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ABSTRACT

The emerging of broadcasting in wireless telecomoaiion has brought
many interesting features to the users. Besides,etlolution in communication
devices such as mobile phones and tablets hasduaed many interesting
applications that satisfy the user demands. Orberh is Multimedia Broadcast and
Multicast Service (MBMS) that has been reintrodueéedLong Term Evolution
(LTE) technology. However, the increment in usdraffic decreases the average
data rate performance. This problem becomes matieatrwhen the service is
accessed in indoor area and at the cell edge. indsys experience signal loss due
to wall penetration while users at cell edge faiterference from the adjacent cells.
To overcome the problem, Single Frequency Netw&KN) is chosen to deliver
LTE MBMS as it is able to produce almost consistdata rate and Signal to
Interference plus Noise Ratio (SINR) for the usesrein cell edge area. It is based
on broadcasting technology but using mobile platfdo deliver the service. LTE
MBMS over SFN employs multi cell transmission whaheevolved Node B (eNB)
are transmitting the same signal by using the stetpiency carrier. The existing
eNB infrastructures and frequency resources camsbd in its implementation. The
performance is evaluated in indoor and outdoorrenment by using propagation
models such as 3GPP TR 36.814, Okumura-Hata aneRITRULTE utilizing digital
dividend frequency bands. The investigation aimsattkle the shortcoming in the
existing reported research as none of them focusigifferent carrier frequency
and propagation models. The average data rateh@SEN model is simulated in
SEAMCAT simulator with various number of User Equignt (UE). The evaluation
in outdoor and indoor environment is continued WHNR evaluation in different
UE locations and propagation models. The carriegdency is varied for both
evaluations and all the calculations involved amputed in MATLAB. The results
show that the MBSFN performance improves by 9.58%verage data rate and
SINR values increases up to 40.28% by using digtablend frequency compared
to other conventional carrier frequency. Theseéifigs can be used as a reference
for future MBMS implementation.
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ABSTRAK

Kemunculan penyiaran di dalam telekomunikasi tamggar telah membawa
pelbagai ciri yang menarik kepada pengguna. Seltin evolusi alat-alat
perhubungan seperti telefon bimbit dablettelah memperkenalkan banyak aplikasi
menarik yang memuaskan permintaan pengguna. Saltah daripadanya ialah
Perkhidmatan Penyiaran Multimedia dan Multisiar (MB8) yang diperkenalkan
semula di dalam teknologi Evolusi Jangka Panjanbe(L Walau bagaimanapun,
kenaikan dalam trafik pengguna mengurangkan pidsadsar purata data. Masalah
ini menjadi lebih kritikal apabila perkhidmatan ajpai di dalam kawasan bangunan
dan di pinggir sel. Pengguna di dalam bangunan ale@mgalami kehilangan isyarat
akibat daripada penembusan dinding manakala peagdumpinggir sel berdepan
dengan gangguan daripada sel-sel bersebelahank Wmémgatasi masalah itu,
Rangkaian Frekuensi Tunggal (SFN) dipilih untuk gteantar LTE MBMS kerana
ia dapat menghasilkan kadar data dan Nisbah Iskepda Gangguan dan Hingar
(SINR) yang hampir konsisten untuk pengguna walaugikkawasan pinggir sel. la
berasaskan teknologi penyiaran tetapi menggunaksfonmn telefon bimbit untuk
menyampaikan perkhidmatan MBMS LTE di atas SFN rgangkan pelbagai sel
penghantaran di mana semua Nod B terevolusi (eNBigimantar isyarat yang sama
dengan menggunakan frekuensi pembawa yang samasttoktur dan sumber
frekuensi yang sedia ada boleh diguna dalam pelaksamya. Prestasi yang dinilai
dalam persekitaran dalaman dan luaran dengan meakgo model perambatan
3GPP TR 36.814, Okumura-Hata dan ITU-R dalam LTix jdlur frekuensi dividen
digital. Penyiasatan ini adalah untuk menanganukakgan yang telah diperhatikan
melalui penyelidikan semasa yang dilaporkan kerdia@la satu pun yang
menumpukan kepada frekuensi pembawa dan model-mpeelmbatan yang
berbeza. Kadar purata data untuk model SFN adaisimwdasi menggunakan
SEAMCAT dengan pertambahan bilangan Pengguna Ramal@JE). Penilaian
dalam persekitaran luaran dan dalaman adalah nmspenoilaian SINR di lokasi UE
dengan model-model perambatan yang berbeza. Frakpembawa telah dibezakan
bagi kedua-dua penilaian dan semua pengiraan yangat adalah dikira
menggunakan MATLAB. Keputusan menunjukkan prestdfSFN meningkat
9.53% dalam purata nilai data dan peningkatan SIsEéhingga 40.28%
menggunakan frekuensi dividen digital. Penemuamahteh diguna sebagai rujukan
untuk pelaksanaan MBMS pada masa hadapan.
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CHAPTER 1

INTRODUCTION

1.1 Background

Recently, most of the communication technology hasve towards the
digital technology to satisfy users demand. With #volution of communication
technology, the digital communication then has beemoduced with many
advantages and attractive features to the variowsdwand wireless services.
Wireless communication is one of the rapidly pregneg technologies with the
introduction of wireless broadband and also theragwgment from the previous
technology to fulfil the increasing user demande Tinowth in the number of smart
phones [1] and tablet computer devices in the matetributes to the high traffic
demand [2-3].

With the evolved wireless technology and incregslamand for multimedia
services, mobile phones or handheld devices havenpal to be used in
broadcasting beside of other established servigels as terrestrial television (TV)
and internet protocol television (IPTV). Therefotbis leads to the prediction of
more than 70% data rate traffic generated from tagthones indoor in future as
reported in [4] and in 2015 mobile video will geaker two third of world’s mobile
data traffic [5].



The major problem in wireless communication is algading or loss due to
the propagation of the signal through the wiretdsmnnel [6]. The degradation of the
signals is affecting the signal coverage and dataughput performance. In addition,
the increment of users leads to a higher traffimaleds. Therefore, any newly
introduced technologies need to overcome thesdegms) which can promise better
signal coverage, higher data rates and higherttdadaghput. This is to ensure that
the requirements specified by International Molildecommunications (IMT) are
fulfilled.

Beside that, spectrum efficiency also needs todmeerned to make sure that
the future radio technology can be implemented.cBpm efficiency is one of the
important factors because wérious digital radio technologies such as diggiadlio
broadcasting (DAB), digital video broadcasting (DYElobal System for Mobile
Communications (GSM), General Packet Radio Syst&RRS) and Universal
Mobile Telecommunications Systems (UMTS) requiregdafrequency spectrum.
Since the radio spectrum is very limited, it netdwell planned and utilized so that
other services can be introduced and implementéderfuture.So, theMultimedia
Broadcast and Multicast Service (MBMS) is one o€ thest alternatives in
broadcasting technologies because of the effigiggthod in delivering multimedia
content which at the same time, allows sharing refidency resources between
adjacent cells. This can be realized through Sirfglequency Network (SFN)

technique in indoor and outdoor area.

This research aims to investigate the use of kheitia Broadcast and
Multicast Service (MBMS) in Long Term Evolution Tewlogy (LTE) in
multimedia broadcasting. This service is based lan ¢ellular technology as it

originates from the evolution of cellular mobilengees as depicted in Figure 1.1.



LTE LTE-ADV

3GPP Release

Figure 1.1 The evolution of Mobile Technology [7]

Figure 1.1 shows the evolution in mobile techngloghere it started with
Global System for Mobile Communication (GSM), GexldPacket Radio Service
(GPRS) and Enhanced Data for Global Evolution (ER@BEmMmmonly known as the
second generation 2G. After that, it is evolvedhod generation (3G) that starts
with Universal Mobile Telecommunication System (US)T to High-Speed
Downlink Packet Access (HSDPA), High-Speed Uplirkclket Access (HSUPA),
Evolved High Speed Packet Access (HSPA+) and théy eeersion of LTE.
However, the increasing in user demand alwayssaistl the evolution to the fourth
generation (4G) is to overcome this problem, whbeeLTE-Advanced (LTE-A) is
introduced.

The MBMS is a technology offered by Third GenenatR®artnership Project
(3GPP) for distribution of multimedia content. MBMi&s been introduced earlier in
Universal Mobile Telecommunications System (UMT8) &nd later re-introduced
in LTE Release 8. Although the evolution is oridiypd@o improve the shortcomings
of previous technologies but the problem with sigihegradation still remains. To
overcome this, the MBMS implementation in Singleedtrency Network is
proposed. Challenges in implementation of this iserwill be discussed in this
thesis and related solution will be recommendegbtee the problems.



1.2 Problem Statement

Multimedia Broadcast and Multicast Service (MBM$% one of the
promising alternatives in delivering multimedia temts to mobile users. Existing
mobile broadcasting technology relies on frequeratyse technique, which is not
efficient in spectrum and frequency usage. This lma due to each cell is assigned
with different frequency. With the high number dfetuser equipment (UE), the
system performance can be severely degraded, fiig ttangestions [9],[10]. This
problem is detrimental especially when the UEslacated at the cell edge indoor
area. This is due to the signal degradation caneib by interference from adjacent

cells and propagation loss from the building walls.

In the case of broadcasting, most of the usersadoethe multimedia services
indoor where it signal loss is a major problem. §hevice connection become worse
when a lot of users are accessing to the servioealsineously, especially during
peak hours. This problem becomes critical wherbtibadcast service is delivered to
the portable devices such as handheld devices.ewhersignals need high power to
propagate through. For example, in the urban &e@ahtas a lot of high buildings and
high population, the signal is easily attenuatedh®y obstruction of buildings and

congestion occurred from the higher traffic demagadpectively.

Therefore, the Single Frequency Network (SFN)rigpsed in this thesis to
improve the performance of the MBMS service. It éxpected that the
implementation of SFN will provide almost considtdata throughput even though
the number of users are increasing. In additiors, also capable to reduce the traffic

congestion from Base Station (BS).

Existing research in MBMS only focuses on the 2zGddrrier frequency
such as reported in [11],[12],[13],[14]. Lack oftenest shown in the other carrier
frequency such as 2600 MHz, 1800 MHz, 900 MHz, 80dz and 700 MHz
because most of the carrier frequencies are ugedtlier services. Besides that, in

Malaysia the analogue broadcasting is expectecetevtched off in 2015, where



fully digital broadcasting takes over. When thensition is started, there will be
empty spaces especially in ultrahigh frequency (WH&nd. This empty space is
called digital dividend band [15],[16]. The avaikkspectrum in digital dividend
band can be fully utilized by current and futurereM@ss technologies including
MBMS [17],[18]. As the expected available spectnsnrom 470 MHz to 862 MHz,
this lower carrier frequency than LTE 1.8 GHz an@ @GHz is expected to offer a
larger coverage. Therefore, it is essential tostigate the operating frequency lower
and/or higher than 2 GHz in the implementation @dNS5. In this thesis the other
carrier frequencies chosen are 700 MHz, 800 MHB, 9Bz, 1800 MHz and 2600
MHz. The 700 MHz and 800 MHz are used to utilize dngital dividend band, while
900 MHz, 1800 MHz and 2600MHz are in GSM and LTégfrency bands.

The successful of data delivery of the MBMS sexvis determined by the
data throughput, coverage of the signal, bandwaditfcation and multi-user usage.
Therefore, good signal coverage is important tor@utae accessible services to the
users. Without good signal coverage, the commupitatata cannot be delivered to
users. Other than that, the good signal coveradk omntribute to high data
throughput as it is one of the major concerns gitali communication. It is known
that, the carrier frequency as well can influertee data rate and data throughput of
the system as the carrier frequency itself detezntie signal coverage. The lower
frequency carrier has better penetration and lopagh losses. So, this proposed
study can provide a solution in improving the sigreoverage, especially when the

user is located at the cell edge and also inslulglding.

1.3 Research Objectives

This research is conducted to solve the defineddlpnas with the following
objectives:

1. To investigate the performance of the Multimediao&fcast and

Multicast Services (MBMS) in Single Frequency Nettvvo(SFN)



deployment for frequencies in digital dividend barid’00 MHz and 800
MHz, and cellular band 900 MHZ, 1800 MHz and 260H2Mwith
increment number of UE.

2. To study the UE’s Signal to Interference plus Noigatio (SINR) in
indoor and outdoor environment with different prggon models and
carrier frequencies in Multimedia Broadcast and tMakt Service for
Single Frequency Network (MBSFN).

1.4  Scope of the research

This research considers the LTE MBMS in Singlegbiency Network for
downlink (DL) since only the data transmissiontie tiser is concerned in broadcast
communication. This is due to it has simplex systghere the base station only
transmitting the signal without involving uplink (Y for user’'s feedback signal. The
Single Frequency scenario needs to be developgdafiid then the performance of
the system will be evaluated with different carfiemquency, which in this case the
frequency are 700 MHZ, 800 MHz, 900 MHz , 1800 M&id 2600 MHz. All data

and analysis are from the simulation results anthemaatical calculation.

1.5 Significance of the research

MBMS is one of the alternatives in the deliverynodiltimedia contents. This
service is good in spectrum usage where it camipemented in any frequency
band especially the digital dividend band. The asafjthe service is not limited to

outdoor but in indoor area as well. With the introtlon of SFN for outdoor, it



improves the UE performance at the cell edge, wioildhome or small building, it
improves the indoor signal coverage without beintgrfered by base station or

known as evolved Node B (eNB).

Other than that, compared to the previous workghvfocusing only on 2
GHz as the carrier frequency in SFN, the propossdarch looks into other possible
carrier frequencies too. The other carrier freqyeiscexplored with the used of
different path loss equation. Then, the new derpaith loss equations are presented
for femtocell area so that they can be used foerathrrier frequencies. Therefore, in
this study the challenge is to create a suitaligsh&SFN scenario that can be used in
the investigation. The performances of the MBSFkhwlifferent carrier frequencies
are evaluated. This study is expected to be usefuh reference in the MBSFN

implementation.

1.6 Research Contribution

This research is to investigate the performancklBMS in SFEN in indoor
and outdoor area. The investigation consideredc#mger frequency of 700 MHz,
800 MHz, 900 MHz, 1800 MHz and 2600 MHz for the WEindoor and outdoor
area. Different propagation path loss models aesl @d derived. Other than that,
this research also introduced the digital dividéedjuency 700 MHz and 800 MHz
as the alternative carrier frequency for the immatation of new mobile technology

and features.



1.7 Thesis Outline

This thesis consists of five chapters. Chapteorisists of the introduction of
the research. It includes the background, probl&atesent, objectives, scope and
significance of the research. Then from the probs&atement, literature review on
the related works is discussed in Chapter 2. Thieweis started with the previous
broadcast technology and evolution towards MBM3wetogy. This evolution of
broadcasting has created the digital dividend wita migration to the digital
services and broadcast via handheld devices sudiBMS service in LTE. In
addition, previous reported research on MBMS iserged in Chapter 2. Most of the

researches concentrate only on 2 GHz carrier fregguand 3GPP model.

Next, Chapter 3 describes the proposed researtodaogy in conducting
the study. All the required equations, procedured parameters are explained
thoroughly while the research stages are summairizélde flow chart. Simulation
tools that used in this research also discusséusdrchapter including the simulation

and the calculation procedures

Then, Chapter 4 presents the results obtained fwandifferent scenarios of
the MBSFN in outdoor and indoor area. The evaluatb the performance in the
outdoor area is in terms of the data rate of tletesy with the increment number of
user usage. It concerns the simulation of theitratingestion in the actual scenario.
After that, the evaluation continues to UE’s SINRRdutdoor especially in urban
environment. The UE’s SINR evaluation in indooraare performed with different
carrier frequencies and propagation path loss msodeFinally in Chapter 5,
conclusion of the presented research and findingkis thesis is drawn. The future

works to enhance the research on MBMS are suggeastid end of the chapter.
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