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Thesis Summary

Recently, the mobile data traffic has grown at a rate that no one could predict. This
data explosion required innovative solutions to be able to face the continuous
increase in the data growth of the mobile users. Long Term Evolution (LTE)-
Advanced comes as a promising solution to solve the data explosion problem. The
recent researches demonstrate that most of the data traffic is created indoors where
the macrocell coverage decreases due to the increased path loss indoors. Also, the
macrocell coverage deteriorates at the cell edges. Therefore, solving these coverage
problems is the key for the successful deployment of LTE-Advanced (LTE-A).

Femtocells are the rising new technology aiming to enhance the coverage for LTE-
A networks. Femtocells are either consumer-deployed to enhance the indoor
coverage or operator-deployed to enhance the coverage at the cell edges. When the
femtocells are randomly deployed by the consumers, the precise planning of the
mobile network is severely damaged and multiple problems arise that could
deteriorate the performance of the whole mobile network if they remained
unsolved. One of these problems is the interference between the macrocells and
femtocells. This problem can be a huge obstacle against deploying the femtocells
on a large scale if it was not effectively solved.

One of the promising solutions to solve the interference problem is Fractional
Frequency Reuse (FFR). FFR splits the frequency band up to multiple sub-bands,
and different sub-bands are allocated to the center and edge regions of the cell.
Consequently, the intra-cell interference is eliminated, the inter-cell interference is
considerably minimized and the system throughput is greatly improved. Multiple
FFR schemes have been previously proposed such as FFR-3, FFR-6 and adaptive
FFR to minimize the interference between the macrocells and the femtocells.

The main objective of this thesis is to present a new interference mitigation scheme
in LTE-A Heterogeneous Networks (HetNets) using FFR. The frequency band is
equally split up to twelve sub-bands and the various frequency sub-bands are
assigned to each sector at variable transmission powers. Using the proposed
scheme, the macrocell adopts a reuse factor of six for both the center and edge



zones. This significantly reduces the interference levels for the users in both the
center and edge regions. This is because each macro user in either the center zone
or the edge region of the macrocell suffers from interference from only one
macrocell in the first tier, which greatly improves the system
performance. Meanwhile, the femtocell selects the unutilized sub-bands in the
macrocell sub-area where the femtocell is situated, to mitigate the interference for
the users in the femtocell as well. By this, all the users in the system would suffer
from less interference. The spectral efficiency is also improved as the frequency
spectrum is used by both the macrocells and femtocells.

Simulation results demonstrate that the proposed scheme reduces the outage
probability and ameliorates the throughput of the overall network than the
conventional FFR schemes (26%, 10.3% improvement compared to FFR-3 and
FFR-6, respectively). Furthermore, the modulation schemes of the users in the
network are being investigated and it is shown that the proposed scheme has higher
percentages of users who use higher order modulation which improves the data
rates of the overall system and this is a target for LTE-A.

Keywords:

Femtocells, Fractional Frequency Reuse (FFR), Interference mitigation, LTE-
Advanced.



Acknowledgment

Foremost, | would like to express my deepest gratitude to my advisors Prof. Salwa
El Ramly and Dr. Bassant Abdelhamid for their continuous support, patience,
motivation, and immense knowledge. | could not have imagined having better
advisors and mentors for my Master’s study.

Last but not the least; | would like to thank my parents and my family for their
endless support, love and motivation.

June 2017






Table of Contents

Thesis Summary

List of Figures

List of Tables

List of Abbreviations

List of Symbols

Chapter 1: Introduction

1.1 Problem Statement..........ccceiiiieiinieieee e
1.2 Proposed SOIULIONS .......c.cocveiieiic i
1.3 ThesiS ODJECLIVE ...ocoeiiiiiieeee et
1.4 ThesiS OrganizZation ..........cceeevereeiiueiiieeseeseeseeseesee e e sessressnees

Chapter 2: Literature Review on LTE and LTE-A

2.1 MODbile GENEIAtIONS ........ccceeiieiie e
2.1.1 First Generation (1G) ......ccvcveieriieieiieirsie s
2.1.2 Second Generation (2G) .....cccccvvieeieiiiniiniiene e
2.1.3 Third Generation (3G) .....ccccvevvrieereiiiniieie e see e
2.1.4 Fourth Generation (4G) ......ccoooevieiiiinniiieneee e
2.1.5 Fifth Generation (5G) .....ccocvviiiiiiinienise e

2.2 Comparison between LTE and LTE-A......ccooovviiiniiiieieeeee

2.3 New Techniques OF LTE-A ......cov oo
2.3.1 Carrier Aggregation ........ccecvviieeieerienee e
2.3.2 Higher Order MIMO........cccooiiiiiiiiec e

XV

XVil

IX



2.3.2.1 Spatial MUltiplexXing ........cccoovviiiiiiiiienie e,

2.3.2.2 Spatial DIVEISITY.......cccocieiieiieiie e

2.3.2.3 Beamforming .......ccccccvevveiie i

2.3.3 Coordinated MUItI-POINT ..o
2.3.4 Enhanced Inter-Cell Interference Coordination ...........cccccoeevevvniininnnnnnnn,
2.4 OFDM and OFDIMA ......ooooiiee ettt
2.4.1 OFDM BIOCK DIQram .........ccceiveiieiieiie e ste et
2.4.2 OFDM Frame STIUCKUIE .........cocuiiiiieiiie e
2.4.3 OFDM Advantages and Drawbacks ............cccccevvveiiiiiiiii i,
2.5 Chapter SUMMANY ...c.ooiieiie ettt e e snaeenaeene s

Chapter 3: Interference Mitigation in Heterogeneous Networks

3.1 Different Interference SCENAIOS. .......ciueiieiieeiiesie e
3.2 Related Work in Interference Mitigation...........cccceviviiieiienie s
3.2.1 SHICt FFR SCNEME .....eeiiiiiiecieee et s
3.2.2 SOt FFR SChEME ... e
323 FFR-B & FFR-6 ..ocviiiiiiiiieciee ettt
3.3 Different Fractional Frequency Reuse SChemes ........ccccoccevveeviieiiecieeceecieenn,
3.3.LFFR-3SCheme ..o
3.3.2FFR-6 SChemME .....oooeece e
3.4 Proposed FFR SChEME..........ooi e
3.4.1 Macrocell Frequency ANIOCAtIoN ..........cccoovieieiiic i
3.4.2 Femtocell Frequency AHOCAION...........cccvivieiiiiic e
3.4.3 Proposed AlGOrithm ...
3.5 Chapter SUMMAIY .......ccoiiiieiieieseee et sbe e sre e e nneens

Chapter 4: Numerical Results

4.1 System Model DeSCIIPLION. ......ccvviiiiiieiiee et
4.1.1 Casel:Pathloss ONIY ..o e
4.1.2 Case 2: Rayleigh Fading ........cccooiiiiiiiii e,

4.2 PerformanCe MELIICS........coiiiieiiiie sttt e snens

4.3 NUMENICAl RESUILS ...t
4.3.1 Casel:Pathloss ONIY ..ot

61

61
63
64
64
65
65

Vi



4.3.2 Case 2: Rayleigh FadiNng .......ccccoiviiiiiieiese e 78

4.3.3 The Numerical ReSults Of BOth CaSES......coveeeeieeeeeeeeeee et 90
4.4 Chapter SUMIMAIY .....cccooiiieieecee ettt sae et e esaeete e teesreennes 93
Chapter 5: Conclusions and Future Work 95
B.1 CONCIUSIONS .ottt e e e e e e e e e e e e ee e e e e e eeeeeeeennnann 95
B2 FULUIE WOTK .o 96
References 99
Publications 105
Appendix A 107

Vi



