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Abstract

Internet Engineering Task Force (IETF) has researched not only Mobile IP
protocol supporting a Mobile Node’s(MN's) mobility but also some protocols
in order to reduce the handover latency. Fast Handover for Mobile IPv6
(FMIPv6) and Hierarchical Mobile IPv6 (HMIPv6) have already been
standardized in IETE. FMIPv6 is efficiently reduced the handover latency by
starting layer 3 handover before layer 2 handover is completed whenever the MN moves.
HMIPv6 introduces the Mobility Anchor Point (MAP) which improves
performance of the handover by reducing the amount of signalling between
the MN, its Correspondent Nodes(CNs), and its Home Agent(HA). FMIPv6
should predict the MN’'s movement fast and correctly, while HMIPv6 should
support effectively the MN's mobility and packet delivery services by
selecting the MAP adequately.

This paper proposes an analytical model that calculates both the handover
latency and the packet delivery cost based on the MN's speed and an amount
of transmission packets. We can select the MAP minimizing the total cost
by using the analytical model under various conditions. This paper presents

the guideline when network designers is to select the optimal MAP.
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Stateless Address Autoconfiguration & ¥Wxe AW E FX &, ok A~
27FIP 45 Adsta HMEYA dolre Fdds dAst 3o 428 T

st WAog UES A &H 64 bit Z2] ¥ 2~ (Prefix) 9t A

>,
o
[40
i)
>
S
P>

ID(Interface Identifier) 64 bitE g3alo] 128 bite] IPv6 FA2E AFH oz AA

HEZ Zggd s YEY AL A~ 2H9-E(Access Router)ol]l 298] F7]

Aoz FuwE g8 33(RA : Router Advertisement) ™A Aol Eo0]9) o n



rtd == owE7 RA WAAE w2y 98 298 23RS : Router
Solicitation) M A A & B 4 gt} RA "WA A ¢ HEYa Zgars d= 1}

W2 ool Argshith

ne

o] &3&to] @A 64bit SlEHolA DS A Wyolm F WAL, ot
MAC F4E5 7FA AL 64bit IE #H o]~ IDE W=+ Wgolty. dubdom oy
Yl (Ethernet) Q1E]#H o]~ 4% IEEE EUI-64(Extended Unique Identifier— 64)
& ol&ste] TSt EUI-G4EM2 FAF F425 7Hx= 48bit MAC F2:°]
U A 16bitE A el o8] 25 AdskA frk (RFC 2373, RFC 3513)

IEEE administerad cornpany ID Manufacturer selected extenzion ID

|‘4 24 hits = | 24 hits ' |

CCCCCCU] CCCCoCCs COCOOoTC sl i e s S e s e e

NS

CCCOCOU COOCCCOC COOOCooo 1113131313131 (31131333110 BOMMOOM MO0 MO0

24 bits k| CxFF OFE | J 24 hits

s

Figure 1. Interface identifier
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2) Neighbor Discovery (RFC 2461)
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Figure 3. Router and network prefix discovery
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3) DAD (Duplicate Address Detection)
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2. 2HtY IPv6 (MIPv6 : Mobile IPv6)(RFC 3775)
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Figure 14. Example of the Multi—Level Distributed HMIPv6
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ol Aok ARO AW A= AREAFO oal] Abdel e H 4 jlew vE
Aae digk A AEE L Arid oo et #eE FAE ¢ drth
th & = (bandwidth) 3 & ool dESte] Ad], Fiwmmste] HytAe, F= ol
&, F g7 A% 5 (Packet transmission rate) 53 & AAE T A8 A}

e elHAY Eel A4R ¢S T T 5 Ak

2) Handover # 1A 7F
HMIPv6ol Al MAP Aeld] m& 5588 4F&E38t7] ¢lste] HMIPv6 22 &
Fo| o] M=o HAo} A AR tha] AHAE] Lol ATt o)

L2 handover L2 handover MN movement New CoA L3 handover
start complete detect configuration complete
_C\ 5 Pt ()
S \T/ j,/ p—
L2 handover Move detect CoA configuration Registration
delay delay & DAD delay delay
e L3 handover delay d

Total handover delay

Figure 15. Handover Latency in MIPv6

<Figure 15>+ MIPv6eAle] A=W AAAZHS HoFth (Y.GHong &
2003), (RFC 2460, RFC 2461, RFC 2462, RFC 3775)

Table 3. Standard MIPv6 handover latency

L2 Handover Movement detect delay DAD delay

50msec 0~500msec 1~2sec

W.K. Lai ¢ H.C. Chium(2005)¢] ¢17-¢} ® =59 ¢ Ao wawd g+
Ao AAAZFE I <Table 3> #th MIPv6ol A = QWA 7HS 19 7}
JI=owE Y, 12 =W += AP =+ #$H7)

.

Zo] 12 M=o}
nhE wl P2 golo] AAS 9ste] sty L3 d=ouE Z9-E 7 vbE uj
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= T AUtk Micro ©]&& RA ®AA9 gh¢E F4a7F ol @y dEXw
MAP F4= 22 4 5-°]iL, Macro °l&2 -%F F49% MAP 47 25 o

& dFoltt. Entd =E7F Micro ©]&%l 4% RA W AAE 7oz AEZE

HE 7|Wo 2 RCoA¢ LCoAE 7M7)
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LCoA°| ™3 DADZ 33 & =utd

155

o
2
k)
R
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)
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H

TEAAE Fdrh <Figure 16> HMIPv6elA o]F SAo ©E 55 A
AN 7S LhEbITh
Mew CoA r:::s':'ani ?':J Registration Registration Registration complete
configuration thie M?l\P inthe MAP complete to the MAP to the HA, previous MAP, CNs
() £y ()
BU Registration BA Registration delay to the HA,
transmission elay inthe MAP| transmission previous MAP, CNs
delay delay
Total Registration delay, if MM cross the

AR{micro mobility)

Total Registration delay, if MN cross the MAP{macro mobility)

Figure 16. Registration delay in HMIPv6
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HMIPv6ol A 52 A A 7H(Registration delay)S EuFY ==29] o]EAlo| u}
g} 24 = Micro ©]5 A$olE MAPLZ29] Local BU #A A %S R
AWk Macro ©]%5¢l g+ MAPI & oo]dEo|A BU HWAIAZ HEa]oF
st} e gy Ado] GAALS 9ste] AUl o] AMAPE 52 H A A
2 Bt ®2etd w==7} 721 B
Atk BAWAAIE Bow S50 AeHor ehndrh. MAPAA <=
AE wod WA RCoA7F Hil® 7041 (Binding Cache)oll J=#15 A M staL
glo™ RCoA°l g DADE algh Fo npld el Mz AELE 44

3t oW dlY JdEZE MEL FoZ dueolEs
2. HMIPv6 OIA[X| & =27| & mjztojge AHe|
o] dolX= HYEH dge 55 wAAY &d, HF dlgel zvlel sty

Aolstn B Bae 9 e gel gt

DIP HEH 3y
Table 4. The size of the tunneling header (Byte)
P HEY UEUA =It=El= OO0l

IP Tunneling | Hy,, = 40 (IPv6 Header) + 8 (Tunneling Extension Header)

<Table 4> HEd #HANA F7l¥+= HolH S HojFrh. RFC 2473 w
29 IPv6 duet Hyd Ay E dste] HY IPv6 d Y (Tunnel IPv6
Headers)E +/d3stal o] dlde HIH HAAA A iz ol Frieh 9

o pe Yy H3e ool AAA 99 & vk HMIPv6el A mupel e
Sob A Abo] EAlsE AR wHkl wmssh MAPAold 2wl EdY
o Saea § ool MEsh MAPZH) 1¥e] H¥de Fole] AEHTh
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2) 5 "AA &Y

Table 5. The size of the registration message header (Byte)

MAP S=g 9ist

BIAIX ofl C

Data 3y » = 40 (IPv6 Header) + 20 (Authentication Header)

MAP + 12 (Mobility Header [BU]) + 20 (HoA option)
SZ20AIXl | Data %, = 40 (IPv6 Header) + 20 (Authentication Header)
(MN<->MAP) + 12 (Mobility Header [BA]) + 24 (Type2 Routing Header)
Data Y, = 92, Data %4, = 96
CN SE=2 & HAIX ol
Data 25 = 40 (IPv6 Header) + 12 (Mobility Header [BU])
+ 18 (Mobility Option [Home and Care—of Nonce Index
, Binding Authorization Data option] ) + 20 (HoA option)
CN SE0IAIX ™, d
(MAP<=5CN) Data ¢y = 40 (IPv6 Header) + 12 (Mobility Header [BA])
+ 6 (Mobility Option [Binding Authorization Data option])
+ 24 (Type2 Routing Header)
Data B§ = 90 , Data By = 82
Tunneling Data ?% [Tun] = Data Igng Hy,,, =138
(MAP<=>MN) | Data ?/\1 [Tun] = Data Igf\lﬂL Hy,,, =130
Data 23" = 40 (IPv6 Header) + 16 (Mobility Header [ HoTI])
HOTOIAI X - .
(ON<=SHA) Data ¢ = 40 (IPv6 Header) + 24 (Mobility Header [HoT])
Datalfs™ =156 4 Daterdy” & 64
Tunneling | Data ¢3""[Tun] = Data ¢ + Hy,,, = 104
(HA<=>MAP) | Data 2o Tun] = Data B+ Hy,,, = 112
2 Tunneling Data ZIK[TI[Q Tun] = Data ZIK[TIﬂL 2Hy,, = 152
(MAP<=>MN) | Data 2872 Tun) = Data 237 +2H,, = 160
COT| Data & = 40 (IPv6 Header) + 16 (Mobility Header [CoTl])
Message(CN<—| Data %I = 40 (IPv6 Header) + 24 (Mobility Header [CoT])
C]V
>MAP) Data gﬁ’VTI = 56, Data Sj’VT = 64
Tunneling | Data Gy [Tun] = Data 3" + Hp,, = 104
(MAP<=>MN) | Data SFTun] = Data &8¢ + Hyp,,, = 112

_32_




0II

HA SS2 <8 HAIX ald
Data 1Yy = 40 (IPv6 Header) + 20 (Authentication Header)
HA S=20AlX + 12 (Mobility Header [BU]) + 20 (HoA option)

(HA<->MAP) |Data %4 = 40 (IPv6 Header) + 20 (Authentication Header)
+ 12 (Mobility Header [BA]) + 24 (Type2 Routing Header)
DataBY =92 | Data 4 = 96

Tunneling Data iy [ Tun] = Data 3§ + Hp,, = 140

(MAP<=>MN) | Data f,ﬁ [Tun] = Data f,ﬁ +Hyp,, =144

PMAP SE= #& BIAIXl ol
Data 3y 4p = 40 (IPv6 Header) + 20 (Authentication Header)

+ 12 (Mobility Header [BU])
Data P4, » = 40 (IPv6 Header) + 20 (Authentication Header)
+ 12 (Mobility Header [BA])

PMAP
SE0AIX

Data B, p = 72, Datasip = 72

. BU s BU 9
Tunneling Data py 4 pl Tun| = Data pyyp+ Hr,,, = 120

(MAP<=>PMAP) | Data gﬁzup [Tun] = Data gﬁMP + Hyp,,, =120

<Table 5>= HMIPv6d ol uwte 2t WA #e} vlolej S yetith. MIPv6
oAl A MAP¥} & oo]dE, o]d MAPS 29 F=& 93 BUS BA WAAE
HebE #l8) Psec &St E AREstal A== Hul= BU BA W%
H<te Binding Authorization Data OptionS AF-&3HCh(RFC 3776) IPsec &%
Y 2+ ESP(Encapsulating Security Payload) #7430 ¢ AH(Authentication
Header) StdaltE A& & e & =ioAle AH SgadE AH&so
7bgstdth. ESP ggate] gk W82 RFC 24063 RFC 4303¢ 2] %
o AH Fgslcie]l e &2 RFC 24029 RFC 4302¢1 WA= o] <l

2 2w

HMIPv6el Al MAP3} & ool dE, A==z 9 BUHAI A= RCoASt HoAZ
9138t Home Address Optiong Z&3sta gom olxd MAPSOZe BU WA A=
LCoAE 9] &322 Home Address Option®] Z & It} =3 Home Address
Optiong E g3l BU WIAAE e =i BA WAAES 2w g9 2 &
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+d sdE Fkstolof gt FrHH o R FUe=d $5S 9l BUWAIA
+ RR HIZEo| A}&-%+ Home Nonce Index®} Care-of Nonce IndexE 3% 3}t
a3l 2ntolE 9] g r9F 7P Aol o] AuthenticatorES 7FA+ Binding Authorization
Data Option®] F7}& =0 2 =& A= 7FH A o] 7} 4ulo] EQl Authenticator=
7t MAPS Esto]l dASH= 2 55 HWAAIE2 <Table 5> BAH
AAD sy 9ol gEdds 918 IP gdd slurt Frrdnh. =3 MIPv6eel A
= RRHIZES 913 HoTI®k HoTHAI A= Hobs fske] Enpd ko & o
o] HE Atolo] HEH S o &

3) IPv6 =7l &lH
Table 6. The size of the packet header (Byte)
o2 ML ZRst IPv6 ol 2t =& 6ld
H M = 40 (IPv6 Header) + 20 (Authentication Header)

CN<=>HA

Tunneling + 8 (Fragment Header) = 68

mode HA<->MAP |H I* = g Pkl 4 g =116

MAP<_>MN Hjli‘,f,?; : HJIfIfIIL + HT’un + HT'un in 164

H {i = 40 (IPv6 Header) + 20 (Authentication Header)
Optimization| CN<=>MAP | + 8 (Fragment Header)
mode + 20 (Destination Options Header — HoA option) = 88

MAP<->MN |H 0% = H ooy + Hy,, = 136

<Table 6> HMIPv6elA Fdl==9} 43517 $3 slviet sde ars
vepdity, RFC 3776° w=w 2} 55 Alady Bn oyl Fdi==9te &
M A= Heke] @5 H i RFC 1981, RFC 2464, RFC 2467, RFC 2470
M2 Path MTU (Maximum Transmission Unit) 2.t} & 3712 PMTU Xt}
2L dZlo 2 yUrA dEdtt. mebd 2 =Eol A= <158 ol (Authentication
Header) 9} #7}3)|t] (Fragment Header)wHS a1¢ $ko},

O
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the-"eE uield Ji4] AAEE, HEd HES 2474 AEdd. " A
of o8t gh-¢d H&2 g¢® HelEo AEY F(o]ehvHe 7)o =yt
( OUog(Nentry)) Dol Bl&EIBlaL Wl 7] HAAE 5= HolEo dEF
(5" MN9 el Bl &8 ( OWNenry) ) HEH = 913 Encapsulation/ Decap
sulation H] &S AFztoa Aosta 9rt. AW 2uid =7} MAPS A
at7] §1gk Aol siF HolEo AE Fo ik AL HEE v & F
RormF o} B2 JHE &83l7] ofHrh

Table 7. Default values of system parameter

H & A& 913 sy
WA p/HA MAP¥ HAl A e it A AzF 0.05 ms
WMN/CN/ PMAP MN, CN, PMAPo| A & R A Azt 0.03 ms
W b 2-EHel Mo Hit A Azt 0.001 ms
T A B e] dAaA Az 2 ms

=44 wde AkgH Zb s HE <Table 7> #Zo] At HMIPv6
ZREFZAAN =9 HAE AHEw, MAPY & dojdEx: nald 74
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(DAl Yepll 2t S5 AlA] A hE Aol ( Ty, = 15, T, = 1)
Tifiy = Tagap[Microl + Tifip ®)
7 . .
= p X CyyarapDatagfy p] + Ep(l =) (CyyonsapDatayfyp) +2' 72X T,
i=2
A
+ Cyunonap [Dat afm P ]
Tafa7° = Tazap[Macro] + Tyjip
B $ i—1 BU i— 2
=pXCynonap [DataMZP] Ty Ep(l S i (C'MNﬁMAP [DamM[AP] +2" 7% Tfirst)
i=2
A
+ Cynonap [D atafm P ]
Tua = Tid + Tiis
= p < ( Coyy—map|Datay [ Tun]l+ Corap ua [Datagy] )
d i— 1 BU BU i—1
+ Ep(l v et CiMNﬁMAP[DataH% [Tun]]+ Cyrap-na [DataHSi] +27 X Ty )
i=2
+ Cpanar [Datafli] + Cryapo un [Datagﬁ [Tun]]
A
Tpyiap = TP?AZAP + TPI’BMAP
=pxX(Cynonrap [Datag][{MP [Tun]l+ Cyap—parar [Damgzltjmp])
7 . .
+ Ep(l —p) ! (Crrnonrar [Damgzltjmp [Tun]]+ Crrapprrap [Damgzltjmp] +27 % Tiit)
i=2

A A
+ CparaparaplD atagMA pl+ Chrrap v [Dat agMA plTunl]

_39_



TT()ta.l T T THOTI+ Tg](;T_’_ TCOTI+ TC()T

= ThC+ A+ TSE

TEC = 78+ T

= pX (Cyy o arap Datagy [ Tunll+ Cypp p . ox [Datagy])

7
+ Ep(l — ) N Consaia pDataZl [ Tun)] + Coupo on [DataBy] +207 1< T, )

i=2

+ ConarapDatagiyl + Copapaiy [ Dataliy [ Tun]]

TCH]\?: Tg$TI+ TH()T
= Cynonrap Datagd™ 2 Tun]l + Cypapoyya [Datais [ Tun]] + Cy i, on [Data 3]

+ Conoa [DataZ88 1+ Cypaapa p [Datal3 [ Tunl] + Cha pos v [Data23 (2 Tun])

TCCJ\J;Z Tg()rTI+ TC()T
= C]LINﬁMAP[DatagRT I[Tu”]] + Cyap CN[DatagRTT I]

+ Cononiap [Datagi’VT ] + Cryap—un [Datagi’VT[Tun]]
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2 =5 vAA Y wgke @ AuA A SREAIAZE 2

TETIT, TGIICOT o2 dAAe] A9 ES dehin QHoERE AL

’

Stk Data¥lyp , Datahly , Datapy,p , Datally < ZYZF MAPI} & oo HdE

ftlo
b
Rl
ol
ol

o]d MAP, A== 3t wA A =7]E Yz <Table 5>
7] vbgth MAPS.®o] 55 HAAE Aeetar ymx] WAAES Eakd =
=} MAP Atolell A B3 dedg S o] &ato] dF 5 HoTe HoTl v
A= BobS ffdto] Eupd ok F ool dE Apolo] F7HA Q] HEH S A
stty. TS MIPv6l A= BU HIAIX ] G8st e 918t

Wil Al A% A 7HRetrans Time) 3o BAWAIAE w2 E3d BUWAAE A
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