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ABSTRACT

In this paper, a multi-stage demodulation scheme for direct sequence code division multipie access (DS/CDMA) system is sug-
gested. The basic concept of the proposed scheme is to recover the desired channel data effectively by demodulating the signal
where other channel interferences are removed. The cancellation of other channel signals is successively done by removing them
from the input signal of each stage as the corresponding interfering signals are estimated by one of the demodulation/remodulation
blocks of the multi-stage receiver. By employing the proposed algorithm, one can implement a DS/CDMA system that is robust to

near-far problem with increased channel capacity.
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Fig. 1. DS/CDMA cellular system model.
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Fig. 2. Simplified TX structure of DS/CDMA system
(a) Downlink channel, (b) Uplink channel.
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Fig. 3. Simplified RX structure of DS/CDMA system.
(a) RF Front end, (b) bansband receiver.
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Fig. 4. Proposed DS/CDMA receiver structure using
tion technique.
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AHe [-arm 2 Q-arm 4 %E quadrature ®2®
% Adgso 4449t Uplinkdld 7 o|gZe] &%
¥ PN code & ¥Y% sequence & 7HAn, 7 o]%
To] 93" PN code 9 time offset-& ©a 3oz
A 2 olgTe e ?—‘?LQ 4 it Uplink oA
ZIARE 2 olEIel 4 whE FAVE Za glen,
7} #2714 = pilot Ad AEE o] 88 code §
718 #de F. traffic Ad dlolg
ol g3te ¥r1BEzE FYFuh. T, EE simula-
tion® c¢-language® HPY000/730 workstationel
S Lo A=

(BDE AgdolddM &3 Fa HLEE 29
g Aok, (B1)E& EW, PN codex 13 3 M-
Sequenced A& ow, FA4ufe] Holm eI 9
8t zero-appending & 3222 PN code %ol
= 8192 chipeltl. Othogonal code®+ Zol 64 ¢l
Walsh code® Al&3tdct. Carrier F3Fe 30
MHz el i, data rates® 20 kbpseldw, =% &
271 0. 1ppm~1lppm A %9 FHEE 712 7} 5
ddiz 71y g2 ddd. Pilot Alde Helol 5 &
A FEdAA g 4 oy dA FEE ndsd
27dB AE® &93, traffic Ade Heol 5L
21dB A== 3stdew, welA chip ratese 2.56
MHzel®t. 53 4& 49 4= downlinkd A% 1

el pilot AdEE

‘o

we o M

Table 2. Results of simulation to Fig. 5.

1. PN Code M-Sequence(8191+1)
2. Othogonal Code Walsh Code(64)

3. Carrier Frequency 300 MHx

4. Data Rates 20 Kbps

5. Local Oscillator 0.1-1 ppm

6. Pilot Processing Gain 27 dB(512 chip Dump)
7. Traffic Processing Gain 21 dB(128 chip Dump)
8. Chip Rates 2.56 Mcps

9. Multiple Access Channel 6 CH

10. Carrier Demodulation Non-Coherent

11. Data (Traffic) Demodulation Coherent

12. Roll Off Filter 56 Tap Raised-Cosine Filter
13. Sampling Rates Tx/Rx:chip x 4

14. Quantization 12 bits Llyod-Max Quantizer
15. Test Sample Data about 20,000

Stage 1(BER) Stage 2 (BER)

CH1 Sync Loss 0.0348
CH2 Sync Loss 0.0046
CH3 Sync Loss 0.0009
CH4 Sync Loss Error Free

CH5 0.0001 Error Free

CH6 Error Free Error Free

Table 3. Results of simulation to Fig. 6.

Stage 1(BER) Stage 2 (BER)

CH1 Sync Loss 0.0444
CH2 Sync Loss 0.0085
CH3 Sync Loss 0.0008
CH4 Sync Loss Error Free
CHS 0.0014 Error Free

CH®é6 Error Free Error Free
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pilot ¥ 6 traffic Mdo]a, uplinke A% 6 pilot
9 6 traffic A2 FAHES. FAANNA carrier &
ze BENE2 £Ygen, Holg E2& pilotg ol
£ N8x8 s $49 sampling 5
chipx4 #l& &1, %A% sampling % chipx4
w2 sttt Simulation oA HAE & dele &
ok 20,000 7 A= &gk oAl olelgh BAAN
A DS/SS #4171e) g simulation E#HE 4
&l 28 5% uplink 9149 simulation 3 &
veld Aoz tREE AdE HE2F2 1AFd F
Alsle 7t aide AZAZIE EASAT o7IM 92
A Fe RAsde 5408 wuigel AT £
He 2z ojgie AzAzIst 471 & Aer sHyE
fen, AWGN(additive white gaussian noise)
£ WA JheAleh Aid &S vebdnh

a8 5940 di@ odA Azl delet Hx Adge
(ED 2o 44 6 Ade FEste odAd £
£ 6x7 matrix 7ZE e F4A7E F8E A
9k (#2)9 simulation Z#& 93] 6 channelx2
stage & Ze ohdA #2174 8 simulation 23
2 Byt & 7 AddE 2 staged ®Z719 CIR
g Ze FFo i ARE EUd
CE2OA ogA Bx719 1M stage ¢ stagel
71&9) single stage DS/SS #4171 A%z &
g, stagel dlde 5,6 H AdY 2@ Mz
rojotol iAoz AFAVIZE kG 1~4 | AHde
F4171€ code €71 A HYHA $5E ¢ + A,

stagel oA 5,6 W AL code 718 3l d

A

4y e

g

e

Power

(1000)

(100) |

(6) I
“

@)
m

]

CHI CHZ CH3 CH4 CHS CH6 AWGN  Channel

Fig. 5. DS/SS simulation environments ().

ole}g Hxdn gler, 5 ¥ Ade BER & % 10*
Azolm, 6 W AdL error-free Y& ¥ + Sl

a2y (E2)9] stagelolA code 718 #d§ A
g A3e 2 Ade 2 WA CIRIA co-channel
D447 AAHA =lm2 2 UA stages] AAE
B ofdA A E AMItez A FRlE A% Fabol
o201 & & 4 AW & stagel A code EVNE
gysta] R 1~4 9 Ade 5,69 sAd AT
g AT Fole 2T code BE #Ydd dolgtE
A BxE$L ¢ 5 U, = stagel 9A code 71
8 $9% 5 9 Ade S stage2 dlME 6 W A
do] 144 E AA F BER A% ¢4 e &
At

(E2)9] stage2 52712 48+ A3E stagel
A code F717F &HE 5,6 W A A3HEl AA
" Azolt, a3 stage2 diAle ZE Adeol code
718 BEg g, staged dlMe € Ade Az
Aol AAHR AR AEPEH PN code
cross-correlation A &%tel Ex7|2 ¢4gd Aot
weld (E2)9 simulation® 6X7 matrix &
e gdA Fa719 A 889 stage 71 FUMEFE
ot F2 4% 4¢ & A& Aoz 3% + gtk

28 6& 6 A9 2 staged] U@ oaA A7
uplink simulation® Eoh& 83 & 29 AU, 2
# 69 ASe 29 59 87 AWGN & XA
Roleh, 2% 69 te simulation d3te (E3)n 2
oh (E3)E BEW ANHo (H29 vlad AFAES
dlot, AWGN 22 wolgtol dAxor BER 4

2
e

Power

(1000)
(100) ‘

(10)

CHI CH2 CH} CH4 CHS CH6 AWGN Channel

Fig. 6. DS/SS simulation environments ().
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9,

Ade A& & 4 AUk °olE co—channel 4]
& AASE g gdA F4vle AWGN 5% 3o
E7hed e 2 Ao dsiMe AelolS5el gl
Ho] Fg FHeltd, olyigd A e ofn] tH 4t
1 oabaje] ajdgdgel sl Helol 5ol &3
gede A2 REH 4A 9F 7sd Zeld. a9
o (E3e Aate AWGN g St Adzt
So2 QA% AT FHE Astne AL LA F
A7le & FAEE RAEY. &, olg AWGN Ad
g stl N oA $£A717F g8 Al 2gie] A
o]E 9o co-channel UAANE AA w& F7i9]
o|Eo] Za|8lael 71£9] single stage DS/CDMA
A7) Bt f & 4% 48 F Udvde AE BHAE
=5

2% 7€ uplink oA A ToE #3E B9
Aol o7 ALEE test dataw F 4000 7Holch
I 79 B F gdRel AR #A7d 2dEHE 2
olg= ML Izt 9 dB FAXR AolE /M3 e
oy, AR Ae MY g e 19 AT g & AYe
Ze 6 W oalde AEge ofF 45 dB A% Aoyt o
% 7 # 2 gAsA AT gdA #4719
simulation Z2#& (E4)o Hdded o ALde
full stage 2, 6channel x 7stage CEA 41710
& simulation 23& 2ot

(B4H)Z 29 ANA stage sl PN $719 Ag
o]5(27 dB) o Mg A F MYzte] Hr} 3z}
€ 1,239 aAde A8t B 23 gd€sA Xy

e

% o 4 oo, 28A €2 456 d AdL

L > o
o e ol

o

ot
>

(32768)
(4096) I
(512) I
(64) I
®) I

0) l I
, @

CHl CH2 CH3 CH4 CHS CH6 AWGN Channel

Fig. 7. DS/SS simulation environments (I1).

code ¥71& #¥3do data & B2z &S & &+
Atk FRHA stage o AAE Y AWUA stage °l
A g8 3717 39" 4,56 @ Adey Az e
AA HAerz 28 2 3 ¥ AHde d#4t g
#ysta doletd Bzsz stk 22y 1 W A9
A% HE 456 ¥ 4do HHNsE AA =HAATH
A E AA F AN B (residual signal) € 2,3
WoaAdel AN E R du|del Gt F7E E1- A
& USsE B 4 g oA #4719 A8 @A
7b 7 48 A9 Az e 93y AAHER 3
WA stage M 1 W AEdE /Y 5718 st
o doletE Hz¥E € F U a2d 19 A
69 staged A%+ 5 ¥ stage Hvd 238 BER ©
Z71g A€ % $ ded ole test data o 7 £
88 @Al gold ZRA o Jehnd oAU Ee
Hedalze] Ao 71 Aoz FHE.

ol oAl Atg vhdA F4l71e] dl§ computer
simulation ¥ oo ZAde gt 4x Heted, A
HAT g Frbe] mA ¢ A oA DS/SS #
ANE FEFRA ¢ o FEA] BAH £ mAl
oz AA T ol 3 7IAR a%drt. 1) 9
2AA% r(t)el dynamic range® %3 $£4% £
de A/D HB77E Hadt & ole A/D WE9
dynamic range ° w&t ©dA 4719 co-chan-
nel 7H44413 AA FHol AL nlgdrt. 2) Nx
(N+1) g2tA 4718 388 o No| & A% 4
e ud Biagd 32E et o AL A4 7
Al A g Aladld] wel GAe £8 HEI] AgdEd N

Table 4. Results of simulation to Fig. 7.

Stgl | Stg2 | Stg3 | Stgd | Stgh | Stgb

CH1 | SL SL {0.148 |0.088]0.082 |0.086

CH2 | SL |0.149| EF EF EF EF

CH3 | SL EF EF EF EF EF

CH4 {0.305| EF EF EF EF EF

CH5 | EF EF EF EF EF EF

CH6 | EF EF EF EF EF EF

SL . Syne Loss. EP : Error Free
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xK, KN, A #4718 448 & dd. 3) 5
o] (fading), ¥4 @&(partial correlation) &&
code %71 loop & 4% % w& co-channel 24
A& AA F BG4I Fzero) o2 FHEA g2
o Axo THAUZ ¥ ENY F gt} o] AF
A% co-channel ZAHANZ AAo] IE ol5L ZA3
AT FANE AEL A3 Az HEEA 9
o oolgl g A dElMe AL dirt FHE
olof & FHolr},

5.4 &

£ =&dMe g 4509 PN E tdA B2
TZE Ze FAVE ol &3d ARH oz AAsA A
~dle] & I DS/CDMA AA9& Aelsd
o}, At DS/CDMA Al28§ ted 41719 72
Mde oo ALz A7 AEE FAMZAN 7
AHEAEY AT AEE AF3n, FANTAN 5 A
EANE AEE AP O TE ARl A5 4E
T AARe A Ad 45t HHE AAsA de
Aeolth, waprM & =FolA At wha & Alg-3d 3
HE hA oA B3 EA7 sy 4SEAE 274
2 H3% + U3 dpr] Any AYAolE A B3t
@ dnFE AHEEA Gote gk EF 74 SR
3t A E AES ARFo2 AAHU BEd
DS/CDMA Al2®le] Ad &3 3 29 Ad +
Aok,

£ =FdMe AtE DS/CDMA AAd4 taA
TN deg B Hdstd 6 AdE $#43e
DS/CDMA cellular 874394 uplink & gl
A simulation & #¥&Act. Simulation F3
oA #4718 A DS/SS #47le 7129 sin-
gle stage DS/SS 4171 Hlg] 3§ A% A4S
RS gstgdot. ¥ £ =89 dde gaA
4710 e Bl analytic & #siAz 34 A4 o
@A FAZIE FYsnA € o zRiseld BAl<] o
T A=de 77t Easolof st

(F58]) 3x4 cetA| 41700l chigt of

%ol p P, VP, 45 A B C& 747 a,

as, 33‘1—} 5‘}:’_ k‘i E}% *‘]7“9] PN #3% C1(t).
olt), ()2 &4 HAgdn 7MY &d, 479 9
¥ AEe dgH Zol vded 4= 9l

r(t)=a,;c,(t) +ayc,(t) +azcs(t) (A.1) .

ol YA Alxwlel H2o|E (processing
gain) & PGe} 83 olg9 4% BAE o} 2o
7712 8kt

Jro > PG-Jp, .
Jr > PG-[p,

4 (A.2)8 7oA A& A9 377 A% B
S Col AgEt AelolE ooz Ay fEd MW
A staged M= AEZ Aol 7171 A¥sln, 4% B
% Ce 4842 57171 AdEA ged Az 5
WA stage oM E A& ¢ of dAMT F717F Y
o a8 494 A elA iR AEsF Bz "
2 7Hska, 2 YoM stage £E BZI}nx =
Aue ZA A3 4YNE 471 3 ) o2z ¥}
e 2w 44 3 o "o 4Nz #F Y
(A.2)9 7183 298 AR Yo AYHA stage o
Bz719 A¥=zr 29 D, (¢), Ry(H)e Zz &3
2,

(A.2)

D11(t)=31+32.”12+33P13 (A.3.1)
Ru(t):alcl(t_ﬂ+(32p12+334013)01(t_T) (A.3.2)

e AWA stage dME NE B Cd YEAME
7217t 8dEA geornzm

Szl(t)=S31(t)=0 (A.4)

ol gt} ol 43§ olg3d TUA stage A9
CIRQ 284z I"z(t). Tzz(t). 1'32(13)% Z}Z} q%y’}
2ol Foj75,

rp(t)=r(t-T)=a,c,(t-T) + aycy(t-T) + asc; (t-T)
(A.5.1)
I ()=r(¢t-T)-Ry (£}
=r{t-T)-a,c,(t-T)-{apia+asP3) o) (t-T)
=aycy(t-T) +azes (¢-T)—(axp1a+ asp13) ¢, (¢-T)
(A.5.2)
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ra()=r(t-T}-Ry, (¢)
=r(t-T)~a;c (t-T)-(aypy; +a30,3) ¢, (t-T)
=a,0,(t-TY +ascs(t-T-(ap ), +asges) e (t-T)
(A.5.3)

°]T'=? NEE o &3 FHA btagMﬂH»} B 279
Mzl 2ee 27 e 2ol FolWnk.
Dlz(t)zD“(t“T) (A61)
Rlz(t):R“(t_T) (A.6.2)
Dgg(t):32‘+‘33P23_(ag”12+33P23)p12 (A.6.3)
Rzg(t):32C2(t”2T)+2y02302(t'2T)
+(3?P12+33P13)P12C2(£‘2T) (A.6.4)

olg A& o] &3td AWA stage o CIR &84
TE I G H g,

riz(8)=r(t-2T)-Ry(t)
=a,0,(t-2T) +asc;(t-2T)-ac,(t-27T)
~a3P3¢,(t-2T)
+ (g0t as013) P10 (t-2T) (A.T.1)

1'23( t):r( t-2 T)"R“( t)
=3202( t-2T) +33C3( t-27)
*(ayD12+a3¢013)P1261(t'2T) (A72)

I3 )=r(t-2T)~-Ry, (t)-Ryy ()
=ayc3(t-2T)-(aypntasly) ¢, (t-2T)
~a3Py3C (£=2T) + (ay0y, + asP13)
P12C (2T (A.7.3)

olE AMFE o] gstd MMA stageold Hx7I9 A

Wzslel 39S FaE BeR e NEES AT 4

Diy(8)=a,+asf3-as12-aslaul1n

+(agfry+ agr3) ey’ (A.8.1)
Dys(t)=as+ asfp—(as01: 1 asP13)Prz (A.8.2)
Dy (t)=as-(axp y+ayi3)Pi5maslsy”
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1 (Bp1+ CP13)P1aP13 (A.8.3)

Riz(t)=a,c,(t-3T) + (as013-a9P13-a3P2P12

FaxPpt+as3)P") e (t-3T) (A.8.4)
}223( 5)23202( L‘3T) + (33{723"(32,012+33p13)p12)
c{t-3T) (A.8.5)

Ri3(t)=a3c3(t-3T)-((axp p+ asP3)Pia-asfys’
+ (a3t asf13)P1aP13) c5(t-3T) (A.8.6)
o] AsEE ol &3td AF Bz JHAID
ria(t)=r{t-3T)-Ry3(t)-Ra3(t), rea(t)=r(t-3T)~
Ry (0)-Ras(t), ry(t)=r(t-3T)-Ry;3(t)-Ru(t) & 7%
T ReH, o] AFES o] &3t HFdeM HZE 3
3 A B2V 282 & Fo] Fouh

Dy(t)=a;+ax(ppp' iy + 010" H0°0)
+ a3(P13P" 13 P12 13 710 P1oPasP1aP ) (AL 9. 1)

Dy (ty=ay (140130 15+ P1oP 13023 +"15P13023)
+a3(PyP" 12 PP 12 H P 3P
+P13019P25P 1201370 23) (A.9.2)

Dyy(8)=a3(1-0" 13+ £ 13013003-P" 130" 127P 23+ P12013P33)
+ay(ProP 15113 TP 10P23) (A.9.3)

9 Hela B RBAEA e, I K1 (L1.2.3)012
2 FH2A3 Co U BExAIT Du(t)e thE
Az g tia] W ol ANl olFL 4 £ gl
2 Bzr} goldt o] Feo} v},
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