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Abstract To improve the bit error rate (BER) performance of direct sequence code division multiple access (DS-CDMA), fast
Fourier transform (FFT) can be applied to the received signal sequence to carry out joint frequency-domain equalization (FDE) and antenna
diversity combining. We have reported that the application of FDE to DS-CDMA can significantly improve the BER performance for alarge
spreading factor SF. However, inter-chip-inference (ICI) cannot be sufficiently suppressed for the case of small SF. In this paper, we propose
three types of ICl canceller based on minimum mean square error (MM SE)-FDE and maximal ratio combining (MRC)-FDE, and evauate
the average bit error rate (BER) performance by computer simulation.

Keyword DS-CDMA freguency-domain equalization inter-chip-inference

1 MC-CDMA
Rake
DS-CDMA BER
BER MC-CDMA
(1.2] Rake DS-CDMA BER
[9]
(DS-CDMA) Mbps MMSE
[3] DS-CDMA (1P
Rake Rake BER
/ DS-CDMA
BER Mbps [10,11]
DS-CDMA
(cn BER
BER [10] ICI
Rake Rake
Rake IPI [12]
MM SE
(MRC) 3

(MC)-CDMA [4-8] ICI



DS-CDMA
3 3 ICl
4
ICl BER
2. DS-CDMA
2.1.
DS-CDMA
ICl 3
2
N./SF
{d(n);n=0~N./SF-1} SF
{c(K);k=..,-1,0,1,..} N./SF
N¢
Ng
Gl 2
N,
N¢
FFT
N FFT(IFFT)
5 o c
Datao_’ g _,(%_,gﬁ—» égj
83 I 1° Jo £0°
El «) S
(a) Transmitter
Wi-2(0)
| Despreating [ 5) feodved
Xl - g
S8
S
$
Wo(N-1)
(b) Receiver
DS-CDMA
Copy
A 4 .
Gl |SF chips|SF chips| C |
. . _—
Ny chips N, chips time

2.2.

{ §(t) ;t=-Ng~Nc-1}

50— |2

T s(tmod N;) (1)

c

Ec 1 Te
s(t)

st) =d(t/sF JJe®) (2)
x| x
N,

7 m
(m=0~N;-1)
hm(t)

L-1

M) = Y M8t =7) (3)
1=0

Pim,i(t) |

L-1
D Ellty P1=1
1=0
1

m {rm(t);t=-Ng~Nc-1}

L-1
() = Dy 8t =7) + 71m(0) (4)

1=0

2No/T
No AWGN

7m(t)

2.3.
Gl N FFT

c
N¢ {Rm(k); k=0
MC-CDMA

Rm(K)
Rm(K) = {2E¢ /T Hm(K)S(K) +TTm(k) - (5)

Hm(k)  S(k) (k)
k



N-1
S(k) = Zs(t)exp[— ,z,szLj

t=0

L-1
Hin(K) = by exp[— Jznk,g—'j (6)
1=0 ¢

N1
My (k) = an(t)exp[— JzﬂkNL]

t=0 ¢

[10]

N, -1
R(K) = D R (k)i (K)
m=0

_ /%S(k)ﬁ(kﬁﬁ(k)

Win(K)

(M

MMSE
MRC

Him(k)

N, -1 a1
> IHm(®) |2+[E°]

No
m=0

, MMSE

W (K) = (8)

Him(k), MRC

EJN, AWGN

MMSE

MRC SNR
I1CI

H (k) T1(K)

N, -1

H() = ) Wen(K)Him(K)
m=0

i N, -1

(k) = D win (k)T (K)

m=0

(9)

N,
{RK):k=0~N.— N, IFFT
{f(t)t=0~N. -1 fo)

[ 1 Ne-1
- H (k) [s(t)

2E, 1 NS
+ == = SHK) Zs
Te Ne k=0 =0

#t

Ne=1
+Ni Zn(k)exp[jz;szL]

¢ k=0 ¢

(r)exp[jznktg ] (10)

(o

L 5 ICI
3 fFo)
{¥(n);n=0~N,/SF -1}
| (MOFL
¥(n) = = Zr(t)c t (11)
t=nSF
2.4.
MM SE MRC BER
SF
1 QPSK FFT N:=256
256
Ng=32
L=16
1
Modulation QPSK
Numbe_r of FFT N =256
points ¢
Transmitter = i
Gl Ng—32(ChI p)
Spreading sequence | Long PN sequence
Spreading factor SF=1-64
) Frequency -selective
Fading i i
block Rayleigh fadin
Channel L=16 a;:th . if :
_ =16-path uniform
Power delay profile power delay profile
Number of receive N=12
antennas '
Receiver Frequency-domain MRC, MMSE
equalization
Channel estimation Ideal




3 IcCl BER
MM SE MRC
1
Eb/No Eb/Noz SF (1+Ng/Nc)
(Ec/No) BER
SF MM SE MRC
BER MM SE SF
ICl BER
SF=64 SF=1
BER=10" Eu/No
6.6dB MRC SF=1 4
ICl
BER
(SF=64) ICl
MMSE BER
1.E+00
1E01 “--E--E-.E-'E"E"E"E--E--E--E--E-'E--E--E]
L 1E02 - 00 00 0 0--0- ¢
% F
R\ N MRC
§1.E-o3  MMSE
2 i —— MF bound
1.E-04 § o0 g1
E O F=4
1.E-05 £ A S =16
g 0 =64
106 b b b M i
0 5 10 15 20 25 30
Average received E» /N (dB)
3 MMSE MRC
BER
3. ICI
2.4
ICl BER
[10]
ICl
BER 3 ICl
1 IFFT
ICl
4 3 ICI
MM SE MRC
F(t) vmse () vre ()
Type | Type |1 fvmss ()
s(t) Type | S(t)
MMSE ICI tnmse(t)

vmse (1)

Type I MM SE MRC
MRC
ICl tmre(t)  S(t) fvre ()
tmmse(t) Hmre(t)
Hmse or Mrc (1)
N -1 N -1
[26, 1 - N (12)
= — » H(k) s(7) exp[ j 27k J
TC NC é ; NC
#t
Icl (3(z) = s(z)for all 7)
(10) (12) fMmsE or MRe (1) = #mmse or Mre (D)
1ClI
MRC Type II ICl
SNR
Type 11 ICI
Type | ICI
Type Il ICI
fvre (1)
3 1ClI
s(t)
e
: FRE S c ‘
i 5 5 E ? 2 2 Huse (1) 3
BRES{RLREE I B3 1513 dugy
: IR El | & = g - g
. ' % [s] % -~ ELE
fumse (1) o— N S o—
: F
(a) Typel
777777777777777777777777777777777777777 s
ol (g | 8| |o | & c ‘
| £l 2| |2 8| ) |
Fue ) o] §§ REEIN- él%»@‘% e
L |OE] |9 gl gl |°2 5 o
: 8 8 [ 8 il B I O R -
Fur () o i Ex-
| 8
7777777777777777777 ®) Typell
. ‘ T
fumse (o——  Typel
| Il canceller Typell 28
fMRC(t)O 3 ICI canceller 6‘?
| g
(c) Typelll
4 |CI
4,
2.4
5 SFx N
1 (N,



)
f5TcN:=0.001

6 SF=1
3 ICI
BER ICI
MM SE
N,=1
2 SF=1 Type | Type ll
BER Type 111
BER MRC
Type 11 ICI
SNR Type |
ICI Type Il
IClI Type |11 ICl
Type |
Type Il Type
I Type |l ICI
BER=10* En/Ng
1.8dB Type Il 3.1dB
BER
Type |11 Type | I1Cl
Type |
I1CI Type
i Type I BER
N,=1 BER=10"* Type I11
Ep/No 3.7dB
N,=2 0.9dB ( 0.5
dB
7 SF 4 BER
ICI
MM SE BER
Type 111 Type |
Type 1l SF 4
SF=1
BER SF=4 ICI
Type 111 ICl
BER=10" Eu/No
4.2dB SF=1
BER=10"* Eo/Ng 3.7dB
SF=4 0.7dB
SF=1
BER
Type Il 0.6dB
N, chips (read)
)
S
8
S
t

1E0L ¢
L =16, 4=0dB
S=1
1.E-02 3 N, =1
ad p
'5'-5] Lower ‘
() bound —
PLE-03 ¢ .
Lo
>
< .
x  Without canceller ~,
1E04 r O Typel X
LA Typell
& Typelll
1E-05
0 5 10 15 20
Average receved Eb /N o (dB)
(@ N=1
1E0L ¢
I
LE0 | « Without canceller
Tk o Typel
A Typell
@ <& Typelll
W 1E03 ¢
% Lower :
=y bound —".
O .
2 LE04 =
| L=16, ¢=0dB
F=1
1E05  Ne=2
1E-06
0 5 10 15
Average receved Eb/N o per receive antenna (dB)
(b) N,=2
6 ICI BER
(SF=1)



LEOL (=

1E-02

1E-03 ©

Average BER

1E-04 -

1.E-05

S D 0O x

Typel
Typell
Typelll

Without canceller

1E-01

1E-02 |

Average BER
=
m
S

1.E-05

1.E-06

7 ICI

5

10

15 20

Average receved E,/No (dB)

(a)

N,=1

Lower
bound

L =16, o=0dB
F=4
N, =2

Without canceller
Typel

Typell

Typelll

0

5

10 15

Average receved E /N o per receive antenna (dB)

(SF=4)

ICI
ICI

Type |1

Type ll

(b)

Type |

ICl
Type Il

N,=2

DS-CDMA

ICl

Type |

BER

ICI

Type Il

ICI
BER

0.

0.

1]
2]
(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

SF 4

SF=1
SF=1 Type Il
3.7dB SF=4
7dB
BER
SF=4 Type |11
6dB

W. C., Jakes Jr., Ed., Microwave mobile
communications, Wiley, New York, 1974.

J. G. Proakis, Digital communications, 2" ed.,
McGraw-Hill, 1995.

F. Adachi, M. Sawahashi, and H. Suda, “Wideband
DS-CDMA for next generation mobile
communications systems,” |[EEE Commun. Mag., Vol.
36, pp. 56-69, Sept. 1998.

S. Hara and R. Prasad, “Overview of multicarrier
CDMA”, IEEE Commun. Mag., pp.126-144, Dec.
1997.

S. Hara and R. Prasad, “Design and performance of
multicarrier CDMA system in frequency-selective
Rayleigh fading channels,” IEEE Trans. Veh.
Technol., Vol. 48, pp. 1584-1595, Sept. 1999.

L. Hanzo, W. Webb, and T. Keller, Single- and
multi-carrier quadrature amplitude modulation, John
Wiley & Sons, 2000.

M. Helard, R. Le Gouable, J.-F. Helard, and J.-Y.
Baudais, “Multicarrier CDMA techniques for future
wideband wireless networks,” Ann. Telecommun.,
Vol. 56, pp. 260-274, 2001.

H. Atarashi, S Abeta, and M Sawahashi, “Variable
spreading factor-orthogonal frequency and code
division multiplexing (VSF-OFCDM) for broadband
packet wireless access”, |IEICE Trans. Commun.,
Vol .E86-B, No.1, pp.291-299, Jan. 2003.

F. Adachi, T. Sao, and T. Itagaki, “Performance of
multicode DS-CDMA using frequency domain
equalisation in frequency-selective fading channel”
Electronics Letters, Vol. 39, No.2, pp. 239-241, Jan.
2003.

K. Takeda, T. Itagaki and F. Adachi,
“Frequency-domain  equalization for  antenna
diversity reception of DS-CDMA signals,” Proc. 8"
International Conference on Cellular and Intelligent
Communications (CIC), Session B3, Oct. 28~31,
Seoul, Korea.

T. Itagaki and F. Adachi, “Joint frequency-domain
eqalization and antenna diversity combining for
orthogonal multicode DS-CDMA signal
transmissions in a frequency-selective fading
channel,” Proc. 6 International Symposium on
Wireless Personal Multimedia Communications
(WPMC), Vol. 1, pp.285-289, Yokosuka, Japan, Oct.
19-22, 2003.

K. Higuchi, K. Okawa, M. Sawahashi and F. Adachi,
“Field experiments on pilot symbol-assisted coherent
multistage interference canceller in DS-CDMA
reverse link,” |EICE Trans. Commun., Vol.E86-B,
No.1, pp.191-205, Jan. 2003.



