA) technology in the Downlink (DL) system.
This adoption has allowed the DL channel to boost up the system capacity by
transmitting traffic with high data rate and low latency values to different users
who are multiplexed in time and frequency domains (Shah, 2008). Ensuring
satisfaction towards the high system performance of the LTE telecommunication
technology has created many challenges related to radio base station capa-
bilities in bandwidth management (Markoulidakis et al., 1997). For instance,
satisfaction is affected by the limited bandwidth that constrains user’s requests
to be provided with diverse services (Prasad et al., 2000). The base station is
responsible for all the procedures related to user traffic management in DL
and Uplink (UL) directions that are handled by a resource scheduler. This
study investigated the effective resource-scheduling strategies designed for DL
communication in LTE networks in order to achieve the required performance
and a high satisfaction level of end users.(Ahmadi, 2013).

Figure 1.1 demonstrates a typical LTE DL system model. The scheduler at the
base station manages and controls data transmission in both channel directions
by assigning sufficient resources to the involved UEs in Medium Access Control
(MAC) layer. All flows from different applications are assigned to different
bearers, each with specific QoS requirements. A bearer is defined as a logical
connection, which is established between UE and Eevolved NodeB (eNB).
When user data are scheduled by MAC policy, they are mapped to a number
of physical resources with particular frequencies. This process is performed
by deciding a proper Modulation and Coding Scheme (MCS) from the given
Signal-to-Interference-plus Noise Ratio (SINR) values of each UE channel in the
physical layer (Capozzi et al., 2013).
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Figure 1.1: Downlink System Architecture

1.1 Problem Statement

The 3GPP standard leaves open the design and implementation of radio
resource scheduling. Consequently, numerous studies (Lau, 2002) (Holtzman,
2001); (Kim et al., 2004); (Pramudito and Alsusa, 2014); (Schwarz et al., 2011);
(Liu et al., 2015) proposed ways to solve issues related to resource allocation
in the LTE channel to improve system throughput and service fairness of the
involved user data. Nevertheless, these proposals lack solutions that emphasize
the awareness of satisfying traffic QoS in terms of delay in addition to the
guaranteed service rate. The essence of studying network latency becomes
a major issue, considering that the recent LTE networks are rich with user
applications that are run at different traffic attributes.

A recent proposal that addresses the delay issue is the DBWPF algorithm (Liu
et al., 2015). The approach triggers a scheduling decision by considering a delay
weight that is determined on the basis of buffer size and previous and current
buffer delay states. This approach influences the scheduler to emphasize delay
balancing rather than guaranteeing low delay values. With this behavior, flows
with different volumes suffer a high delay as the variations among flow sizes
become significant.
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1.2 Motivation

LTE networks are among the mobile communication network technologies that
support high data rates, large convergence, and QoS for various applications.
The current mobile communication technologies maintain a set of performance
quality level according to the demand of end users for new telecommunication
applications such as multimedia streaming, music and video download, mobile
gaming and Internet browsing. These end-user applications should be able
to run with an enhanced service utilization so that these applications can be
on instantly, all the time and anywhere. Thus, resource allocation has become
important in ensuring and maintaining the QoS and performance quality level
of the networks due to the scarcity of resources in LTE networks.

Radio resource algorithm or scheduling algorithm is the fundamental com-
ponent to guarantee QoS of various applications, which provides a major
contribution towards the network performance as a whole. This is achieved
basically by allocating the scarce wireless channel resources among UEs and
determining their transmission order. This research focused primarily on DL
scheduling in which users simultaneously run different traffic volumes that
may require more channel resources. The scarcity of these resources has led to
increased packet loss, delay and poor fairness index which has consequently
affected the QoS and performance quality level of the network. This research
intended to mitigate this problem by proposing an algorithm that schedules
varying traffic volumes while ensuring both the QoS and performance level
quality are sufficiently maintained. To this end, a motivated research objective
was considered and discussed, followed by an outline of the contribution and
organization of this study.

1.3 Research Objective

In this study, the emphasize was on scheduling data traffic with minimum
delay time and maintaining a service level which are defined as among the key
challenges for the QoS concept in 4G and beyond. Therefore, the main objective
of this study is to propose an efficient LTE downlink scheduling algorithm
in which a delay-based weight is calculated on flows of different volumes to
prioritize radio resources allocation such that QoS is satisfied with the minimal
delay.
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1.4 Research Scope

This study focuses on the scheduling strategies in MAC layer for LTE DL
transmission. The scheduling strategies can be classified in terms of the key
design aspects such as channel-unaware, channel-aware, and QoS-aware. It
is also focused on the channel-aware technique, which is likely to be suitable
for wireless environments. Simulation tools were employed to verify the
performance of the proposed algorithm, and all the measures were considered
in a multi-cell environment. Figure 1.2 illustrates the flow scope of the thesis,
where the shapes with bold lines show the scope followed by the thesis while
the others show those that are outside the scope of the thesis.

1.5 Research Contribution

A DoRA for LTE downlink scheduling is proposed by considering the state of
the variable traffic volumes. The proposed algorithm adopts a priority-based
approach, which utilizes a delay-based information to affect the scheduling
rule directly. The algorithm selects the flows of different data volumes with
delay that is high and tends to expire. The significance of this scheduling
approach is that it exponentially tunes the scheduler behaviour to depend on
delay during high stages of traffic loads while maintaining an acceptable level
of QoS directions by configuring some performance parameters to control the
scheduler behaviour.

1.6 Thesis Organization

This study presents a new DL scheduling mechanism for LTE networks. The
rest of this paper is organized as follows.

Chapter 2 presents the evolution of mobile communication, followed by an
overview of the LTE network, LTE network architecture, LTE radio protocol
architecture and radio bearer management. RRM at the MAC and physical
layers is briefly described. Scheduling and related works on DL scheduling
techniques that addresses the LTE performance metrics are also shown. Analysis
of different scheduling schemes and some resource management issues are also
discussed.

Chapter 3 identifies the definition and theme used throughout the development
of the research work. This chapter presents the thesis framework and explains
the stages in detail. Experimental setup and topologies, as well as the perfor-
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Figure 1.2: Thesis Modules

mance metrics and their evaluation methods are also provided.

Chapter 4 presents an efficient resource scheduling mechanism known as
DoRA algorithm that provides a delay enhancement performance target. The
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DoRA algorithm is described and evaluated in terms of delay, fairness Index,
throughput, PLR, and spectral efficiency.

Chapter 5 concludes the work and recommends some promising directions for
future research.
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