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The Application of BICM for the DS/ CDMA System

NIU Kai, WU Wei ling, GAO Lu, YANG Hong yan
( Bajing University ¢ Posts and Td ecommunicutions, Bejing 100876, China )

Abstract: A novel scheme constructing BICM ( Bit Interleaved Coded Modulation) on the duat orthogonal sequences set was
proposed in this paper. We derived the upper limit bound of the BER(Bit Error Rate) about the new approach.The method allows an
efficient combination of punctured convolutional codes , multiphase modulation , interleaving and spreading spectrum. It is verified that
the proposed system is superbr to the conventional eror coding schemes by approximately 2 4dB over a Rayleigh channel according to
the theoretic analysis and computer simulation. In addtion, the paper shows that such scheme can provide high divesity order in the
fast fading channel. Generally speaking, this scheme is very appopriate to the multr code transmission in the 3G mobile telecommunr

cations systems.
Key words:  bit interleaved coded modulation; trellis coded modulation; mulir level code; Gray maping

1 t BICM, [2~ 4]
Unger . BICM ,
boeck TCM(Trellis Coded Modulation) , , Rayleigh
, ) , . BICM ,
Imai  Hirakawa . TCM . - [4]
. i BICM .
TCM  AWGN , BICM  DS/CDMA . ,
, BICM ,
, , , AWGN
) ,Diwalar  Rayleigh ; ,
Simon MTCM (Muliple Trells Coded Modulation) Rayleigh > ,
MTCM , TCM , ) BIM
, MICM ,
’ 2
. ) Zehavi 8PSK R=2/3 BICM
i _ Zehavi DS/ CDMA ,
: 2006 05 24, : 2006 09 15

(No. 69806243)



54 2000

BICM . Walsh s
s s Walsh ,
; , Vierbi
1 . . [ ,
‘ k=2/3 : . R= 23
, C= (Cl, Gy, Cg): (CO, Cy, - C, ) R ,
= (cby €d cd cl, €l €y v el €1y €1y ). Ci= (o, &h oy d, 172 , [5] [6].
<), i=1,23 . C= (ch el cl) t 1 I
s V= (Vo, >
Vi, v Voo o) = (00, 00, 3, 01, 01, 01, oy 01, 00 07, o). ) Bl ’
Vi , Gray
c v, sl IS
B s By [T s
R=2/ AL - .
<, Y2 Z] LereRE Hﬁ%“_. Viterbi | —
om0 st s [IEAR ) em
TP e EREE
A=diag(p .0 vnp ")
1 BICM
X= {xlx(k)= £ JPWi(t), I= , 1 Gray
1,8,16, 24: k=0, 1, ..., 7). x(k)= (xo(k), xi(k), - iz 12,3, o
anv-1(k)) N , N , P (v}, v} v)
L Wit I Walsh T= NI., T. ) , 0o JPW, 000
Walsh . . I= o L [Pwy 100
2 [PWy 110
1,8 16, 24. . x(k) %= J:[i,/TJW, Gray 3 JPWy, 010
_—— , Ny Pw,  on
(0= X 1x(k)1*= PT= E,. ) , s v
B:70,1)" =X, m= 3, sw= BV 6 - JPw, 101
Rayleigh , yi= A+ n. A= diag 0 7 - [PWy 001
(AP, - PT) Nx N cm= (nhond e ’
Y , P= Ny/2 No 2 0 :
St= (xlx(k)= T [PW\, £ [PWa, k= 0,3.4,7)
. Gray 1 . S(Z): {xlx(k)= ﬁwly JFW&— JTJWm,— JFWM,
. E=0.1.6.7)
il Biz Bit3
000
T o 110 000 101
110
00l 001
100 100
oil 1
0 o1l o ol
(a) (5) ©
2 Gray
S%= (xl (k)= JPWi, JPWs, JPWie JPWa. k= 0,1,2.3 /4 , ,
B 1 S}: 5 . N
x- 8% i= 12,3 $%, 85 ¢=0, 1 m;(y,, SS:A,) = 10%2})(%' %, A,)~ maxlogp (v, x,A,)
, 2(b) (¢) . € ey

~min||yt— XA[ ||2, i: 1,2’ 3;5: 0,1

x €8¢
i



11A

:BICM  DS/CDMA

55

[,

, 3

mi yi, 8% A )= min( dow, doot, dow, dor1) s

[1~ 4  ,BICM Gray

. [4] s Gray
BICM .

s

m(ye Ci A= YIS+ 1(SH]mily, S5A0 (2)

(8¢ 0.1 (8¢ 0, G &5
A(Si), e=0, ,I(S))= 1L CEse
3
[y . BICM
Chernoff
P(C—CIC,A),

, . €= (Co -

C, -, C) ,L

.
P(C—Cl C,A) =minEy| ¢, aEwnx,c a
>0

.[e)\[ m(Y, C;A)- m(Y,C;:A)]

1 (3)
X CcA

Y ,
cA X . A Chernoff [1]

P(C—CIC) sEA[ HD1(A1)D2(A:)DB(A1):| (4)

c—2)A(x- 1) R
iDi(A)= (el ey DA T r s e

2T a2 T
Dy(A)= 8(ci.er) %[D"’A 4 3Dy 1= 8
1) ]= Ds(A);

(5)
2 o 1, d Zél
D= e V3 §(cl,¢l)= S, 0= 12,3 (6)
0, ¢= ¢
AWGN  Rayleigh
1. AWGN
., A=E,
P(C—Cl C)= EP(C—CIC,A)<DN DI "5 (7)
:Di= D;Dy= (D*+3D)/4 D= e “No; Wi
(G OC,)

II. Rayleigh

F(A)= 1AL e "2 (141> 0).
L
P(C—€IC)= EP(C—€IC,A)= |[E[Di(4)
t=1

*DofA)D3(A)] <DV 1D%2 Vs

(8)
— 1 - 0.25 0.75 =
D= B NG P B Nt Tk BNy BT
ZEI» ET[;
EsDi(A).
—ur(4?)  (a= A=)
ExDi(A)= [Ale 2 e 802
RY
N-1 R [40%4 (x -2 )% N-1
_ 2 1
- e e [[———
=03 j=0 (xj= &)
1+ 2
40
1 ~ 1 1
Net(a- 2)Y 0 Na— 2 12T K
i~ & PPl L Zs
: j=o  40? ’ 40? * No
, (6) EDs(A) EDy(A)
(8) .
,1=Dy/Dy<8/7. [4]
[ ,
(Wi, Wo, Wa I)= D5 25 an o n Wi WRWSP (9)
Jonpnyng -
S Ci s Qn ., n,, n,,j n=
1’2 T3
ni+ nyt n3 s ;s Wi
BICM 1,
L, 1OT( Wy, Wo, W3, 1) A
< o2 YL( WL Wo, W3, 1) |y p. )
P,< ) 3 Wi=D; D,

I=1i=123 (10

Rayleigh , 4
S= 16, 32, 64, 128, 256

s

,  COSSAP

N= 256, Chip 3. 84M chip/s,

Pb

15 16 17 18
Eb/NoUB)

4 Rayleigh



56 2000
2GHz, Rayleigh s [4] , BICM
100km/ h, 120Hz s s s TCM . , 128 , BICM 8,
R , BICM TCM.
H.. s s BICM
s 100km/ h FL= 2100 s 6 R= 23,64
R=2%73 , 16 32 64 128 BICM BIGM  (3,2,3) + 8 ( Gray )
R 5 7 R=1/2 256 N= 256BICM (2 1, §)
5 s 1dB . N= 256
16 32 o4 , 128 AV
10° 1; BIQ:FBM
| it
10"
10”
2 10"
J=—"Téstates |
RS
e
105 % 7 ® 9 10 11 1213 4 s 8 10 12 14 16 5 3 7 8 9 10 1
Eb/No/dB Eb/No/dB Eb/No/dB
5 R=2/3, 6 o BICM (3 2,3) + 8 7 R=1/2 2% BICM
BICM (21,8
6,7 , BICM [ 3] X.Liand J. A. Ritcey. Trellis coded modulation wih bit intereaving
Py= 2x 10° 4 , BICM 44B and ierative decoding [ J]. IEEE J. Select. Areas Commun., April
. (2.1,8) , BICM 1999, SAG 17: 715- 724.
L 5dB , BICM [ 4] C.Care, G. Taricco and E. Biglieri. Bit interleaved coded modulation
[ J]. IEEE Trans. Inform. Theory, May. 1998, II-40: 927— 6.
’ [ 5] J. B.Cain, G. C. Clak, Jr. and J. M. Gest. Punctured @nvolutional
’ ’ codes of rate (n— 1)/n and simplified maximum likelihood decoding
- BICM [ J]. IEEE Trans. Inform. Theory, Jan. 1979, II- 25: 97— 100.
[ 6] J.Hagenauer. Rate compatible punctured convolutional codes and their
5 applications [ J] . IEEE Trans. Commun. , Apr. 1988,36: 389- 400.
1976 , 1998
BICM 5 i
: 36 L :
s , BICM <4
| -y
[ 1] E. Zehavi. § PSK trells codes for a Rayleigh chanrel [ J]. IEEE - &1938 ’
Trans. Commun. , May 1992, 40:873- 8&4.
[ 2] U.Hanssoon and T. Aulin. Chamel symbol expansion diversity improved

coded modulation for the Rayleigh fading chamnels [ C]. Proc. IEEE
1CC” 96, June 199, 891- 895.



