NS NS NS NS NS N TN NS N N NS N N N N N N N N AN AN X

=X

it | o ek | S
@ ASUNET

et | i ekl | S
(o pSetel | (i ) G gl

@ ASUNET

MONA MAGHRABY
AN AN AN NS NE AN NEENES

SN NN N NN NN NN AN N NN/

N AN AN A AN AN A AN AN NN NN EAEEANEENEAE N

=




=X

Y7
12

SN NN N NN NN NN AN N NN/

it | o ek | S
@ ASUNET

et | i ekl | S
(o pSetel | (i ) G gl

i el
@ ASUNET

4 '

5
*

* &

U

by edead]
he S

Ll

ds2
ol
.

€
MONA MAGHRABY

BRSES CSED P EEo N EE0 N STON STON STON SEON SEON ST N STV SEONSEEN SEONSEONSEON SEON SEON SEON STV ST SE0 N

oA DEAD DA ADEEADEDEAE AN EADE=

PR AR A A A A A A A A



BRSES CSED P EEo N EE0 N STON STON STON SEON SEON ST N STV SEONSEEN SEONSEONSEON SEON SEON SEON STV ST SE0 N

=X

il o ==
@ ASUNET

et | i ekl | S
(O el 1§ w3 G ol

PORICE

b

*

b ey

2al) Gal j3Y) sla Jadad

* ® o0

A Balal) ¢ alial) 4l
b 9 i 38 daadall ol BY) ol o

s

19 ol § bl d| ot el
(o=t

»

@ ASUNET
N]
Loy daa

(ol
it

il §
9
4y

»

okl e
o

<

MONA MAGHRABY
AN AN AN NS NE AN NEENES

SN NN N NN NN NN AN N NN/

PR AR A A A A A A A A

=




BIN SMAMS Uity whe

Ain Shams University
Faculty of Engineering
Electronics and Communications Engineering Department

Decontaminating Pilots in Massive
MIMO -5G Systems

A Thesis
Submitted in partial fulfillment for the requirements for the degree of Doctor
of Philosophy in Communications Engineering
(Electronics and Communications Engineering)

By
Waleed Abd-Elshafi Ali Elshazly

Master of Science in Electrical Engineering
Electronics Engineering and Electrical Communications
College of Engineering and Technology, Arab Academy for science, Technology and
Maritime Transport, 2014

Supervised by
Prof. Wagdy Refaat Anis

Professor of Electronics and communications engineering, Electronics and
communications engineering Department, Faculty of Engineering, Ain
Shams University, Cairo, Egypt.

Dr. Hamed Abd-Elfatah Abd- Elaziz Elshenawy

Communications and computer Engineering Department, Higher Institute of
Engineering,
El-shorouk Academy, Cairo, Egypt.

Cairo, Egypt
2020



Ain Shams University
Faculty of Engineering
Electronics and Communications Engineering Department

Statement

This dissertation is submitted as a partial fulfillment of the degree of
Doctor of Philosophy in Electrical Engineering (Electronics and
Communications Engineering), Faculty of Engineering, Ain Shams
University.

The author carried out the work included in this thesis and no part of it

has been submitted for a degree or a qualification at any other scientific entity.

Waleed Abd-Elshafi Ali Elshazly

Signature

.........................

Date: / [/ 2020



Faculty of Engineering
Electronics and Communications Engineering Department

Researcher Data

Name: Waleed Abd-Elshafi Ali Elshazly

Date of birth: 24-6-1976

Place of birth: Cairo

Last academic degree: Master of Science in Electrical Engineering.
Field of specialization: communications engineering.

University issued the degree: College of Engineering and Technology,
Arab Academy for science, Technology and Maritime Transport.

Date of issued degree: 2014

Current job: Assistant Lecturer, Department of Communication and
Computer Engineering, Higher Institute of Engineering, AL- Shorouk,

Shorouk Academy.



Acknowledgement

First and foremost, | thank Allah, the most gracious most merciful for
enabling me in finishing this work. | am indebted to my supervisors, Prof.
Wagdy Refaat Anis and Dr. Hamed Abd-Elfatah Abd-Elaziz Elshenawy
for providing me the opportunity to do research under their guidance and for
their invaluable suggestions, patience and continuous encouragements
throughout my research work, without which it would not have been possible
to execute my research work.

| wish to express my appreciation to every reviewer and every editor
who reviewed my work for possible publication. Thanks to their valuable
comments and suggestions.

Last, but not least, | would like to thank my beloved family for their

endless love and their support.



Thesis Summary

Time division duplexing (TDD) Massive multiple-input, multiple-
output (MIMO) operation is limited by user terminals (UTs) mobility which
leads to a short coherence block and a limited number of orthogonal pilots. In
the multi-cell system, the pilots of the home cell are reused in the adjacent
cells to some degree called pilot reuse factor r, so channel estimates in the
home cell are contaminated with that of other cells using the same pilots. This
is known as pilot contamination, which leads to degradation of channel
estimation and occurrence of interference from the same pilot UTs which can't

be removed by increasing base station (BS) antennas number.

Pilot contamination has two main effects on uplink (UL) and downlink
(DL) data transmission in TDD Massive MIMO. First, it increases the mean
square error (MSE) of channel estimation, which affects the quality of
combining and precoding vectors that provide high array gains and mitigate
the interference from different pilots UTs. Second, it increases the interference
from the same pilots UTs that is enlarged by the array gain, similar to the

desired signal.

The main objective of this thesis is to mitigate pilot contamination in
Massive MIMO system and to enhance the system spectral efficiency (SE) by
developing a mitigation technique to combat the pilot contamination problem
and its effects. The proposed technique is Laplacian centralized scattering-
spatially correlated Rayleigh fading channel model. This model gives a more
accurate description, especially for cell-edge users. It results in an accurate

spatial channel correlation matrix calculation that enhances the channel



estimation quality under pilot contamination and enhances the quality of
combining and precoding vectors. Also, multi-cell minimum mean square
error (M-MMSE) combining and precoding vectors are applied to mitigate

pilot contamination and enhance cell throughput.

Spatial channel correlation increases the degree of favorable
propagation when the UTs have different spatial characteristics. Spatial
channel correlation is useful in practice to enhance the channel estimation
quality under pilot contamination. In this thesis, the proposed centralized
Laplacian scattering-spatially correlated Rayleigh fading model performance
is compared with both one- ring scattering-correlated Rayleigh fading and
uncorrelated Rayleigh fading channel models performances for different pilot
reuse factors (r=1, 2, and 4) and for different combining and precoding
schemes such as single-cell minimum mean square error (S-MMSE),
Regularized Zero-Forcing (RZF), Zero-Forcing (ZF), and maximum ratio

(MR) in mitigating pilot contamination and realizing larger SE.

The highest SE of the proposed Laplacian centralized scattering-
spatially correlated Rayleigh fading model is achieved when using M-MMSE
combining and precoding scheme and the pilot reuse factor equals 4 but at the
expense of increased computational complexity. Increasing the pilot reuse
factor improves system SE and reduces the effect of interfering signals but
leads to an increase of pilot samples and reduction of the number of UL and
DL data samples in the coherence block. The TDD Massive MIMO system
achieves higher cell throughput than the long term evolution (LTE) system for

the same channel bandwidth.

Multi-cell scenario is used, which is more practical and complex than
single-cell massive MIMO scenario. The reason for better performance of M-

MMSE combining and precoding scheme is the M-MMSE obtains useful

6



estimation of channels to UTs in other cells and use them to mitigate
interference from the same pilot users and interference from different pilot

Users.

The optimum precoding and combining vectors are calculated and the
corresponding maximum signal-to-interference plus noise ratios (SINRs) of
UL and DL are calculated. The UL and DL SE per cell (bit/s/Hz/cell) of
Massive MIMO system is calculated. The complexity of the proposed scheme
is calculated and compared with other combining and precoding schemes. The
theoretical results are validated by using Matlab Simulation.

Key words:

e Massive MIMO.

e Pilot contamination.

e Channel estimation.

e Spectral efficiency.

e Multicell MMSE.

e Large random matrix theory.

e Combining and precoding.

e Laplacian scattering-spatially correlated Rayleigh fading model.
e One- ring scattering-spatially correlated Rayleigh fading model.

e Uncorrelated Rayleigh fading.
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