CONTENTS

PREFACE xiii
ACKNOWLEDGMENTS xv
ACRONYMS xvil
CHAPTER1  INTRODUCTION |
1.1 Evolution of Wireless Communication Systems 1
1.2 Orthogonal Frequency Division Multiple Access 2
1.3 Organization of this Book
CHAPTER2 BACKGROUND ON DOWNLINK RESOURCE ALLOCATION IN OFDMA
WIRELESS NETWORKS 9
2.1 Centralized Single Cell Scheduling 9
2.1.1  Conunuous Versus Discrete Rates 11
2.1.2 Optimal Versus Suboptimal Scheduling 12
2.2 Distributed Scheduling 13
2.3 Scheduling in Multicell Scenarios 14
2.3.1 Multicell Scheduling in LTE 16
24 Summary 18
CHAPTER3  ERGODIC SUM-RATE MAXIMIZATION WITH CONTINUQUS RATES 19
3.1  Background 19
3.2 Problem Formulation 21
33 Problem Solution 23
33.1  Solution of the Dual Problem 24
332 Duality Gap Analysis 26
33.3  Complexity Analysis 28
334  Solution Approach in a MIMO Scenario 28
34 Achievable Rate Region 28
34.1  K-user Achievable Rate Region without Rate Constraints 29
342 K-user Achicvable Rate Region with Raie Constraints 30
34.3  Application to the Two-Users Rate Region 32
3.5 Results and Discussion 35
3.5.1  Simulation Parameters 35
352  Multiplier Calculation and Convergence 35
3.53 Duality Gap Results 38
354 Sum-Rate Results 38
3.6  Summary 4]



vili  CONTENTS

CHAPTER4  ERGODIC SUM-RATE MAXIMIZATION WITH DISCRETE RATES 43

4,1 Background 43

42 Problem Formulation 44

4.3 Problem Solution 46

4.3.1  Duality Gap Analysis 50

4.3.2  Complexity Analysis 52

4.4 Results and Discussion 52

441  Simulatior Model 52

4.4.2 Continuous Versus Discrete Rates 53

443  Impact of Modulation and Coding Schemes 54

4.4.4  Impact of Varying the User Weights 56

4.5  Summary 57

CHAPTER5  GENERALIZATION T UTILITY MAXIMIZATION 59

5.1  Background 59

5.2 Ergodic Utility Maximization with Continuous Rates 60

5.2.1 Duality Gap 62

5.3 Ergodic Utility Maximization with Discrete Rates 64

5.3.1 Duality Gap 67

54  Summary 68
CHAPTER6  SUBQOPTIMAL IMPLEMENTATION OF ERGODIC SUM-RATE

MAXIMIZATION 69

6.1  Background 69

6.2 Suboptimal Approximation of the Continuous Rates Solution 71

6.3 Suboptimal Approximation of the Discrete Rates Solution 73

6.4 Complexity Analysis of the Suboptimal Algorithms 76

6.4.1  Complexity Analysis in the Continuous Rates Case 76

6.42  Complexity Analysis in the Discrete Rates Case 77

6.5  Results and Discussion 78

6.5.1  Simulation Parameters 78

6.5.2  Results of the Continuous Rates Approximation 78

6.5.3  Results of the Discrete Rates Approximation 80

6.5.4  Results in the Case of Imperfect CSI 81

6.5.5 Comparison to Existing Algorithms 34

6.6  Summary 88

CHAPTER 7 SUBOPTIMAL IMPLEMENTATION WITH PROPORTIONAL FAIRNESS %9

7.1  Background g9

7.2 Proportional Fair Scheduling 91

7.2.1  PF Scheduling Methods 91

7.2.2  Equivalence of PF and NBS R



CONTENTS  IX

7.3 Low Complexity Utility Maximization Algorithms 94
7.3.1 Complexity Analysis of the Utility Maximization Algorithms 97

7.3.2  Comparison to Existing Algorithms 98

7.3.3  Rate Calculations 99

7.4  Proportional Fair Utilities 100
7.5 Results and Discussion 101
7.5.1  Simulation Model 101

7.5.2  PFF and PFTF Utility Comparison 101

7.5.3 RB-based Scheduling: Greedy and PFF Utilities 103

7.54 Comparison to Existing Algorithms 107

7.5.5 Independent versus Equal Fading over the Subcarriers of an RB 111

7.6  Summary 112
CHAPTER§ SCHEDULING WITH DISTRIBUTED BASE STATIONS 113
8.1 Background 113
8.2  System Model 115
8.3  Scheduling with Distributed Base Stations 118
8.3.1 Scheduling Algorithm for DBS Scenarios 118

8.3.2 Complexity Analysis of the DBS Scheduling Algorithm 120

8.4  Results and Discussion 120
84.1 Simulation Model 120

8.4.2  Sum-Rate Results 121

8.4.3  Fairness Analysis 123

844 Location Optimization 126

8.4.5 Mobility Considerations 127

8.5 Distributed Base Stations Versus Relays 128
8.6  Distributed Base Stations Versus Femtocells 131
8.7  Summary 133
CHAPTERY  DISTRIBUTED SCHEDULING WITH USER COOPERATION 135
9.1 Background 135
9.2 Cooperative Distributed Scheduling Scheme 136
9.2.1  System Model 136

9.22  CSI Quantization Scheme 138

9.2.3  Price of Anarchy 139

9.3 Distributed Scheduling Algorithm 140
931 Rate Calculations with Quantized CSI 142

9.4  Results and Discussion 142
9.4.1 Simulation Model 142

9.4.2  Greedy Scheduling Results 143

94,3 PF Scheduling Results 145

9.5  Summary 149



X CONTENTS

CHAPTER 10 DISTRIBUTED SCHEDULING WITHOUT USER COOPERATION 151
10.1 Background 151
10.2  Noncooperative Distributed Scheduling Scheme 153

10.2.1 System Model 153
10.2.2  Distributed Scheduling Scheme 153
10.3  Comparison to Existing Schemes 155
10.4  Analysis of Measurement Inaccuracies 156
10.5 Results and Discussion 160
10.5.1 Simulation Model 160
10.5.2 Simulation Results 161
10.6  Optimization of Transmissicn Probabilities 165
10.6.1 Optimization Methods 165
10.6.2 Optimization Results 166
10.7 Practical Considerations 169
10.7.1 Collisions 169
10.7.2 Collaboration Between Mobile Users 169
10.7.3 Role of the Central Controlling Devices 170
10.7.4 Extension to a Single Cell Scenario 170
10.7.5 Extension to a Multiple Cell Scenario 171
1076 Cognitive Radio and 4G 171
10.8  Summary 171

CHAPTER 11 CENTRALIZED MULTICELL SCHEDULING WITH INTERFERENCE
MITIGATION 173
11.}  Background 173
11.2 Problem Formulation 175
11.3  {terative Pricing-Based Power Control Solution 178

11.3.1 Single Cell Problem Formulation 178
11.3.2  Single Cell Scheduling Selution 179
11.3.3 Tterative Pricing Game 182
11.4 Pricing Game with Centralized Control 184
11.4.1 Online versus Otfline Implementation 180
11.5 Suboptimal Scheduling Scheme Using Pricing-Based Power Control 186
11.5.1 Utility Functions 186
11.5.2 Setting the Prices in the Power Control Scheme 189
11.5.3 Scheduling Algorithm 189
11.6  Suboptimat Scheduling Scheme Using Probabilistic Transmission 190
11.7 Results and Discussion 191
11.7.1 Simulation Model 191
11.7.2 Comparison of the Pricing-Based Power Control Schemes 191
11.7.3 Results of the Suboptimal Pricing-Based Power Control Schemes 196
11.7.4 Results of the Suboptimal Probabilistic Scheduling Scheme 198
11.8  Summary 201



CONTENTS  Xi

CHAPTER 12 DISTRIBUTED MULTICELL SCHEDULING WITH INTERFERENCE

MITIGATION 203
12.1  Background 203
12,2 System Model 204
12.3  Intracell Cooperation: Distributed Scheduling 205
124 Intercell Interference Mitigation/Avoidance 206
12.4.1 Intercell Cooperation: Transparent Pricing Scheme 207
1242 Intercell Cooperation: Pricing-Based Power Control Scheme 208

12.4.3 Interference Avoidance in the Absence ot Intercell Cooperation:
Probabilistic Transmission Scheme 209
12.5 Results and Discussion 209
12.5.1 Simulation Model 209
12.5.2 Greedy Allocation Results 210
12.5.3 Proportional Fair Allocation Results 213
12.5.4 Additional Comments 216
12.6  Practical Aspects 217
12.6.1  Application in a Local Area Network 217
12.6.2 Application in a Distributed Base Station Scenario 217
12.6.3  Application in a CR Network 219
12.6.4 Application in a Network with Femtocell Deployment 219
12.6.5 Distributed Multicell Scheduling without User Cooperation 220
127 Summary 221

CHAPTER 13 SCHEDULING IN STATE-OF-THE-ART OFDMA-BASED WIRELESS

SYSTEMS 223
13.1 WiMAX Scheduling Overview 223
13.1.1 Enhancements in the Next Generation of WiMAX 226
13.1.2 Intercell Interference Issues in WiMAX 227
13,1.3 Relation of the Work in this Book to WiIMAX Scheduling 227
132 LTE Scheduling Overview 228
13.2.1 Enhancements in the Next Generation of LTE 233
13.2.2 Intercell Interference Issues in LTE 233
13.2.3 Relation of the Work in this Book to LTE Scheduling 234
13.3 SCFDMA Versus OFDMA Scheduling 235
13.3.1 SCFDMA Rate Calculations 236
13.3.2 Scheduling Algorithm with Contiguous RBs 236
13.3.3 Results and Discussion 237
13.4 Comparison to the LTE Power Control Scheme 240
13.4.1 LTE Multicell Interference Mitigation Schemes 241
13.4.2 Results and Discussion 242

13.5 Summary 245



Xii  CONTENTS

CHAPTER 14 FUTURE RESEARCH DIRECTIONS 247
14.1 Resource Allocation with Multiple Service Classes 247
14.2 Network MIMO 247
14.3  Coalitional Game Theory 248
144 Resource Allocation with Ferntocells 249
14.5  Green Networks and Self-Organizing Networks 249
14,6 Joint Uplink/Pownlink Rescurce Allocation 250
14.7 Joint Resource Allocation in Heterogeneous Networks 251
14.8  Resource Allocation in Cognitive Radic Networks 252

BIBLIOGRAPHY 255

INDEX 269



