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Abstract—This paper evaluates the interference and noise
suppression capability of uniform linear array adaptive
beamforming antenna, at base stations of WCDMA mobile
communication system. The signal-to-interference and noise
ratio (SINR) was the performance index used for the evaluation
and analysis. SINR was investigated for a conventional narrow
band beam former by varying the number of antenna array
elements, the inter-element spacing and number of interfering
signals or users. The results were compared with that of
omni-directional antenna. The graph obtained showed
significant improvement in SINR as the number of antenna
elements increases in the presence of large interferers for odd
numbered array.

Index Terms—Adaptive antenna arrays, uniform linear
arrays, beamforming, interference suppression and noise
reduction capability.

[. INTRODUCTION

There is an increasing demand on mobile wireless
operators to provide voice and high speed data services. At
the same time, these operators want to support more users per
base station, BS to reduce overall network cost and make
services available to subscribers. Unfortunately, because the
available broadcast spectrum is limited, attempts to increase
traffic within a fixed bandwidth create more interference in
the system and degrade the signal quality [1].

Therefore, the use of antenna arrays
communication results in the improvement of signal-to-
interference and noise ratio (SINR). Before deploying
antenna arrays as part of a BS structure of a wireless
communication system, it is important to assess the potential
of a given array configuration to suppress interference and
reduce channel noise. The signal-to-interference and noise
reduction capability is therefore an important performance
index for an antenna array at a BS of a mobile
communication system. The ability of antenna array to give
better performance improvement is a function of the array
geometry (for example, linear, circular or rectangular), the
number of antenna elements, inter-element spacing, number
of interfering users and the direction of arrival of the desired
user and the interferers. The uniform linear array (ULA) is
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the most common of all the array geometries employed in
cellular and personal communication systems (PCS) [2], and
it is the simplest to be used in investigating SINR
improvement. In this paper, we provide a detailed
presentation of SINR improvement ability of a ULA. In
particular, we consider the effect of varying the number of
antenna elements, number of interfering users and the
inter-element spacing on the SINR improvement with the
exclusion of mutual coupling. The performance of
omni-directional antenna and adaptive antenna array were
compared based on SINR maximization.

The remainder of the paper is organized as follows.
Section II presents the cell model of the proposed cellular
environment. Section I1I states the signal model and the cost
function for evaluating the SINR. Results and discussions are
presented in section I'V.

Finally, the conclusions of this work along with some
future lines of research are presented in section V.

II.

A typical WCDMA mobile environment is shown in figure

CELL MODEL

1 which consists of seven hexagonal cells covering a large
area such as an urban environment like Awka, Nigeria. At
each cell is a base station, BS carrying a sectorized antenna
dividing the cell into three sectors of 120°. Each BS supports
as many users as possible based on installed capacity of a
particular cell.

The proposed cell model deploying adaptive antenna array
at BS is shown in figure 2 where there is only one BS
covering the entire seven hexagonal cells depicted in figure 1,
and is situated at the centre cell. The proposed cell is
expected to increase capacity, reduce overall cost, minimize
specific absorption rate (SAR), and above all suppress
interferences.

1.

model

SIGNAL MODEL

The the
signal-to-interference plus noise ratio (SINR) improvement

signal for investigating
capabilities of adaptive antenna array is developed by
considering the ULA model. Figure 3 shows a simple
structure of a narrowband array that can be used for beam

forming.
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Fig. 2. Proposed WCDMA mobile environmental deploying adaptive array
antenna at BS
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Fig. 3. Conventional narrowband beam forming array
Let ULA be composed of M elements and let it receive one
desired narrowband signal S, [k ] arriving at angle 6, and

N-narrowband ~ signals S, [k] from undesired (or

interference) users arriving at directions @,,6,,+--6, . The

direction of arrivals (DoA) is known a priori using any of the
DoA estimation techniques such as MUSIC and ESPRIT.
The input signal at each antenna element is the convolution
between the transmitted signal and the channel impulse
response. Each received signal at element m also includes
additive Gaussian noise. Time is represented by the kth time

sample. The overall received signal vector X[k ] is given by
the superposition of desired signal vector X [k ] , interfering
signal vector X, [k], and an M X1 vector n[k] which

represents zero mean Gaussian noise for each channel. Hence
X[k ] can be written as:

X[k]= X, [k]+ X, [k]+n[k] (1)

where

Xolk]=a,(6,)S, k] @)

>
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_SiN [k]_ (3)

a, (Hi ),i =0,,2:--N is M-clement array steering vector

for the 91' direction of arrival defined as:

1
ej,Bdsin@)

a(0)

T
=[l oiAdsind o j(M-1)pdsind }

j(M~1)Bdsin®

(&

Q)
7T . . .
where [§=—— is the wave number and d is the inter-

element spacing which is a function of wavelength, A of
arriving signals.

It is assumed that the total number of arriving
signals N+1< M . In a more compact form the overall
received signal can be written as

X[k]= X, [k]+v[k] )

where

v[k ] X, [k ] + n[k ] is the undesired signal.

The arriving signals is time varying and thus our
calculations are based upon K-time snapshots (or samples).

The array correlation matrix associated with vector X[k]

contains information about how signals from each element
are correlated with each other and is given by

R, = E{XKIX" [c]} ©
The array correlation matrices for both the desired signal
R, and the undesired signals R, =R, + R can be

approximated by applying temporal averaging over
K-samples:
R, = E{Xo[k]X" [¢]} -
R; = E{Xi [k]XiH [k]} ®)
_ 2
R, =01 ’ )

2. . . . —_—
where 6 is the noise variance, and I is an NxN identity

matrix.
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IV.

In the beam former depicted in Figure 3 the array output is
given by

BEAM FORMER OUTPUT

Y[k]= W X[k] 10)

where W is the weight vector that is applied to the antenna
array to produce a beam pattern with its main lobe in the
direction of the desired signal. The superscript represents
Hermitan transpose.

The weighted array output power for the desired signal is
given by

ol = E{WH.XO\ZL wHwW.EX X, "] an

E{X X OH}Z R, is the signal correlation matrix that

contains information about how signals from each antenna
element are related with each other.

The weighted array output power for the undesired signals
is given by

o) = E{WH Ry

2
}: W' R, W (12)

The signal-to-interference and noise ratio (SINR) is
defined as the ratio of the desired signal power to the
undesired signal power:

2 H
o, W' .R.W
SINR=—%=—+—""—

o, W'.R.W (13)

The weight vector W is determined by some

optimization algorithm to yield optimum SINR or some other
objective function [3, 4]. Assuming that maximum SINR
beam forming is performed, the SINR can be maximized in
equation (13) by taking the derivative w.r.t W and setting
the result equal to zero:

H
R,.
R WIRW
WYR W (14)
R, W = SINRR ,.W s
or
-1 _
R'WR, = SINR.W 16

Equation (15) is an eigenvector equation with SINR being
the eigenvalues. The maximum SINR (S]NRmaX ) is equal to
the largest eigenvalue. The eigenvector corresponding to this
largest eigenvalue is the optimum weight vector, Wopt .

Thus

R, W

o opt

/4

opt

= SINR.R,. -

V.

To investigate the interference and noise suppression

RESULTS AND DISCUSSIONS

829

capability of an adaptive antenna array, a fixed weight beam
former is considered to provide maximum output SINR in the
direction of a desired user. In the simulation, we evaluated
the maximum SINR for M-ary by varying M between 1 and
12, with inter-element spacing of d=0.5A and 0.75A for the
ULA model. Seven scenarios were considered with the
number of interferers varying between 2 and 12.

In each case, the desired user fixed angle of arrival was
set at 30° and noise variance is taken to be 0.001. Both the
desired and interfering signals take the form of simple
complex-phase modulated signal. Signal amplitude was
taken to be 1. The channel model was considered as Rayleigh
flat fading and noise as additive white Gaussian (AWGN)
with zero mean. Fig. 4 illustrates the effect of varying the
inter-element spacing for a ULA and the results show
significant improvement as the number of antenna elements
increases for odd numbered array while fig.5 shows the result
obtained for the 7 scenarios when d= 0.5A.

Next we compared the omni-directional antenna which
was taken as a single element antenna and 2-element array
(2-ary) for SINR improvement with

inter-element spacing d=0.5A. Also, lower-element array
(M=3, 4, 5 and6) and medium-element array (M=6, 7, and 8)
were compared. Fig. 6 illustrates the comparative analysis of
omni directional and adaptive antenna array, while fig.7
shows that for lower-element and medium-element arrays

[5].
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Fig. 4. variation of SINR with number of antenna elements in the presence of

(a) 3 interferes and (b) 6 or more interferers.
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Fig. 5. SINR for the 7 scenarios when d=0.5A
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Fig. 6. SINR vs. No. of interferers for omni-directional antenna and
2-element adaptive antenna array

File Edit Toolk Window Help

DEE&|I( A~ @2

an

/>&E = Ty .

SINA(E)

Fig. 7 (b). comparative analysis of SINR for medium-element array

VI. CONCLUSIONS

This paper presented an analysis concerning the SINR
improvement for uniform linear arrays employed as part of
base station structure of a WCDMA mobile communication
system. The results obtained have shown significant
improvement as the number of antenna elements increases in
the presence of large interferences for odd numbered arrays.
From the comparative analysis of lower-element and
medium-elements array, 5-element or 7-element arrays will
be ideal for BS to avoid system complexity as observed from
our results. We have compared analytical results for
omni-directional antenna and 2-element array and results
showed that 2-ary has SINR improvement of approximately
10 folds that of omni-directional antenna in the presence of
large interferers.

Future research will be aimed at dealing with other array
geometries and effect of mutual coupling. In addition, a
real-time measurement should be carried out at a BS
deploying adaptive antenna arrays by adaptively tuning
antenna array characteristics and parameters in order to meet
antenna array configurations that provide a great interference
and noise reduction capability to maximize capacity.
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