Table of contents

1 Introduction 15
1.1 Evolution and New Challenges of Digital Terrestrial Broadcasting 15
1.2 Preliminaries . . . . . . .. ... o 19
1.3 Research Challenges on Non-Uniform Constellations . . . . . . 22
1.4 Objectives and Scope . . . . . . . . .. L. 23
1.5 State-of-the-Art . . . . . . ... ... o 25
1.6 Thesis Outline and Contributions . . . . . . .. ... ... ... 31
1.7 List of Publications . . . . . . ... ... ... .. ... .. 34

1.7.1 Publications and Activities Related to this Thesis . .. 34
1.7.2  Other Publications . . . . . ... ... ... ....... 35

2 Background 37

2.1 System Model Overview . . . . . ... ... ... ........ 37
2.1.1 Multi-Antenna Considerations . . . . .. ... ... .. 39
2.1.2 BICM Components . . . . . . .. ... ... .. ..... 41

2.2 BICM Capacity Limits . . . . . . ... ... ... ... ..., 43
2.2.1 The Unconstrained Shannon Limit . . . . . .. ... .. 43
2.2.2  Capacity Calculation for BICM . . . .. ... ... ... 44
2.2.3 BICM Limits for Uniform QAM Constellations . . . . . 45
2.2.4 Extension to MIMO-BICM Systems . . ... .... .. 48

2.3 Single-Antenna Receivers . . . . .. .. ... ... ... ... 49
2.3.1 Demapping Algorithms . . . . . ... ... ... .. .. 50
2.3.2 Signal Quantization . . ... ... ... 0000 53

2.4 Multi-Antenna Receivers . . . . . .. ... ... 55
2.4.1 ML and Max-Log Demappers . . . . . . .. .. ... .. 56
2.4.2 ZF and MMSE Detectors . . . . . ... .. ... .. .. 57
2.4.3 Sphere Decoding Techniques . . . . . ... .. ... .. 58



TABLE OF CONTENTS

3 Optimization and Performance Evaluation of Non-Uniform Cons-

tellations 61
3.1 Non-Uniform Constellations Optimization . . . . . .. ... .. 61
3.1.1 One-Dimensional Non-Uniform Constellations . . . . . . 62
3.1.2 Two-Dimensional Non-Uniform Constellations . . . . . 70
3.1.3 BICM Capacity Improvements . . . . ... .. ... .. 75
3.2 Non-Uniform Rotated Constellations . . . . . . ... ... ... 7
3.2.1 Optimization Before Rotation . . . . . . . ... ... .. 78
3.2.2 Optimization with Additional Rotation . . .. .. ... 80
3.3 Application of NURC to Multi-RF Techniques . .. ... ... 82
3.4 Performance Analysis Based on Physical Layer Simulations . . 84
3.4.1 Non-Uniform Constellations Gain . . . . . ... ... .. 85
3.4.2 Rotation Gain . . . .. .. ... ... ... ... 87
3.4.3 Non-Uniform Rotated Constellations with Multiple RF
Channels . . . ... ... .. ... ... ... ...... 87
3.5 Conclusion . . ... .. ... ... .. 94

4 Low-Complexity Demapping and Quantization Algorithms 97

4.1 Demapping Complexity at the Receiver . . . . . ... ... .. 98
4.2 Low-Complexity Demapping Algorithm . . . .. ... ... .. 100
4.2.1 Quadrant Search Reduction (QSR) . . . . .. ... ... 100
4.2.2 Condensed Symbols Reduction (CSR) . . .. ... ... 102
4.2.3 Quadrant Condensed Search Reduction (QCSR) . ... 104
4.3 Performance Evaluation: Minimum Number of Distances . . . . 105
4.3.1 Calculation of the Minimum Number of Distances . . . 105
4.3.2 Performance Loss with Alternative Channel Models . . 108
4.3.3 QCSR with Non-Uniform Rotated Constellations . . . . 110
4.4 Digital Quantization of LLR and I/Q Components . . . . . . . 111
4.4.1 System Model and Potential Scenarios . . . . . . .. .. 112
4.4.2 Quantization of Log-Likelihood Ratios . . . . . . .. .. 115
4.4.3 Quantization of I/Q Components . . . . . . . ... ... 119
4.5 Quantization Loss vs. Time De-Interleaving Memory Trade-Off 121
4.5.1 Performance Loss of LLR Quantization . . . ... ... 123
4.5.2 Performance Loss of I/Q Components Quantization . . 124
4.5.3 Time De-Interleaving Memory Requirements . . . . .. 126
4.6 Conclusion . . . .. ... 127

5 Non-Uniform Constellations for MIMO Communications 129

5.1 Multi-Antenna Non-Uniform Constellations . . . . .. ... .. 130
5.1.1 Preliminary Design . . . . . . ... ... ... .. .... 131
5.1.2 Re-optimization without Power Imbalance . . . . . . . . 138



TABLE OF CONTENTS

5.1.3 Re-optimization with Power Imbalance . . . . . . . . .. 140

5.2  Performance Evaluation of Multi-Antenna Non-Uniform Cons-
tellations . . . . . . .. e 142
5.2.1 Transmission without Power Imbalance . . .. ... .. 142
5.2.2 Transmission with Power Imbalance of 6 dB . . . . . . . 143
5.3 Demapping Complexity Analysis . . . . ... .. ... ... .. 145
5.4 Fixed Sphere Decoder for Two-Dimensional NUCs in MIMO . 146
5.4.1 Successive Interference Cancellation . . . .. ... ... 147
5.4.2 Voronoi Regions Selection Algorithm . . . . . . ... .. 147
5.4.3 Resolution vs. Performance Trade-Off . . . . ... ... 151
5.5 Conclusion . . . . . . . .. ... 152
6 Conclusions and Future Work 153
6.1 Concluding Remarks . . . . ... ... ... ... .. 154
6.1.1 Non-Uniform Constellations Optimization . . . . . . . . 154
6.1.2 Complexity Implications at the Receiver . . . . . . . .. 155
6.1.3  Multi-Antenna Optimization and Complexity Reduction 157
6.2 Constellation and CR Recommendation . . . ... ... .. .. 158
6.3 Futurework . . . . . . . . . . ... 161
6.3.1 High-Order Two-Dimensional Non-Uniform Constellations161
6.3.2 Further Optimization for MIMO Systems . . . .. ... 161

6.3.3 The Future of Broadcasting: Constellations for 5G Com-
munications . . . . ... L. 161
A Physical Layer Simulator 163
A.1 Transmitter Block Diagram . . . ... ... ... ........ 163
A.2 Receiver Block Diagram . . . . . ... ... ... ........ 168
A3 Channel Models. . . . . . . . . . .. ... .. ... ... .... 170
B Optimization Algorithm 175
B.1 Nelder-Mead Simplex Method . . . . . . ... ... ... .... 175
B.2 Application to Use Cases Considered . . . . . . . ... ... .. 179
Acronyms 183
References 187



	Index_Manuel_Fuentes

