Contents

Abstract
Acknowledgments
List of Figures
List of Tables

1 Introduction
1.1 Cooperative Wireless Communications . . . . . . . . . ..
1.2 Motivations and Research Background . . . ... .. . ..
1.2.1 Motivations . . . . . . . . ..o
1.2.2 Joint Source-Channel Coding . . . . ... .. ...
1.2.3 Distributed Source Coding . . . . . . . . .. .. ..
1.2.4 Network Coding . . . . . . . . ... ... ..
1.3 Summary of Contribution . . . ... ... ... ... .. .
1.4 Dissertation Organization . . . . ... ... ........

2 Preliminaries
2.1 Entropy and Mutual Information . .. ... ........
2.2  General Model of Communication System . . . . ... ..
2.2.1 Source Coding Theorem . . . ... ... ... ...
2.2.2 Channel Coding Theorem . . . ... .. ... ...
2.2.3 Modulation and Demodulation . . . .. ... ...
2.2.4 Channel Model . . . .. ... . .. ... ... ..
2.2.5 Channel Capacity . . . . . .. ... ... ... ...
2.3 EXIT Chart Analysis . . . . . . . . . ...
2.4 SUIMMATY . .« ¢ o v oo e e e

iii
xi

xil

i

—_
N = © 00~ oot

—



3 Markov Source Transmission in Point-to-Point Communi-

cations 27
3.1 System Model . . . . . ... ... 27
3.2 Theoretical Analysis . . . ... ... .. ... .. 29
3.2.1 Performance Limits in AWGN Channels . . . . .. 29
3.2.2 Outage Probability in Rayleigh Fading Channels . . 29
3.3 Practical Code Design . . . . . ... ... ... ... ... 30
3.3.1 Coding Structure . . . .. .. ... ... [ 31
3.3.2 Joint Source-Channel Decoding Strategy . . . . . . 31
3.4 EXIT Chart-Based Code Optimization . . .. ... .. .. 38
3.4.1 EXIT Chart Analysis . . . . ... ... ... .... 38
3.4.2 Code Optimization . . . . . e 40
3.5 Performance Evaluation . . ... .. ... .. ... .... 43
3.5.1 BER Performance in AWGN Channels . . . . . .. 43
3.5.2 FER Performance in Rayleigh Fading Channels . . 47
3.6 Summary . . .. ... 50
4 Markov Source Transmission over One-Way Relay Chan-
nel 52
4.1 System Model . . . . . .. ... ... ... 53
4.1.1 Source-Relay Correlation . . . . . . ... ... ... 53
4.1.2 Relay Location and Channel Model . . . . . . . .. 54
4.2 Theoretical Analysis . . . . . . .. .. .. ... ... ... 55
4.2.1 Slepian-Wolf Theorem . . . ... ... ... .... 56
4.2.2  Achievable Compression Rate Region . . . . . . .. 56
4.2.3 Performance Limits in AWGN channels . . . . . .. 60
4.2.4 Outage Probability in Rayleigh Fading Channels . . 61
4.2.5 Asymptotic Analysis . . . . ... ... .. .. ... 62
4.3 Practical Code Design . . . . . . ... ... ... ..... 64
4.3.1 Coding Structure . . . . . . ... .. .. ... ... 64
4.3.2 Distributed Joint Source-Channel Decoding
Strategy . . . . . . ..o 66
4.4 3D EXIT Chart Analysis . . . . ... ... ... ...... 68
4.5 Numerical Results. . . . . . ... ... ... ........ 71
45.1 Convergence Behavior . . . . .. ... .. ..... 71
4.5.2 Contribution of the Source-Relay Correlation. . . . 73
4.5.3 BER Performance in AWGN channels . . . . . . .. 74
4.5.4 Application to Image Transmission . . .. ... .. 78
4.5.5 FER Performance in Rayleigh Fading Channels . . 80
4.6 Summary . ... ... 85

vi



5 Correlated Sources Transmission in Orthogonal Multiple

Access Relay Channel 87

5.1 System Model . . . . . . . ... ... .. ... ... .. 89

5.1.1 Problem Simplification . . . . .. ... . ... ... 89

5.1.2 Channel Model . . ... ... ... ... ... ... 90

5.2 Theoretical Analysis . . . .. ... ... . ... ..., .. 91
5.2.1 Theorem for Lossless Source Coding with Side In-

formation . . . ... ... 91

5.2.2 Achievable Compression Rate Region . . . . . . .. 92

5.2.3 Performance Limits in AWGN Channels . . . . . . 96

5.2.4 Outage Probability in Rayleigh Fading Channels . . 98

5.2.5 Asymptotic Property . . . . .. .. ... ... ... 101

5.3 Practical Code Design . . . . ... ... ... . ...... 102

5.3.1 Coding Structure . . . . .. ... ... ... ... . 102

5.3.2  Joint Source-Channel-Network Decoding Structure 103

5.3.3 Modified Versions of Boxplus Operation . . . . .. 105

5.4 Numerical Results . . . . . . ... ... ... ... ..... 106

5.4.1 BER Performance in AWGN Channels . . . . . .. 106

5.4.2 FER Performance in Rayleigh Fading Channels . . 109

5.5 Summary . ... ... 112

6 Conclusions and Outlook 114

6.1 Conclusions . . . .. .. ... ... 114

6.2 Fature Work . . . .. ... . ... ... ... 116

Appendix A 118

Bibliography 122

Publications 138

vii





