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Abstract Nowadays, after appearance of wireless network the existent internet environment is
changing into the united wire/wireless network. But the present TCP regards all of the packet losses
on transmission as the packet losses due to the congestion. When it is applied on the wireless path,
it deteriorates the end-to-end TCP throughput because it regards the packet loss by handoff or bit
error as the packet loss by the congestion and it reduces the congestion window.

In this paper, for solving these problems we propose the method that controls the performance of
TCP on the wireless link by extending ECN which is used as a congestion control mechanism on the
existent wire link. This is the method that distinguished the packet loss due to the congestion from
due to bit error or handoff on the wireless network, so it calls the congestion control mechanism only
when there occurs the congestion in the united wire/wireless network.

Key words : TCP, ECN, Wireless, Congestion Control Mechanism, Fast Retransmission, Fast

Recovery

o] E3d 9 Po = Wz
B4 @A gl AMgET
Control Protocol)
AR 1PY ZAEZ o]FoR

Tage] wee] ABY
ge guaA 2 Aoz )

< H/5

Atk 2y 2=
2l TCP(Transmission
A 54& LS Aomsg
AZAd WESA

t3gRY . veldigy HFeEH
joy1223@hanmir.com
HEA59 0 peiode PFE ST} us
tykim@netlab. korea.ac kr
=RES 0 20019 129 8Y

Astghe : 20024 39 79

of Hgsirh A TCP ZREZL AEEZ d7lo]
AEE FAEH $4F Aol F2A e

Eoa E&{congestion)o] HAF AT FEIIT)
A $AE2 EF Aol AELE Zole T EF A

o] =g Hz &4d dis) gk olHMF TCPE

M H‘ b



#7449 ECN vl AYUSE AHe3 74 FadA e TCP A% Aol 7I¥ 337

ArEF FAT Qlo] T 3] HLID Yo FAET
9] Ag] & (throughput) A3HE 7t AT, 2]. °)
2e Ae Aste 2uld E2E7F O d(cel)E oF
g oo e HA &4 F YT A JdF ©E
(disconnection) 2 I3t HR &A1 TG HE
o} 2-2(BER : Bit Error Rate)oll 9% szt &4 o
3 TCP= 78X oE {XTe e o] 93 £4F
gddle] EF A= E Fole T EF Ao #HAY
2 3&37] HE LAFTH3, 4, 5] AJHF AAL.
2 EF 958 29 o Ed 3 9= fE
B A7 A= %L RTT(Round Trip Time)7} "8
ok welx] EF o WA &4 ojge] Yler &
F Ao fAUEE A5 3&de A S90Y A
Zo| HABIA Dol EAE 71xeA "ot

e 54 H3 779 EA4E 1eE TCP 8%
< A7 3 92 B B (split-TCP connec-
tion)& AHE3hE 71 Ee] AYHUTL 2 d& snoop
(5, 61, I-TCP[4, 5, 6], M-TCPI[5, 617} . a2t
o] ZIYEL T FA vE oy Azexr) b
ARE o £49 HFASo] g3 BS(Base Station) E
£ SH(Supervisor Host)9} & & k=oA 293
22 AA%(ocal retransmission)dh= HHAUEZEL ALE
317) wgel AYF AAgY S AE AGAZe
Z7td B opldl £ =g #eEldd ol
eHder A T FdIl 9v](end-to-end
semantics)& FASA F3= 9 EAE 4ol F
2AtH4, 5, 6].

B =RdMe 549 33 7 TCP 858 34
AlZled AN AQHA GAF 71HE ARES Qlo
FHoMe TCP A%g AATY 4 2 U gulE
FAE B oler A4 Ha A EFE A
ke 71gHE AART olRAL Z|EY {4 YoM EF
Aol WAUESZ AMESSY ECN(Explicit Conges-
tion Notification)& 33t AR 7oz 7|&
ol A7 28 W22 wa2s HERs 2 HR &4
9] flo] Ee] 93t 71| BIE ofje] 23 AUAA
EE R=oxd 7 RolAE FAFo] AY TS
A EE she 7)ol

B =89 74E g3y 2o 9, 2N s FHT
7t TCP A% 34g A8l 7189 4 Zdeolr E3F
Alo] AUEFECZ AMS-EE ECNE AMES 3" TCP
ZZEFS ARMJTY 3FMT A 1P AE ]
A ADRE Jdebd F 71E9 HF ASE JHY 4F
< Ala A vk 43 AES JERdTh

i o

2. FMFU0NM TCP MSE Hoists &&

$_
& ECN HAHUE

B2 FoMe f/F4H0] FEE @44 74 g¥=
A9 TCP A%E Aodlzl Al 7129 4 wolA
23 Ao WFAUELR AMS-EE ECNI3, 7, 8 9]
gygstd AL HE AMET ol3e 50
stdg Wzl &4 Aol el g AU, W)
dgfel oF AYA EE J=e= Bl o3 AAA
g FEsle 7|Yez TCP7F ECNel 7bsdltde 714
dol) 7]&9] ECNd| joid 27 @4 4F39Ag $4
2o IS £AF Aotk = 7|&9) ECNY 92 4
AA sk g $4202 g A F429 4
Aol §4 dFUAR] FH AFJXNE FRI=E I}
o, FAEe ddo] £H dFY dE FAZoZRH
HAEHO) 2 ACK HAE o|&3ld $41&02 3o

E 93

KN

m oty

o
rd
POl

-0
N

i

Ir
2
In
to
[#l
i3
o
=2
lo
ok
Sl
ro
A,
i

o A
T2 Xedte 7Igelth wakx] B FeMz 214
7 2238 S8 AU FFE ECN wAUZAAY
TCP %7189} £A9 £41%9] A& disf 24zt 44|
shA AHE Aotk

2.1 Higkst MU E0kAMS] TCP =7(3t

At 7ML TCP7F ECNo] 7hssithes 713 &
Az st o] 7IPL ECN TCP 7] 942 A4H
A $aZoz AT FAF0] HH dEJIA F& F
A AFIRAE FEIG ST AZ R o)
g TR 548 B4 7oA TCP A52 A3t
71 93 715 Yo, T FelAMe TCP 4% Ao
719el 4 dZdx FAEHA AFFol 23]z AH
= A& WAE7] ol

A AEY AS

7€ ECNAIMS} Zo] FA&E TAEE 7] 92
oA Aol SYN HZUSYN packet: BAL AlZH3}17)
A AEA HEE 5718 st #Z) TCP g
oo} W (reserved field) 5 9, 8§ WA BlEo] z}tz} 9
250l dx ECE(ECN-Echo)?} CWR(Congestion
Window Reduced) BIEE AdAslo FalZozm Bl
t}. o] SYN #Z & ixpolzrl £ <19 1>39 2
o] SYN-ACK #i7l9] ECE HIETHS AHAH3I) o]z

ph

Fol7h olRolA® £4%e ECNe| /bsditt AL
HE A L)) S8l Pva sHelNE TOS B=
o 6 WM HE EE PvolAE stiel 10 WA HIE

o 9X5eo] U= ECT(ECN C(Capable Transport



338 ARSI =EA HFHY A4 A 8@ A 3 (0026

Indicator) BIEE AP olgk o] frHde] Zfol
F4&L 7189 ECN TCPst 5Y& EFA HAY

SYN pecie:
ECg g, cwn fag sy

et
¢ SYN-ACK P

[ = >

O¥ 1 fAd 949 Mo 942 43

kil

AAsle 20z HJh o] SYN
HRE WA FAAE <2y 2>8F 2ol SYN-
ACK #iZlol ECE®} CWR HIE REE MAste] HA)
EZAe] dFo] BHolzgte AE $£4F ZXEF
¢t} o]A Foyt o]FoixW F41ZE ECNo| 715
sithe AS WES I &7 98 dolgt 319 P
stie] ECT HIEE 833t Hula 74 Al 2§
g EF Aol RE2 FFSA g T4 A e
3 Ao 2Eo s 228 TCP $4Z9 4%
REoA A3 HEsizct

ECe g cwn fag se;

AR proket

€0 -
cce BONR 8902

a9 2 ¥4 d24Y Wl 94 44

2.2 MOt HIHLIZOIN A& AR

& WA 2B A ol Hx d7 4RI
Zate) A% F TH @7, f4 Aol ge} $aiZe
AAUZE geldvh

<a¥ 3>L 4 92 Aol g $30x9 27 A
o Jehl 1 gich

a9 3 A2 44d b2 F459 £ Ao

SYN-ACK =i7le] ECN #=9] ECE Eej1 nET
AAHATE ol §HBFe] dBE JEEE JE
9] ECN# 39¢ ERA] wAUZEeE 53 R0
o &, TCPAA EFd % 72 &4 vjo] W
AAE/ 85 dnaFa FYH, ECEZF 44€ ACK
€ Uske i $AFL EF 9=E Awoez ZFoln
E2F 2BE ZARE £Qch W Adg/3Ee &
oz g3 Azlol £4HTE gnE FHZoay
B AFEHR 3719 FHE ACKE 23t wolls §
gsA vE3-§t

SYN-ACK #zle] ECN =9 ECE$} CWR "=
EF7F dAE st ole FAdgue} 47dS v
WEE of Afd 7i&e wAUSAA FPHoz

AE e FRoln, 3zl &4 Aol EFC o4F AU
2 BAAL HE o] Ee d=e T o5 21
E FET W7 &40 o ol FRE FaEo
2R2E A$HolL ECEZF 438 ACK HRod) o3
o|Fo|A, <O 4> FAZoZRE ALEHL
ECE7} 4388 ACK AZE 53 $2F0] Hz &4

o 4] el A% AAA, T4 AWM ]
o7 EE J=oZo) 4 RAAE FReE B
A % 2zl We el 7We vehd Rolo

WA <Y 4> (2 @A ACK W7 ECE E32
HEZL 45 gl Afolh of W $AZL £25
B} #0Z Alole) VIENZ HE Aol B3 Bxbo]

M im



#3€ BCN WAYUEE AT 748 g3 TCP A% Aot 71¥ 339

B ecen wEel
ACKD: B T

& RIT LIoR ECET
RS AWOH A I

[7!!5 EON WM
| ago_wene
0% Shiv o8

(a) (b) (c)
a9 4 24 4388 33 ACKA & $£4x19] vkg

ARSL G Rolth ols} 22 EF AA s 71E¢]
ECNell M 9] 7o TS we} sdd wg& ot
Z $422 57 Ao} Jx$E Awtow Fojn &}
E ZAAGES 29tk o] 9§ $4F TCP= ECEZF 4%
H ACK #HZL #e Wgog 54 498 FUHAY)
7] gdotot @oh. TCPE 3tite] dlolet =¢(v) RTT)
Well ECE7} A€ dde| ACK HzEol diz) 1 o]
A wkedtx] etk & TCP $41#49 &3 8x9&
9Y dHiolgt 9=SelA ECEZF 43" d#el ACK
AR S ts) ACK 7 JiFekg Fole o] ohlat
23 AT Zojof gols Aotk ¥ TCP $43=
ECE9 w83t #Hale] £ Q=98 3L o o
o =AlZo] Bl A WA wloje} M CWRE A
3te] o ol ECES A4 &g 2& ¢dth CWR
< dFso ByEs AL ECEZF 4%¥ ACKY dis)
H3Ehe ZE B9 HEEth

ggeg <ad 4> (e AR £49 ¢uel 4
" 3708 FEE ACKE W& Aotk o B$E
W& o Ramakrishnan®e°] [7]olM 7]1&9 ECN& 7
=& o] Zzt HF F Zolst ECN wHe 49 73
Az, S BAFeZ HAF 717 avg, TH i,

TH mn < AHEE Aol 374e] FEE ACKE @&
ZAS woF AA7IAS § RTT Wil ECEZF 438 73
dol gltid o]AL {4 Ha FIollA ECN HHoA
9] avgZt TH .o B FolAA Eo] 98 fjzl &40
SAF ASolAY, avgZt TH o3 TH .. Atele) 3
olojA @z o] AlFE AeM FH Ha 7o)
HE 27} $44F Aolch dAzocz Eite] dof
d AeloM e Hzl E4ojnz FA22 o)RE ER
o2 2% HR £42 IF3o 7IE2 ECNolA &3
22 9% HAA &4 w9 FYIH WPoz AL A
olt}. Z £4g W3l & WE YHEE F S &
F 99 ez Foln 2 ZHE AAUL

e 4B

€4t} o] o ECEZl 43 € ACKE dish &7 9%
t¢ 2% 28E FAGE F5sH FolA gopok
gt 3 719 FEE ACKE 9tou 4 FofA
Ego] WASA kol & RTT Whel ECE7} 449 73
ol gk M @79 54& 1Yt FaAE o
5 EFe 93 £42 TSR @31 £d €3 77
oAl HIE ool 9% HZ &HT FUICh o] F
$= EF Ao} vAUEE 22T glo] @3 £
PR AAEY FFY Holth F Falzxke {A
o= gy e & 4=t} £2¢ AEHE
FE EolA] ¥ Bed) £48 HF ) s AA
Feg it

R g <ad 4> (o AYHY gFoz AT
Holgd 2 =7t A5 Hde 744 4 17
g o2 Elgobgo]l LAPE wo] AHgolnh ehqio}
o] HAEHAS Al dA7AY F RTT ¢l ECE
HES ¥7 {Fo] wet EF Bl UASAE A
o} wker @ RTT Wol ECE7F A&=o] &% %ol
AT AT FAE AEE FUT AEH Ee
(persist mode)2 Eoi7tth & £F =99 £29
2EBE BARE FASe AdE ElolHE HE A s
7 AEE FAFZ F FUIHoE YM(probe) HZE
2 A4k 24 gzl g ACK7F &
o] TCPolA ] Efgolx W9t T HEe=
. & &F 9598 12 2 A €29 2gHE
A3l £AFE HAEEL APFE) AREG 7
3 RTT uWiel ECEY} AA=A gof EF Aol
Z BAPL 4 A4 ALH R=2 59
< &4 #3lo] e ACK7F &5 o &3 Ao
dde] 8217 A9 £ 9=99 £2 9 2EHE
AAReE £47 ARAE diF ARES A3

3.4 2 ¥ 45 BY

3.1 48 an

B AFelA Add VMY Aes 4¥8s7] 8 ¥
Ze] dsHU.C. Berkeley)olA Ae3dle] wj¥3 WES
3 AEHE NS-28 o]&aAth NS-2&= OTCL/
TKE A3t 23YE Hd2 st 7F5aes
Hoiglel

NS-20]4 At 7|¥o] FHEA 7][2AUA A5 o]
A gAe <O 559 2o = © O 45
FH(Fixed Host)& Yell1 == Z, @& AolEHC],
= @ ®e F4= MH(Mobile Host)E& Uehid
a8a @9 @ Aol TREAEE 9ZHY A, Y=

inAe 13

ofr o rR mx
2

o

=

¢

pa
>
A
lo
it
o £

N
o
lo,

oo
o

2oL = B
[

v
)
fo



340 AR =82 PF

B-@, 3-O7e FHAYaE A Utk FA
2 9 RA 3 72 dY9Ed A5A9E IMbps$}
2ms2 AR FTHPAY dHIgEFH HEAIdS
IMbps$t 20ms2 2R AW. 32 Q-7 ECN
o] JlFdnsE AAIHYx, Wy LFL  1500byte
packets& 7IF 22 25 packetsCZ AR AT
HAs 93 188 gdevjHe $4%49 EF 9=4,
T #Ha 729 8, 23 H3Z FhAM dE4Y
A A7 F/5 kB9 FHERS
olt}. &/ AEAM ALREE fEA |

F), FAE& MYF
FTPolt}.

CCEACTY R
/ .

3% 5 Al - BEEEXA

—

Aoz 9 ga el HE dgge] 10°~10"
Z=doH2]. galA] <1y 6> BIE o#Le

0.001= A3 AelM @A @74A] Holet

AEg A7 A7 W] g2 EF 9x%(cwnd)
o] wsle] isl PPN FHE G 2otk A
¢Hgt ECN TCPe #4 F7tellA E3do] A vk
EF 9x9E Zo)7] Wi &£ 9=99 HI(H=
F7F 7 A JElga ER 4599 atolz 94
AA vepgth 28y 7129 TCP ¥ ECN TCPE
FATNA 00019 BIE o2& 2% AR &4dF
e BFoT QE HR ~AR E:sch o 2R
# 3709 ACK E£& ECNo} 444 RS & v}
o EF AESE 297 Wi a2z 23 A=+
o] #H3lr}l A ECN TCPol wls) Hhzdes A
viebgtct Bk ofyje} 7€ ECN TCPe ¥l TCP
T R ¥=9E A 2ol7) " EF 9599
B Al Z717b Askd ECN Bk Adides 24 v
123 e=3

CIhc]
=z
-3

mtm 5 (o
p

Ob N o

O

é

o] AA A 8@ A 3 Z06)

CWND (congestion window )

tdme

Azt mE EF d4=9

a¥ 6 $AE:==E @9

W3}
Y 7>e A Ea pRelAY HiAl £484 o
Ag3E AP Adolth. 29 4(flow number)

22 A3k AYE TCP 7)1E9) snoop©l
A p7rel M) HIE of#o wl H7l &4 tis) &
T 9=E Fo1A &7] WEel Uk TCPo| His)
Jeol 4% Aoz eyt o] AeE 224 4}
3t gl e A9l AHE TCP7L ¥4 7zhellA
HE of2jo] Ag&3oz wgslr] 9§ o=z u9k
d snoopd] 4% Boh 48 Aoz vehdoh

*x
@M @z A= A }‘40131 AMEF A ElY
30
.]

—{n o or ru

[e5

0.001 0.008 0.01 0.05 0.1
wireless loss rate

28 7 A FAa9 dged] #E FAH==E @)

A
<ad &L == OF ¥§sto FHO FH7F H$st
£ HeleE wg MHY ¢ & E29¢ 5% 37

| BE @AM @2 AFd AFE vebd Feolth
l& 74 J=9 BE d#d 9% szl &487
A 22 Fe= O X7 S71E 2 FF d36
A4 o] dod F e AFE st A
e

=3
%2 2%

& Agolth AlgH o) AIREE 30&0lx



$4g BCN AYUES AHE @

24 g2 J4#HeS 0012 ¥ T2 FF 100A
1074 7413 e Adde F4F dgeld &
29 7 ZUH wel WEe 23 AT AAHY
Z1zte] £29 o ©E MFe ALY TCP7F 71&
o] TCP$ snoop Htk Aol 58S & + AU
o] W EFol F71E24E ALY TCP7t <2¥ 7>
7499 vlmste snoop BT AFol BE 243 A2
2 uehged ol ARG TCP7h fKAd73helre]
EFZ= Aoy 5 317 "Wt

- SNODP
—ar regular TCP

throughput{bytes/s

1 2 3 4 s 6 7 8 9 10
fow number

1y 8 E2% Fol ©E AIF

<a¥ 9>t Jdcexs aHskd dF s
connection) Wl A% AYH Aotk B L
1M =7)9] Bele FTPE o83t @iy @7t A%
g o 24 Pz FPAAM dd @F 717 Wl o
Z A4 98 A7 233 Aolth snoopo] F=e=
A £4% TCP #HA S tal &3 9=$5 Z°]7] o
Bo) dzexmE 29Ysx Zicte A# M-TCP7}
I-TCPY 93 Z W3 Ad DB(frequent dis-
connection) WE A4 ghdol-2(serial timeouts)ol
Ay HE|go] 433 Zolethe EAME FHAHL F
re9 29 QHIEE 2 Rold HE At
Ao 7129 TCPS 7 M-TCPs Ate

e

tranamission lime(s

cs 1 15 2 25 3 35 4 45

disconrection period(s)

g 9 9w Azt Hsle] e & AEgE AR

74 gzd M9 TCP 4% Aol 719 341

TCPS A%& A¥sY. 7129 i3 TCP7F &
2 9AZ s BT A &AS dis FxA &=
© ~elEE A Bk ohist d& 3] Eldold]
o Qs A" TCP% M-TCP Btk HE 948
Azbo] AulHo 2 =4 Vg 23 A9d A
£ 7|ME AME3lE M-TCP Bt A¢he TCPe 4%
o) 243 Ao YElTh

3.2 Rigkst 7(dal J(EQ 7l M5 Hiu BN

[ 1]e Atg 719k 7189 7IHER Hed

W EAHE Aolch

E 1 A sy A& v 4 7Y
Abgt
TCP

e
%e

snoop | I TCP | M-TCP

F ==
A=) A% 7 | AR AR ~Hg
(local retransmission)

27t o /3 ~

(end-to-end semantics)

gz x
vE o7
Fa77r)
EFAA )

(C o Age o

J
)

X
S

(
(

>

Ol

X

X

X

-
N

MY Eohe 297 A, < AYHA B

- ARE 7PHeld F4F FHA
A5 71 E0] BS T= SHS} 22
3

S

2
e
n

o

X,

o
ﬂ\‘_‘m‘ﬂ]§
i

>
rbr
1
My

Y
ofy
ok

Sl e EE AREA

)
=

o 2 (o do ok Y
fo
=
F

= ln

fr N
S
2
= ofy
%
o
r)-
ou M
ju
ox
2
R
o
=
@}

0
H
X
b
>

4

£ g N oo oo x
%a
2
2

o M

2
ot
)
i
i

wE =7t 493 Ack =3 A=
MH=ZRE %3 ==2 ACK7} &4 &8 A
o] AR 9 spoop, I-TCP, M-TCP zt Z2EZ
A B (state information)7HAE AMEL Ao F
2 EAgor ok o] of M=E Ao F ==
B} zHe]e AE] alA FPE|T, ojv] MH=
3 RS WF £2 55 FAS &42 A
o A8 RS hE GAES Al

(Y O]
>

Lo

=

lo N to
o
n £

N

},

s

¢

o
e
2o A

o
e
>
of
X
R
>
)
-3

Z7tEn. o8 A
g olgshE AEAY F7 BE



342 EEELEECEE

o o& Az A4, 5, 6].

ZU7t 9u] FAT FAS) A4 AR S A
ACKE #H) Edd e 2244 wolol doie
TCPY A5 ke 2¥eh 28y I-TCPE FHol
X A% F3le] s MHoIA BSE ACK7F £33817]
Ao BSAlA FHEHE 22 gzl gj& ACKE AA
*&‘“%}04 FHE A$sis Dﬂﬂ\%’“ AL-817] wjEo|

@7t gulE {A3HA 3[4, 5]. g [-TCPe]
oﬂ~ MH7} #R-& 27 Zdoﬂ %—*d?{wl o]
%OI AA=QEetE FHE BSERE #HA4H
71 o Eo o] ¢HASIA FAZ MHel

2 A28 9371 AT, 5.

§EE_9_E£ 2Pl AoJA snoop 7IHE =2 <l
g A ééoﬂ EHBH oz Q% R &4z gd
dle $4& F EF 9xE Fole 59 EFA
o] wHY %8 F7] d&ell XEFgo] AH3lEe A

@z Rahe EAZF At -TCPe flze=sl vl
g o WG d72 gde] dold we 943
Yol WMAAF R J=o=E YA B3
$-7} #APT5, 6, 10].

HE olg] Age glojMde v 7k 7| =F7 7

“

i

n[):

o
=

N1° Jix i

-

K

o T (% dlo
o

A FglAe HE oo @ WA £AS FRY
S glomz WE ool o A eAe f4 73
odMe ERom A A LA BuHE AL WA

¢ Utk

AT EF Aojol oM e AJF 7ol
Avel A g Alo] dAYELE AR HY ECNE &
At AMEF FolmZ {§AH FhAMY EFRE Ao
T 4 AT snoop, I-TCP, M-TCP= &£&& Aois}
= =

L “6‘01 3,1‘:}'

4.4 B

A TCP= om +4 glo] A% &1 3
of HIE oy d=oxmed oF H3 &Aoo Ty
Yoz o3& FAFAM EFez ¥ &£4=
Hodth wekd ZE Al E4dd da £ d=¢E
Zole T EF Ao WAUEFE 5&317) R F
97 HE o] @AEHA Hojrrke Aol stk

ole|d EAE sidsly] A & =RdAMe V&9
ECN& §4 HE"Jﬂ A REE £ FA42
o= stolg Al Sdo] o] El A AUA, B
E ojg]o] 2)g AAA T =X Do) o3 3l
AE Bt 719 AR o3& TCP7L ECN
o] 7bs3ttki 7+ sl ECN 972 AR dAA 71&

FEol A4l A 8 A A 3 Z(A026)

o] AAYAE FHso $AZH07 slodF Gdo] FA

AEJA T QAJAE FRIEE § ez A
d4Y W $41202 g EFLE AT AR &
Ao AL ER Ao (AYUEL &3 7Helth
E 7lHe 724 77l TCP A%E Aolsin s @
4 2 e "d=2s 719 snoop, I-TCP, M-TCP
o= g B 7oA HE dF EE dseze
&) &4dd S s BSY 2L £ =TSolA
AR oz AAFss WAUES AHEEA 2 4
ZdlA AH ARgshe 7Y E AHESh gl A4
ANz BPasA F71A g3 2% =8 §
Hile BE AHEA 93 Zze] i FH g3 4
TCP w3 &4 78 2 HYE 3 ==oA 844 &
olT Hu TCP ZEZEE 1&9 w79 41254 ¢4
Z o Bohe] 22U v AT o)EF B
3 Akt 71He AA 7 Z2 g3ty & Ao o)
%o AHEHE YEYRY tS agFoit At o
Hete] HEEY ME $41=, AF 2 BF
7} ECNe] 7Fss)or 3t @do] ot

=L |

[1] R. Caceres and L. Iftode, "Improving the
performance of reliable transport protocols in
mobile computing environments,” IEEE Journal on
Selected Areas in Communications, vol. 13, no 5,
Jun. 1995.

Aldar C. F. Chan, Danny H. K. Tsang, Sanjay
Gupta, "TCP(Transmission Control Protocol) over
Wireless Links,” IEEE In’l Conference, 1997.

[2

—

[3] Rohit Ranami, Abhay Karandikar, "Explicit
Congestion Notification (ECN) in TCP over
Wireless Network,” IEEE In'l Conference,
pp.495-499, 2000.

[4] Ajay Bakre, B. R. Badrinath, "I-TCP: Indirect
TCP for Mobile Hosts,” Proceedings of 15th In’l
Conference on Distributed Computing Systems,
Vancouver, Canada, ppi36-143, May, 1995.

[5] Kevin Brown, Suresh Singh, "M-TCP: TCP for

Mobile Cellular Networks,” ACM Computer

Communication Review(CCR), vol. 27, no. 5,

pp.19-43. 1997.

Nachiket Deshpande, "TCP Extensions for Wireless

Networks,” July 2000. -www.cis.ohio-state.edu/~

jain/cis788-99/tcp_wireless/index.html.

[7]1 K. K. Ramakrishnan, Sally Floyd, D. Black. "The
Addition of Explicit Congestion Notification(ECN)
to IP,” IETF INTERNET DRAFT draft-ietf-

(6

—



549 ECN AUZE A8 74 J3949 TCP A% Al 71¥

tsvwg-ecn—03.txt.

[8] Mark Handley, Curtis Villamizar, "ECN archive
message 00009,” IETF INTERNET DRAFT
draft-jhsbnns-ecn-00.txt.

[9] H. Krishnan, “Analyzing Explicit Congestion
Notification(ECN) Benefits for TCP,” M.S. thesis,
UCLA, 1998.

[10] Jochen Schiller, "Mobile Communication,” Addison-
Wesley, 2000.

[11] W. Stevens, "TCP Slow Start, Congestion
Avoidance, Fast Retransmit, and Fast Recoveryv
Algorithm,” RFC 2001, January 1997.

[121 W. R. Stevens, "TCP/IP Ilustrated, Vol. 1
Addition-Wesley Publishing Company, Nov. 1994,

[13] William, Stallings. "High-speed networks TCP/IP
and design principles,” Prentice Hall, 1998,

[14] V. Jacobson, "Congestion avoidance and control”
in Proc. ACM SIGCOMM'88, Aug. 1988.

[15] Sally Floyd, "TCP and Explicit Congestion
Notification,” Computer Communication Review,
vol. 24, no. 5, pp.10-23, Oct 1994.

[16] F. PENG, S. CHENG, J. MA, "An Effective way
to improve TCP performance in Wireless/mobile
networks,” IEEE, pp. 435-441, 2000.

& dqF

20008 ERUm AAEATH =Y.
20008 ~ #A aodigta FFE gy
HARA AtHE BALoE TCP, £4,
P9 T2EZF, FE5 Al2H

2 H &

19813 mEdigm G FEe  sRaL
1983 d vl= Wayne State University
Aimskak AL 19879 ©]=F Auburn
University A4rzhetat wpa}. 1988 ~
A4 pHANSw FFEES we B4y
woke A AH, e WELAZ
EDL °l3%4l, ZEvidy] 5




