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ABSTRACT

In the CDMA wireless link, frame errors are correlated and burst because of fading. The implementation
ability of RLP error recovery is dependent on the correlated frame errors. The (1,2,3) retransmission scheme,
which is recommended as default in IS-707, is not adapted in high frame loss regime with strong correlations.
By using the modified error recovery method, where the total number of retransmission attempts is the same and
the retransmission is increased, the proposed retransmission scheme can efficiently recover frame errors than the
(1,2,3) retransmission scheme. Since the modified scheme has longer transmission delay due to the increase of
retransmission round, we propose the algorithm of retransmission failure prediction to improve the modified error
recovery scheme. We simulate the modified error recovery scheme applying our algorithm and compare two
schemes. (i.e. default scheme by I1S-707 and modified scheme) not applying our algorithm. In the result, we

show TCP performance improvement is better than default scheme by IS-707.
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T | Pe | F(dB) p q | 1419
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010 | 977 | 09918 | 09264 | 1358
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0.10 9.77 | 0.9005 | 0.1046 | 1.12
1.00

0.20 6.51 | 0.8020 [ 0.2080 [ 1.27
0.30 443 | 0.7045 | 0.3104 | 1.47

375

www.dbpia.co.kr



Fx 5283 =74 03-5 Vol.28 No.5B

2) TCP/RLP Al&dpo]d =g

FaEol) slolg Aol N TCPRLP 458 &
437] 9la) Algeold e g 8% ol 44
stk o] AlEdold R Colg ol 83te] 2t
AEch B =Rol A= RLPAA 9] ole] B 59
ke $3 TCP A%g Ayr 8 7135w
TATAEIY] §AH8AE A AFE] A=A

ol ole el gl Hom slguh TCPE
TCP Reno W& AHg8hdc,

01S SAE N SAE

TCP
(Receiver)

TCcP
(Sender)

(Pe. fdT)
18 8. TCP/RLP Al Ed#Held 2d
Fig. 8 TCP/RLP simulation model

PAZAES] TCPx Ef&Al0l wAU S ofs)
=25 TCPe $4 Y4597t 7Ha gz Hgs
W FzpH o thgol W4T HolElg =g 4
k= Aoz 7Rygth TCP Ad Hl:L‘ﬂE aﬂ
(MSS)E 536byte® AA3IHo™ AEEHE 2]

olg) wZel A7l TCPIW<} IPaﬂt%E +
WhyteE F7}sled Stehyte HASHTE #
TCP dlole] AL 7x=9) <AejHo]zol] A

P dhe] HS 30709 dlols ZegleR
UrolA dlole] A% £E7F 3600bpse) AAER
E3) olgzaEd MLt -tu’"ﬂXHLé"ﬂH ol
7} A4E o wske ga AAS 10msZ M4
shgdut. 122 RLPA AAE EMUH Efglof
9 ghe ek Auigkel e} |l A A200ms) T
olu] grollA AF3E RLPQ AzEA @Az M3
2 A9 BARIOms)S tE gte= Hgstarh
Z 300msy= 15709 =)ol sdEch o]sELE

M <lEFolA7t RIPERE Add =ydEs
AFAgste] = TCPAlAl dAZETh 441 TCPe
JH ]o] /HJ—XJOFX Lxl—’s]_td ACKE

B TCP ACKe| szl =7)% 40byte® 478t
Ak FAAGE ol olnl AFs T Rl A

4
¢

L

V_&
M

IHTRER

g zh= vl pdg 2 spguk Algold
o) A AR sheprlElSe 3 200 Alstvh
376

HE 2. AEHeld siglvleE
Table 2. Simulation parameters

etol H %
TCP % TCP Reno
TCP #Hdl ATHE A7H(MSS) 536bytes
TCP dloje] szl 27 576bytes
TCP ACK # 7 =27] 40bytes
TCP Al 9159 Abe] =(W) 4MSS
dolg AE&MR) 9600bps

RLP Z#] av|(dle]21 7)) | 24bytes (19bytes)

wa g Ad 100ms
RLP wisigd A< wAas 100ms
f.T 0.1, 1.00

P 1% ~ 30%

s FEeiE TCP $-&(TCP  throughput),
RLP AI(RLP delay)® RLP Z#|¢} <)&(RLP
frame error rate)ol sl IEEACE A WA, ’PCP
2L S TCP7} A&xA o= x}‘ﬂd tlole] <k
248 ©a9] &4 dold HWEER vhr %koi
vehfej i) g=e) dlole #g-go] 9600bps¥
w), RLP Za#l9oA Shyte?l SlHIR AMEH R &
5 diole] H4H8-S 7600bps7t Heh 5 #A, RLP
o RLP dlole] Zejgle] 3 M8 A7HEH
o7 wAsAY opxe AAEE & § P
- g7k e] A AME gt Ao,
RLP al e} &e TCPE Adsys BE Zy4l
Z 7hed dEE Bslal Bk ddHe Zddd
o] 1&g JERATH

G

]
g
N

~
Uo oy r&
Jai rl

sl

I

d

4.2 H¥ AR Y 24

B il Al dleite] daaAst b 5 el
9 AEEEelA Aory duElEs (11,1111
o 31—@-6‘]-,‘ S Aol AHgsix] Ags HALE
(123 Wzt vlaste] o1 Aeg Algeolde &

& wAsrk

a9 £ 1944 AR viEE ganEE vt
Beflol Aldea] Alel el ofeiel A
& wolzm ok f,7T7F 0013
000l Adeldel P 7k 001914 03744 ¥
, ZH7E (394~2819)9F (1.00 ~1.48)%1 BT HEE

lolg e olefEel Hshs A& & 4 ok

=

A} a2l

A&
T H2E] AolE

\Jé""‘

www.dbpia.co.kr



W FA" AN TCP/RLP A% & &g A+

gl 9. =e9] °ﬂEi HJ*E T%‘if 7‘°l
Fig. 9 Average length of frame error
bursts

I 102 oz FuaArt 2
=00DelM TCPS & AH5& 4T Zolvh. 18
ZollA BE A 0] £ w( P g7} 0120]8D
T I EY 2F vsd Ase Btk ey

P g7} 01201444 w%H (1,1L,LD ¥ (1,23
el vla] o F& TCP A% 29 F3 itk
A et ogEE oyt e
TEro] A BRI BlAE Holrt 717
olct. o]z (123) oel¥ 3 F$9&

oL
L

o
i) r1o
rlr

Nl

nx o 2
R o

~ A
]
1é i
a0, o
2 e

o
A

oHd

iy

RO

N

=

I

®

2

v

Je

-

rir

T~
[m
QL
s
i
o
i,
s
£ 4
A
=2,
X
li:l
E
i
o
2
_>ﬁ,
_Hl

borE BNt
fa i)
tak
i
- |
T
mz
2
% N
O
O_L.
i
o
X
2
o
.
-
=2
1 o
i)

P

[¢}
-

go| Eo}x7| 'IHTOM el (LLLLLD)
e Azte] desold BuH HASS
el wlah 2 gl oejzt Brw

A4% erese] Fkw WEAY

=L

LS
o8
-
-
no
w

ggo] Zo}x 1

of AR, Ad% FerE TN RN o
b MaES BAEE oE g e Ade s
Heu ozl X7 el Pk AYE Yo
ol AgAAL W 71E
=] TCP 48 4% &3
RLP

& (11,111 7H%i%
Wl wiE] Hu) 409% %
1 98 <& 4 slek oA % Aok oaE]|Fo
2117 RLP Z#9) oflei&-8 Zol7] ujitolrh

o

TCP hroughput

030 -
€20 |-

¢ e e e — e e

0.00

15 0B D20 022 024 D26 078 030
Tage FER (81

2 10. defO.()lcil Holg Adelr FERe
W2 TCP %
Fig. 10 TCP throughput vs. FER over
fading channel with fdT=0.01

D01 102 004 086 308 0.10 94z 01

A f,T

a8 119 a8 12 f,T7) 0.0121 so]dd A
dofli] RLP =Z#9] <l2)&3F RLP A& A7
Zolet a3 11004 oF 4= gl5o], olzje] Abdsd
A7l & Adelds (1,1,1,1,1,1) o] 72k
ARG ehgsdA dHE B7E #EL (1,2,3)
el wlal Mz RS o] FrlkR qls)
ole}g B-slA] E3hA AAAISNA AdEe =
ggle] 7] wlEel] RLP =3 olzlge] o 2
W (FER=0.3da) A= s:=Egdel. (1,1,1,1,1,1)
whlo. TCPellA  Adellrle] =HY  oa]e-s
(1,2,3) #Pel vlsl) aspgdom £71o=s TCP
o] $8-& A F olet |3 Algk e
94 (1.1.1.1.1,1) A% wbde] A48
5ol nla) ofe] B-F Aldgo] o zlelx)=
2 5 9lrh ol7E A A )& dae)
o8] 13 12049} o] RLPAIA S A% %)
ol 57| wigol wE dgEyrl =
RLPelM Z#q] Azjake] wolx Ajdez RLP
Ezﬂ%} ofl]go] ’%‘0}11% Aolch wepa] Algksl
) W BT e
w}Jﬂ ziah} 2 ol wlfe] AAZE &
AdellA e TCP 48 Az}

» §2 d
tilo rl: L
N

afN

o]

r_&
mlo

0.006

®
Foooa f——- R

Zo.003 [- e e

S 0.002 e e s

"ALP fiame erro

0.001  frr— e e

© 000 N B B

0-81 8.02 0.54 D06 €08 01 012 014
ags FEF((P]

a8 11, fdT=0.014) o]« J‘HLQC’H/“]-"’] FER-
mE RLP =¥ o=ls
Fig. 117 RLP frame error rate vs. FER over
fading channel with fdT=0.01

18 02 052 0.24 0.26 0.28 0.3

001 002 0.04 0.06 008 010 €12 014 016 018 D23 02 02¢ 0,26 0.28 030
e FER (5,

a3 12. fdT=0.012 #Held A g9 FERel
o2 RLP A4
Fig. 12 RLP delay vs. FER over fading
channel with fdT=0.01

377

www.dbpia.co.kr



2 E A 83 =4 ‘03-5 Vol.28 No.bB

4 130]4e] RLP Ze]9)

Ael%5 RLP 1oaa -.%zgzz Aolth. 719 14904
wl Az B RE A9 Ege RLP Zdlg of
¢8-S 7Rk ol2ie ol gt Ty ol A A
A4l oleizre) ABBAT e 73 r SEES
Ael SgHow wasy] Wil (123) Pl o
o olejEre) s Asks °L71 uH—rOM 29]
T (LLLLLD #Ee (1,23 Wl Zhzhe) AxE
ehsold oel® BT Fpe AR w0 5
bl % 6w Adgo] olFolmz uixd Az
29 5= Aele.

ofr

if
m

50 062 208 005 008 016 012 014 018 018 220 02 0.24 026 CP8 053%
Average FER I

a2 13. de=1.00°J s‘rll°1‘6‘ %HLF'_]“‘W FERel
w2 TCP %
Fig. 13 TCP throughput vs. FER over
fading channel with fdT=1.00

101 S0 504 0.08 008 0.1 012 014 016918 D.22 0.2¢ 026 028 €3

Average TER [Py

a2 14, fdT=1.002 soid Adelx2) FERe
W& RLP =3 Y olal&
Fig. 14 RLP frame error rate vs. FER over
fading channel with fdT=1.00

378

oss ¢ - W (1,23 - ——
¢5G - o 1,1.4.1,1.0) O,
645 ... - Proposes

ALP Delays (seconds}

o

0.01 €02 C04 €06 008 010 012 014 016 0.18 020 022 024 026 028 930
Average FER (P[l

=12 15, fdT=1.002 el A delxe] FERe
w2 RLP Ao
Fig. 15 RLP delay vs. FER over fading
channel with fdT=1.00

gyl ad 15404 B uiel ol HE: AHE

Bessx st dee A k2 A
RLP A9 (1,1,1,1,1,1) #e] o Zojx]7] wjd

g% Ast BAEE Flelth &, RLPIA ]
Ay ETE 53 dFHoz HAe d—&—??}%l%xla}
% TCPZRe] 39l $ste]l oA TCPO Eolm:=
Eldols-g wHAAA BFeF FEH AHsol o]
2olzv]  TCPe A% Elelmel RTOZF oA
TCPe] Aol "oixAl s Aolck zejut At
H dugEe 94898 B9l RLP Ado] &
e AL WA & F 7] Wi F& A5l

e,

r&lr

v.4d &

B wRold Holgoz s o
A7k 23 g=e] ek B4 e 4
Mol elle] BF sdel Assle WAL AT
129 #de AZsl] AN AdEe ek
WA et BASHA shEA Aol AEDE o
$EE e ALLLLD WEE Assad
of e oleizel AmEAL 2 Aol
(123) ol uls] e BT 54 Seo] P
gt ojeizie] ARTAZL 4 ALNNE £ 5
of Wolhth ol AN el FhE sl
RLPOA] ole 7 Fashen] dels Azl 2
ol RLPIMel AgAddel F7tsich oleiw
RLPOAe] A4Adle) 2748 Adstag Ad%
A3l % QB AkA Ackd LueF
o gassol £ melQel Eolulst AT
Huel A9E eheust Heele @4 A94E 7]
el Qi A8 mege) sel guet vl
of oln] AjFe] Ak ZeAYEE Fohle V)5

www.dbpia.co.kr



=i/CDMA &

H}

@ w80 qe TCP/RLP 4% 4kl e a7

< sk o)A NAK AdE golme e
okol 7] Mol thg AAFAAHE FPT 5 9l
=5 Eﬂ—rﬂ RLPelA 9] AHFoA o] mEA
3 = ek Aok dmElEg o] 83%
(111111) Heio] Al JRAL o7

7t 2 5 Aded oiE AlEEeldE B
gk oy '*Hﬂrﬂr?-ﬂﬂ Z
(L1,1,1,1,1) A whe] A
& A8side H (1,23) H A Wbl w3 3
o 40%2] TCP & A% &4& 2tk a8z
oefzte] A#aAsE 2 AddME (1,1,1,LLD
AAE WEe FERe] 2 994 TCPe $§0]
FA3] A e 4e & 4 ok :LEM At &
HEE AeFgozH ol g Aie U
F ARen 7lEy (1,23) ¢ ‘%}oﬂ Hla] o388 oF
35% Axel HF e v

Al 5]
=

o= ¢y

kl

o

)

F ot

(13 W.R. Stevens, TCP/IP Illustrated.

Addison Wesley, 1994, vol. 1.

(2] V. Jacobson. “Congestion Avoidance and
Control”, Proc. SIGCOMM., Aug 1988,
pp. 314-329.

(3] Karn, P. and Partridge. C. "Estimating
round-trip times in reliable transport
protocols”, Proc. SIGCOMM, Aug 1987.

(4) H. Balakrishnan, S. Seshan, E. Amir,
and R. H. Katz, " Improving TCE/IP
Performance over Wireless Network’
Proc. IEEE Distributed Computing
Systems, May 1997, pp. 365-373.

(5] G. Xylomenos and G. C. Polyzos.
"Internet Frotocol Performance over
Networks with Wireless Links”, IEEE
Network, July 1999, pp. 55 - 63.

(6] H. Balakrishnan, V. N. Padmanabhan,
S. Seshan. and R. H. Katz, "A
Comparison of Mechanism for Improving
TCP Performance over Wireless Links’.
Proc. ACM SIGCOMM, 1996, pp.
256-269.

(7) TIA/EIA/IS-707 "Data services option
standard for wideband spread spectrum
digital cellular system’, February 1998.

(8] TIA/EIA/IS-99 “Data services option
standard for wideband spread spectrum
digital cellular system’. July 1995.

(99 A Chockalingam and G. Bao,
"Performance of TCP/RLP Protocol
Stack on Correlated Fading DS-CDMA
Wireless Links”, IEEE Transactions on
Vehicular Technology, vol. 49, January
2000, pp. 28-33.

(10) F. Khan, S. Kumar, K. Medepalli, and
S. Nanda, "TCP performance over cdma
2000 RLF', Proc. IEEE VTC 2000, May
2000, pp. 41-45.

(11) M. Zorzi, R. R. Rao, and L. B. Milstem,
"On the accuracy of a first order Markov
model for data block transmission on
fading channels’, Proc. IEEE ICUPC’95,
November 1995, pp. 211-225.

(12) G. Bao, "Performance evaluation of
TCP/RLP protocol stack over CDMA
wireless 1ink”, Proc. Wireless Networks,
August 1996, pp. 229-237.

(13) Y. Bai. A. Ogielski, and G. Wu, "TCP

over IS-707, Proc. of PiMRC'99,
September 1999.
% 7] 9(Ki-Young Song) A3Y

19999 24 :
FHEA
20013 290 : AAlcheta chst
A A RAZE (D
20014 3Y~dA): AR
AR EA (A7)

dAldietar A7)

(FAAEP ©]5

544 28(CDMA), TCP

379

www.dbpia.co.kr



S E 4188 =82 ‘03-5 Vol.28 No.5B

4z} ¥l(Ja-Bin Song) A3
R 1000 29 A S ARIHEk
. sl (EAD

20019 84 @AM st
2 A7AAZS} (AA])
2001 9 ~#A: NIST(

(FAlRol) TCP/IP, Wireless LAN, Ad-Hoc
Network

ul o Z(Young-Keun Park) k|
19864 24 : AAdgw
A7)t (Eh

19903 8% : University of
Minnesota 71338} (A}
1993w 129 : University
of Minnesota %713=&t=H2tAh)
199493 19~1996 24
University of Minnesota
71382 Post Doc.)

199613 3¢ ~20014 89 : A Z|AF=A}
FTE 2

20019 9 ~&A . dAAER Z|AAXERy-

o P
-l

(GFRARob) AR WEY=a, devivje] EAlY,
ATM 28], 74324 &%

380
www.dbpia.co.kr



	CDMA 순방향 무선링크에서의 TCP/RLP 성능 향상에 관한 연구
	I. 서론
	II. 무선 CDMA 환경에서의 TCP/RLP
	III. TCP 성능 향상을 위한 RLP 개선방안
	IV. 제안된 방식을 이용한 TCP/RLP 성능 고찰
	V. 결론
	참고문헌


