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applications. However, the original Mobile Internet Protocol does not consider micro
mobility, Thus it cannot avoid ‘handover latency that causes large variations of the

delivery times and the number of lost packets.
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drgaesuininagndslinsanitigiudaludneuaniigiuaanii azinld MN - gayide
uRninmltgatmile il semicsoft handover lifis=AnBanm | Feiuasiimsiings naln
n1913¥3919a7 13981919 crossover base station AuanIHigusaialy firuanemslld

MN [3], [4] siauanalugiit 1.2 2



Gateway

- «—
v
2
’/
S2 «-
N
\ \
Up Neighbour : S2 \ \
Routing Cache ~
> S1 <~ ~
138.48.32.151 & 83 | — S
N\
| \
\ HPA
sS4 \ \
\ < |
<«
ﬁ S>> ™\
=] S3 ‘
| \ /
\
~» [1
BS -
MN
BS

138.48.32.151

519 1.2 n dautlszneulasedng uazni9vinerues Cellular IP

Semi soft packet > Gateway
Duplicate packet — >
Classical packets SZD 4/
BS
s = Crossover Base Station
5N
/
- :'~ BS _] X
- < -~ BS [~
7 /\,\/ N .
/ \ | 1
\
\
BS «

\
|
II Old Base Station I’

~—

gﬂﬁ 1.2 9 NTTUIUNIINT semi soft handover b Cellular IP

1.1.3 HAWAII
N174ANNANINLARDUNUEY HAWAI 9 laein13ld soft state (@nusnad1eauly

Tuismed) A5 3laesmes n13nn soft state % TdnanN139ANITILL hop-by-hop L



6

N9l Fuldviunia e refresh message nireanuuudaulunjans HAWAIL aginldiinag
nsvaneinngns anazlimusernu@anareasnes vt denlas HAWAI 1éi
3‘§m?‘ﬁu§mmm IP uaziinssefuinifnssdneduses 1P uaztunaeusing

Tagedne HAWAIL tsznaudog anntigny uazismes fniemefazAaIuIuLed
soft-state iftadeusininaluss MN Airefulnstngldatnadlsz@nsnm Anwasnisde
seasmesfaniuuuudiudu ‘Emﬂ%uuuzgmuﬂu Domain Root Router (DRR) %1197
wilawnangagseldelnssdiondn luamsd MN Snsfissaiuaniiigiu, MN azlif
CoA &9 CoA Rtlaadld 1Emauwing MN glapvaglulaseding HAWAIL (wdlew Cellular IP) 60
finnspdeuiinananniasedne HAWAI 1ﬂ§aim?qq}ﬁﬂ§uj N1TNNUA SRR aUTY
Mobile 1P usanmiaaewiaielulnasng HAWAI azldwainaes HAWAII (3], [5] agud
1.3 Ugznaunisasung
Path Setup Schemes

TAsetn8AsEnNTdANNIRUANHLARDLATES MN Aaemannns hop-by-hop  L9116185
WAaYFNAZiNEN A1 soft-state 1§ 1ilaFnARlansnayidauRininAdnAsaznszinatingls

i m3ell (drop), avsialy (forward) waz@uT @4 softstate WYNAMNI9AaeE path setup

'
= o

schemes ﬁﬁﬁﬂﬂmzﬁﬂﬁﬁﬂﬁu Cellular IP update LAZLANLNE warning (Lﬂuﬂmm@wgm
FuneEnulAsatng uazsnmasiAaTn azldenaan3tlun1ss ANt TN (Toya) u
AT (cache))

Tuduneuusn WietinnsAARaALIAZNINE HAWAIL avdinnsuliudunnslulnsdie
el DRR fasiart MN 1& MN flunfle avdetnnansiesaanisasmaideaudaeianisaes
Mobile IP aiiia flsannilguilaqiiudl MN ag) uazuininaazgndasie hop-by-hop il
DRR s mefidayiidum it nininatiauwing agdinnia forwarding entry (soft-
state) A1u5U MN  lulasaang HAWAII 3 astudnnnsres path setup asan1InIs
wauslanasat 2 Usznig Aa forwarding wag non-forwarding Tundnnisssmiuazmanzay
fuilnsaanel¥anei MN Snnsdnsefufias-deldifesinaainti anuannismiles MN
aunsnmnsaiusniu-da 1dunndn 1 fa Tnandnnisaes HAWAI azdinisuiegtluuunig
wauAlanefiilu 2 agedaeii A forwarding path setup Waz non-forwarding path setup
Forwarding Path Setup Scheme

sia MN Lﬂﬁlﬂuzﬁmﬂﬂm, MN azgstinagns¥asranisaamziiauuny Mobile 1P 9

Hnagresanitigiusiani lfaanigiusalud slannds HAWAIL path setup update 139



.
Téanifigausamni antuanifigausaimi azinnsia forwarding entry 13 luuaguazds

o = o

dnqanslidasmasinianiigiudaluddeatdon Tusendnamie wnefazivg vse

a9

[

update forwarding entry @iy MN wienfdudesielfanifigiwilun  gavinaiie
F1ansunTNanTfigusa i fiazinnisdednnansneuiunisamezien (registration reply)

Tfa MN - annilis WaduAnine lusiidnan el DRR wininaazgnasumuduniglmg

Non-Forwarding Path Setup Scheme
lunstitiazmdneamaail hard handover lu Cellular IP, MN #911981350920013

awnzidauuuy Mobile 1P hlfaanfigausalus aantiuaniiignusalud fvianisiia

1
6 o

forwarding entry 715U MN 1§ wazds path setup message lislasimas Qﬁﬁ@mﬁgﬂu
fainnfaagdan Tuismasyn 9 daunidunienldfaanidgaudaiia aziinisiiy
. v % % ) I o = o 1 % o =K dl
forwarding entry 1§ w¥anitdesie llfaanafigausaiia danisliuduntenieil crossover
router azdenaliuininafnIaIn CN AinADs crossover router 1 axgnassialileia MN 16
o a P o Y o = v 1% | o = . A
M ez ldinsdsuduntaloiuniaizausesudn A1eiunsal forwarding path setup 7
¥ ) o = o ' ! ¥ 1 [ ¥ Y o
Av6ieeda path setup update lEanigufiinauudaAesUiuEuneiiunialy

iFog °] AU acknowledge message mﬁmmﬁgmﬁqimi

Domain Root Router R Internet

olps. INMavIE L oo

/
—a 4N Uag 4F

MN

Non Forwarding (N) _ _ >

Forwarding (F) —

gﬂﬁ 1.3 N?zUUN1? Forwarding ae Non-Forwarding Path Setup



1.1.4 meﬁ'mﬁ'uwmﬁmmzﬁqm [2]

N19N9UL89 Mobile P ﬁu%v‘iﬂﬁlﬁmﬁmm triangular routing N&N9A% Tuanued
MN Aasieiu CN @gj‘&u &1 MN ideufinanann HA sl FA sinlduininmann CN gnasll
9 HA wazufninafianiia HA fazgnassialass MN e MN Feansdauininglass ON
azdauAninaRselldls CN annfingnaun aziudndnenenisgauininnazidugnumas
danalfdidunisiilnafiupnumanzan Wefiasdfulanisdadunielfivanziga
Mobile 1P l&Renuuunfanes mobility binding d¢aziinls CN @1ansndeusininalilea MN
Ialnamnsalifaseinu HA

LWIAMLBY mobility binding axtdun123vANNANRUE1919 home address 184
MN uaz CoA faqiiuaas MN ielsnnsRndedeansiu MN mm:‘ﬁlzgm CN azitunglSifui
88 CoA 109 MN  Avazdlszazinanlunisfinsiera MN lusainsundnazifiufias Coa 13
videldl & oN WlERasedL MN dlunaiuin CoA flegluuatras CN azuuaeny il
fasfinnsdnsiesiiu HA lmianase  AeeAanssafnaes Mobie 1P gannanaliudn
ﬂmmﬁ@:‘ﬁfmmiﬁqmuﬁmmﬁmLiquqlﬁLuquﬁqmﬁiﬁLLﬁ

Binding Update * 1{luanansi MN &< 1éis HA sie CN iiiavanlimauAnaes
CoA uaz Tunsdidi ON afldRnsariu MN unaiuy uasdesnisinsedy MN lutanass
HA fiazdnaansis dliifu CN ieuaniiog CoA 184 MN

Binding Request {ugnnansil4lae ON 1a I fidaanissesaels MN g9 Binding
Update message 1l CN ﬁfu 7l

Binding Warning : 111194197 FA fauutindl MN sest Tddaldiu HA e

kT

Re-Tunnel uining el CoA Nignsiad ws FA fauntinil MN seatsiasiniot] CoA 189 MN

a

aglunziiu dalaiiacldnsdeiut Mobile IP uULAIAR

a <
1.1.5-NISNNWANLNALY  Mobile IP [6]

n1snuiRninalu Mobile 1P lunasinuininaldluanifigiuneuniinn MN az

= o = o P o v o 0 v o
Lﬂ@ﬂuiﬂm@muﬁmmluu naaeny FA  AUAZAINY ANBIUZANITNINIUREARNLUNL

Mobile IP usisineiui nszusunisiaziniswnuinng Tnauininaninlitazgndlli

1 v ¥ 1
FA Fiaiin 91 MN Lasiinsiasiag antiu FA fauintifiazdastia il FA sialud (FA dawin azdn

=

agaeq FA  falud)  wazgeving FA salusfiazdauininma iy MN - wananiidad

NFLUIUNITNIUNLAR AN NN TN gzuunNNsaensidausu FA  Falusansas Tuna
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Wa MN  fiaen1gaziddasu FA azded1na13iesan advertisement message (4194139
Neaadasiunisameiiian wu iag CoA) an FA falua Taedl MN lisiassadasinanang

N384 advertisement message AN FA fq 1

% -4 1 9 1 [ cal 1 1 a S @
1.1.6 ﬂ'lﬁ‘LLEluﬂT’ﬂLQ’a‘i’ﬂﬁlqﬂvl‘i‘i'ﬂﬁlﬂ’ﬂﬁﬂﬁiUﬁ%UuL‘ﬁﬂ@@"l‘iﬂﬁl’ﬂﬂ’lﬂ’ﬂuLVI’ﬂﬁ‘LUM [7]

ANHOUZNIINN (g3UR 1.4 dsznan) azidiEnaIn Mobile 1P An Tuszndnad

%

MN laguann FA siainnldda FA falusd MN azdedynnndasaanisameidauilnfiugn

vAaadaliss FA finlvd updununauiiazandatinu FA siannludss FA dialusd uazdasald

v o Q

2

©

1
o %

fla HA a1niu HA a2 doublecasting wWninANIE FA Fatnn waz FA falusd lugaesh MN

Ade o P Y

1
aglununnialmasinasdouiunuy MN  azfuwinineann FA  doiin e MN - %1109

awzideuiy FA faludiadauaa MN asfulininmann FA fialusuny

1. MN read agent advertisement message from FA2

2. MN send registration request message for FA2 via

FA1 Sender
3. FA1 forward registration request message to FA2 | FA1:0Id FA
4. FA2 forward registration request message to HA 5| HA FA2 : New FA
5. HA registers the care of address of FA2 5
6. HA send registration reply message to FA2 Router
7. FA2 send registration reply message to MN
3
FA1 FA2
/ S \
/ 2 o 7 \

=i o o I'$ 1 4 ! o o rdl 1 1
zﬂ‘VI 14 am:rmzm@‘wﬂ\‘nusl,umil,mum“l:@Lq@?ﬂmﬂﬁﬂﬂmmmm:uungmmmmu

AUNDILLIA

1.1.7 msuaumlaasatisinsadiusulasennalsans [8]

1 v 1 1
anwnuzlaseineldanuilazil DFA (Domain Foreign Agent) vinudnviguagnan

'
=

ARDUNLEY MN NndaunaIniasaneauunds DFA § e MN dhsneg lununiutngey

189 DFA  W&9 MN  azldfu  advertisement message annaniiignu Inenie’luy
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advertisement message azilsznavudag IP address 289 DFA AT MN Azde1nnansias
rensasnzieulldianiignn P UazdlE HA 909 MN &98 ean HA azdetinagns
pevsnsamedlenlilds DFA lunsviaunnsies DFA azmausUlléa MN wioudy P
Multicast Address 15t MN  a7ntis MN azudenavlldeanitigau iemausunsld
Multicast Group ‘ﬁ DFA /¢ Multicast mmﬂmﬁﬂmmﬁmmn CN Taatld Multicast Address
l%annfiguiieglndiu MN fugnslugid 1.5 savhuiide MN ndeuiilids BST vise BS3

Aaglasuuininanwn1dly BS1 uaz BS3

HA

Campus network

[r il B S

Subnet A | | Subnet B

1. MN reads agent advertisement message from BS1

2. MN sends registration request message to DFA
3. DFA relays registration request message to HA
4. HA sends registration reply message to DFA
5. DFA relays registration reply together with IP

multicast address to MN

5N 1.5 nsusuiteinefatnmniialulasstielFae

1.1.8 niswaumlatIasasnlssaana®1nusy Mobile IP aaansld MRT (Mobile
Routing Table) [9]
Iumm'ig’m Mobile IP, HA (Home Agent) aziiumn314 IP address-mapping 7

TuAnANNENRUTURY mapping 751919 home address 289 MN 7i9sa 171 CoA tHaasiag

1 ]
=

Fansdnduneanivnizigaly Mobile 1P (anuniaelu HA) Alususiazlun (@enaay

ulfe CN waz MN) azfaaiy binding cache Alusaies Tewagils Miuin CoA 184
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MN titeasinseiulunsidldlneglaidassinu HA annns1433 binding cache il ON gnwnan
dauinineliss MN 18lnanse (lddainu HA) adnelsfnny Wl lalldRasld binding
cache Tulunvn 7 TuAUDIB LN SIA VLA B1anm208399 MRT (Mobile Routing Table)
11 MA (Mobility Agent) usiazsin 399 HA, FA UAZI51A95 uny binding cache TulunLs
azlunls (binding cache luluausazTunauisaeneantyls vinlwlddasld binding
cache Tulusnniue) Fauanslugild 1.6

Mobile Routing Table (MRT)

ANLARILED MRT (flugauiiaeneanainmgn address-mapping KRN
NIMIF1% Mobile 1P #115uriunn CoA 289 MN Tneniudn CoA 15lnae HA, FA uazismef
iedauininasellds MN Tastainediiuiinllu MRT Usznavudae

Field 1 : home IP address 184 MN

Field 2 : CoA flaqiiuaed MN

Field 3 : V-Flag (1-bit flag Aetiuandn MN atilu home network 1138 foreign

network)
81 V-Flag = 0 k431 MN @il home network
81 V-Flag = 1 u@m337 MN g/ foreign network

Field 4 : Last Elapsed Time (LET) %ﬁuﬁﬂﬁuﬁlﬁﬂLLﬁﬂLﬂmqmﬁﬂﬂu transmission

session NIUN9LEARSIZUINe MN LAz CN (Fausaean

|8 upstream packet WAAZWANING QNASHIW HA (FA or Router) HA azsinnng

¥
= o A

Aumlu MRT iagdn IP address aasilanemistifisdagvizald drludl wininpazgnadsinu

Taudunisimanzanlaald IP routing protocol wsitnd wininpazgnaseinulilds Coa

a 1 % o (=3

tlaqifuaastualatenandnsadas (grandulil field 2 389iAs3a519 MRT)

SNAUANINAAINAUNASIIAYNAINIEN HA, HA Az AnALLTININAT A
HA azfiviin sl MRT iilagsn 1P address Uatamnsduiledla MRT alsl §laidl HA azin
nsfauininAty uazazfinduin IP address An witndaglu MRT 999 HA WANINA azgn
deliefa MN  usinuiazgdeazsinnsmanagay V-Flag nawin V-Flag windfu 0 visa 1 &0
WU 0 uamedn MN aglu home network uwsidwindu 1 uamedn MN agilu foreign

network AaMNTUWANINARYNASlLES CoA 183 MN uaz HA fiazds MRT update message

ldssimasuad CN [Wanazlfu MRT  lusmas aniduemasnds MRT
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acknowledgement message Mfa HA gavine CN @nunsnaauiining lie FA 289 MN 16

Telafaannu HA

Router with MRT

1. Packets from CN to MN
2. HA tunnels packets to FA with MRT

3. HA sends an MRT update
message to router with MRT Internet
4. Packets from CN to FA with MRT #

HA with MRT FA with MRT

! v
= ~
MN

51171 1.6 n91/lsa Mobile IP #aginnsld MRT

= o v O d 1 <
1.1.9 IMTlaguUUAIALTULASNSZUIUNITHLIUALALIDSRE1959ML59 [10]
anmnuzanslagaanellsznauslsnmLag, crossover subdomain router, crossover
router, edge subdomain router kAT ANHFIN ANLARSIHZLN 1.7 We MN inAeunNIgl

antigusialud MN azdedneanslldvanafigausalus Geilszneudos IP address 289

|
o ]

antigausiain dexnrisaniigiusalud uay MN azudaiudsdnaansmeudy aaiuuaziy

:J/ 1 dl 4 IS o 1 dl ] 1 o = o 1
Antuinaansntsynandae |P address Yasanaiigausatiandariulldeaniigiusialug
azgndssia iy crossover router udadssialléanifigausiani ieldaniigiusaiiig
wininAARn iR deanigmusial A wmiunsdin MN wasuiidna subdomain azld43ans

multicast wAninAannneLaElles edge subdomain router Weazlddewininglls MN
sia 1



Gateway

Crossover subdomain router Crossover subdomain router

Subdomainl | '— ________________ —' _________ Subdomain2

Crossover router Edge subdgmain router Edge subdgmain router ~ Crossover router
P el N "‘\\\ £ — s T
7 [5s]E [os | (RN /A |BSL Sl )
Micro-mobility handover N e/

Multicast traffic stream for inter-subdomain mobility packet recovery ~ —3

Buffer retransmission stream for micro-mobility packet recovery —>

51# 1.7 psTuannasuanslenedetwanda luinlliatuuuandudu

\ )
Ir/l/
MN'’s movement(ﬂ SA1
2 Y
4
B "
== .:‘5 6
MN & =2 A——
4 N
1 L
L/ SA2
5 X 8
h 7

Readagent advertisement message from target BS

Send RegReq to SA (Subnet Agent) with CoA = X

Examine and forward to GMA

GMA buffers packets till confirmation received

Handoff to new BS, MN sends RegReq with CoA = X

GMA stops buffering and updates mobility binding and sends RegReply to MN
Relay RegReply to MN

o N o o s~ 0 N -

Redirect buffered and incoming data to new SA

51 1.8 nazusummiuauslaneslularnemagans IP
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1.1.10 Inslnpaadamsamwiadauiidmitlaseinasagansnld 1P (Huiugou
AnEUENIIINULEAIRUT 1.8 [11] na1afe e MN indeuiillds aniigou

sl MN agfasenisasmaidauldsantilgiudanii iieuantiag CoA 1es anfigm

fialunal annidus aniguAannardannansllds GMA (Global Mobility Agent) Faufh
o

A2 T

181l

b‘dl 1 1 o 1 [ Y o (3 v 1 Yar A %
aweinsientiuliasadnandn Winuaninaldaundnasldfunistiuduainaniily
Na9a1nN GMA lasunistiugundn fnazdatnnaisaausunauly wazgeuininmi

= o 1
an1igusalua

1.1.11 Tnsinmeasanisanwaaaufinmalulaseinadiusunisuauslanasasng
39m152 (IDMP)
sluimma?ﬁqmuﬁugmmm IDMP nnsdseaslunisuausiamas (handover delay
vida service interruption time) SANWNRLINANTIBNAINNNSIANNN AR UALNTES MA
(Mobility Agent) Uiuidunslviiunaiuaninfeqnlnuaes MN ez FudRNING1E ating
Qﬂﬁ@\‘laﬂﬂg/\i luannilngnsanlasedeimagansald IP-based Base Station (IPBS) N3
UssAsiltlszneudng 3 dougnafu [12] As
1) Radio-channel Establishment Delay : MN AFRIA319 radio-channel '%umﬁlmi
ﬁmmﬁgmﬁﬂm fife ﬁﬁﬁﬁﬁmmm%uﬁ@u‘tmﬁmﬂ@ WATANTZLAUNNg
Avuadaan i TDMA viva n13aalas tudsialiy CDMA fina
2) IP Subnet Configuration Delay : MN é}’ml%ﬁgmmuiwﬁm@@%u P Lilaiaz
165U LCoA (Local Care-of-Address) salud a11d9ululum SA (Subnet
Agent) 189 IDMP, MN az&a<l&51 agent advertisement Hiis mns A /lé
B z‘q”agnal')mlﬁ\wmmiﬁluj amiAsdesanisameion LCoA falusl SA
azmaunaulles MN Tneld acknowledgement message g1 ldanululum co-
located; MN %LL@ﬂLﬂﬁiﬂu DHCP  (Dynamic -Host -Configuration Protocol)
configuration message 1l DHCP server AevfiazldEu valid CoA
3) Intra-Domain Update Delay : MN azuay MA Lﬁﬂﬂﬂﬂﬂ‘/ﬂl‘@g}j LCoA sinluud s
7174 intra-domain location update message ANty MA avgauining il
LCoA faludiaag MN

TUABUNITUEUALR19850E1999AI39229 IDMP BELIUNUTIUIBIANNAFIUNG level-

'
P o ¥ [ %

2 trigger @a1n1snldusuennisrenazfedasuulaiiniaslndidinn aneuzlasadne
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293 IDMP 4aAIAd 3171 1.9 N199119uENaIn MN indaueanain SA, luds SA, Tusznang
nIzUAUNNTLEUA a5 1 service interruption Waann IDMP fiasnslid MN w3 SA,
4519 movement imminent message 11ffa MA a1niiis MA agsinnisunsnszanausininm bl
€5 SA Mogflnd 7] (SA, uaz SA) wslaz SA autAuuinnalili MN faiuazdasannisgey
WeBasUANINANAAaINNITuaus laasiaane 1Wa MN Ieninisameiiiau (subnet-level
configuration) it SA, GauFeaudn wininamAiulilu SA, avgndennunisainialdls MN

Imed liFiagsa’lst MA 5U intra-domain location update [13]

N = Internet HA
1. MN sends movement imminent message |
2. Packets from CN to MN GCOA ,'
/'__/
( A
VA
2 | 2
Subngt A SJk}netB Subnet C Subnet D
‘\’“\
]
4
A v LCOA A 4
SA1 SAZ SA3 SA4
— A,

g7 1.9 Anwouzlaseineses IDMP

1.1.12 TeleMIP (Telecommunication Enhanced Mobile IP) [1]

TeleMIP. axildnwauzindneiu Cellular 1P uaz HAWAI Hnnssanisdnininaend
wasfflinelulasade TeleMIP Benulaa 1l Mobile 1P utitr 2 St Tnesraudud 1
% GCoA (Global Care of Address) LL@:ﬁﬁﬁu%uﬁ 2 14 LCoA (Local Care of Address)
yaNANNLALAT entity [iisLFiNa1N Mobile IP 1fuAn TeleMIP Mobility Agent (TMA)

Tasedne TeleMIP Usznaudaesnined uar anaiigiu tasednuazgnudaiy
Thsadneeies  Uszneudagmaresaniiigu Failisnmafinauilu FA (Foreign Agent) lLaz

siaidinfiu TMA (TeleMIP Mobility Agent) fivaginetaslasdineianfagilin 1.10



16

Slefinnsfasieiulnsedng TeleMIP, MN azl&5 CoA 2 faann Local FA (1i3a
DHCP server) 1agl CoA fausnldann TMA uazldiilu CoA amuilenldiu HA d1wsy
CoA ﬁqﬁam%ﬁmﬂﬂﬁﬂuLLﬂmmmemﬁ'@ MN iwaaulnssingdes ude CoA faigasil
aziAendaeiulnsinagos 39 CoA Hldu1ann local FA lunisdnseasendng FA was TMA
3 FA annsnfiazidenfndetu TMA T8unnndn 1 6 iafiazl&¥n load balancing (An1s
nszantl MN’s management load), Tuusiazasen MN wasulasengsas MN azudalile

1
! [ =

TMA 7 MN fssaatinaunazilasulaadssas idanininangdallss MN 1109 home

u

v ¥
network, HA AziNIANSUURNNALL Lazdanalilss TMA antiu TMA Adesalie

Tnsedneties 1 MN Ansiaetiluanuziiu gaving local FA azdsuininasalyli MN

1. MN reads agent advertisement message

2. MN sends registration request message

Internet
3. FA forwards registration request message
4. TMA sends registration reply message
5. FA forwards registration reply message
TMA
TMA

g1 1.10 Tasetineves TeleMIP

1.1.13 Mobile IP Regional Registration [14]

e MN  ipdeununaglu GFA iluaiausn MN  azdednoansasnzideulilds HA

1 '
= o o

Wl HA awuidouneg GFA uiagdms10989 MN (CoA) @9l MN 4190

v
Autiunisameiiouuuuginiale (regional registration) A9UW e MN  AfiunIg
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amziauuuuninia MN  azamziaunegiaqiuaes FA U GFA  lunszuaunis
= a dl 1 ] a6 v dll dl 1 1 dl %
awmzidousuuginianaznaasiall azanudli MN  indeunnieglulassdnanatuayuy
= a = = o = 1% ¥
nsamzidauuuuginiawasinisamedauiy HA Baufenudn
= a a v A Vo 1
nsztnunsaaziiauiuugdniaansnasueld Aa MN 1HFudinaslsznae
a1n FA sialvisl (advertisement message) MN azdatnaansnisasnsideullds GFA fau
119 FA fia b n89a1nGFA ldFutnaansnisaanzidanain MN, GFA azdiuietaes MN
TusnanisresdiiasBauliiunia wazdsinaaisnisaauiunisameiionllds MN
1149 FA fivlud WWa MN ldFudnaansmeuiunisameiauudn MN fanunsnsasedaansiu

uptananlgniuinmsalal

HA

Home network

Home registration

Core Network

N Home

'\~!V|0Ving registration|  CFA
/' ;‘/ Regioal
/

N
% 4 registratiqn FA

Mobile node | FA FA FA

A
' I >

Mob node

ga_lﬁ 1.11 aniuzlAgedeues Mobile IP Regional Registration

1.1.14 “Paging Mobile IP [15]
Tuszuulassdnaiaggans axldnnsima (paging) BsEYALILIIa9A0NTIARD U
(mobile station) Nagluaniuglaininau (idle) dwmduaiinisFanainiuailaienis an
a dgj =® o Y o . dl o/
WWIANARTBINITWAT [15] Astiuntlszans4iu Mobile IP iNaantFuNMnsdtn)NM

LAaLN17 MN1ANIUa9 Mobile P
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1A

TURBUN1IN19U284 Paging Mobile IP tasidqulunjazadnariu Mobile IP usifiNqn
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3. dFutlpenievineusesinginaea Mobile 1P uaznisuauslaiaietinglisensie
duuszuuizaganisediudumefiinlddnauddunisuaudlene fuaz
Funtunnsdtunanantiasag
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1.3 HUINNTBIRINENUNUSTLE WA
AN FesLIEN139191Ua89 Mobile IP wazasn1sUiulgeuila Mobile 1P 1305
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1) Mobile 1P #fitnldladimangdu

2) Tnslnaeadanisantmaaeuinalulassinadviunisuauslane fat1asanise
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Taedasinanndeilgun
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2) N9k paging eapnasiiuaes MN Tutnslnaeadanisaniniadeuiniely
TAT9U8ANNTUNTLEUA 1B LD FREIN9T9A1L57 (IDMP)

3) @mmizgﬁymmmLLﬁﬂmm‘LuIWiTwmmﬁmmmmwLﬂ?}lfauﬁa‘hm"uimww
wagansTid 1P Lﬂu‘ﬁuﬁm
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Falusazdatnngnsfasuanisasnzidauiiaa lddanmad (GMA) Walinmasilsdunia
Wiiunia wdsanduinandasmeuiunisamsidaunieuiudauwininnaludeaniiigiusia
Tud waz MN

189911 Mobile IP Ak lidin199eeiunsld paging Aaemeil lunnsfneanin

1 o 1 a o @ =X U al o o | Y o Z’/ dl dl

nssiefulassnedumesids MN Asseeinistfusiumeiiuniann < afan MN wWasu
SA 78 anlg1u NAAsE, MN azdednaaisnduiusivanineaenuiizesny dauali MN
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1.3.1 WISINADSN MINENTTOUL
1. atuelalun1suaus latnes
2. Bunndnansnadrya i i lunisuauslanas

3. [UIUANNAZEYYIE

1.3.2 ﬂm’:zmﬁ‘lumﬁfé"\amuuu [7]
1. HCON dwan 1 Tue dawsininauuuénsdnaad (CBR) Aqgiuunmulining 256
2RNLAR (octets) WAZIZLLUINTBIWANLNG 5.33 AaA U
. {1 GMA uay HA 281982 1 A

8 FA AU 8, 18, 32, 50, 72, 98 Fn LAY FA LAAZFINUUNASAT 66.667 LiAT

|
v

2
3
4. 1¥nmsgu IEEE 802.11
5. 1 MN a1ua% 2, 5, 8, 13,18 LAY 25 60 lAReuRanEANIIeA 10 WATHEAUNT

a A

AN FA1 ile 16980 FA vt uaz MN 3013 aaunadulus e lTeans Ae

MN taReunsfaaiAnnanIsuanuasuLgBnasulugag 0 79 360 297
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ANLINNTA9184 agent advertisement message WL 1 AUl

o - o

- Twdhedenlaalana N uuuAlaYingy 5 Mbps kayn13tssaaniniy 2 Jaaduni

©

- TwdnendenlaelFaeRuuuminvivagy 2 Mops wazn1slszianintu 2 Raaiuni
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2. afauuuanaean1ainavaesiasaaelugiln 4.1
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UFutlpeanssauzaad Mobile IP tagldnisinuining uaznsld paging lulasedng

wRausuansrauzaaainsnaaantinauaiu Mobile IP WULALAN

1.5 UUADULBALIGNITAUUNG

1.
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ANEIN1991914 284 Mobile 1P
AnenAsnisufitfyvuaziiudgelss@nananaes Mobile IP fnedfiiniaue
ANHINTN9IULD4 Intra-Domain Maobility Management Protocol
ANEIN1I9N9ULa4 Network Simulator (ns-2.109a) [16]

Ann19 Uil sUNINANENTLAZNNE) TOL (Tool Command Language) 914 2
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o

nnidaznieudaniulu Network Simulator Tagin1sn TCL agnutininasaiy
=
ANEN

WeulisunsunnaanngNeIuaed Mobile 1P lazuuu[iaadlugli 1.11 wiaw

UFudgaudla

7. Apzinan ldainniamedanisunii Mobile 1P WLLIAIGN

v v
8. a3luarausiNtayavNvNANTauTNanTingLiaNa NN Inug

1.6 Uszlagminaininazlasy

N

1.7 LATASIINLNUNUS

- M NN LU UNNINI91eY Mobile [P

o 4 ! v 2 o a o
AN snERuFuuInIenasuil a1 Wl aE
annsnin lilseansldunussuuaasiseaannlulasaang Internet Protocol 161

anunsiinlihlsggnedlanuiunisdeansiaaanilugai 4 16
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Wamluuniaznanisdnsznisinsedeansiiulasaaisnanfiomaes Inadou
WINAZWATNNIAAFBADANTITNINABNNILADS LULA1AB9T89 OS|  UATLUUAIABITDY
a T @ ) A J < o‘d‘ ¥ 1 a '8 ! A |
aumafiin dounaesarnarnneglnsainldnielulasetrapeuiiomed dounainazii
nisvineuesdumesfilninslnasanaznisdaduniauwining 4 uiudiugavinaazii
anwurilgundeginsailFanadaraniseasunanniasedngliaiatasednaniall e

Taseanel5ansanTagaeieniie

2.1 N9AAABRAR15TENINARNNILADS
dl a '8 dl d‘ % o 1 N8 o/ a '8 dl dll o [~ % =
WenaniamesiATadnilenesn1siudaleyaiuasnfomesiAzasau] andunesd
TasaaFranisdeansdeyaniulouiy eiudsdeyasieszuuliatinegasy Tnsai1eves
o | Y dgjd I . A AJ o
NINTFIUNTITUANLRYAULIENAT Open System Interconnection #1378 OSI Model TINTUUA
Tmﬂumﬂmuﬁmummmgmmna (ISO: International Standards Organization)

0S| Model fualinisdadisdeyassudnssruunaniomassruuuileiusziy

a oy = ' o 2 E > X o a o o
ABNNILADIBNTTULNUN UNBBNLTIW 7 18 IQEVN 7 TUL AeHAUARLLNAUNUNUsE LU
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A o A

paNFIRRTY 2 sxuil AnuantAredlareaiensfedtadanani s luudasdulAl

1) dun1an W (Physical Layer)
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£

v v 1
duntenniiuduasgalunisfudsdaya Suiidensananiomasans

sruuniudsdayaitinienigan
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a [ %

p 4 419/ 915

29NN AR I UARIA RNV UAN A9

- 1msg1uALiasasa (Connector Cable Standards) #azutinfinis
NIUNINUUALRILARZAULRFRE (Pin Assignment)

- usasuAN R (Voltage)
- andyoyaulndle (Timing Rates)

2) dwsanlesdaya (Data Link Layer)
v . I . e e . .
duimenlestayaidudunaansanisiudedayalussauansauas Inemin

) Y

4 dl ° nl/ Y G| o nl/ o o‘d‘ Yo a
ninnudasAndaliduadsanfaunsnldiuastaya aragauaNtanaInliunig

a

o 74 [ o -8 % ij/ a dl
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- AR3999AANEANANA (Error-Detection Method)
- ARlushainAaEanans (Error-Recovery Method)
- AFuAANEANAs (Error-Correction Method)
- nedndeyaliiiumsy (Framing)

3) dulAseang (Network Layer)
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v a

FulATI 1L NN N TANAAADNAILADT A IUSTULAL A UAIE N A2 eI TN

v
Wi, O &

srunlasedneg niaunsnivuadunaviudedeyauazdainudeayasendnany
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?/ as ' o a g dl o dl 4
- dupauds (Algorithm) lunsniuunpexfiamefirsesinlinasdedaya
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%’/ aa o a dl £
- wmmﬂumﬁmmummmmzwzgmmnmumﬁﬂﬂmmm

Aueel (Transport Layer)

~
S~—
v
=
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Db

¥ g

wanauinaflusessaszudensiudedoyarastansuafiuansauas tae

e
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v A ]

At aensentsfudsdeyaszaugerasiun 5 wndudeyaniudaluszdu

a

R

a15au uazArLANNIsTLdedagaaIntanasudedalassuiudeys ideyas
Twan sz iAuANAINFUITETY
a i’/ d’ v = o d’l
UTNIIVRITULARD UEN IR
. g o
- NIUANRL1aINTEUIUNITE I (User Process) Lanamnig
dl A ¥ ' dl !
- AndEane lresinNan g

- ARNARNNANA LN WUAY

u

¥

- AouANNTiiatesteyaszdnangzLaunI gl 1

v

o
NAUNNUAZUA1EN1g

o

5) duLi4du (Session Layer)

De

4 1

nnsfudedayaluduilazaglugluuuves dialog  wralsrlaavasdayan

a kT

[ 1%

aunnlfpauiuszninesuiuuazsundedaya

©

a o a

wiihresfumaduiifsi
o %’/ ¥ K

- MUUAAURAUNITIANNNTE UL (Access Procedures)

- Amuenglunisaunuuuuasagmanduagmandibs

- Amuengdmiuiuiodenianisdadanazimadu
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- Auuangdmiunisauisgdu

6) duiiniaue (Presentation Layer)

v
o )

= L -QII [ a o= ¥ Aﬁl g’/ = o 1 s !
TUUNLALANUTNNANAIALABNNILARFAN AWML TR 1IN 1954

6

¥ o I g// ¥ o o 1
TayaluszaivllsunsntlszgniasiduneuuasdativAuasingls

¥
A o A

Ut Naesfuinauei Al

FannuduRusIRITaN AN

a

1 v 1 6 dl o [ ]
- LL‘]J@Q'?HQm’ﬂuﬂﬁuWﬂimew MNNEANATIUNTLNITAN
- hsviaduteya (Data Encryption)

- waiusiadaya (Code Conversion)

[ %

- @Wi’mqu@ (Data Compression)

7) Furlsryna lieau (Application Layer)

a ] o

duilszene e uiiudunugaassdunaunisiudedaya duinnsfnsdaiy

oy

gt Tneazfuanderngs anglddalinaniome futlandumning wasniauniu

6

Adanlasuluszsulilsunsnissens

v
N o A

v o & 5
Mmmmmuﬂizqﬂfﬂmmumu
Y A 1 dl Y v
- MTUINNIeNIZetAINTY [ TAeINNT

U

- melditinagnia) ldiutEniseniretnanysnig

LULAIADIA19D9 DoD Internet

DoD Internet L uWm1NN19989TA99998 ARPANET #199u39nTas9tnanilnsaadig

1 dld a '8 [ % Y o a 1 a [ % ndl 1 % v vy o

NINNNNINFT NHARNAARTANANERARFAT iAW) A 413 de i Tae
\TaNARENUNINANETABNAL AT (Gateway Computer) Tignnsaudasinsinasadanles
dayauarinsinaaatassinasnsaianulidnlageiuas i

donilneinssuaninasifingdsrna AUl INTRUN TN 4 T Ae

1) dulagetg (Network Layer)

v 1
WuduninaqiulnsTnaaanisfauAaNtamasiandnfulaseng

& @

2) duaunasiia (Internet Layer)

v

@ o A a o | R o ) ' ) -
W34 uV]LﬂHQﬂUI‘W?IV]ﬂ@@ﬂq?m@ﬂ\ﬁﬂltm@\ﬁﬂ?\‘nl’]ﬂﬂ@ﬂF”]’N‘"] bACENFILAE

Tnafinianvuanaguazn1sdnduniaaesuining

3) €uLTNT (Service Layer)
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Wudunliusnisaesnsanilananailans (End-to-End) saudanalnileyiu
ANNITRDBTBITaYATUAN
4) Furlszensfldanu (Application Layer)

3| %// dl o 8 13 Y o ¥ Y a i// dl ] OI 1
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2.2 qunsailasetng
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ML Lme@%mu@ﬂmmmafamwmmﬂumu e muﬂm @ﬂﬂﬁ‘ﬂﬁﬂi\i‘iﬂﬁﬁl’]ﬂ"’l ’ﬂﬁ'i_l'ﬁf;lllﬂ

ADQ
&he
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2.2.4 Layer-3 Switch
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a

Layer-3 Switch luginsnininusinidlu Switch uaz Router Tnadlavnainnsnly

Aalo =
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u
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v
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2.2.5 \nALIE (Gateway)
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=
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2.3 N19N9ULRIINT INARKARULNESLEA (IP)
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doyaiuliliansauasnseyls
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frlarenierasdumesidnnaunsuaglulasserafishaiu nsnaeadune e
azBunldiinsinsinaes ARP iieudasnaiaatnatnaeadumesidnsassunedlfiiy
AvsnuiaEnTauag uadeduinefidaamunsnldasines antisines dayadu
Thssine g dmssdndumaitedsdumedidaamunaaldfolaransgading

fhatansdnduneesinsinaeasumefinannsouand el
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Hostl (1.0.0.1)  Host2 (1.0.0.2) Router B
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‘ b b
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waagannlidirunewa 1P dalalum1snedmduniensaiunsngia 1P danania Aasiy
gunsalilanamiedon 1 asdunmunaaailszanlangsedng (network-prefix) aa9MMNLAT P
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2.4 flgwnineaunulaseinaldsns
1 d” a 1 a d%’ dl = dl 1 dl o o
dquilazasunedniaarlsiwdaluaininilasunilasnedanles, nlun19dn

Wunsuuduwmasidnludaaiuliaunmds P wininalildspauiamaiidnianlaau

o '

AU (1naaud) wazni luuuanieudTymfdeslutlaaiuaddidanunsodaa i lunig

U qQ

dl | ]

U1 mﬂ‘ﬁumﬁ%mmammﬁﬁﬁumu%mm Mobile 1P Asiaznanasieluilsnidluges
IﬁmmimmL%’ﬂ@ﬁugmmﬂmq%ﬂm@uﬁqLﬂ@"? LazNI99RLEUNI9TRY IP
faitlfimenanaldlunsdadundlunsdlgUnsnilarenseguuinadon lowinai
LLﬁﬂmmmium%gﬂmm'ﬂu‘EmNﬂhﬂmﬂslél’ﬂ’nmiﬁm%g@fﬂuLLﬁﬂmm‘ammﬁ‘Emmﬁmﬂ:
atisdasumeddideyaves network-prefix et lumuniat IP Uanavng iiedaidun tu
ANNILAININY N Tundiseriuteden ezl network-prefix lannzaasusiazn1sdonse
o Host  wianunisinsieannanedenlowildeinedentedulfia network-
prefix WANFNNTTY ryﬁ“ummiugﬂﬁ' 2.2 UNeal 1P Uanevnneaed Hostd § network-prefix
Winriu 2.0.0 LLrﬁiﬁLL@m’Lugﬂ Host4 Fns@riu network-prefix 4.0.0 A13199ALEUNIIVDY
Router A meﬁqgﬂﬁ' 2.2
fupeusssielUilifiunisesunsdminatunniuaAautne destos
1) Host! a¥1auininmidmsneias IP Uanem 2.0.0.4 uaziisneiad 1P fun
1.0.0.1 M99dndunIeTes Hostt Mtuantdanemisaesviangias 1P 2.0.0.4
Aa Router A (default router) Host1 az@auiiningliela Router A Hhunasiasa
seani a
2) Router A %ﬁumﬁumqﬁmmmu%m Hadauininallamuneiaa 1P
2.0.04 TeasnsufFeuiiay network-prefix  a99uNneLaY IP - Uananiafiu

o

network-prefix Niag Tues 93NN SIRseATuNAELaT IP 999 Router B A9

3.0.0.253 AstiuuAnIneazgnaaan Router A ligis Router B

3) 'Lila Router ‘B M@5uuiAinnsfil network-prefix 1AL 2.0.0 Router B wWudn

avfadauininaReulUni9fqmatlszanu b

o

4) ustesinglafinnn Host4 T ldsaagiudasatszan b uda Router B Asdetinngns

1 4

udaAuEaNaIainAtwllss Host1 013 Host4 Tl l@suusininmilann Host1



29

Host4 (2.0.0.4
Host3 (2.0.0. 3) ( )

Hostl (1.0.0.1)  Host2 (1.0.0.2) Router B

%@ % Router A 3.0.0.253

2.0.0.253

1.0.0.254 3.0.0.254
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N19N191% U89 Mobile IP
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3.1 ArAnRRNeataInulasetinaAdaaun (Mobile Networking Terminology)
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Tunneling

=&
NNEON

=&
NNEON

==
NNIEEN

=
NHIE N

=
NHIEDON
=X
ZE NN
=<
NNIEDON

=
NHIEEN
=K
NNIEON
=
NNEEN
=&
NNIEDN
=X
NNEON
=S
NNEON
=S
NNEON

=
NHIEEN

=S
NHIEDON

\ Ao - - p
ﬂWQ@W?WMQu%uiuﬂﬁi@HﬂLm@i@iﬂﬂﬂuUWﬂW?WUWﬂ%
4 A
289 1UALARAUN
A 4 Ay sve
ﬂizuquﬂﬁiﬂiuﬂLﬂ@ﬂu%i@ﬁﬂﬁmﬁﬂL@ﬂ|P 1N home
A . a é’ A&I dl Adl Vo
agent 178 foreign agent Nntuleluapdsunlasy
agent advertisement
1 dl v o 4
ﬂ@Nﬂ@ﬂﬁNﬁﬂL@ﬂWﬂ?%ﬂﬂU@QElMNWHL@%|P1h$@ququ
, UHgLaa 1P ﬁhﬂ?qqL%ﬁﬂﬁ@qﬂﬂﬂﬂﬁﬂﬂqiﬂﬂwxﬁjﬂu
(registration life time)
198137uas lisaunung (home agent) wea lung
4943 (correspondent  node)  NTILUUNNELAY IP
o a4 A
mQﬂ?WQﬂﬂﬂtuﬂLﬂ@@uV

s o ~ o & A
NagTIATIN 138 UL IP FaAT1999TUALARAUN

a
1 ]

TunraaasrasluaARDUN
N721AUNNITAVAUAIUTAUBILANLNR [P
= A Y S I
HounNUUD9 1A ANNUNLUIATIINLANANURA N1uE9
doefunazdsinna Ll uaLAaaLUn
TasvtnesinsnNunnluapaaun s Atag luamzii
dl 1 o £ A o v
natitlsraniing vse niead IP Uszantinu
. Y 4 e e e d
saunutinurasluaaaaunuulasda iy AUt
Fudauwnustnazdsuinmna liiTunipanui
TAatneNuaaluaLAfaun N i uunea P 1szan
U
11
TLALAAALT
~ a =

AsrLuNITaInzidauaasluaLAfa LN

o .4' .
nezuaunIsnin lusA@eansa i sndeuininm il

&l dl [ 1 s v

Aaaunlag ldAagEN U NN
Encapsulation WANKAANTTAALEUNG IP WANNAWLL

AILAN



33

3.2 N19Y1N9U4Ua9 Mobile IP
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WANINAAZYNAINNET HA ANt HA aziiddayadouwia (IP header) Milsznausnaiiat)

u

1
o

43319 (CoA) 189 MN #98IN13 encapsulate WANING wardaxdsnagdonsaaas MN Hu
A8 FA uwaz FA az decapsulate winunaiedeliiiu MN sald lunstii MN feaanisds

uRnna 1Ay CN agld3annsdnduniuay IP Ineldanflusiaanau HA [2]

3. Decapsulated Packets to MN

Foreign \

Agent
Mobile Node

1% 3.1 doutlszneulasetne Lazn19N911L8s Mobile 1P

Mobile IP §N3UUN1INIL 3 AU NAAINIIUTINAY Aasalilil



34

3.2.1 MIAURIAILNY
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% MN lesaumule * fimulaTu Agent Solicitation HAavda Agent
Advertisement #iuilaginvuadangnianisdaili MN
ANIMTIAGALANTIAREURIeY MN @1ans0sin 14 2 33 Aa nasldAn Lifetimes uaznns

Idvnneiarilszaniagedng (network-prefixes)

AFmsasaunsindauiiagld Lifetime

FEmmaseuniaindeuiiazlidfayaaindaues Lifetimes meludraasilsznadann
¥AaF (ICMP  Router  Advertisement) ﬁ@fyﬂuﬂmmmizmﬂmmy‘TfaLmu (Agent
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2) HA laignunsoineuldmutng iesunann default router limayusinagns

o

NAUNNEN MN A9l MN - azanumdinaadansantiudiamanlasnui lald
FA lunsaiduil MN azld5umnunsnat IP andswinas DHCP Ineniunsnat 1P #
1#5UTF8n91 Collocated Care-of Address ANt MN azasneidieuiy HA

v dl Vo .‘1’
ALUNELAY IP VIVLW?‘U‘H

38msrasaunsiaaauilagld Network-Prefixes

anmils MN asnsfauivlasadnaseiiug 1 (FA1) Lutnedenlen A uaglAsy
1199197U32NAGALNY (Agent advertisement) A9n FAT LAY A9t AT 2 (FA2) il
PNLLAT IP FUNTY (IP Source Address) WANFGM1 FatinanzdnnansenaazlszniAunann
FA1, FA2 %78 FA %Iuj ﬁ@giumhﬂL%N‘Emlﬁmﬁw’"}ﬂﬁwﬁu Fariu MN azfeauenusziian
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Lﬁlﬂﬁfﬂui’uﬁﬂmiﬁﬂmmm Mobile IP uazuuini1en1sdivilsaanssauzaes Mobile
P Fainanal5luuma 1 uds e luunii 4 4 @zLﬂuﬂqiﬂmeWuiﬂﬁﬂuwﬁ 1 U7 3 3
ﬂi:ﬂqﬂmﬂ%ﬂﬁﬁmﬁ%miﬁﬁﬂmu@ uazAAzvin Ay ludsAtinanans dausunanig
@"mm@xum@ﬁ%m@ﬁ'ﬂﬁmummm@mﬁLquﬁmiﬁmmﬂmlw?mﬂﬂimmmm%znmrﬁq

Twumdnlal

4.1 3EN1sNULEUD
Ay v a ° ! A o 2 i [ [
AN lAesLNANNININUUE Mobile IP wazdanetiuilgauila Mobile 1P 1349
v 2 G Wy ad i adaae P i o o gy o ¥ o A
waay azuiulddndsudayas i nwizaeslassananuansineiy vinliidesuazde day

v 1 v
o

wansnsiueanly FaiAstunAnfiazindafaas Mobile 1P AflLlaguuuAdUSy,
Tnslnaeadanisaninadeuiinislulassiigdiniunisuauslena fadne3aniia,
Twaimmﬁmmmmwm&dfauﬁzﬁwﬁvﬂﬂwﬂmLmzﬂgmﬁfﬁligﬁ IP Lﬂuﬁugm WAz
nsuaudlanefathal§resdedmiussuuimagan e udume idaunsaudndan iy
Tnedamnnanafeildun nsam handover latency Tt laguunanfutu, nnsld paging
eaandasuaes MN  ulnsinasadnnisaniniadeuiniealulasaiiadiniunng
LaUAlaNefatn9sIalse  (IDMP),ann13gaunigaaswininalulnsinasadanisanin
Lm?ﬁlﬂuﬁzﬁﬁﬁuimwwLsngmé:ﬁﬁﬁ P Lﬂuﬁugm waznsaanzifieuiisonisalunis
wauslanefetnglfressediviLssturaganifineruaumesidn

‘EﬁmLLuuﬁmmﬁﬁmmﬁqgﬂﬁ 41 (n) wa (1) AN/OUTANININIULBY (N) AIN1TD
asuneld Ae 1ile MN ipdaufiann FAT T FA2 udaldiudnanstlssnAsaunuann FA2,
MN a2ganaan s saenmeiiendmg FA2 anfths FA2 fetinagnsime e GMA e GMA
1509879 azmeuFuTnanstingulids MN eyl

FNEnENNIRLed (1) dransnasunslun nenld TnaEuann MN paauiiann
FA1 léla FA2 1dle MN lE5U981slsznAsaumw aan FA2, MN az3udenansiade
Asaaneiensiiu FAT antiu FA1 adednaansisellé FA2 udsanndi FA2 185y

24NA175099AN1FAINLITLUAIN FAT U0 FA2 Aavaetinngnssasaanisaansiiewiisa lus
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GMA Wl GMA Usudunieliiiunia 1a9a1nifi GMA a9pausuni1saanzideundau iy

dauRninmlales FA2 wag MN

=
|
: Internet

Home Network

HA : Home Agent

J

FA : Foreign Agent <:1 GFA (Gateway Foreign Agent)
MN : Mobile Node J
3Tl 4
Y

BS3

Paging Area 1 Paging Area 2

1. MN reads agent advertisement message from target BS (BS2)
2. MN sends registration request to FA2
3. FA2 forwards registration request to GMA

4. GMA sends registration reply to SA2
5. SA2 sends registration reply to MN

] o o o 4 Aal
Eﬂ'ﬂ 4.1 (n) ANFOIZNITNNIUADI NI INABA[ANITANINLAADLNNLALD 1
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HA : Home Agent
FA : Foreign Agent <:f GFA (Gateway Foreign Agent)
MN : Mobile Node 1
41| 5
| 3 v|ly

1. MN reads agent advertisement message from target BS (BS2)

2. MN sends registration request to FA2 via FA1
3. FA1 forwards request message to FA2

4. FA2 forwards registration request to GMA

5. GMA sends registration reply to FA2

6. FA2 sends registration-reply to-MN

519 4.1 (1) Anpouznisineuengineeadnnisan nipdeuiniaue 2

\189a1n Mobile IP i liidinnssasiunisld paging faameil Tunnsinenanin

[

nsreriulasedne@unaditn MN assesiinisdiusumdliiunianne A MN waau

| o o o

FA 4372 BS 915068, MN Az@9l10813 N NN UsAUZN I NIARAUNUa4AU R9NalE MN fag

b

gruideanany Tnamnnz Tuksuaadaniily picocellular axnnli MN Laau FA Nfnsia

1 1
¥ 1 =S

o A g9 o A A oA a a a X
AIELRLIATININ LW@IWﬂ’]?@@ﬂ"I?@ﬂWWLﬁ@’ﬂuV]ﬂqﬂluiﬂ?quﬂNﬂﬁzﬂwﬁﬂ']WﬂJ’]ﬂEl\W.lu N}

Fasiuilgelianunsnsesiunisld paging inatlszndandseuaes MN (Tnaannzadngga

skt ululagatng 4G luauam)
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De

AReluR T 131A9ANNTUNLUIAATEY multicast group NN3aeFUNT5 1 paging 14 6

q

wamslug? 4.1 nszuaunaineuzes paging d Buanmsdald FA soumadungue
Tnenguusiazngn axdendt Paging Area (PA) deazgnazy|ddan unique identifier i
Fein9n Paging Area Identifier (PAI) tila MN 1@gu PA, MN a21#50 PAI e n FA nanlua
{11N1e agent advertisement 709nga FA ngsilvd luanizii MN fensetlu PA T MN
Tidnflugesdenansienssusumicliiunig - S dufininadends MN, GMA ay
WnuAnnA L wdade multicast page solicitation message Aauanalis gﬂ‘ﬁl 4.2 Talfla FA
NN ] FA ﬁlfrﬂgﬂu PA 1 1dla MN 1§50 page solicitation message, MN azpaunau sy
fnansiasrensameon wudsafunsamedeoudt FA flvd ainti GMA mew

NAUANE 11R1IMBLSUNIIAINEITEU LAZAILANINANI 1 MN ANNATGL

Time GMA SA1 SA2 MN
[ticast page solicitation message

M\A\L

page solicitatign message

m guest message

registrption request mesgage

//
\

registration reply messa ;e\A registration reply message

a @

519 4.2 unudananaesnisdtyin Weluinnaasnigs MN agl idie state

eaZlAEAIAIN1IR LA AzduRauaNNNTnas U lAsesa TUR
411 N19@S19NUNNISINA (Paging area construction)
ANATNNIWBY P-MIP WUNNI9INA (paging area) Azszynenaneiad (ID) szan
3 4 Y Y L X4
209N UNNI9NALW wazdsznaudaslasetinaetnden 2 TAsadng WUANIINAdINITD
. v X . . . d4 -
AMUALAAINNUTILLRILIIAFIUANN U annpdauizedtun,  UuuLaemanin,

AdvunLUuasun Wiy Asiuluadoulvnjasadaunagnialdnunnisinathaaiu
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[ '
& A o

WunnIsmagINIsan mualaRas§AuANALA (administrators) IAEINTIAIMBANIINH AN

FauNUANNNURWFAaTE (FA)
Tunsaifiisasiarsaniuininnawuy lddeauiuniu (non-overlapping  paging
NP o X 4. d' .
areas) tnglasstnaazfnsaiuinunnIsnaies 1 Wui Aeuanslugili 4.3 aangilazisiuga
M | A A Y o ' ~ = . X A
TWlAuanenissialee szudnesiuiinsanadaaiu uian1iiguvselasadnas1aiun (FA) az
AeNUBUINeSIIA LA lAamT
1W3Bn13289 P-MIP 912413152 Afaunu (agent advertisement message) Azl

1 v 1
foyaiuANaINAN Ao HAIUIBSUNNEIATNWANISINA (paging area ID) unsnludngans

777 1R

Internat Backbone

1T2NIAFLLNL

d' d’l’ dl 1Y o o o .
31]1/1 4.3 Nunnrgwanu Tddassiumi (non-overlapping paging areas)

4.1.2- N15AFIIRFNINLARAUN (Movement detection)
3NNl RTMATARNINLAARUN 11 Mobile IP & 2 A8anariu Aa
339 1
[ dl dl F 73N o 1
p3aadanisiaaaunlaanisldiiaansseniAsiauniy uardaena uinaLIednNg
1ls2nA (advertisement lifetime) 1HaluAAABUN (mobile node) §UMN9@13UsenARILNY

Tupazfsdaananunangaaanislsznideanuiulinluaies d1Tualaldfudnaans
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dszniasaunula neundaaainuneigaesnistszniAazunneny lunarduilegiudn
fareslandeuiidnalilnsting lusud
357 2

TupipaeuiaziFaufian network  prefix  #lEFUaNNgM9813152 N AR LWL
network prefix ﬁ@f-gﬂuﬁmﬂé’%u 1 network prefix 14 Tupazdulingiudnsaiecls
waewufitnali lnseting lusiudn

" 44 , v A da A

dnlunndeunaluanin active uazngaladinaaundulasaiasnanui Tupas
Ql v 8% 1% = A dal o ¥ o
Busuuaudlanefioanisfesaanisameiian lunstlduil founuiinug (HA) uazfouny
S A o . - « 3 4 4
pafiunazliuaumdsrestunimuniatudaaiu luniemseiudn danluapaeunetlu
an i idle uazmIaladnaandnlassinadeiunusdag lununAnswamaaiu Tuals
o 3| ¥ % = a
Anflusies¥esranieamzidendn

Tunsaiivunnisman dewiuiu Tupaziinndeanaunneigaesinoansilsznia

anAanuEeNud (FA)  arlualilasudnagnsilsznisainfqaunusneiuisamnnislu
dl 1 @ a 1 a 1 o/ o/ 1 dgj dl v
wanszyldludaanaimuneny lunazdutisgiudnlunaianisinseiusaunus1eium &
TuplFFuanaansdseni Al TN NANAILNUA N ABN AU AN TN UN AR AL UNADNE
TUAALATINFAUNNLLAVLILRNNLANIINATWAL D UNTD AR NUNLLAUL T TRNNUNNN S
WAAN SuNneaalsrarfiuin1smamteuiy lunasldnssineslsuananfnninnisds
d1ansuszniAanfiounulud daunneaalszannunniswasiiaii e luanw idle

= o o 1 n&/ dl o 1T Al
AzaINZEUALANUANNINAL IUNALN

4.1.3 N19aanzLiiay (Registration)

o =

Tnadailue/n1samzdauruuInag P-MIP-RR Tlanuedsyn 1 fepsiinazuiunig
Py o aal ! o o ax ana Na ~N A | o aca
Af"E7] 1LAE Mobile IP A U3LATIANEAEY 2 ATRNANINT89N1IaNE e uNuANFNSTLTEN
cg.\l/ aa | aa 2 dl % 1 % = dl ad
1 UATTNABNRBUANFNIANNTS Mobile IP Ainngad1etnnais¥asaanisasviziliau 9luasnng
199 Mabile IP az¥asaanisaamnziiaunsaialunilaaulasatingsnanui, deana1munaig
4 A o

m@qm@mmﬂﬂwmmq (viraiFenfudn “registration refresh”) 43e luansaadnlidn

o ] da’ dla o a o =l :J/ o o ad
FAUNUFANNENT AN Riazidan1suludanass (rebooted) ANUTUITNNTUDN P-

£3 1
A A 1

MIP-RR av¥a11an13aanzideasiiaiuanadn le9161aama aundnununnisina, 49440

uNAaNgeINITaImzidaunneit, Tuwangadalddnsmunuseiuntanisitanuuazde
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nanneulud,  Bdeyadannlilunluasnlunegsaniuniuazesluann ide  vzalun

Fesnsdadnyanan

N719UN19 Update CoA 1ie MN ag/luaniue idle uaziadaund1u PA (Paging Area)

Start

\ 4

Paging update message from MN

»i
)

) 4

\\\ No Set entry to (MH IP Address, CoA >MGA,
Am I a paging initiator (GFA)? ——>| )
Port A

Yes
\ 4

A 4

Forward paging update message hop-by-hop to

Set entry to (MH IP Address, CoA ->MGA, Port A) GFA

) 4
Forward buffered packet to MN

End

519 4.4 nIvuaNNIg Update CoA 1a MN agfluaniuz Idie uazipdauidu PA (Paging

Area)

4.1.4 n9tnAa (Paging)

-dl o 1 i’ dl o ] dl 1 . % ¥ o/ | dgl dl

Wagaunusinanunszyaunisaasiuniagluanin idle lAudns siaumusinsivunay

y Y o & Y . L& Ay o

wndnnansFesaeniamalifanunnialinisaseunguasfiaunustsnuniuLasdesie i
. X e A X 4 L x .
unustunaunagngluRuRNIsALRE Y (N1FWNFT1NRNTHATBLLUNANNIID
unicast)

Wa FA FU11941950920N19WAANNFALNUNIINA (paging foreign agent) FA Az

i
=

[N v 1 o i’ dl o %’/ dl dl 4 o
LLW?“II’]’J@’W??@\?“II@T‘I']?LW@N’]uﬂqﬂ"lﬂ1ﬂ£|<'l‘W1<l‘V]‘V] FA ‘]Jﬂﬂﬂqll NANINUU Tumm@@uwimmu
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19@ansNIsNatiazAun Nagiiny 2896189 A19INI19E1TNNNAENIATN FA TTaqiiug

TuapsRnfazadsfae Tunazdstna1snausunisnalldesaununisina taelddas
- a . . Al X
amzileular uazilasuaninann idle wuanin active unsiingnaansniswaiinnenn
FA fialual TupazAunn Nagiinu aavdates uazlduunaiad IP 49A919 (CoA) Tudnaansnay

sunnawaldsia FA

4 ve . - 4

1Ha FA Ta5udnngnsmausunisaansideuaaalunann HA, FA azidasugninaey
Tupann idle 1w active wazdssadnagnstilldalun d1Tualuldfudnnansit ananaaalun
azfapadluidle  d1wn FA lafudnnansmeuitnismanlusiudnaundusnli FA avaq

fayallilun dlunldfuwinnaluanziegluaninidle Tunaznsaaaaudndn FA Aids

=2

ayan Il FA Nlunagsasasnzidaulusisan Tuaaznimum CoA Mfaadasi FA 6o

& o .

1 waziasuanimdy active
dnvnsaununiamalilffudnsatsneuiunismanialunainnovuald saunu

NNINAATAMINIEINNTNABNATY uAdIUNFTEagaInNAagIadn1sazLdauealus

UNABE UTEUINN FA #9299479N19A AIUNUNITINAAZUYARITNIEINTINA
TunstinTunaaaun hldslassinalud nsgoyusvasdtaansaauiunianalals

o 4 da . - e da X :

dulrasninansznuiungsusunisiauaesiuauintn Adwduineizdnlunas

AU unulaetaf9NLRfawNazdetinng1InausUNITING

NISUIUNITITNANNNTATIN Paging message
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‘ Packet arrives from default route port ‘

Packet arrives from default route port ‘

'

‘ GFA forward packet to default router ‘

GFA encapsulate packet and
send to current MN ’s FA

a8

= Idle
Is MN idle or acw Buffer packet ‘

FA decapsulate packet and l
send to MN Active
GFA send paging request message to MGA

‘ GFA forward packet to current MN ’s FA ‘ l

l MGA forward this message to
‘ FA decapsulate packet and send to MN ‘ their wireless network

= |

> End <

Paging initiation processing
a a % % .
gﬂ‘ﬂ 4.5 NITUAUNITLTNAUNITATIN Pagmg message

415 n1sAAN15UaYa (Data handling)

1
A

AN URNNAAINFUN RIS TUALPARUN HA azdauininasallss CoA aadlun

waeunnNeg uiunnaas HA - Geazimenlesiu GFA  uay FA  faqiiuiiluaip@oui
Ansiodednssan e GFA THFLUANINA GFA agmsnaaeudnltiuin CoA 1a4lunAaaud
aglu GFA vizali d18 GFA azmsageudn P luinnassfesaanisamzidauadlun G169

=

AN P TR 13 GFA %mfmmu%nﬁé’é\idmmwmmiumLmﬁﬂuﬁ@fﬂummwlm I active %179
idle 5ﬂumﬂ§@uﬁmﬂmmw active, GFA aznanuininauazdsienndeluainiand &
Tunagluaniw idle, GFA azdvinnansfeszaniawalildy FA uazTunpdeul wiauiy
dnseaufininalii GFA  aundnazldfuinansneuiunmsmaaniunmdenii fminlua

inaauTalu GFA 81 GFA flaqifuazauiiuninuesiunnaeuniauaiaeivly
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07 AfsniuardeundeiTefuuAnna luanmindu idle,  GFA aziFutiungn
active timer lusinnaa uazFresliualaeiazBuAulLINa active timer siduiy d1uan
Nanstinunlinauiudnaansniswaann GFA e GFA aziiuininandisasls

. 4 d , : o a4y

dnlunndeunagluanin idle  Tupazasragaudnlunaglnsstneinvzaliann
110819n13dsznIAan FA w3ade110419 solicitation tilumadeunlldslassinalus Tus
azBufuiunaunsamzidawielfuiunnieguelualy HA uaz GFA neunarinisfu-

AUANLN R

nFEULNITABLTLEE MN A5 Paging message aan FA

Start

A

Regional registration request message with

active mode from MN

A

No
Am I a paging initiator (GFA)? _————%| Setentry to (MH IP Address, CoA ->Port A)

A\ 4

Yes
v Forward regional registration request message

Setentry to (MH IP Address, CoA =>Port A) hop-by-hop to GFA

\ 4
Forward buffered packet to MN

End

519 4.6 nszuaunisrauiLEe MN 165U Paging message a1n FA
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lunsarmeiiBununisdyoaludetindansazanileaneaiuan FA iumnan

[ %

a1 FA Ranuuwindulusazinlllagupiansnizaaanldiatiuansneiy aniaianig

= [~ 1 v Y
ANNZLUEUNANFAINNLAIE

PA PA PA

PA FA | ¢4 1/4 PA
1

PA PA PA

519 4.7 Inldlagaesnswmasinisdeyoynns

AN 4.7 19nazleian
L=IyN  Teai N = /N =<{7UU PA
| =¢Jn Tpem n = AU FA

fati Waunuat N =+/n T L=1J/N azlg

Lzﬁ\/ﬁxmzﬁx/ﬁx\/\/ﬁ

L = é\/ﬁx(nllz)uz _ E(nl/z y n1/4)

L — €n3/4

Feaziinpn L AR 9 lun A manzimazldnananeld

i FAnEINTAATIzin1sdy N saenzideuaesas Mobile 1P way Paging

Mobile IP uaziruniseansldduiunisinszinisdtynyrmunisaesmeideunesis Mobile

IP Regional Registration LLag Paging Mobile IP Regional Registration WaANBKANTEZNL

91T sdynuiiiaannnisdasuntlatauna PA waz Auiaa89 Mobile Node

v o = [ ac = 1 Qd-dl v a '
‘W?ﬂllﬂ‘]_lL‘]_l?fﬁl‘l_lLV]EIUTJ?N’]Mﬂ’]?@E]&m&IWm%I@QQﬁﬂW?ZN‘V]ZLUHHLLM@ﬁQﬁVIiﬂ@’]ﬂﬂ”I?QLﬂﬁ"]:ﬁ‘ﬂ
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dwiunsiensinedynndlulasedng  eassedeannmguiNenistiasz

LDQ
Zhe

- HANI9NNTAAALATEY Mobile Node Rn1suanuaduus Uniform 3541914 (0, 27 )

- Mobile Node lAAUNANLANNLTIRALIAIN

=

- ANNUUNLLULAAY Mobile Node ( p) Hn17uaniiagiuyl Uniform

¥
o o

< e A d J
- Nunressaakariunnsmalugldmasudn s

X

= o rdl 1 dgl ai 1 % &
- HRUIUEAANOE UAUANIINAWIANY N LEaa
- HANENTRLEARYINAL £ LURAT
al dgl dl 1 o
- HAMNLNITAUNUNNITENALINAY | LHRS
- HANENRLIANEINGL L 1WAg
AIIULINANNTTOUIR AN FTNHLTAR, BFHTINNTIIN PA WAZERNTINITIHN GFA 289
Mobile Node l#isail
- AuFudRenistaaasAIInlAaIn 1 = pvi
- dmennadan PA Awanuleann Fon = VI

- dmsnsdnu GFA ATuatleann Feen = OVL

Bununisdyrunlaainnisimsazilazag lugduuunesuaguasning
weighted distance (number of hops), ANUIUATIUAINTAIN LTI 811 LATANUIUINIE19NT
Ayyrounfivenigma wanzasiuni199tA1ein 198 N saa9I sN1TaINELd A ULAAZID

ANNNTDALATVLF AT

421 mM5AAsIEANSAUEad Mobile IP

2
/
SMIP = dHA,FA(RcoreWcore + RIocaIWIocalI ) I:rcn + p(Zj nrr:|

2
vl l
=d HA,FA(RcoreWcore + RIocaIWIocaI ) |:7 n+p (Zj nr, :|

Taei

%

Syp P AUNUNNI4EYEI104289 Mobile IP (weighted hops*packets/s)

dinea AB FTEENTNURAYITUING home agent uaz foreign agent (hops)
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R A8 8RTdauauIK hop TulATaTNaNaNARS1UI hop TIAUNARNN home agent 4

core

foreign agent

¥
A8 RTdauauIn hop lulATeneeaefaaual hop HaMuAaIN home agent D4

Rlocal

foreign agent.
W_,. A8 A1 weight 189 hop wsay hop lulassdnavan
W, ., A8 A1 weight 784 hop waaz hop lulasstinasias

r. A 8nsNN3INLIasTaY Mobile Node (mobile nodes/s).

A o

P N T
n Af ”“Q’]HQML%@@VI@%IMWMVIW]?LW@

X

£ AR AMNUUNLULLEY Mobile Node (mobile nodes/m?).

Y

V A8 AINL5I989 Mobile Node (m/s).
! g ANNENITALILEAS (M)

1%

r, AR AINRALNTNUAU (refresh) 289N19AINTILU TNAZNEIUVNNLRIYNITAINCLLIEU

4.2.2 MSAATIETRNSAAINMURS Paging Mobile IP

. ovin (4.2)

P V4

AN [4], uuN19EaIeIneeY Paging Mobile IP AnzFlFann



54

SP—MIP =d HA,FA(RcoreWcore + RIocaIV\/Iocal ) (43)

x{rp+a(rcn—rp)+p(§) nr,
f 2
+p(zj n(l—a)(ﬂ,d+/ta)}

+ (n _1)(d FA‘FAwlocaI ) p(%j ﬂ’an(l_ Ol)

= d HA,FA (RcoreWcore + R Wlocal )

local

{pvgﬁwp—vg(n—ﬁ)w(ﬁjz ,
T T 4
+p[§] n(l—a)udma)]

+ (n _1)(d FA,F/—\WIocaI ) P (gj /’i'an(l_ 0!)

Tne?

%

Sp e AB BUYUNTATYIUIRUBY Paging Mobile IP.

[7ag7]

A a ! -
Aeapa AB FEEENNAALITENIN foreign agents (hops).
a o S A :
r, AB BATINITUTNNUNNITNG (mobile nodes/s)
a P8 FRINAIUTRIRUI Mobile Node MiRan1qzifll active saa"11491 Mobile Node
PUN A

“ p—
| A9 ANYINTRLNUNNITING (m).

N

o))

2 dm31e3a11141 289 Mobile Node (1/s)

N

8 8m3103/a1198N28¢ Mobile Node (1/s).

— oo
po)s

An ANENITELLNALAE (M)

423 m‘ﬁms‘ﬁxﬁm‘iﬁtyzyﬂmmm Mobile IP Regional Registration
o a I's o = 1 Y o
1@19190UN g uLLNAAIEinNsd U insaenLliauaed Mobile IP 14y
Mobile IP Regional Registration 16tagin1stinfiununisdnyy1uae33s Mobile IP ausiae
AU UNNIaInzLiEuaIn Mobile Node 7 home agent 49935n19asnzLieuiuy Mobile 1P

Regional Registration udnslasail

N 4.4
_ pvL _ pr\/ﬁ \/ﬁ _ pv£n3"‘ (4.4)
V4 V4

HR
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Swip-rr = dHA,FA(RcoreWcore + RigcaWiocar) (4.5)

- , 5
rN—rys +p(zj nl’r:|

=dHA,FA(R Woore + R Wlocal)

X

core” " core local

3/4 2
oty o (1) }
T T 4

X

Tne
I AR SR9IN1989NZITEUAIN Mobile Node Tiv home agent

Syip_rr e ﬁunum?z@mﬁmmm Mobile IP Regional Registration.

%

4.2.4 n15ATIZINNTRAIEUIRARY Mobile P Regional Registration with Paging

o @

Support (AENISNUNARDIEN 1)

iaNnsntingluuunasItAseinasdnynaunnsasn s iauaes Paging Mobile 1P

ar

PR kitasy Paging Mobile IP Regional Registration Ipsaid

Se_mip-rr = darara Wigear ) X |:rp +a(h=re=r) (4.6)
ey oY
+ p(zj nr, +p(ZJ nd-a)( Ay +4,)

+nzp[§j a-a)2, ]

T

= dFA,FA(WIocaI)X |:,DV€\/H +ap_\/f(n _\/ﬁ_ n3/4)
V3

+ p(%} nr, +p£§j nl-a)(4, +4,)

+n2p(§j (1—a)/13}

i ag v A = , )
AN ZANNA BAN1TNUAUNTAINZ LT EIL (registration _refresh) 289019

= aal [ (% 9r..// dl a d” A = %
AINTLUEUVINIDANYANY AaIAITNaz AN LA NN THUALNA ANz Dl

¥ = o dqj A = =X 1o
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Abstract— In this paper, we present a comparison of IP routing
in mobile environments. We consider four protocols: Mobile IP,
Mobile IP with paging support, Mobile IP Regional Registration
and Mobile IP Regional Registration with paging support. The
comparison is done by mathematical model and simulation. The
comparative metric is signaling costs which are measured
composed by registration and paging messages. The comparison
considers in several system parameters such as the number of
base stations in paging area, cell perimeter and mobile node
velocity.

l. INTRODUCTION

Mobile IP [1] is a solution for mobility management on the
global Internet and allows mobile node to maintain all ongoing
communications while changing links. Mobile 1P provides a
mechanism for routing IP packets to mobile nodes which may
be connected to any link by using two IP addresses. The first 1P
address is called home address which is permanent IP address
and another is called care-of-address (CoA) which is temporary
address that changes at each new point of attachment.
However, Mobile IP still has several issues that have to be
solved. They are inefficient direct routing, RSVP operation
over IP tunnels, seamless intra-domain handover, mobility
routing crossing in intranet etc, see [2].

There are several proposals that solve these issues in
different objectives. In this paper, we investigate two well-
known proposals in terms of signaling cost. The first proposal
is Mobile IP Regional Registration which is proposed by the
Mobile IP working group of the Internet Engineering -Task
Force (IETF) [3]. The second proposal is Paging Mobile IP [4]
which is the approach that allows a wireless system to search
for an idle mobile node when there is a message destined for it

In addition, we present a mathematical-model for signaling
cost of Mobile IP Regional Registration and Mobile IP
Regional Registration with paging support by modifying
signaling cost model of Mobile IP in [4]. This mathematical
model is used to compare signaling cost of Mobile IP and
Paging Mobile IP Registration. Furthermore, we simulate the
protocols using NS2 [5].

This paper is structured as follows. Section Il discusses
overview of Mobile IP, Paging Mobile IP, Mobile IP Regional
Registration and Paging Mobile IP Regional Registration [6].
Section Il evaluates the signaling costs of Mobile IP, Paging

Mohile IP, Mobile IP Regional Registration and Paging Mobile
IP Regional Registration. Section IV presents the analysis
results. Section V shows and analyzes the simulation result.
Finally, in section VI, we make some concluding remarks.

Il.  OVERVIEW OF MOBILE IP, PAGING MOBILE IP, MOBILE
IP REGIONAL REGISTRATION AND PAGING MOBILE IP
REGIONAL REGISTRATIONS

A. Mobile IP Registration (MIP)

Mobile IP is a network-layer solution to node mobility in
the Internet. When a mobile node moves from an old network
to a new network, it obtains an advertisement message from
new point of attachment served by a foreign agent. The
message consists of care-of-address (IP address that represents
the new point of attachment of the mobile node). Mobile node
registers its new care-of address with its home agent by sending
registration message through current foreign agent to mobile
node’s home agent. When home agent obtains a registration
message from mobile node, it replies this message by sending
registration reply message to mobile node. If there are packets
destined to mobile node’s home address, home agent will
intercept and encapsulate them to the mobile node’s care-of-
address, they are known as tunneling. Then, the foreign agent
de-capsulates the packets and delivers the packets to the mobile
node. By using Mobile IP, the source computer, known as
correspondent node, can send packets to the mobile node while
changing link.

B. Paging Mobile IP Registration (P-MIP)

In cellular network, paging is used to locate idle mobile
station prior-to establishing incoming calls. When there is an
incoming- call destined to-mobile node, the mobile switching
center (MSC) will broadcast a paging message to all base
stations within the same paging area (Paging Area is group of
base stations under the same MSC) and the base stations
broadcast this message in their own cell. From the concept of
paging as mentioned above, [4] adopted paging into Mobile IP
environment to reduce signaling overhead associated with
registration and location system database updates and reduce
power consumption of mobile node. All of procedures in
Paging Mobile IP are the same as those in Mobile IP, but there
is an important different point between Mobile IP and Paging
Mobile IP, that is, in Paging Mobile IP, idle mobile node does



not register when moving within the same paging area, while it
is not the case in original Mobile IP.

C. Mobile IP Regional Registration (MIP-RR)

Home network
‘H
Core Network

l ome registration
Regiowal
registratiq FA

n

Mobile node

Figure 1. Registration scope of Mobile IP Regional Registration.

Registration scope in Mobile IP Regional Registration is
as shown in Figure 1. There is one gateway foreign agent
(GFA) at the top level and foreign agent (FA) beneath the
GFA. When mobile node arrives at new visited domain, it
reads the advertisement message from the new access point
within visited domain. On receiving the advertisement
message, the mobile node will get an care-of-address and send
Mobile IP Regional Registration request message to foreign
agent. Foreign agent forwards this message to GFA identified
in the care-of-address field and GFA relays it to mobile node’s
home agent without modification of the registration request
portion. The home agent performs the normal operation by
sending registration reply message back to the mobile node via
GFA and foreign agent.

When mobile node moves from one foreign agent to
another foreign agent within the same visited domain, it
registers its point of attachment with GFA by sending a
regional registration message to GFA. On receiving
registration request, GFA will create a regional registration
reply message and send back to mobile node via foreign agent

D. Paging Mobile IP-Regional Registration (P-MIP-RR)

In P-MIP-RR, we adopt paging scheme to cooperate with
MIP-RR. When packets are destined to mobile nodes, the home
agent forwards them to the gateway registered by the mobile
nodes, known as GFA. GFA checks the mobile node support
paging or not. If the mobile node supports paging, then the
GFA checks the mobile node’s operational state. If the mobile
node is in active mode, the GFA encapsulate packets and
forwards them to foreign agent registered by the mobile node,
known as FA. The FA de-capsulates packets and forwards
them to MN. If the MN is in idle mode, the GFA starts buffer
packets and sends a paging request message to all other foreign

I

agent that reside in the same paging area (PA) and the same
GFA.

When the MN received a paging request message, it
registers with GFA through the current foreign agent. After
MN received a registration reply message, the mobile node
sends a paging reply message back to the GFA and GFA
forwards packets to MN.

IIl.  ANALYSIS OF SIGNALING COST

We study signaling cost of Mobile IP, Paging Mobile IP,
Mobile IP Regional Registration and Paging Mobile IP
Regional Registration and how paging area size and mobile
node speed can impact the signaling cost under variety of
system conditions.

For the analysis of the signaling cost on network, we
assume a fluid flow mobility model as in [7] and also assume
that paging area and coverage area of foreign agents are square-
shaped where there are N foreign agent (cells) in a paging

area. The perimeter of foreign agent is £ (m), so the perimeter
of paging area is | (m)( | = K\/ﬁ). The perimeter of gateway

is L (m). Area classification is as shown in Figure 2. In fluid
flow mobility model [7], mobile nodes are moving at an
average velocity of Vin uniformly distributed directions over

[0, 27 ] and also uniformly populated with density o . So, the
rate of registration area crossing, I, is given by

ol D
r=—
T

PA PA PA
\ U4

PA FA 14 | 14 PA
\

PA PA PA

Figure 2. Area classification.
The rate of paging area crossing, I, , is given by

Pl @
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T

The rate of gateway crossing, I, , is given by
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In this paper, the signaling cost is represented as the
product of the weighted distance (number of hops), the
registration and paging signaling message travels and the
signaling rate [4]. For simplicity, the air interface is assumed as
a single hop in the wired network.

A. Mobile IP Registration (MIP)

Like in [4], the signaling cost of Mobile IP could be
presented in:

A% 4)
SMIP = dHA,FA(RcoreWcore + RIocalvvlocal) rcn + P Z nrr

vl L)
= dHA,FA(RcoreWcore + RIocaIWIocaI ) |:p7 n+ p(4j r"’r:|

Where:

Sypis the signaling cost of Mobile IP (weighted
hops*packets/s).

dyara is the average distance between home agent and
foreign agent 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 home agent and a foreign
agent.

Riocar is the ratio of the number of hops in local access

networks to the total number of hops between a home agent
and a foreign agent.

W.__ . is the weight of each hop in the IP-core network.

core

W, is the weight of each hop in local access network.

I, is the registration area crossing rate (mobile nodes/s).
N is the number of cells considered in a paging area.

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

V is speed of mobile node (m/s).

/ is the perimeter of cell.

I.is the average mobile node registration refresh rate

which concerns about registration lifetime and registration
triggered for other reasons (e.g., by an agent advertisement).

B. Paging Mobile IP Registration (P-MIP)

The paging area boundary crossing rate ( r, ) is

78
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From [4], the signaling cost of Paging Mobile IP is
Se_mip = Guara (ReoreWeore + Rigear W,

core” " core local * " local ) (6)
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Where:

Sy e is the signaling cost of Paging Mobile IP.

Oy is the average distance between foreign agents
(hops).

I, is the paging area crossing rate (mobile nodes/s)

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

| 'is the perimeter of paging area (m).
A, is the incoming data session rate of mobile node, it is

also the paging rate of mobile node (1/s)

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

C. Mobile IP Regional Registration (MIP-RR)

We adopt and modify signaling cost formula of Mobile IP
into Mobile IP Regional Registration from signaling cost of
Mobile IP Registration minuses by signaling cost for home
registration of Mobile IP Regional Registration as shown in (8)
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Where:

I'r is the rate of home registration.

Swip_rr is the signaling cost of Mobile IP Regional
Registration.
D. Paging Mobile IP Regional Registration (P-MIP-RR)

We adopt and modify signaling cost formula of Mobile IP
into Paging Mobile IP Regional Registration. The formula
shows as following.

9)

Se_mip-rr = Aorara Wioear ) X |:I’ +a(rn—re-r)

+p(gnr +p[‘]zn(1 @) + 1)

+n p[ j(l ), |
pvf\/ﬁ+
T

l
:dFA,FA(WIucaI)X|: a%(n—x/ﬁ—n“)

+p[§j nrr+p[§j nl-a)(Ay+4,)

o

For registration refresh, we may adjust the registration
lifetime in P-MIP to make the refreshing cost in Mobile 1P,
Mobile IP regional registration and P-MIP equivalent. Thus, in
the signaling analysis, we can-ignore the effect of refresh [1].

So, I, =0 and we normalize the signaling cost in (4), (6), (8)
and(9) by usingd ;, 4 (R + RiocatWioea ) - Equations

core core local

(4), (6), (8) and (9) could be simplified to
o4 " (10)

MIPn =

S
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v/ (11)
Se_mipn = 2 (\/ﬁ+0{(n \/7))
A%
+p(ZJ n-a)(4, +4,)
deppa(D —l)p(€/4)2n(1—0{)/13
d HA,FA ( Rcore I:aw + RIocal )
v/ (12)
Syip-rRn = ,D_(n - n3/4)
T
Where:
R, is the hop weight ratio of W, to W, ,, -
(13)

SP—MIP—RRn I:pvg(‘/ﬁ"'a(n \/> l’l3/4))
+np( ) l-a)(4, +4,)

+Nn p( j (1 (Z)ﬂ. :| HA,FA(RcoreRW+ RIocal)

IV.  ANALYSIS RESULTS

We assume the following condition for analyzing systems.
Systems have an average perimeter cell size of 4000 m,
average mobile node velocny of 65 mph (28.9 m/s), user
density of 0.0002 user/m? the average number of hops between

foreign agents (dFA‘FA) is \/_ the number of hops between
home agent and foreign agent is 16 hops, the hop weight ratio
(R,) 88 R,.and R, is 0.5, the ratio of the number of

active mobile nodes to the total number of mobile nodes is
0.05, the incoming data session rate of mobile node is 0.0008/s
and the outgoing data session rate of idle mobile node is
0.0008/s.

As shown in Figure 3, when the paging area has a small
number of cells, the signaling cost of Mobile IP Registration is
increased faster than Paging Mobile IP, Paging Mobile IP
Regional Registration and Mobile IP Regional Registrations.
However, the signaling cost of Paging Mobile IP registration
still increases faster than Mobile IP Regional Registration when
paging area has a large number of cells. This is because paging
messages are unicast to all cells in a paging area.
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Figure 3. Effect of paging area size on signaling cost for Mobile IP (MIP),
Mobile IP Regional Registrations (MIP-RR), Paging Mobile IP (P-MIP), and
Paging Mobile IP Regional Registration (P-MIP-RR).

Figure 4 shows the impact of mobile node velocity on
signaling cost. When the number of cells in paging area is 49
cells and mobile node velocity is increases, the signaling cost
of Paging Mobile IP Regional Registration is less than those of
Mobile IP, Mobile IP Regional Registration and Paging Mobile
IP Registrations. This is because the boundary crossing rate is
increased, which causes higher registration messages.
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Figure 4. Effect of mobile node velocity on signaling cost for Mobile IP
(MIP), Mobile IP Regional Regitrations (MIP-RR), Paging Mobile IP (P-
MIP), ) and Paging Mobile IP Regional Registration (P-MIP-RR.

When the number of cells in paging area is 49 cells, mobile
mode velocity is 28.9 m/s.and the perimeter of cell is increased,
the signaling cost of Mobile IP and Paging Mobile IP
Registration is increased faster than Mobile IP Regional
Registration as shown in Figure. 5. This is because cell area is
increased, which causes higher number of mobile nodes in a
cell area and more registration signaling.
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Figure 5. Effect of cell perimeter on signaling cost for Mobile IP (MIP),
Mobile IP Regional Registrations (MIP-RR), Paging Mobile IP (P-MIP), and
Paging Mobile IP Regional Registration (P-MIP-RR).

V.  SIMULATION RESULTS

The simulator was implemented using NS2 [5]. We
recorded signaling for all schemes. In order to validate the
analysis, we use the same assumptions and system
configuration as discussed earlier whenever possible.
Simulation and analysis results could not be directly compared
in a numerical sense because of the differences in the mobility
models used. However, some coarse observations can be made.

Simulation model of these results is shown in Figure 6.
Simulation result for effect of paging area size on signaling
cost is shown in Figure 7. Figure 7 follows the same trends
shown in Figure 3 when the number of cells in paging area is
fewer than 50. The simulation results confirm that in order to
improve system performance of all schemes, it is important to
select the appropriate number of cells in a paging area.

Backbone
Network

Figure 6. Simulation model for Mobile IP (MIP), Mobile IP Regional
Registrations (MIP-RR) and Paging Mobile IP (P-MIP).
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Simulation result for effect of mobile moving velocity on
signaling cost is shown in Figure 8. When the mobile moving
velocity increases, the signaling cost of Paging Mobile IP
Registrations is less than those of Mobile IP and Mabile IP
Regional Registration. The simulation result in Figure 8
concludes that the signaling costs follow the same trends
shown in Figure 4 when mobile node’s velocity increases.
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Figure 8. Effect of mobile moving velocity on signaling cost for Mobile IP
(MIP), Mobile IP Regional Registrations (MIP-RR) and Paging Mobile IP (P-
MIP).

VI. CONCLUSION

In this paper, we have analyzed signaling cost of Mobile IP,
Paging Mobile IP, Mobile IP Regional Registration and Paging
Mobile IP Regional Registration. From the analysis results, it is
observed that signaling cost of Paging Mobile IP Regional
Registration is less than that of original Mobile IP, Mobile IP
Regional Registration and Paging Mobile IP Registrations.
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Thus, among the four registration schemes, Paging Mobile
IP Regional Registration utilizes the least registration
messages. This leads to gain high scalability. When the
simulation results are considered, the signaling cost of Paging
Mobile IP is still less than original Mobile IP and Mobile IP
Regional Registration. Therefore, we hope that the signaling
cost of Paging Mobile IP Regional Registration in simulation is
less than those of them. We are in process of implementing
Paging Mobile IP Regional Registration in Network Simulator
[5] to observe the comparative performance as a function of the
various systems parameters such as wireless losses, handover
etc.

REFERENCES

[1] C.E. Perkins, ed., “Mobile Networking Through Mobile IP,” IEEE
Internet Computing., vol.2, Issue: 1, Jan.-Feb., pp.58-69, 1998.

[2] S. Dixit and R. Prasad, “Wireless IP and Building the Mobile Internet,”
Artech House universal personal communications series, USA, 2003.

[3] E. Gustafsson, A. Jonsson, and C.E. Perkins, “Mobile IP Regional
Registration,” Internet draft (work in progress), draft-ietf-mobileip-reg-
tunnel-04.txt, March 2001.

[4] X. Zhang, J. G. Castellanos, and A. T. Cambell, “P-MIP:Paging
Extensions for Mobile IP,” IEEE Mobile Networks and App., vol.7,
pp.127-141, 2002,

[5] UCB/LBLN/VINT Network Simulator (NS), http://www.isi.edu/nsnam.

[6] H. Haverinen and J. Malinen “Mobile IP regional paging” Internet draft
(work in progress), draft-haverinen-mobileip-reg-paging-00.txt, June
2000.

[7] S. Mohan and R. Jain, “Two user location strategies for personal
communications services,” IEEE Pers. Commun., vol.1, no.1, pp. 42-50,
1% Quarter, 1994.



82

SIGNALING COST ANALYSIS OF MOBILE IP,
PAGING MOBILE IP, AND MOBILE IP REGIONAL
REGISTRATIONS

Tanapong Poungkong and Watit Benjapolakul

Department of Electrical Engineering, Chulalongkorn University, Bangkok, Thailand
E-mail: t_poungkong@hotmail.com, watit.o@chula.ac.th

ABSTRACT

In this paper, we adopt and modify signaling cost
formula of Mobile IP into Mobile IP Regional
Registration to analyze and compare signaling cost with
those of Mobile IP (MIP) and Paging Mobile IP (P-MIP).
Signaling costs are measured from registration and
paging messages only. We also compare the signaling
costs when the number of base stations in paging area,
cell perimeter and mobile node velocity are considered.

Keywords: Mobile IP, Mobile IP regional registration,
mobility management, signaling cost analysis.

1. INTRODUCTION

Mobile IP [1] is a solution for mobility management
on the global Internet and allows mobile node to maintain
all ongoing communications while changing links.
Mobile IP provides a mechanism for routing IP packets to
mobile nodes which may be connected to any link by
using two IP addresses. The first IP address is called
home address which is permanent IP address and another
is called care-of-address (CoA) which is temporary
address that changes at each new point of attachment.
However, Mobile IP still have several issues that have to
be solved. They are inefficient direct routing, RSVP

operation over IP tunnels, seamless -intradomain
handover, mobility routing crossing in intranet, etc., see
[2].

There are several proposals that solve these issues in
different schemes. In this paper, we investigate only two
proposals in terms of signaling analysis. The  first
proposal is Mobile 1P Regional Registration which is
submitted by the Mobile IP working group of the Internet
Engineering Task Force (IETF) [3]. The second proposal
is Paging Mobile IP [4] which is the procedure that
allows a wireless system to search for an idle mobile
node when there is a message destined for it.

We investigate the signaling cost of Mobile IP
Regional Registration by modifying signaling cost
formula of Mobile IP in [4] to analyze and compare
signaling cost with those of Mobile IP and Paging Mobile
IP Registration.

This paper is structured as follows. Section 2
discusses overview of Mobile IP, Mobile IP Regional

Registration and Paging Mobile IP. Section 3 evaluates
the signaling costs of Mobile IP, Mobile IP Regional
Registration and Paging Mobile IP. Section 4 presents the
analysis results. Finally, in section 5, we make some
concluding remarks.

2. OVERVIEW OF MOBILE IP, PAGING MOBILE
IP, AND MOBILE IP REGIONAL
REGISTRATIONS

2.1 Mobile IP Registration

Mobile IP is a network-layer solution to node
mobility in the Internet. When a mobile node moves from
old network to new network, it obtains an advertisement
message from new point of attachment, they are known
as foreign agent, which consists of care-of-address (IP
address that represents the new point of attachment of the
mobile node). Mobile node registers its new care-of
address with its home agent by sending registration
message through current foreign agent to mobile node’s
home agent. When home agent obtains a registration
message from mobile node, it replies this message by
sending registration reply message to mobile node. If
there are packets destined to maobile node’s home address,
home agent will intercept and encapsulate them to the
mobile node’s care-of-address, they are known as
tunneling.~Then, foreign agent removes original packets
from the tunnel and delivers the original packets to the
mobile node. By using Mobile IP, the source computer,
known as correspondent node, can send packets to mobile
node while changing link.

2.2 Paging Mobile IP. Registration

In cellular network, paging is used to locate idle
mobile station prior to establishing incoming calls. When
there is an incoming call destined to mobile station, the
mobile switching center (MSC) will broadcast a paging
message to all base stations within the same paging area
(Paging Area is group of base stations under the same
MSC) and the base stations broadcast this message in
their own cell. From the concept of paging as mentioned
above, [4] adopted paging into Mobile IP environment to
reduce signaling overhead associated with registration
and location system database updates and reduce power



consumption of mobile node. All of procedures in Paging
Mobile IP are the same as those in Mobile IP, but there is
an important different point between Mobile IP and
Paging Mobile IP, that is, in Paging Mobile IP, idle
mobile node does not register when moving within the
same paging area, while it is not the case in original
Mobile IP.

2.3 Mobile IP Regional Registration

Core Network

Home
registration

-Moving

g"«

Mobile node

Mobile node

Fig. 1: Registration scope of Mobile IP Regional
Registration.
Registration scope in  Mobile  IP  Regional

Registration is as shown in Fig. 1. There is one gateway
foreign agent (GFA) at the top level and foreign agent
(FA) beneath the GFA. When mobile node arrives at new
visited domain, it reads the advertisement message from
the new access point within visited domain. On receiving
the advertisement message, the mobile node will get an
care-of-address and send Mobile IP Regional Registration
request message to foreign agent. Foreign agent forwards
this message to GFA identified in the care-of-address
field and GFA relays it to mobile node’s home agent
without modification of the registration request portion.
The home agent performs_the normal operation by
sending registration reply message back to the mobile
node via GFA and foreign agent.

When mobile node moves from one foreign agent to
another foreign agent within the same visited domain, it
registers its point of attachment with GFA by sending a
regional registration. message to GFA. On receiving
registration request, GFA will create a regional
registration reply message and send back to mobile node
via foreign agent

3. ANALYSIS OF SIGNALING COST

We study signaling cost of Mobile IP, Paging Mobile
IP and Mobile IP Regional Registrations and how paging
area size and mobile node speed can impact the signaling
cost under variety of system conditions.

For the analysis of the signaling cost on network, we
assume a fluid flow mobility model as in [5] and also
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assume that paging area and coverage area of foreign
agents are square-shaped where there are N foreign agent
(cells) in a paging area. The perimeter of foreign agent is
| (m), so the perimeter of paging areais L (L = I\/ﬁ).
In fluid flow mobility model [5], mobile nodes are
moving at an average velocity of Vin uniformly

distributed directions over [0, 27 ] and also uniformly
populated with density p. So, the rate of registration

area crossing, I, is given by

= )
T

In this paper, the signaling cost is represented as the
product of the weighted distance (number of hops), the
registration and paging signaling message travels and the
signaling rate [4]. For simplicity, the air interface is
assumed as a single hop in the wireline network.

3.1 Mobile IP Registration

We can calculate the signaling cost of Mobile IP
from equation (2) [4]

I 2
SMIP S dHA,FA(RcoreWcore + Rlocalwlocal )|:rcn + p(4j nIrr:|

| 1Y’
3 d HA,FA (RcoreWcore + Rlocalwlocal )|:/:\Z_I n+ p(4j nrr i|

@)
Where:

Syp is the signaling cost of Mobile IP (weighted
hops*packets/s).
O a ea is the average distance between home agent

and foreign agent in terms of the number of hops.

Reore 18 the ratio of the number of hops in the core

network to the total number of hops between a home
agent and a foreign agent.

Rocal IS the ratio of the number of hops in local

access networks-to-the total number of hops between a
home agent and a foreign agent.

W, is the weight of each hop in the IP core
network.

W,,.a i the weight of each hop in local access
networks.

I is the registration area crossing rate (mobile
nodes/s).

N is the number of cells considered in a paging area.
p is the density of mobile node (mobile nodes/m?).

V is speed of mobile node (m/s).
| is the perimeter of cell.
I, is the average mobile node registration refresh rate

which concerns about registration lifetime and
registration triggered for other reasons (e.g., by an agent
advertisement).



3.2 Paging Mobile IP Registration

The paging area boundary crossing rate (rp ) is

L

we can be calculated the signaling cost of Paging
Mobile IP from equation (4) [4]

SP—MIP = d HA,FA (RcoreWcore + R \Nlocal )

local

2
><|er ta(rn-r,)+ p(!:j nr,

+ p(!:j nl-a)(4, + ﬂa)}

01 o) £ ] e )

= d HA FA (RcoreWcore + R Wlocal )

local

{m% +a 2 (n =) + pmznn
T T 4
+ p(!zj nl-a)(4, + ﬂa)}
I 2
+ (n - 1)(d FA,FAWIchaI )p(Z] ﬂ’an(l - (Z) (

4)
Where:

Sp_wp is the signaling cost of Paging Mobile IP.

deara is the average distance between foreign
agents (hops).

I', is the paging area crossing rate (mobile nodes/s)

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

L is the perimeter of paging area (m).

A, is the incoming data session rate of mobile nade,
it is also the paging rate of mobile node (1/s)

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

3.3 Mobile IP Regional Registration

We adopt and modify signaling cost formula of
Mobile IP into Mobile IP Regional Registration from
signaling cost of Mobile IP Registration minused by
signaling cost for home registration of Mobile IP
Regional Registration as shown in equation (6)

_pL_ piin

T VA

()

rHR
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S MIP-RR — d HA,FA (RcoreWcore + R Wlocal )

local

2
EALE +p&j nrr}

= d HA,FA (RcoreWcore + R Wlocal )

local

r 2
X ﬂln—pw\/ﬁ—i—p[!zj nrr}

T T

(6)
Where:

I is the rate of home registration.

S\up_rr IS the signaling cost of Mobile IP Regional
Registration.

For registration refresh, we may adjust the
registration lifetime in P-MIP to make the refreshing cost
in Mobile IP, Mobile IP regional registration and P-MIP
equivalent. Thus, in the signaling analysis, we can ignore

the effect of refresh [1]. So, I, =0 and we normalize the
signaling cost in equation (2), (4) and (6) by
using Ay, ea (ReoreWeore + Riocal Wical ) -

core local

Equations (2), (4) and (6) can be reduced to

|
S = 2 n ()
VA

Sp_wipn = %I(\/ﬁ"' a(n _\/ﬁ))

+p@ (- )4, + 4,)

Ao (N-Dp(1/4)°n(L-a)2,
d HA,FA (Rcore Rw + I:zlocal )

8
|
SMIP—RRn = %\/ﬁ(\' n _1) ©)

Where:
R, is the hop weight ratio of W .to W

local *

4. ANALYSIS RESULT

We assume the following condition for analyzing
systems. Systems have an average perimeter cell size of
4000 m, average mobile node velocity of 65 mph (28.9
m/s), user density of 0.0002 user/m? the average number

of hops between foreign agents (dFA‘FA) is \/ﬁ the
number of hops between home agent and foreign agent is
16 hops, the hop weight ratio (R,,) is 8, R, and Ry

is 0.5, the ratio of the number of active mobile nodes to
the total number of mobile nodes is 0.05, the incoming
data session rate of mobile node is 0.0008/s and the



outgoing data session rate of idle mobile node is
0.0008/s.

As shown in Fig. 2, when the paging area has a small
number of cells, the signaling cost of Mobile IP
Registration is increased faster than Paging Mobile IP
and Mobile IP Regional Registrations. However, the
signaling cost of Paging Mobile IP Registration still
increases faster than Mobile IP Regional Registration
when paging area has a large number of cells. This is
because paging messages are unicast to all cells in a
paging area.
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Fig. 2: Effect of paging area size on signaling cost for
Mobile IP (MIP), Paging Mobile IP (P-MIP) and Mobile
IP Regional Registrations (MIP-RR).

In Fig. 3, we show the impact of mobile node
velocity on signaling cost. When the number of cells in
paging area is 49 cells and mobile node velocity is
increases, the signaling cost of Mobile IP- Regional
Registration is less than those of Mobile IP and Paging
Mobile IP Registrations. This is because the boundary
crossing rate is increased, which causes more registration
signalings.
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When the number of cells in paging area is 49 cells,
mobile mode velocity is 28.9 m/s and the perimeter of
cell is increased, the signaling cost of Mobile IP and
Paging Mobile IP Registration is increased faster than
Mobile IP Regional Registration as shown in Fig. 4. This
is because cell area is increased, which causes higher
number of mobile nodes in cell area and more registration
signalings.

5. CONCLUSION

In this paper, we analyze signaling cost of Mobile IP,
Paging Mobile IP and Mobile IP Regional Registrations.
From the analysis, it is observed that signaling cost of
Mobile IP Regional Registration is less than those of
original Mobile IP and Paging Mobile IP Registrations.
Thus, among the three registration schemes, Mobile IP
Regional Registration is the most robust scheme to
various system conditions and more scalability. In the
next phase of our work, we will study how to implement
this work into network simulator to observe the result of
signaling costs analysis are the same as simulation result.
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