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Performance Evaluation for Fast Closed-Loop Power Control
of ¢dma2000 Forward Link in Frequency-Selective
Rayleigh Fading Channel
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Abstract

In this paper, we handle the estimation method of the received £:/Z. for forward closed-loop power control in
¢dma2000 systems. The estimation of MS-received £/, utilizes the symbols related io the forward power control
subchanne]l transmission[1],[8]. The estimation of the received bit energy and noise variance is analyzed for the
frequency-selective Rayleigh fading chamnel. In order to improve SIR (signal-to-interference), the estimation of the
received bit energy is made by the coherent combining of the rake-fingers and received I/Q symbols. And, in
this paper, we evaluate the performance of forward closed-loop power control according to the mobile speed and
the power adjustment step size in terms of the bit error rate (BER) and power control error. Simnulation results
present the optimal power adjustment step sizes according to the mobile speeds.
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o}53} $iate] UAR A& slo|d(slow fading)dl
735l 7Vestar, wefol mé so]<d(fast fading)?l
ALl BI)HE A7) Nec(1.25ms)E A3}
E AL doldde] o|Eal $inde] dAA Weorm
2, do|de] 0|53} 9jale] ol A AT AR
Ze] ollA ZIME o] iz, A Nec
(1.25ms)ol| vhsle] MES1E ARG sl A
ARt

ABDHAN AE b AR ¥ HAE
S 2923 9x Ve 2ados w3
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i =N, +[E§P’ +gE§“’]E{a2 }"iHR‘ (T)+ E;”gEbj }ER’@:TC)
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+§E£"§E{oﬁ}"};k’(nm
i (32)
o8 FoiAick mebd AEFAIe] 4 AeE
AkE Ny A9 AzolA Ads ASEAS sl

ASIEE 24 e 2MEY ds L 4
(32)E o3l

N 1 .
I =— I(I)
o=y Z 0 (33)

p =l

o FoAlg ey I s Ao 34
e 2HEY WEelm AGDA g8 AN
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aebd, s AEAE A 71E B/

s} mag 44 E/ 3242 Aeae 463
o]-43lq A4l 4 gju}

V. AlE3iolM ¥ kY

1. Ag8oiM =4l

2 =FL cdma2000 A|lAdlz zbo] gujeEl=
Aol AL A Mg wdsl AlE(dedicated
pilot signal)7} i 73 S wEHHFIHHA)
o} Sig 4l B/ Fubgst Az )
AYxA L a7 Wakslgs o HELS(BER:
bit error rate)# HeAlo|olle}(PCE: power control
erron)®] AlFEAALE o)83l HHAe] HE5&
FAslmal g wepd, AEdeld #7e] Ala
& 2 d(system-model) A4 8 o] ol wm
#aHddink-level) ol Fals WA Ray-
leigh #lo1x) Adeld y=igict. ole] FAgelA
S35 AEHeld 24L& ohge) v

() AeiFape IMT-2000 Fopdidgal 2
GHz¢|: Z%%%d= 3km/h, 120km/h, 240km/h,
ael3 400km/hE. 4712 7524, Doppler ¥
2% 6Hz, 220Hz, 440Hz, 18]1. 740Hzel w5}
AlgHolAE gt

@ 44 B/ 24 Guelad B3 g
AL RC 1,4,7,99] 75l sl 8857, ¢4t

3
3 Aol ¥Ade vimage  Ba ey
A" A H o] E(power control rate)i= 800HzZ L}
WA AEHold AL cdma2000 AL &
kA FAAE Ao,

(3) 3 Q93] Rayleigh #o|d Adzde
FUE o15E Zw 209 ARE A, 2
Wo)d Alsit Jakes mdMol 28] A=k
a3, oE AR dsA fPlEe Ade HE
A&7 R o o A M 2
RF Gaussian FH-02 74538l sMglon, ¢
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wRlE AAkel] ¥ Ale] B3bAda FEeelsiad
o] gl Ade TN Adrie] AW
E,/E. & sdBE AAstd AEHe1d-e S5y
tH12).

@ =93 AHAAE 98 PRt A
s AHalegE e 4%2 dAslz,
AgAe) M)A 44l /I, 2ol 1.25ms
aely AR FHe|Ee] ApA|del] 1.25msE
BF 2.5ms2 AAs] AlEeo) e easgich

2. d0 24

28 62 AgEnr) 3kmmhd W, AHERAYAH
A7)(powet adjustment step size)of] WhE H|E Q&
(BER: bit error rate)2 RejFEn glev], Y24
~EF7]7) 025dBeilA] 2.0dBR £7)8 of H]|ES
& A5l WEE AE 2953 Sk & A=
%57} 3kmhel Aol AHzALYz717E 2.0
dBQl A5 w]EeS Zuiey 71} $53 v|E
2& A5E RAFL Qlrk o] Al F5d
F e AL AREErt o A & AN
22 ¥ 74 Ayl AEzAAg=sE A
A AAsle Zleo] vELE WA 7 Ay
£+ 2¢ 5 Yk

107
q

102

E 10? I,
mobile speede3km/h, PCB power=3/40 -

Bop/Eer=5dB, two equal paths (0.5, 0.5)
—o—: PC step=0.264B

Ll = PC step=0.5d8

10 F —x—; PC step=1.04B

=-0--! FC step=1.5dB

-—+ =~ PC atep=2.0dB

10% + . * . :
1 2 3 4 5 6 7
Ep/lo(dB)
38 6. AlgEErl Slanhal Ao AYzA~Ra7]e] of
£ HE 25

2% 74 AEEEwr)l 400kmhy e A=A
¥ 37 (power adjustment step size)ol] W& H]E
2&E 2T led, A¥egdAg=27]7} 2.04B
oA 025dBR Ay o BHECE Ako] s
© A 2oFx Qv F, AR} 400km/hE
244 7%l A¥zY2H =77} 025dB A
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Fol vIELE FHeM s < AsE 2o
F3 gtk webd ojent oj7e Awnw, A
Sxol wE AYEA2NT719 AA sle] AP
Fx7t A4 Aol AYzA2NA7E 2.04B
2 Algekay eld) ¥l AEErl 400kmh o)A}
o) 2l RSl A¥IALYT7E 0.25dB 4
=98] T 2918 ke o] wES 4
T AR 4 Ak

10"

Wi TNOA NIy

\\\\\\\\

E 10°

mobile speed=400km/h, PCB powers3/4Ey
Ecp/E=5dB, two equal paths (0.5, 0.5)
—o— PC step=0.26dB

10*F  —+—: PC step=05dB

—x—+ PC step=1.0dB

~=p--: PC step=1.5dB

-—+=- PC step=0.04B

10°% . —
1 2 3 4 5 8 7
Ep/lo(dB)
O8 7. AEkEEr) 400kmyhsl 99 Az A=)
g vEeE,

adl asles) 3179 Haake) E /L Ay
Ajofoll#}(PCE: power control error)®] &} %3
SR Aol Y AHZAH 2 =70 e BB
2 A%E BT ik wely, B R
Aol e Ay AP F ARY
o slel, AYA N EAE F7lslr] 8 ok
Ag o1y

actual E, 1T, =1010gh0°™¢ 5% xexpl gery? /2]
B =(In10)/10 (34)

og7zlelA, o & AHAe]elz{(PCE: power control
error) oJek

2@39)ix] rarger B, /1= 7] 69 1% 7oA
AY2A~Y=17]0 wle} 10° BER ) A3l oA
e B/-g ddstd S, Apsse) g¥ad
2¥l=7]o) wE HHAedlze 29 84 2d 9
4 RejFm glut

I8 AgEmrt 3kmhsl A4 AHzA~Y
Frle] o}E HHA|2(PCE : power control
emon & HelFEw it} o]g] Avis AY2A
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=%/ F9 A9 Rayleigh #Hlold Ade] cdma2000 SuHYY 0] 24 HFZ AR old] g 5 97}

29217171 0.5dB]l 5ol A o) olle) S o)A
Aol 7P gt Aoz NeFy AREYAY
717} 2.0dB2l Al 7P G Aee HeF
I ek guk e, HHzA2H=)e] w2 A
HAleldlzle AHRAANZ7 1} 2e0F A
epdel DA AeEEs} 3kmfh g o} A&
l Aol 8T o] HlE AAE RoFw
Sick ofoll wial, —139e] Apgkdwrl 400kmm 7
Folle AHAe dz] w4 ARzYAFz7)7)
0.25dBa]l 7471 713 & A4S Hely, AP
A2H=7)7F 2.0dB2l 447 7 43R Aed
BojFa glck

7 T v — _— —_
mabile speed=3km/h, PCB power=3/4Ey
Ecp/Ecy»5dB, two equal paths (0.5, 0.5)
6 ~—o—: PC step=0.25dB

~—+— PC step=0.5dB

—x—' PC step=1.0dB

51 ~=p==: PC step=1.5dB

e ~—+ -~ PC step=2.0B

1 2 3 4 5 ] 7
Epflo(dB)
J& 8. AekEerl 3kmmal e AYzadmsle) o
& AFA 0.
P
C e
(dEB) mobile speed=400km/h, PCB power=3/4E,
Ecp/Ect=5dB, two equal paths (0.5, 0.5) J
3)" —o—! PC ztep=0.25dB
—+— PC step=0,5dB
—x— PC step=1.0dB
2] -wo--1 PC step=1.5dB 1
—~+ == PC step=2.0dB
! 1 2 3 4 5 8 7
Ep/lo(dB)
I 9. AgEErt 400kmhe) A AHRA2Yz7]el
ke AH Ao,

¥ 2%& A=k w3km/h, 120km/h, 240km/h, 400
kmyh)e} AHFAAE=7]0.25dB, 0.5dB, 1.04B,
1.5dB, 2.0dB)e]l w}& 10° BERal A<l

target E, /1, st} rarger E, /1, 0)4]2] ZEA]oje)
8, z2lz AHAleldlelz} 28E 10° BERA )
el BedZy glck
actual E, /1, & Airshe B4& Xekdsrs) 3kmh
ol A$-2 AAE B, a¥6dA AYzALEa
7)ol wa} 10° BERS] A)eljx] tager E, /1, & %

F8lw =8t rager B /1 gof] dxFhe 31 Ao
g 1RI8ellA Tt F, AG9E o143l AY
Aejollzie] Falrl T3 XA 20l 87EE
E /1, 2 actual E, /1, & AAsPd ZHo) 29 A
Eeold AAEH & 4 9l AL AgEEsl A
%(3km/h)<] 7399} 120km/h 013}l Aol A
HEAAH TS 1.0dBolv} & 1.5dBE A3}
£ o] {4z aEe E/LE Hag
T G 9l olel) vk XeEEr) 240km/h o4k
49 Sl AYZAARTIE 025dBE Al
el Aol SN2 27Ee E /LG 3
2348 o gt =i A=kSTr) 3kmyhl 3¢ 3
HEAagzr)e| olgt acmal K/, & A
ajolg Atmivd, APFAAHI7)7) 0.25dBY] A
%9} 1.5dBal 7§$-9] wlwels FUF 10° BERE

actual E, /1, &

B2 AupgEe
actual E, 11,

AR TP 2R 7o oE

I\_Sa}‘))ibe]? PC step |targer E, /1, | PCE(Q)| actual E, /1,
0.25dB 9.2dB 1.9dB 9.6dB
0.5dB 7.0dB 1.94B 7.4dB
3km/h 1.0dB 5.5dB 2.2d8B 6.1dB
1.5dB 5.1dB 3.0dB 6.1dB
2.0dB 4948 3.6dB 6.4dB
0.25d8 6.0dB 3.7dB 7.648
0.5dB 5.8dB 3.8dB 7.5dB
120km/h 1.0dB 5.5dB 4.1dB 7.4dB
1.5dB 5.2dB 4.5d8 7.5dB
2.0dB 5.3dB 4.9dB 8.1dB
0.25dB 4.7dB 4.0dB 6.5dB
0.5dB 4,848 4.2dB 6.8d8
240km/h 1.0dB 5.0dB 4.6dB 7.4dB
1.5dB 5.3dB 5.0dB 8.2dB
2,0dB 5.5dB 5.5dB 9.0dB
0.25dB 4.8d8 4.3dB 6.9dB
0.5d8 5.2dB 4.5dB 7.5dB
400km/h | 1.0dB 5.7dB 4.8dB 8.3dB
1.5d8 6.0dB 5.3d8B 9.2dB
2.0dB 6.4dB 5.8dB 10.3dB
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frAlstr] 1) acnual E, /1,340 3.54B) A%
apo)g Zherhk 2Rz ARE%r) 400km/hal S
ol actual Ey 1y &y APxlzr]e) wel #
AR Axo) Ael5 AeolE folslAl €k ol
A, A o AL =] 4L =
B3 #4929} 240kim/h o]Ake] mEe) o
e AZAe] 5ol F8% FUE v)E 5 3)
t}.

V.8

B E=RAE cdma2000 Alz"eld] $uik =)
FIx ARAelE A% oleHeal /19 ZAd
el o AYAle] FaApdg olfsElw 44l
E /1347l 9lo] $449%E A7) $is
Fal5 €A Rayleigh #lo]d Adelr] rake %A
B3} AAEEe] FIHE Al 9% $4ME
ozl F4s 35 Hdglalzg o]83t zhe-E4t
+ s e AAsa vk =23 cdma
12000 AlxHle] b SR ARl Ay
To e} BEEAAYE Heghoey Ay
AN a7l E/LozAe) AgEaial
£ ol83le] A ] A5s 243k AEH9e)
A ZA2H AFgESEol 3kmhel M2 ALl
AHZA AN F7)E 025dBR 3 7w} 1.5dB
2 3h= A4} actual E, /1, 270004 3.5dB A=)
Aeol5e 44 =HH, AEEst 400k 2
3l A9l A¥2A2g=r] 025dB2} 2.0dBel] o
g AHA A%-& vizsh 34dB x| Aol
5 AolE mela itk

ujgbd], 2 mEdide e W ok bas
AR Al Doppler Fa F4H-g o83t A
R 2= RS Adeel 82 CDMA A
284 olp 9 y|AFe] Ravie AdddsE
2] Y9 AAa Fr|Re] RaddE F4H F
2] B8 /N4dsz] $18) Doppler F3)48 &
Al o]FA o15FT 7R B3r)eld 34
¥ Doppler Fulrg o880, a1y AR Ay
Aoz 71215 EB27|el 4% Doppler T
ez AYRYLas1E A, S WF
Z AHAS s olFT BERU)6AM 4%
Doppler o2 H¥2AAH=271F A4 2
o}
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ol A A 4l /Lo A4 )
of, Ak1R A FAld AEEe] JdmEYE
Al 93 Juat FEME Al it A
37t A3 Zo]™, Doppler Fobp7t A7kl wiah
H3dh= obEa Holw AdPAls W-CDMA/ -
FDD2} W-CDMA/TDD A|2¥le] «ule o oo
F AR AY¥Aeer Mgt mE 249
AH2R=718 dAsle, 4% AYaAg qa0)
& 29 APl Aol FE Aol

an2s

{1] EIA/TIA, TR 45 Physical Layer Standard for
¢dma2000 Spread Spectrum Systerns, 2000.

[2] 3GPP, IMT-2000/3GFP Release 99, 2000.

[3) Y-J Yang and J-F Chang, “A Strength-and-
SIR-Combined Adaptive Power Control for
CDMA Mobile Radio Channels,” IEEE
Transaction on Vehicular Technology, vol.48,
no. 6, pp. 1996-2004, November 1999,

[4] A. Chockalingham, P. Dietrich, L.B, Milstein,
and RR Rao, “Performance of Closed-Loop
Power Control in DS-CDMA Cellular Sys-
tems,” IEEE Transaction on Vehicular Tech-
nology, vol.47, no. 3, pp. 774-788, August
1998.

[5] C-J Chang, J-H Lee, and F-C Ren, “Design
of Power Control Mechanisms with PCM
Realization for the Uplink of a DS-CDMA
Cellular Mobile Radio System,” [EFEE
Transaction on Vehicular Technology, volds,
no. 3, pp. 522-530, August 1996,

[6) F.CM. Lau and WM. Tam, “Novel SIR-
Estimation-Based Power Control in a CDMA
Mobile Radio System Under Multipath Envi-
ronment,” IEEE Transaction on Vehicular
Technology, vol.50, no. 1, pp. 314-320,
January 2001.

[71 J-H Wen and §8-Y Lin, “An Uplink Short-
Term Fading Prediction-Based Power Control
Method for DS/CDMA Radio Systems,”
Wireless Personal Communications, vol.15,
pp- 221-237, 2000.

(8] S-C Baeng and Y. Han, “An Efficient Fast

www.dbpia.co.kr



T T 93] Rayleigh #o]d Aol cdma2000 SR A0) w4 | FX A A eq| ﬂlﬂ A% 37t

Forward Link Power Control Scheme in An
IMT-2000 System,” Telecommunications Re-
view, vol. 8, mo. 5, pp.754-761, November
1998.

[91 MD. Austin and GL. Stuber, “Velocity
Adaptive Handoff Algorithm for Microcellular
Systems,” IEEE Transaction on Vehicular
Technology, vol43, no. 3, pp. 549-561,
Augnst 1994,

[10) M. Sakamoto, J. Huoponen, and I Niva,
“Adaptive Channel Estimation with Velocity
Estimator for W-CDMA Receiver,” IEEE
VIC2000, March 2000.

[11] W.C.Y. Lee, Mobile Communication
Engineering, NY:McGraw-Hill, 1982,

[12] K.8. Gilhousen, LM, Jacobs, R. Padovani,
AJ. Viterbi, L.A. Weaver Jr, and C.E.
Wheailey, “On the Capacity of a Cellular
CDMA  System,” I[EEE Transaction on
Vehicular Technology, vol40, no. 2, pp.
303-312, May 1991.

[13] AM. Viterbi and AlJ. Viterbi, “Erlang
Capacity of a Power Controlled CDMA Sys-
tem,” IEEE Joumnal Selected. Areas Commu-
nications, vol. 11, no. 6, pp. 892-900,
August 1993,

ZH ¥ F(Bub-Joo Kang)

1983y : A3 dEln
A 29(F/4D

1985 ; dAlefetaE efEhsd
Az} EQ(FHAAD

1996+ : et ek
AR FQEFIAD

1988 29~2001d 29 : &

FAAFAIDTH(ETRI) A7

2001 3~ - FSE A RFAFEH A

174}
<FY gop TRNYFA, oJEEAAAH, FHE
BRE

= £ A(Yoon-Seok Nam)

1984 : ZHoitE Fooat HARTAFEAD
1987 : ZAEEE e AAFHFEAAD
19953 : ZJHofsta ojekel AAlFeraN-FgAh
19874 ~2000d : A AFAG T AT
20000 ~¥A : FERE AldfeihE A REA

Tt APt
<FHA Hob EY AN, 2usEA, AN
%, AR 1P

1533

www.dbpia.co.kr



