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Abstract

In this paper, we present the performance of a
multi-code parallel combinatory CDMA system using
bi-orthogonal modulation under multipath fading
channel. In general, the dynamic range of the
amplitude of the transmit signal is very large in
conventional multi-code CDMA systems, resulting in
severe nonlinear distortion due to high power
amplifier and thus significant BER performance
degradation. Since the number of simultaneously
multiplexed code channels in the proposed system is
reduced, the proposed system exhibits reduction of
peak-to-average power ratio (PAPR) of the transmit
signal amplitude with significant BER improvement.
We verify the performance of the proposed system
by computer simulations under the Vehicular B
multipath fading channel model by ARIB.

1. A &

A 3GPP %2 IMT-2000 Al="o A s dlo]
HE oo A& deolez AE-3E pi#sle o&
A dolHEE Add 339 AnPe o)E3te A
2 o2 £35 sd=z FE A$3E multi-code
CDMA =4[119 AL&& Aorstxn A2 Multi-
code CDMA %48 DS-CDMA%] A ¢} #Zo| Rake =
A7E AMEStY OF AR Ade Fuag MYz §
o]de JdFE FAANA F dor £ZE H= =9}

~245_

Fu4 AALE 53 2L DS-CDMA Ao o4&
< Y2 8T 4 UE Selxvh ¥HE vy
delHE e dAf$stn 53] o AHEAIE o4l
H&ste A5 uF 449 AE E4E 24 HE22 A
AE EQE fASE Aladd bla] 15" FF7]9
v XgAdel o8 AZ4F JF& FAAED3L oA
FARE ALsy] A $-8E multi-code parallel
combinatory CDMA (MCPC-CDMA) Al2=¥[4]3%}
bi-orthogonal modulationg& 2% M2 Al2"[5)
& Agtsted b4 WA JheAlRb S (AWGN) A
g3t flat #Holw AdsteA  7]E<2  multi-code
CDMA A]2=¥ld] wjs] 6% 5% HEL2E (BER)
g vegdE #As Yo

E =Fd A+ ARIBY Vehicular B W% A2 ald
aAsM, FnEI  [BlA  FE AR
bi-orthogonal modulation 71¥t¢] multi-code parallel
combinatory CDMA Al2¥3 z} ¥35 Adwejict 44
BEviet BE JHIAME AMEEE 71E9 mult-
code CDMA Al2®9][1] @ bi-orthogonal #*Z & o] &
& multi-code CDMA A=€[6]%e] d5& AFsn
2 @ olE Y% B =89 AL O3 A g
& doAME 71¥2 multi-code CDMA AA¥e] T2
[11 ¥ bi-orthogonal modulation 7142} multi-code
CDMA Al=€e] pz(6]] #ate] 3] 71edin 3
Ao Add Aadde Fxo 3l 7je@do 4
Ho X ARIBE Vehicular B sAid #7434 o) g
ANz i 2oy FARE Folsy, vixgoz
5 8o HEE gt



2000 ABETIEE KFHELBMAE

MOXHE $23%8 F2W 2000/11

2. 719 Multi-Code CDMA A9 W@
Bi-Orthogonal 33 & o]43% Multi-
Code CDMA Al2H

a8 12 7 AEEE ARG BE QY
*}%o}“ 71Z29] multi~code CDMA Al 2={1] %
17) 728 RoEch 974 WA HE 040 T
H#E ol dolele MAY ¥iAdz BAsdy,
mabd  z gl dlolE AfAE bE 7HH o
T,=MT7t "ty 9714 2t Addz Mule Ay
3} 23 (B dFolAME Walsh A€2)E 3 F o
M7 5z AEE deta -4 2 Q-sd PN
of 9fste] Fabated Ak 2Y 2% o] Ala
Rake F417] 7224 dolHAY ZAid dol
vl E e o} tjIEWI HE71¢ e 479
S AH B3EHE d4E TAFH

[ ]

LU O 1
oL
[*]

Conv. | I Biock b <
Encoder | 7} Incrlcaver
W,

Data c E
L onv. Block '
g Encoder [ ] inerleaver c D

v

™ (Wcosw,t

< (Dsinw

TW,({)
Conv. Block | 4\ > Q‘g
™ Encoder ™ thedleaver
W, (0

gl &

multi-code CDMA Al 2

o»
S
N
4
7

19 2 71# multi-code CDMA A2 9] Rake 21
7l FZ.

1Y 3& bi-orthogonal 33 & ©]&% multi-code
CDMA Al28{6] $47] 225 EASG. gd-4yg
WE F A Readoig AR5y AdgeniE A
&3l 71¥9 multi-code CDMASHE @3, o] Ala
@2 94 folge 23 & 129 AH4RE 19} AE
;J,}Lﬂ A A HNeg ¥ AA-gH BH3e 48y B}
HEE NE 7vA T,=M/2TA MARe #3
EEL M7 bi-orthogonal 3% (&, M/2/19)
Walsh Alg 29} o)Ee gk M/27) anti-podal Al ¥
2yl o& A4 FaA F AuHgE wEHate M2
A A 2 I-Ads Q-AIPN %30 o3 3

0

ru

H

il

-246-

Hoi s AW wdse oz dEEHHE] o] A

multi-code CDMA %43} #4138 H5&
HolmA & dhto) AREEr]) © <lelnigio] g
A BEARE 24 F doy, 94 o
] AEo] FAHE JE 4 Qv

< {tcosw g

A Donw t b

g 3

Bi~orthogonal modulation 71%¥¢] multi-
FA71 FZ.

code CDMA A€l

Combining
&

Decision

FIETF

5
w, Q

<0 @ racusim 1+ 4) -

st

€ (1 ristn(w ¢4 )

{[a]

¥ 4 : Bi-orthogonal modulation 71#¢] multi-

code CDMA A£®2] Rake A7) FZ,

aY 4% o] "ol Rake F4l7] FEREA o)y
ANE Z2%E davt B32-3Y HJ@VE A HEH
oz tde e e vEY 578 8 Hzdve
Mol 2¥ 29 FA7|9¢] zto)Holtt,

3. Bi-Orthogonal Modulation 7]4t9] A
oYl Multi-Code Parallel Combi-
natory (MCPC)-CDMA A|2¥}

19 58 FEd [BlAM 7t Altstn #
o] o8 MCPC-CDMA A28 $47 3z
vebdck 949 dHolHly FuEd [6]9 WA w*}
Al REE 129 ARRIVIY JdHBWE AH
2mGAY FEAdz HEgEn, o5 ¥E ol
v mY IFE @ olg 28HE  mHE do]
Bl it bi-orthogonal AMB27E dEHel dEd
th. Walsh ¥#3& ghdste e 2o (D3 2

WE-,M =Cy+2C +4Cy + -

‘l‘J Hﬂ

+2"1C, (27 B (1)
(k=0,1,2,,G—1)



tiE 42 o]y Adoiid] Bi-Orthogonal Modulationg ©]4&F Multi-Code Parallel Combinatory CDMA
System?] A% A

o] W I-dde] sFdte kAA 1EFS mulE
t 2"GX2"G Walsh #3.9] &fife] Agx71 A&
Ha, Q-AMad) AFste WA 2F9 mulEdE
2"G % 2™G Walsh #3¢) anti-podal$t sti}e] A|4
27 dgdch olgA Z R3Ad wid g™
bi-orthogonal Alg2E I-Ad 2 Q-Ad &7 G
A galH PN B30 o3 Fad F 3 Fu wg
ghol o8 dAgdth. £3 FnEH [6]9 V& YA
FrAHA I-Ad 2 Q- ZHZe] disf daiAe 2
A9 deolgEe Walsh Aga Z&  og
anti-podal AlEB29 FAuAd 9§ FTEHW, I-Ad
4 Q-Ade A$ A3 widuo] s AHwmAdo] W
e

Saleci 1 of
Wo

W o

e om [etaci T of
Ware-n |,

conv. | | giock WiztG)-t
Oata [Encoder | | jpiare dum E—
— feaves ¥ S/P

~=1/2

X=3 206 o

D Ipf SeleciTof
SWoma-n |

C' leosw,t

CUttlsinw,t

S e ML o

29 5 . Bi-orthogonal modulation 71¥t¢] =|gts

MCPC-CDMA AlA"e] &A17] L=,

t)
o O ama e
Gomtiring

5

Decislon [dyne
=

-Wom. g1 1 (-5}

¥ 6 : Bi-orthogonal modulation ~1¥re] x|¢t®

MCPC-CDMA A|2=% Rake F417] F&.

I9 62 AYE Al=¥e) Rake A7 #+x2E o
Bt sthue) A2E mg o, £4 MIZe [-Ad
4 Q-AEZ yHe] sl PN H3o] 28 ogid
F 7 Adeitk 2"GAY A#7] WA (correlator
bank)& F#3ct. 9714 G 2§ FAZnig Fol
279 Aurl 29 F A% E % HHgsiy,
O FE2 Ade tolwAEl A F HE ZAs
tUAdeigiv o} ey BE52E AX FF Bxgr

E 12 2mG=3E 1A F Z} Azl ol

__247_.

@ Ao ¢ T3z PAPR @& uwlasin,
m=420 ALE A2 F$ 7]&¢ multi-code
CDMA % bi-orthogonal %3 & oj43% dF%is
CDMA #augcth o 723 dB € 444 dB PAPRe] 7
A€ Jeda o

E 1: 7t A 299 PAPR ¥ 3,

7}€9 [Bi-orthogonal, ot Al A%
multi-code] multi-code
NES- | A ~¥ m=4 [ m=2
ol 4 1,000,000
Ho =4 A
A o ]_ = 1024+1024| 256+256 16+16 | 64+64
(o] &3X))
B¢ AY 64 32 8 16
Hd A 49
(1) 1352 356 32 128
PAPR [dB] 13.25 10.46 602 | 9.03
4. Ro4q 43

A A2=de XMy HIE 98] ARIBeA
IMT-2000 A4 =42 A3 Vehicular B Ad &9
(7] &7 3lolA &g Alg=bel 159 9] obF AFEab7}
F71He2 BEIE ZF9o dE ZgdPge FH3)
At &3 A8 Ao (F near-far ratio = 0 dB)E
V4o z2A E/Nyol ©& BERY wW3E 43
w, ZdPAM ALSEH Al2Y FHS & F 29
Zo}.

E2: 29 49 A8 % Aade 74,

71&9]  |Bi-orthogonal Aot A ~d
multi-code [ multi-code ~
A2 PNEN-) m=4 m=2
Orthogonal | ), 4 32X16 | 128%64 | 64%32
Code
4 ApdEz
Conv. Encoder
rate=1/2, K=3 A}_% 174 A8
(M=32)
. Z fddm
Viterbi A 1A Abe
Decoder | (v=32)
7} Add®
Interleaver g 174 Arg
(32X 16) (M=32)
PN code 30 (2N) 60 (4N) [ 15 V) [30 (2N)
Chip Rate 3.84 Mcps

Doldd S Ha), 25 Hed e wg Fos 18
GHz, °|$A 4% 120 Km/hZ 7HAslged, ¢ d%
A2 JRe Hold AE EAE Jakes WHH{8lol 23
A AAsAT £ Rake FA7|ME AE AL A
4, Ade =7 2 A d3s 99 FAMRTn
7}43t 2, MRC (maximal ratio combining)& ©]4&



20008 ABEFIRE KSELBMAE

moCHE H23% F2¥ 2000/11

@ gelAgE nsge. E 32 AHEH Ad =
29 JAAL AGoEE AYste B Fof

® 3 : Vehicular B Ad 2de XA sjato) g,

Tap | Relative delay | Average power | Doppler
# (nsec) (dB) Spectrum
1 0 -25 Classic
2 300 0 Classic
3 8,900 -12.8 Classic
4 12,900 -10.0 Classic
5 17,100 =252 Classic
6 20,000 -16.0 Classic

T™ T3 8 A2 @Y AHeA 2 1599 9F A
27 459 e o BER A%< wadd

15 proposad (m=2)
©—8  proposed (m=4}

£-—a&  brarthogonal

21— conventionat 0SDI

a 5 13

15
Eb/MNo [d8]

i}

29 7 MELE A% uT (B ALER),

10749 vlE2 &S A8 Y AR BS, m=4
A F59 Ad Alzglo] & Alawol] H <4 -
10 dB 7}9] A% o] AU, 1582 AHE=9] A
S5 E)/NyE 25 dBoll ZARAIF}3 | EQ&-& v ms}
A, ke m=49 A=de of 107! Yre mES
& A4%E HeFe v, AUdE m=29 B4 A
292 % 107%, 719 UF % CDMA A293
bi-orthogonal ¥ 5% o}l 8% 0% 3 CDMA A2&d
& 7k o 107" 2ANA error floor @AFo] LhEh
T AE glsidr

5.4 &
2 AN E 7129 multi-code CDMA 2l o] &
AHA E PAPRE T3 %A BER 2% S 7

A& 4 <9 bi-orthogonal modulation 7]¥re]
multi-code parallel combinatory CDMA (MCPC-
CDMA) #4& dFZ3z2 Ad s Brted
th Ar"E MCPC-CDMACIM+ wHst® R 3a)de)
2F3E E8 PAPRE #AAd & 3oy, bi-
orthogonal modulation® oj&st2zx x| 3ol

_248_.

ARR 579 JHANE AgstnE 2 B3 Ado
o]EE& o] &3d 7IE9 multi-code CDMA Bt} o3
Az wolg M AFs] 43 e AL F

AU B w=EelAE oladd n2Y 2Es8 st
sl 4 Asgel gold PAPRS Aol vlAx
S ggey, A4 waY 189 22705
A85% 9e PAPRA S8 B A AL e
Nzdstel 4% Aozt Be @A derde 7Y
o, 3% olels wpes A7sh WA ool

o proposed (m=2)
107 (3—1  proposed (m=4)
£a——¢ bi-orthogonal

G0 conventional OSDM {----i---

o 5 10 15 20 25 0
Eb/MNo JdB]

1Y 8: HEQE A% ulal (159 AgAD.

Zxn 74

[1] C-L. I and R. D. Gitlin, “Multi-code CDMA
wireless personal communications networks,”
Proc. ICC 95, vol. 2, pp. 1060-1064, June 1995.

[2] ARIB, Japanese Proposal for Candidate Radio
Transmission Technology on IMT-2000: W-
CDMA, Proposal submitted to ITU-R, June
1998.

B] A5+, 4EE, AES, e, “HAE FENSE
13 Multi-Code CDMA Al&Ele]l X5 B
D BAT GFEJEGIHE=ER, vol. 24, no. 1B,
19993 14.

[4] S. Sasaki et al, “Parallel combinatorial CDMA
systems in Rician fading multipath channels,”
Proc. MDMC ‘96, pp.690-694, July 1996.

[5]1 448, A8k “Bi-orthogonal Modulationg ©] £
3 multi-code parallel combinatory CDMA sys-
tem?] s AAH 2 AZwE A kot ” 21 E 3
2 Eeten s =&, pp 951-954, 2000 9Y

{61 &A1, N8< “Bi-orthogonal ¥Z ©]-&3 multi-
code CDMA 4o X% A, ofghxxta st
SAlE Y e =24, pp. 29-32, 2000 64.

[7} ARIB, Evaluation Methodology for IMT-2000
Radio Transmission Technology (Ver. 1), June
1998.

[8 G. L. Stuber, Principles of Mobile Communi-
cation, Kluwer Academic Publisher, 1996,



