Contents

Abstract

List of Figures

List of Tables

List of Abbreviations
List of Symbols

1 Introduction

2 Mobile Communication Systems

2.1 Global System for Mobile Communication (GSM) . .

2.2 Universal Mobile Telecommunication System (UMTS)

3 Long Term Evolution (LTE)

3.1 Motivation and Targets . . . ... ... ... .. ...
3.2 LTE Multiple Access Schemes . . . . ... ... ...

321 OFDM . ... ... e

322 OFDMA . . . . . e

323 SC-FDMA . . . .. . . e

3.3 LTE Network Architecture . . . . . ... ... ... .. .....
3.3.1 User Equipment (UE) . ... ... .. ..........

3.3.2 Evolved UTRAN (E-UTRAN) . . . . ... ... .....

3.3.3 Evolved Packet Core (EPC) . ... ... ... ......

3.4 E-UTRAN Protocol Architecture . . . . . ... ... ... ....
3.4.1 Radio Link Control (RLC) . . . . .. ... ... .....

3.4.2 Medium Access Control MAC) . . . ... ... .....
34.2.1 Logical and Transport Channels . . . . . . . ..

3422 HARQ . ... ... .. .. .. ... ... ...

3423 Scheduling . . ... ... ....... . ....

IX

XV

XIX

XXI

XXV



XII Contents

3.4.3 LTE Frame and Physical Resource Structure . . . . . . . 27

3.5 LTE Quality of Service Bearers . . . . . ... ... ... ..... 28
36 BeyondLTE. .. ... ... ... .. ... . ... . ... 30
3.6.1 Wider Bandwidth for Transmission . . . . ... ... .. 31

3.6.2 Advanced MIMO Solutions . . . . .. ... ....... 31

363 CoMP . . ... .. . . .. 32

3.64 RelaysandRepeaters . . . . . ... .. ... ... .. .. 32

4 LTE Network Simulator 35
4.1 Simulation Environment . . . . ... .. ... ... ... .. 35
4.2 Simulation Framework . . . . ... ... ... ... ....... 36
4.3 SimulationModel . . . . .. ... ... o 37
43.1 UENodeModel . ..................... 38

432 eNodeBNodeModel . . ... ... ............ 39

4.3.3 Access Gateway Node Model . . ... ... ....... 40

4.3.4 Packet Data Network Gateway Node Model . . . . . . .. 40

4.3.5 Mobility and Channel Node . . . ... ... ....... 41

43.6 Global User Database . . ... .............. 44

4.3.7 Application Configuration . . . . .. ... ... ..... 44

4.3.8 Profile Configuration . . . . ... ... ... ....... 45

44 TrafficModels. . . . . . . ... ... 45
4.4.1 Voice over IPModel (VoIP) . . . .. ... ... ..... 46

442 WebBrowsingModel . ... ............... 47

443 Video Streaming Model . . ... ... ... ... .... 48

444 File Transfer Model . . . .. .. ... ... ....... 49

4.5 Statistical Evaluation . . . ... ... ... . ... ... ..... 49
4.5.1 Confidence Interval Estimation . . . . . . .. .. .. ... 49

4.5.2 Independent Replications Method . . . . ... ... ... 50

5 LTE Virtualization 53
5.1 Virtualization . . . . . .. .. .. .. ... 53
5.1.1 Server Virtualization . . . .. ... .. .......... 54

5.1.2 Network Virtualization . . . . . .. ... .. ....... 56

5.2 4WARDProject . . . . . . . .. 57
5.2.1 4WARD Virtualization Paradigm . . . . . . ... ... .. 57

5.3 Wireless Virtualization in Mobile Communication . . . . . . . . . 59
5.3.1 Motivation behind Mobile Network Virtualization . . . . . 61

5.3.2 LTE Virtualization Framework . . . . . . ... ... ... 61

5.3.2.1 Framework Architecture . . . . . ... ... .. 62



Contents

5322
5323
5324

6 LTE Radio Scheduler

6.1 LTE Dynamic Packet Scheduling
6.2 LTE MAC Schedulers State of the Art
6.2.1 Classical Scheduling Algorithms
6.3 Downlink MAC Scheduler Design
6.3.1 QCI Classification
6.3.2 Time Domain Scheduler (TDS)
6.3.3 Frequency Domain Scheduler (FDS)
6.3.4 Link-to-System Mapping (L2S)
6.3.5 HARQ Modeling

6.4 Downlink MAC Scheduler Analysis
6.4.1 OSA vs. Classical Schedulers
FTP Only Scenario . . . ... ... ......
Mixed Traffic Scenario . . . ... ... ....
6.4.2 GBR Delay Exploitation
6.5 Conclusion . . . ... .. ...

6.4.1.1
6.4.1.2

LTE Hypervisor Algorithm . . . ... ... ..
Operator Bandwidth Estimation . . . . . . . ..
Contract-Based Framework . . . . ... .. ..
5.4 LTE Virtualization Evaluation
5.4.1 Multiplexing Gain-Based Analysis
5.4.2  Multi-User Diversity Gain-Based Analysis
5.4.3 Contract-Based Framework Analysis
5.5 Conclusion . . .. ...

7 Analytical Modeling of the LTE Radio Scheduler

7.1 General Analytical Model
7.1.1  Performance Evaluation
7.1.2  Generic Departure Rate
7.2 LTE Downlink Scheduler Modeling
7.2.1 Single Class Model
7.2.2  Single Class Model Results
Analysis | -MaxT . . . . ... ... .. ....
Analysis2-BET . . ... ... ........
Analysis 3 - Sensitivity Analysis . . . . .. ..
Analysis4-OSA . ... ... ... ...

7.2.2.1
7.2.2.2
7223
7.2.2.4
7.2.2.5

Analysis 5 - BET with Random Direction (RD)

X1

64
64
65
68
69
73
76
83

85
86
87
87
89
90
91
94
96
98
99
99
100
104
108
112

113
114
115
117
120
120
124
125
129
132
133
134



X1V Contents

7.2.3 Two-Dimensional Model . . . . . ... ... ....... 136

7.23.1 2DTDSModeling . . . . ... .. ....... 138

7.2.3.2 2D Performance Analysis . . . . .. ... ... 139

7.2.4 Two-Dimensional Model Results . . . . . ... ... ... 141

7.2.4.1 Analysis-w-MaxT . ... ........... 142

7242 Analysis-w-BET . ... ... .. ....... 146

7243 Analysis-OSA . . ... ... 150

7.3 Conclusion . . .. .. .. .. ... 151

8 Conclusions and Outlook 153
A Appendix 159
A.1 Mobility Models . . . ... ... ... oo 159
A.2 3GPP Transport Block Size . . . . . ... .. ... ... ..... 161
A.3 Simulation Results Confidence Interval . . . . . ... ... ... 162

Bibliography 165



2 Springer
http://www.springer.com/978-3-658-00807-9

Future Mobile Communications

LTE Optimization and Mobile Network Virtualization
Zalki, Y,

2013, X0, 173 p. 95 illus., Softcover

ISBN: @78-3-658-00807-9



	Contents



