Table of Contents

Acknowledgments

List of Figures

Abbreviations

Notations

Chapter 1
Introduction .

1.1

1.2
1.3

Motivation and Related Work . . . . .. ... .. ... ... .. ..
1.1.1 Parallel Multihop Transmission . . . . . . . .. .. ... ...
1.1.2 Single-hop Transmission . . . . . . .. .. ... ... ... ..
Contributions . . . . . . . e e e e e
Dissertation Outline . . . . . . .. ... ... e e

Chapter 2
Preliminaries

2:1
2.2
2.3

24

2.5

2.6

Entropy and Mutual Information . . . . ... ... ... .......
Communication Systems and Separation Theorem . . ... ... ..
Fading Chanmels . . . . . . .. ... ... .. ..o
2.3.1 Diversity . . . . . ..o
Error Control . . . . . . . . . .
2.4.1 Forward Error Correction (FEC) . . . ... ... ... ....
2.4.2 Automatic Repeat reQuest (ARQ) . . . .. ... ... .. ..
2.4.3 Hybrid ARQ (HARQ) . . . . .. .. ... .
2.4.4 HARQ-Aided Forwarding Techniques. . . . . . .. .. .. ..
245 EXIT Chart . . . .. . . . o v
Distributed Source Coding . . . . . . . .. . ... ..o
2.5.1 Distributed Source Coding with A Helper . . . . . .. .. ..
Relationship Between Entropy Rate and Packet-Wise ARQ . . . . .

iii

viii

xii



Chapter 3

Multihop: Lossy Forwarding HARQ 36
3.1 System Model . . . .. ... ... ... . 38
3.1.1 Transmit Operation . . . ... .. ... ... ... ...... 38
3.1.2 Receive Operation . . . . ... .. .. ... .. ... .... 40
3.2 Lossy Forwarding HARQ Mechanism . . .. .. ... ... ... .. 42
3.3 Numerical Results . . . . . ... . ... ... ... ... ... ... 45
34 Summary . . . . ... e e e e e e e e e e e 50
Chapter 4
Single-hop: M-in-1 Helper Transmission 52
4.1 Problem Statement . . . . ... .. .. ... ... 54
4.2 System Model . . . . .. ... . 54
4.3 Inadmissible Rate Region in Static AWGN Channel . . ... .. .. 59
4.3.1 Inadmissible Rate Regionof M2 . . . ... ... ... .. .. 59
4.3.2 Inadmissible Rate Regionof M3 . . . ... ... ... .. .. 61
4.4 Outage Probability in Block Rayleigh Fading Channel . . . . . . .. 62
4.4.1 Outage Probability with M2 . . . ... .. ... ... ... .. 64
4.42 Outage Probability with M3 . . .. .. ... ... ... .. 66
4.5 Numerical Analyses . . ... .. ... e e e 69
4.6 Generalization . . . . . .. ... Lo Lo 72
4.7 SUMMATY . .« .« v o e e e e e e e e e e e e e 75
Chapter 5
Conclusions and Future Work 77
51 Conclusions . . . . . . . . o i e e e e 77
52 Future Work . . . . . . . . ... 78
Appendix A
Forwarding Techniques Comparison 80
Appendix B
Empirical Binary Entropies for Given Bit-Flipping Probabilities 83
Appendix C
Information Theoretical Constraints With M = {2,3} and With-
out Feedback 85
C.1 The Rate Region With M =2 . ... ... ... ... ... ... 85
C.2 The Rate Region With M =3 . ... ... ... .. ... ..... 87
Bibliography 91
Achievements 98



