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1 Introduction

Digital mobile communications are affected by multipath fading and interference leading to
reduced channel capacity and impaired signal quality. One of the approaches to overcome the
problems is to use the spread spectrum or, specifically, direct sequence Code Division Multiple
Access (DS-CDMA). The use of orthogonal codes with large processing gain in DS-CDMA can
help to reduce the co-channel interference (CCI) and prevent users from interfering with each
other, i.e., reduce the multiple access interference (MAI). The effect of multipath fading causing
interpath interference similar to inter-symbol interference (ISIT) in Time Division Multiple Access
(TDMA) systems can be mitigated by employing the RAKE receiver. Another approach to
cancelling interference and increasing channel capacity is to employ array antenna at the base-
station. The combination of array antenna and CDMA to maximise performance benefits was
first presented by Compton in [1] and studied further in [2]-[7]. It has been clearly shown that
this combination helps to greatly increase the channel capacity and reduce interference.

In this paper, we propose a novel scheme of adaptive array for DS-CDMA using subband adap-
tive signal processing. The scheme exploits the spreading code and pilot signal as the reference
signal to estimate the propagation channel. By using subband signal processing, a large amount
of computational load is saved. Moreover, as the correlation between multipaths is increased,
the scheme can effectively combine multipaths to maximise the output SINR. Compared with
2D RAKE receivers proposed so far [5]-[7] the scheme provides relatively equivalent performance
while having less computational load due to utilising adaptive signal processing in subbands.
For this reason, the scheme is called the implicit 2D RAKE receiver. The configuration of the
proposed novel scheme is shown in Fig. 1
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Figure 1: Subband adaptive array for DS-CDMA.
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2 Configuration Description

Consider an asynchronous direct sequence spread BPSK system where after demodulation to
remove the carrier frequency, the received signal of the i-th user is given by s;(t) = a;c;(t)b;(t),
where «; is the complex amplitude of the received signal, b;(t) is the i-th user’s symbol and given
by b;(t) = b, € {—1,1} for BPSK modulation, uT, <t < (u+ 1)Tp, and ¢;(¢) is the spreading
code assigned to the i-th user with ¢;(t) = ¢, € {—1,1}, T, <t < (v+1)T,; T} and T, are
the bit and chip intervals, respectively, and Pg = T}/T. > 1 is the processing gain.

Assume that the system is affected by multipath fading where the i-th user receives P; multi-

paths with different amplitudes «; ;, delays 7; , and arrival angles 6; ,. Taking into consideration
the effect of all the I users and noise, the received signal at the array can be written as

I-1Pi—
= Z ipbi(t — Tip)ci(t — Tip)a(fip) + n(t) (1)
=0 p=0
- 27d ¢ ( )
where a(6;,) = [1 A B S b ai*”}T is the array steering vector corre-
sponding to the p-th path of the i-th user’s 81gnal7 n(t) = [ni(t) na(t) ... na(t)]" is the

noise vector containing independent and identically distributed (i.i.d) noise in each element, and
[.]T denotes the vector transpose operation. Now if we define s;,(t) = a;pbi(t — 7 p)ck(t —
Tip)a(0;p) as the signal vector at the array from the p-th path of the i-th user, then (1) can be
rewritten as

I-1P—1
=3 n(t) (2)
=0 p=0

Next, the received signal x(t) is decimated with decimation rate D before being converted into
frequency domain subbands. In our approach we use critical sampling, i.e., the decimation rate
D is equal to the number of subbands K. Since critical sampling is used, the analysis filter works
as a serial-to-parallel (S/P) converter and converts serial signal samples into parallel subband
samples. These subband samples in time domain are then transformed using the Discrete Fourier
Transform (DFT) to give the subband signal vectors at n-th subband in frequency domain as|8]
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In order to perform the adaptive signal processing in subbands, it is necessary that the reference
signal also be converted into frequency domain subbands. In our proposed configuration, the
reference signal is generated from the desired user spreading code and the pilot signal. First, the
user spreading code is transformed into frequency domain using the DFT transform, and then
this frequency domain spreading code is used to spread the pilot signal. Suppose that the 0-th
user is taken as the desired user, the frequency domain reference samples at the n-th subband
are given by 7(") Zk Lco(t — [k = 1T )bo(t)e™ IRE=DE-1)  In the training process the
complex weights in subbands are updated by the error signal defined as the difference between
the combined subband signal f and the reference signal in subbands 7™ as e(®) = f Fln) ),
Using the mean square error E [{“(" } ] as a criterion to optimise the complex weights will result
in the optimal weight vectors in subbands given by the well-known Wiener-Hopf equation

w = (R)~'pl"), (@

where R™ = E[i(n) (i("))H] are the covariance matrices and p(" = E[i(n) (?’(”))*] are the
reference correlation vectors in subbands. Here E[], (.)* and (.)/' denote the expectation, the
complex conjugate and the Hermitian operation, respectively.



The subband signals after be weighted by the optimal weights are combined according to
each subband and the Inverse Discrete Fourier Transform (IDFT) is then performed on the
combined signals f(") to give the array outputs y;(¢) in time domain. To convert these array
outputs in parallel into the serial signal a synthesis filter or a parallel-to-serial (P/S) converter
for the case of the critical sampling SBAA is often needed [8]. However, in our approach instead
of converting yx(t) into serial signal y(¢) we despread them by the desired user spreading code
co(t), and thus the synthesis filter bank is saved.

By using the proposed configuration of SBAA for DS-CDMA, several advantages can be
achieved including a 2D RAKE’s function despite its configuration is far different from that of
the conventional 2D RAKE receivers. For this reason, we call the proposed SBAA for DS-CDMA
as an implicit 2D RAKE receiver.

3 Simulation Results

In this section, we provide the simulation results of the implicit 2D RAKE receiver. The simu-
lation model contains M = 8 antennas, K = 31 subbands using direct sequence spread BPSK
with processing gain Pg = 31. The transmit data contains 1000 BPSK symbols and the sample
matrix inversion (SMI) algorithm is employed to calculate the optimal weight vectors in sub-
bands. The input SNR is set to 0dB. The simulation results of the standard 2D RAKE [6] are
also shown to compare the performance of the two 2D RAKE configurations.

Figures 3 to 5 show the multipath combining capability of the implicit 2D RAKE. In Fig. 3,
we assume that there are two multipaths incident at the array, the direct ray with 90,0200 and
delay 79,0 = 0, and the delayed ray with 6y ; = 30° and delay 7,1 varying from 0 to 20 chips. It
is noticed that the implicit 2D RAKE has capability to combine multipaths with small delays.
Figure 4 shows the output SINRs as the angle of arrival (AOA) of the delayed ray 6y varies. It
is clear that when the delay of the delay small, namely, when 791 = 1 chip the performances of
the implicit 2D RAKE and the standard 2D RAKE are almost the same. However, as the delay
of the delayed ray increases, the performance of the implicit 2D RAKE becomes worse than
that of the standard 2D RAKE. Fig. 5 is the performance comparison of the two 2D RAKEs
when the number of antenna elements and input SNR are varied. In this case, we assume that
the received signal contains 3 multipaths: 6y = 00 /70,0 = 0 chip, 6p1 = 15° /70,1 = 1 chip,
and 0po = —20°/ To,2 = 2 chips. The input SNR is in turn set as —10dB, 0dB and 10dB. It
is apparent from Fig. 5 that the performances of the two 2D RAKEs are relatively equivalent,
particularly, for low input SINRs.

We now compare the MAT cancelling capabilities of the implicit 2D RAKE and the standard
2D RAKE. The propagation model is set up with 1 desired user and 3 other undesired users
with interference to noise ratio INR=0dB as MAI sources. For each user we assume that there
are 1 direct ray and 2 delayed rays with AOAs and delays (in chips) as in Fig. 2. In this case,
the standard 2D RAKE gives output SINR about 1.3430 dB better than the implicit 2D RAKE
does. The normalised power pattern of the two 2D RAKEs are compared in Fig. 6.

Figure 2: Propagation model with MAT interferences.

4 Conclusion

We have proposed a novel scheme of SBAA for DS-CDMA. It has been shown that the scheme
has relatively equivalent performance with that of the standard 2D RAKE receiver, particularly,
for low input SNRs.
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Figure 3: SINR versus delay of delayed path Figure 4: SINR versus AOA of delayed path
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Figure 5: SINR versus number of antennas Figure 6: Normalised power patterns



