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A  mobile computing 3} wireless networkol] #3% 4
T7F &3] o] F ol X L 1 en 7t vl el o] wireless
network @ mobile computer E9| internetwork 2] & 4]
REol g 7|02 o &5t} wireless linkE o] &3 =
A A gy, 2 AA AT, B2 biterror &3 ¥
9 3} disconnetion © 2 E R ] o} Z1t}. 3t AF-E-2FE 0]
wireless network 2] Al & o] £ ¢} w2} handoff 7} &
A& 4 9t} ek wireless network 3} protocol & A}
|27 2738 54 F38 (QoS) & 2 & + A
ZE ol 3 540 2 d A s ok7t $td). 53] handoff
+ 3l1}9] base station (wired 9} wireless network A}o] €]
router) ol A T} base station & 2 o] £A1 AFefj o] H ol
g sty g o), 2 A A7k e 2 Q&) FF packet
loss 9} 2| A 2k W] & @) of -2 networko
A handoff= ¥ mso| M & 2 & A &R

TCP¥= §A3 239 T2EE 7|uto g 3 net-
workol] @Fo} A A Z A 9 transport protocol o] t}.
FA 1A AU SAEE M T2 bit-error &9 of
F &7] uf Foll TCP = packet loss & &% (congestion)
of o8 ot A o2 7Y Tt F, TCPE FEFY
B2 AV A BAE AL FA S FERYG A
A7 4l o] AA = packet 2] acknowledgement &
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WA EeE EYOE HYstel AASS Yok ol
Yo M= F 45 Bah

23 wireless network o]l Al = wireless link 9] ¥&
bit-error &3 handoff 2 1% packet loss 7} 2}3F @A)
@ vk ol T AR 7] &2 TCP & packet
loss & 712 Poll M o} 22 w4 0 2 window 271 E 3
Hlo g8 Z o] slow start 9} & EF Aol E 433}
A Bt ool we}links) &L AA Fosy AF
network & e} &3} X AA|7ko}] A AT

ITCP [1j= o83 EAF L A3 918 fixed
host ¢} mobile host 7te}] A4 & 2709 Az £ 3
of fixed host ¢} base station 7te] 9442 7| &9 ¢S
g2 o232z TCPE 1) 2 o] 23} base sta-
tion 7} mobile host A}o] 2] wireless link = o] o] & 3} 3}
transport protocol 2 3 8-3}= wWAlojt}. o] @ Fo A
+ handoff= 3 31#] 9 3tc}. Balakrishnan S¢] 9
[2]+= base stationo] o}& ACKE @x] 23 TCP seg-
ment =2 caching 3} 32 A base station 7} mobile host A}
o)l M packetloss & ZH &3] A A A S =5 8 7
ojt}. o] W & mobile hosto] } & TCP & AlL3la 3
end-to-end semantics & 52X & 4 Y ot= o] gl
=3} handoff A]¢] 4% A3 7] ¢)8] IP-multicast
£ 223} multicast handoff & A Qt&} ¢l th.
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= 5o}l A = multicast handoff & 7} 41 &} handoff
A AA TS 29 F A+ A 2% handoff scheme & |
Q3tcl. A 9+# handoff scheme2 3] A o] 431
base stationol] A handoff & 7}%7d o] 1= basestation
0.2 ACKE w3z 273 packet & forwarding 3= 7
o] t}. o]of| u}2} handoff A] o) packet 3} basestation 2} 4+
8 A E forwarding 3t o] = A& £Y A
o E hint § AFSE F QS dx A s A7 for-
warding buffer £ handoff & 7}/ o] 1= base station
NA £AF 5 Aot hintE AFEE £ Q= T
ME 3%A 9 hint & AF8 0 23 73 F 3 handoff 2]
ST A AA LS EOl S T

B =R AT 28 A A A7 E 2SI 3%l
A forwarding handoff 4312 & & A 3t} 4% o) A
= simulation & Z38] multicast handoff scheme =} A ¢+
3l forwarding handoff scheme & ] 2 ¥ 4 8} 22 53 o) A

AEe AEoh
2. BA QA7

wireless network o] 4 TCP 2] g 9¢] 2A Yolx = 7
o2 e o) wet o] & Al Adslel & A7t o] Fol A
ok thEAQ 972 A I-TCP scheme [1]3} Snoop
module scheme [2]& 27} 3tc}h. IZ, ¥ 3t handoff 7}
A 9449 32 AA "oy f i FA F
Aol 8L 77 B handoff G Foll T A7
7} el FaA a1 Q). B Fel = Aol MR 5%
multicast handoff &4 7.8 & & A7) 3tc}.

2.1 I-TCP

Indirect TCP protocol {1]-& fixed host 9} mobile host
Alele] 2 A A7 -2 fixed host 2} base station Ao} 2]
TCP < 24 7} base station ¥ mobile host A}ol2] A4 =
Fa st Aol WA 472 protocol 2 wireless
networkoll # §}3t A} % protocolo] H F A& 7 9]
t}. handoff % 9tol] = 7] £9] base stationoff A4 A} 2§
basestation 2. 2 buffer & forwarding 3tc}. o] W4 o &
3 & wired link ¢} wireless link A}o] ¢} flow control 2}
congestion control 2 R |0 ZH F AL dg

F AtkE Zolth 1 et g B 2Ed

e end-to-end semantics®] Ao : BA AAFGo] F AR
2] doj a2} I-TCP 2 ack: A A 2 mobile host 7}
packet & W52 B AdA Ego)

o Application relinking : mobile hosto]] A 2} & pro-
tocolo] Al-&g o] o}zl mobile host 2] application &
2. A} 2 & protocol 7 thA] link 5] o of $}c}.

e Software overhead : packet 52 base stationo} A
TCP protocol stack @} A} 2§ protocol & stack 2 #
okt gt o] 712 packet A AAZtE A #H
c}.

e handoff latency : handoff A]o] base stationel] U=
buffer o] 1] & x| £ base station © 2 forwarding
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24 1: Multicast Handoff

& ok 3t} o} 712 buffere] = 7]o] w&} handoff la-
tency 7} 2913 4 A& 7 oh

2.2 Snoop Module

Snoop Module [2] base station ] ] mobile host 2 &
3= packet &2 caching ¥t} Snoop Module2 =}
U 2] timerE W& % 8lo] wireless linkol] A 2] error
Z 918l loss = packet & & 2 A 43t 04 fixed host o] A
timeout o] WA 8= Z & o W3l &, wireless link 2]
=2 error 2 9 3 packet loss o] Fof) TCP 2] congestion
control scheme o] Z+%-3}3= 7] & ulo} wireless network
AMT TCP9 450 oAz =& 3ol handoff
Alel = IP-multicast protocol & ©]-&3}¢} handoff hint
£ o} vl 2] Snoop Module 8} 1 £-& forwarding 3} 57
multicast join & 3= & st} Hof 3 A BA TS Fo|
T2 33 9. o] WAl S TCP connection 9] end-to-
end semanticsE I 2 X HAME & e o

= AEE e
2.3 Multicast Handoff

Video conference 9} 72 #4F g2 1 & 2 ¥ 3}7] 9]
A i FES FHdoz F4de] vE £
*= multicast connection-g& #| ¢ $+t}. rerouting™ &
71%5 52 multicast & 2 7159 o)) @) 9 layer & o)
43l A1 ¥4E F 3ot welA handoff 5 ¢tell & fixed
host 2] o] o] E} £-0] A} base station¥} 7] = base station
©. 2 multicastd 4 2.9, handoff 7} Zv} 7| =9
base station-Z multicast 2 22 AAE 4+ A}
o] & 3} multicast handoff = 7] 2 2] handoff ¢ 3.8 Z9|
v 3] A & 2 latency 9} buffering & ¥ 8 2 3= #d &
Zt=oh =3 hintE §HF o2 AL E £ JYEE F
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3% 12 multicast hanodffe] #3 & W E. 12
mobile host”7} handoff& Z1Y4-& basestationol hint
E F 1= 7{o] 3, 2= basestationo] A} basestation & Z
packet -& forwarding 3= 7 o] 1, 3-2 forwarding packet
S & A basestation¢] routerdl] multicast join & 41
A= 7lo] 3 4= 1o o} 3 acknowledgement of t}.

Multicast handoffe] 93 & ZE£3 hinte] A} o2
29 asthandoff § 423 5 JE Aold. F AHS
A7t cell e A A A zigzag SIS HE o 4 A
2 handoff= Yotz ¥k+=d & forwarding =} mul-
ticast joino] WA & 4 th. I3 base stationdl A
buffer 2] Fo] & 7 % handoff 9] A 4 A} 7+ rerouting
Bt} packet forwardingol] 2] &8 4 ] 21} forwarding
Al 2ol Wl 3 18 7} ¢l o} I-TCP 22 7 % base station
o) X &} forwarding Al 22 & 3HA T oo ¥
7} glch =, hint & A28 5 g1 37 ol A multicast
handoff9] 4 %2 AA 9o At}

3. A)st=! Handoff Scheme

Multicast & o] 23 w2t = buffere] o] =
handoff ] A A] 7+ & forwarding A] 7tof] & 3F-& W=t}
forwarding A} Z+E £} 7] 98] v 8] multicast & &«
I base station o] packet & R. &3} 3+ ¥ 2 hand-
off 8] % basestationo) 4 A &) oF &= buffer?) %o}
YA AZA £ o}k hint & AHEE F g R
A= vl 8 multicast 3> 2 u}A 7}z 2 buffero] ¢
o] AUAA AR ZAZE @

olg} 3t FA R L NAd] A8l 71E9 base sta-
tionoll A A 2§ base station © & o} 3 ack & WA X
3t packet & & forwarding 3l 2 ack & w2 packet & &
A} A 8} = forwarding handoff &3 8] & & A 3}, =,
29 g3 forwarding 9] #A4 & 2] ¢13) 357 9] hint
5 ol 83 F do ALEAY B3 AQ YLz
913 B9 @ 3 handoff 9 forwarding & & 5 YS S

e}

iy

3.1 Forwarding Handoff Scheme

238 7?7+ forward handoff ¥4l-& Jeldt}. snoop
module#} Z+& caching buffer & & 4] 51 base station
o] A handoff & 7}5 /3 ¢] U= A 2% base station & 2.
o}2l ack & 2x] ¥ 3} packet £2 forwarding 3= 7] o)
o} oju xfRo] ¥ ack® ¥ A$3A o] v ack
& 2 packet £ A A 3= & 3t} A) 23 base sta-
tiono| 4 A& of &= buffere] A7} AR o E )
£ base stationol] A forwarding 3} = packet ] %o} uw}
Er1t}. 7] 2 base station® X}pA19] buffer &7} packet
forwarding A] 7}, multicast join A7t 58 & 3lo A}
2 ¥ base station & & forwarding &= packet o} ¥ &

A& 4 )tk 7] & base station & A 2 ack S oL

o ol o} A 2% ack o} 74 Al unacked packet & | base
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298 2: Foward Handoff Scheme

station © 2 forwarding 3} =& 3l A buffer ¢

REA FAATIZ A E QAA.

=]
&g

o] forwarding handoff & A}-2 82 24 handoff A] o)}
mobile host = handoff & &} v} A} A base station 3} S
€ AME 5 Aot buffero) = packet 3} TAE #
2] 8= £ <t 7] 2 base station2 }7 x| packet &
forwarding 3} 3L A} base station 2 multicast join-& Al 3
35 & $t}. A base stationoll &% ¥ = buffere] =7}
o w2} handoff A/ QA ZHE o] A 22 002 £Y
Ao

3.2 3974 hint 9] A&

£49 23 hint 9] @A 3 forwarding & 1 8}7] 9l 39+
A hinte] A& AT (2¥ 3). Zzte hint=
mobile host 9] 8-} ¥ 7} base stationd] A Byl = A&
9 ZE=25H hystersis§ Fs 213 F 3leqg &4
hintof] 4 ¢] handoff 71574 o=t 3GA=Z E/F2 4.
celle] FUAM vpgo g &3 o] mobile hostol] &
A g& F= hint= 294 hinto]c}. o] hint& @
2 base station = mobile host 7} handoff & 7}%5 4 o] =
base station ©.Z unacked packet & forwarding3}7] A}
2+3l 1 base stationo] A 2 £ ackE & wojch Al 2
¥ packet 7} ack & forwarding3tc}. 1) & wlo =z &2
o] 394 hint & @A ¥ o T2 base station & &
E packet 9] forwarding & A} 2F 8} 1 A} 2 ¢ base station
< multicast join & A] &3}, ¥ 2 2544 hint Foj
OA ¢ZFo 2 §3 QAN handoff & 71540 = F =
2 Aojx A 194 hint & 27 5 3 forwarding-& 9%
FA "o} o] 3 39A hintE ALSdoEM B
2} forwarding ¥} handoff¢] A 7} 54 & &9 + U}
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3rd level

29 3: 394 hint 9] AHE
4. A E#H oA

4.1 2 Edeld 24

B Ao A B o] A 2dl 2 fixed host module, mobile
host module,base station module, router module, wired
link module, wireless link module 8 F+45 o] 1ok Z+
252 98 Wy (incoming buffer) & 744 3L Q11 9]
Y8 HAE Fal JAL deg. & 59, A L8
ABREZR A ASS A REC B Y 9y
of 7 & writed}= 0 Z o] Fo]A 3, B uf A7t
(time unit) 419 48 HHE ZAst AT A7
o] A H 7l & AzsA HAc}. o] wf time unit2 0.1ms
2 stk

2 7o A wired link = Hof tf & Z0] 10 Mbps <l
ethernet © 8 713 3} 9 3, wireless link & mobile host
2 FHo g o] o 2 Mb/sQ] AT&T Wavelan 0. 2
AR e =8, W4E s TCP/IP H2e o=
576bytes 2 7} 3t t}. o] 7FA ol ule} A4Sz link
9} transmission delay £ v &3 7138 H X JA| 7+ )

&3} 2.

¢ WireTrans DELAY
Transmission delay of the wired link

e WireProp DELAY
Propagation delay of the wired link

¢ WxTrans DELAY
Transmission delay of the wireless link

e WxProp DELAY
Propagation delay of the wireless link

e MH DELAY
Time for the mobile host to acquire the wireless chan-
net
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Delay Value
WireTrans_ DELAY | 0.9ms
WireProp DELAY | 2 ms
WxTrans DELAY | 4.5 ms

WxProp DELAY | 2 ms
MHDELAY 5 ms
(& 1]

g2 AEgdold 2de 4 ZEo) T dFeld.
4.1.1 Fixed host module

Fixed host = mobile hostol] tj] o] E} & B.U = source
AL gt o] o, FA A5 Y H o] EAEE in-
finite source?) 71 2.2 7} A 3k}, Fixed host 2.2 #
Z0 A FEAYY DA BEY F RESZ oA
Qok )7 A BB A= time-outo] H o] | A L5
ool & HFle] gl ), M2 A& HEstd A4
ok 913 A ol M s Z3 A, 5 mobile host =
2] 2] acknowledgement & @31, wix|gto g ke ac-
knowledgement 71 -& 712} 7| & A 59 gt HH A7
.

9le) T RE o] 9ol &, fixed host = HHZ o] &4 &
4737 f8 Eloln & A AT ol E 9 &4
o] ALE= A 7+S 7] £ 3} 3L acknowledgement 7}
=3 E wol| & Bol & A A F (restart) Aj it} o]
uf, €} o] 0} 7} Z} = time-out g2 acknowledgement & i+
A &2 AAA H 7o) A== AlZbe] Al 2 round-
trip-timeol] & F3 g€ W § Aol £ AFdA
¥ 8 =2[3] ). Time-out Al Zt7}A o] 3 2] 9] acknowl-
edgment 7} £ X] o o] HlF¢] &4 oz BT
congestion control algorithm & 2}%-A] 71t} Time-out
ol A AF£-% = round trip time-& T}-& Al oA F
3 2 o3,

rtt(roundtriptime) =
New_RTT _sample

a * OldgTT + (1 — a) *

B BN E a9 gto] 04,05,0.7Y F$ A &
o] % ArE ¥k

4.1.2 mobile host module

Mobile host 252 F 714 715 & 3 3. AN =
source Z fixed host 2 ¥-¥] w2 1} 7] o] tf 3t acknowl-
edgment & B = Qo] 37, 5 = mobile host 2] o] =
A& 2dYs= Yojtt. Mobile host 7} hint & w3
handoff & %o} ula} packeto] forward = 3. multicast
joing 87 B t}. muiticast handoffo]] A = hint & W=}
w}A} packet @] forwarding 3%} multicast join-& A] 3}%tc},
ol o} z}z}9] operation 2 €13 G & 3F delay &0 7395
9l t}. forward handoff Aol = 3%7] hint & 234S f
A} basestationol] = U A 8ke] packeto] o] v] =) Fhy.
w2k A e 2] packet & 2HE forwarding 3} 3% multicast
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4.1.3 base station module

Base station 2 wireless link & Z-3)] mobile host 2 #]
21 & AgslE d& $d. o] uf wireless link 4+9] 3} 7]
o] &4 Z Q% TCP/IP 9] 85AE 7] 918 base
station®l] snoop EE[?]& ¥t} Snoop ZENA = lo-
cal timer & 9] wireless link42] a7l &4 2 detect
%tel. Local timer ) time-outo] WA & uf, 7) A3l
F W 7 & wireless link AFo. 2 2} A 43}, handoff
£ 918} current 9} next ¥ 7} 2] base station 2 =<

kil
t}.
4.1.4 router module

Router 2 %2 current base station =+ next base
station ©  packet 2 routing 3tt}. ¥ €] 7] 2 ¥ handoff
Ale] AEF) &% X router 2E A 3 et

4.1.5 wired link module

Wired link module & 3 7] ¢] wired link & £} A4
o Arle A4 AEE FEY. Wired link 9]
g AAgS (B 1] 2ok

4.1.6 wireless link module

Wireless link module & wireless link Arell A ¢} =) 7]
o A4 g FHeH, F 7 A &4 & we}
WS EHA 7= 92 3o} wired link 2] H 4 A
Agre [E 13 Zod, H7 482 0058 733
At

4.2 A&l A=

IY 4,38 5 2Y 62 F0] 3 A 7HE 9 acknowledg-
ment & w2 3719 7452 Lehdth. 71 29| TCP/IP
Z2EZA HF SAFo] F FF, A 7to] A e u}
2t AL Eo] v § Z4H = A v Za) A Snoop mod-
uleE AHE3 5 S5 A 7ke] Aol S HA9 A
%89 At v A8E B 4 At} o] &= base station
A FH8 S snoop ZE[?]9) local retransmission &} &
#HZ A% Aolet & 4 Uk =3 fl9) AR
multicast handoffell ]3] A) ¢+ 3F forwarding handoff &
A

3 A
2 Ee H5ol 5T AL ¥ F A

o
il

Z
L

B = F o] M = wireless network o] 4 TCP/IP 2] 4% 3
4& 1% M2 & handoff ¢ F & A M A

= handoff ¢328] & 71 = base stationo| A A} base
station © 8 ack & WA 92 packet 5& forwarding 8}
o] A} base stationol] ¥ & %<} buffer & S A FFEE 3
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TCP Segment Sequetice

TCP Segment Sequence
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I¥9 4 a=04
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10000 20000 30000 40000
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28 5 a=0.5
Ours < |
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g -
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A} forwarding © 2 21 3} handoff latency & ZEo| = &
gt 3 A 93 handoff d 2] Z9] G717 9 Al&
213t 39A hint & AFEE = A= WS A stat
t}. 137 hintol] A = forwarding & &2} Al 7] 21 2947)
hintoll A = unacked packet®] forwarding& A] &3t}
3G A hintof M = 2 E packet 9} forwarding 3} multicast
joing A&t 3TA hinto) A& Ed) 2Egqd
forwarding ¥ handoff) WA & 29 4= gt}

R o o

H =Fo) M= simulation® =3¢ A ¢+® handoff
gz &9 542 B9 simulationg $3] TCP
¢} snoop moduleo] THE 9] ©nf & 2| 7}A] round trip
time Al Aty o wla} ack & & TCP packet S 9} se-
quence & ¥ 3G th. 2 723} A e+s handoff &g
% ©] multicast handoffe]) 1] &}4 handoff latency & %

45 Aee ¢ 5 AN

o g AR} systemol| A A8 L &) Ho}o} 3} 77, Al
2 & base station o] A buffer -] £ ¢ 3} mechanism ©]
o drselof s T A oA uEAo
2 Yoy handoffAl o]l 5 buffero] #Ha] ¥y 5ol o
£ Aok &l
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