Distributed Home Agent Mobility Management
for IP Based Cellular Network

Chi Wah Yung

A dissertation submitted for the degree of
MASTER OF PHILOSOPHY (MPhil)

to

School of Electrical and Electronic Engineering

Faculty of Engineering, Computer and Mathematical Sciences

THE UNIVERSITY

OF ADELAIDE
AUSTRALIA

THE UNIVERSITY OF ADELAIDE, South Australia

March, 2013

MAJOR SUBJECT: WIRELESS COMMUNICATIONS & NETWORKING



Supervisors:
Prof Reginald Coutts, School of Electrical & Electronic Engineering

Prof Derek Abbott, School of Electrical & Electronic Engineering



Table of contents

LSt OF FI@UICS ..eouvieeiiieiie ettt ettt ettt et e e et esabe e beeesbeessaesnsaessseenseesssesnsaensseans v
| Ao 721 o) (SRS \%
| Ao =163 0101 1.4 1SS vi
AADSTIACE ...ttt ettt h e sh et e a e h et en b e eh e et ete bt e bt enneas vii
Declaration of OFTZINALIEY ........cevuieiiieiiieeie ettt ettt sre et e esbeeseaeenbeestaeenseenens viii
PUDIICALIONS ... .eiiiiiieciie ettt e et e et e e e taeeetaeessaeesasaeesssaeesasaeennseeennseeennns X
ACKNOWIEAZIMENLS ...ttt et ettt ettt et e st e et e snteenbeesaeeenne X
Chapter 1: INtrOQUCTION ........ciiiiiiiieiieeie ettt ettt e e be et eesbeessaeensaesaneenne 1
1.1 Background and problems of mobility management..............ccccceevierieeniiineenieeeeen. 1
1.3 Research objectives and SCOPE.......ceueririuirieriieiieeie sttt st 9
1.4 Roadmap oVerview Of theSIS.....cuuiiiuiiiiiiiiieiiiecie ettt aveeeaneeens 9
1.5 Statement of original CONtIIDULIONS...........coveiiieriiiiiieiieeie ettt 10
Chapter 2: Internetworking and internet protoCols ...........oeceeriiiiieniieiienie e 11
2.1 Fundamentals of internetworking ............ccoeoiiiiiiiiiiiiinie e 11
2.2 The layered appProacCh.........coccuiieiiiieiiieeriie ettt e e e e e 13
2.3 OSIreference MOAEl ........cc.eiiiiiiiiiiieieeee ettt et 13
2.4 Client / SETVer MOl .......couiiiiiiiiiiiieieee ettt 20
2.5 Internetworking archit@CtUIE . .......covevueriiriiirieiiciteeee ettt 21
2.6 Information encapsulation and decapsulation...........ccccccveeeiieeriieeniiieeniie e 22
2.7 The Internet ProtoCOl .......ccuiiiiiiiiiieeie e e 23
2.7.1 Internet Control Message Protocol ..........cccuvveiiiiiiiiieiiiecieeeieeee e 27
2.8.1 Transmission Control Protocol..........cociiiiiiiiiiiiiiiiieiiee e 28
2.8.2 User Datagram ProtoCOL...........ccceeviiiiiiiieiiieeiiie ettt eveeeevee e 29
Chapter 3: Mobile IP mobility management protocol ...........cocceveriiniininiinienenicneeeene 30
3.1 MODILE TP ..ttt sttt nes 31
3101 ARNE AISCOVETY .ttt ettt ettt et ettt e et e et e e bt e s saeenbeesaeeenbeesseeenseas 34

R BV 2T o4 12 213 (o) o B PSP 39
3013 TUNNEIING ..ottt ettt ettt ettt et e et e enbeesnaeenbaesaaeenseesseeenseas 44
Chapter 4: Introduction to cellular and wireless NEtWOTrKS ...........cceevveevciieeeiieeniieeeiee e, 46
4.1 Third generation cellular NEtWOTKS .........cceeiiiiiiiiiiiiee e 46
4.2 WIMAX WIreless NetWOTK .........ccoiiiiiiieiiiieciieee et e 51
4.3 Long Term EVOIUtION......c.ccooiuiiiiiiiiiiii ettt e 52
R\ o] o YU (ST | e 10 7T a1 5 o) o TSRS 54

Chapter 5: Design, analysis and simulation of distributed agent mobility management
platform and protocol (D-MIP)........cooouiiioiiiicieeeeeee e e e e 56
5.1 INEOAUCTION . ....etiiieiieiieietcesce ettt sttt 56

11



5.2 ATCHIEECTUTE .ot e e et e e e e e e e e e e e e e e eaeaeaeaaaeaeaaaeaasasesesasaaasaaaaasaaaaaaasanaaans 56

5.3 D-MIP platform characteristics and design goals...........cccccueeeeieereieeniieecie e 58
5.4 D-MIP ProtoCOL OPEIration........cceeruiieiieriieeiiieniieeieerie et esiteereesseeeseesareeseessseenseenseeenne 59
5.4.1 MN initiates a new packet data SESSION .......cccuvieriireriieeiiie e 60
5.4.2 CN initiates a new packet data connection to a MIN.........cccoeviiiiieiiienieenieenieenen. 60
5.4.3 MN handoff to another SUbNEt...........cc.eoeiiiiiiiiiiceee e 60
5.4.4 MN subsequent handoff to another subnet .............ccoceeevieiciieniiiiieieeeeeee, 61
5.4.5 MN closes packet data SESSION.........cccuiierciieeriieeriieerieeeriieeeeeeeteeeereeesreeesereeenenes 62
5.5 Benefits Of D-IMIP .......cooiiiiiiiiieiieieeee ettt st 62
5.6 SIMUlation Of D-MIP ......oooiiiiiiieceee ettt e e e aaeeens 63

Chapter 6: Analysis and simulation of Dynamic Home Agent Anchoring (DHAA) scheme

USIIE OPNET® ...t s e s e s e se e 67
0.1 INIFOAUCTION ...ttt et e e s e e e be e e sabe e e abeeesseeensseeensseeennaens 67
6.2 Dynamic Home Agent Anchoring (DHAA) SCheme ..............cccccccuevoeeiiiiniiiaiiaseeeeeen, 68
0.2.1 TerMINOLOZY ...c..eiiueieiieeiieie ettt ettt ettt e et e bt e enbeeseeeebeesaeeenne 68
6.2.2 Reference archit@Cture ..........ocuiiriieiieiieeiieete ettt et eaeeseae e 68
6.2.3 Design goals for a Dynamic Home Agent scheme...........ccccoociviiiniiiiiienieiieee 70
6.2.4 DHAA SChEME OVETVIEWS ...ccuviiiiieiiieiieeiieiiieeieeeiteeteeseeeereestaesbeesaseesseessseenseessseenns 70
6.2.4.1 MN permanent address routing for macro mobility ...........ccccevveeriieniiiiieniennen. 71
6.2.4.2 MN start packet data session from a subnet ...........cceeeveevievienieeniencieeeeeee e, 71
6.2.4.3 MN handoff to another SUbNEt ...........cccueiiiiiiiiiiece e 73
6.2.4.4 MN further handoff to another subnet .............ccccoooviiiiiiiiiiic e 74

6.3 Simulation of DHAA SCREME..............ccccueeeiiieeiieeeieeeeieeecieeesiteesieeesveessseessnaeesnseesaeeas 75
Chapter 7: Conclusion and diSCUSSION ........cecueieiieriiiiiiienieeieesiee ettt ettt seeebeeseaeeeens 81
8 )T L3 U ) OSSR S PRSP 81
7.2 FULUIE WOTK .....eiiiiiiiiiiieet ettt ettt et 83
References and bibliography ..........cocooiiiiiiiiiiiii e 84

i1



List of figures

Figure 2-1: The OSI reference model ............coeeviiiiiriiiiiiiiniiiereeeeeee e 14
Figure 2-2: Network contains the physical and data link layers...........ccccceeevieerciienciieeeieeeee, 16
Figure 2-3: Interconnection of different network by the network layer .............cccevvvveiienennns 17
Figure 2-4: Internetworking archite€Cture...........ccuveeiiieeriieeiiieeiee et 22
Figure 2-5: The concept of encapsulation and decapsulation............cccceeceeveevierieneenenienenn. 23
Figure 2-6: TP datagram ...........coccuiiiiiiiiiiiecciie ettt et e e e st e e ene e e nneeesnseeennns 24
Figure 2-7: TP address fOrmat .........cocuoviiiiiiinieieeieeeeee e 26
Figure 3-1: Basic operation of Mobile IP .........cccoieiiiiiiiiieieeeeeeeeee e 33
Figure 3-2: Router advertisement methods...........cocuerieiiinieniiiiinieneeceee e 36
Figure 3-3: Agent advertiSemMeNnt MESSAZE .......eeveerureertierieeiiieeteentieeteesieeseeesaeeeseeseesseesaeeens 36
Figure 3-4: Router SoliCitation MESSAZE .......vevveeveruierieeierienieeiesieesieeteeee st eeesieeseeeeeeeesaeenee 39
Figure 3-5: MoDile IP MESSAZE ... ..ccoueeiiiieiieiiieiieee ettt ettt et 40
Figure 3-6: Registration mesSage SEQUENCE ......ccuerurerueeuerierieeierieesteeteeneesteenseseeesseensesneesaeenns 41
Figure 3-7: Registration requeSt MESSAZE ....ccuveeuieruiieriieeieeitieeieenite et esieesteesteeebeesieesseesaeeens 41
Figure 3-8: Registration reply MESSAZE .......eevvieriieiiiieiieieeiieeieeeeeeieesiveeveesereeseesereeseessneens 43
Figure 3-9: IP in IP encapsulation mMeSSAZE........c.cevueeriieruieriieiiieeieeieesiieereesveeseesareeseeseneens 45
Figure 4-1: Evolution of the 3G standards...........cccccoeeviriininiiniiniicce e 49
Figure 4-2: 3G system archit@CtUrE.........cc.eeieruieiiiriieniieieeierieee ettt 51
Figure 4-3: Mobility support in CDMA2000 NEtWOTK .......cceevueriiniiriiiniiniieiieicneeiceeeieeenen 54
Figure 5-1: Architecture of D-IMIP .........cccooiiiiiiiiiieieeeee et 57
Figure 5-2: A simple configuration for a D-MIP.........c.ccoccooiiiiniiniiiiniiceceeee, 59
Figure 5-3: Handoff sequence of MN when register to DA-3 ..o 62
Figure 5-4: SImulation MOdel.........cocoooiiiiiiiiiiiiiie e 64
Figure 5-5: UDP Packet loss during handoff ..., 65
Figure 5-6: Packet delay time at foreign networki..........cccoceviiiiiniiniiiiniince, 66
Figure 6-1: A DHAA enabled netwWork............coouiiiiiiiiiiiiiiiieceeeeeee e 69
Figure 6-2: Permanent IP address routing of MIN.........ccccooiiiiiiiiniininiinieectceeceeee 72
Figure 6-3: MN start packet data session inside a SUbnet...........ccoceeveerieriieniieeneeniicneeniee 72
Figure 6-4: MN handoff to another SUbnet .............ccoeeveriiiiiiiiniieceen 73
Figure 6-5: MN further handoff to another subnet ............ccoccoooiiiiiii, 74
Figure 6-6: Simulation model of MN at home network .............ccceoverviniininiiniiniceee, 76
Figure 6-7: Simulation model of MN at foreign network............cccceeveininiiiniiiiceeeee 77
Figure 6-8: Network traffic of MN at home network ...........cocceoeriiniininiiniiieeeece 78
Figure 6-9: Network traffic of MN at foreign network ..........ccoccoooiiiiiiiiniiiniiieceeeee 79
Figure 6-10: IP traffic forwards from Home Agent..........cceoeiviriiniininiiniiencncceeeeee 80

v



List of tables

Table 2-1: Example of a routing table



List of acronyms

2.5G
2G

3G

4G
AAA
AN
BSC
CDMA
CN
CoA
CSD
DHAA
D-MIP
FA
FDMA
HA
HSPA
IETF
P
IPv6
ISO
IWF
MIP
MIPv6
MN
MS
NS2
OPNET®

OSI
PDA
PDSN
RAN
TCP
UDP
UMTS

Intermediate Generation of Cellular Network between 2G and 3G
Second Generation Cellular Network

Third Generation Cellular Network

Forth Generation Cellular Network
Authentication, Authorization and Administration
Access Network

Base Station Controller

Code Division Multiple Access

Correspondent Node

Care Of Address

Circuit Switched Data

Dynamic Home Agent Anchoring Scheme
Distributed Agent Mobility Management Platform
Foreign Agent

Frequency Division Multiple Access

Home Agent

High Speed Packet Access

Internet Engineering Task Force

Internet Protocol

Internet Protocol Version 6

International Organization for Standardization
Inter-working Function

Mobile IP Protocol

Mobile IP Protocol for Internet Protocol Version 6
Mobile Node

Mobile Station

Network Simulator 2

OPNET® is either registered trademarks or trademarks of OPNET
Technologies, Inc. in the United States and/or other countries.
Open System Interconnection

Personal Digital Assistant

Packet Data Serving Node

Radio Access Network

Transmission Control Protocol

User Datagram Protocol

Universal Mobile Telephone System

Vi



Abstract

The convergence of wireless networks both fixed and mobile with the Internet is creating a
revolution in the way wireless networked resources interact with each other. This thesis is
concerned with mobile networks and proposes to deal with the mobility management
problems for the mobile computing devices in the next generation of multi-technologies
integrated IP based mobile networks. In order to do this, a new distributed home agent
approach for mobility management has been developed that harmonizes the concept of micro-
mobility and macro-mobility management in order to enable seamless mobility management
on different kinds of wireless network environment especially interaction with the legacy
cellular network in which resources are limited and expensive. The major contribution of this

thesis is three-fold.

Firstly, this thesis proposes network access architecture and a distributed mobility
management scheme, which enables the mobility of a mobile device in a cellular packet data
network in order to reduce the latency and network traffic required to handle the mobility
management functionality. A detailed design of the distributed mobility management scheme

is presented for the implementation and the conceptual model is analysed.

Secondly, simulation of the mobility management schemes using two different network

simulation packages to enable a comparison of the simulator functionalities is presented.

Finally, the results of the simulation and suggested future work are presented.
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