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ABSTRACT

In this paper, we propose a high level design architecture of WCDMA(UMTS) base station modem and
synchronization algorithms applied to the proposed architecture. Also analysis of each synchronization algorithm
and performance evaluation of fixed point designed modem are shown. Since the target system is base station
modem, each synchronization algorithm is designed for its stable operation. To minimize implementation
complexity, optimum fixed point design for best operation of synchronization algorithms is performed.

We performed symbol level link simulation with fixed point designed modem simulator for data rate of
12.2kbps, 64kbps, 144kbps, and 384kbps. We compared performance results to the minimum requirements
specified in 3GPP TS 25.104(Release 5). Extensive computer simulation shows that the proposed modem
architecture has stable operation and outperform the minimum requirement by 2 dB. The proposed modem
architecture has been applied in the implementation of WCDMA reverse link receiver modem chip successfully.
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IV. Symbol Level Processing
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Table 1. Usage of channel coding scheme and coding rate
in WCDMA system

AgAd S5 2353} 7y ki
BCH
PCH Convolutional 1/2
RACH coding
1/3, 12
CPCH, DCH, R
Turbo coding 1/3
DSCH, FACH
No coding




&/ WCDMA 71A|5 29 78 A% 44 A4 A 2 3 A% 97t

¥ 2. 4% ¥a DCHY &4 Ad
Table 2. Uplink DCH measurement channels

Parameter DCH for DTCH/DCH for DCCH Unit
DPDCH Information bit rate 12.22.4 64/2.4 144/2.4 384/2.4 2048/2.4 kbps
Physical channel 60/15 240/15 480/15 960/15 960/15 kbps
Spreading factor 64 16 8 4 4
Repetition rate 22/22 19/19 8/9 -18/-18 -1/-1 %
Interleaving 20 40 40 40 80 ms
Number of DPDCHs 1 1 1 1 6
DPCCH Dedicated pilot 6 bits/slot
Power control 2 bits/slot
TFCI 2 bits/slot
Spreading factor 256
Power ratio of
-2.69 -5.46 -9.54 -9.54 -9.54 dB
DPCCH/DPDCH
Amplitude ratio of 0.7333 0.5333 0.3333 0.3333 0.3333
DPCCH/DPDCH (11/15) (8/15) (5/15) (5/15) (5/15)
£ 3. t% 42 ol A4 #4394 34
Table 3. Propagation conditions in multipath fading environment
Case 1, 3km/h Case 2, 3km/h Case 3, 120km/h Case 4, 250km/h
Relative Average Relative Average Relative 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. g4 44 28 3 HolH Sx0 mE
23 o5 I}

£ AolM= AN Az Fx 74 A4
317 (Reference Mobile channel Environment)®} <
A Ad(Measurement Channel)oll @& A 541
Ae 87 ARRE M3, o]F ke AdAE
25e] A% B/ AAE ARk

WCDMA A 3z 71& 234 Add 493
sletelelg & 26 Aesisict ZE 75l Hsted
sh}e] DPCCHS} DPDCH7} Zs 72 718}
I glew, 7+ diolel-gol| w2 DPDCHS} DPCCH
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o} gl

ABE Bz 33 Apde]  12.2kbps,  64kbps,
144kbps, 18] 3 384kbps] AlE @i Z2AA A
= TS 25.1045 whEch

1. 4 x4 &84
TS 25.104°04 AAEH= 2z T4 Ade =34
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Hch Y AdL AWGN Ad 4L ofvigh).
o] Ad mdloM= slod ¥ tlF A=r) EAlst
2] ¢er)h ¥ 3 WCDMA A4 AlEshs ot
ZF AZ dold Ad e AHeF Aok wwt
F47}F 2GHzol™ o154 £=7) 3 km/hold =
2 Fo £, = 5.556Hz °19, o164 &=7}
120 kmhelR £, = 222,222 Hz, 250kmy/helsd

p =462.96 Hzolth Case 18] tis A2 A
A7 <oF 033} 3.753 ol sste, Case 29| o}
Z A2 NG AzkE 03, 3.753 22 76.83] el
#Fcl 223 Case 39} 49 o5 AR A A
7R 03, 14, 23 28|32 33 33t

2. 71X 2HES| F4 4 M5 2T AlE

TAANA A s 87 AR 2789 <t
£ Ze 73T 29E Pk glok AR 71X
= 2de] & Ae 87 AR 7 Ad 3
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A E N ®
3# E,/N,°I", g,& DPDCH Ad2
2}, .= DPCCH A3 o5
Adel it

DPDCH
L chip %

3]

el s 4 Alse

QER

A, SF pppen=
21xKSpreading  Factor),
U A S38400), 2Bl

6. b AR Case 2 AdY A A% ST A

Table 6. Minimum performance requirement in multipath

Case 2

Measurement Received Required
Channel E,/ N, BLER
n a < 10-1

12.2kbps
9.0 dB < 10-2
4.3 dB < 10-1

64kbps
6.4 dB < 102
3.7 dB < 10-1

144kbps
5.6 dB < 10-2
4.1 dB < 10-1

384kbps
6.1 dB < 102

T 7.t AR Case 3 AdY HA A% & A
Table 7. Minimum performance requirement in multuipath

L= oo =AY 2 AeRe An vs Case 3
ook Measurement Received Required
QA AMIYAWGN)T o Az Ad Fd) Channel Eb/ N, BLER
Al AgRla A 29e] Ha A Ae 8T n a < 10-1
AR E 4% 8el Yelgich 12.2kbps 7.2 dB < 10-2
8.0 dB < 103
E 4. AF Ad 39 Ak A 87 AR . 34 dB < 10-1
Table 4. gizlnrnn;m performance requirement in Static 64kbps 28 dB < 102
Measurement Received Required 41dB < 103
Channel E,/N, BLER 2.8 dB < 10-1
. a. 10-1 144kbps 32 dB < 10-2
12.2 kbps o a =
5.1 dB < 10-2 3.6 dB < 103
1.5 dB < 10-1
32 dB < 10-1
"o 17 48 < 102 384kb 3.6 dB < 102
0.8 dB < 10-1 ps : .
144 kbps 09 dB < 10-2 4.2 dB < 10-3
0.9 dB < 10-1
384 kbps 10 dB <102 E 8 O AR Case 4 A9 Ak A% 27 A
Table 8. Minimum performance requirement in muituipath
Case 4
Measurement Received Required
B 5. o AR Case 1 A & A5 87 AW Channel E,/N, BLER
Table 7.5 E\:/Imlmlum performance requirement in multipath — < 10-1
it : 12.2kbps 102 dB < 102
Measurement Received Required 11.0 dB < 10-3
Channel E‘b/]\[0 BLER 6.4 dB < 10-1
n a. < 10-1 64kbps 6.8 dB < 10-2
12.2 Kbps 119 dB < 102 7.1 dB < 103
6.2 dB < 10-1 5.8 dB < 10-1
64 kbps 92 dB 2102 144Kbps 62 dB < 102
5.4 dB < 10-1 6.6 dB < 10-3
144 kbps 84 dB < 102 6.2 dB < 10-1
58 dB < 10-1 384kbps 6.6 dB < 102
384 kbps 8.8 dB < 102 7.2 dB < 103
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marginfscale : dB]
Table 9. Performance margin compare with  Minimum
requirement at BER = 10-2

Channel . . . .
Multipath [ Multipath | Multipath | Multipath

Static
case 1 case 2 case 3 case 4

Data rate

12.2kbps | 1.73 1.53 1.35 14 4.0
64kbps 23 2.6 2.2 1.95 4.65
144kbps | 2.1 24 1.95 1.85 44
384kbps | 2.05 25 23 2.95 535
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Fig. 11. 12.2kbps symbol level link simulation performance
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