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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in
fulfillment of the requirement for the degree of Doctor of Philosophy

DOWNLINK RADIO RESOURCE MANAGEMENT TO ENHANCE QOS
OF MULTIMEDIA SERVICES IN LTE NETWORKS

By
NADIM K M MADI

September 2018

Chairman: Zurina Mohd Hanapi, PhD
Faculty: Computer Science and Information Technology

Long Term Evolution (LTE) has become the most dominant Fourth Generation
(4G) mobile broadband network. The Radio Access Network (RAN) in LTE is
designed to deliver a high trend of Quality of Service (QoS) over diverse user
applications and several network scenarios. Therein, the functions of Radio
Resource Management (RRM) features which span over the LTE protocol stack
should be carefully developed to address related challenges, such as bandwidth
utilization, resources scheduling, and physical channel’s power allocation. In
upper level of downlink Medium Access Control (MAC) layer, the bandwidth
distribution function is resided to manage the channel bandwidth over the
offered user traffic to guarantee fair service. The performance of this function
presents weaknesses when schemes such as Packet Prediction Mechanism
(PPM) are adopted, hence the bandwidth is distributed in a linear and greedy
fashion. Furthermore, flows scheduling with on-time transmissions is essential
in Real-Time (RT) applications. PPM seems to guarantee a stable low delay for
kinds of burst applications, other RT traffic are severely compromised though
due to the aggressive data dropping procedures in high network overload
states. From another aspect, recent QoS profiles count for energy-efficient
transmissions as a core dimension. However, this aim still seeks a margin of
enhancements with respect to the relevant power allocation schemes as seen in
Piro and Lee schemes to focus on controlling the transmission power beside the
system capacity maximization in order to maintain a long-term energy-efficient
transmissions.

This study figures out managing radio resources over different users for a
particular purpose. The first proposal considers the issue of downlink channel
resource distribution among different multimedia applications which lead to



unfair service. Therefore, a "Frame-based Game Theory (FGT)" bandwidth dis-
tribution scheme is proposed for the MAC layer in the downlink LTE channel.
In FGT, bandwidth is shared based on the data rate requirements of each traffic
flow over the entire LTE frame. Simulation results reveal that FGT enhances
the service fairness up to 25% with respect to the existing reference scheme and
maintain a high data rate for different users.

The second proposal considers the issue of flows scheduling for different RT
flows. Therefore, Delay-based and QoS Aware Scheduling (DQAS) scheme
is introduced to assign channel resources to delay sensitive flows based on
QoS-derived rules for different flow types in a way to guarantee low latency
and maintain a good data rate. Simulation results show that the efficient delay
control in DQAS allows RT flows transmission with 55% minimum delay time
compared to existing schemes and guarantees a reasonable throughput level for
non-real time flows.

Finally, the issue of surplus power allocation at the base station which de-
grades the system energy efficiency is discussed thoroughly. Accordingly,
Link-adaptive Power Control and Allocation (LaPCA) scheme is proposed
to tune the allowable power for the base station and adhere distributes this
determined power among the utilized subchannels to transmit users” data. The
performance evaluation results indicate that LaPCA guarantees a high trend of
energy-efficiency at the base station up to 23% with respect to existing works
and keeps an outperforming level of network downlink transmissions.

The findings of this study conceive several significant enhancements that are
realized by the proposed RRM schemes. These enhancements include: a guar-
anteed fair bandwidth sharing among multi-traffic transmitted in unified LTE
channel by introducing FGT scheme; stable and low delay for RT flows by in-
troducing DQAS scheme; and finally, energy-efficient downlink transmissions
with maximized system capacity by introducing LaPCA. Applying these pro-
posed RRM-schemes in the current protocol stack of LTE radio access network
persistently supports a high QoS level for communicating multimedia services
in urban-like scenarios. Whereby, network utility and energy-efficient transmis-
sions are significantly returned. This indeed allows more agility for network
operators to define their QoS profiles which consequently maintain a long-term
network service continuity within the kinds of highly dense environments.
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PENGURUSAN SUMBER RADIO LALUAN MENURUN UNTUK
MENINGKATKAN QOS PERKHIDMATAN MULTIMEDIA DI DALAM
RANGKAIN LTE

Oleh

NADIM KM MADI

September 2018

Pengerusi: Zurina Mohd Hanapi, PhD
Fakulti: Sains Komputer dan Teknolologi Maklumat

Evolusi Jangkaan Panjang (LTE) adalah perkhidmatan jalur lebar mudah alih
selular Generasi Keempat (4G) yang terunggul. Rangkaian Capaian Radio
(RAN) direka bentuk untuk menawarkan kualiti perkhimatan (QoS) yang tinggi
untuk pelbagai jenis aplikasi di dalam pelbagai senario rangkaian. Pengurusan
Sumber Radio (RRM) yang terdiri dari pelbagai lapisan protokol LTE dan direka
bentuk untuk menyelesaikan pelbagai masalah seperti penggunaan jalur lebar,
penjadualan sumber dan peruntukan kuasa untuk saluean fizikal. Pembahagian
saluran jaluran yang terletak di dalam lapisan teratas MAC berfungsi untuk
melayan pengguna dengan lebih adil. Terdapat kelemahan di dalam fungsi
Mekanisma Ramalan Paket (PPM) yang menyebabkan jalur lebar dibahagikan
secara linear dan tidak saksama. Penjadualan aliran dalam penghantaran
data yang tepat pada waktunya amat penting di dalam aplikasi masa sebenar.
PPM dapat menjanjikan lengah yang rendah untuk aplikasi masa sebenar
yang berat. Sebaliknya, trafik letus yang lain terjejas akibat daripada prosedur
membuang data apabila bebanan rangkaian adalah tinggi. Dari perspektif yang
lain, penggunaan tenaga yang cekap menjadi satu ukuran yang penting untuk
pemancaran. Walaubagaimanapon, kajian ini berusaha untuk meningkatkan
mekanisme peruntukan kuasa seperti digunakan oleh skim Piro dan Lee yang
lebih tertumpu kepada pengawalaan kuasa pemancaran dan memaksimunkan
kapasiti sistem.

Kajian ini mengenalpasti pengurusan sumber radio untuk pelbagai pengguna
untuk tujuan tertentu. Cadangan pertama adalah untuk menyelesaikan isu
pembahagian sumber yang tidak adil di saluran laluan menurun untuk pelbagai
aplikasi multimedia. Oleh itu, penggunaan Teori Permainan di dalam Bingkai
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Data (FGT) telah dicadangkan sebagai fungsi pembahagian saluran jalur lebar
untuk laluan menurun laluan di lapisan MAC. Dalam FGT jalur lebar dikongsi
mengikut keperluan kadar kelajuan data untuk setiap aliran trafik bagi keselu-
ruhan bingkai data LTE. Keputusan menunjukkan peningkatan sebanyak 25%
untuk FGT jika dibandingkan mekasnime tanda aras dan mengekalkan kadar
data pada tahap maksimum untuk pelbagai pengguna.

Cadangan kedua adalah mengambil kira isu pembahagian sumber kepada
beberapa jenis lengah saluran yang sensitif. Oleh itu, Skim Penjadualan yang
Peka kepada Lengah dan Servis Kualiti (DQAS) diperkenalkan untuk pembaha-
gian saluran sumber yang cekap untuk aliran lengah yang sensitif berdasarkan
rumus-rumus yang diperolehi daripada kualiti servis untuk setiap aliran bagi
menjamin nilai lengah yang rendah dan mengekalkan kelajuan kadar data yang
optimum untuk aliran yang berasaskan kadar penghantaran. Penilaian simulasi
menunjukkan DQAS boleh menjadualkan dengan kadar 55% lebih rendah jika
dibandingkan dengan skim tanda aras.

Cadangan terakhir adalah membincangkan dengan teliti tentang isu pengagihan
kuasa berlebihan di stesen pangkalan yang menyebabkan penggunaan sistem
kuasa yang tidak cekap. Skim Perhubungan Mudah Suai Kawalan Kuasa dan
Pengagihan (LaPCA) dicadangkan untuk menala kadar kuasa yang dibenarkan
bagi stesen pangkalan dan mematuhi pengagihan kuasa yang telah dikenalpasti
di antara sub saluran yang digunakan untuk penghantaran data. Penilaian
prestasi menunjukkan LaPCA memberi jaminan kecekapan tenaga sebanyak
23% dan mengekalkan prestasi yang tinggi untuk rangkaian saluran laluan
menurun.

Hasil kajian yang menggunakan skim RRM menghasilkan beberapa penambah-
baikan seperti berikut: Skim FGT menghasilkan perkongsian jalur lebar yang
lebih saksama dan terjamin untuk kepelbagaian trafik dipancar oleh saluran
bersatu LTE; skim DQAS memastikan lengah adalah rendah dan stabil untuk
saluran RT dan LaPCA memperkenalkan saluran laluan menurun yang mem-
punyai kecekapan tenaga dan memaksimunkan kapasiti sistem. Skim RMM
yang digunakan di lapisan protokol rangkaian capaian radio dapat menyokong
tahap QoS yang lebih tinggi untuk servis multimedia di dalam senario bandar.
Oleh itu, penggunaan rangkaian dan kecekapan tenaga pancaran dapat diper-
baiki dengan baik. Ini memudahkan para operator rangkaian membuat takrifan
ke atas profail QoS supaya dapat mengekalkan servis untuk jangka masa pan-
jang di dalam kawasan kepadatan yang tinggi.
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CHAPTER 1
INTRODUCTION

1.1 Background

The era of mobile broadband communication is rapidly and tremendously
evolved hence multimedia technology vision and looking forward to the near—
zero latency with data rates up to tens of Gigabits per second throughout the
wireless channel (Li et al., 2018; Huawei Technologies, 2017). Based on a current
study by Cisco Systems (2017), it is estimated that the number of mobile users
will be as high as 11.6 billion by 2021. It is also reported by the same source that
the volume of transferred data over mobile networks reached up to 63% by the
end of 2016. These statistical figures reveal that System Capacity and QoS have
been considered as a major driven key in the technology advancement, starting
from the Fourth Generation (4G) to the current Fifth Generation (5G) mobile
systems.

Scaling up in performance and mobility
Scaling down in complexity and power

Today New narrowband loT technologies (3GPP Release 13+)

LTE Cat-1 LTE Cat-M1 (eMTC) Cat-NB1 (NB-loT)

>10 Mbps Up to 10 Mbps Variable rate up to 1 Mbps 10s of kbps
n x 20 MHz 20 MHz 1.4 MHz narrowband 200 kHz narrowband

i ﬂ' ’ @‘ A ||é|| né’

Mobile Video security Wearables Object tracking Utility metering Environment monitoring

= =

Connected car Energy management Connected healthcare City infrastructure Smart buildings

Figure 1.1: Applications of Modern LTE Networks for Smart Cities.
(Source: Leverege (2017))

The Long Term Evolution (LTE) mobile network by Third Generation Partner-
ship Project (3GPP) ! has been evolved as an example of the dominant 4G and
beyond mobile platform that vigorously thrives in multimedia communication
advancements on different scenarios. Recently, Internet of Things (IoT) has
been protruded to redefine the modern ecosystem of smart life by realizing a
mesh-like connected world (Wang et al., 2017). This, in fact, has substantially
driven more advancements in the design of LTE Radio Access Network (RAN)
within its current releases to suite such a novel communication paradigm in
tangible and real scenarios as presented in Figure 1.1.

1http:/ /www.3gpp.org/



In Radio Access Network (RAN), Radio Resource Management (RRM) is
defined among the premier operations in LTE system. Therein, different users
can be dynamically managed and administered to access the respective Internet
applications with a high QoS level. RRM has been comprehensively extended
in downlink transmissions due to the multiuser diversity in wireless scenarios.
In spite of the collaborative efforts paid on this side, Quality of Service (QoS)
performance is still hindered by the scares amount of channel resources shared
among different involved applications. Symptoms of this situation is presented
in different perspectives such as unfair bandwidth sharing, transmissions with
violated delay bounds for RT applications, and excessive dissipated power.

Basically, in the user-plane LTE protocol stack, the MAC layer handles most of
the RRM functions. Bandwidth distribution occurs as an upper level process at
the MAC scheduler wherein traffic applications are granted an access to use the
channel resources (Alasti et al., 2010). Ideally, MAC scheduler should invoke
sophisticated manners to control the bandwidth utilization volume, particularly
when different application types are transmitted in the LTE channel. The essence
of this component in MAC scheduler is obviously seen from the new emerging
types of traffic. Therein, burst traffic application usually tends to dominate
the bandwidth causing a starvation on small flows with higher priority like VoIP.

Aside from that, ensuring fair traffic service implies that a high data rate is
possible to be guaranteed, however, RT traffic may have their QoS compromised
in terms of delay. The early Third Generation (3G) LTE networks allow a relaxed
delay tolerance of multimedia applications since the aim was mainly to boost
the network capacity (Dahlman et al., 2010). However, with the integration of
IoT- and Machine Type Communications (MTC)-based scenarios in LTE mobile
networks, latency is yet defined as the major QoS criteria for most of the existing
applications (Nikaein and Krea, 2011). A mutual observation by most of the
carried out research studies states that queuing delay at MAC scheduler is the
key contributor to the overall network latency (Capozzi et al., 2013). Therefore,
most of the contributions in MAC flows scheduling function have been attempting
to figure out the issue of delay in this part of the network over specific scenarios.
Nonetheless, the hurdle here remains to guarantee low delay while provisioning
other QoS indices.

It is commonly known that the steady increase in System Capacity (SC) directly
leads to high power consumption (Wu et al., 2017). In the evolving paradigm
of 4G and beyond, the issue of power management at the base station has been
actively discussed in twofold. From network performance aspect, the excessive
dissipated transmission power increases the interference that is caused by
either other neighboring cells or mobile users (Boudreau et al., 2009). This
eventually imposes a high signal deterioration and thereby low QoS perfor-
mance. Furthermore, from economic and environmental aspects, deploying a
base station with a constant power volume is no longer applicable at the era
of green communications, or the economical predictive. According to Oh et al.



(2011), technologies of renewable energy sources are intensively considered in
the recent mobile systems in order to operate network communication with
low costs. Therefore, research efforts present a vast volume of solutions to
reduce the transmission power of the base station (Hasan et al.,, 2011; Kan-
wal et al.,, 2017). Nevertheless, the compromise between cell capacity and low
power consumption is still debatable, especially in urban-like network scenarios.

In this thesis, we propose three RRM schemes for downlink system in LTE net-
work. The first scheme is deployed at the upper level of MAC layer and em-
phasizes on the "fair service" property of the channel bandwidth. QoS profiles of
different multimedia traffic are leveraged to enhance the throughput fairness and
the network performance. In the lower level of MAC layer, the second scheme
is designed to concentrate on satisfying the "delay-sensitivity" trait of RT appli-
cations. Heterogeneous flows are analyzed based on their delay characteristics
to minimize the overall latency. Finally, the physical layer is enhanced with an
energy-wise scheme which ensures high efficiency on the transmitted bits over
every power unit under network impediments. The global aim of the thesis is to
enhance QoS for different multimedia applications such that common trade-offs
between the performance metrics are at a reasonable level. This indeed remains
to be a debatable area in the research as the mobile communication paradigm is
evolved.

1.2 Research Problems

The multiuser diversity as well as the applications heterogeneity turned the QoS
provisioning in the recent LTE network to a major challenge. Therefore, in the
literature, several RRM methods have been introduced to maintain the desired
QoS level. Among the recent works, Packet Prediction Mechanism (PPM) by
Lai and Tang (2013) is introduced to handle the RRM functions at the downlink
MAC layer. PPM employs a lightweight method for bandwidth distribution
function in upper-level of MAC layer. Whereby, the channel bandwidth is
shared in a greedy fashion; based on the behavior of incoming traffic. This be-
havior may provide a fair service for kinds of burst traffic to some extent under
light network loads. Besides, PPM also adopts a comprehensive method for
flows scheduling function in the lower-level of MAC layer to maintain low delay
for RT flows. It employing a detailed queue analysis to predict the behaviour
of the incoming traffic based on the current buffer sizes. This allow pre-
defining the probable expired flows and adhere, invoke a dropping procedure
based on a calculated threshold to maintain a steady and low delay for RT traffic.

On the other hand, in the downlink physical layer, "Piro scheme" (Piro et al.,
2011a) and "Lee scheme" (Lee et al., 2016a) are two recent power allocation
schemes in LTE network. Piro scheme employs an equivalent power distribution
among the subchannels to ensure fair QoS for all users with different channel
conditions and thereby maintained level of energy efficiency. Besides, Lee



scheme adopts a non-linear optimization method to benefit from the maximum
base station transmission power in increase the system capacity, and thereby
enhance the energy efficiency.

In spite of the notable significance of these existing RRM schemes, limitations
are still observed in maintaining the desired performance on scenarios of hetero-
geneous traffic during network overload states. These drawbacks include:

e The PPM scheme at the downlink MAC layer combines the function of
bandwidth distribution to control and manage the amount of channel data
that can be scheduled from different traffic sources. Unfortunately, a low
service fairness on high priority traffic classes occurs due to the linear
and greedy fashion of the channel bandwidth assignment. This results
in a starvation on small-sized flows as the burst traffic is overtaking the
available bandwidth during the network overload states which eventually
degrades the fairness index.

¢ In PPM scheme, the downlink flows scheduling process occurs by pri-
oritizing the variously available flows to be transmitted via the Physical
Resource Block (PRB)s. However, the delay is observed to be compromised
in different RT flows at the overload network states. This is due to the
utilization of delay threshold (for defining future expired traffic) which
causes an excessive dropping procedure with frequent retransmission
against traffic flows to flush the queue during congestion states and
thereby leads to high delay.

¢ In Piro and Lee power allocation schemes, The LTE Physical layer accom-
modates a power allocation model in which the subchannels are able to
claim a portion of the power to transmit the payload of scheduled users.
The system’s energy efficiency is nonetheless compromised under con-
gested network states and limited transmission power profiles. This is
because, the transmission power at the base station is either extensively
utilized up to the maximum level or equivalently distributed among all
the subchannels disregarding the required power. This eventually leads
to a high level of dissipated power and thereby deteriorating the system
Energy Efficiency (EE).

1.3 Research Objectives

The global objective of this research is to propose different downlink RRM-based
schemes to ensure a long—term QoS on various multimedia applications over
LTE network. In details, this can be described throughout the following objec-
tives:



1. To propose a bandwidth distribution scheme in the downlink MAC which
efficiently determines the portion of channel bandwidth over the LTE
frame to be utilized by different RT and NRT applications according to
their bit rate share by using cooperative game theory in order to enhance
the service fairness of the various flows.

2. To propose a flows scheduling scheme in the downlink MAC layer sched-
uler by developing different heuristic delay-based rules for RT (burst
and light-weight) traffic which prioritize the available flows according
to their delay bounds, and simultaneously, adopting a throughput-based
procedure for low priority flows in order to minimizes the delay on
different RT flows while maintaining QoS on burst and NRT flows.

3. To propose a link-adaptive power control and allocation scheme for the
downlink LTE channel by using an adaptive transmission power determin-
ing for base station in a first phase, and non-linear optimization mecha-
nism for subchannels power distribution in a second phase to enhance the
system energy efficiency during the network overload states.

1.4 Research Scope

This research concentrates on QoS-oriented downlink radio resource schemes
with the promise to provide a long-term QoS provisioning for multimedia
applications in LTE networks. Each of these proposed schemes is basically de-
veloped to target a specific QoS criterion in order to fulfill the desired objective
while being aware of not compromising other QoS indices. In this context, the
introduced RRM schemes are circled around channel bandwidth control, flows
scheduling, and power management in MAC and Physical layers of the LTE
protocol architecture in Releases 9 and 10. In order to ensure a realistic design
of the RRM schemes, LTE 3GPP standards which declare the details of traffic
QoS and the various rules and constraints in functions of MAC and Physical
layers have been followed. Figure 1.2 conceives an obvious and comprehensive
description of the research scope.

The proposed downlink RRM schemes share a common trait of harnessing
a lightweight computational algorithms; this allows an agile performance in
heterogeneous traffic scenarios, for example in IoT paradigm. Furthermore, one
side of this study emphases on managing the downlink channel bandwidth
over multi-traffic classes for the seek of fair service. On another hand, by
realizing the essence of delay-sensitivity in most of multimedia applications, the
QoS-based investigation is handled on MAC scheduler to ensure transmissions
with minimal delay budgets. Dwelling further, the last part of the study, figures
out the issue of power management at the base station with the ultimate goal of
enabling downlink transmissions with the a high energy efficiency in network
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Figure 1.2: Thesis Research Scope.

For performance evaluation, comprehensive system-level simulation with vari-
ous scenarios are conducted for the proposed schemes. Numerical results of spe-
cific QoS parameters are then discussed with respect to benchmarking schemes.



1.5 Thesis Organization

The rest of the thesis is organized as follows:

Chapter 2 — presents the literature review. It starts with an overview of the LTE
networks architecture with more laid focus on RRM functions. Then the related
work od the different RRM schemes are discussed and analyzed accordingly.

Chapter 3 — conceives the overall research methodology. The research frame-
work is presented in the first place, then the experimental setups, the simulation
environment are described in details. In addition, results of the benchmark as
well as the involved QoS metrics are defined.

Chapter 4 — explores the design and evaluation of the proposed scheme for
bandwidth distribution function, namely, FGT, which is adopted to ensure high
fairness index among the different multimedia flows.

Chapter 5 — describes the proposed scheme for the flows scheduling and PRBs
allocation, namely DQAS. The evaluation of DQAS is also demonstrated with
respect to relevant benchmarking schemes over different user mobility scenarios.

Chapter 6 — defines the problem of power allocation in LTE base stations and
accordingly introduces the LaPCA scheme which operates over two phases.
Performance evaluation with respect to relevant reference schemes is provided
thereafter.

Chapter 7 — concludes the work and recommends some promising directions for
future research.
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