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ABSTRACT

To prevent performance degradation of TCP due to packet losses in the smooth handoff by the route
optimization extension of Mobile IP protocol, a buffering of packets at a base station is needed. A buffering
of packets at a base station recovers those packets dropped during handoff by forwarding buffered packets at
the old base station to the mobile user. But, when the mobile user moves to a congested base station in a
new foreign subnetwork, those buffered packets forwarded by the old base station are dropped and TCP
transmission performance of a mobile user in the congested base station degrades due to increased congestion
by those forwarded burst packets. In this paper, considering the general case that a mobile user moves to a
congested base station, we propose a Priority Packet Forwarding to improve TCP performance in mobile
networks. In the proposed scheme, without modification to Mobile IP protocol, the old base station marks a
buffered packet as a priority packet during handoff. And priority queue at the new congested base station
schedules the priority packet firstly. Simulation results show that proposed Priority Packet Forwarding can
improve TCP transmission performance more than Implicit Priority Packet Forwarding and RED (Random
Early Detection) schemes.

* arej sk -t} (hkyeong@korea.ackr), (W= & @ 030125-0321, 4=k 20034 39 219))

661



#5418 3] =74 ‘(3-8 Vol.28 No.8B

I. A/ &

2 A7k 4R BAree] S A 2
olFrbLe] Fxby Zylz wwuiglel AR} A
A olgshy Balske 7ol sbsskAl H%ick
Aefl A NME ol2iqt AREALY] o]5A-E A4
3}7] ¢slod, IETF (Internet Engineering Task
Force)ol|4]= Mobile IP Z2 B8 dASlgct =
vl IP T2 eI y|2e g 4 ohde 4
7 o] o] EAE A Usks Hlol2 Ruld IP (Base
Mobile IP) [1][12]¢} Wl Zmldd IPE Algsl=
7 Ak e wESA, ol8nt A g
48l FA| (Triangle Rcuting Problem) [2]{3]1E 3}
7Asl7] 95 A= HA3l &2 (Route Optimization
Extension)e] ¢Jt} [4]. &%, wso]xA wmmjal IP7}
WAk e =R BEEA AE A
A Ak mrpd P2 AEAAsEA M= A
=9 97 3 &4 vl HAsle TCPE]
A ABHEASH12]E 81437] g8k 2%~ A=
2 (Smooth Handoff) wl7hZ-S A=lsla glch.
22 PeEL T o]FHe] M2 ABEE
#1=2 (Subnetwork) 2 o1F& 7, gl o)F
Z 9xjgl A BV ESF6 9= 3A] FA (Foreign
Agent)E E3jo] o]F Aol MEW HEUES] o
AU o129 FAdAl d=HoBH, olFudel dxj
AxE mEe U5 =¥ (Comespon dent
Host:CH)o] Ruje+= si7lE< |3 FA7} &A] FA
oA Edd 4 =i JIth uebd, dx] FA=
ol FAS} &4 olAal al7] witol| A2 W=
Z2 A}gsbd wo) A zHled 1P7-S-e} ulasled 3
zezd od £45E A7 5= FhasiA "ok
e muld 1P 250 72 A3 sl ot
2Fs e ez geox gk MAshe HH
£ALL- F0)7] $lsle] AAAEN ST Bska,
2o A9 deex ol b izl &4 A
ol o2 TCP AeA3ls =] ZEdkch w3k
RTT7} 5% 2%, Az Xzt Ao 72 3
= Follx] 23]8] FHF £Alo] wol MAshe wo]
2 Enly IPE AMSSRE A8t 92 TCP +8-%
Yehiigic} [6]. o123 AR A3} g Ahs
Yo Fol4 sk TCP e AH3te WA|3]
A E Y=o Fob 47) o] ALH]l FHA
£AS wixjsk 44l 4l B (CH)YA $55
TCP ACK H3lo] 37 o]4 d&Hoz $4lER
UEE Yoz Fokof whlEh= 7l £ 51
slo} Pz o=y} TCPAFSAZTIEET | F3kg vl
A)x) oA sk A wiuile] et [6][10).

wrlel [P WESZ22] dizlvsa] wale &3
43 (Scalability)g- Al o[n] o]Fwhdde] 4415k
H7le] =g Wx|s7] #s] ARQ (Automatic

662

Repeat reQuest) YW2lo] A== 7|A]5 (Base
Station : BS)ellM aj=]ojol g} [6-8]. &, =u}
o IP R FA P= o= ok WA= 53
£A wFo 2HEE TCPY A5 A31E WR|s))
AeiAe AR HHs o Avs Peex w7
UEE AR83ka oA FA|SellA A= E Bt &
Agle AZES Heo AAsta visEE s
o] olExtulol|Al Adglojo} Al el o)l Ewhd
o] AZF- AMH vE=] EXT 7|AF2E olF
g Aol ol xSl EHHEE ARELR
EAE S w3t oA 7IXFe] EHEsE ABE
waEg ©3 BExJog ol Askd Exfo= s
] o]Edhd Z2Ee] TCP A Asol #sl=
A ek & ZuFIpzledAe Z1AS 434l
WAy Aol ZAgty meld IP A2 HYF
g ARx Fgmox WA O R o]Futo]
243 ARE AHUEYAE o5 d A%l
s Az AduvEedas d21 =$Es)
Ab4-3l= RED wiy #e2] w919 &3 Abe
Auo mel o]Fe] EaAAHE FA43te] oA
71X =o] WA HE HRES EHGIAY 7]
e A3 EZY9 Alo] wkE A<tsiddch o
vl FaEA[2)e04 Akd HA 249 A
o Higlzml 7ro], o] Z]A|FelA HZ v
Aol E4g AZE 71AFd sHehe E£34E
13}3lE Hbake o]Exido] o] FF AT A
By edad ERA4EAHEE olH ZAF A
23 5 9EER = muld IP T2EZY £
7 4 RED wi¥ge]upale] ik &gk &3
Abe] FAo] 8-7Hc).
ool B EEolME FAHAY HEQ dubd
ol 3 A3E mEste sl Al visE
=
(s}

o] 3 A%, oty FTEES TCP A%

oA 7Z|A]FroljA Wz
o =9 e weto 2 A
1y A} Hlel (Priority Packet
= pstgich AljbsbE HF x4
A 24 wleldes Znld IP ZREZ
ol z

o
R
)
o i A

oﬂ#ﬂfﬂoﬂﬁoﬁ.gjé & alo
*
o, ¢t

LU

ok B =39 AL o 2tk A
Al 1A F iR W e A
od 1P AE2HHsHAe| 2FA A=
ol A Akt AR EE +AH B
dAAd AREHR A BA ek (Implicit
Priority Packet Forwarding)& A7R3slx, #| 3 &
dlds AlEdHeld Aos F3 sk



wE/Erkel TP 7 WA WAeA TCP BB S A% 9% EAY SHY B e

2
0. 29t P AR W5l Y g oA
AR TN $HA 2

2.1 2upd 1P A ZJAIS S| w5 w4
2 wilAe 2317 o] muldd IPE 7HE2
2 3l WES=zY 7A4E 2=t ajlie 7
A e 9l =hE|7} =3+ FA (Foreign
Agent)?] &g Sefdicty 7AARcl ze]lm mwl
A IP AN 8= Sl B 75 Al B3
Adv o] w=2& A3t} [1113].

Hame Network

T80 1 wull PE ke sh= WEdm 74
Fig. 1. Network Configuration of
Mobile IP based Networks

MH New IPA Old Fa Ha CH

Cell Unneang

Pucket | osn
Bindng ¢ pudaey
Packet

Regrstration Repl: /
/ Re- Funcisng Buling W aming
\ Busding ¥ pdate
l/

gent Adsemement

/

032 AR HAs) gk 2 mulel IP Z2eF
Fig. 2. Mobile IP Protocol
with Route Optimization Extension

a32e] malllp AZ HdE HeluE, A
FA7} olEwbaeye] S293u)AR] (Registration
Request Message)E& 418 74, A2 FAE £
E 2 dAIX5 HA (Home Agent)ZE ZFAHSl=
23 viEe] o)A FAolAl ulelwd Al ofjA]A)
(Binding Update Message)E Hifo] =8

Care-of Address (& MZE FAL] IP F)& £7]
Fhc} [4]. weld, oA FAE ofF AZE Care-of
AddressE 9% Esh= dlgxbd (Correspondent
Host : CH) &, o]5uhdy} B4l Fal Wiz ie
e AT geic), 219 AS A2E FAd
A ALl =23) o] FAE ulld Ay oA
(Binding Warning Message) 2 HAol|A] Bujje], HA
7} st oAl A2 Care-of AddressE FA|&
£ xRS goh ogwbE wield A oAR]E
FA1gE Folli= o121 FA djilol A28 FAolA
215 B 4 glA ok dubHoZ A 2g FAS)
o] FAZYS} Azl7} A28 FAS} HAZRS] #2]d
vls] 4 Zlvl o), MBE Care-of AddressZ
o] FAoA TRy P= o Folol E£AE
H7le} 45 2o 4 gk muldd IPdME o
2 Yozl B2l

O1d B

ln e

(Hd Fa HA o

e

Regrtrann Reyecn

'\&
Tundung 0K
cguttron Reques
it Reply
" "

o]

0% 3 71AE A e WAl #]dshe waled TP
LZREFO AR A5} &3
Fig. 3. Route Optimization Extension
of Mobile IP Protocol with BS Packet Buffering

2ol IP ZFL2 ole|HE F3 vA]R] (Agent
Advertisement Message)ol] 23l sk WES =
2] ¥&E Fo)7] fI3le] ooldE Fa oAx]9
o FA YolEE 27 1 I A & Ax
o} (1] wepd ele]HE spa efjAx]7} A2
FAd| oJale] z|ojgle] 44l elo]E2 ulk 50 o
HAIAE o} gxjelr, o] dhid AR 9
VER|F) o]53t Fofl ee] FE 1 2 9t o
oJHE 3 mAAE A 5= girk o)EwbE
ofelHE Fa AR & $418] Aolle 55 &
HAIZLE $AE 4 gl7] wllZel, ol Zote A
1 % o olgutahg Fslo] A= T gl AL
o] EAE + 9IS ovigth oleid FA| uwlEol
FER [6]ode 2739 Z2eFS Ak,
a3elxe BY AEREYT gkl ERsk= 7]
=7 (BS: Base Station)7}2] =L EE $allsl= 2
A PYc=ox TZEF (Local Handoff Protocol)S

663

lo

[t <o o r



=

FENE = 2R 03-8 Vol.28 No.8B

okl el A2 H43 sl AT, )%
Dl ool E Fal w9} B]53 dEE dhe
H]o]Z wW|AlX] (Beacon Message)s A2+ 7|A|F
ogrE $21F Fo) Pzoe=E 2 HAF
(Handoff Request Message)S Al22 7|X|5pol B
Pek A2 7)AFE 2Fe] FH wAR] (Notifi
cation Message)E AMZE FAC|A] Hule] oo]AE
B oAAIE AT A2E FAE BN HA%)
£ izl 2 71A A sle]AE B wjA]
1 2dicl olzidt P ABu|E = EA3)
2E FAFAA FolHez doldE L H]
5 ushe ubel misle] A whEA|, o)Ft
o) oolHE B3 AAAE $UT + UEF o}
AR A AZRE wlo|E HAlA] TR R4
2 ok i, duiHeR 24 grew
zegel A volRAAE ool dEDy
) AA]d] vlsled WA g vle[EHAA Y F4l 4
ole w3l ofo]HEZFTHAA]S] FA Ho|Bel] H]
slo] & 7| diirolch mmrld P ZFL olelgt
24 dsox xzezsel W ek A
& FEap] sk (1] w@ 233 ZEege
b e AL L EE e B 2 ] = I K
FA7} vlRlEAAIAIA S alehe AJHellA o)A
71A)Ze] Az e smEql BwHF ARNES 2R
FAZ ¥3Y3lEE 2| A|5}= Forward WA[A]7} &
7hEle] BrIQIP Z22Fo] A} [6][10].

27 Yoz T2 eFo] A wols mulal
1P 22 g3 woldd 1P A2 A3} el oig
g7 &4 717t T, 3d SEA|7HRound Trip
Time) TRTT'Q’]’ A Y=ok 4 QA7 T, sl
el A= 2} [6]. A F=ox QA7
2 wlolx mulel IP ZzeFo| AL olFHe
o]% AlFel4] HAZ} A2 FARYE 55 834
A& FAlsRE Ald7Re|a, AR M3 3
o] 9ol olERhe] ol EATeIH thETHUCH)
o] HAZYE wvleld 74l wAAE wes A7
ol &, AHA P 47 F9 Hol~ =uf
ol P ZEEZJME szl &de] whsAl =,
AAZ A7 sz ekilo) AgE AR A3} g
Aol ALoll= A glemox A7 Fob gt
aro] A1 SFIEe] izl A glo] o] FAE
Agsle] A= FAE Aa=A ok ¢4 ol
nke TCP ACK HZEe d-s=bdelA A
Aghel AMMBRE 1,5 A2 HH3 e A
Sur} dola zuld [Pe] Hold R AZE
oF 4 gk sulsid, o)d FAL 3l HEE FA
of alAsl UeoE 7,9 el g AepA|7] WE
olc}. wEbA, T35l AN T, e W= HA
9} o]HE-L A2 FAZF x|dA|Zke] Falje} .

N

is
;

Al 8 g XN
__u:

4

Tios-ase= T+ Tnt Tya+ Dya-ra

664

T toss—roue™= T+ Tt To

Th-pee= T+ Tnt Tha

T powe= Tp+ Tyt Tuat Ty

T rrr-puse = Dcir-nat PDra-ra+ Dey-pat @

TRrr-Route = 2 Dep-rat @

Dya—pa + HAS} 013 FA 729) X|ad (= Ty, : HAS A28

FA 7}9] x|od)

Decip—pa @ CHS} HAZY] A9, Dey_yq @ CHEE FAZES) A

Ty @ ol5whte] AMze 9 vlEg=el 24)a Ay A=
& BS2YE )2 WA E FAsRe AR 712

Ty ¢ ol%5ddo] nlo]& wAAE 418+ AHRE] A2 FAZL
E2 84 ARG $Ashs AR A7 (de] A
z] ke A%, FH el wAxe] 7))

Tya : N2 FAZY 5% 83 wlAXE $4lsh= A%7E HA
7} ol & gAlshe AlH7A ]

To : M2 FA7} upeldd slAR1: o sz AlHRE °]3 FA
7} o)& Slek: A7) Ak

Ty « HAZL wiled 7341 s A1Alg falshe A5 CH7L o]
2 Al AR AZE

@ 1 FAS} o) Fd 7o) 48A% (0

B ERAE AT AL B P e

3 ARQ BAE o143l ofpl ofSabde] 4l

H21-& M =lsie AL wx=Eeda 7sisl e,

dlgmmEie ofxl FAZl 4alg s o4

7RS4 Bzt HAFEo] A2 FAS 2T

HE 24 A 5 9le 5 s Auld A

(Packet Reordering)E H}x)3}r) ¢l&] o)A FA7}

FAIRE B vt o)A AA1FE 7R3l Al

28 FAZ 94 =l%E Adzlslgdcl [10][12].

Forwarding
buffer
A

Station  : I m

i th MH's buffer (2]

1 N th MH's buffer (]
v

e

2L o
-0k

0

‘ A

Priority
queue

v vV

Wireless Interface

O3 4 AR =299 $498 B2FE A VA 7=
Fig. 4. BS structure for Priority Packet Forwarding

22 Aakste AR EA9 $AW B g
2146l Zad P Az HAs el
dmex A WA TCP AEAET BAe
7 A AAF AR wsiE BN 2
. e} FAREA W duHel £
e mesed, AT AR WAL WAel

T g

A



/2t 1P 3 s A A TCP 45 34E A A

A9 49 By ot

H:l

A3g =upd 1P A2 A3} Hake] AFa
Pz o yral o a o]l Ertute] QRS AHUE
=z &AM 7]"]51"33 o] &3t —?—°ﬂv_, o]
A 71A=e] 2P AZlEL SAFHS ©
g oA 7R F o] i—rl“‘ﬁ}*\: AR 52 HAE
T =3 SAoE s Aste EfeR s
W oledd F2E2 TCP AF Aol A3}s
A gl old we} 2 Adxe 7iAF 3
=g H]—/;}o] A¥E ~¥~ P ox HlAl ©
2 olFdEe] M2 AMH UEH=Y %%‘h}
NAFLR ol FF A%, muld IP ZREZe
4 gl °l%‘€r“a‘5«] TCP o%:% kA7)
71§18 oA ZIA Tl WA AR Eel o
g 299 =AY e wtew /ﬂ = 3
AU 2 s ]?_f&‘:} %49} zEo] A
atate AR =Y BA kel e 2
utd 1P ZREFS A glol of™ 7o)
Yoz ok AR HZAEE Priority FH3l2
2 ®r)8% E4 A2 1ATeIAE Prio
ity #7153 REDF9} #2]8 Priority F2A4
$H ez 2ABYRT 5, AL A
99 $47 2 kg WL o Frieol
B=omA o)d A)AFeTRE MuYslo] E
H4d# HAFo] HIHo] Seamless Handoff7}
BAEEZE P @ x3l= o) Ed o] TCP Ay
o] ZkAb=Elar, w3l SF v E ubile) ;‘5_:_;&6‘_]-
71A5e 3= 7]E olF TCPEREA
e ERAE 38 + ek aeld dee
2 A 2995 E A5 A2l da 77
ool Priority HH & E7|3}7]19%F Markers}
Priority F % AAF27F 2Uidog QFEE
o] ek olza W EHW $HY w3
upere] A ¥Aa] 9 Wi dabeze
gt 71A=e A3 aE 3]s RED
A A 917 £ =EolA AABHE A
o R EHD AW 2A Wl (Implicit
Priority Packet Forwarding)O] ‘}’.l‘:}
FAHL 7 29I
A% Ao WA s due e b
APl TCP A5E Al
S8, o4 ANAFo] zeate ARSe W
=4 =4 S4o] £3% $ALaE Bele
REDFe| 7bste &3¢ Axseled zde
2E WU DA, 2SI Wol o 7|4l
sﬂt‘inifﬂ- 2 #gE 31 E-S Priority |7l o2
27|83 EA3 HEE 71259 RED ‘:’141*
2|WHA el A = Priority F#-& FHe] D awg—g
o} Azl W gl 79 Eﬂ%"ﬂﬂ
Asjels watoltt, = AH A7 E9H
AW B2 Hek A, °lz4 71250l 29
3= 31‘15"52 ¢ AAR Al Ee], RED F

b &% Aojsts o4 maelA A2,

i Forwarding
RED buffer
buffer

(D[ —

© st MH's buffer E

© ith MH's buffer (]

Y0 Nth MH's buffer [r]
Y VvV Vv

Base Station

Wireless Interface

T8 5 4A1H AR 2AES HE 7IAS P2
Fig. 5. BS structure for Implicit Priority Forwarding

I-5E AR A 29 AW 2 6
kel A AAIH 725 F2& el A2 7
olF Y EEME Jrex i £A=5E YA
2 AR e vegd gHlES
Priority sjzl &2 3£7]3}7] %3 Marker7} A4 =]
¢ slcl. RED st o] WgEE
TH wins TH e S} Pros W78 13, 23 E3[9]9]
AEPL 9 wel ez zZH7h 0029 0.002F
A Astgdct. RED  w#@euAe 1H,, %
TH o Bhi 2708 QAR E AA S FF 79
7‘°l Yetl= ag—g W5 FO| TH .S 25
A = A4bEl EE plel el =3t S
AES AL TH. o olE2W 727 =3
3t HAES #7138k o]zd RED o ¥ T
WAL wisrl A5 2r] "ol Fel| mitsle
AR EE HEH 22 57]3lo] Drop-Tail H}A] ¢l
A ge 49 ~i——i~,—£1 Bl A 5} .4]71—‘:—0] =
7

olEEES “}/\A] ﬂb Global Synchronlzatlon
= 43+ 9l

1218t RED u}Alof| thsl ohA]A<Ql w7 £t
A EXJHOLO‘} o4 8=+ Modified RED
2 At} Modified RED 41l 43
© X9 Priority HAAEL
RED f 4ol, ag~q Ao ¥235tm =g %
F49 d719) ol dE Aot whetd
Priority #j7lo] obd A S-S dAto @ g HF
5 Aol ag—q—npell W2l Priority H7le] ol
AAEE ‘i}-gzqt’sc. H7]1gkc}. o]} zre] kA

A
Aol AR 99 AW A Wl s =
2= A BAslE o)A 7R FelA v gE H)
A5 £9d0) 91& 2 dubdal RED 4

665



o 2288 =74 ‘03-8 Vol.28 No.8B

& AT AgaE A3 FUste] wAe
g Al Overhead”} glrie ol Aot}
e} ol ge]l e ® A o)A r|AFe
ZRE WA EHdH dAzlE] Modified
RED 3fell4] Buffer Overflow Drop® <4 gleo]
Seamless Handoff7} w=abw #] F3}x, wat &zt
g A5 FHhetes 7)E o5 TCPERES
Y7 EE Modified RED o4 Z7}gF Priority
7 52 a5} Buffer Overflow Drop®E < )]
Global Synchronization 31 4}o] wFAsgl 4= 9‘1;}.

queue size is the number of ¢nly nonpriority packets in RED queue
calculatethe average queue s.ze of nonpriority packets avg _q _np

Case: priority packet arrival

queue priority packet

Case : nonpriority packet arrival
if avg_q_np<TH,
queue nonpriority packet
elseif TH , <avg_q_np<TH
calculate pi-obability P
with probability P
discard nonpriority packet
else with probability 1— P
queue nonpriority packet (2)
elseif avg_q _np2TH .
discard nonpriority packet

M. AlEYoIM 2d 3 845 Hit

gk A5 o]ED}uL xfgw,] TCP Ag.‘g—

47]7] %HH olx 7|l A Bl HE s
of g ZHQDEY Y Fejubtors] 43l
¥ B AHFel (Priority Packet Forwarding)S
Aerstdct Atsby: AR 2YD 41U BA
whakell A= 2ot IP Z2EEFS] A glo] of
A A Fe] Wz o= Fat X%th} HAAES
Priority s}zl o3 :7]%}1 A4 A2 714
Fo A= Priority #] 71 &5 RED9} 8%l
Priority F24 $4Re=z 2AEFHIH AL
g A7 z2d AW A Wby s ¥
A7) A8 16zt Z1e] AEEold 2ds
ARgEtedch 2¥6e 2349} 59 VA= &
£ A43 AEHold AL vEd R
2Mbps  FAH=E ZE 7IAFL 10Mbps
Ethernet?} 7% e} glch. 22lm Zb olFwwd
(Mobile HostMH)el i3t of-3sd (CH)

ﬂlO

666

10Mbps Etherneto]] A7 =] itz 713814 2,
FAZLe] szl A 4 2] A7 10Mbps Ethernet2
F#sle] ImsZ AA =Y FUdF gaos
FAS} 712 =7 A QA7 Ims® A =g oh

other 3 MH
@ TCP Reno Senders @
/- Internet

/
S I
@ \\DiAYJ/
Router
10Mbps

o 05ms e

Old FA New FA
10Mbps

10Mbps

! 1
e 4_ _Ims —r
Old BS D bt HASRIIS IR :
: New BS AED : ‘
“‘\ Wireless Link ZMbpS . @
: - N :
2Mbps ™ (bonleneck) : 3ms
3ms
we ® ©, &
3 MH
______ receivers
Congested
Base Station

a7 6 AEweld v
Fig. 6. Simulation model

1 d=ox xQArE A 7 257} XAt
Table 1. Delays between nodes
constructing handoff processing delay

Ty Ty Tha Ten 7,
50ms | 12ms 60ms 60ms 1lms

DCH* FA a Th— Route T loss— Route T RTT— Route

40ms 8ms 182ms 63ms 88ms

S G EY by

x3 a2eoA] o] FdHe] gz = L~ QA7
2 RTTE FASE 7t =5 7k A A7k
El1d epgdcet Eield x| Fat o) Frkd
b FA yam AboAe] vle]E vAA] F7), T,
= SOmsec® TA3FTh [6][7]. 1H60A] &3
g ZlA Sl A BA FA 3 olFwE 7Y
RTT= 2ms¥ =}o]7} +}u] 86msel|A] 90ms7}=]
o] e Zuu) =g BE o|Ziwtel TCP o
Aol glelx] TCP Renooﬂfﬂ A= &2 Ao

g mel&-g wHstgz TCP 749 A3 =7,
packet—size X Y —dE'r a7, mwss= 2+7F 512
Hlol2 9 64 #zleoz AAsHCt 28jzm A
4 oy g 938 A &4 gotn A
3, A #4338 Felsle 712+ RED
2 Modified RED F W3 Zo|, buff—sizes 120



=i/5etd P A WAy A TCP As¥d4E 4

ro

A7 TAY $44 B et

HAALR, TH., A TH = 27 403} 80°.2
AAREGA Pt WO e 27+ 0.02¢ 0.002
2 dAsst 9 B =EdME ns24 o]
B & Alg-3le] Al EHe| S F3stgdct (1]

4200 evee o e e q_timit
. - .
——qengthat Gase 2 |
i T dLlengthat Case 1 |
I -+ avg_qatCase2 |
! avg_qatCase1 |

TH_max

... TH_min

avg_g and q_length at RED in Congested Base Station

T T T T T T T
95 100 105 110 115 120 125 130 135 140 145 150 155
Time (sec) : Handoff Packet Forwarding Period (10 ~ 10.182sec})

28 7-(a)

k-l
450 L e
§ ~—with RED at Case 2
400 with RED at Case 1
[i4

95 1(;0 1(;5 11’0 11'.5 12‘.0 12r.5 1:;.0
Simulation Time (sec)
28! 7-(b)

3% 7. REDF A 2999 Hzl5e] maEA
Fig. 7. Arrival property of forwarded packets at RED
Casel: a Mobile New Connection added at 10sec
Case2: a Mobile Handoff Connection added at 10sec

37 2362] 7= izl v ke Ay
g muted 1P A2 A=At g3k Wk, o] 7]
Aol EHWshe H7lEe] WAEZ =3 54|
S A b s I i R e e S
= 7IA=e] RED 4t Alel w3} Zold Rajgh
Azolel. & IH7L 88mse| RTTS zZH= A2o)
AAE o]Exiwt Z& (Mobile New Connection)Z
FE 2R Al Eo] 102045 71Xk E
T A= =3shs A9 s ezsie olF
<t (Mobile Handoff Connection)o] o]%3}o] o]
A 71A=e] WP Hl mws, 647 FHZE0] 10
Z“—"“H“‘?“Eilgzms'q oz 4 QAL T}wRoute%‘ﬂ‘
101822717 7|*|=re] Exkgl Falgl=ze)| =Agh
7495 Exkgt FA9=E Fesk= RED 79 #
Ho|  gug—q FHoA A% Axolck 1362
AY A6 ARe] dHR olFht E:

(Mobile New Connection)Z3e] A% FFlE0]
43 7Rl EA8kE 212 88mse] RTTel| o
£ TCP Reno?] A% WAUZE mah shiel
ol ghde] AR 7IAFoR Y=o xF HPoll=
olH 7|50 EHshk= ke NG mws
24 64d)7lo)x o] FAS} A2% FAZ} 77k
Aol glel 647h2] FHzlEel 10Mbpse] A
a4 of 26mse] iAo e A7t Fk EAE
7\AFel MBS AR o]# EHoR
a8l 2-}7-@9 AINM avg—gHFEROl 40
(= TH )Pl %F2. 2, Random Drop ¢lo] <+ A
2.2 Ao A 71AF W 71E 3749
o)gR ETzSd Azl R olEwd
Z % (Mobile New Connection) 3}}7} 3715 =
743l A= RED FAol% ag—g7} FAH R
Zhehe A ¥ 4 ddoh 2eht d=ews)
= o] &yl (Mobile Handoff Connection) &
st 27hEE Aol FAol7k 10204
B 101822712 A EZA W 7] 253 mws, 647
F FAsA Fvksle g £ 5 g ol2al
A THwe 23] FAA Z7ME aug—a
2 Qg Bgd A7slsle 2z drex
& FZolvt 00] Hi= TCP ZEE9 Global
Synchronization® 4Fe] =AFH-E o 5 i}
oJ7]4 FE&ok & H-2 RED H{H A4S
dFes T2Ee Atk oseel Aed
BoNE ag—a7t THp & Z33F] B3
gEHe d7]7t oo E2E Fol 9 F
EellA AL ag-o7t ™H..THY FE
Zt5 fA =, w3 F Holzt 00] = Global
Synchronization &A}e] #eo] WAslR] ko)
287-(a), )8 Ao} o] 7)AF AR W
B whAo]l ZAgd xEnid 1P 7|k U ES Z A
witne] F2Fel Ffsht 712l RED bl
s qe]ukalo] A14d 7ol REDS] 2349
A7)7) Agehe F2ES Gprel Agel
AA TCP A$E9 422 awe—g7} TH,, P19
o zhe 23 FAHE, w3 Hzo] AAY ol
Zuial Z 2 (Mobile New Connection) 3}ut7} 3=
HHE Ao dEmexsE ol Fuu
(Mobile Handoff Connection) &= 3s}v}7} 3715
= Aguch e BAT F2ol7} 00 FE
¢l Global Synchronization®] & Alo] A3k
WEE & ok 2 o]A s|A|Fe] £
gele AAE Hasg 24 SYo 2
Houw s 23301 FASA S71 ag— o2
1%k &EAel 3 dHrle Fre ez
F, TCP E252] Aoz 21 712k2} Global
Synchronization #AFS WAAAL o 4 9l
A aYH7-)= EAT AT W 1E B4
F ols=ge] TCP 4 W3 A3} Ay

5 2 4]

o

667



S T A3 =74 ‘03-8 Vol.28 No.8B

24 Yoz olFwhd (Mobile Handoff
Connection) £& 37} FrlE = 357 54
9 olswde] TCF &% 5 FA2APE
o g 9ok 2Bl 1yg7-(a)elA] Azl T
olgdd FEE st S o 11z 2
Global Synchronization®] <38o 2 11Z&2%¥
TCP 4% 717 93 A2 ST + 3vh

Fowarded  packet Forwarding

q_Jength and avg_q of RED in each scheme
atCase 2
3

10| Packets
Peokas Corrglotd
Q T T T T T
975 1000 1025 1650 1075 1100 1125 1150
Time (sec) : Handoff Packet Forwarding Period (10~ 10.182sec)
2
T 8-(a)
120

— q_length with IPF
q_length with RE|

i
A <
14 15 16

T T T
10 " 12 13

Time (sec) - Handoff Padliet Forwarding Period (10 ~ 10.182sec)

| q_length with PFJ

q length and avg_gof RED in each scherme
@ Case 2
2
L

i 8-(b)
a2 8 2 WA 2999 AoEe) A5y
Fig. 8 Forwarded packets arrival at each scheme

aRse a7 AYBAN A= msi
o] =xlwl (Mobile Handoff Connectlon) z 23}
7t FEe 4SS, dAEZYE AW Bt
(Prlorlty Forwarding: ©]&}PF)3} ol/\] Aol HAL
Ad-+-449 2AHeHImplicit Prlonty Forwarding:
o)3HPF), =33 o}%8 Aelrl v dex g
2] RED w4 A4-slef zh H“—} oﬂxH RED
i Aol B ag-H3E EHT Adelrt o
#8-(a), ()2 Z3}ella] IPF WAL P=o = A
old ziAlFe] EMHd= HAES] W*E"P
=2 B st AR WA F oavg—q
@ 7 Aol b =) A% o), 9
el wshe A7 QA2 E
A &, ag-qot F Aol9 FHE

3913 4 9k el A

kgt PF WlAl e =22 A FAYE muws, 64

l‘l

l F

3§71} Priority #|Zlol Priority Fell4] 4 A
95 E4E F Aol7h RED W43 FAsp
71 B, F=ox A F Aol I ag—qgH3}
A 1141 2 F7bapol RED 413 IPF 4] 2]
27 AEAS #dg 4 gl 28]z ol
PF u}ale] ExL okl a32 qle] 23H8-(b)o}
o], o] 7|A|Fo] EHHslE Al e vl
E3F =32 EAJo R 2l Global Synchronization
o] 71zke] PF wAlollA 714 gohe AL #al

N - -
g 4 olth. =3 IPF 4ol A9 F Qo] w5
£ RED #H4 °] 'ﬁ' o] WH3hE Az AAAZ
A FALEE & 5 ot
1000 4
8 w0 o
3 [ —witnPF
g % ‘ with IPF
S es04 withREDg
O
S 800
2
2 750
o
2 700
©
5 gs0
8
[
3 o0
a
5 5504 -« Packat Forwarding
vg Corpleted
0 500
I3 T T T T T T 1
& 95 100 105 110 15 120 125 130
Time (sec) : Handoff Packet Forwarding Period (10 ~ 10.182sec)
% 9
5500
8 5000 ]
3
D 45004
o
>
5 4000
(4]
£ 3500
&
5 -
';2500' e with PF
5 5000 with IPF
£2000 with RED
2 o] —
I
- 1000
$
8 800 -+ T T T T T T T
& 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38
Simulation Time (sec)
I3 9-)
a2 9. B4 F o]F wke] TCP +4 w3

Fig. 9. Throughput of a TCP flow
in the congested BS at Fig.8

23198} 108 28] A Eat
W EA Feld 71E OlEEP‘%«l %
Y=o xy o]Frhiel & Wty HAY
Fpolrt. 17199 ﬁi}ow xﬂow PF H) @1%
2ol wal F3 2hat Az A W] F

=
N
X

Jm:to
rE
o

Mo to

we] TCP 8% b F4AZ
&% #Y & 9w, IPF g4 £ RED %
& 015%%‘4 TCP &S VM7
% 4 9ok 1Y10L WL Qs

[CRRAT S



/R IP A HFE wAd A TCP A5ddE 948 3 2949 44 vg W

=
2
off
oV
)
1o
+

& WEs vehd dgE, A

2310-(2) A2 A=z A E 7M1 =2

A& A 4 glck FH IPF WA 4
£ olgEe] Yre i ol s|AFoZ N E
Z999 gzl Eo] Modified RED Foll 4 A7}
2)4-& 73 Buffer Overflow Drop & = 9lo],
2910-@AHe] A== AH A= PF w4
Hr}h $go] ot F Y BF oI A
ZY9EE d5Ee] RED Folx ggAow
A71HA 4 BHEHo] Yoz AF o] T2
2%10-(b) Aol A= IPF %A1z} PF HRA o] A
o Y=o mg o]lFuhe] Fgo] EEairh:

Ae g 5 9ok

4Em2 WS o]Euue] TCP Ffol
2
v

4850 -

B

! ——=with PF
with IPF
with RED

4550

Received Packets of a Mobile Handoff TCP flow
1o Congested BS
T

4500 T T T T T y T 1
975 1000 1025 1050 1075 1100 1125 1150 1175

Time (sec) - Handoff Packet Forwarding Pencd (10 ~ 10 182seq)

Ozl 10-(a)

—with PF
with IPF
with RED

ARERRERRRRE

Receved Packets of a Mobile Handoff TCP flow
to Congested BS

SRS N L S L S S S B e
10 12 14 16 18 20 22 24 26 28 30 32 34 3% 38 40
Sirmulation Tire (sec)

a8 10-)

32 10 g=2 25z o] F FEe TCP 48§ W3
Fig. 10. Throughput of a Mobile Handoff TCP flow
to the congested BS at Fig.8

2R84 210 AYATHe W= T
o] % wh (Mobile Handoff Connection) E& &t
7b EARE NAFoE FrlEE A, 4 34
2] RED Foll4] o]A 7]A|=o] £dsle A3l
T2 H2ER mEEAe] &gt x| Fd v}

Mg Aselrt. 2z

S )
ZEZ S| ERR A ATl F7}
13 ]

oo P
H= Aol e 2 A
) 2112 e “AEEE vt

Case 1 inter Hando

ckols arnvais start at 22 9uec. 108 Gsec. 194scc

oo 2 o4

1171

Tval me 20%0c. fors arded packats artivaly start at 42 9sac. 125 bsec, 214sec

T T T 1

Case 3 Intar HardoM arrval Time Ouoc fonsarded packts wrivats st at 42 Suac 126 e, 21dsec

} I { Wil %11‘1‘1 =

Cae 4 Infar HandoM gt sl time 1uoe torvarded packols armvit stan at 42 9sec 128 bunc, 21dsec
ez

RN

I } | |
i 1 T 1

Cass 5 Inter Handoft amval Time  Psec torwarded packets arivals stat at 42 Gsec. 178 6sec. P1dsec

SRS S T TESE 2 € W e ER R S L

Pl ol oot

Cor e nter Handoff amwal Tene 3sec lorarded packets drmwals tlart at 42 Gsec, 128 fsec. 21duac

Cs s Irtur randoft awivs Time  Bsec forsarded packets armvais start at 42 9sec 128 bsec, 214sec

w2 ppw

RN

T8 11 2912-159] AgelAd mHd duerEy
Fig. 11. Handoff arrival distribution at Fig.12-15

2P 1104 Casel> &3 7|X|=- 0.2 300%
b vlmA w4y d=oE =ARZE el
a1 Case2o| 4] Case77}A] = 300%7F ¥ ~=3 3
oz =aARZE et & 23112 49
2 olFdaEe] 2262 Old BSE7 New BS
E olFEe A elFwde] 300&7t ¥
New BSZ 33 A= T3ts A3 37 o A2
gl oz eolcl, B =F4 mEd @
e TANAL 0%, 5%, 4%, 3%, 2%,
%, 03 Aot meby d=ex b0
20%9] 7$E 10027 43 Y=0= 2o

—

STR

AshA BASE ASh Wk vl Amew
w7 Ae] 5244 08 A= A 1002 F
deessl B te 7|zl W=exs)

669



=T 83 =EA] ‘03-8 Vol.28 No.8B

H 2 E 3} 717¥3ep & On-Off
Handoff Arrival MocelZ4] 10037} 4:52] P o
= g Eo] Wasshd WAsE A4Stk

=AsE

1204
4 Case 2
10+ : — 1
1004 l Forwarded Packets avg_q |
arrivals g-length |
20 T
g »
S 70 ’
g g P
50 \ ¢ !
| oo df
404 \ O
% \/ N ! \
3 30 .
‘
o 204 J ! !
104 N Tt %
, of
0 . )
T T T T T

T T
40 42 4 46 48 0 52 54 6 S8 60 62 B4
Simutation Time ("H_min=40, TH_max=80, q_limit=120)

213 12-(a)

w00 [—avq
o0 Forwarded Packets q_length
arivas

q_length and avg_q of RED at IPF
$§ 8.8

T T T
40 42 44 45 483 S0 52 54 56 58 60 62 64
Simulation Time { "H_min=40, TH_max=80, ¢_limit=120)

218 12-(b)
120
: Case 2
M7 1 Forwarded Pa skets ——avgg
100 arrivals q_length

q_length and avg_q of RED at PF
$

i:V J |

4042“45485052545658606264
Simulation Time (TH_min=40. TH_max=80, q_limit=120)

18] 12-(0)
T2} 12 Case 20| zF vbale] S Abe] w3}

Fig. 12. Queue state variations of each scheme at Case2
AWM 24E o FR A B4 F
ol &AkgE 7Z|ARZo g 138119 ZF Case W=
Weo s} wag ged dal 2 e 44
sl A 1002 F3ke] RED #F o]
avg— ¢ 3E FAI AFfEolvh. 1 12-(a)

670

1% 14-(a)2] RED H}A 9] fFZo] T gue—o¢F
g AFBE(1Y12-0b) ~ 2P 14-(b) : IPF A
2312-(c) ~ 1% 14-(c) : PF A3ellA & @
3z A7k e] 0&9] Case 29 ASLE F4
ag— g5 FAFA F7HA7IY, 1R
E&EAo] 1£49l Case 39} ==
o] 229l Case 494 Y& awe—¢S &
Z74A7)= AL FF £ 97, A=
A7rHo] o] E BEAEAQ AL 2] Case
50ll4] Case 78] A $-olv 448 ag—e¢d Z7}
=2 ooprt. AFH e Z RED wWhAle] 74
Yooz TaAgtAe] Fristd 7)A= A
HoE walg A4 Az zy) siste £
O] 73'_1_%“5 oé- '}I\" 9\1‘;]'

gH Case 29 212604 7 whAe] ZAFE
v]33}w, RED ®hA|3} [PFH}A o) 4 o] FAo]
2 avg—q® W3 2 Aol7} glev), PF A
dMe tE F HAEY d=ex olF F A
o]7} 0o] == Global Synchronization®] 4] 3
7 AeE AT 5 Qlvh. 283 Case 39
%136 4& IPF WA=l PF wr4lo] RED WA
Brd ag—q TS 2 23S 433kl
v, =X o] & F Zo| WS {F3H PF
uhAlo] TPF WPAlBTE 7 A2 qid oz A
o3l AL B 4 vk =3 Case 49| 1714
o] ZAZHE PF WAo] REDFS #HEX<
78 AAANE ae—q FIHE Q)ri}@ T A
S ¥ 4 9lm, IPF WAlS ag—g 2712
statebA] 2RS4 4 slvh

g8 2315= 7wk vﬂé A 300%9
=3 A=

“y,
pPO )

o

bo 2 O (s 2
i
2N o N2
il

l

M

r1r e

X Alo] #bai, PF bAoA 7}A
P c} Aspdon A=ozale olF
=% (Mobile Handoff Connection) Z =2 37}
FAE AR FoR FrtEle Aol gk 198
oA 17109] Ad AAEH thee A=z
E2E0] t}F luex T F F7F 2o £
ANA el FrtEE AFel gk #1204 15
o) Al Bl AFNEZNE, & e At
g PF A& muld 1P 4 Hle] 7= 3l
& o“i‘ o] AgE uwuid IP FE A3}
g Aol A, oA 7]AlFo] ZHH s A
9 AEZ x3F EAo@ ¢l3] RED ol
Vel A= 3 shster 4 9la, w3k IPF v
Alact P ozt olFwhEe] TCP A5
FA 4 slee Hdse

=z
t m

0,



wiE/EN Y P A Hua] g TCP A53dS A% #7 3949 S48 B wet
g mE Al dleld BATZ 10027 &
2 A FOR o] ERRMHE)Ee] W= o xa} 4
o = 1104 Case -
*t‘ 37’]‘41':7]' 45]—1?—]-4 i Tq -.3}71(}'?1‘ 7] ] LH 100 Forwarded ~avg_q
3 ] . -ength
A FQ olEwdel $vb uck A Eitol o] e el
[ 4 — = o arrivals Il
98 Zold ASdle AAMAY wale] £t A
- ° = 70 . -
@ AT e E4dol 0% 2HE Aol 50 U AR S
- - b [N ' . oo .
o}, A<k PF wpA o] EArstst o o] FdLe £l © 4 - e
o 5 ) g A [ ¥ / ATAVAS
¢ 27hade B4 292 dew Ardd, AR % v/Vv
30 ) . | Y
< ] (W \ ! Lo '
o N/ oo
} : Cased  ~_ 7 )
1o ‘ Igenqth‘ 0 R A e S T
100+ Forwarded L alns W @ 44 5 B % 2 5% % B 60 62 6
0 Packets | | Simulation Time (TH_min=40, TH_max=80, q_limit=120)
Q arrivals '
R
B 0§ | [\ ! T8 4-(a
i 3 :
g : . / ]
E wj\/\ “ 27 4
BV cae
5 304 \/ Forwarded .
d ] 1°°j Packets | avg_q
10 B o arrivais t "‘ | q_length
] . [ ; . .
0 i g &7 ! "\'
40 4‘2 4'4 4|e 4|a 5:0 5|2 5‘4 5’6 5:6 slo 6‘2 6I4 'ﬁl»f 704 " N / \\ a
Simulation Time (TH_min=40, TH_max=80, q_limit=120) 'g_ - [ A f
- / v N ; N
= ; %’I 504 AN " ‘v /\ ‘4 . “ /‘
j.,:j 13-(a) g w_\/‘\ '\ Sy \/\/\\v \
. ¢ ; .
8 204 N ‘
0 | Case 3 ? 0] v
110 . _ o 0 T T T T LB S
1004 Forwarded —— 0 @2 M 5 M 0 2 s % B 6 &2 6
& % Packets q_|enggj Simutation Time (TH_min=40. TH_max=80. q_limit=120)
?_5 0] arrivals o
3 ' . ; I8 14-)
X 704 Vi ! ;
it ke » t}
§ 60+ ) ,/ A / ! ": :
50 [ { : . : 120
g M—M\ / \\ . H /\\\/\\\/\ ; 1104 Cased
% 304 \ // \ / ..‘ & y 1004 Forwarded ; avg_q
3 20 \, \ " / ; 4 o] Packets - -~ q_length
el . y = arrivals .
10| ! ‘D" 80
0t T & 7] . .
40 42 4 45 48 5 52 54 5% 58 60 62 64 5 PO v . ”‘ '
Simulation Time (TH_min=40, TH_max=80, q_limit=120) % €1 PN ool
50 o ¢ . ' ' !
;on ' [ ‘N
B w-\/\\ ; \/‘\C/?\\QV/\\/ | ‘/?\&7 |
T2 13-0b) § =7\ RRVARSR
o : o
120 104
Case 3 L I s e LI S
104 — W0 42 4 46 48 0 52 54 6 S8 60 62 64
100 Forwarded avg_q Simulation Time (TH_min=40. TH_max=80, q_limit=120)
%04 Packets — q_length

arrivals

[
. ‘ ,
IR P S

q_length and avg_q of RED at PF
g
:

S
30 \ o] ! ¢

204 \J \\\ \/ .." : ,“ ', ")
10 - \, (_r : ’

0 iy —

T T T T

i T
40 42 44 48 48 S0 52 54 56 58 B0 62 64
Simulation Time (TH_min=40. TH_max=80, q_limit=120)

a8 13-(c)
18] 13. Case 30i|4] 7} upale] & Adel) wigh

Fig. 13. Queue state variations of each scheme at Case3

O 14-()
T2 14, Case dollx] 7t hAle]  Abel] wis
Fig. 14. Queue state variations of each scheme at Case4

g AR el Agdd =zl
P A2 A8 gA oM o]H 7]|AFe] X5}

= AHAEY MAERG =REAL 93tslr]) Y
sﬂ o] 7|A oM WHAYH HAES T
g o AAALZ Ade Add 5 9l e
v s fREe] zsde] R oE 49
AlZE o] Foll = HAE AS, Pdluox Fz F
MZF FAZ HFHE AR EF ol 7] Fol

671



F7EAME3 =74 '03-8 Vol.28 No.8B

A A2 FAR ZSiEE e HAF 2, olF
whde] Al o AR 4 9lE Azleds
A A7y LR 5 QTHI0] ofo] w2} o]
A 7125l M S WA AR A&
Arlshe ek dsezdte 7t olFuhue
Th—Roule’ Tkm—Routes TRTT—RzmIe Xéi% .Tﬂ-ﬂ ‘:;.1=l _/."17‘(:}
3o 3k, o] & AT muld IP ZREZ $
Aol a7=lw FAx ]

* o hendotf
L anvals

40000 - —
—at Case 1}‘
350004 | ——atCase 2|
atCase 3!
@ atCase 4’
30000 atCase 5
§ atCase 6,
£ 250004 - - atCase7|
28 —
E‘;% 20000 :
5 burst handoff
'b§ 1st Handol? 7 eivals
?.E 15000 arvvals
g

T T T T T T T 1T
40 60 80 100 120 140 160 180 200 220 240 260 280 300
Si rulation Time (sec)

g 15-(a)
40000~ y
| 3rd Hando!f
. ~=——at Case 1 ! . B
350004 —— atCase 2| arrivals
% atCase 3 s
= at Case 4
‘g. 30000 atCase5:
| at Case 6
gg et Case 7/ :
g™ "
F P
©
sg |
§g15000—
g 100004
|

LA SEMSE S S S S S B S S B S
40 60 €0 100 120 140 160 130 200 220 240 260 280 300
Siirutation Time (sec)

21 15-(b)
40000 - .
35000J —atCase 1|
atCase 2
etczzai
& atCase 4|
'g; ml atCase 5
. t Case 6
%8 1 Ztciiil |
© .
g L
g,g 150004 1stHandofr | ¥
arvals /
g 10000 Z

U AL LURA S S S LR I S S S|
40 60 80 100 120 140 160 180 200 220 240 260 260 300

Sintdation Time (sec)
a3 15-()
33 15 vt dEex =2
BAEQ o] Fgde) TCP 48 W3
Fig. 15. TCP throughpu:s at multiple handoff arrivals

672

v. 83 2

AR =7t HEal
AAF 37
Jmox WAL
B WEHIzY EAAT /AT
olZeiet £2o) TCP 452 4
o AR MY G35
=o)% o) werezA 7l 9]
#} H}ol (Priority Packet Forwarding)
. A EHelAd AAZHE Agket
e P 4 glo] 7135 w3 o
A =uped 1P AR A3} &
, 01" FlA|Fe] EYHsle AAE
g =2 B3 9ls) RED Fol 7f
A= EAs 4stg 4 9la, =¥ IPF ¥4
2o} Y=o Z3bE olFLe] TCP A %& ¥
HAZ F 9ee Fdsdn 2ot grex
A 2= AAEE Hlsrids] 71 o
Priority | 71& %7]5t7]1$]§F Marker2} Priority
queue ¥ AAF 7} FrHH R 23HE dA
o] glr}. wle}x] B =FollaA Alqtet PF wheh&
271440 AAgle], RED £duhetoza +&

¥ # gle A7t Bestz Audch

e
flo ple
“d
flo
—a

|
l>—-“f'~
&

i ok ox
Mo i otk
Z >

-

2o o

X
o 8
o

o ofl &
o

o % M
& o
l'n: OE

o
3

ok

l

o]

T

ot
o > -

> e
2

o

fo 0 &
Eo‘;‘;&
2
2
2

Ir
ot

ZFaxEd

[1] C. E. Perkins, "IP Mobility Support for IPv4,”

revised draft-ietf-mobileip-rfc2002-bis-03.txt,

2000.

[2] C. E. Perkins, “Mobile IP,” International
Journal of Communication Systems, pp.3-20,
1998.

31 C. E. Perkins, “Mobile IP,” IEEE
Communications Magazine, pp. 84-99, May
1997.

[4] C. E. Perkins and D. E. Johnson, “Route
Optimization in Mobile IP,”
draft-ietf-mobileip-optim-10.txt, 2000.

[51 R. Caceres and L. Iftode, “Improving the
Performance of Reliable Transport Protocols in
Mobile Computing Environments,” IEEE
Journal on Selected Ares in Communications,
vol. 13, no. 5, pp. 100-109, Nov. 1995.

[6] Doo Seop Eom, and et. al., Performance
Improvement by Packet Buffering in Mobile
IP Based Networks, IEICE Transactions on
communications, vol. E83-B, no. 11, pp.
2501-2512, Nov. 2000.

[71 R. Caceres and V. Padmanabhan, “Fast and



ER/0S 1P A2 Mg g TCP A5 3e 9% A7 29Y SHE 23 Il

Scalable Handoffs for Wireless Networks,”
Proceedings of the ACM  Mobicom’96,
pp.56-66, Nov. 1996.

[8] H. Balakrishnan, and et. al., A Comparison of
Mechanisms for Improving TCP Performance
over Wireless Links, [IEEE/ACM Trans.
Networking, vol.5, mno.6, pp.756-769, Dec.
1997.

[91 S. Floyd, V. Jacobson, Random Early
Detection gateways for Congestion Avoidance,
IEEE/ACM Transactions on Networking, vol.
1, no4, pp. 397-413, August 1993.

[10] Doo Seop Eom, and et. al., Improving TCP
Handoff Performance in Mobile IP Based
Networks, Computer Communications, vol.
25/7, pp. 635-646, April 2002.

[11] ns-2 SIMULATOR http:/fwww isi.edu/
nsnamy/ns/, 2001

(12] 84, 954, ol<d, Avd, 2old dE=
HzZellA] TCP Ae 42 98 Azl 29
d Aol Hql, gha-gAlsts] =82 274, 4C
3%, pp- 353-364, 2002.

3] 7J(Kyeong Hur) A3
- 199813 2¢: wEskm
Axpgelst &haf

2000+ 2% wd)slw
Axpgslt Ak

2000083 3~ we sk
Azxpgata) uhalay apst =

<Rl BAMENZ AA B ASEA, 1P o
=92, o} 5gErIe] A2

2= °3 A (Young-Sup Roh) A3
19883 24 : qlsluistm

A 2}-g-8ta gfa)

199613 8¢ : ¥ r&4l
AR FAFET Al
19901 3¥~EA: mAdEw
Azpgehst wpataby Ae &
19874 119 ~ 199843 3% :
LG Azt Add7¢ 1998 39 ~ 2001 2%
A7k gk ol 55 A IHF A S)

2001 29~&A: (F)sbo] ] ¥ =4} 0] AHCTO)

<F4Al f-of> Mobile Computing, T]A|® F-x/o]
=2, Ald ZRAAL P U EY A

ol

4 ¥ *A(Doo-Seop Eom) A5
19873 24: z={theln
Axgets) g
1989 2%: watiska
| AT 42

1999\ 3Y: LR oA}z Et
A BEAgsk) vl

198913 24~19991d 8
AR A AT A A
19999 94~20000 8<Y: YFuskal A Y7kAL
2000 9Y~A): meidistn AxlFEte) Fwas

TR FTAMEST A 2 e,
T4 AT™, IP YlEg=

2k & @(Kyun-Hyon Tchah) 3391
) 1965\ 29: Agdjetm
W wizaman

w1967 64: ] AE]ieo]

B = A

1976 64 : AEoEta
AAFgsts) upap

19773 34~ weieEtw
A s} wo

199813 14~1998\d 124: gl=LEx18k3] 3|3
199813 494~&A): LA AER AT Fola}A}

<FRAROP FAl ol B, ofF B4, S4B, ol%

Fejole]o] e

673



