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ABSTRACT

In this paper, we propose a high level design architecture of WCDMA(UMTS) base station modem and
synchromuzation algorithms applied to the proposed architecture Also analysis of each synchronization algonthm
and performance evaluation of fixed point designed modem are shown. Smce the target system is base station
modem, each synchronization algonmthm 1s designed for its stable operation. To minimuze implementanon
complexity, optimum fixed pomnt design for best operation of synchronization algonithms is performed

We performed symbol level link simulavon with fixed pomnt designed modem simulator for data rate of
12 2kbps, 64kbps, 144kbps, and 384kbps We compared performance results to the mummum requirements
specified m 3GPP TS 25 104(Release 5) Extensive computer smmulation shows that the proposed modetn
architecture has stable operation and outperform the munimum requirement by 2 dB The proposed modem
architecture has been applied m the mmplementation of WCDMA reverse hink recerver modem chip successfully
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Fig. 1 Receiver structure for WCDMA reverse link
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IV. Symbol Level Processing
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Fig. 10. Symbol Level Processing for uplink
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Table 1. Usage of channel coding scheme and coding rate
in WCDMA system

ALAd FH H-33} 7y r33} &
BCH
PCH Convolutional 12
RACH coding
1/3, 12
CPCH, DCH, Tutbo codi 3
urbo codin
DSCH, FACH B
No coding
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EE/WODMA 7|1AS 2o FRg % 49 A4 AdA 2 §8 A% 97t

F 2 4% 9= DCHY 3 Ad
Table 2. Uplink DCH measurement channels

Parameter DCH for DTCH/DCH for DCCH Unat
DPDCH Informatron bit rate 122/24 64/2 4 14442 4 38412 4 2048/2 4 kbps
Physical channel 60/15 240/15 480/15 950/15 960/15 kbps
Spreading factor 64 16 8 4 4
Repetition rate 22/22 19419 8/9 -18/-18 -1/-1 %
Interleaving 20 40 40 40 80 ms
Number of DPDCHs 1 1 1 1 6
DPCCH Dedicated pilot bitsfslot
Power control 2 bitsfslot
TFCI 2 bits/slot
Spreading factor 256
Power ratio of
-269 -546 -954 954 954 dB
DPCCH/DPDCH
Amplitude ratio of 07333 05333 03333 03333 03333
DPCCH/DPDCH (11/15) (8/15) (5/15) (5/15) (5/15)
T 3 oE AR deld A $e] Het 2
Table 3 Propagation condinons m mulipath fading environment
Case 1, 3km/h Case 2, 3km/h Case 3, 120km/h Case 4, 250km/h
Relatve Average Relative Average Relatve Average Relative Average
Delay [ns] Power [dB] Delay [ns] Power [dB] Delay [ns] Power {dB] Delay [ns] Power [dB]
0 0 0 0 0 0 0 0
976 -10 976 0 260 -3 260 -3
20000 0 521 -6 521 -6
781 -9 781 -9

V. 3XPM Y g o HolE S0 mE
23 45 8%t

2 Aol FEdNA AXske Fx 74 Ad
#7(Reference Mobile channel Environment)® &
A Ad(Measurement Channeljell o} 24 4l
A AT ABME BAEhd, o8 JMkez AdAE
=l Ayt ARE AA

WCDMA A% 32 718 54 Add B8y
SelEle g E 20] ARNeldr 28 Al izt
shte] DPCCH2} DPDCH-F 23 A2 7133}
2 9)ew, Z+ dlele)&el wE DPDCHS DPCCH
2| Spreading factor ¥ <lel2]8] Ze]<} DPDCHY}
DPCCHS| AHn)31Zn) Fof ozt dRle] AAlH
o} gyt

Ak sz &% Ade] 122kbps, 64kbps,
144kbps, 22|37 384kbps®] A& #d Za2AA A
e TS 25 1045 et

1 5 a8

TS 25.10404 AAshe Fx 541 Ade =24

tlo
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A Ad(Static channel)® o A=z AELR F&
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A fiecl ® 32 WCDMA FAAA Agsh= o
F 7AZ deld Ad $74E ¥ Ao} uba
Z3l7} 2GHze)Y o] BA £57} 3 kmjheld =
8 Fak £, =5.556Hz 00, o164 571
120 km/hold ., = 222,222 Hz, 250km/ho]d
fp=462.96 Hzolth Case 18] tb5 A2 A
AlZke o 033 37530 dwdsle, Case 298] o
Z A7 A AzkE 03], 3753 283 76.83el
gt 22la Case 39 49] o A= A A
7k 03, 13, 23 ze=lz 33 sgiich

2 21X2 2Eel Ha AN Hs F AR

FANM AR e T Al 279 <beht
g ZE 7AF 2ie slEskz gl AR #1A
Z mEle FH: A% 87 AR 2 Ad w7
H3le] E4 BLER(Block Error Rato)?]52} =41
E,/N, 2 E8=] glon, dAE 2] 4Al
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AAsel FANA AAse Hx 4 Ay 87 A
T e dFlot A% 27 ARk 7143
7] Aol FHelA AASke A BN iR
et olalrl at=w, A (19)e] viehAgich

(Ea) _ (L_)x L oy
ND recen ed ND L inf
E L
A0 A L B
a No DPDCH Lo
(8]

T2 E /N, LEe lEEE a4 Az
BE E,/N,°H, 5,5 DPDCH A2 )5 <
A, g DPCCH A9 oI5 <AL SF .0
DPDCH 3¢l 4k <1=KSpreading Factor),
L ape el =z A $(38400), z2lx

B 6 i A2 Case 2 HdY 4 A5 87 A

Table 6 Mummum petformance requurement mn multipath

Case 2
Measurement Received Required
Channel E;/N, BLER
na < 10-1
12 2kbps
90 dB < 10-2
43 dB < 10-1
64kbps
6.4 dB < 10-2
3.7 dB < 10-1
144kbps
5.6 dB < 10-2
4.1 dB < 10-1
384kbps
61 dB < 10-2
B 7 obE A2 Case 3 A Ha H¥ 47 AE

Table 7 Mmimum performance requirement m multwpath

Lo sl Zalg @ Adsls An vE 5 Case 3
o)z} Measurement Recerved Required
A AAWONH o AE A B Channel Ey/Ny BLER
A AgEa ZAS 2y Ha 54 A 8T n a < 10-1
AlEke E 4%E 8ol Jehigict 12 2kbps 72 dB < 10-2

80 dB < 10-3
B4 Ax 42 849 A4 e a7 A 34 dB < 10-1
Table 4 rgt::JnT;m performance  requirement 1 Static 64kbps 38 dB < 102
Measurement Received Required 4148 < 103
Channet E, /N, BLER 28 dB < 10-1
< 10- 144kb) 32 dB < 10-2
122 kbps Snl ZB < :g-; " 36 dB < 103
15 dB < 10-1
i L7 db < 102 384kbps 22 i : :3;
08 dB < 10-1
144 kbps 09 dB < 102 42 dB < 10-3
09 dB < 10-1
384 kaS 10 dB < 10_2 _E. 8 ‘:]l%" 733 Case 4 iHLa-‘-o‘] 3“]3\‘_ "‘5“‘5‘ -8—?' A]-i;}

E 5 ohE A2 Case 1 A9 Ha A5 &7 AR
Table 75 Muumum performance requirement in mulupath

Case 1

Measurement Received Reguired
Channel Eu/ Ng BLER
na < 10-1
122 Kbps 119 dB < 102
62 dB < 101
64 kbps 92 dB < 102
54 dB < 10-1
144 kbps 84 dB < 102
58 dB < 10-1

384 kb
PS 88 dB < 102

22
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Table 8 Miumum performance requirement i mulwipath

Case 4
Measurement Received Required
Channel E,/ N, BLER
n a < -1
12 2kbps 102 dB < 10-2
110 dB < 10-3
64 dB < 10-1
64kbps 68 dB < 102
7.1 dB < 10-3
5.8 dB < 10-1
144kbps 6.2 dB < 10-2
66 dB < 10-3
62 dB < 10-1
38dkbps 66 dB < 10-2
72 dB < 10-3
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Saaiglct A WA zEE 57 2B 3 A
ol|4] Ad=d%} Tracker, AFC, Channel estimator®|™
RE BEEE 34 443 AAEGIC AGC R
Z1Ze AD HEk Ho| AF9) 40%4] 3.22 A3}
ek =3 2 o A2 H AE gold dEe
0.5 @4 A =), F94 2x%= 1000HzE 7}
Aagich o A2 so|d AdE E 3% wWske
o, o A2 #o]g] HhIL JTC'94 Air Interface
2 7Mkez sjgich

Viterbi 237l gl&@=E AlEel tisle] 3 v|E
Soft Decision(A#4)S A-Lslgien, X H353}
718l MAP #3719 ukE B3 3|9z 835 4
Lalgdch

2% 11% 12.2kbpse] dlole] o W7 Al
9 =)z A% 37F A9E veia glck 74 2
22| (a)& Static channel 34, (b):= Multipath
case 1, (c) Multipath case 2, (d)= Multipath
case 3, 223 (e)x= Multipath case 42| A5-5
epdich dle]E] 4 64kbps, 144kbps, 384kbpsel]
g A5 971 Azke 12.2kbpsst U WAL
2 E&F52 old digt A% %yt A= dlol¥
&% 12.2kbps®| -t @A 7 dlelE] = 2
Adagee A ANse Hx 87 AR
on] o158 Ae]ste] & 9ol A A3}k

T 9. BLER=10-2 7]&2] #4 87 4% o] performance
margin[scale : dB]
Table 9. Performance margin compare with ~ Minimum
requirement at BER = 10-2

Channel s . . .
Stats Multipath | Multipath | Multipath | Multipath
o case 1 case 2 case 3 case 4
Data rate
12.2kbps | 1.73 1.53 1.35 1.4 4.0

64kbps 23 2.6 22 1.95 4.65
144kbps | 2.1 24 1.95 1.85 4.4
384kbps | 2.05 2.5 23 2.95 5.35

B Al AAshs BE s Hrke 2E dHlol
B 4% 2 ad e disle] H4 1.35dBellA
) 5.35dBe] ©|5L 7M.  weld TS 25.104
oA AAsRE BE FHi SRR UEde A

Copyright (C) 2005 NuriMedia Co., Ltd.

r
o

S malch Hele £xo] S|4 12.2kbpse]
% 0]50] A How, 1 o] SR ¢
2dB o]4e] A% o]5-& Molx gtk ol ol
= 122kbpsellAdle AEFA F=rt AHEE 2
olike] dHlole Fxe Wi BHE IZ=rl A4
o2 122kbpsel B|3le] M} & o]5L Hele
Zez esch

o) £x7} 312l multipath case 3 o419
A% o]5e] A<l multipath case 1/2 Bt} A
Aoz AL olf T AHFEeR uEal
multipath case 3 2ol disle] A o7 A5S
GASA AR dRolel, oA ibEez
slle]ed F7ellx12] BER/BLER Ad50] sle]ddel] of
g B B sl o)FA FErt wEl A
© e sptEEdlA 71918} =% multipath
case 4oll4] Z °]5¢] WA= olfre dRFHE
galola] Ad FA7NE Al AEES AL
7] el 250kmhe] olEAH EH=E e
multipath case 4 7ol disla] HA 87 A5l
A AAEgot ® AN Aeh A 4
PellMs o)A Fxe wlebd A&t us 57
of sl] A F47] Algs wWdshe WS At
g3l3 glemg AnEoz FAM AAs= F
A 27 A%F vaslds A o 5L A
< 4 9

ukd e g gz ASHrle|4i= searcherE A9
3 2E F7] dxESe] Aesdens 4 BE
o] At Aol oe} ozke] W= s A7t
WP $E glen) B AAA #H4" AFCS
tracker= oFd¥ A%E EIx 2 AdAEPenzg
2 Asells & 9FE AAe] ¢S FAT 5

oX, ©f

fr ne

(o3

!

0.14

& 518

- 0014 ! T .

-] — e CAnE >

T I T

(=] [Crannel estirator coefl] 1

1E-34 g::.f—hﬁ- Dutarate : 122808

sl Motile Cranrel ; statici2 Art. 1 path)
e Reforzrce TS 25104
i 2 u\::mmu
g;‘:";’ - Soft decision : 4 bits

1E4 T T T T T
20 25 30 35 40 45 50

Required Eb/No [dE]

23

www.dbpia.co.kr



FHFEA1818] =53] '05-1 Vol.30 No.lA

(a) Static channel

DTCH BLER

M T T
75 80 BS 8.0 a5 100 105 110 115 120
Required Eb/No [dB]

(b) Multipath case #1

DTCH BLER
g
&

(Oranrel setimator .
— ,Hq ba— - 1358
Ki=0 02=16 - -
Gis=1 Dota rate : 12308
Rz - Muftipath casoR2(2 At 3 path)
2 Fmt Redorence TS 25,104
Ki=8 K2=3 ‘Crannel coding : Convalutional
Gi-5=30 decoder
GE=1Zr Soft decision : 4 bits
1E1 T T T T T T T B T ¥ T
40 45 50 55 60 65 70 75 80 85 90
Required Eb/No [dB]
(c) Multipath case #2
014
o 12.2kbps Cased) parformance Data rata : 1225008
& Manimum requirement Channel : multipath cassf3(2 Ant. 4 peth)
Retersnce TS 25104
Channel coding : Convolutional
- Viterbi
«Soft decision : 4 bits.
o1 — 7B
4 e
o ke
@ 1
T X
o
E s g 80GB
1448
Ll s et +
T T
75 80

Required Et/No [dB]

(d) Multipath case #3

Copjright (C) 2005 NuriMedia Co., Ltd.

DTCH BLER

teaduiobatl [} 1] Ld 4ol -

L O, . L T P U S
50 55 60 65 70 75 80 85 90 95 100 105 110

Required Eb/No [dB]

(e) Multipath case #4

32 11. 12.2kbps AE HM =3 A5 H7)
Fig. 11. 12.2kbps symbol level link simulation performance

2 AellA ARG 34 457 AAE 249
3 A5E 53 =99 A F=E gl
F glglen, ©]& kg AFHql 2] FHo)
7Fs3ksich

2do] S 9% HAE 27 124 el
c}. 2% 78 Aal= HLD(High Level Design),
FPGA HIZE, ASICS 53 249 AAAl 74,
ASIC2E TR9 mdle] A5 ZFe] 4 HAE F
slo] =it

Step I Step IT
HLD 1 :
(High Lisvel Designy [ 7] | FEGA testing
Step IV Step I1I
Vcnf};atmn Implementation
ASIC performance Lol

72 12. WCDMA 7]A1= 25le] 3 oA

Fig. 12. Implementation process of WCDMA base station
modem

www.dbpia.co.kr



=5/ WCDMA 7|27 25le] 7 917 4k¢] 4 AA 2 53 A5 97t

A-LOGICS

AWBS-1100

0z 13, s 293 2 gaE s
Fig. 13. Photograph of implemented Miodem chip and
Test-bed

HLD e =4 e 57| dae]Zd] gk +
z AA 2 34 254 A4, 223 SLPE A4
¢ Bz A% H7E Eddh £ =Ed AA=
2E Aal= HLDE Ao =&" 7ok

HLDE 53] A 7AFe] 45=4 FPGAE
£3) gl~E7} A8}l FPGA HLAE F a7 13
I o] ASICS B3 AAH myie] AAks
s35}an BB B|X=(Test bed)S T4l A2k
zele] HEAe AT AFEE It & =2l
A AARE 2L 2 dwe]Fe] F8 FEE Ih
a1 A5 om 0.18 yp CMOS AL F3tod
<F 4507 gate 2 A=)

VILEE

B xFoME= WCDMA 7|A= 2dle] Falg
A A9 A A 2 A 2y AAE SR
g3 A% F7E sk olF Slslk 7IA=
2] ZAdY Fr] 82 gaelEe Bl
o R33ycirsls g3she Al wd zaAns
9] g3 A% =r71E 3GPP TS 25.104 7|HEe =
sefsleich. AAE =9le] Tracker: Hl57] HHA
9] 2 3 DLL 7% H4sigles, AFCE oidt
2w =2 7}%]+= Normalized CP-AFCE, #'d +
A7l vuAR A dueEs H4sisich
AA i) ZIA=FYE TRiste] Z1AHY F)
28] AAA] wE 34 Aeuchs AL F
atel 4L F9lon, ookt A7) A%
7He Edle] e BARE A HdE A
ZHazh ER] 9EE w7 A HAE 38
shodck

AAR mdel ga Ay H1E 3l dAd

Copyright (C) 2005 NuriMedia Co., Ltd.

E7] 2Eo| vi$ Ao FARRE EIsie
o, =3k FAoA FA A A Ha 8T
A diy] <oF 2dB Wlele] A o150] SleS
QlEksict

AR 78 sHAlA Aok A 7] o
FejEe Haglozy deolg s & AL
¢ 2 AE vyl 875t FAFe] AHE
sk 71AF melell A4 widA] 2 hd A
FA71E FIR e AHsgierng Ad 2Aks
28lA= FIR e Aol A)7kkg2] DPDCH 4
= wHge] gl uleld e FiAlsE A}
£3}= 314 4ol DPDCH Aol digh oz
g e7eb] 343 Z7RITE FIR FE9] AR
34 o]F BAClA Wi FAl APd WSl 233
F =2 HeEFgion} mfel AN AL
7o) nlsle] AdiHom E AT ol5E M=
2 FIR 55 AAs3 250kmhe] o] E4] Fxo
APE oZ7)E Fvpdos A4sisich E =i
A ol2E T2 e AASHE |skedt 2
29l multipath case 4 3734 FIR L& A&
519]-e ASurt oF 2dB =S As Zar) ol
o} e FA6A AAseE Ha A 2R
7} v)aslde A9 o333 2 dB o) AF ol
S 712E #alslsict

=

ret

1] A4, =54, o4dg MY, HIA,
"RACH Ez2|g% Fxo H3I WCDMA
W a3 Al 2% Z2]dE 9471
AA FFEAEE =], Vol29, Nos8A,
pp. 427-437, 20044 8.

[2] Hyung Wook Kang, Young Yong Lee,
Hyung Jin Choi, “Chip Timing Recovery
Algorithm Robust to Frequency Offset and
Time Variant Fading,” Proc. of ITC-CSCC,
pp. 1948-1951, Phuket, Thailand, July 2002.

[3] Joo Hyun Do, Young Yong Lee, Hyung lJin
Choi, “The Modified CP-AFC  with
Multistage Tracking Mode for WCDMA
Reverse Link Receiver,” [EICE Trans.
Fundmmentals, Vol. E86-A, No.6, pp.
1397-1404, June 2003.

[4] H. Andoh, M. Sawahashi, and F. Adachi,

"Channel estimation filter using time-

25

www.dbpia.co.kr



g 5418H8] =82 '05-1 Vol.30 No.lA

multiplexed pilot channel for coherent RAKE
combining in DS-CDMA mobile radio,”
IEICE Trans. Commun., vol. E81-B, no. 7,
pp- 1517-1526, July 1998.

[5] K. Higuchi, H. Andoh, K. Okawa, M.
Sawahashi, and F. Adachi,
evaluation of combined effect of coherent

“Experimental

rake combining and SIR-based fast transmit
power control for reverse link of DS-CDMA
mobile radio,” I[EEE Trans. Journal on
Select. Areas Commun., vol. 18, no. 8, pp.
1526-1535, Aug. 2000.

[6] Young-Yong Lee, Joo Hyun Do, Sung-Hyun
Chung, Min-Joong Rim, Jae-Min Ahn,
Hyung-Jin Choi, “Double Decision-Directed
Order Adaptive Weighted Moving Average
Channel Estimator with Velocity Estimator
for WCDMA Reverse Link Receiver,” Proc.
of IEEE VIC 2003, paper no.853, IJeju,
Korea, April 2003.

[71 Young-Yong Lee, Sung-Hyun  Chung,
Min-Joong  Rim, Jae-Min Ahn, and
Hyung-Jin Choi, “SIR-based Power Control
Using OVSF Code for W-CDMA Reverse
Link Receiver,” IEEE ISSSTA(International
Symposium on Spread Spectrum Techniques
and Application), pp. 777-781, Prague, Czech
Republic, Sept. 2002.

[8] A. 1. Viterbi, CDMA Principle of Spread
Spectrum Communication, Addison Wesley
1995.

01 #IA, &7 oY 4 23AL pp.
138-160 1995.

[10] C. Travis, “Automatic frequency control”,
Proc. IRE, vol. 23, pp. 1125, Oct. 1995.

[11] F. M. Gardner, "Characteristics of frequency
tracking loops,” I[EEE Trans. Commun., vol.
COM-33, no. 2, pp. 226-240, Feb. 1985.

[12] 3GPP Techinical Specification Group Radio
Access Network 25 series: 3GPP TS 25.212,
Release 5, Mar. 2002.

[13] 3GPP Techinical Specification Group Radio
Access Network 25 series: 3GPP TS 25.104,
Release 5, Mar. 2002.

Copyright (C) 2005 NuriMedia Co., Ltd.

£ & E(Joo-Hyun Do) A3

20013 24 AQAoEdEe A
2Azat) shal

2003 24 : AFFEa o
A A7AA 2 ARE T
3 AL

2003 39 ~3A : AN
o ofEs] AApgsiat uiap

Al o]EE4 MODEM £7]3}

0] ¥ &(Young-Yong Lee) Az

19983 24 Aldddda A
g3kt At

2000 29 AESEiEa o
3 A AR 2 FF
B F3} HAt

2003 24 AFAASAL o
31 Ar] A 4 AR
B 33} 2pAb

2003 3¥~3A 4R TNEFZ FAdTE
2d7Y AY9dTH

<Pl THEA, o584, 5713 7le

& M &l(Sung-Hyun Chung) Azl

R 1988 24 : ki w #HzA}

o

19881 3~20001 4% : 4}
A=} AR ZAATFAE
cdma2000 7]A|=24 7pat

A 20039 39~FA  (Plel=

74 4 A~ EAAK% WCDMA
=9 A

<FAEok o]F54l, FAEAl

www.dbpia.co.kr



5 /WCDMA 71213 2do) 7a& S8 A9 A4 AA 2 53 A 27t

Z| ¥ Zl(Hyung-Jin Choi) A3

: G 19743 29 AR AA

>33 st

| 1976 24 EeEEedd
A7) AAgE =) A

19761 3¥~19794 79 (D
A ST 9

1979 9¥~19821d 124 : v

=+ University of Southern California 17138}

Fahapat

19821 1040 ~1989:d 24 : ¥|= Lincom Corp. 4
el

19891 39~ : AFTEn AHRFATIHT
e

<BAEol CAPRA, FASA, o154l ¥4
£4 9 ¥7)3} 7|8 £33 MODEM 71%&

Copyright (C) 2005 NuriMedia Co., Ltd. 27

www.dbpia.co.kr



	WCDMA 기지국 모뎀의 구현을 위한 상위 레벨 설계 및 통합 성능 평�
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. WCDMA 역방향 링크 수신기의 구조
	Ⅲ. 모뎀 설계에 적용된 동기 모듈
	Ⅳ. Symbol Level Processing
	Ⅴ. 참조무선 채널 모델 및 데이터 속도에 따른 링크 성능 평�
	Ⅵ. 결론
	참고문헌
	저자소개


