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ABSTRACT

This paper presents an interference suppression using
subband adaptive array for space-time block coding
(STBC) code division multiple access (CDMA) under
the frequency selective fading (FSF) channel. The pro-
posed scheme utilizes CDMA with STBC and receive ar-
ray antenna with subband adaptive array (SBAA) pro-
cessing at receiver. The received signal is converted into
the frequency domain before despreading and adaptive
processing is done at each subband. A novel construc-
tion of SBAA is introduced to process CDMA signal
based on STBC. Furthermore, to improve the perfor-
mance of proposed scheme, we also introduce STBC-
SBAA adopting spreading codes cyclic prefix (CP). Sim-
ulation results demonstrate improved performance of
the proposed system in the case of single and multiusers
environment compare to competing relatives.

1. INTRODUCTION

Recently, there are a large number of research papers on
use of multiple input multiple output (MIMO) in CDMA
transmission [1] to combat multipath fading and provide
spatial diversity. Among them, space time spreading
(STS) [2] and space time block coding (STBC) [3] are
the most efficient method due to its provision of full spa-
tial diversity and simple linear decoder. For multiuser
transmissions, STBC can be used in conjunction with re-
ceive adaptive beamforming to suppress the co-channel
interferences (CCIs) [4, 5].

However, the quality of high-speed data transmission
in MIMO-CDMA using SBTC is severely degraded due
to frequency selective multipath fading (FSF) channel
resulting from the presence of many propagation paths
with different time delay. The effect is merely worst in
the increased multiple access interference (MAI), which
dramatically deteriorates the performance. In [6], a
combination of time reversal STBC (TR-STBC) and sin-
gle carrier block transmission (SCBT) which can effec-
tively deals with FSF through zero padding (ZP) of the
blocks. However, the channel state information (CSI)
assumed to be known for the equalization process at the
receiver. Moreover, the spectral efficiency and, hence
the user rate of SCBT CDMA systems is limited by
received signal-to-noise ratio (SNR). But, most of the
authors assumed their work with the CSI known at re-
ceiver side and there are few proposal on this work which
do not consider the CSI at all.

In this paper, we propose a novel MIMO-CDMA sys-
tem using subband adaptive array (SBAA) designed for

STBC transmission under FSF channel, assuming chan-
nel state information (CSI) is unknown at transceivers,
while a pilot signal is available during the training pe-
riod. The proposed scheme utilizes a STBC as transmit
diversity and receive antenna with SBAA. At the re-
ceiver, a novel construction of SBAA to process CDMA
signal based on STBC was introduced. The receive
block signal is divided into two groups and adaptive pro-
cessing is done to equalize and estimate the desired sig-
nal. In addition, to improve the performance of STBC-
SBAA, spreading code cyclic prefix (CP) [7] was applied
in our proposed scheme. A discussion on effects of CP
and delay length in STBC-SBAA is also given from the-
oretical point of view. Simulation results demonstrate
the outstanding performance of the proposed transceiver
compared to competing alternatives.

2. STBC-SBAA FOR MIMO-CDMA

2.1 STBC-SBAA

The configuration of the proposed STBC-SBAA for
MIMO-CDMA system is illustrated in Fig. 1. In this
paper we restricted our system for Alamouti’s STBC [3]
with M = 2 and N MIMO-CDMA system. Exten-
sion to more general type of STBC is quite straight for-
ward. We assume a FSF channel with the delay length
L with time spacing of chip duration Tc, is given as
Hp(τ) =

∑L−1
l=0 H

(l)
p δ(τ − lTc), where

H(l)
p = [hl

1,p hl
2,p] =

⎡
⎢⎣

hl
11,p hl

21,p
...

...
hl

N1,p hl
N2,p

⎤
⎥⎦ , (1)

δ is the Dirac delta function, and hl
ji,p is the channel co-

efficient with delay l between i-th (i = 1, . . . , M(= 2))
transmit and j-th (j = 1, 2, . . . , N) receive antenna ele-
ments for p-user. In this paper, different from the con-
ventional STBC [3], the STBC-SBAA transmission is
carried out in block sequence as shown at the bottom of
Fig.1. This operation is to realize an additional multi-
path diversity gain without sacrificing full spatial diver-
sity.

Consider an uplink multiuser communication system
where P mobile users exist, the signal of each user is
given by sp[k], where p = {1, 2, . . . , P}, {k ∈ Z}. Each
user signal is spread by a factor of Q at the given spread-
ing code cp (chip duration of Tc), to be represented
in kth block with each elements of s

(k)
p [q] = sp[k]cp[q],

where q ∈ {0, 1, . . . , Q − 1}. The kth chip-block s
(k)
p =
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Figure 1: Configuration of STBC-SBAA for MIMO-CDMA

[sp(Qk), . . . , sp(Qk + (Q − 1))]T contain Q chips. The
input chip block signal is encoded by space-time block
encoder (STBE) [3] to make the transmit signal s

(k)
p,i [q]

at antenna i ∈ {1, 2} of p−user as below.

s
(2k−1)
p,1 [q] = s(2k−1)

p [q], s
(2k)
p,1 [q] = −s̄(2k),∗

p [q] (2)

s
(2k−1)
p,2 [q] = s(2k)

p [q], s
(2k)
p,2 [q] = s̄(2k−1),∗

p [q] (3)

Note that s̄
(2k−1),∗
p [q] = s2k−1

p [Q−q−1] and s̄
(2k),∗
p [q] =

s
(2k)
p [Q−q−1] are time-reversed and element by element

complex-conjugated version of s
(2k−1)
p [q] and s

(2k)
p [q], re-

spectively. The operation of time-reversed is for han-
dling the frequency domain processing in the receiver [8].
Then, the CP is applied, i.e., the last LCP chip of each
block is copied and pasted at the top of each block as
guard interval (GI), to make the total length of Q+LCP

as shown at the bottom of Fig. 1. This operation is for
minimizing the effect of ISI [7].

After passing through the FSF channel and discard-
ing the CP (by assuming LCP ≥ L), the receive signals
at antenna j({1, 2, . . . , N}) at block 2k − 1 and 2k is
given as follows:

r
(2k−1)
j [q] =

1√
2

P∑
p=1

L−1∑
l=0

{hl
j1,ps

(2k−1)
p,1 [q − lTc]

+hl
j2,ps

(2k−1)
p,2 [q − lTc]} + n

(2k−1)
j [q](4)

r
(2k)
j [q] =

1√
2

P∑
p=1

L−1∑
l=0

{hl
j2,ps

(2k)
p,2 [q − lTc]

+hl
j1,ps

(2k)
p,1 [q − lTc]} + n

(2k)
j [q] (5)

where n(2k−1)[q] and n
(2k)
j [q] are the additive white gaus-

sian noise (AWGN) with zero mean and covariance σ2
n

at 2k − 1 and 2k, respectively. At the receiver, first
LCP symbols corresponding to GI are removed from
each block. Then, r

(2k−1)
j [q] is delayed about QTc to

synchronize with even block data. At the same time,
the even blocks are complex-conjugated to be r

(2k),∗
j [q]

to extract the component of s
(2k−1)
p and s

(2k)
p without

conjugation.

2.2 MMSE Detection

We now present the theoretical model of minimum mean
square error (MMSE) multiuser detector for STBC-
SBAA by rewriting (4) and (5) into the vector form.
First we define the transmit signal, receive signal and
noise as follows.

s̆(k)
p [q] =

[
s
(2k−1)
p [q] s

(2k)
p [q]

]T

(6)

n(2k−1)[q] =
[

n
(2k−1)
1 [q] n

(2k−1)
2 [q] . . . n

(2k−1)
N [q]

]T

(7)

n(2k)[q] =
[

n
(2k)
1 [q] n

(2k)
2 [q] . . . n

(2k
N [q]

]T

(8)

r(2k−1)[q] =
[

r
(2k−1)
1 [q] r

(2k−1)
2 [q] . . . r

(2k−1)
N [q]

]T

(9)

r(2k)[q] =
[

r
(2k)
1 [q] r

(2k)
2 [q] . . . r

(2k)
N [q]

]T

(10)

and the n̆(k), r̆(k) for 2k − 1 and 2k can be stacked as
below.

n̆(k)[q] =
[

n(2k−1),T [q] n(2k),H [q]
]T (11)

r̆(k)[q] =
[

r(2k−1),T [q] r(2k),H [q]
]T (12)



For simplicity, we define the channel of (1) to be as

H̃
l

p =

[
hl

1,p hl
2,p

h̄
l∗
2,p −h̄

l∗
1,p

]
(13)

Using the notations from (6) to (13), we can rewrite the
receive signal (4) and (5) to be as

r̆(k)[q] =
P∑

p=1

L−1∑
l=0

H̃
l

ps̆
(k)
p [q − lTc] + n(k)[q] (14)

In this paper, the subband adaptive processing with
the most popular linear multiuser method, namely, min-
imum mean square error (MMSE) is used for detecting
transmitted signals from each user. To perform adaptive
signal processing in subbands, the receive signal r̆(k)[q]
is decomposed into subbands using analysis filter. The
analysis filter employed in this proposed configuration
utilizes critical sampling, i.e, the received signal at each
array element is decimated with maximum rate Q. This
operation will result in block processing mode and thus
helps to save a great amount of computational load com-
pared with sliding window processing [7, 9]. As shown
in Fig.1, in order to work with STBC, the subband pro-
cessing is done by referring two consecutive blocks as its
input; therefore two group of optimal weight exists for
maximizing the output power. Let us define that the
Fast Fourier Transform (FFT) operation of x by F(x).
After taking FFT, equation (14) in u-th subband is given
by (u = {0, 1, . . . , K − 1}(K :total number of subband.)

r̃(k)
u = F(r̆(k)[q]) (15)

= F(
P∑

p=1

L−1∑
l=0

H̃
l

ps̆
(k)
p [q − lTc]) + F(n̆(k)[q]) (16)

Assume that the p-user is taken to be desired user
while the rest of P − 1 users are uninterested (un-
desired) users. The pilot signal of p-user d(k)

p [q] =

[d(2k−1),T
p [q], d(2k),T

p [q]]T is also converted into subband
signals in the same manner to be d̃

(2k−1)
u,p and d̃

(2k)
u,p . By

using MMSE criterion, the 2K×1 optimal weight vector
for estimating s̃(2k−1)

p and s̃(2k)
p are derived as follows.

w1
p,u = arg min E{|d̃(2k−1)

p,u − (w1
p,u)H r̃(k)

u |2} (17)

w2
p,u = arg min E{|d̃(2k)

p,u − (w2
p,u)H r̃(k)

u |2} (18)

Here, w1
p,u and w2

p,u are the optimal weight of kth
block at each subband of p-user. Satistifying equation
(17) and (18) gives us the optimal weight as follows.

w1
p,u = (Ru

rr)
−1v(2k−1)

p,u , w2
p,u = (Ru

rr)
−1v(2k)

p,u (19)

where, Ru
rr = E[r̃(k)

u (r̃(k)
u )H ] is the correlation matrix,

and

v(2k−1)
p,u = E[r̃(k)

u d̃(2k−1),∗
p,u ], v(2k)

p,u = E[r̃(k)
u d̃(2k),∗

p,u ] (20)

are the correlation vectors of receive signal and reference
signal in subband. Here, E[·] denotes the ensemble av-
erage operator. The subband signals after weighted by

the optimal weight are synthesized through the inverse
FFT (IFFT).

s̃(2k−1)
p [q] = F−1(

K−1∑
u=0

{(w1
p,u)H r̃(k)

u }) (21)

s̃(2k)
p [q] = F−1(

K−1∑
u=0

{(w2
p,u)H r̃(k)

u }) (22)

After rearrange and combined the IFFT output tap
as s̃(k)

p [q] = [s̃(2k−1)
p [q] s̃

(2k)
p [q]], the desired signal is ret-

reavied by despreading with p-user’s spreading codes as
s̃p[k] =

∑Q−1
q=0 s̃

(k),T
p [q]c∗p[q].

3. EFFECTS OF CP IN STBC-SBAA

Now, we consider the effects of CP in STBC-SBAA
for MIMO-CDMA. Consider s0 be a vector of the de-
sired signal. Its extended version using CP, denoted by
sCP
0 and sCP

l [q],(l = 1, . . . , L − 1) is delayed version of
sCP
0 [q]. After the transmission of sCP

0 [q], last Q samples
referred as sC,l to be the input of STBC-SBAA.

3.1 Case 1:L ≤ LCP

In this case, the delayed signal sC,l contains all the data
in the original though its order was changed. As shown
in Fig 2(ii), when the STBC-SBAA input using CP can
be represented as sC,l = [sT

l,1, s
T
l,0]

T . The u-th band
component of sC,l is expressed by s̃u

C = F(sC,l). While
s̃u

C is in general different from s̃u
0 (=F(s0)) both in am-

plitude and phase, the DFT of signal with CP is same
as s̃u

0 except the term of linear phase. As the result, if
the set of source signal consists of s̃u

0 and its delayed
signal, we have

sC = [sT
C,0, . . . , sT

C,L−1]
T (23)

s̃u
C = F(sC) (24)

Therefore the correlation matrix of the received signal
of N -received antennas is given by Ru

rr = Ru
C,rr as

Ru
C,rr = Ru

ss + Ru
C,nn (25)

Ru
ss =

P∑
p=1

L−1∑
l1=l2=0

F(Hl1
p )RC,ssF(H l1,H

p )H(26)

Ru
C,nn = Ru

nn = F(Rnn) (27)

where RC,ss = E[s0s
H
0 ] and Rnn = E[nnH ] = σ2

nI2N ,
IN is N × N identity matrix. As a result, the STBC-
SBAA of each band acts as superposition of several s0

came from different directions, thanks to the help of CP.
Noted that two consecutive block are relatively depen-
dent to each others to maximize its output power of
desired signal.

3.2 Case 2:L ≥ LCP

Different from Case 1, the first Dl − LCP , (where
Dl :delay length) samples are not recovered even by us-
ing CP. As shown in Fig.2(iii), we can represent the
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input of STBC-SBAA as

s′
C,l = [sT

l,1, s
T
l,0, X

T
l,X ] (28)

= sC,l + �sC,l (29)

sC,l = [sT
l,1, s

T
l,0, s

T
l,X ]T (30)

�sC,l = [0T
LCP

,0T
Q−LCP

,�sT
l,X ]T (31)

where �sl,X is the errors contained in unrecoverable
part of s′

C,l and it is uncorrelated with s0. Hence, the
correlation matrix will be as

R′,u
C,rr =

P∑
p=1

L−1∑
l0=l1=0

F(H l0
p )R′

C,ssF(Hl1,H
p )H (32)

=
P∑

p=1

L−1∑
l0=l1=0

F(H l0
p )(Rss + �Rss)F(H l1,H

p )H

(33)

where

�Rss = E[�s�sH ] (34)

�s = [�sT
0 ,�sT

1 , . . . ,�sT
L−1] (35)

�sl = [0LCP ,�sT
l,X ,0T

Q−LCP
]T (36)

where, 0l is the zero matrix. From (33), the term of
�Rss interferes the correlation matrix compared to (26)
of previous case. Therefore, it is proved that usage of
CP would diagonalizable the correlation matrix, hence
maximize the performance of STBC-SBAA (in the sense
of L ≤ LCP ).

4. SIMULATION AND RESULTS

In this paper, we consider a Binary Phase Shift Keying
(BPSK) modulation transmission with M = 2 transmit
and N = 2 receiver antennas. Each block contains Q =
31 chips and Gold spreading codes with K = 31 chip
length are used. To examine the efficiency of proposed
method in the real radio environment, the FSF channel
with exponential power profile (delay spread σ = Tc ∼
5Tc) is applied. The power delay profile is given by

Pl(τ) =
1
σ

L−1∑
l=0

exp(− τ

σ
)δ(τ − lTc) (37)

Here, the actual length of delay profile is infinite, but L
path of them are used to make the influence of duration
clear. The received signal is corrupted by a complex
AWGN process. Pilot signal is available in the receiver
while a perfect synchronization achieved at the receiver
were assumed. Sample matrix inversion (SMI) is used
as the adaptive algorithm. To evaluate the efficiency
of the proposed system, we compare the STBC-SBAA
with STBC-Adaptive Beamforming (STBC-ABF) [4] for
MIMO-CDMA system. We plot the result of the output
signal to interference plus noise ratio (SINR) [4] versus
the average SNRs, measured in decibels (dB).

4.1 Results

In order to examine the interferences cancellation capa-
bility in FSF, we evaluate the proposed scheme in FSF
with σ = Tc when input SNR is changing at 0 ∼ 12[dB]
for a single user (ISI only) and five users (ISI+MAI). In
Fig. 3, in the case of single user, STBC-SBAA shows a
significant performance compared to STBC-ABF. When
the system is loaded with five users, the performance of
STBC-SBAA and STBC-ABF are degraded compare to
the cases of single user due to MAI. However STBC-
SBAA shows a small degradation, which proved that
the proposed scheme also works in multiuser environ-
ments. In some cases, the use of CP would not work
well in STBC-SBAA since the propagation delay be-
comes larger than GI. It is noted that when the CP is
employed and fully worked, the SINR is maximized to
the upper bound of theoretical limit which is given by [7]

SINR[dB] = 10 log10(N) + 10 log10(K) + SNR. (38)

Next, we compare the performance of the proposed
scheme in FSF with different delay spread in multiuser
environments. Here, we consider two cases of σ = Tc and
5Tc for five users. As depicted in Fig. 4, STBC-SBAA
shows an improvement in SINR, linearly increased as
SNR increased. When σ = 5Tc, STBC-SBAA still can
achieved a better performance compared to STBC-ABF.
It is also clearly observed that the SINR of STBC-SBAA
improves very much in multipath rich FSF channel,
thus the effectiveness of the proposed scheme is veri-
fied. Focusing on the MAI cancellation capability, we
simulate the proposed system for three type of input
SNR:={−10, 0, 10[dB]} in different delay spread which
varies from σ = Tc to σ = 5Tc. The number of user is
put to 5 users. The result is depicted in Fig. 5 which
shows that the performance of STBC-SBAA and STBC-
ABF degraded when the σ increased due to the existence
of ISI and MAI. However, STBC-SBAA shows a better
performance compared to STBC-ABF for the entire in-
put SNR. A close observation on Fig. 5 also shows that
the STBC-SBAA improve very much at the higher SNR,
since the average power of combined multipath signal is
bigger than MAI, therefore the ability of STBC-SBAA
to mitigate MAI is higher.

4.2 Effect of LCP in STBC-SBAA

In this paper, we use CP length of LCP chips out of
the Q chips, which will give a CP power penalty of
Q/(LCP + Q). For example, even if Q = 31, LCP = 10,
the degradation in the efficiency is 1.2[dB]. If the larger
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Figure 4: Performance of SINR for 2× 2 MIMO STBC-
SBAA with five users at FSF with σ = Tc and σ = 5Tc.

gain than the above degradation is obtained, we can
say that the proposed scheme is effective. The use of
longer CP could mitigate the multipath signal and im-
prove the SINR. But, the use of longer CP will bring
a reduction of transmission rate. As the delay spread
increased, the channel changes significantly even within
one block, which violates the quasi-static assumption.
In this case, shorter data blocks have to be used for the
better algorithm tracking. However, using smaller data
blocks results in increased system overhead due to CP
attached to each block. Therefore, choosing of the CP
length and data block length is important in order to
mitigate the multipath signal and improve the perfor-
mance of the proposed scheme.

5. CONCLUSIONS

In this paper, for high reliability multiuser transmission
under FSF, we have proposed a novel MIMO-CDMA
system utilizing SBAA in the receiver. A novel construc-
tion of SBAA is introduced to process CDMA signal
based on STBC before despreading. In addition, spread-
ing code CP is introduced to improve the performance
of STBC-SBAA. Through the computer simulations, it

1 2 3 4 55
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Figure 5: Average SINR for five users 2 × 2 MIMO-
CDMA STBC-SBAA as a function of delay spread, σ.

is verified the STBC-SBAA achieves a good SINR com-
pared to STBC-ABF with less complexity both in single
and multiusers environment. We proved that the pro-
posed scheme can achieve a significant performance by
exploiting the effects of transmit diversity and subband
adaptive array.

REFERENCES

[1] F. Adachi, M. Sawahashi, and H. Suda, “Wideband DS-
CDMA for next generation mobile communications sys-
tems”, IEEE Commun. Mag., vol. 36, no. 9, pp.56-69,
Sept. 1998

[2] B. Hochwald, T. L. Marzetta, and C. B. Papadias, “A
transmitter diversity scheme for wideband CDMA sys-
tems based on space-time spreading”, IEEE J. Sel. Ar-
eas in Commun, vol.191, no.1, pp.48-60, Jan 2001

[3] S. M. Alamouti, “A simple transmit diversity technique
for wireless communications,” IEEE J. Sel. Areas in
Commun., vol.16, no.8, pp.1451-1458, Oct. 1998.

[4] X. N. Tran, A. Rajapakshe, T. Fujino, and Y. Kara-
sawa, “Performance of Space-Time Block Coded CDMA
Systems with Adaptive Beamforming,” 2004 Int. Symp.
on Antennas & Propagat. (ISAP’04), Sendai, Japan,
vol.1, pp.285-288, Aug.17-21, 2004

[5] M. O. Damen, A. Safavi, and K. Abed-Meriam, “On
CDMA With Space-Time Codes Over Multipath Chan-
nels”, IEEE Trans Wirel. Commun. Vol. 2, No. 1, pp.11-
19, Jan. 2003

[6] F. Petre, G. Leus, L. Deneire, M. Engels, M. Moo-
nen, H. De Man,“Space-Time Block Coding for Single-
Carrier Block Transmission DS-CDMA Downlink,”
IEEE J. Sel. Areas in Commun, vol.21, no.3, pp.350-
361, April 2003

[7] T. Omata, Y. Karasawa,“Implicit 2D-RAKE function
of subband signal processing adaptive array for spread
spectrum systems with spreading code adding a cyclic
prefix,” IEICE Tech. Rep., AP2001-15, May 2001

[8] F. W. Vook, T. A. Thomas, “Transmit diversity
schemes for broadband communications systems,” Proc.
of IEEE Veh. Tech. Conf. (VTC), pp. 2523-2529, 2000

[9] R. T. Compton Jr., “An adaptive array in spread spec-
trum communications system,” Proceeding of IEEE,
vol.66, no.6, pp.289-298, 1978


