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This paper gives channel estimation of W-CDMA reverse
link using 2;point second-order algorithm over Rayleigh fading
channels. The proposed algorithm is compared with the existing
interpolation algorithms, ie, WMSA, linear and second-order
Gaussian interpolation, by obtaining BER performance through
computer simulations. The BER performance of 2-point

second-order interpolation is superior to other algorithms in
fading channels. The proposed algorithm also has relatively

simple structure and similar processing delay in comparison to

the existing algorithms. Therefore, this algorithm is more
suitable for high speed mobile communication environments.

. & 2y 23 w3
S35 o8 AARY YAL WEe Aus ¥ ot v )
(2-Point Second-order Interpolation)& Al¢t3txm, 7 A% & vil
shalgl A wAT £ F @9 B8 Aot Aol Aduel o . o g
. el FHA # =R Ad 24 W-CDMA Al&=delA melgl
ole) 43 HaUgl Aug AVHoE dFsAA dEete 3
_ o UEE o1gd oy Yad Hgsharh
9 9% $4o2 etk W-CDMA A dE &ugs 9u3

L 2o YL [ B9 A2 oA I FelNE A

1 T H o } iz Z sle o =
R AU AR UL AUTEE ARALAADNL e aw 02w mes Ansgs W gAAE A 2ae
shalal A rze Ad FAL Yy 48 e g = =

N - - ; o . & NEAAT IV Fel e AFH Algao)ds T3 22 A
FAE ol g3ty dolg dE 779 M@ wWsE BAAEr. o

9lzo]l U ALL ol&g MIFA B L& A7t £ ot deuFe He& 71E 4udgF Ao vlmsdrt oA

. = a7 e B2 @
e A=s * SRR oo v gane 4% 298 U999 288 A

-780-



Hldo]

sloled Adelx] W-CDMA HH

F e 24 22 Bt xﬂ‘g_!-,_z% olyElE A%

I Al24d »d

Alad 2de YR ARIB %2le] W-CDMA 3% §
AL wao 10 B4 3 AdFzE AT izéz}%
2aid (DPCH : Dedicated Physical Channe)® Ajojzjd<l
DPCCH (Dedicated Physical Control Channel)® ®io]®¥ x§d<l
DPDCH (Dedicated Physical Data Channel)& o}-&38ch #d
AL 9% HYal MEL DPCCH 9 #Yd He g ol &3}

:1.!

FA7) 2L 1@ 13 2& FTZ2E ZEd doly AHdE
Aol AMde 247 I-arm F Q-arm o QA S doly g4
Aol ARE FEE7 A8 Zzh Short length®) Walsh ‘ﬂ‘-r Wy,

W.oz #4azl &, Long PN codez #3F 3}{“}"]7\1‘:}.

o{t)—»

WAr) (r

547 w8 7z
go] ARG BaWW Qe
Beetn 7bg e

@ k-th A8

FaA0EE (D}

(= chip T7HESH ‘%%’4 F 7z}t

Sk0= BP0 ¢k 0V PibS.(0 afu(0)]
x cosw .t + [ (VP ol,(Dal,(D+VPibE.(Daf (D]

X sin @ ¢ ()

3714 v ¥ Ao} Md9l DPCCH A3 E vehiz, dw & o
ol8l AM'd<l DPDCH ME% verdth. o7%(H= 19 Q 349
Long PN coded olwlsta, K & A&x & 71270 18a
Pt Piy k-th 829 Aojald 2 dlojg A
power® tebdth 579 () ¥ chip F7) T %9 BPSK ¥ 279
k-th AH&=be] [ 9 Q #d 12 doje] d& 9ulsie,

L=d) WD b (D=GC.ADW(H 2 HA¥}h =
& MAF)= T/T.+= Processing Gaing YERI, G ¥ Ao}
Agel olsg oot

chip

z} 7}

n)

2. 7417 24

F48 VEE ME gE AdE ZE OF A28 53 F
719 dEn. K A9 A8z £A45E H(2)9 2o A8
AZ A o3 TFER A5 =2FFHE dHHA.

HH= g] g 2102{[(‘/—1;{171,"0— ek (t— 1)

—VP5b,(t—h)al, (t— )] - cos(wt+ ¢h)
+[ (P8l (1t~ thal (- ) +V Po2 (1~ o)
% ap (t— 1] X sin(wt+ ¢4,) } + n(d) @)
q714 [ &

AR 45 AE ARE dehdch

a9 29 F417] Rde) s} ol
si4bel e} the
o] 4t A 91 Matched Filter& AH QZg N3

YrE o2 k-th ALE=te] [-th ZE2E

I A7l dge A3k 19 Q
WA= 1 LPF(Low Pass Filten) & §3}% o} &,

Ad A7 g dxe A4
21(3)3 Zol 78 + Utk

=9 Walsh

YRS = i)+ 322D Ix WAt—1h)
= a,,\/?i G ci (D sin 4+

[ nc( t) Q ns( t) Q
2 2

ad (t— )+ af (1= t)IX Wit—) @)

Im. 243 2% ¢xad &

273(2-Point) 23t B ¢ngHe AA £%3% 84 £%9
o8 H¥e Ba A% Ade FH8G o AARF o] 3]
2 %9 Ad 2HAE 22 BH THl W A 22 7

o A

ETH

& ®olx, Al £ 7t
& 0104*1 o £ 4%
o]l AE& 2dste W

A3 A2 =YY v
}1°1 g iﬂaksq ke
F% A9 ¢

J* o @ $t
=
of
o
o
)
L
)
=1
é

%_4_\’—]'?—

5 A 529 B9 4
=40 we WeES Poz

R 4
D

2

h:

=

_(?l.’

A

22
-l>

-|> P

-781-



19994 F XBEFLEE KER

eBMAEWMXE H228 H2% 99/11

o’ = o) + () 1)~ (0]

- x(o)[l—(—Z)z] + (—Z)Zx(l) @

aelm 2% B4 R4 A e e 2YEEE gede AE
¢ 4 At 29 e F& 24 T4 24 24 A5 3} 5
RINE olgael dolel AR Qs Fo AW AL A9
FRAUS 2ATH A2 dstel 2P Az FF R YA
A @gxn g 7tA duE ¥gedn s Ao egsizg
27 54 Il Az vl ¥4 dHZ ps: ¢ndES
APk £F 1Y Ab)IE 24 24 AF FHFL S4E BE
A9 By EX4E Jel R, a9 3oE 23 /34 B B
g UEhdt A7t B BEA4FA 29 3@9 54¢ o4&
g Ad By duEFol 18 3b9 ()9 dnFrg 59
Aed WA UASE 1Y 4% 2o] EAFHAG.
2-point EHEN T M (a)
s —&— pre_compensation
—®— post_compensation
—A— resultant compensation
§
g
§ 0.5
o
] 1 ? 3 4 5 6 7 8 g 10
interpolants Resolution
w4 54 F4)
2-point ZH B4 J 4 (b)
1.5 —e- pre_compensation
—&— post_compensation
—A— resultant compensation
o
T 14
§
T
g
g 05
S
O
0

0 1 2 3 4 5 6 7 8 9 10

Interpolants Resolution

B4 B4 FAb)

2-point 24 ®Y I M (c)

' —e— pre_compensation
—&— post_compensalion
—&— resultant compensation

Compensation Value
\
4
]
'
I
i
|

0s | ST oo . .

0 1 2 3 4 5 ] 7 8 9 10

Interpolants Resolution

1.0E+00

" ChipRate : 4.096 Mcps - = 2 Point
Data Rate : 16 Kbps
- One-path

2nd_Interpolation
H434 (2),1),(c) 45y

1.0e-01 .
fd = 320Hz

BER

—— Perfect estimaton
—5-D=20Hz: 114(a)
oD =20Hz. 114(b)

|| —o-D=20Hz: 2.4(c)

5D =320 Hz' . 4(a)
—o-fD=320Hz: 2 (b)
-o—-D=320Hz: z46)

1.0E-02

0 4 8 12 16 20
Eb/No {dB]

1% 4 824 549 BER 4%

u} i

A3y Aeg v 2Aslr) Hal #Hold
el tH'ﬁﬂ 9“*{‘ iﬂ‘:i-% 7t % 7%= %A BER 4% &
Ad 4 gu % 2l NNEXNZ AAEG Al
Felo]fo] ol§# doly YEEEE 16kbpsoln, &% Aol T
= 0625mseith. DPCCH 8HIE #del ez quEe YA
BEqg ol &84 M7 Y dudFe 4% Brsgo B

VR

EEAATE WMSAK=13), A3 27 9 2% Gaussian H.7H9
71E dadFd 2y 23 B3k 4 F 45 & vlaskAn

b
o B

= =E2 F34 80Hz, 320Hz o whal @ AzeA
FE9 BER A% Z#E vebdch 18 5@9%

ol 80Hz ¢ A% 12dB o|3le] E,/Nydlxde
& ol glo] Hl%f& 3%& ®oln o3, 0dBelME el &
4% ol® s Yok FZ7 bR Bod WMSA %xd
&& E/N,7 37h3h84 714 %2 Eror Floor 848 ®ol
v, HA 24 AW E#E5E FAUTE A% Ho|DoA

Bt etazlEe) uis] 580 g 715 gug "“"l’ﬂ
= WMSA ¢328)Fo} 4%ol 7+4 9533, 23 Gaussian B.Z

-782-



#d#lo] Aol Adolr] W-CDMA ek f=2] 24 24 82t A5 dxels A

olf

A% wBeeR A%0l UL T 4

DE+00
! Chip Rate : 4096 Mcps i
Data Rate : 16 Kbps - 1
One-path - 3. Linear lme rpolation K=1
without TPC 4. 2nd Gaussian Interpolation
- . . 5. 2-Point 2nd Interpolation ﬂ‘
1.06-01 | . .
" L
5] - - _ -
]
—— Perfect estimation
1.08-02 . D=380Hz WMSA K=l
- = 80 Hz, WMSA K=3
—a— D =80 Hz Lincar Interpolation K=1
—o— D = 80 Hz 2nd Gaussian Interpolation
_— D = 80 Hz, 2-point 2nd [nterpokation
1.0E-03
o 4 8 12 16 20
Eb/No [dB)
(a) 80Hz
IOE+00 [r—---=--=-ZZ= "~~~ e T N 72 T
Chip Rate : 4.09 Meps L WMSAK=1
Data Rate : 16 Kbps z VYMSAK—3 .
One-path 3. Linear Interpolation K = 1
without TPC 4. 2nd Gaussian Interpolation
g — - 5. 2-Point 2nd Interpolation
1.0E-01
g
=2 ft
119
e Perct ¢stimation
VOES02 I D =320 Hz WMSAK=1
_o_ D =320 Hz WMSA K=3
—a D = 320 Hz Lincar Intcrpolation
—o— D =320 Hz, 2nd Gaussian Interpolation
—— D =320 Hz 2-Pomt 2nd Interpolation
1.0E-03
0 4 8 12 16 20
Eb/No |dB)
(b) 320Hz
1Y 5 Ad 4 ¢i8dF BER H%
E=5 1y 5(b)e 320HzAAE 15 18 =918 f-A8t0, A%
Hol7t o AANAD A&E ¥ 4 Ach ¥W, 29 24 8 @

28]Z9 BER 4%< 71& 37HA Qﬁa}z A%
% RodF3u o =&Y Fu4 320Hz, BER 2x10-2044 71&
22} Gaussian R ¢18E AeEg 28 23 w3 A9 digk
6dB o142 £33 JFg HoRo

sroh Sg A3

v. d

= W-CDMA <wrg =)

o] Heolg Y @réow MES dnE&s
7tatn 71E gxndF Aed dusgd. du
3GPP it Fo] W& W-CDMA g &, 9z @ 928 e
ol 8-3ted HAFE AlgAClANE T BER A5 ddch Ak &
R EH FAT Pz XY AAg 2y 2E GdnAFY A4S
2 oA Frie g, 24 23 B dundFE Asy vasdo

*r«'_n"

o A% 23 2% B 2nIdF AT nREY FHF ¥
244 e $58 A7 RA

agz A xnEFE AdHdez ad FEE Z3 A
AANAE 71& gnaFH FAEM, W Y9 sHolgd A4
A 58 A%5E Honzg 19 %124 ol %4 8o Y
i %ﬂﬂ%ola}z @ 5 Aok

FFoE AdFHe] e H A& HAxrz 89
(TPC) A% 42 98 @37t 7id€d

Aol

& A 2T B ERE (R)HoEY Adez F98
“W-CDMA #4914l A¥%3 3 ddAo $49) a7'9 3
3% 42 9.

(a2 &3]

f11 JK. Cavers, “"An analysis symbols assisted
modulation for Rayleigh faded channels,” IEEE Trans. on
Vehicular Technology, Vol. VT-40, pp. 686-693, Nov.1991.

[2] Seiichi Sunage, “Rayleigh fading
compensation for QAM in land
communications,” IEEE Trans. on Vehicular Technology,
Vol. VT-42, pp. 137-147, May 1993.

[3] H.Andoh, M. Sawahashi and F.Adachi,
Filter using Time-Multiplexed Pilot Symbols for Coherent
RAKE Combining in DS-CDMA Mobile Radio,” IEICE
Trans. Commun., Vol. E81~B, pp. 1517-1526, July. 1993.

[4] F.M. “Interpolation in Digital Modems-Part I

Fundamentals,” IEEE Trans. Commun., COM-41, pp.

501-507, March 1993

Erup, FM. Gardner and R.A Harris,

Digital Modems-Part 1I

Performance,” IEEE Trans.

998-1008, June 1993,

[6] R.W. Shafer and L.R. Rabiner,
Approach to Interpolation,”
692-702, June 1973.

7] Norm W.K Lo, David D. Falconer and Asrar UH. Sheikh,
“Adaptive Equalization and Diversity Combining for
Mobile Radio using Interpolated Channel Estimates,” IEEE
Trans. on Vehicular Technology, Vol. VT-40, No. 3, pp.
636-643, Aug. 1991.

[8] A. Higashi, T. Taguchi, and K. Ohno, “Performance of
Coherent Detection and RAKE for DS-CDMA Uplink
Channels,” ‘Proc. of IEEE PIMRC'95, pp.436-440, 1995.

[9) ARIB, “Volume 3 :
Mobile System,” Version 1.0 Jan. 1999.

[10] 3GPP, “Technical Specifications of Physical channels and

of pilot

Sampei and Terumi

mobile  radio

“Channel Estimation

Gardner,

[5] L. “Interpolation in

Implementation and
Commun.,, COM-41, pp.
“A Digital Signal Processing

Proc. IEEE, Vol. 61, pp.

Specifications of Air-interface for 3G

mapping of transport channels onto Physical channels

(FDD),” Version 2.0, Apr. 1999.

-783-



