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Abstract

CDMA(Code Division Multiple Access) mobile communication systems require accurate channel
estimation in the receiver to compensate the fading distortions. Instantaneous channel estimates are
obtained by dividing the received symbol by the transmitted symbol and then refined by filtering
to reduce the estimation variance. In the channel estimation filter, the determination of the filter size
is a very important task which greatly affects the estimation quality. While conventional methods
usually use only velocity estimators to determine the channel estimation filter size, this paper
proposes a filter size determination method for decision—directed channel estimators considering the
symbol error rate and the signal-to—noise ratio in addition to the velocity of the mobile station. This
paper shows that the symbol error rate and the signal-to—noise ratio are important factors for the
determination of the channel estimation filter size.

Keywords : Channel Estimation, Decision-Directed, Filter Size, CDMA, Symbol Error Rate,
Signal-to-Noise Ratio

* IEGR, RERBM HRETTEH
(Departiment of Information and Cormmunication Engi-  nam National University)

neering, Dongguk University) ¥ o] =32 =kt EAr|2 dFHA [RO1-
IR, BEAE EEEE TR 2001-000-00349-0(2002)12) A3 Azivich

{School of Electrical and Computer Engineering, Chung~  #5% BF200344A7H, A4 ¥EU:20034579 148
(171)



9 B d CDMA o] 5 EA Al ~de A A

I.ME
- Ade) giFeg gk Al
7o) A TAI7d AARIA ARasle] alr)e
EakaAl & o olen o] AlARES Al
TAIE do7)A = CDMA(Code Division
Multiple Access) BH1elv} OFDM(Orthogonal Freque-
ncy Division Multiple Access) #H)-& 433w 9ok
CDMA HFAl2 Hilo] Az =(delay spread)ol] Ex)3}
' oHeEs 3 A S ged” OFDM wale &
vho] mkgalE ofe] 9] Hukgala o] AlRE
o] deflo] ~xmemof HlE ZAEE §tozs AW
A& 393l CDMAY OFDME: AMgsh= 749
A3 F3le ek WA Adel sl AlEr)
A3sls e AT 9 | 53] Fele] A
Z(channel estimation) ¥ #'d ¥AHchannel compen-
sation)e] Beshid A dyelze sz A
Hol-&  Adax ¥ (pilot-symbol-aided
estimation)®} %] gk iﬂ%‘i‘*ﬂ H”“(decision—directed
channel estimation)®] 5 £52 284 24 ¥ 5
Al AlHolg- A -r;‘“’“”% tlole]e] F3tol| F714
o2 gd=l(pilot)o]ztn Bl A" ASE Hujo]
ol& ol gslA AdFHE s whelz AR A
W) whe wjalel Abdmal ohlz) el wolele
7o) o]-g3to] AESAZL AREARS SolnE Jhr)
2] #H CDMA Alzdlolis o2 2l
Hel Zlet qlel tlolBiAE]e] Algoz wig- ok
20 41 el AE] Azgwt E2Ag 4 o 5
teolHAe] ARrF B A9, A Aadaey)s
ik sleiete 2t A2e Alsviakgule oig
obx] Hdgl A ouAte R R3] T2 Ad
A& 47] FECh ofel whsiA] AlHe] AL M4
tjolAlE] ARE ZAgsle] o]Foixnzg 2 HRo
AZdzbgrlel BlalA A 2fFe AddeR =
olgigh A A= AdFAghe EAME Eo)7] HaliA
ARG Aded whle AHeshe o] felsi?
DA 2 AT AIRRES o)l oFHe
JAFAZEE A7) Hsixe AdE Fer) AR
Zeje] =r]e] AAL2 AdFA71e] Algel Auigk 4
g oM dwder Adzay|e "W =)
olFAY] &% FHE olgsle] A s g
B 27|18 AA3e 84 oA S5 9l A

ohiel:

tE ol

ol

2

s

T
e e

channel

“

P e N ofw rz o ol -

M

rlr

(172)

g 4

o] oM AR AdFA whL slA ol F
Ae) Exifat ope} APY e REEY Alddiaheu)E
g de 327] 23 ule Akt 718y =S

& Fele) 2718 AYY v AP oFEEI N Erhg
SHlEe FASGAT o] EReAE o]eiqt SaFo) P

Bl Z27)e] AAellA F23 2498 Balot

3 Zﬂ/‘hﬂ‘:}. IVoT: 7‘3%151 2OAE-S Esle] o] %
o &5 AW oRatE Azdighend e Pe) =)
o HSE HojFn] VA s 28-S U

o ZEXeE HEF:H LHS s 2
37 2 LY
1. AARREF AQda=x] yiule] z=x] BA}

CDMA Al2He] £ ]7]01]/\1 5}‘/]‘4 41 tholu] AlE|

ARE ¥ o A 54 Az A (D)3 7o) 7)
£9 + Utk

n=hx +n, o))

AL (DA 7 fARE e Aded e S

AR ke Al

(2)e} #e] oAl == qick

—=h +S‘?x‘i‘hi +?
X, X, X, (2)

i I i

@ A% = e BAeFI. A )
Fol7] Slald AR =AEEAGE AR
D2 ol 4 (99 28 PU ASFAEE D5 4

o]r,}_.

;-Eﬁ.xi

X

=S b+ 55 g S
z %

_h+ZbAh +Zb —‘h+z

1=l , =1 , =1 3)




2003% 5B "W LEeH

4 @ M melmlel b abi=le w
Zahe a3 BEl) Adol] pe FsknA o
= Az zelw A W3l A =h —holt) 4] (3)

AN e g5 D bAYAL S e g )
g owisle] Fo] el o]FeA glon, AMeRIE

o) 2w, Foi1l B Vil Ande] Wbl Ao 7t

I Db Y bAYKIR 2o ge
50 A Honz wAd 4 ook med A
(3)‘\—: ’91 (4)2} 7ol ZAIEIHL]

&{

h = h+ZbAh+Zb 'h+sz

4)
A} (B8] LIRS 4he] B0z FAHe] glo
w3 WA B e Felaat sk Adgh T oA
12 D B A waje) o o5 A A 3

5 Z‘Z BAXKIS = Ao ge) ot o7, u WA

35 2, 0m /e el Siw osolnh A el
A FAzhe] A Mean Squared Error)e- Al (5)¢} 2

o] 2o} 4 glch

E{|}7 —hr} ~ E{
b, h,Zb —’h}
> b, Axx—l’th \}

+2E{ 3

+2E{ } {

$A4082) AL ofe] 54 clolwAE Hze) 4
22 AYste] olFolAle Folmz 441 dolulAe)
A7} grkn /e o Ay ese 59 AR se)
P(fading)oltt Aol Hdolztn AAHg + glod
webd Al G 4] ()3 o] ZA8HE 4 gl

E{V{— hf} ~ E{ ”] ,.‘2} t E{'ib -Axlh 2}

2
n,
% } ©)

M
+ E{ b~
i=1

szh Zb ———h

M

36435,
tl 1-1

EEAOBTCH F5% 3

A (6 Ad sl o3t ¥ AR LT oFt &
4l ARl ok 4ke] ghog FEFo) ok mEhA
AdFA A HsHATle FElY] )= ol 37}
Zjo] EAbE delix At s 212 AAsA "ok
AF7HA Y] =55 T2 &% A A& HelY 2
7ol AA el dhafr] =atdAwt A Eabg Ha
A7 ‘fﬁ = A ()M B A3 Zo] A ws)
wo] sk AL olrh FA1EAl AlagleAe] Al
Vel 4709 a4l 713141 2J 84
tiik APl E 7R, A Aol g e AfelE s

A tleluiAlE] AR AlsdiztgHlE de

29| F7F 2 /Yl g ollg- 2 iskE 7H
T Sk Alzdiakgnlel $A e =719 A 2
gaflo} b = shibe APESREE(EALFEE)o
ot 2o ZHEe Adtsst ubiel ARgst ERlAIZ
olxel EARgt ARE 7] AM-2 FAEAl AR
o] FAF 4 gle Al eF8E(uncoded SER(Symbol
Error Rate)ollA 548te®E gl ARG AdF:A
WS AR doll 73;‘3-‘?—%"“ 2 F-5
A Hale] Ax| ke ol v]A 4= glon] wlebd -
El9] =719 AAeA —r/‘]ﬂ"i/ﬂ‘—:— qt ¥k

A G)A A wstel] o3 ik =Fe Fokg
faok o] 9lom, Ao gk #ake AR
HE SERF} Aao] ol gl o7 Ak 1 —’F—/‘J
tlo|HAE] 7 Zollxe] Hqt s3] SNR
to-noise ratio)®} o] glovg A rshel A
HARE Al (D3} Ro] 2097 4 9)rt,

o)
/K

oii&ﬁlg

o] ZHLﬂ;(

V(/»SER,SNR,MY =V pc(fys M)

+Vpecision (SER, M) +V5,0: (SNR, M ) @)

A (e ARsk g w4 VG SER,
SNR’M) A w3l o)Fk EAF VR4DING(fd’M), < |

Aofrell &k B4 Vogoson (SER,M) | A1-gol] 23k
A Vioise (SNR, M) 2 A} (8)3) 7bo] A=),

, ) {]h hs}
(1 SER SN, M) = —p s

(173)



4 #d 9 CDMA |

j

i=1

q
VFADING (fd M) =

E{hI’}
M Ax 2
E b—Lh
Voscision (SER, M) = E{h |2}
My 2
E{Zb,@ }
i=l XI.
Viose (SNR, M) = —E{|h—|2}— &
OBl S (ke wFe] T, 24718 A

27EE, Al telwAlE Az el AFoiAkeH]7} S0
e 9 A (DE HAIMinimum Mean Squared
Error)éls Mol oL Al tlolujAle] Aze] Apdsx
Jele] A9 Fe =7)7} Do

2. "e] =719 AA v
<IY 1>& AL AdFH1E AL B 2]
A4 e volgrt e e v Fa A
2Fabg, Asehatenls o] Qere B 1
715 AR el e Ackst 571 ga3)
ot gy A (D ARSPE Veows (oo M),
Voecisioy (SER, M) | Vo5 (SNR,M) o) vt 37)2] 23}
9 B UEE Sl ol5E Sobhel £HE o8
St 2ol A3 $a) Bopark AFNE 4=
F471, SER 347], SNR #47] 59 g% o] &
=9 Fap, AR EE, ASdaeRlE b, 7t
de] =7l Mol A VFAD/NG(fd’M), Y pecrsion
(SER,M) | Vypse (SNR,M) &) 2& 231 A 7lle] Bk
& Sala V(o SERSNRM) o) ghe
A bl o] A o ol F AV RE ¥
A A S B 2] ME AR
HAe) el =71% AR ANE S 397,
SNR #3471, SER #4717} ‘“’—9-3}‘4 Hxo] FAL
e zZ7] ZAY 7P F83 FEoE W d}

_V‘lmi i,

o]l w Qe Alzchahgulet AlE L Fege)
FAe Axrle] £3 A 2TEE olFEA A

2ol " Ato|mgld o)l2 oyt Zrlalql Hore
Siok. ARS8 A Aol 55 flalA wol
A7sel on ALeFRES FUe sals 4]

A A2H 2AAF JA2A7E 98 dejar] A4 oy

(f1-M) &

Veapas Table ¥ opommy Table Viosg Table
Velocity SER SNR
E stimator E stimator E stimator
v v v
Find Vo, Find Vppommnr Find¥ e
v v ¥
| V=Veanre + V vacsmw +Vaozs
v
Select #  that minimizes v

a3 1. AAAY AdEA Feje =27] 47w
Fig. 1. Filter size determination for decision-directed
channel estimators.

AULTHES oG5t AdNEHE HolEE o
A Adysstsiel AdEsHEs) Aol Holeeh bl
She WS Al oSt

M. % 7k S5 229 o
o] Aollale B 7}x] Zheiet

=2|
Fabell HelA B4Rk

AE 7= FIR ZEE M

735l A A

1A AlzAde] z=7)7) @9l BPSK ¥z wials) oA
g Fel AS 1/ME 7HXE FIR(Finite Impulse
Response) Hel& 71 s|ual. Adel w3l dh= w5
o Fopre] Geolne we Fokr Ll o A
Wsh= dh/,2 ZAZRL At wtd EXE G ®
Fa= Aol A Vepwe(M) =
TEA G ek deje] A5 Nel ohE)
A fa=Niol A3k =22 F35 el e
Vesowo(fo-M)e AE2] W3l %mr =4 dold
interpolation®l] 23t @5} =3x] ¢krlky 71AIEE o A]
(92} ko] 2ofd 4= glc}

g 31 VF ADING {

Z Ah, (fd

i=1

VFAD/NG(fd’M): E{lh' }

(174)



2003% 58 BFIBEH

E{ZﬁAh )

E{|hl"}

=V s (NM) ©
=V euome (SaM 1 f)

E{;—;;Ahm(f,
E{| "}

Ao Wzl e =70 7t SR W A
£ e Ug AolnE Adwsled % 4k M

ok g, ARl Aﬂ XH A (10)%L 7L°l
oAl 4= gk
o M x,
V., SNRM)=————=
A’\OISE( ) E{|h|2}
1 Mg® 1
M?* d* E{h|*}
__ 1 (10)
M SNR

A (10014 SNR=d’E{|h[}/o” & o] 541 tlolw]

¥ Az BF Asehargulelt gl o A
2R AshAgalol] whlelsts Me] FHgel

ufebd Zhaste] Mol SR Zlel wet 02 e
A& o 5 sick
ARGl 23 AdFAEARS A eHIE E1
s wkAlsle] 4l vlelHAle] R0} Hobd 5 £
Al Aze] dolgds} AALFIT FHAol=E ¥
o) 2] (1D#} Ze} 2094 5= glch
M

2
B3 Lo, }

{ i=1 i
V pecision (SER, M) = E{|h |2}

{zmx) Y l}

#j

M?*d?

BB AL TCH 5% 5

3 B{(Ar)t+ X Bl o, | E{ ax, |

=l i*J
- M2d>
M SER(2d)* +(M* - M)SER*(2d)*
B M2d
_ 4SER+4(M —1)SER’
M

_ 4SER(SER + I_SER) {1

Al (DelM A5l o7 B4k FElY =] M
o] 1 Adll= Vipcision (SER, 1)=4SER o] 5w 1
Ble] =)7h Sl 2 wolls Vorcson (SER,®) =
4SER® o] g3 glo ml M) F7VEE Zhagick 4
HoFol S ALFALLE VLLFAT] HaF
2 oelm wel BRSS gasT ARl SiE
A2 g, pe] SR Sl 00
742 ket A (9), (10), (DS disdsld A (D2 A
(12)9} #ro] 2243 & it

V(f;»SER,SNR,M) ~ Veiome(faM 1 f)+
4SER(SER+ I_SER)+ 1
M M SNR 12)
Al (12)F ALgshd A3S Ea4 wlg] dojef al=

e Vieone(M) =V e (fi, M) Bolmz Zu)8] F
ofof 3h= dlolEo] wi-¢- ZhtaiRlct.

2. 17 IR Yel& AHEshs 4

o] W= BPSK HzukAlS A]’-B-ﬁ}“ﬂ/ﬂ forgetting
factor7} @ 13 IR(Infinite Impulse Response) HEl
g Atz sk Al (D3 A @)ellx1e] ZE =27
ME 12} IR LelollA & forgetting factar aoll =
2 A (13)5} 4] (149 Zo] thA] 224 S glrt.

V(f;»SER,SNR,@) =V ypn (f4> @) +Vpecision (SER, @)

+Vyoiss (SNR, @) (13)

, ) {|h h|}
(f,,SER,SNR,a) = “EATT

(175)



6 HA CDMA o] FFA A2d99 ZAAF Ad3H718 4T del=ar] 244 why iR 5

E{‘(l - a)i a'Ah,

i=0

2 2% O 1
} =(-a) ; a7 E{|h|2}

Y capin )= - 1
o S @) E{|h|2} =ﬁﬁ (16)
E{(l—a)‘;oa St } A (19914 AFgel I3k Ada $ALE BejY] =
Voscision (SER, ) = E{hF} 717 ARl Wl & o7} 12 ol wle} zlelx)Al 5

of. AAeFe] o3 AQF AR AYFIL B
A3 WAkl 4 Bl Ale BEot woly 54

52 A7) slolds AP LRt SHolekm T
E{|h} D o 2] (17)3h o] 2204 4 gl

E{
Vvorse (SNR, &) =

el BAE G =EE Fo fidl diEld

Viaoio (@) =V eowe (f1,2) & A& EEH o5 9l

E{’(l N A=Y’
=0 x,

Viecrsion (SER, @) =

W gdele] A% Nel HhalAl £y = Mol sk =3 QP
d Fake feoll WA Viows (fo,0) &= ZH”-J wis} (1—(1)25{2112'(Ax,)2+za'a’IAX,AX, I}
%%} 24 sckn & o Al (15)9 o] 2edd 4 9) - - yEaa
t}. - )[43515 ( L 12]4SER2]
a \(l-a)y l-a
} ) an
E{(l—-a)Za’Ah,(fd) } =1;—a(4SER—4SER2)+4SERZ
1=0 [24
Vr.m/.\'(;(fll’a) = E{[ h |2}
2 Al (17)ell] BAA S Fol| 2k £4k2 FIR Hele] 7
E{ } <9} szl deje] 2} 19 W), & o7k 02 7
E{|h} ol Vorcision (SER,0) = 4SER o] 5]‘3;] Hele] =7|
2
E{I—Taia/’”'Ahj(ﬁ) } 7} FRE 7w F o) 1Y e Voseson(SER,D)
- =4SER?) H3 gltk Al (15), (16), 17)& A (13)e]

E{|h1"}

d

dhalabH A (18)7} o] 220l 4 glrt

(l—alm)ia]wAhl(fl)

(1-a | l-a_f ' Wity
™ N E(hP V(fySER,SNR,M) ~ =l 7 7 Viama (@)
(e 1Y, ASER - 4SER®) + 4SER® + 1 =% 1
T ) Do a 15) +l—( )+ +——§]\_/]3 (18
2
- l-a i V. ”(a/,/yl,)
g7, ) Vs A (9AAE o34 i) Folop she elel

Viaoe (@) =V e (f1,0) Bole), Al (12 4] (18)%
T AHSell o3 AT AR A (163 o] 2 olgsiwl gL =r|9] wHo|Burs slElowy 44 3

T ha ™ =2 -2
o 5 alet Mo el =718 24D S Uk AT A} Hele)
mefo] BabsiAE FUHe) AR AbeehA] @ F
2
E{a_a)za'@ } Qov o] wels AL Falol EE A 043}
=0 X ]
Vioss (SNR,a) = A e

E{| h[}

(176)



20034 5 BT LHEHILCE

Agle- WCDMAS] Akal= DPCCH Adle) ey
E 712 E2 3lo] e Zrld oE AdE=AHEAL
Fsleirl Ake)= DPCCH AEe EejAl2e] AES

3]

HEE Adste AdaA] BPSK WS AR
g AME 0067mse]  ZHelE: RIvh A

DPCCH

2]

3]
o
AL AedElE 23R o] Ade] AA
=]

fo fu

F g shlele FAson AYRI} Bt

08
07
06

© 05

& 04

303
02
01

0

——40km
—— 80km
——120km
= 200km

bt

N A9 N LD
FilterSize

% 2. o8] Sxo di&] "elzrE H3AHE 1
A3 24
Fig. 2. Channel estimation variances with various
filter sizes and velocities
12
! B
8 08 5B
_g 06 ]
c>=§ 04 0B
02 \\\ —— 158
N~

NS oA S NS
AlterSze

% 3. 2] Eb/Nooldis) dej=7]E wWaAge o
of AdEA B4 ~

Fig. 3. Channel estimation variances with various
filter sizes and Eb/No.

a7

%108 TCIE £ 5% 7
1
. 08 —— SEROG
S 06 —— SERO1
g 04 —— SERO15
= 02 —— SHRO2
0

NSO A QAN

RlterSze

T3 4. o] AHeFEEe de] "Hear]E wHEA
A o] AL FA

Fig. 4. Channel estimation variances with various
filter sizes and SER

A3A BASEE sgc) Aol AREE el 72
2 Z7)9 AsE 7HKE FIR ZEE 7HAsleled
Alcausal) dlolE]THe ALgslsin). dnbdlo g vre =
gl AdEArY He =719 AHS s =
ZA710e ALgEA T Y geje) g Eate. & o
2ol = A 2 7EEF) 4 Ecizkgn]d 2 Fike
=tk <2¥ 2, 3, ' AL Al dake
A Zpzte] a4vge] He|mylo| uel B4hg oY
WEA 7R HolFol <a¥ 2>k AYE(AY
P = Y Sl B T A S A 2 S I
umE Bkl wshE RejFw glon He =v)7) Fv)
pE Ty £} IR gE) ole ok
HEAzhEe] Wbl AXA skl sk Adiat
o] Holzt ARA Hek < 3>& o] EAL] %57} 0
oli AALFIl 9 o 3w He =7]9] AREA|
E vehd Adges Adzuienrt AdsE 8w
e 7P} E71855 F4alo] Aolx)A )l <a8)
e 27t 0ol Akgo] 9& W ZAoRel Hel =
712] AAE e Zloga Yo FalEe] b}
Zele] zr|7h AAe] wel 24ko} sz}, ofs}
fo]l Al 7}A] 84 F shiss de] =7)7) 73l wet
e ZA 3 o 52 HE =7} A w=)
#HA) gkl

=)

o X

N
g 2

o

Hf

<a¥ 5> A A Bale

8259 Zps] b TR glo] Al kgt
a4 k3

2
oot
o
)
2



8 Ftio] CDMA o] 54l Alxde] A% A
08
07
06 ——80km
05 ——10dB
3
£ o4 ——SER01
&
> ——
03 Eq.{7)
——Mean Squared
02 Error
01
0
N S S SR N
FilterSize
a3 5. V9]- FADING +VDECISION VNOISEQ’] Hl
Fig. 5. Comparisons between V and Veowo
VDECISIOV + VN()ISE
08
07
06
05 —— 40km
g ——80km
8 04 ——120km
Z e 200k
03
02
01
0
12345678 91011121314
FilterSize
02 6. SER% EWNo& A48t $E28 HsizE

EER FEC R
Fig. 6. Channel estimation variances with varying
velocities and fixed SER and Ew/N.

e edso] sinke sdalel 77 Tl
N udshlent ol& s $4gph
)@ 22lo] olg- 2

@l 2. be,-AW,ﬂ G2l o ol

e A

A9 5 glesg A (De] &4 wrh v Bl
W T F Bk 7 AR Y t'oim A2
gt A (D2 gkl A9l At gle A =
F ek #Hxo e e 2 5171% AR
el A (N 2 %*}%}i AHE = =17] Al
Jgol AeE ¥ 4 Yok

FA715 fg gej=mr] A4 uby e 5t
14
12
1 .
~——0dB |
g 08 —~—5dB
3 ~— 10dB
g 08 —— 15dB
04
02
0
1234567 891011121314
FilterSize
a8 7. £x9 SERS v7AFT Eb/NoE H3HA A&
peers ity
Fig. 7. Channel estimation variances with varying
Eb/No and fixed velocity and SER.
06
05
g SERO
503 K
= —— SER01
= 02
01
0
N B A QALY
FilterSize
3% 8 £x9 SNRE 2Astz SERS WM AE

de) A% 24
Fig. 8. Channel estimation variances with varying
SER and fixed velocity and SNR.

<# 6, 7, 8 % Babel] vlA = °=la'1 g e
s shde] 245 Wzl
S o] e ff_ﬂoﬂ w2 A -rﬂv:"‘}v" B@P— H
ofFe) <2¥ 6> SER¥ ¥ RS E/NE 005
5dBR ZAStA &g WshAA dfe) A¥eld <ad
7>& &5} SERS ZH2F 120Km/hse}t 0.062 A4Sk
Ev/No@t W3AA-E do] tigr Afeln <y 8>&
%59} BE/N,Z 80Kmvhet 106dBE 24k SERE #
A7 o] Aol e =5e Iy S
ARstr] Aa S5 A SRt SRt oy

(178)



2003 58 BT TEEH

A 7}7‘] 4 Z shlels wislsbd =g Adz)k
S Fo] HAe] Aelzmr|7t W 4= 9f

"ol Zﬂ% E 4 olck

2 o ¢
e
iy
2
0
°?‘f'

V.8 B

o] =HellME AR AdFA whe AdaAd
g 93 A9 dE] =75 AXske Wl o)
=3kt AR AdEA whgeld g9y =201E 4
Aslr] SlelMz ol5Ale] SEal ohe AW eqEt
9 Azdiaealrl Fa 840 9o AEg g
#@7)e] AAE Aels ] Sn(ms =3 T
), AZAAR], AHLFEEAL] FF el
At o] x| ZV|E Wi A & 4 JouE 3
AAo)z] i) o] oA Adshe wbHE WA
e =7ld deiM, mEe] Fogo] g Ak

AR Qo wpE HAFS] 3, ARSel o3 #Ae]
MY 239 %E == Aloluh AdEAr|HdA=
E&77], SER 97|, SNR 47| 5-& <|-4sl
=T Fabg), AULFEE AsazevE
7+ | Z7)ol| wle} Ad wHsle] o ¥4
of gk #Ak, Aol gk B4R dlsi Ad
Tt 24 ALFHARE e IE
g Aeigit) o] =Holde oA =FEo] Ad
e 2719 AAE YoM G2 S ARt
o] wlef oA Fxel A AldeFEET Al

i J» o fm O3

1:.’0

i

El=

b
}
)

o
OZJ_, oL
4«*

fo &k

u

,g‘j{}i
e
zgo

RS

zhenje] Algo] Fe] =7] HA Fo3he Btk
=24
[1] A J. Viterbi, CDMA : Principles of Spread

Spectrum  Communication,
Longman, Inc., 19%.

Z. Wang, G. B. Giannakis, “Wireless Multicarrier
Communications,” IEEE  Signal Processing
Magazine, Vol.17, No.3, pp. 29~48, May 2000.
Y. Li, “Pilot-Symbol-Aided Channel Estimation
for OFDM in Wireless Systems,” IEEE Trans.
on Vehicular Technology, Vol. 49, No.
1207~1215, July 2000.

P. K Frenger, N. A. B. Svensson,
Directed Coherent Detection

Addison-Wesley

{2}

(3]

4, pp.

[4] “Decision-

in  Multicarmer

(179)

(5]

[6]

[7]

(8]

[91]

{10]

(11]

[12]

[13]

[14]

B 40 % TCHR F 5% 9

Systems on Rayleigh Fading Channels,” IEEE
Trans. on Vehicular Technology, Vol. 48, No. 2,
pp. 490~498, March 1999,

A Chini Y. Wy M El-Tanany, and S
Mahmoud, “Filtered Decision Feedback Channel
Estimation for OFDM-based DTV Terrestrial
Broadcasting System,” IEEE Trans. on Broad-
casting, Vol. 44, No. 1, pp. 2~11, March 1998.
A. Zhuang, E-S. Lohan, M. Renfors, “Com-
parison of Decision-Directed and Pilot-Aided
Algorithms for Complex Channel Tap Estimation
in a Downlink WCDMA System,” PIMRC, pp.
1121~1125, 2000.

E-S. Lohan, A. Zhuang, M Renfors, “Robust—
ness of Practical Downlink Wideband CDMA
Channel Estimation Algorithms to Delay
Estimation Errors,” ICC, pp. 540~544, 2001.

H Andoh, M. Sawahashi, F. Adachi, “Channel
Estimation using Time Multiplexed Pilot
Symbols for Coherent RAKE Combining for
DS-CDMA Mobile Radio,” PIMRC, pp. 954~9%8,
1997.

H Holma, A Toskala, WCDMA for UMTS,
John Wiley & Sons, 2000.

olulz “slakem Bl CDMA o554l Alx
g9 gk AL ALFR W) dASEEA
4078 TCH #A43, pp. 1~9, April 2003
M-AR. Baissas, AM. Sayeed, “Pilot-Based
Estimation of Time-Varying Multipath Channels
for Coherent CDMA Receivers,” IEEE Trans. on
Signal Processing, Vol. 50, No. 8, pp. 2037~
2049, August 2002,

G Li Y. Jin, “A Speed Estimation Based
Two-Stage Symbol Aided Channel Estimator for
Fading
Channel,” Personal Wireless Communications, pp.
109~113, 2000.

HJ. Oh, JM Cioffi, “An Adaptive Channel
Estimation Scheme for DS-CDMA Systems,”
VTC, pp. 2839~2843, 2000.

Z. Chunhui, M. Lin, L. Gan, W. Jing, L
“An Order-Adaptive Filter for Channel

Frequency Nonselective Variant

Weidong,



10 Fg CDMA o] F5A1 A9 2423

to,

in DS-CDMA Mohile
Communication Technology Proceedings. pp. 355
~358, 2000.

Estimation Systems,”

£ 8 P(EER)

19874 : AMghigt Azt &
] (F&HAh). 199349 : University of
Wisconsin—Madison, Electrical and
Computer  Engineering(Z-812k}),
199311 ~200011 : A AAL gl
T 20008 ~FA - SsoiEta
ARFAFEN xug, <FIilEololsEAlL B4l

VLSI, BAl 2= Ego]>

N BEgE)

19894 : Florida Institute of Tech-
nology el FE=HFEHAh. 1991
J : Polytechnic University 37]3
alFatAb, 19979 - Polyte-
chnic University 713335}
HhAD. 1908 ~1999d 1 LG ARE

Al Al 19990 ~3A) : =3t ARE
A& Fug <FHAEok visual  communica-

tions, error control, data compression>

AdF4715 A% Belzr] AR Wy

X At

e 5t

[15] 3GPP TS25.215: Physical Layer - Measurements
(FDD).

£ = R(EGR)

1987 - Mt Axlgset &
QD 1989 : FEEb )%
o AR EEEY
Ap. 1994 : @E1Ed A
QAlApe 2(Fehap. 1004
W1~19994 : APARE Al

19909 ~ 8 © Fgehsha A7 RRFA TR 20
<FRApol: A ol5EA BAZ ¥ Radio

Resource management>

(180)



