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CHOTEVIT TECHABANYAT : DISTRIBUTED LOCAL PAGING SCHEME FOR
MOBILITY MANAGEMENT IN MOBILE IP. THESIS ADVISOR : ASSOC. PROF.
WATIT BENJAPOLAKUL. D. Eng., 129 pp.

As the current demand for wireless access to internet applications increases
significantly, it is very important to provide smooth engoing communication service while
moving. Mobile IP has been proposed 1o be a standard protocol for global mobility
management. However, it still has several problems that have 1o be solved. Two of the
significant problems are the excessive signaling overhead and power consumption of
mobile nodes. Both are considered as very important issues especially when improving

the scalability of the protocol to handle large populations of mobile devices is needed.

In this thesis, we propose a new mobility management scheme for Mobile IP that
reduces both the total signaling cost and the system sensitivity to many user parameters
by configuring sub-paging areas within a paging area and also lecating an appropriate
location for the paging foreign agent and sub-paging foreign agent. The proposed
method is developed in 2 scenarios, 1.e. overlapping paging area and non-overlapping
paging area. In order to investigate performance of the proposed scheme, we develop
both analytical model and simulation model to evaluate the signaling cost. The results
show that the proposed scheme performs betier than conventional Mobile IP and
Faging Mobile IP (P-MIP) with- different paging area sizes and wide ranges of
parameters and even in the case of P-MIP with optimal paging area size, our scheme
can considerably save total signaling cost of the optimized P-MIP. Also, our scheme
enhances system robustness and decreases sensilivity of the system signaling cost to

various parameters.
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sasawnitliyminenasastifunisudlalagsnnsgau Mobile 1P Minaualng

naNinauniliavetnnelueddns IETF (Internet Engineering Task Force) nqx<) #i@adn
NENY197U Mobile 1P (Mobile IP working group) Mobile 1P dagiudlatloynidunienisds

= o 4 Ay 2 A degyA oy _anw e o A& A oy
winina ldstuataaeundasnsaynaliuanaeunlinedladld 2 60 siune aglan

1l3a111N1U (fixed home address) LLMﬁ@@ji@ﬁﬁ'ﬂﬂi’l% (CoA: Care-of-Address) Tpenna

e®_

1 ¥

lawdanmatiazinisulasnulasyneisinasuinlasusuissnseaasisaunts g

Amdularaivaeswsinaesdumesidairaeungegninaualag IETF [5] Usenauson

1. TupA@aUR (Mobile Node, MN) AaluaNau1sapaauilasuiwmianfnse

[

= - @ L = B | = v o .o
UfaummmmmmﬂLmu‘ﬂmuuxﬂﬂmmmwLmﬂmiﬂwm IPEfNANENEANNADLTEASIDY

nnsaaans13liuazldnes Home address lunagnaslunisinsiadeans

2. faunuting (Home Agent, HA) Aswrwmesisessiulasednesing (Home

u

o v

-dl Qi dl dl L4 ¥ o 1 -ai 1 o Y o
Network) 1asluntaaaun InaluardaunasAasussaLianagilaatiuliiusaunuinug

k1l 9
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'
1 =

wa9nuilaenszusunisamnziiauneudaneg lendansnn (CoA) dufluiatflanilaqiium

a

| 1
A =

TupLPAaUN LFFUNIANFMBIATNEANEUAN ANERAIRNNENTPABUN LAt UAT WAL T

o 1 -&l 17 1 dqj o A L dl [ o o (=3 ¥ dl
ﬂQﬂWﬂL‘ﬂ@NIﬂ\‘i"ﬂ'ﬂH@iﬂﬂJ wanant HA galiuting lunadusaunulunisfuunninadayahn

a

=

- 4 4 dE e 4 d - y
gndennivlunindeuideluaindeuniulfindeuneanaininsdatinuuasldamaden
2e5uLINTeN 1 newazdesialidilunipfauiiiun1siag CoA

3. fiaunulpsadnaniuan (Foreign Agent, FA) Aaiswmasisaagiulnsaiiesing

WU (Foreign  Network) 7a4tuataaani lnaintininanasnisudanas CoA liiulun
4 A X . N rr. . oo 4 4
LPABUT wanaNHfaineusaniy HA Tuntsdssiauininadeyaliiulunnfouiamusnlun

= BT SRR ~ Ay D oa =i
Lﬂ@ﬂ%%ﬂ%lumqﬂLﬁﬂNIﬂﬂﬂ’Wﬂu@ﬂ uazlunsainluamasunfesnisdeuininaeanldnay

FA ffignunsnlvisnisiduaneadismasliunluatpaaunnasnsdauldlgansas

2.1 N19YN9U42a49 Mobile IP

¥ ! 1 i
Mobile IP gnasnuuulazimunawwau adymnisndeunvedldluscuy Tny

o

wiflatloynindulasedne inligunsaidesnsliatuilananiedeasannsnfinsaiy
Bumafidnlinaannaiuddiazinisnaaunaesginsnidesisliananaeundulaseing
Tnelulnslnmeaiinagilszantian (Home address) azgnldlaaiunipdaun (MN) iunag]

nnsuarayliiniadsunlasiva linaaminulugs TCP 8 unsnRnsadas iy MN Hls

1 1 1 v 1
naamnanlagliunanisfinse anuznnes laidansng (Care-of address) duazilasuulag

ET)

Tenusuisiluaeaaunladiuriudn bl fsiuiinuesndnglscasdaasiotusazmiio

! ¥
o

aznuINeagiiaeslantlszasd lunnsldeunuansneny Inanaglszantinuima 1ilun

Da

4 Ay a A % = Ay o 4 Ao 1= "y
@ujwmmm:‘mmmmmmqmummummuﬂmﬂumLﬂ@@uwmm@ﬂuwimmwmu (Home

1
I o i %

A Y @ = o | = P N A
network) mmzmwfﬂ%"ﬁqﬂ?’]qquLﬂﬂ\ﬂﬂLﬂuﬂ\‘]mqLLMuQVI@ﬂﬁ@QUUﬂ@QIu@Lﬂ@@umsﬁ\‘]“qgﬂLWﬂﬂ

U q

HA wintiuninanegil Tnalu Mobile 1P TuadiFand HA azvinutiaimdugouwnulunig

Fuuininadayauns MN He MN Hupladldatii Home network fatiuiiialsimun MN 1d
LAAAUNAANANN Home network avfiasaanzideansiu HA aaali HA iHusqunulunig
Suwininedayaunu uaziie HA  THfuwininadayandsuntie MN - Aldamidawsaiu
- s . w e A A 4z, .

131915 HA  flazmanaaeutiuiiniveduniiey CoA  1ealunlpdaufitiu neuazdse

o

uwininawanRlUgsAueiagiiuaes MN dell Tnaduneunisineuaes Mobile IP JAH



11

FOUNUNITARRUNSULALA FA LAY HA  aznuntnnlunisdsznidanngns

dszniAannsauni (Agent Advertisement message) lunn-AILRANNMLA

o

v dl % dl dlu = o o Y a 1 a i’/
1% e s luALARAUNINH qunulanideliznises luuzianaiy

|
=

TuapaaunazAeeiud19a19Uen AR NN LAZAIIRADLNBEFIUNIITDY

[

1124190981297 BuriiunipdeunnasanseagiuinemanlasinuiTatie
4 @ A y T
danlasniauan winidudiedentosiuluaindeunazldandudesweiy
Uin13ann HA - wazazilsengaduinaldindeunaindng wanainilunsiin
4 N\ 4 e % »
ideunaanainiassinetinu luatpaeuidaldaiinastilunisnsaaaandniinig

R by e —
daunauulameNTusdeyauielsivse Ly

= S | v o W Ao
LN@IM@Lﬂ@fﬂu‘wﬂ’?@\‘]‘ﬂﬂﬂuiﬂ?\‘lﬂl’]ﬁlﬂ’]ﬂu‘ﬂﬂ @ZIQ?UV}@%VL@W%QV’]?”IQ CoA AN

o oawu a g do oA X ! Y ' Y A
FA Anna9WLEnns lWnunAanang mmaummmmﬂmmnmumwwfmnfaﬁ

u a

lugnaansusenarann FA wiaenaazlifuaannalnnisdnmians i DHCP

'
AN ¥ =

(Dynamic Host Configuration Protocol) dslunstiiiinag lafin ldasdaieandn

co-located CoA

v
o

Tuppdaunazamziauies CoA AlATUNNAL HA ynATRNI9ARaUNaen
1 £ v [ dl 1 =
antasetnetig  teglduannisuani/asudnnansmiunszuasunisameiien

= @ D S RV a4 Ao A Ay e
184InsInARaBRINATITIALARALT LmumeﬂuLmTumme@umumam@auwlﬂm

[ %

Tnssde lmsiTunipaeunfiazsesasmzidauiegdansiodululain FA 1A
1H13N19 MN AU HA 28951 liend el uininadayagnaannne MN HA fiag

Flfdnansazassialiinle

1
=

AN ) e = = | o L e
WaduAninatayandlatanisnsluninaaunasingdelnsstnatinunasiun

a

dl dl o ¥ dl | o [ o ! ! ! ] Y s
AR UNLL HA ”’QZ‘V]’]'VILL’WILﬂum’)Lmu?U‘ﬂ‘ﬂNﬂ@ﬁx‘lﬂ@'}fJﬂ‘ﬂuﬂﬁ’&\‘]ﬁlﬂiﬁﬂutuﬂ

o—

aunaall IngTuduneunesnisdesiall HA aziiudeyadiuiia (IP header)

)
b
)

'
o =

Panagdansn  (CoA) wastuamdauiiilunaglaitlaranisfaansyuaunig

encapsulation wininadayaian udaasdesnnfanagdansnvesTunnaoun i

kTl

o o

Aa FA tlaqiiuiinnaslivinisiuainaeunaguazide FA  lasuuininafiay
decapsulate  wiAnnAnauazdslFiu MN  seld luntendudunsdiniun
\ARBUNFBINITAUANINALATL CN (Correspondent Node) laraz 14980194

Wunannulazednelafinudnilaeldandlusfasdasnnu HA
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PANNIINIIULRS Mobile 1P UsnausnanszuauniIsniINn 3 40Unan Naag

o 1 o/ o 1 d’J

NI AUAIFe b
®  NITUIUNITAUMIAILNU (Mobile Agent Discovery)
®  NITUIUNIIAINTLTIEIL (Registration)

o nszuauNTFLLAzdswiNInATeluAARLEN (Routing and tunneling)

2.2 NFTUIUNITAUWIAILNY (Mobile Agent Discovery)

9 o po 4 5 4 o \ o
mmummLmumuﬂ@:mummmzmimiumLm@@uwLwammfmam’wﬁwuu‘ﬂum
o A , o = ! A A .
m@@uw@guuimmﬂmu (Home network) #3aTAset18F9NUN (Foreign network) LWay
faldlunnmsnaseudnluanaeuiiliindeuilasud 1aisianlasudovisedensag Ity

danleama e MN azléFinfasiuiatdanng (CoA) ansaunulasstinasnanui (FA)

a

o

dl = ] A 1o o ¥ o ¥ 1 a dw
LW@@QVI%LUHM@@iﬂM?@iN AMTUNTZUIUNITAUNIFILNUAZUIZNALANLANNENT 2 TUAGNU

1) dnq@nsUsznAanAaunU (Agent Advertisement)  tudinaa@nsidsznne
IPEIFLNUNITLARRUNT FA LAY HA d1usutlszniAiiandalss MN nguan

o

Hrnunuet ULl MN aannsnAnsedasisfon livsa

2) 1124n358918n719132N1AAINFRN (Agent Solicitation) tuin9@15h MN
danasauniinase R unulutTnnlndiAesds Agent Advertisement 1N
W MN  Wesawnule An1dlasu Agent Solicitation Hfiazds  Agent

% ] 1

Advertisement WU Ipan1uuaLaten19ni1sdaily MN NENAUAI813

5R91U8119813N17L FENIARN AR LN

2.2.1° silunudnagissasranisisznaAainsiauny (Agent Solicitation)

o

d1z197 19 a1 usun19Fasaanisdsznidanfaunuinnualasinsinaaa Mobile
P {ludngnsRaRaqiu1dnsFearasmes e ICMP (Internet Control Message
Protocol) Router Solicitation &N ULNGEIWNTUAR AN LANANNAUIE NG99 81388

syl ulunisfasaanislszniAanfaunuaznInuaei Time To Live : TTL Tefifli 1

Immﬁ@ﬁmmu’lm Anu U195 098n19U9N A Faunuiuazdetnngnslsznnalsiun
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Tupddednansfasreiuiuenainitludaues Type azgninuunliiaAnily 10 Asiivun

Tu RFC 1256 Tnagiluunaasinaansiasaanistlszniaanndaunuuanal3lugin 2.1

0 1 2 3
01234567890123456789012345678901
Vers=4 IHL Type of Service Total Length
|dentification Flags Fragment Offset P
Time to Live = 1 | Protocol = ICMP Header Checksum Header

Source Address = Mobile Node’s home address

Destination Address = 255.255.255.255 (broadcast) or 224.0.0.2 (multicast)

Type =10 Code =0 Checksum ICMP Router

Solicitation

reserved

519 2.1 dmansfesrenislszniAansalny (Agent Solicitation)

222  suuuutinaaisdseniAanAwunu (Agent Advertisement)

2ng131U3eN1AAN AN ULTILA24797 PN PR N AL sn e g A U191 ICMP

1 |
aad

Router Advertisement ASnana Ly RFC 1256 lagifiaunuazifindiuaaandaatn Mobility

Agent Advertisement @9uanaligilin 2.2 dausudauaeng Prefix — Length Extension 8144y

¥ 1 i
Hagludnnarszallils Tnodauasnadoutlazgnldlnalunipdeundmiunsaaaulsd

£l

&4 Ay e ' | P P VR |
wasunllévlasstneeianlasdnsauudovialy
anngiaziinlddatnsansaenanatsznaulildag 4 downan leun
1) dausiauaslan (IP header)

MN'  agdatsandeyaanndauiogesladludaoansilsznadainfounulunig

|
1 )

n3aagadnaqiu MN nnasseatiudeaanlealn

® iNAIU network prefix 1a9Mat]laWFiUN (IP Source Address) RINAUAL network

prefix 10972gjtiNU (home address) 2asluninaaud Inaanizatisddnneslan

a

o

FunnemseiuAuNagaasounuinu azurnaaud lualAaauNnNaIsaat e

= o A A=y o @ v o o 4 A
EiaN eI TumLﬂmumﬂﬂmmL‘]Ju[r’m\‘lmﬂﬂﬂ‘i:‘]_lfaummuuzmum?m@@u‘w (X3P

ALDAUNTAINZLTEUN15ULENNTAN HA
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o unazagatudanudnlildeglulasdnatinu Tuapaeunazdiasnsaaaaudnlé
d A P Lo,

wasulasuinedeslasie ldduannildfudiaanslsznianisaiga dnlus

aaui i aeu lldanedenlaslud Tuaipdeuiifiazuiney CoA  lus uda

amzidaunag lnsiiieudesinumsilagiiuassluaiaaaun 19 HA Sunmsiusialil

2) dquﬂszmmsﬁLméﬁiw‘ﬂwﬂaaﬁﬂqmimuquaumaétﬁm (ICMP Router
Advertisement)

dramsUlssnatazilenludanaes Type 1flu 9 deszydndutnaansilsznns lu
AUIWANIIAADLAIINYNABY 138 Checksum @:,’SL%L‘WI@lﬁl’;"mzﬁ@‘]_lﬂ')’]&lgﬂﬁ@ﬂﬂﬂﬂ@’]?
frusuanludauaes Lifetime  iuAnfiuenieattnanlunisdeinagnssznis Taslun

S o . X o4 A & A
waaunazldAilunIngeadaunIsAfaLunTesiunLAdaun

3) dauagignisilszniAainmannenIsLARaUN (Mobility Agent
Advertisement)
dqureneiidinues Type wae Length ialduendian1e9diuaane WazANNe N,
¥ ] o v a 1 [ dl 1 [~ ]
revdayaludinaeny Tnadiuuali Type  dAwvindu 16 iivauandndudauaenanis
dsznAdauny dau Length  wanaoxenaiduauanlusaasdays aeldidusondau Type

uaz Length Winldéng

A1 Sequence UBNDNA1ALLB9NI9A9TN9815Lszn AN Se  Taelafauwnuidle

1 o

wAgaaluy (reboot) &ngLmu%ﬁﬂﬁ@H@lumum@wmﬂL@mmmzﬁqmu (Sequence Number)

1
VYo

Tugueianun dlusnaeunlaiunnnansil Sequence HlNAWETIIINA AaznunAIINGT
. S o e 4 d 4 d - .
Founwivazitlarsesluduazliidayareiuaipaeun Tuapdounazfesameieoulg
ALAIUNUL]

ALARNENYBIN19aIzLDeU (Registration Lifetime) ldmsagaunisuneigaeg

= dl 1 del dl dl ¥ = e o dl !

nsaanziieu Wadasanginnnasluptndaunazfasaamnzidauludiudouny Faunnsng
AUAAAIAIE 129219819 3TN IARNLIAES (Router Advertisement. Lifetime) wazilm R
in M O6 G uay T V azgnldlunisamaiauwaznisdndunig

i H uaz F ifluAfivaninaudngnaansigndeunannfioumuieannsoiiuiny
i HA viza FA livizald dnananstidennanndownuninwimduiesounusieinuuay

o a

o £ o :J/ a a o I VG| i’/ o
FAILNLULUIWANUU LA F wazus H @:gﬂﬂ’mummﬂmﬂu 1 NA @49U1R9UA B ATYNNTNUA

di e LA ¥ a = = v A Ay ve
PNBLRNIN ﬁ]"JLWlLLﬂq\‘]Lﬂi&ﬂ']’]“\]ﬁlﬂﬂﬁ‘ﬂ’]ﬂuﬁLﬂ@'ﬂu‘ﬂ'ﬂlﬂﬂﬂﬂ uazlumraeun? @Fudaans

dal g o -&l dl =
UAITAZAUNTAILNUBULNDURRINSELIEILS



4) d9uaeng Prefix-Lengths (Prefix Lengths Extension)

15

Y P Hevo o A A 4 A, A A4 Ay e
dayadiuillddviunisnmadaunisinaaunaasiuaAdaunIin1snaaun ld s

IAratneeenluiudavzell Tnafidauaes Type way Length WineventiialazAanuein

1a9daudayarasdauensil Tne Type gninvualidiaAu 19

0

1 2

01234567890123456789012345678901

Vers =4 IHL

Type of Service Total Length

Identification

Flags Fragment Offset

51N 2.2 ImasdszniAansauni (Agent Advertisement)

Time to Live =1 Protocol = ICMP. Header Checksum IP
Header
Source IP Address = Mobile Node’s home address
Destination IP Address = 255.255.255.255 (broadcast) or 224.0.0.1 (multicast)
Type =9 Code Checksum
Num Addrs Addr Entry Size Lifetime (of this Advertisement)
Router Address [1]
ICMP
Preference Level [1] Router
Router Address [2] Advertisement
Preference Level [2]
Type = 16 Length Sequence Number
(maximum) Registration Lifetime Rl Bl H Ff M G V reserved Mpc\)bili:y
gen
Care-of-Address [1] Advertisement
Extension
Care-of-Address [2]
Type = 19 Length Prefix-Length [1] Prefix-Length [2] :Prefix-Length
- Extension
- - (Optional)

nalnaas MN lunismmadadnlginiseaaundininsadne (FA) vizald 81819090

16 2 38 Ae n1gldAn Lifetimes 2199 Agent Advertisement  kaznis Munneavilszan

A998 (network-prefixes)
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38msaagauniIsiAdauNnlagld Lifetime

3anagaunsinaeuRlaeldAn Lifetime visafBananatiiaming LCS (Lazy cell
switching) arlddayaaingauaes Lifetimes  n1elutnansszniAannigmes (ICMP
Router Advertisement) Vi@giuﬂmmsﬂixmﬁmnﬁqLmu (Agent Advertisement) Inel
19@nlsEn1AaNnea Lmu"ﬁ%gﬂmmwLﬂummmwﬂwL%m‘l:mvl,%’mmmLLfﬁi@:: FA s
A Lifetimes  avuaniadaanandi MN  agl@fiannansilsznialuaanassandounus
Wi TmﬂLﬁ'ﬂﬁmﬁummamwmmu?mhqmaqagmmwdwma Faunuazilsznia
@ IUEAEIALIIANFUNINAN Lifetime nanafe AL lunnsisznaa Agent Advertisement
azflAntlszunnmilslugnuaaddn Lifetime visasndd [6]

1 MN Taaanadenldiu FA uaq uws MN galailésu Agent Advertisement ann
faunudnnnelugaanaa Lifetime filduiinenls My @xﬁuﬁwgmdﬂﬁﬁm@m?{ﬂuﬁ@@ﬂ
ATl ENs109 FA Flpauda vieldfidumes FA sinsufinnann annadiduil
MN azmaaganinlusninedasiaanfigaaiaan Agent Advertisement lifetime felinunang
MN 1gFudnaansniatliznndann FA - Bupielal £11550 MN  Fagdsdnaansfesaanis
amsideuiy FA Tl Budunsviounisamadeausell  usuin MN 145 Agent
Advertisement AN FA Aqlaiag MN  az@s Agent Solicitation message Lﬁﬂ"fm‘u'ﬂiﬁ

o

saunulutTnalndReeaniudiidnsiaasde Agent Advertisement NAUNTES MN Tagsiui
A8MT29MALNNTLARRUNLAS LT Network-Prefixes

Aamgqaaauniseaeuniaaldm Network  Prefix  #i7al7enanas1auiiadn ECS
(Eager cell switching) @unm i MN d9ldaanzideuiusmunuiasedngfneanui 1 (FA1)
wazlFFUU198091szn AR NFLNL MN  azfadle nuazANIa899194131U 3 ATAq8n1 S
m3adaL Network  Prefix —lutinaastiurdnniianiyl Network “Prefix flAFuanaqans
sznadaIndounuan (FA1) ~usald agnalsimninnszuaunisnagauiaznildnsaiie
dnaansilsznaAannFunUNduaad Prefix Length Extension atjlutinaanssiat

2 1 1 (% dl Yar 1 =

891N MN  A9_g@aunLd1119819Usendannfaununtesusnlud 8 Network
Prefix WANAN9ANNAN281eNNAebesL MN  azidnladsaealapasuneanaininsadns
D A A a o ~ o o \ y A A | o A Vv ,
FINNUNLAN LAY wavaranzidauiuswnulasatasenud udsul - widiunndnoagns
1lsznnAsia 2 § Network Prefix willauiu wansdn MN Tdlspasuiaanainlasedneias aq

laidasaenyidaudniulasdineanuan s
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atislsfimuiavesesiidenuazdedaiuansineiuie lunsdlzes LCS azwudn MN
azffassnaundngana Lifetime  azvunanyavazamadoulaiailfindeuiidnands
MuRlUsNsTes FA Imiudasuenadenalifanisgymnevasuininadeyald szl
natilees ECS MN azamudauiy FA lusiufideldfudnasnislseniafignasnann
FA - il denaldferaifanisaamzdounduldangriaglidnduld Tnaenizadnaded

a 1 dgj dl v oa 1
mmm:‘@ammmwumhmmmmLum: FA
2.3 NFLUIUNITRINS LU (Registration)

MN azaansidaudufalnunu (HA) e MN wudnldnaeundasulasednasias
(subnet) Inannsasnzidenluisazaivazgniinuaedguesnisasmeiiiau (Registration
Lifetime) 10113 uazniaunzaamzidauazvnnangas MN  azfasasnzidoulnsianaiaiu
o a L2 ] 5 dll dl tﬂl 1 1 < al al
Founulan wadnaldlaadeuiilasulasednateainin nszusun1TaInsIdeui

ssazidenfasalilil

1. 1Ha MN m3anudnlaiaaaunaanain Home network aadsataglilsialaseaing
, . A% o .
Foreign network MN - azsiasasngiieuinag laidansanlifunnludan FA

(CoA) il HA

[ 1 1
o aa A o '

2. NN pfnRnsedenianuiaseae e FA Tusd MN azldfuieglandansn

a

dulusl uprazdesaemziliannoginy HA a7 Home network 289 MN
3. MN agfasasmziianlnsianassiinisamaianluniiangauunaigadudo
4. MN agan@annisameiilon (Fuiunisfuusnisativayuniseaenn) fu HA

15a MN wuanl@paaunnauNigia Home network Lazaznnanuiauiilulusi

1
%

. = . y o o &4 A
DUNUNAIUU Tmﬂ,um\ﬂﬁm@mmuumumimmum

=

5. 13a MN Tauaanisaanziianuiy CoA 19 HA SUmaunan 81 HA Tasuusininmd
FUaaN1989D09 MN- - ud9 HA - azdauauininatdundaga sy MN - Tag

N Wildanen1ane CoA 223 MN satii)

nsasnzidaunsuinsinaaa Mobile 1P Wstulnanszuaunisuanilagudnggns 2
13im Ae 1194135093889z dau (Registration request message) WAZ219419ABLFUNNT
asnziilen (Registration reply message) Tneiinaansnisasnziieutiazgndssaegiuuud

dulafuininaiy payload fusimiunsneeslnsinaeaaai (UDP : User Datagram

u

'
=

Protocol) 31

U

2.3 uangiuuuaesdinansiastaanziden 1usngin 2.4 uansianizdou



18

ilu Fixed-Length Portion a189112d13mauiunisameiian asanndauiliiluiiesdou

LReNN1F 119817200 5UN1 AN ELLANFANNAN NI4T 5N RAIN LT 81

01234567890123456789012345678901

1

2

Vers =4 IHL Type of Service Total Length

Identification Flags Fragment Offset P

Source Address Header
Destination Address
Source Port Destination Port = 434
UDP
Length Checksum header
Type =1 Bl O M § V|rsv Lifetime

Mobile Node’'s Home Address

Home Agent Address

Care-of Address

Identification

Optional Extension ...

Type = 32

Length

Security Parameter ...

Index (SPI)

Authenticator (Default equals Keyed MD5)

More Optional Extensions ...

gan

19 2.3 d1na3Faresamneiien

Fixed-Length
Portion of
Registration
Request

Mobile-Home
Authentication
Extension
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0 1 2 3
012345678901234567890123456789201
Type =3 Code Lifetime
Mobile Node’s Home Address Fixed-Length
Portion of
Home Agent Address Registration
Reply

|[dentification

51191 2.4 49y Fixed-Length Portion 283d@A2umaLLINsamzLTeY

ludauaes Fixed-Length Portion A1 Type azilAnilu 1 deifugnansiasaanis
szl wazasfidnd 3 @adughaanseusunisamadeou 9n S azgninuuadu 1
e MN Faenslik HA 5in simultaneously binding fiateunmls MN St CoA Tdannndn
uﬁqﬁ@glummmﬁmﬁu UniziTn B, D, M, G uaz V fvuaiieldlunsdmdunicaes
winina Tnedin B fifAuusmsnapaiudt MN 3esaeld HA dauseapammaunsuanls
druiln D uansiiedn MN aziin dacapsulation uwininadesains Gadunsdifl MN §Fufiay
TafEaAMLIL co-located CoA daudin M iflA1un 94515 HA 1912 Encapsulation Wil
Minimal encapsulation Wazils G ﬁﬁL‘ﬁ@U@ﬂfh Encapsulation ﬁi%l,ﬂul,mu Generic
Routing Encapsulation: GRE

@qu189 Code ”Lum'mmimuﬁ*ummw:Lﬁﬂmﬂumu‘ﬁ'@zudﬁ HA mevufunisue
asnzidauviedias sandauanmaualunisfiasdan anisfidon dentification T1%iald

o 4 1

Tunstlesiumnudaenitarasdayaaasdinoaisfesreaamzidaunazd1nansnauiunng

al
i 12

aanzideu Ingaviiuainlddndulasuazazldsauiu Mobile-Home Authentication

Extension INEREUAINAWNLA
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MN 119 FA Tlaqiiuiiindsliuinnsiunnaauiey HA avtiuindeyaniizendn binding
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in0@131aznnAaeg FA (317 2.5)
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/\/\

Mob|le Node ;
Home Link
= Arbitrary Topology ..'
of Routers and Links
Foreign Agent Home Agent
\/
4
Registration Reply 3
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2. MN nauntsameiiouiu HA Wapasunndunnndnemanleiing (gU9 2.6)

(de) - Registration Request
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Mobile Node
Home Link ‘

Home Agent V\/

(de) - Registration Reply

]

Arbitrary Topology
of Routers and Links
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awmzilawiu HA Weduwininadeyaestasldnalnduneniussuuasetiaasuiomas
ANNUNR wananinadsani MN lddeannanssasrasaanzidauliudna van MN Tadlasu
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soenanwefaulnddidlinegfuniadunegaes HA uazineglafdaraniauniot CoA #
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Src Dest Proto
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Agent Src Dest Proto  Src Dest Proto
HA | CoA |4 or55(X |[MN|? |Payload
Do |
Encapsulated
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Foreign
Agent

M Src Dest Proto

X | MN| ? |Payload

5% 2.7 n3¥1UNT Encapsulation uazdsdayaliin MN

9171 2.7 uaasIudNIZL9UNg Tunneling UWANINATaYAAN HA NNgesIum

U

o

v v 1 1 1
flaqiiures MN (CoA) tntinszuaunIs Encapsulation TUWUF UARILNLNILARBUAYNFY

1
a
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) ~ A A ) Y A o o a =2 aa
@Qum‘ﬂ\ﬂ@WLﬁ@Lﬁ@ﬂﬁﬂJ NIanL7eN21 tunnel header L°ﬂ’]1ﬂ7]@']uﬂu"l°l|@ﬁLLWﬂLﬂmLmN (NN

agtlarsnailuneginuees MN) tag tunnel header Haziinatlafitlaneniailunaglan

U
1
=

damsnrasiunAfaun (CoA) warinaglansunailuiagaes HA angUazmiuauAning
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a

! 4

dudaunszydndayaluainiunsuiiuaaslnsinaaaludugandaiinle (higher  level
= ~ ' o & ~ -
protocol number) @elunsiitinanainlnsinaeaaamesinllpe ledannas
Tu IP-within-IP leWuinnmRILAN (original P packet) iauininaazgnussqiily
payload Tuuininaludasgiy 2.7 dshuna lalduininadumumn FA asaunsnin laiies

wAnaAA2UNLIY tunnel header Haanuazdarallss MN wanatnRaziuILANINAND NS
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an HA 114 FA anafinnsinvundauaes protocol 1l 55 Geaziiaanumanedn HA 1é¥n
n19 Encapsulation eLugﬂLL‘]_l‘]_lﬁﬁ“‘Elﬂfi’] minimal encapsulation [RFC 2004] WNNNF LT LI
IP-within-IP Tagingeununislunisdseunana minimal encapsulation header ‘ﬁ%ﬁmnl
fudausnndnlunsdl 1P-within-1P §nidesiiiasaindeyalugouaes tunnel header agn
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aanun aedlsfinuAanns encapsulation  WLLHAZ&3130AR overhead ﬁﬂfﬂumumm
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fsunsdinnsdauininnaes MN azfinszuatnnsidenisine anunsaduining

d

aanan MN 1§ 2 23 Aa

1) MN U FA Wluigamasfsaiie MN laasmziisuldiu FA wdauazdawinnmine

1 |
= 1

nvuaiag laismatlunet] home address
2) MN smasfilsznnd ICMP Router Advertisement (n3eldf FA) wazliian-
fij/ 1 1 3 ‘ﬂl o Lﬂl 1 a ¥ [ dl 1
wasiudoaudsuininaneanaan MN  Taaniuupiedlewsuniailuiag home address

LTULAEINN

2.5 MUAKENRLTaY

Soi ldnanadneduudadainslneea Mobile 1P fefldssiiufianduasdecldiunis
whlauazilFules %@ﬁmuﬂu@dqu‘ﬁ'Lﬁmmnmﬁmmmmmﬂﬁ'@uﬁ ly1aInNnszLIunIg
wEUAAAN LL@xﬁtym‘ﬁlLﬁmmﬂmﬁmﬁumqLLuumumalﬂm Tneluandseidaziiunisg
ﬁ@’1:mmmﬁﬁﬂum’qmmmﬁmmmmwLﬂ%@uﬁ%qdam@ﬂi:mu&i@@mmuﬁﬁ scalability
2999211 AnnIsAnEIAInea gL Iddaunanielunisdiuilelss@nsnwaasszuu Mobile
P fifendasfunsdanisanimadenfivesdldamnsnutvldiil 2 uannsie newau
uuﬁugmmmmmwuﬁwﬁm'ﬁlu (Local Registration) Lmeiﬁwmuuﬁuﬁmmm

14] o/ 1 d’l
NITUIUNITINA DILAA mm”l,ﬂu

251  nsUfuilgeanssouzuad Mobile IP HuWUgIUIBINITAINEITIaUNRIDY

2.5.1.1 Mobile IP Regional Registration (MIP-RR) [8]
Wuwuan19n1swmunlsz@nsninlunisdannisanininaauilaalduannisg
Hierarchical model uaznszinunsasnziiau naddngilszasAinaantiunntnansnig

1 ¥
Arynyruinazgnasinulassinanan (core network) lilfis Home network TuagHazd FA ag)
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2 dszinnaa Gateway Foreign Agent (GFA) wae Foreign Agent (FA) 1mel GFA %ﬂg"’lu

'
P 1

ANALTUNGINGN FA 1Az HA azdinnsiiunniagaas GFA 1y CoA 189 MN 1 nliile

u

MN n1sadeuiiilasu FA anelu GFA faudan MN ldaduazsfiaenn Home registration

AU HA wriaziNeauA Regional registration Aaudsnagaed FA Tudiu GFA winiuminli

aunsnantunnanaaisnisdyannslulassnaanasls dauanslugiln 2.8
HA

Public Network

FA Network

Regional
Network

Regional
Network

gﬂﬁ 2.8 anenuzlasedneaay Mobile 1P Regional Registration

] <3 =X 2 addﬁl o | [ % 2 '
azslanmuieuwddnastannmaniBuiunisdynnnlulassdiananasls welu

o

yuNo1e9 MN Jlddsasaniluazsiesdsinsansnisdyanmmnaannaaund s FA 399

v T q
v
o

Tidenufintloyun Power  consumption g anviaaildldinisantFunndnnansnig

De

Frynunnelulpsednasias (Access network) tag 919 ludaunidudedanlacuuuiaauazls
anel dena Wrzuugspslszauilyuinisznisdynmululassinasesuasilnymanauaa

o

o o QI al o g
niNeNsuLUAIATlAt RN zHe N I luss LuNAWIuEANTY

2.5.1.2 Distributed Dynamic Location Management Scheme [9]

1138 MIP-RR DaudiazannsnaniFunanaansnisdynyiunazgndeinulasedig
nanldgelasednatinures MN 16 atnelsiniuiiafiansanaziiuinansmueinsednaans
MIP-RR  Ranmousidluluy centralized  system  asnnlszuuiaanudumaniiiadann

. ' o ~ a X A ' Xo P 3
sensitive faANANIMAdINaNARATUNTUAALENANY BanaINTaIWIU FA aeld GFA fi

o [ QI dl v = o ¢4 a [3 o V% = 1 =
dudugensasianson unanuau FA deeiiulifiaznnldseuuitiunmdnansamaideu
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ﬁ@xgﬂmmuimq‘*ﬂflwﬁﬂﬁflmumn wivnfannifuldfazamlszananimaaidiesanniin
nszdeyatnngnsiunnmnnil GFA dawasie dunulunisdeuininadeyauazaniuiiueg
1891A991e muﬁf‘?ﬂf&'f?ﬁqLmu@gmmum?ﬁﬁmu‘ﬁ'ﬂu distributed  GFA  management
scheme 108 FA uitazsianansavinwiniidu GFA 18 nnsznnadedagaiegnnezansads
FA uiazsn TnennsvneuBuainidie MN Wil regional network, FA Fusni MN £
dnluazinuiindidlu GFA 1ee MN tilas GFA azfeafiusnm visitor list uazmaenliun
SnNanNANFsTaameLTieuiasiin (Regional registration request) 7143w
Filsuauzes FA meld GFA azilelilaeil udazgninenfinsiigadmiu MN
WA ﬁummﬂugﬂ‘ﬁ' 2.9 Ine1r1nved regional network ﬁmmxﬁz@mm;ﬁ%m@mm:
QﬂﬁﬁuqmmnﬁﬁmmﬁLfﬂ@ﬁ?ﬁwmimxﬁﬂwl,l,mmmr;:fl,%lm ﬁmmmﬁmm:%mﬁ@wm:ﬁ
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[% I3 = ~ [ | ' = o = [%
playauarANidunamaeunedd InsAtmatenadsulasuliniunan

~ Home Network

\ e ]
- H )/
s 4' %
Regional Network Regional Network
far MN1, Kopt =5 :_ ________ forMNL, Kopt = 4
|
|
FA 1 /4 2 NS | : FA 4 i FA 5
I
Regional Network i egional Net{LN_o_rls ________
f)ngMNZ, Kopt = 4 ; ?o\MNz, Kopt=3 !
I 1
i ; i
FAG FA7 Fas |||l FAoH ol
| ]
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gﬂ‘ﬁ 2.9 Anuuzlagedneuas Distributed Dynamic-Mobile IP. Regional Registration

2.5.1.3 Dynamic Hierarchical Mobility Management Strategy (DHMIP) [10]

b2 1 14
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a o agll £ ¥ ] a o o dl | o dl a a K
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1138 MIP-RR Astiunisznisdtynrauiiisaululassineasgnnszanalilea FA usiazeo lag
Tidstdnasameziisungnaslilds HA azanasldainnszusunisaieansuduany FA @9
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=
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-->» Packet delivery
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FAL |-» FA2 |- 3 FA3 FA4 |-—»| FA5 | —»| FAG |-»| FA7
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————— P < —N
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51l71 2.10 ANERUZNNTHN9DS DHMIP

2.5.1.4 Adaptive Location Management Scheme [11]
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2.5.2.3 Extending Mobile IP-with Adaptive Individual Paging [14]
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2.5.2.4 An Adaptive Per-Host IP Paging Architecture [16]
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2.5.2.5 IP Paging Service for Mobile Hosts [17], [18]
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2.5.3.1 Integrating Mobile IP with Ad Hoc Networks [20]
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2.5.3.2 Nested Network Mobility (Nested NEMO) [21], [22]
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2.5.3.3 Improvement of Paging Extensions in MIP based on Post Registration [23]
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2.5.3.5 Mailbox-Based Scheme [24]
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Analysis of Mobile Speed (n = 36, Lambda = 0.0004 /5)
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Amalysis of Mobile Speed (n = 36, Lambda = 0.0016 /5)
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Anahysis of Mob@e Speed (n = 38, Lambda = 0.0001 /s, sigma asr = 3)
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v =30 /s, Holding time = 2 ts, Rw =18
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v =30 /s, Holding time = 2 ts, Rw =18
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4.3.4 NANTENUUDI Hop weight ratio NAsiaAUNUNNTATYI0
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Abstract— In this paper, we propose a new mobility management
scheme for Mobile IP that reduces both the total signaling cost
and the system sensitivity to many user parameters by
configuring sub-paging area within paging area. The analytical
results show that the proposed scheme performs better than
conventional Mobile IP and P-MIP with different paging area
sizes with wide ranges of parameters and even in the case of P-
MIP with optimal paging area size, our scheme can considerably
save total signaling cost of the optimized P-MIP. Also, our
scheme enhances system robustness and decreases sensitivity. of
the system signaling cost to various parameters.

. INTRODUCTION

As the current demand for wireless access to internet
applications increases significantly, it is very important to
provide smooth ongoing communication service while moving.
Mobile IP (MIP) [1] has been proposed to be a standard
protocol for global mobility management. MIP enables mobile
nodes (MN) to maintain ongoing communication while
moving, by using simple mechanism for routing IP_packets to
MNSs. In this mechanism, MN is tracked by home agent (HA)
using two IP addresses. The first IP address is a permanent
address, called home address, and another is called care-of
address (CoA) which is a temporary address used by MN in a
visited network. However, it still has several aspects that have
to be solved [2]. One of the significant problems is the
excessive signaling overhead and power consumption of MNSs.

Recently, several proposals have been developed to
improve these problems. Mobile IP-Regional Registration [3] is
proposed to reduce the number of signaling overhead to the
home network and the signaling latency when a MN changes
point of attachment to internet. It uses hierarchical model and
separates local mobility from global mability.

However, because of its centralized architecture, this
protocol is sensitive to failure of GFA and the scalability of the
system is limited by the capability of this central node. To
solve these problems, a distributed dynamic location
management scheme [4] is proposed. This scheme distributes
signaling load to all FAs which can function as a GFA. The
regional network boundary is dynamically adjusted according
to the current mobility and traffic characteristics of each MN.
Nonetheless, this scheme does not improve the power
consumed by MNs or signaling load in access network.

Paging is introduced to support mobility management in P-
MIP [5]. From analysis and simulation results, this approach
can reduce total signaling cost. However, P-MIP is not always
better than MIP because paging procedure introduces
additional signaling overhead. There exists tradeoff between
registration cost and paging cost. For the system with bigger
paging area (PA) size, a MN tends to perform registration less
frequently, then the registration cost is reduced, whereas the
paging cost increases. Therefore, calculating the optimal PA
Size is very critical.

In [6], the authors proposed an adaptive paging scheme. In
this scheme, each MN frequently computes its optimal PA
using an iterative algorithm and a PA is adaptive on per-mobile
basis. Nevertheless, the employment of adaptability in practice
is apparently not efficient because some of the input parameters
used in the optimization process are difficult for MN to
determine. More precisely, the input parameters may not be
available in practice, hence they are predicted and estimated
based on user movement and call pattern histories. This can not
reflect the up-to-date values of MNs. In case that system need
not find MNs immediately, multi-step paging scheme are
preferable as in [7]. User Independent Paging scheme adopts
multi-step paging where paging sequence is determined by
mobility rate, the movement of all users, not based on
individual user data.

In this paper, we propose a hew mobility management that
can reduce both the total signaling cost and the sensitivity of
the system with many system and user parameters. This paper
is organized. as follows. Section Il discusses overview of P-
MIP and our proposed scheme. Section Il evaluates the
signaling cost function of MIP, P-MIP and the proposed
scheme. Section IV presents the analysis results. Finally,
section V concludes the paper.

Il.  OVERVIEW OF P-MIP AND DISTRIBUTED LOCAL PAGING
SCHEME
Since P-MIP can improve both the signaling overhead and

the power consumed by MNs and it can be implemented easily
in real network, our scheme is proposed based on this protocol.

A. Paging Extensions for Mobile IP (P-MIP)

P-MIP can reduce total signaling cost, associated with
registration and location system database updates, and power



consumption of MNs. In this protocol, an active MN operates
exactly the same as in MIP. When a MN moves from one
subnet to another subnet, it registers with its HA. For an idle
MN, whenever it moves within the same PA, it is not need to
perform registration. It is required to register its new location
with its HA when it changes to a new PA. In this approach, the
first FA in PA that a MN visited will be registered by MN at
MN’s HA. This registered FA is called paging FA (pFA). The
complete operation of P-MIP can be found in [5]

B. Distributed Local Paging Scheme for MIP (DLP-MIP)

LA AL
9 10, ‘“ Iz @ '
KA e ®

Figure 1. Distributed Local Paging Scheme for MIP.

The proposed scheme is motivated by the observation that
in actual situation, mobility and communication patterns of
mobile users vary and P-MIP is not appropriate for this
condition. Therefore, what we want is the system that not only
has low signaling cost, but also works effectively in wide range
of parameters.

In the proposed Distributed Local Paging scheme, PAs are
partitioned into sub-paging area (SPA) in order to minimize
paging cost in the system. We also assume that all FAs support
paging, that is all FAs can perform as pFA as in [5]. The first
FA in a PA that a MN visited will be registered by a MN as the
pFA of that MN. A pFA is responsible for tracking movement
of MN when a MN still resides in the same PA. For an active
MN, it operates in the same manner as in MIP. That is, MN
registers with its HA whenever it moves from one FA to
another FA. For an idle MN, if it moves within a SPA it is-not
need to perform registration. Idle-MN. has.to register its pFA
with its HA only when it crosses PA boundary. If a MN moves
across SPA but still in the same PA, it performs location update
with its pFA to inform a pFA the address of new sub-pFA.

When there are packets routed to MN, HA forwards them
to the MN’s registered pFA. A pFA first inspects its record for
that MN. If there is a record for that MN, a pFA further checks
whether the MN resides in the same SPA or not. If MN is still
in the same SPA, then a pFA checks the MN’s state. If it is
active, the pFA decapsulates packets and forwards them to MN
directly. If the MN is in idle state, the pFA sends a paging
request message to all FAs in the same SPA similar to P-MIP.

In the case that MN has already moved to another SPA
within the same PA, pFA forwards all data packets to the
recorded sub-pFA without buffering. When the sub-pFA
receives these packets, it first checks its visitor list for the MN.
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If the record exists, this sub-pFA further checks a MN'’s
state. If it is active, sub-pFA decapsulates packets and forwards
them to MN. If the MN is in idle state, the pFA sends a paging
request message to all FAs residing in the same SPA as
mentioned above. After a MN receives registration reply from
HA, it sends paging reply message to its previous sub-pFA.
Then, the previous sub-pFA forwards buffered packets to the
MN via the current FA, i.e. the new pFA.

Figure 1 illustrates a simple scenario of DLP-MIP where a
PA consists of 16 FAs. A PA is partitioned into four SPAs, i.e.
one SPA covers four FAs. Firstly, a MN moves into the PA and
registers FA; with its HA, hence FA; is the MN’s pFA. MN
moves from FA; to FA, without registering because it is still in
the same SPA. Next, a MN moves out of its current SPA to the
FA;. It detects that it has already crossed SPA but still resides
in the same PA, so it sends a location update message to the
pFA (FA;) to inform its current sub-pFA’s address (FAz" s
address). In a similar way, when a MN moves from FA; to
FAy, it performs location update with its pFA via FAy;.
Assume that, when a MN resides in FA;5’s cell, there are
packets destined to it. The MN’s HA tunnels them to the FA;.
FA first checks its record for the MN and finds that the MN’s
current sub-pFA is recorded as the FAy;. FA; suddenly sends
all packets to the FAy;. After FA; receives data packets, it then
checks if it has a record or not and also MN’s state. In this case,
MN is in idle state, FA;; then sends paging request to FA,,
FAsand FA s After that, all FAs in the SPA broadcasts paging
request message in their own cells. When a MN receives this
request, it registers its current location with its HA. Then HA
routes all remaining packets to the MN via FAs. At the same
time, MN sends paging reply message to FA,4, asking for the
buffered packets.

I1l.  ANALYSIS OF TOTAL SIGNALING COST

We study total signaling cost of Mobile IP, P-MIP and
DLP-MIP. We also investigate the performance of each scheme
using the proposed signaling cost functions under variety of
system conditions.

In this paper, the total signaling cost of the system is
defined as the product of the weighted distance all the signaling
messages pass and the signaling rate, therefore the unit of cost
is weighted -hops*packet/s.

For the analysis, the fluid flow mobility model is used as in
[5]. We also assume that PAs, SPAs and wireless cells are
square-shaped where in DLP-MIP, each PA consisting of N
FAs (cells) is-divided into-n/m-SPAs; that is each SPA contains

M subnets. The perimeter of a cell is C,. The perimeter of a
SPAis I(=c, /M) and the perimeter of a PA is L(= C Jn).
Mobile users move in uniformly distributed directions over
[0,27] at an average velocity of V.The MN density (p) is
assumed to be uniformly distributed over the considered area.
The rate of cell boundary crossingr, is pVC, /7 . The SPA

boundary crossing rate Fgp, IS oVl /7r. The PA boundary

crossing rate Ip, is pVL/7 .



A. Standard Mobile IP (MIP)

Similar to [5], the total signaling cost function of Mobile IP
could be represented as:
2
' j nrr}
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VC c
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where:

Cyp is the total signaling cost of standard Mobile IP
(weighted hops*packets/s).

Oeppa is the average distance between FA and HA in
terms of the number of hops.

Reore is the ratio of the number of hops in the core network

to the total number of hops between a FA and a HA.

Rioca is the ratio of the number of hops in local access
networks to the total number of hops between a FA and a HA.

(0)

ore 1S the weight of each hop in the IP core network.

My,ca 18 the weight of each hop in local access network.

I, is the cell crossing rate (mobile nodes/s).

p is the mobile node density (mobile nodes/m?).

N is the number of cells in a considered paging area.
V is the mobile node velocity (m/s).

C, is the cell perimeter (m).

r.is the average mobile node registration refresh rate
which is associated with registration lifetime.

B. P-MIP with paging area size of n cells

We adopt and modify the signaling cost formula of P-MIP
in [5] which does not account the cost of wireless
communication used in paging procedure, hence the new
signaling cost function is able to accurately capture all the
system operations as expressed in (2).

C p = dFA‘HA(Rcorea)core + Rlocala)local)[(rcn - rPA)a
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where:
Cp is the total signaling cost of P-MIP.

denra is the average distance between FAs within a PA.

I, is the PA boundary crossing rate (mobile nodes/s).

« is the ratio of active mobile nodes to the total number of
mobile nodes.

L is the paging area perimeter (m).

A, is the incoming data session rate of mobile node, it is

also the paging rate for mobile node, from assumption (1/s).

A4 is the outgoing data session rate of mobile node (1/s).

0,

Lir 1S the weight of wireless hop for paging.

C. Distributed Local Paging Scheme for MIP (DLP-MIP)
In DLP-MIP, each paging area consisting of N subnets is
partitioned into n/m SPAs, i.e. each SPA contains M subnets.
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where:
Cp.p Is the total signaling cost of DLP-MIP.



M is the number of cells in a sub-paging area.
0fa £a is the average distance between FAs within a SPA.

I'ps IS the sub-paging area crossing rate (mobile nodes/s).
| is the sub-paging area perimeter (m).

From (3), the first long term, containing all short terms in
the brackets represents the signaling cost of home registration
caused by active MNs crossing cell boundary, MN crossing PA
boundary, registration refresh and registration when there is
incoming or outgoing data associated with idle MNs,
respectively. The second and fourth long terms present
signaling cost due to paging process in wired and wireless link,
respectively. The third term in (3) is the location update cost
when idle MNs move into another SPA within a PA.

In the analysis, refreshing cost is ignored as in [5] because
we can adjust the registration lifetime in P-MIP and DLP-MIP
to make their registration refresh cost in MIP, P-MIP and DLP-
MIP equivalent. We normalized the signaling cost function to
the weighted distance between a FA and a HA, ie.

dFA,HA(Rcorea) + Rlocal a)local)' Equation (1)' (2)’ and (3)

core
could be reduced to
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where:
R,, is the wired link hop weight ratio of @, t0 @,y -

O, i the wireless link hop weight ratio of O, to @), -
R, reflects the fact that transmission of signaling in the IP
core network has different effect on the signaling cost in

comparison to that in the access network. o, is also
introduced to show that transmission cost over wireless link is
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higher than the transmission cost over the wired link.

IV. ANALYSIS RESULTS

We assume following configurations for analyzing systems.
Systems have an average perimeter cell size of 4000 m, user
density of 0.0002 user/m?, and average MN velocity of 28.9
m/s. For the average number of hops between FAs within a PA
which depends on the topology and size of a PA, we assume it

to be\/ﬁ. Similarly, d'FA‘FA isx/ﬁ. The number of hops
between HA and FA, the hop weight ratio (Ry), wireless link
hop weight ratio (0, ), Reore @Nd Rioca are set to 16 hops, 8, 1,

0.5 and 0.5, respectively. The ratio of active MNs to the total
number of MNs is 0.05. The incoming and the outgoing data
session rate of MN are 0.0008/s. We compare our scheme with
MIP and P-MIP. We denoted P-MIP-n, as a P-MIP which has n
cells (DLP-MIP’s PA size) in a PA and P-MIP-m, as a P-MIP
with m cells (DLP-MIP’s SPA size) in a PA.

As shown in Figure 2, the signaling cost of MIP increase
linearly with the number of cells. This is because the more cells
considered, the more registration cost due to cell boundary
crossing. In case of P-MIP and DLP-MIP, under a certain value
of PA size, signaling cost is reduced due to paging operation.
However, when PA has a large number of cells, the additional
paging cost grows quickly. From the figure, when P-MIP has
more than 196 cells in a PA, signaling cost of P-MIP is higher
than that of P-MIP. In contrast, the DLP-MIP can bring about
considerable cost saving compared to P-MIP and its signaling
cost also increases much slower than that of P-MIP with

respect to PA size. When the o, is set to be 3, the signaling
cost of P-MIP increases 16.5% compare with Fig. 2, while the
signaling cost adds only 1.9% for DLP-MIP. Therefore, the

proposed scheme can offer both low signaling cost and a wide
range of applicable PA size for implementation.

Signaling costs (weighted hops'pkt/s)

Number of cells in a paging ;al.ea (cells)
Figure 2. Effect of PA size on signaling cost .

Figure 3 plots the signaling cost as a function of hop weight
ratio (Ry). We set a PA size to 36 cells and partition a PA into
4 SPAs. This form is also used in the following analysis. Ry
shows the different impacts of signaling transmission in core
and access networks. When R,, is small, signaling transmission
in access network (paging and location update messages) and



signaling transmission in core network (registration signaling)
have a similar effect on total cost. In contrast, when the ratio
increases, the effect of signaling in access network decreases.
Thus, in order to minimize total cost, we need paging to reduce
number of signaling in core network. From the figure, P-MIP
with 36 cells in a PA is very sensitive to hop weight ratio and
the P-MIP with 9 cells in a PA has large signaling cost, while
the DLP-MIP is better than P-MIP for any value of R,,. Our
result shows that, DLP-MIP can reduce sensitivity of the
system and total signaling cost compared with P-MIP.

Hignalng cosiy peeighbied Roos pldis )

Hop woight rano .

Figure 3. Effect of hop weight ratio on signaling cost.

The impact of MN speed on signaling cost is shown in
Figure 4. When MNs move faster than a certain velocity,
paging can reduce total signaling load. However, MIP has
lower signaling cost than P-MIP, if users have low speed. From
graph, the P-MIP with large PAs performs effectively in high
speed environment, whereas the P-MIP with small PA size
works effectively in low speed environment. In contrast,
DLP-MIP performs better than P-MIP in both low and high
speed environments, i.e. our scheme includes benefits from P-
MIP with large PA size and P-MIP with small PA size.

When the number of cells in PA is optimized, using
iterative algorithm similar to [6], DLP-MIP can further induce
lower signaling cost than that of the optimal P-MIP. From
figure 5, we assume the average velocity of MNs is 17.5 m/s
and the data session rate is 0.0008/s. From iterative algorithm,
the optimal number of cells in a PA is 25 cells; this optimal
size gives the minimum cost among other PA sizes. In our
DLP-MIP, we set 36 cells within.a PA and partition a PA into 4
SPAs. Our result demonstrates that, DLP-MIP can further
improve the performance up to 19% signaling cost saving over
that of the optimal P-MIP when R, is 8.

V. CONCLUSION

In this paper, we proposed a new mobility management
scheme for Mobile IP that reduces the total signaling cost and
the sensitivity of the system by partitioning a paging area into
sub-paging area. We also investigate performance of the
proposed scheme compared with the IETF Mobile IP and P-
MIP. The analytical results show that the proposed DLP-MIP
can offer considerably lower signaling cost than that of Mobile
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IP and P-MIP with different sizes in wide range of
parameters. Even in the case that number of cells in a paging
area is optimized in P-MIP, our scheme can further improve
performance of the optimal P-MIP.

Zignaling cosks Seeighied hoos pkis )

Mobie node velesiy (mis)

Figure 4. Effect of MN speed on signaling cost.
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Figure 5. Effect of hop weight ratio on signaling cost with optimal P-MIP.
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Abstract— In this paper, we propose an efficient mobility
management scheme for Mobile IP that can reduce both the
system sensitivity to many parameters and the total signaling cost
by configuring sub-paging area within paging area. The
analytical results show that the proposed scheme performs better
than conventional Mobile IP and Paging extensions for Mobile IP
(P-MIP) with different paging area sizes in wide ranges of
parameters. Also, our scheme enhances system robustness and
decreases sensitivity of the system signaling cost to various
parameters.

. INTRODUCTION

As the current demand for wireless access to internet
applications increases significantly, it is very important to
provide smooth ongoing communication service while moving.
Mobile IP [1] has been proposed to be a standard protocol for
global mobility management. Mobile IP (MIP) enables mobile
nodes (MN) to maintain ongoing communication while
moving, by using simple mechanism for routing IP packets to
MNSs. In this mechanism, MN’s location is tracked by-its home
agent (HA) using two IP addresses. The first IP address is a
permanent address which is called home address.and another-is
called care-of address (CoA) which is a temporary address used
by MN in a foreign network. However, there are several
aspects that need to be solved [2]. One of the significant
problems is the excessive signaling overhead and power
consumption of MNs.

Recently, several proposals -have been ~developed- to
improve performance of MIP. Mobile IP Regional Registration
[3] is proposed to reduce the number of signaling overhead to
the home network and the signaling latency when an MN
changes point of attachment to internet. It uses: hierarchical
model and separates local mobility from global mobility. When
an MN first visits a regional network, it performs a home
registration with its HA. Then, HA binds CoA of MN, which is
the address of gateway foreign agent (GFA), to the MN’s home
address. When an MN changes foreign agent (FA) under the
same GFA, it just performs a regional registration with GFA.

However, because of its centralized system architecture,
this protocol is sensitive to failure of GFA and the scalability of
the system is limited by the capability of this central node. To
solve these problems, a distributed dynamic location
management scheme [4] is proposed. This protocol distributes

signaling load to all FAs which can function as a GFA. The
regional network boundary is dynamically adjusted according
to the current mobility and traffic characteristics of each MN.
Another mobility management scheme is adaptive location
management scheme [5]. In the scheme, size of network is not
calculated in advance as in [4] but it is determined along the
communication by the GFA whether to perform regional
registration or home registration using the cost function.
Nonetheless, these schemes do not improve the power
consumed by MNs or signaling overhead in access network.

Paging, an approach that allows a wireless system to locate
an idle MN when there is a data session routed for it, is
introduced to support mobility management in P-MIP [6].
From analysis and simulation results, this approach can reduce
overall signaling cost. However, P-MIP is not always better
than MIP because paging procedure introduces additional
signaling overhead. There exists tradeoff between registration
cost and paging cost. For the system with bigger paging area
(PA) size, an MN tends to perform registration less frequently,
then the registration cost is reduced, whereas the paging cost
increases. Therefore, calculating the optimal PA size is very
critical.

In [7], the authors proposed an adaptive paging scheme. In
this scheme, each MN frequently computes its optimal PA
using an iterative algorithm and a PA is adaptive on per-mobile
basis. Nevertheless, the employment of adaptability in practice
is apparently not efficient because some of the input parameters
used -in : the- optimization process are difficult for MN to
determine. More precisely, the input parameters may not be
available in practice, hence they are predicted and estimated
based on user movement and call pattern histories. This can not
reflect the up-to-date values and due to randomness of user
mobility, the estimation sometimes cannot accurately present
real characteristics of MNSs. In case that system need not find
MNs immediately, multi-step paging scheme are preferable as
in [8]. User Independent Paging scheme adopts multi-step
paging where paging sequence is determined by mobility rate,
the movement of all users, not based on individual user data.

In this paper, we propose an efficient mobility management
scheme that can reduce both the total signaling cost and the
sensitivity of the system with many system and user
parameters. This paper is organized as follows. Section Il
discusses overview of P-MIP and our proposed scheme.



Section 111 evaluates the signaling cost function of MIP, P-MIP
and the proposed scheme. Section IV presents the analysis
results. Finally, section V concludes the paper.

Il.  OVERVIEW OF P-MIP AND DISTRIBUTED LOCAL PAGING
SCHEME

Since P-MIP can improve both the signaling overhead and
the power consumed by MNs and it can be implemented easily
in real network, our scheme is proposed based on this protocol.

A. Paging Extensions for Mobile IP (P-MIP)

P-MIP adopted paging into MIP environment to reduce
total signaling cost, associated with registration and location
system database updates, and power consumption of MNSs. In
this protocol, an active MN operates exactly the same as in
MIP. When an active MN moves from one subnet to another
subnet, it registers with its HA. For an idle MN, whenever it
moves within the same PA, it need not to perform registration.
It requires to register its new location with its HA when it
changes to a new PA. In this approach, the first FA in PA that
an MN visited will be registered by MN at MN’s HA. This
registered FA is called paging FA (pFA).

When there are packets destined to MN, they are routed to
MN’s home network. HA intercepts and forwards them to the
pFA. A pFA first inspects its record for that MN. If the record
exists, the pFA further checks MN’s operation state. If the MN
is in active state, the pFA decapsulates packets and forwards
them to MN directly. If the MN is in idle state, the pFA sends a
paging request message to all FAs in the same PA and
simultaneously broadcasts this paging request message in its
own cell. Other FAs receiving this message also broadcast in
their own cells. When an MN receives a paging request
message, it performs registration with its HA via the current
FA. HA then sends registration reply and forwards all
remaining packets to this new registered FA. After receiving
reply message from HA, MN sends paging reply message to
the previous pFA to notify it the current location of MN, then
the previous pFA can forward all buffered packets to the MN.

B. Distributed Local Paging Scheme for MIP (DLP-MIP)

A: A Internet Home Network
! e

| 1 3 @ ar*""@\{
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Figure 1. Distributed Local Paging scenario for MIP.

We call our proposed scheme the Distributed Local Paging
Scheme for MIP (DLP-MIP). The proposed scheme is
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motivated by the observation that in actual situation,
mobility and communication patterns of mobile users vary and
P-MIP is not appropriate for this condition. Therefore, what we
want is the system that not only has low signaling cost, but also
works effectively in wide range of parameters.

In the proposed Distributed Local Paging scheme, PAs are
partitioned into sub-paging area (SPA) in order to minimize
paging cost in the system. We also assume that all FAs support
paging, that is all FAs can perform as pFA as in [6]. The first
FA in a PA that an MN visited will be registered by the MN as
the pFA of that MN. A pFA is responsible for tracking
movement of MN when the MN still resides in the same PA.
For an active MN, it operates in the same manner as in MIP.
That is, MN registers with its HA whenever it moves from one
FA to another FA. For an idle MN, if it moves within an SPA it
need not to perform registration. ldle MN has to register its
pFA with its HA only when it crosses PA boundary. If the MN
moves across SPA but still in the same PA, it performs location
update with its pFA to inform the pFA the address of new sub-
pFA.

When there are packets routed to MN, HA forwards them
to the MN’s registered pFA. A pFA first inspects its record for
that MN. If there is a record for that MN, the pFA further
checks whether the MN resides in the same SPA or not. If MN
is still in the same SPA, then the pFA checks the MN’s state. If
it is active, the pFA decapsulates packets and forwards them to
MN directly. If the MN is in idle state, the pFA sends a paging
request message to all FAs in the same SPA.

In the case that MN has already sent a location update
message to the pFA, pFA forwards all data packets to the
recorded sub-pFA without buffering. When the sub-pFA
receives these packets, it first checks its visitor list for the MN.
If the record exists, this sub-pFA sends a paging request
message to all FAs residing in the same SPA as mentioned
above. After the MN receives registration reply from HA, it
sends paging reply message to its previous sub-pFA. Then, the
previous sub-pFA forwards buffered packets to the MN via the
current FA, i.e. the new pFA.

Figure 1 illustrates a simple scenario of DLP-MIP where a
PA consists of 16 FAs. The PA is partitioned into four SPAs,
i.e. one SPA covers four FAs. Firstly, an MN moves into the
PA and registers FA; with its HA, hence FA, is the MN’s pFA.
Then, the MN moves from FA; to FA, without registration
because it is still in the same SPA. Next, the MN moves out of
its current SPA to FA;. MN detects that it has already crossed
SPA but still resides_in the same PA, so it sends a location
update message to the pFA (FA,) to inform its current sub-
pFA’s address (FA3” s.address). In a similar way, when the MN
moves from FA; to FA;;, MN performs location update with its
pFA via current sub-pFA (FA1;). Assume that, when the MN
resides in FAs’s cell, there are packets destined to it. The
MN’s HA tunnels them to the FA;. FA; first checks its record
for the MN and finds that the MN’s current sub-pFA is
recorded as FA;;. The FA; suddenly sends all packets to the
FA;. After FAy; receives data packets, FAy; then checks if it
has a record or not. If the record for the MN exists, FA;; then
sends paging request to FA;,, FAjsand FAye After that, all FAs

in the SPA broadcast paging messages in their own cells. When



the MN receives this request, it registers its current location
with its HA. Then HA routes all remaining packets to the MN
via FA;s. At the same time, the MN sends paging reply
message to FA,, asking for the buffered packets.

IIl.  ANALYSIS OF TOTAL SIGNALING COST

We study total signaling cost of Mobile IP, P-MIP and
Distributed Local Paging Scheme for Mobile IP. We also
investigate the performance of each scheme using the proposed
signaling cost functions under variety of system conditions.

In this paper, the total signaling cost of the system is
defined as the product of the weighted distance all the signaling
messages pass with the signaling rate, therefore the unit of cost
is weighted hops*packet/s.

For the analysis, we assume that successive calls are not
overlapped, i.e. MN always finishes a call then turns into idle
mode before the next call arrival and the fluid flow mobility
model is used as in [6]. We also assume that PAs, SPAs and
wireless cells are square-shaped. In the DLP-MIP, each PA

consisting of N FAs (cells) is divided into n/m SPAs, that is
each SPA contains M subnets. The perimeter of a cell is C,.
The perimeter of an SPA is | and the perimeter of a PA is L,
where | =, Jmand L = C, Jn respectively. Mobile users

move in uniformly distributed directions over [0,27] at an
average velocity of V.The MN density ( ©) is assumed to be
uniformly distributed over the considered area. The rate of cell
boundary crossing I, is pvC, /7. The SPA boundary
crossing rate Fgp, is oVl /7. The PA boundary crossing rate

Mo is pVL/7 .
A. Standard Mobile IP (MIP)

Similar to [6], the total signaling cost function of
conventional Mobile IP could be represented as:
2
'J nrr}

2
Ve C
= d FA HA (Rcore wcore + Rlocal wlocal )|:% n+ p(ij nrr:l (1)

Iy

CMIP = d FA HA (Rcore a)core + Rlucal a)local )|:rcn + p(

4

where:

Cyp is the total signaling cost of standard Mobile 1P
(weighted hops*packets/s).

Oeppa is the average distance between FA and HA in
terms of the number of hops.

R.ore is the ratio of the number of hops in the core network
to the total number of hops between a FA and a HA.
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Rocar 18 the ratio of the number of hops in local access
networks to the total number of hops between a FA and a HA.

a,

ore 1S the weight of each hop in the IP core network.

Wyca 1S the weight of each hop in local access network.

I, is the cell crossing rate (mobile nodes/s).

£ is the mobile node density (mobile nodes/m?).

N is the number of cells in a considered paging area.

V is the mobile node velocity (m/s).

C, is the cell perimeter (m).

I is the average mobile node registration refresh rate

which is associated with registration lifetime and registration
triggered for other reasons (e.g., by an agent advertisement).

B. P-MIP with paging area size of n cells

We adopt and modify the signaling cost formula of P-MIP
in [6] which does not account the cost of wireless
communication used in paging procedure, hence our new
signaling cost function is able to more accurately capture all the
system operations as expressed in (2)

C p = d FA ,HA (Rcore D e T RIocal @ oca) )[(rcn —Ipa )a

+ T, p(%] nr, + p(%] nA-a)d, +24)]

2
c
+ (N =1)d er fa D pocal p[flj nl-a)i,

+ 04 [p((;'] n(l—a)/iajn

Ve vL
=d FA ,HA (Rcore @ core + Rlccal @ jocal )|:(p I n- L )a
T T

pvL .

. p[%j nr,+p[%‘j n(l—a)(ﬂ,a+ﬂd):l

2
c
+ (N =1)d £y £a @ poca p[j) n(l-a)i,

+5a|r[p(il‘|]2n(l—a)ﬂ,a}n )

+

where:
Cp is the total signaling cost of P-MIP.

denea is the average distance between FAs within a PA

(hops).
I, is the PA boundary crossing rate (mobile nodes/s).

o is the ratio of active mobile nodes to the total number of
mobile nodes (active ratio).

L is the paging area perimeter (m).



A, is the incoming data session rate of mobile node, it is

also the paging rate for mobile node, from assumption (1/s).

A4 is the outgoing data session rate of mobile node (1/s).

O,;, is the weight of wireless hop for paging.

In (2), signaling cost of P-MIP comprises of three parts.
The first part is the registration cost induced when active MNs
change subnet, MNs cross PA boundary, registration refresh or
there are incoming or outgoing packets to or from idle MNs.
The second parts in the equation express the paging cost in
wired link, while the third part is additionally introduced by us
to capture the signaling cost due to paging in wireless interface.

C. Distributed Local Paging Scheme for MIP (DLP-MIP)
In DLP-MIP, each paging area consisting of N subnets is
partitioned inton/m SPAs, i.e. each SPA contains M subnets.

CDLP = dFA,HA(Rcorea)core + Rlocalwlocal)[(rcn B I'.F-’A)Ol

+ M, + p(j—'j nr, + p(i—'j n(l-a)d, + 44)]
+ (m _1)d;=A FA® ocal (1_ a)ﬂap (C_Ij m (ij
' 4 m

n
+(1- a)dFA,FAwlocal |:FrSPA - rPA:‘

+5air[p[°4—'jz m(l—a)ﬂaJm(%j

Ve vL
= dFA,HA(Rcorewcore + Rlocala)local)|:(p ! n-— p )a
Va T

25 o n() st

2
C n
+(m-1)d! 1-a)i,p| | m| —
( ) Ep pa@ocal (1 — ) ap(4j (mJ

n pvl vL
+ (l - a)d FA,FAwlocal |:_p__ p_:|
m 4

+5air[p(c4—'jzm(l—a)ﬂaJm(%j 3)

where:

Co.p is the total signaling cost of DLP-MIP.

M is the number of cells'in a sub-paging area.

0 i the average distance between FAs within.an SPA
(hops).

I'spa IS the sub-paging area crossing rate (mobile nodes/s).

| is the sub-paging area perimeter (m).

From (3), the first long term, containing all short terms in
the brackets represents the signaling cost of home registration
caused by active MNs crossing cell boundary, MN crossing PA
boundary, registration refresh and registration when there is
incoming or outgoing data associated with idle MNs,
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respectively. The second and fourth long terms present
signaling cost due to paging process in wired and wireless link,
respectively. The third term in (3) is the location update cost
when idle MNs move into another SPA within a PA.

For registration refresh rate, we can adjust the registration
lifetime in P-MIP and DLP-MIP to make the registration
refresh cost in MIP, P-MIP and DLP-MIP equivalent. Thus, in
the analysis, refreshing cost is ignored as in [6]. We normalized
the signaling cost functions to the weighted distance between a

FAandaHA, i.e. dgy ya(Regre@eore + Rigea @iocar ) - Equation
(1), (2), and (3) could be reduced to
OVC
Cyipn = —n, (4)
V4

2
c, =(2n- 2Ly, +p(c—'] (- a)(4, + Ay
T T 4

N oL > (n—1)de, pap(c 14)*n(l-a)Z,
4 dFA,HA(R R, + RIocal)

(0.0 192 n@- )2, )n )
d FA HA (Rcore Rw + RIocal )

2
VC VL c

Colpn = (L n _,O_)a + p(_lj nL-a)(4, +4,)
Vs Vs 4

n PVL . (Mm-1)dg, ap(c /14?m(l-a)A, n
L deama(R

R +Rlocal) m
n pvl vL
(1_a)dFA,FA‘:p_p:|
m o

core’ ‘w
T

dFA,HA(Rcore Rw + Rlocal)
owpe !4 me-a)z)m n
d FA,HA(Rcore Rw + Rlocal ) m

+

(6)

where:

R, is the wired link hop weight ratio of @

core to a)local '

o, is the wireless link hop weight ratio of J,;, to @, -

R, reflects the fact that transmission of signaling in the 1P
core network has different effect on the signaling cost in
comparison with' that in the access network. o, is also
introduced to show that transmission cost over wireless link is
higher than the transmission cost over the wired link.

IV. ANALYSIS RESULTS

We assume following configurations for analyzing systems.
Based on the macro cellular system architecture, systems have
an average perimeter cell size of 4000 m, user density of
0.0002 user/m?, and average MN speed of 28.9 m/s. For the

average number of hops between FAs within a PA (dgyga)
which depends on the topology and size of the PA, we simply



assume it to be /N . Similarly, Ainra is~/m . The number of
hops between HA and FA (d ¢, ;4 ), the hop weight ratio (R,),

wireless link hop weight ratio (&, ), Reore and Rioca are set to

be 16 hops, 8, 1, 0.5 and 0.5, respectively. The ratio of active
MN:s to the total number of MNs is 0.05. The incoming and the
outgoing data session rate of MNs are 0.0008/s. We compare
our scheme with MIP and P-MIP with different PA sizes. We
denoted P-MIP-n, as the P-MIP which has n cells (DLP-MIP’s
PA size) in a PA and P-MIP-m, as the P-MIP with m cells
(DLP-MIP’s SPA size) in a PA.

Sagnalic g conds feraighbed hops phtf )

Wenbt of solly m @ pagerrg arwa (oalis]

Figure 2. Effect of PA size (the number of cells in a paging area) on
signaling cost for MIP, P-MIP and DLP-MIP.

As shown in Figure 2, the signaling cost of MIP increases
linearly with the number of cells in a paging area. This is
because the more cells considered, the more registration cost
due to cell boundary crossing. In case of P-MIP and DLP-MIP,
under a certain value of PA size, signaling cost is reduced
compared with that of MIP due to paging operation. However,
when PA has a large number of cells, the additional paging cost
grows quickly. From the figure, when P-MIP has more than
196 cells in a PA, signaling cost of P-MIP is higher than that of
P-MIP. In contrast, the DLP-MIP can bring about considerable
cost saving compared with P-MIP and its signaling cost also
increases much slower than that of MIP. with respect to PA

size. When PA size is 36 cells and the ‘o, is setto be 3, the

signaling cost of P-MIP increases 6.5% compared with Figure
2, while the signaling cost adds only 1.9% for.the DLP-MIP.
Therefore, the proposed scheme can offer both low signaling
cost and a wide range of applicable PA size for
implementation.

The impact of MN velocity on signaling cost is shown in
Figure 3. We set the PA size to 36 cells (n = 36) and partition
the PA into 4 SPAs (m = 9). This form is also used in the
following analysis. When the PA size is 36 cells, as MNs move
faster than a certain velocity, paging can reduce total signaling
load. However, MIP has lower signaling cost than P-MIP, if
users have low speed. From Figure 3, the P-MIP with large
PAs (36 cells) performs effectively in high speed environment,
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whereas the P-MIP with small PA size (9 cells) works
effectively in low speed environment. In contrast, DLP-MIP
performs better than P-MIP in both low and high speed
environments, i.e. our scheme includes benefits from P-MIP
with large PA size and P-MIP with small PA size.

Figure 4 shows the signaling cost when users have varying
average distance between FA and HA. The proposed scheme
and P-MIP with small PA size have almost constant signaling
cost, but the signaling cost of the P-MIP with large PA size

considerably sensitive to d, ,,,. DLP-MIP can significantly

outperform P-MIP scheme and the cost saving may be as high
as 15% compared with P-MIP with large PA and 35%

compared with P-MIP with small PA, when dFA,HA is 16
hops.

=0 costs (waghaed hops pkifs)

[T p————

Figure 3. Effect of MN velocity on signaling cost for MIP, P-MIP and
DLP-MIP.
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Figure 4. Effect of average distance between FA and HA on signaling cost
for MIP, P-MIP and DLP-MIP.
Figure 5 plots the signaling cost as a function of data
session rate (A, ). Because data session rate of users is directly
related to the paging cost of the system and it can be time



varying parameter, it is very important to consider effect of this
parameter in the network design process. We can see that when
users have low data session rate, P-MIP with large PA size (P-
MIP-n) can improve the performance compared with P-MIP
with small PA size (P-MIP-m). This is because P-MIP with
large PA size can much save registration cost due to PA
boundary crossing. However, when data session rate increases,
signaling cost of this protocol grows quickly. In the case that
users have high data session rate, P-MIP with small PA
performs effectively, because paging messages will be
broadcasted in small number of cells. For the DLP-MIP, it has
lower signaling cost than that of P-MIP in most of the case,
except the case that data session rate is extremely small which
rarely occurs in normal situation.
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P-MIP-m |
| ——OLP-MIP
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Figure 5. Effect of data session rate on signaling cost for MIP, P-MIP-and
DLP-MIP.

Ratio of active mobile nodes to the total number of mobile
nodes (active ratio) directly affects total signaling overhead of
the system. From Figure 6, signaling cost of P-MIP and DLP-
MIP increases linearly with the active ratio. When « is equal
to 1, signaling costs of MIP, P-MIP and DLP-MIP are the
same, since all users are in active state so all operate in the
same manner as in MIP. In contrast, the signaling cost of MIP
remains unchanged as it performs the same to active MNs and
idle MNs.

Further performance investigation about the effect of hop
weight ratio on signaling cost for MIP, P-MIP and DLP-MIP
can be found in [9].In that paper, we. also compare our
proposed scheme with the optimal P-MIP which has optimized
paging area size under a variety of Ry, values.

V. CONCLUSION

In this paper, we proposed an effective mobility
management scheme for Mobile IP that reduces the total
signaling cost and the sensitivity of the system by partitioning a
paging area into sub-paging area. We also investigate
performance of the proposed scheme and compare with the
Mobile IP and P-MIP. The analytical results show that the
proposed DLP-MIP can offer considerably lower signaling cost
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than that of Mobile IP and P-MIP with different paging
area sizes in wide range of parameters.

Moreover, in the situation that mobility and communication
patterns of users vary, which appears in actual networks, our
results also demonstrate that DLP-MIP can reduce system
sensitivity to various user and system parameters.

Signaling coste (weighted hops'pktis)

MiP

P-MIP-n
P-MIF-m
DLP-MIP

5 01 02 03 04 05 06 07 03 09 [
Active Raio

Figure 6. Effect of active ratio on signaling cost for MIP, P-MIP and
DLP-MIP.
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