TABLE OF CONTENTS

1. Mobile Network EVOIULION ..........ccccoviiiiiiiiic e 1
1.1 Long Term Evolution OVEIVIEW..........ccccevvrirerenenennene. 2
111 ArChItECIUIE oo 5
1111 User EqQUIPMENt .......cccevieiecece e 7
1.1.1.2 ENOAEB ... 7
1113 Mobility Management Entity...........c.ccoceeerennne. 7
1114 Serving Gateway..........ccocveveeverieseeee e, 8
1115 Packet Data Network Gateway ..............cccccevennen. 8
112 Protocol Stack..........ccooovviviviiiiiiiiecece e 9
1.1.3  AIrINterface......ccooviiiieneieieesesese e 11
1131 Orthogonal Frequency Division Multiple Access
12
1132 Single Carrier Frequency Division Multiple
Access 14
1.1.3.3 LTE Frame Structure ........coccoveeveeiienneeniinninne 15
1.1.4  System Deployment.......c.ccoceoviiiniiiiininenineneens 16
115 Quality of SEIVICE ......ccveveiecece e 19
1151 Guaranteed Bit Rate Bearers ...........cccccccevvenenne. 19
1152 Non-Guaranteed Bit Rate Bearers..................... 20
1153 QoS Class ldentifiers.......ccccevevieevieevieiieiieene, 20
1154 Allocation and Retention Priority.................... 20
1155 Prioritized Bit Rate ..........cccevvvviveievr e 21
1.1.6  Transport and Physical Channels ...........cc.ccccooenenns 22

1161 Downlink Transport and Physical Channels.....22



1.16.2 Uplink Transport and Physical Channels ......... 25

1.1.7 Admission Control..........ccoeeveirnienin e 26
118 Hybrid Automatic Repeat reQuest..............ccccevvenee. 27
119 Uplink Signaling.........ccccevviiieveiniie e, 28
1.1.10  POWEr CONLrOl......cceiviiieieieieieisescee e 29
1.1.11  Packet Scheduling.........cccceoeieiieiiniiiiiineseees 34
1.1.12  Link Adaptation.........cccceveveeieninieeie e sie e 39
1.2 LTE-AQVANCEd ......coviieiiiiiicie e 40
121 AIr INErfacCe......oov e 41
122 Carrier AQQregation..........ccoeeeeeeeieninenese e 42
1.2.3  Coordinated MUultiPoint...........cccoevviiiiiniennnenienienns 44
1.24 Relay NOGES........cccuoiieiiiecce s 45
1.3 M2M COMMUNICALION ...ocvviereieiriie e 45
1.4 Problem Statement.........ccccooviiirinineineeesese s 46
1.5  Related Literature ........ccooevveereneieeeeeeeseee e 48
1.6  BOOK OVEIVIEW....cuiiiveiieieiiieie et 50
2. Broadband Radio Resource Management...........c.cccocevvevennenn, 52
2.1  LTE Uplink Scheduling.........cccoovevviiiiiiieviiieie e 52
211 Channel MOdEIS........ccccveveiieeie e 52
2111 Path LOSS......cciieiieiiee et 53
21.1.2 Slow Fading.......cccoevveiiviieecceceee e 53
2113 Fast Fading ......ccccoovrenieeice e 55
2.1.2 Scheduler OVErVIEW .........ccccvvvviiieveiece e 56
2.1.3 Time Domain Packet Scheduler ... 58
21.3.1 Time Domain Metric Algorithms.................... 58
214 Frequency Domain Packet Scheduler....................... 61

2141 Frequency Domain Metric Algorithms............. 62



2.14.2 RC Allocation Algorithm ............ccccoevvviieiiennnn 64

215 Multi-bearer User Scheduling .........c.ccocvoviiniiennnn. 66
2.1.6 OPNET Modeler and Simulation Environment........ 67
2.1.7 Simulation Parameters, Traffic Models and Results 69
2171 Fairness in Diverse Channel Conditions........... 71
2172 Performance in Single-Bearer Scenario............ 73
2.1.7.3 Performance in Double-Bearer Scenario.......... 76

2.2 LTE-A Uplink Scheduling.........cccccoeviiiviviiniiciieciece 79
221 Component Carrier Selection ...........c.ccoovvreierienen. 80
2.2.2 Scheduler OVEIVIEW .........ccccevvvviiveieieeie e 81
2.2.3  Time Domain Packet Scheduler ..........cc.ccocevcvrerinnas 82
224 Frequency Domain Packet Scheduler....................... 82
2.2.5  Simulation Parameters, Traffic Models and Results 84
2251 Component Carrier Selection Results............... 85
2.25.2 Scheduling ResuUlts .........cccocvevveiiiiicveieee e 88

3. Machine-to-Machine Communication.............ccccecevvriveriennnnn. 92
3.1  M2M Network Architecture and Domains.............c......... 93
3.1.1 DBVICES ..ottt 93
3.1.2 Area NEtWOIKS......cveiviieeiice e 94
3.1.3 GAIBWAY ...ttt 94
3.1.4  Communication Networks.........cccoevveiviieneninnennnns 94
315  APPHICALIONS. ..o 95
3.2  M2M Standardization..........ccccceveveiieiieiieere e 95
321 BGPP . 96
322  ETShi e 96
3.2.3 IEEE ..o 96

3.24 ONEMZ2M .o 97



3.3 M2M Application Areas.........cccccvevveieiiveresieeiesieaiesesieas 97

3.3.1 LOGISTICS .ttt 97
3.3.2 Smart Metering and Monitoring ..........c.ccocveervervennen 99
3.3.3 Intelligent Traffic Systems .........cccocvvvvivevciiiceinee, 99
3.34 E-healthCare..........ccocoveviniieccc e 100
34 M2M TraffiC ..o e 102
341 Traffic TrendS ... 102
3.4.2 MZM ISSUES ...ttt 103
3.5  Impact of M2M Traffic on LTE and LTE-A Performance
104
3.6 Simulation Parameters, Traffic Models and Results ...... 107
3.6.1 LOGISTICS vt 107
3.6.2 E-healthcare........cccoovevviiiiieccic e 109
3.7 CONCIUSION ...t 111
4, Relay NOGE ...ocvciiiecece e e 112
4.1  Relay Node ClassifiCation .........cccccoviriiiiniiencneneen 113
4.1.1 Mobility Based Classification ...........c..cccooeevveenenean 113
41.1.1 Fixed Relay Node..........ccccoeviveiiciciicnenen, 113
41.1.2 Moving Relay NOdE.........c.cceovviiininiieeen, 114
412 Relaying Technology Based Classification............ 115
4121 Layer 1 Relay Node.........cccoocevviviiiiincieiee 115
4122 Layer 2 Relay NOde........ccoovvviiiiiniiee 116
4123 Layer 3 Relay NOde........cccovvvviiiiiiiiee, 116
4.1.3 Air Interface Based Classification...........c..ccc......... 117
4131 Outband Relay NOdE ........ccccoeviviiveieereeiinns 117
4132 Inband Relay Node .........ccooevvvviiiiiiece 117

4.2 Solutions for M2M Communication in LTE-A............... 118



4.3  Relay Node for M2M Communication...............cccueu.... 121

4.4  OPNET Simulation Environment...........ccccooevevvverieneenn. 122
45  Relay Node Implementation...........cccccoovvivniiencncnennn. 123
45.1 DeNodeB Scheduling with Relay Node.................. 124
45.2 Relay Node Scheduling .........ccccoeevviveveiiesienieinn, 127
453 Relay Node Aggregation and Multiplexing Scheme
129
4.6  Simulation Parameters, Traffic Models and Results ...... 131
4.6.1 Coverage Enhancement with Relay Node............... 133
4.6.2 M2M Traffic Aggregation and Multiplexing ......... 140
4.6.3 Impact of M2M Relaying on Regular Traffic......... 150
A 4 Tod 1155 T o S 155
Results Comparison for Relay Node............ccoovvnirencnennnn. 157
5.1  The Analytical Model..........ccccoeevveiiiiriii e, 158
5.2  The Simulation Model...........cccovrviiinininiiieeene 161
5.3  The Simple Simulation Model...........c.ccooovvninininennn. 163
5.4  Performance Evaluation ..........c.ccocovevveiinienieninnienenenene 166
54.1 Multiplexing Transition Probabilities and Path
Probabilities .......covviiieiceee e 167
54.2 Multiplexing Gain and Radio Resource Utilization174
5.5 SUMMAIY ... 181
Conclusion and OULIOOK ..........ccccvvviiiiriieeeseecs e, 183
6.1 CONCIUSION.....ocviiiieiicice e 183
(G T O 111 1 [0 185
APPENAIX. .t 187
7.1  Confidence Intervals for Simulation Results.................. 187

7.2  Confidence Intervals for Comparison of Simulation and
Analytical RESUILS ........ceovveiieieccec e 191



7.3

3GPP Transport Block Size Table





