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THESIS SUMMARY

Two timeless truths are evident: first, demand for wireless
communications will always grow; second, the quantity of available
electromagnetic spectrum will never increase. The fundamental
wireless problem is a physical layer problem: how to provide ever-
increasing total wireless throughput reliably and uniformly throughout
a designated area. Massive MIMO (Multiple-Input-Multiple-Output)
makes a clean break with current practice through the use of a very large
number of service antennas (i.e., hundreds or thousands) that are
operated fully coherently and adaptively. Extra antennas help by
focusing the transmission and reception of signal energy into ever-
smaller regions of space. This brings huge improvements in throughput,
energy efficiency, and spectral efficiency. This thesis presents the
analysis and simulation of multi-layer precoding framework, to enable
efficient and low complexity massive MIMO operation. A massive
MIMO system, operating in Frequency Division Duplexing (FDD)
mode of operation, suffers from prohibitively high overhead associated
with downlink channel state information (CSI) acquisition and
downlink precoding, due to the lack of uplink/downlink channel
reciprocity. A heuristic edge-weighted vertex-coloring based pattern
division (EWVC-PD) scheme is proposed to reduce the overhead of a
two-layer precoding approach, in a practical scenario where the user
clusters undergo serious angular-spreading-range (ASR) overlapping,
under a constraint of limited number of subchannels. Mathematical
analysis as well as numerical simulations reveal the potential solutions
for FDD massive MIMO systems to achieve high throughput gains with
simplified signal processing.

The thesis is divided into five chapters including lists of contents,
tables and figures as well as list of references.

Chapter 1

This chapter is an introduction including the motivation for this work,
followed by the thesis outline and contributions.
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Chapter 2

This chapter includes a literature review on MIMO systems with focus
on the evaluation of massive MIMO systems.

Chapter 3

This chapter presents the system and channel models of Massive MIMO
networks, with focus on two-layer precoding.

Chapter 4

This chapter proposes a new solution of low overhead weighted-graph-
coloring-based two-layer precoding for FDD massive MIMO systems.
Simulation results are shown at the end of this chapter

Chapter 5

Conclusions of this thesis work are given in this chapter. Suggested
future work is presented, including possible extensions and promising
integrations with other modules.

Keywords: ASR overlapping, graph coloring problem, massive MIMO,
pattern division, two-layer precoding.



Dedicated to my family






ACKNOWLEDGMENT

First of All, I thank Allah for all the blessings we possess, the
wisdom and the perseverance, for giving me the will to complete this
thesis, and indeed, guiding me throughout our life.

Foremost, we would like to express my sincere gratitude to my
advisors Prof. Dr. Salwa Elramly and Dr. Bassant Abdelhamid, for
their continuous support to our thesis, for their patience, motivation,
enthusiasm, and immense knowledge, for their guidance through the
research and the thesis writing.

Our sincere thanks go to all my colleagues, my lab mates, for
offering us the methodology, support and the knowledge necessary
in our field of study that really improved our masters research, and

thesis writing.

| wish to thank Prof. Hadia Elhennawy and Prof. EI-Sayed Mostafa
for taking time to review the thesis, and for participating in the

evaluation committee.

Most importantly, my family deserves a special mention. | want to
thank my parents and my sisters for always supporting my studies in
whatever aspect. I am eternally grateful. Without your wonderful
support, finishing a thesis of this quality would not have been

possible.

Abdelrahman Anis
Cairo, Egypt
August 2018

Xiii






Table of Contents

TABLE OF CONTENTS

THESIS SUMMATY ....oviiiiiiie e IX
ACKNOWIEAGMENT ... Xiii
LISt Of FIQUIES ....eeeiieie e Xvil
LiSt Of TabIes ..o Xix
List of ADDreVIatioNS .........ccoiiiiiiiiiiec e XX
LiSt Of SYMDBOIS ..o XXil
Chapter 1 INtroduCtioN ..........ccceiiiiiiiiiee e 1
1.1 Problem Definition .........cccoeiiiiiiiiiiiiieeee e 1
1.2 Overview of ContribUtioNS............coooviiiieiiiiiicieecee 3
1.3 ThesiS Organization ..........ccocueeeiieeiiieee e 4
Chapter Il Massive MIMO Background ..........cccccceviieniiienininnnn, 5
2.1 Point-to-Point MIMO.........cccoiiiiiiiiiieec e, 5
2.2 MUIEIUSEr MIMO ... 8
2.3 MaSSIVE MIMO.......ccciiiiiiiiiiiie e 11
2.4 TDD and FDD MOGES.........cccoiuieiiiiiieiiieiieeiee e 15
2.4.1 TDD MOUE......cooiiiiiiiiii i 17
2.4.2 FDD MOGE......coiiiiiiiiiie e s 18

2.5 Chapter SUMMANY ........cooiiiiiiiieiiee e 22
Chapter 111 Massive MIMO Precoding ..........ccccoveveeiiieeiiiennnn. 23
3.1 Massive MIMO NetwOrkK ...........cccceiieiiiiiiiiiiciecneeeenn 23
3.2 Correlated Rayleigh Fading..........ccccoeviriiiiiiieiiiie e 24
3.3 System Model for Uplink and DownlinK.............cccceeviieninnn. 26
3.3.2UplinK MOGEL.......vviiiiiieeiie e 26



