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Performance Analysis of Cross-Layer Handoff Scheme in
IP-Based Next-Generation Wireless Networks
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ABSTRACT

The development of wireless network technology and the increasing use of wireless networks to mobile users
with a variety of wireless network systems has arisen. Wireless sensor networks, they can be nested together, and
the need to switch between the network, depending on your needs. Next Generation Wireless Networks(NGWN)
gives the mobile user a wide coverage and optimized service etc. Previous hand off management protocol is not
enough to secure support of the NGWN application program. Cross-layer Handoff(CLH) protocol technique has
been developed to support between and inside networks of handoff management of NGWN. CLH supports
mobility management in a wireless network environment and also utilizes mobility speed and handoff signaling
delay information to improve the handoff performance ability. For the analysis of handoff performance ability, we

analyzed sensitivity of link layer and network layer, therefore, CLH technique is suggested based on this analysis.
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Table 1. Predefined parameters

Parameter | Description

fm Doppler frequency

c Speed of light in free space

fc carrier frequency of the received signal

v Velocity of MN

Y threshold value of RSS

th

Sin Minimum value of RSS

a Size of one side of the hexagonal cell

9 Probability density of direction of
movement

d Distance to the cell boundary

ty Time between frames

Ty Frame error rate

D, Wireless link delay

n Maximum number of retransmissions
performed

k Number of packets per frame

Lp Packet size

Lf Frame Size

BW,,i..ql Bandwidth

D,ireq | Wired link delay
h Number of hops
P [ Handoff failure probability
Handoff signaling delay
x MAG-MN Distance
d, Reference distance
« Path loss exponent
€ Gaussian random variable
L(PM]PV6) Handoff latency in PMIPv6
HO
T, Linklayer handoff
d LMA to the MN data packet transmission
Ilma— pac time
E;gMPv6) FPMIPv6 the handoff delay
PL Sum of packet loss
A Average session arrival rate of MN
E(S) Average session length of the packet
L(') Handoff delay
HO
N Number of packets lost

3.2. CLH 7|He| &= Xk}

CLH®| =g A= 28 7o 8°f=e] girh
MN-Z o] B4 TR EZS ARMSle] o]l tigt
ARE dech 2 ok, oS nMAGeA o]F3}
7] 93 A== Elgl(el, PaAE oz vE
A=z vl m== vES=Z 7 A=e3)s AA3)
-3 nMAGel| thaf] MNo] oA = uf, fe=o =
Alad® Aol fue vEY= U == vEY=
7F fleeszel Adey xelS FA3Ir) RSS B
YEE oS MNe] 43k pMAG2| RSS 2HEH
= ARFElaL RSS7F A|EAoRE ZhAd o =g
ZE o Z3Ith MN9| & olF 7 7| s
AMEle] 0] 53 nMAGel W3] oA Ec)l aElw
- o] Al vl & shirl SeiEich

459

www.dbpia.co.kr



—

Handoff prediction

3 B - RSS

Neighbor discovery H RSS monitoring Y-
Handoff signaling

esimeon

7 17 v

‘ Link layer handoff ‘

! v v

Eistinglinkiaveihandoft r{ RSS monitoring ‘ ‘ RSS monitoring T

algorithms
N N

Intrasystem handoff ‘ Intersystem handoff ‘

Handoff alarm

32 7. CLH =Hg A}
Fig. 7. Flow diagram of CLH operation
- HAEAS Ao Ay, 7T HAAF =L
=z dwe]Fle] AMgEH CLHS 3=

A T el

- vEZ 7F ez A9 dEHa W |
s} vlszatal VB 7t dl=o el 3
k= 4 RSS A @2 2d 79 Sy
o dF= ek PMIPv6 HWIES T 7F =0
A2 MNo] %3 MAG2] RSS7} S, ©F
ez "ol wf SaEct

| MN I l pMAG l l LMA | | nMAG |

HT_intra

FEL

FBAck

[ tunnel 1
|. Jbuffering

Rtr Sel
Rtr Ady
Forwarding

Mobile Assisted

460

Imn [ | pwac | | e || nwmac |
HT_intra
HO_Noti
FBU
FBAck
[ tunpel ]
L__Ibuffering
| RtrSol
Rtr Ady
Forwarding

Network Assisted

J2 8. vEY= W FPMIPv6 xA|Z =9 XA
=2

ofs

|

=]
Fig. 8. Timing diagram for cross-layer intrasystem
FPMIPv6 handoff

CLH?] 7]%5& MN mE YHEY= SwHx 13
g 4 S9lth CLHE AR d=e= 3=
MAHO(Mobile  Assisted controlled
HandOff)2} NAHO(Network Assisted controlled
HandOff) 2 & = ¢tk MAHOS] 7%, MNe]
4% 3, RSS =4 T8|a =9 CLHE A
799 A e FHd vEGaE 4=

network

— =
MNORGH dlees Ay Ads A8k

(

f

B S, A i AnE sysks dees
EglA fuls T3tk pMAGS| RSS7F S0l
3l "oz uw, JE$ == HT_ intra
HT_inter o g% WESLZ W == vES=Z 7F
Zpzke] Pz EiAE AAIL a3 8, ¥
94l CLHE A}8-3F MAHOS} NAHO<9| YvES=
Ule} WlES = 7k FPMIPv6 =9 Z elo|q] tlo]
o] 1lg 747t WolFErh

‘ MNl | pMAG ‘ ‘ pLMA | | nMAG ‘ ‘ nLMA |

HT_intra

HO_Req
FEL
FBack

L tuonel |
l.rjt-ulf-:-c ing

Rtr Sol
- PBU
Rer Ady BLDU Tunnd
Forwarding
PBA

Mobile Assisted

www.dbpia.co.kr



= P7IRE ARl A | B el xe] wAAS Feex Fe] A

A1
&

ofr
Sh

‘ MN | | pMAG ‘ ‘ pLMA | | nMAG ‘ ‘ nLMA |

HT_intra
HO_Reg
FgU

FBack
T -

=
‘._ Ibuffering
Rtr Sol

PRV

Rer Adv
BiL0u Tunngl

Forwarding
PBA
Network Assisted
T2 9. V=Y 7 FPMIPv6 A% A= 9 wA]]
3EE

Fig. 9. Timing diagram for cross-layer intersystem
FPMIPv6 handoff

pPMAG”} nMAG®l|7] FBUS ®{l ¥ nMAGE

HE] PBA S ®ry FPMIPv6 ;T 9 xS x|zkgic)

Hbd, NAHO®lA, UWEH=Z+= oS Hstw
o

S AAKEE HT intra 4= HT_inter =93

E2AE A3 pMAGS] RSS7F S, °RIZ
ol w], pMAGe|A] HO_Notis Huje] =9
X ARS 943

NGWNellA F41 Ajzsle] Al xlo]=e wef
UELZ ] al=eze] F 7kx] eje] AL
o} VESHZ 7 A== v 71x] FHele] Ay
27} Qloh vESZ W] M=oz wjmeA Ale]
9] macro-intra }E O Ee}l wulo|zEA  Alo]g
micro-intra =927} glt)k VEY =T 7} e
= W a7 e = st E 5 8

Inter MA_HO : t}2 vwjmzA=ze] UESL=

ZF Yo

- Inter MAMI_HO : "jZ 24| wlo]mgAR
ESZ g ees

- inter_MI_HO : t}& rmlo|mgARe] Y ESH=
Zr eesx

- inter MIMA_HO : njo]|m 244 wimz2d=

HEY D 7t Qeos

te]m 24 B wm32AEd o8 FHE%Ich
a3 g ek uepk] vle|Z 2 A wjlaRAR
HEL = 7F =9 Z(Inter MAMI_HO) £<F, w=

ZA AvER= A Fssleg ez Al
ek
BA .

V. s B4

4.1. H=ER= npEo| HHE

Smin

a2l 10, dz o ZaAA BA
Fig. 10. Analysis of the handoff process

CLHS> =90 Aol MN9| £xeol vES=
At AAFe] FAA A HE=F 3] S8
A HAaASI UEHIAZTY ARE o9A A
g ZA7tel gk A AdE 7R A ARGk
I3 102 pMAGEZYE nMAGE ©]&53= =<
Z 7S Bl 9lvk MN-2 &A] pMAGel <]
3 Aml~ Ha glem MNe| £ v FAole
e TR v [Vnin,Umax] S Sl
T whEEe] Stk 7R} webs v
pdf(probability density function)< tha-3} o] F+
o]xIck
1

f W) =———
v

9vmin <v< vmax (1)

max min

ol A Z<k MN-S nMAG2] Aulg]#| <3
ko R o]F dHolel= AL WA, nMAGE
Agst7] 213 PMIPv6 55 38 do 7 i)
MN-2 A& 2 7F4%E= pRSSEYE tfE Az
o] o]F2] 7FsAel dial oA =tk nMAGS] A
H2]x] oddol] Eoi7F MNeo] WA, 7 ofg 3}
A= nMAG9l| PMIPv6 52 22 Az2ksl7] 93t
g A7hE AAZR= Aotk Am]a F«l

pPMAGEHE] RSS7} 4% S5, olstkz Hojx|d,

461

www.dbpia.co.kr



LB A EHE| =2 *13-06 Vol.38B No.06

PMIPv6 EREZS PMIPv6 5= A2 8%
t}. MNo| o]F3sh= #4 st 11 109} o] A
Poll =3t o] pMAGS] RSS+ S, ol3t=2 izl
thar 7HAgk) 2B E MNo| Poll =dElS o,
nMAG©l| PMIPv6 S5o] AZHEth o] AHefA
RSSE 78 109] nRSSE #AE nMAGZY-E]
MN7FA] 541 el 22Y nMAGES £3] MNo|
RtrSol WAAE BU7] ¢]3] RSS7} FH3H4] 9%
g 9lem, MN2 pMAGE 3] nMAGel RtrSol
HAAE Bl 4 Qlrk o|7 preregistration® |2}
3 g, pMAGoﬂH nMAGZE AZAql =S
zZ S8, HaASH vEHIAZTe] FHHsH
pRSS7} Sin FNE ®elx]7] Hell nMAGelA
PMIPv6 555 SkEdlof gth. pMAGE] AWE|A]
dods Jo] o]%3l7] Ao PMIPv6 525 Sk8
gl MNE P (28 109 ZA)ol X8 4%, 1
Zlo] 5% FER oju ulgkow & 1%2‘ -
Urta 7Hggel MN9| 0= ool ze] Fozl

o

AR
c}.
1
f9(6)2_9 —7Z'<3<7Z' @
2
PMAG®E] #AMe]A| 3 vlo g o]F3l= &t P
2HE] MN9| o5 Wk Sr= FdsiA fAE
tha 7gkel MNel 100km/h 2 o)Eslar 9l
o, d=>50m, 2sec? o=z A7z xS

aEElF) o] £E 2 o]Esl= xRS A 50m
Ael ol Hxe}l WS ulE ZloE CiEA|
‘Ez}‘:‘:k o po] I e ex X & de=
ol A& Foltk 1% 10E5E], PolA] MN2| £

0= (—6,,60,)], arctan( 54 o
7d-5ollit nMAGE] =9 Zof thgh g arde] Wb
-&E]— 7}-19] Jg!_n:]g]‘];]_ _'1\‘—';];(] OLO\:E’ ]—% K‘HEO"
AlEtol}. BB E (2)F ARSSled, Ay i=e
3z A2F ZE2 olefje} Freo] Folr)

01
p,=1-[" 1. (6)d6
26, 1 )

=]1-—"L=1——arctan(—
” T (2d)

t2] pdfi= ofgfis} zFo] Foixlr},
462

L@ =10\ —a>’

C))

otherwise.
A= Als) L ofefsl o] Follc,

2

L
1, ¥4
\%
2
a—+d2(5)
p,=1p(<7) —<r<4—
v
d
0 T<—,
i 1%

7 d

=[4
v wNVE —d?

= 1 arccos(i)
6, 122

dt (6)

(53 6% A3l olele] A e S 9l
o).

www.dbpia.co.kr



1 f+d2
) 7> 4
v
1 J a—2+d2
py=yarccos(—), —< T<4— )
6 VT v v
0 izr.
’ %

2 gl 919 48 AFgsle] PMIPYG W=
o3 Al el S elsle gk
Aeems 68 A7 A% A Aelmt &
29} o] e ep,
F 2. #AA] Apel=
Table 2. Message Size
Size L.
Message Description
[byte]
Ly sor 52 Router solicitation message
unsolicited neighbor
Lyya 52 . £
advertisement message
Ly 40 Tunneling header
Ly 120 User data packet
Lypi 56 Fast binding update message
Proxy binding update
Lppir— 14 76 message(sent from MAG to
LMA)

FAYaE fAgad v A8 @ S e

QB =
o] WF= FAHIE F A3 wEpA o
72 AE AdS TN T893 AT 840

o} FAE =AM =Y 7 A7} FER(Frame

Error Rate)& 7b2H 1 o o} 7', 2 ZAlgkL MN

frame :Dw/(l_pf)+Zzpi,j(2iXle +2(J_1)lf)(8)

(8,9 2 (100= 3l A== e b

a2 s A (L) & cest g0 e

A

4 odk
O
o

d,(L)=d,,.+(k-1z an

frame

L,xh
dwd(Lp’h) - BW +Dwired (13)
wired

o AWES ARg-ste] PMIPV6 J=0Z A=
A12Fsh7] Qg A8 S, AAE) S, v
_]

www.dbpia.co.kr



d (14)
—<7T<

(14)¢] frels agold] =& 4ol el A
ekl vAAl 14 deo] wAE  wpgA]ed)h
Closed-Form®] %3-S 3t 7153814 &S 4+ 9

o s o] el e oldlel A1 AL
sfe] Ak 4 9lek

VT vT
by = = (15)
tan™ (—) o d

2d° 2 ad*+d?

Axkelr] 918 o] ERPle Alg-sla o] &
AF&“HH de] Axks 918l 2 He] whE-s 4
of ght}. =gl do] AR Al BExlwr) @A) o
I MN = UES= Z9(e), MAG T LMA)
el S fJA & 4 olek 9,8 sdEhe
e A7 &4 wdy pMAGE] A Alo]=E ALE-
st} Axkel Az £4 mdlPe xpagi,

=

P,(x):]),(do)(%j +0 (16)

(16914 & MAGSH MN Alole] Azjo]a
P,(dy) & dyeld A% Folek dye] dubAal
e wjm 2o 1km, oF¢] wvlo]=EAC] 100m,
a2z AW 23:AL imele. P (d 0)94 e
Fop, <kl o), mEla <kl o]5(dehel
ul} depzick o9 $xE A =27)9 Xl"—JM 2%
4ol we} chEck o) Aubdel e BE =
2Alz} vle|z2A 34 Z2kS 913 3~47kA] 1E]
2~ 87HA] WSS TRt e A=) el
ot P (2)9] BAA #AAE vehirh e o
1 %5 A= 8dB o| 1P vl mFE wAxpe] Al
A 7= Az weE deiRich (16)0& AHst
of, MN7} A Al de] Azlell sl o ol
o] A5 AR83le] RSS e ekt

[¢3

17

S, =10log [P.(a-d)] a7)
a7 704 vIES]Z Wo} vESA 7F ==

464

[0

Al Spp1 2 Sppne 2 ST I =
232 Egl7] §4& pMAGEHFE RSSES HUEE
3k MAG®FE] RSS7F S, 013tz Held i,
PMIPv6 5= A Atelr] 9)3l dl=exz As)
frolell Al E2lAE B

o ]

5.1. ?_E_CR_E il *9_I =4

PMIPv6®] =9 2|gde MNo| A|Z5 vE
Az ALsPH, MNO| olF ¥A9} 552
nMAGe®] &3] Azt MN-S nMAGelA] 4%
RtrSol  wA]AJe]  Z3kel  FU3 HNPHome
Network Prefix)S vl 237] uwiite] MN2
PMIPv6 =wgleld] M=o 27} =3 = uf F4
747 DAD ZEA~E sk eolw ok

J(PMIPY6)
© ohgs) o] maldeh

Lo =T 4T, (18)

LMA

Trara= RuSol HAA, MAG®} LMA Afo]9]
PBU/PBAck®] 3} 12|32 LMAEYE A x|
dlole] H7l& A"]‘G]**fﬂ 2Q8FE Ak 238}
3 2tk MAGZ7F MNZ3-E| RuSol HAA|E
Al MNO| ol5-S w4 dvha sl
Traa = vt 7o) et

T M~ dwl (LRtrSol ) T dwd (LPBU ) hG—A ) T dlma— packet (19)

LMASE MAG Atelo] opiaf ed AA e
Hog e 4 ok wEb Ft B NS
23k Aol HhAEEA] ¢k=r) of7]ellA PMIPv6e|
A gdge] ze= gt LMAYS MAGoIA %4
¥ =3t PBU WAAE $418kaL PBAck nﬂxlx]
o} A MNS FAA|E 3k dlofe] 7l

o}, ey, 4 & chest go HaEh

Ima—packet <=

d =d,(Ly)+d (L, + L h; ) (20)

Ima— packet

Lo dg(Lyyh) oy zeiae) M) de)
Bl F7 LMAS MAG Alelol|A] €d8 =7] o
Folt}l o]7A-& HMIPv6S} the Holtl PMIPv6ee}

www.dbpia.co.kr



= P7IRE ARl A M| E el xe] wAAS Feex 7] A 4

HMIPv6o] AR A3} 5 uH4]
Zsleizls, PMIPv6S F41 #H=
% on J=2 29 5 g
FPMIPv62] =9 2]od-> MNo| nMAGe]
174%7] #e| HIHack #IAAS E3] nMAGS}t
MNE| ARE AF3Aos wilshd st A3
¢l HIHack WAA] 28k ¥ pMAG2} nMAG
Alolell epibeF Eld-S gL pMAGE MNel7|
dlole] izl Adslr] 18l o] EdS o83}
nMAGZ 718 AFghcl MNo] nMAGe] 17
H nMAGE &8l 4=+ dely szl AA

L(FPMPV6
MN2o = s} Ly

gk

>
i

L =2
Z

il
S

it
offt
=ol£
£
=

) .
< ot &l #d

@n

T += PAZ 94 A4 Ad D 2} nMAGelA
MNell  =25F 3 WA dloly szl A4

g packer ©) oz T35 Wl T ohe
5} o] Al

T,=D_+d 22)

mag— packet

D, = dwl (LUNA) o} 2w

dmag—packet - dwl (LD) 2har 7HAJ gkt

MNS| =037} elofults £k, HEHZ 2o
Al w3 RS ] 9 73 MNelA| A==
dlo]e] Fzle] &A% A== Fke]
A PLe| o2 CNelld MNellA] s Be
Al doly FH7le] A= Aef=rt

oo

PL=AE(S)L)), (23)

9 5904 PLE Lijp ol ez vaa

t}. FMIPv6$2} FPMIPv6S} 752 Fast 3IE 9
ZeF A7 HoHS FozH HFl £Ae| wb
AR =tk SR A7 2G5 Aol whAysk 4

et

dsom A 98 b BEes 2 g

A

(Spp ol sidshe ghol ARSElvhd, A5s A=
APEE Bhee] S8k Ae 3R H el &

4 [H

ek o] A AFE FAd Axgle] AdS ]
b} e|a =R Ao A vESA
32 7RI 2 A Z7) o) ARE A
AEE g3 d o Atele] BAE 2F 114

wolFa ik

lo o
—z

f
o
K

—=— a=500m

—e—a=1000m|
0.64 4 —A— a=2000m|
—v—a=5000m|

0.62 o
0.60 -
0.58 -

0.56 4 .

0.54 P

o
0.52 o —

_— I
- vV v

false handoff initiation probability(pa)

8 vV
0.50 5 2 T T

T
0 10 20 30 40 50 60 70 8 9 100 110
d(m)

S8 11, BEE AEem Ax 2w d Al W)
Fig. 171. Relationship between false handoff initiation
probability and d

a®) 54 gl 7} 955 2
2t 2hg o4 Friehs 2 a9
ot A =27 AAad o ARE d=ex 273
FAE BS AdeAE 2Ae 2 5 gk A A
_):E‘-QE] A /\].o]z:{_ %al:;ﬂr EX] A2 217], 471

pzs
=
A3 e Adsks Aol Fsh (7))
2
a
“+d’
— <+
St I R TS MO

5 Z(del Adshe A= 3HS AR, =
e A BE2 MN9| Fxe ZEslvke e
wolfErh ez Asf gE pre MNO| vt
7k 71k ppok MN2| &% Aele] |
= YEYz el vEYa 71 f=exE 18
12.(a)¢} 1712.(b)olA] A7 Hol ok o] A5
< ohFRE de] ghell g ppol gE BolErt ol
AlEH01AS 8l 1kme] A Alo]=E 188
th vESZ e} UEYZ 7F = Ale]e] S
8 Aol o= A Akl diy] AlZke]
ok vEY= 7t gl gr|Azke vEY= U

465

www.dbpia.co.kr



Peexwct I vEHZ ol vEH= 7 9
=0 Azlel] gl 77k, 0529 129 W=ex
AAAZY, e aEEta vkt s ¢k
1-1022 75 A, 33 12,29 23
2.0yl dol A ol s, 57} oiees
HEL = e} vES= 7F =90 Zof gt =
2= AY FE Z7He RefFa olvh S0t 31
gpE, FdHoR, MN2S pMAGE| Az 4
q& sk ARkl A7) wiEelrh olgt 44
= S8 54 el AR = W, ppo] ok &
o dial vlE= W A= zof uHls] UEYZ
b ez} Eolxle S HojFrlh aEnw
vESZ et UEZ b A= zelr] 2 3}
o] S, AHgdhs 7S E8Holx] otk gofshd
o] ¥4 dol @I 5,8 o] k= W=
Alsl) SE58 BAE] 918 MNO| Sxe) =ox
o] el #-gafof dhrh= AS BoiFErk

Iy

-

—a— d=10m
1.0 —e— d=20m
—A— d=30m
0.9+ —w— d=40m
—<— d=50m
— 08
&8
2 07
3
£ 06
= 4
g /r/'
2 05
£ N
%5 04+
=
3 034
8
o 0.2 /
Q /,’
0.1 /
/
0.0

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140
v(km/h)

@ 7= 0.5 o WENZ ) A8 Y=ox

—a— d=10m|
—o— d=20m|
—4A— d=30m|
—v— d=40m|
—<4— d=50m|

o
J

o
©
1

o o
28
N

o
Y
1
\

S ¢
IS
1

probability of handoff failure(pf)
o o
by o
1 I

o
N
1

/

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140
v(km/h)

® 7=19 HEY= 7} P=ox
321 12, MN9| SEs) AEe A5 35 Aol] 3

Fig. 12. Relationship between handoff failure probability
and MT"’s speed

466

HEg vjo} WER 3 deoxe] 49
som A% A ghe B4 4F T4 9= 4
EEEE S I ELTE R =
921 <stel] e} ek S, 7k 74

AH ke AHEREE, d 44 A gol AHeE
ddeh. re] e ke VENZ 7 Asow Al
oo Sgeia 7o e ghe vENZ W s

=z Ao diggicl wA® S, whel AR

o Ary Prox A shge] ZyNaE 12 %
ANEla, AlsEle] Alsel FAAQl d3kS |zt

— H [e] REY ¢
A -
A48 5,9 A8
MN9| 4%
oh

probability of handoff failure(pf)
o © o o o o ©
N ow A O @ N
PP T S SR R

o
1

o
o
|

latency(s)

21 13, F=ox Ay SEI 7 Ale]e] A
Fig. 13. Relationship between handoff failure probability
and T

www.dbpia.co.kr



= P7IRE AR A M| BTl Ao wAAS dee= 7] A

Sh
2

52. == X|od AlZh & @izl 240 24

a3 14 27 158 el gk
HolFrk rpf] =2 2 A
9 7 AE FES ZA7) weba] o)lBA A
2 AE e Skl Amex AdE S
7helek b olgd W] ZREFe] oz A9
2= rpell mlERths Ae 23 149k 29 15904
Holgel D0 3 == o] o]
71% gk AE Bel D0 =& 3t A ooy
el SR =X AodE A ST o
A4S F8 FPMIPV6= the o6 He] ZRE
FHr A=e s x|odo] k= e & 4 girk

45 —e— PMIPV6

—4— FPMIPv6|
4.0 «k—k*_//./
35

Handover Latency (s)
» @
° o
I L

(=)
!

. .
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
FER(%)

a3 14, D, = 10ms<d o, rpoh d=es 2ol 3
A

Fig. 14. Handoff Latency versus Ty with
D,, =10ms

—=— MIPv6
8- —e— PMIPv6
—A— FPMIPv6|
74
6
=z
> 54
o
c
o
© 4
-
[
3 34
E d
@ ""7"'//7/7/7
] ,,,,,,,,,.,,,,,,,,,',
1 r::;:://k”a‘/A
0

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
FER(%)

a2 16. D, =40mssd o, rpoh d=es Al 3
A

Fig. 15. Handoff Latency versus Ty with
D, =40ms

MN®] =7}t a)u= Ftk W= wAY
Z o] CNellA] MNellA Ags= 2E dlole
Zlo] EAErl a9 163 23 172 W=2x &

okl A EAL mojFh A 9} E(S)= 471
I 1002 AAZL 8|3 D, o olekst 3
WA e 0~0701ck 23 16914 D, = 10msE
AAsla, a3 179014 D, 40mso 2 A7)
a5 163 11 1798 Ayl wEd, DY =2
A A e AR A w2 Q% 7)3c
oF Aejlx] dl=ex A] 7l FAo] M=oz Ao
A7kl vlEEtsicl. MIPv6e] 73-%- the ZEEFH
o} o w2 AZke] d8sh| wiited dFle] &4
7} o @l FMIPv6%} FPMIPv6 520 ZE2 &S
= AR} MAGeIA #Z7 w=s] wAUSS AR
3l7] wjie] e Eol izl £Alo] wbAYEix
%+=rtk FPMIPv62| 73-%, MN°|] nMAG2}| =
S z7) skgEA] & 7% pMAGE 53l A1kl
7l nMAGE 99 =3 nMAGS MN9| 3l
coxyl kw9 bR s W A "o
PMIPv6®] 74§ =@z 2|e] AJ7ko] kg 7-9-of
g7 4o] HEAIEITE PMIPV6-S- MN2| =9
B3t 7l EAE WRE] $18E wislE HAY
2

= Al 9371 wtolrk.

=

[ b

—=— MIPv6
501 —e— PMIPV6
—a— FPMIPv6|

@
3
!

Packet Loss(N)
8
!

rfff—a——7&77077+77+—4
104
o5 SR SN S W S VN S S
0.0 0.1 0.2 03 0.4 05 06 07 0.8
FER(%)

a2 16. Dy, = 10ms < uf, r,of szl &40 2|
Fig. 16. Packet Loss versus Ty with
D,, =10ms

78] Ztell Wk vet 9, 2] FAE A% v
o] Fro] M= ok A% (145 ARE3le] dol s
ARt 2 ok (1S AREsted, S, 9w Al
gt} 13 18.(a)E pMAG7} vwlo|=m 2 Al &3t
, ookt 78 kel gk S, e v Alele] BAE
RBolFr}l 23 18.(b)= pMAG7} vz gl <3
S o, fAlRE A¥E BeFEth a¥ 18.(a)=
Intra_MI_HO, Inter_MI_HO a8]an

A

2 o

467

www.dbpia.co.kr



EA1EFE| =] *13-06 Vol.38B No.06

Inter_ MIMA_HO¢°l| 3dl"d=lzz I3 18.(b)=
Intra_MA_HO, Inter_MA_HO 8]
Inter MAMI_HO¢]| #|5el= 272 wojFc)

—a— MIPv6
80+ —e— PMIPV6
—A— FPMIPv6

Packet Loss(N)

204

+ + + + + + +
0.0 0.1 0.2 0.3 04 05 0.6 0.7 0.8
FER(%)

a8 17. D, = 40ms <, r, o mZl £40| 2|
Fig. 17. Packet Loss versus Tf with
D,,; =40ms
—a— 1 sec|
—e— 3 sec|
—A— 5 sec]

46

Sath(dB)

64 T T T T T T T T T T )
4 5 6 7 8 9 10 11 12 13 14 15
v(km/h)
(a) pMAG vlo|z2Al
—=— 1 sec|
-60.0 —e— 3sec
—A— Ssec

-60.5+

610

-61.5+

-62.0

-62.5

Sath(dB)

-63.0

-63.5+

-64.0 4

T T T T
0 20 40 60 80 100 120 140

(b) pMAG =24

a2l 18, ke S gkl @ S,
Fig. 18. S, for different speed values

468

73 18.()9F 13 18.(b)> 72 5 Fhell sl
MNe| &% J7lel| w2} 5, 7F S7kehs s B
oJFr) o7l whE L£E2 o|F Fl MNe| 79,
Jeox As) FE ARE $siA AAHS] FHe]
13 o] WA = o2 Azbsof )
Igkel w3t 7 ot wet S, 7t S
& A5 7k 2R 739l wlsl
rowxs Udﬂ Alztsllof o d17] wistelck T

ke vESz ulo WESla 7+ oz} 3t
o] glt}. I#EE CLHE vt 7ol 2% S, 7}
ARgEITh MN9| el AldE] A FA3 4)
T o &3 R ellg] el S, ol <Fke]
Wspl Ak olHgt ¥AA JIE A
S1ElA (14yell oJ3) AR do] 3Hs 10% S7F Al
HaL (17)ell o] e AHL3le] S, 5 AR

qe e
£
Z,
2
jas}

1 o
ke
el
T
\]
:L

r‘” 12 o ol

—8#— CCH(10% err in v)
1.0+ —&— CCH(20% errin v)
—A— Sth=-62.80dB
—v— Sth=-62.16dB
—<— Sth=-61.51dB
—»— Sth=-60.12dB
—— Sth=-59.38dB

probability of handoff failure(pf)

(@) YEHZ W == Az

—m— CCH(10% errin v)|
—e— CCH(20% err in v)
144 —a— Sth=-62.80dB
—v— Sth=-62.16dB
—<— Sth=-61.51dB
—»— Sth=-60.12dB
—&— Sth=-59.38dB

probability of handoff failure(pf)

4 5 6 7 8 9 10 1 12 13 14 15
v(km/h)

(b) MEH= 7t =0 AL

O8] 19. pMAG7Z} mlo]a2 el 43 u), CLHY| F=o
Al 2hEs} S Ajele] W

Fig. 19. Relationship between handoff failure probability of
CLH and speed when the pMAG belongs to a
microcellular system

www.dbpia.co.kr



= P7IRE AR A M| BTl Ao wAAS dee= 7] A

Sh
2

vEY=Z el MEHT 7+ f=o x| tE §
efoll gk CLHO] =9 Al 359 FAlsla
71% 4% RSS QA gk 7wt dleex Zaem
°f =z A¥ FES vlwghch CLHM= 3
oz Aady Al Auel HEEF o|8sl] I,
& AR S FAelA FHd 20% oll7F =4

oty 7Pt 2 vk, fl=ox Ay e
AARsta fl=exs Ately] SlE S, & ARS8
. 23 19.()¢} 23 19.(b)> pMAG7} mlo]aZ
Aol & 7AF, E=e] vkt ghell 9igk CLHS}
71z zAE Sy, M daEiFe] pE molE

ok 27 19.(a)% Intra_MI_HO®l| gt p,& ¥o]

Far i 19.(b)+= Inter_MI_HO %}
Inter MIMA_HO®l|  df3t  p,&  HojErk

—=— CCH(10% err in v)
1.0+ —e— CCH(20% errin v)|
—4— Sth=-63.82dB
—v— Sth=-63.64dB
—<— Sth=-63.47dB
—»— Sth=-63.10dB
—— Sth=-62.92dB

o
o
1

° °
2 &
1 1

probability of handoff failure(pf)
N
h

0.0+
0 20 40 60 80 100 120 140

v(km/h)

(@ WEY= W =02 A

—a— CCH(10% errin v)
—e— CCH(20% errin v)
—4A— Sth=-63.82dB
—v— Sth=-63.64dB
—<— Sth=-63.47dB
129 > Sth=-63.10dB
—— Sth=-62.92dB

probability of handoff failure(pf)

0 20 40 60 80 100 120 140
v(km/h)

CRECERCE ELE NI

3% 20. pMAG7} w24l &3 o), CLHS] == A
A a3} HE Afolo] A

Fig. 20. Relationship between handoff failure probability of
CLH and speed when the OBS belongs to a macrocellular
system

B

=
L= A

fr

MN2] 73, 4 RSS 7]Hke]

o]
P

J

sk S dFs £k =3, CLHE AR

19.(2)9} 23 19.(b)2> A= RSS A gl
3, ppol Fhol MEN=Z o} vEA]T 7 W=
o we} HepA]= S wlasle] HelFa 9la
CLHE AR wl, p;7F MN®] Sieol] S5
718 HojFErh whd, wA¥ RSS Al g 714k
F2Fe] A pp 5,2 A MN9| ol
2} gzl e ZREZO o e
s #-3o] Heds HoIFTh CLHE AT
MAGE2] &Adl disl A = ¢ F 54
nMAGZ MN¢| o|Fsl= A5 J=ox &
Axstel 7zt a5 20.(a)2F 23 20.(b)= of
I pMAGZE &3 Sl 7392k Ak At
E HolFErh

o £

[e]

—

R=A

—&— Sth=-63.8dB|
—e— Sth=-63.5dB|
124 —&— Sth=-63.3dB|
—v— Sth=-63.1dB|
—<— Sth=-62.9dB|
—»—CCH

probability of handoff failure(pf)

handoff signaling delay(s)

22 21, CLH®] == Ad) g3} P=ox A0
Aol Aole] A

Fig. 21. Relationship between handoff failure probability of
CLH and handoff signaling delay.

a9 212 7 Ftell ukE CLHY| ==
358 WolFrl o] A= w4 RSS 7IHE
ox Zrezshs ©e] CLHY pye 79 =
3l HofFErh CLH it 79F 54 RSS 97
°of AxkE 98l AREl] witelth ¥l 21 1
A%l RSS 7|4k o ZEEFo| H]|F| CLHY
ps7k 70~80% gk Z& Hofgrh rof gt
S UEA W M=oz sgsla 2 gk
EF 7F d=eze silth aElnE 5A
RSS Atell 7o oAl gh& E33led, pre MN9

o ol >

NV U TR )

<

469

www.dbpia.co.kr



SEsh Qe AlE A WEel WAe] Wt CLHE AEE Asex sl piE wgs

= #o® AgHr A& RSS Al 7t AR & 15 %744 Azt A7le A& & 5 Slrk

oz AL AR 9l FRI ARE 7}

Ao e x HAE AR} AHS S, 0 ah V. d 2

O weA U Se dees Ade] Age

A7) wiel e d=ex A e AR & et NGWNe| l=ee] vst

&4 olh BEH dmew A% ohEw Aoz % FASAY Ames o) zeeg Al

As) wg Aole] AAe) FHE ALk 5,0 0 FE TN HE =9 And 2 s dee

34 gk AT A% MN] e Sme opy PR AR ST 8,9 s g e

W, ppol P e wAgRtw s Peox o] zreFo Ades THIH o
- ACTO I S I I DR E

i A= AodE Allo] FojEw dsom Al
SEE TP As o g Atk B =] #
Mo Ba o bsdr deexge QEes A
3

false handoff initiation probability

ol ol

] ¥4 AlEHeld A= CLHYF vIES =

S — el vES= 7t e mFe] Als ffk*bﬂ
T ke T w°] He ZA& HolErh =3 CLHE 239 9
ox ARt BES UFe AdE £°1T71 i
@ pMAG viol =l o AFH Y=o A} aAE v]g-e 2 >

——sed Sk

o1 B o] =HS upglo R o we uES = i‘rﬁcﬂw

aFAL] Mulag Algs] S3 vES A Vles

& 37 A7 R Agelet skl BAE 2=
EE o]9]e] :{iﬁiﬂlic HE A-g3lo] A58
Hrksta Ay A Eol7] S’ sk
F3le] CLH] A58 f‘fo AA 2 Aol

°
2
!

re o

0.52 4

false handoff initiation probability

0.50

S S References
v(km/h)
[1] I F. Akyildiz, S. Mohanty, and J. Xie, “A

(b) pMAG vl=2A4 - . . .
ubiquitous mobile communication architecture

Fig. 22. Relationship between false handoff initiation for next generation heterogeneous wireless
probability of CLH and speed .
72| 22 CLHS| #2w oo Axk gdEga) &5 Alo)e] systems,” IEEE Radio Commun. Mag., vol.
A 43, no. 6, pp. $29-S36, June 2005.

a7 2@ 1% 2.0 rllaeds = [2] I F. Akyildiz, J. McNair, J. S. M. Ho, H.

24 Azl pMAGZF Z8l] 91S W), CLHS} 3 Uzunalioglu, and W. Wang, “Mobility

A0S, 7 daElge] ArE = Ax; g
55 v|usle] HojErh CLHO #rE Js=o=
MA 82 A RSS Al 3k 7|8k dae]Ed|
vl 5% ~ 15 % Fo Zloz vepdc) ukeba,

management for next generation wireless
systems,” in Proc. IEEE, vol. 87, no. 8, pp.
1347-1384, Aug. 1999.

[3] J. Xie and I. F. Akyildiz, “A novel distributed
dynamic location management scheme for

470
www.dbpia.co.kr



EE ) P A A EA IS mAAZ AE Se] 4

A1
A

ofr
Sh

[4]

[5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

minimizing signaling costs in mobile IP,”
IEEE Trans. Mobile Comput., vol. 1, no. 3,
pp. 163-175, July 2002.

J. Xie,
based on mobility rate for mobile IP,” in
Proc. IEEE Globecom, vol. 3, pp. 1554-1558,
Dallas, U.S.A., Nov. 2004.

D. B. Johnson, C. E. Perkins, and J. Arkko,
“Mobility support in IPv6,” IEFT RFC 3775,
June 2004.

G. Koodli, “Fast handovers for mobile IPv6,”
IETF RFC 4068, July 2005.

H. Soliman, C. Castelluccia, K. El-Malki, and
L. Bellier, “Hierarchical mobile IPv6 mobility
management (HMIPv6),” [ETF RFC 4140,
Aug. 2005.

S. Gundavelli, K. Leung, V. Devarapalli, K.
Chowdhury, and B. Patil, “Proxy Mobile
IPv6,” IETF RFC 5213, Aug. 2008.

H. Yokota, K. Chowdhury, R. Koodli, B.
Patil, and F. Xia, “Fast handovers for proxy
mobile IPv6,” IEFT RFC 5949, Sep. 2010.
H. Yokota, A. Idoue, T. Hasegawa, and T.
Kato, “Link layer assisted mobile IP fast

“User-independent paging scheme

handoff method over wireless LAN networks,”
in Proc. ACM MOBICOM °02, pp. 131-139,
Atlanta, U.S.A., Sep. 2002.

I. F. Akyildiz and W. Wang, “A predictive
user mobility profile for wireless multimedia
networks,” IEEE/ACM Trans. Networking, vol.
12, no. 6, pp. 1021-1035, Dec. 2004.

I. F. Akyildiz, J. Xie, and S. Mohanty, “A
survey on mobility management in next
generation all-IP based wireless systems,”
IEEE Wireless Commun., vol. 11, no. 4, pp.
16-28, Aug. 2004.

K. El Malki, “Low latency handoff in mobile
IPv4d (Work IETF Draft,
http://tools.ietf.org/html/draft-ietf-mobileip-low
latency-handoffs-v4-01, May 2001.

J. McNair, 1. F. Akyildiz, and M. Bender, “An
inter-system  handoff technique for the
IMT-2000 system,” in Proc. IEEE INFOCOM
2000, vol. 1, pp. 208-216, Tel-Aviv, Israel,
Mar. 2000.

in Progress),”

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

R. Hsieh, Z. G. Zhou, and A. Seneviratne,
“S-MIP: a seamless handoff architecture for
mobile IP,” in Proc. IEEE INFOCOM °03,
vol. 3, pp. 1774-1784, San Francisco, U.S.A.,
Apr. 2003.

N. Zhang and J. M. Holtzman, “Analysis of
handoff algorithms using both AMAGolute
and relative measurements,” IEEE Trans. Veh.
Technol., vol. 45, no. 1, pp. 174-179, Feb.
1996.

A.-T. Cheng, C.-H. Wu, J.-M. Ho, and D.T.
mobile IP for
intelligent transportation systems,” in Proc.
IEEE Int. Conf. Networking,
Controls, vol. 1, pp. 495-500, Taipei, Taiwan,
Mar. 2004.

P. A. Pangalos, K. boukis, L. Burness, A.
and A. H.
Aghvami, “End-to-end SIP based real time

Lee, “Secure transparent

Sensing and

Brookland, C. Beauchamps,

application  adaptation during unplanned
vertical handovers,” in Proc. IEEE Globecom
2001, vol. 6, pp. 3488-3493, San Antonio,
U.S.A., Nov. 2001.

S. Jun-Zhao and J. Sauvola, “Mobility and

mobility management : a conceptual
framework,” in Proc. IEEE Int. Conf.
Networks  (ICON) 2002, pp. 205-210,

Singapore, Aug. 2002.
M. Stemm and R. H. Katz, “Vertical handoffs
in wireless overlay networks,” ACM J. Mobile
Networks and Applicat. (MONET), vol. 3, no.
4, pp. 335-350, 1998.

M. Liebsch, “Candidate access router
discovery,” IETF Draft (Work in Progress),
http://tools.ietf.org/html/draft-ietf-seamoby-card
-protocol-07, June 2004.
S. Mohanty, “VEPSD:

using the PSD of the received signal envelope

velocity estimation

in next generation wireless systems,” IEEE
Trans. Wireless Comm., vol. 4, no. 6, pp.
2655-2660, Nov. 2005.

M. D. Austin and G. L. Stuber, “Velocity
adaptive handoff algorithms for microcellular
systems,” IEEE Trans. Veh. Technol., vol. 43,
no. 3, pp. 549-561, Aug. 1994.

4n

www.dbpia.co.kr



EA1EFE| =] *13-06 Vol.38B No.06

[24] J. M. Holtzman and A. Sampath, “Adaptive
averaging methodology for handoffs in cellular
systems,” IEEE Trans. Veh. Technol., vol. 44,
no. 1, pp. 59-66, Feb. 1995.

[251] A. Neumaier, Introduction to Numerical
Analysis, Cambridge Univ. Press, 2001.

[26] G. L. Stuber, Principles of Mobile
Communication, Kluwer Academic, 2001.

[27] J.-H. Lee, T.-M. Chung, “How much do we
gain by introducing Route Optimization in
Proxy Mobile IPv6 networks,” Anna.
Telecommun., vol. 65, no. 5 -6, pp. 233 - 246,
June 2010.

[28] H. Fathi, S. S. Chakraborty, and R. Prasad,
“Optimization of mobile IPv6-based handovers
to support VoIP services in wireless
heterogeneous networks,” IEEE Trans. Veh.
Technol., vol. 56, no. 1, pp. 260-270, Jan.
2007.

[29] G. Bao, “Performance evaluation of TCP/RLP
protocol stack over CDMA wireless link,”
Wireless Networks, vol. 2, no. 3, pp. 229 -
237, Sep. 2006.

[30] S. Yang, H. Zhou, Y. Qin, and H. Zhang,
“SHIP: cross-layer mobility —management
scheme based on session initiation protocol
and host identity protocol,” Telecommun. Syst.,
vol. 42, no. 1-2, pp. 5-15, Oct. 2009.

[31] N. Banerjee, W. Wu, S. K. Das, S. Dawkins,
and J. Pathak, “Mobility support in wireless
internet,” IEEE Wireless Commun., vol. 10,
no. 5, pp. 54-61, Oct. 2003.

[32] J.-H. Lee, Y.-H. Han, S. Gundavelli, and
T.-M. Chung, “A comparative performance
analysis on hierarchical mobile IPv6 and
proxy mobile IPv6,” Telecommun. Syst., vol.
41, no. 4, pp. 279 -292, Aug. 2009.

[33] C. Makaya and S. Pierre, “An analytical
framework for performance evaluation of
IPv6-based mobility management protocols,”
IEEE Trans. Wireless Commun., vol. 7, no. 3,
pp. 972 - 983, Mar. 2008.

[34] D-K. Oh and S-W. Min, “A fast handover
scheme of multicast traffics in PMIPv6,” KICS
Inform. Mag., vol. 36, no. 3, pp. 208-213,

472

Mar. 2011.

[35] J.-H. Lee, J-M. Bonnin, I. You, and T.-M.
Chung, “Comparative handover performance
analysis of IPv6 mobility management
protocols,” IEEE Trans. Ind. Electron., vol.
60, no. 3, pp. 1077-1088, Mar. 2012.

0| X = (JaeSuk Lee)

2013 249 ARt A
el e A

<FAltel mRRIMESZ,

o-8-=FA=], A4

A & & (Jongpil Jeong)
2008 29 Al A

HgAl gkt
20091 AlFuoEt

. 2010»# ~‘GJXH Ayt

AR EERL LS

_I_
Il mulel AFE, AN o154, A2 wu}
o vES=, 2vtEZZ] HoL WESZ Hel
IT 1:}‘ o]]—jaﬂxq/\],o]o > =

[S)

www.dbpia.co.kr



	IP기반 차세대 무선 네트워크에서의 교차계층 핸드오프 기법의 성능 분석
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 관련 연구
	Ⅲ. CLH 프로토콜
	Ⅳ. 성능 분석
	Ⅴ. 수치 분석 결과
	Ⅵ. 결론
	References


