Contents

Preface — IX

Acknowledgment — XV

Notation — XVII

Of Theorems, Lemmata and Corollaries — XIX

1

1.1
1.2
13
1.3.1

1.3.2
133
134

2

2.1
2.2
2.3
24
25
2.6
2.7
2.8
2.9
2.10
21
212
2.13
214
2.14.1
2.14.2
2.15
2.15.1
2.15.2
2.15.3

Introduction — Advanced Mobile Communications and Inner Physical Layer
Transceivers — 1

Of Systems and Signals —1

Why “Yet Another Textbook About” Mobile Communications Systems? — 5
Structure of This Textbook — 6

Chapter 1: Introduction — Advanced Mobile Communications and Inner
Physical Layer Transceivers — 6

Chapter 2: Sampling — The Sampling Theorem — 6

Chapter 3: Multiantenna Techniques — 8

Chapter 4: Orthogonal Frequency Division Multiplexing — 9

Sampling — The Sampling Theorem — 11

Introduction — 11

From Discrete Time to Continuous Time — 13

“Theorem I” and “Theorem II” in [1] of 1933 — 31
“Theorem 13” in [2] of 1948 — 34

“Theorem 1” in [3] of 1949 — 54

Integration and Riemann Integral — 54

Algebra, Measure and Simple Functions — 60

Limitations of the Riemann Integral — 62

Lebesgue Integral — 62

Riemann-Stieltjes Integral — 66

Fourier Series — 67

Fourier Transform and Spectrum —73

Proof of the Sampling Theorem — 89

Two Simple Examples — 92

Monochromatic Signal With Natural Frequency W/2 — 92
Monochromatic Signal With Natural Frequency W — 97
Important Properties of Dirac’s Delta Distribution — 100
Distributions — 100

Dirac’s Delta Distribution — 104

Function Sequences Converging to the Delta Distribution — 110

https://d-nb.info/1310865310

Bibliografische Informationen E
digitalisiert durch 1 HL
BLIOTHE


https://d-nb.info/1310865310

XXII = Contents

2154 Fourier Transform Revisited — 119

2.15.5 Dirac Comb — 124

2.16 Sampling Theorem 2.20 Revisited — 129

217 Aliasing — 133

2.18 Sampling Theorem in the Frequency Domain — 136

2.19 Bandpass Sampling — 138

2191 Bandpass Signal — 138

2.19.2 Bandpass System — 142

2.19.3 Sampling Theorem for Bandpass Signals — 143

2.20 Bandwidth of a Signal — 155

2.20.1 Bandwidth Dilemma — 155

2.20.2 Seven Popular Bandwidth Definitions — 156

2.21 Classical Uncertainty Principle — 157

2.2141 Considered Signal — 157

2.21.2 Spectrum — 162

2.21.3 Resulting Classical Uncertainty — 165

2.22 What the World Needs Now Is ... The Multidimensional Fourier Series (MFS)
and The Multidimensional Fourier Transform (MFT) — 165

2.221 Setting the Scene — 165

2.22.2 Multidimensional Fourier Coefficients and Multidimensional Fourier Series
(MFS) — 169

2223 Multidimensional Fourier Transform (MFT) and Multidimensional Inverse

Fourier Transform (MIFT) — 171

3 Multiantenna Techniques — 176

3.1 Introduction — 176

3.2 Curvilinear Coordinate Systems — 188

3.21 Coordinate Transformations — 188

3.2.2 Tangent Unit Vectors in Curvilinear Systems — 189

3.23 Normal Unit Vectors in Curvilinear Systems — 191

3.24 Contravariant and Covariant Vectors — 192

3.25 Coordinate Transformation Law for Contravariant Components — 193
3.2.6 Coordinate Transformation Law for Covariant Components — 195
3.27 Orthogonal Curvilinear Coordinates — 197

3.28 Example 1: Cylindrical Coordinates — 201

3.29 Example 2: Spherical Coordinates — 202

3.2.10 Divergence, Curl and Laplace Operator —— 204

33 Tensors — 205

3.31 Meaning of “Tensor” — 205

332 Einstein’s Summation Convention — 206

333 Contravariant Tensors — 206

334 Covariant Tensors — 208



335
3.3.6
34
35
3.6
3.6.1
3.6.2

3.6.3
3.7

3741
3.7.2
38

3.8.1
3.8.2
383
384
3.85
3.8.6
3.8.7
388

389
3.8.10
3.9

3.9.1
3.9.2
393
394
395
3.9.6

3.9.7
3.9.8
3.9.9
3.9.10
3.9.1

3.9.12
3.9.13
3.9.14

Contents == XXIII

Levi-Civita Pseudo Tensor — The Epsilon Tensor — 208

Curl of the Curl of a Vector Field — 219

Electromagnetic Waves in Free Space —— 221

Plane Wave in Free Space — 225

Simple Array Antenna — 229

Phase Difference of a Received Plane Wave — 229

Choice of the Antenna Element Separation — Spatial Sampling
Theorem — 232

Array Antenna Pattern — 235

A Little Excursion: Optical Diffraction — 243

Diffraction at the Single-slit — 243

Diffraction at the Optical Grating — 248

A Primer on Probability Theory — 253

Stochastics, Probability Theory and Mathematical Statistics — 253
Permutations, Partial Permutations and Combinations — 253

Finite Fields of Probability — 259

Borel Fields of Probability — 282

Random Variables and Cumulative Distribution Functions — 287
Mathematical Expectations — 292

Functions of Random Variables and the “Simulation Lemma” — 293
Conditional Probability and Bayes’s Theorem in Borel Fields of
Probability — 306

Multidimensional Random Variables — 308

Stochastic Processes — 312

Multiple Receive Antennas for Diversity in Advanced Mobile Communications
Systems — 347

System Model — 347

Likelihood Function — 401

Sufficient Statistics — 416

Matched Filtered Noise — 420

Whitening of the Matched Filtered Noise: Cholesky Decomposition — 423
Whitening of the Matched Filtered Noise: Discrete Karhunen-Loéve
Transformation — 424

Introduction to Optimum Receivers — 426

Optimum Detection of Transmitted Complex Data Sequences — 447
Maximum-likelihood Sequence Detection (MLSD) Receiver — 449
Illustrative View on the Viterbi Algorithm (VA) — 453
Maximum-likelihood Sequence Detection (MLSD) Using the Viterbi Algorithm
(VA) — 459

Soft Output Viterbi Algorithm (SOVA)—SIMPLE RULE (SR) — 463
Soft Output Viterbi Algorithm (SOVA)—HUBER RULE (HR) — 467
Soft Output Viterbi Algorithm (SOVA)—BATTAIL RULE (BR) — 469



XXIV = Contents

3.9.15 Maximum A posteriori Probability Symbol Detection (MAPSD)
Receiver — 475

3.10 Multiple Transmit Antennas for Diversity in Advanced Mobile
Communications Systems — 479

3N A Primer on Information Theory — 486

3114 Information — 486

3.11.2 Entropy — 490

3113 Channel Capacity — 502

3.11.4 Complex Circular Symmetric Gaussian Distribution — 506

3.12 Spatial Multiplexing (SM) in Advanced Mobile Communications

Systems — 509

4 Orthogonal Frequency Division Multiplexing — 519

4.1 Introduction — 519

4.2 Continuous-time Modeling — 521

421 Signal Model — 521

422 Spectrum — 527

43 Discrete-time Modeling — 539

44 Diagonalization of Circulant Matrices — 541

45 Signal Transmission and Reception via Multipath Channels — 547
4.6 Channel Capacity — 559

4.7 Single-Carrier Frequency Division Multiple Access — 566
References — 571

Index — 581



