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Abstract
The interference reduction capability of array antennas and the power control (PC) algorithms have been considered
separately as means to increase the capacity in wireless communication networks. The capability of the smart antenna
systems to track the user with the main lobe and interference with the nulls creates a significant impact on the current
and future wireless sensor networks. In this paper, we use constrained least mean square (CLMS) and conjugate
gradient adaptive beam-forming (CGBF) algorithms for narrowband adaptive beam-forming for tracking mobile user in
a 2D urban environment without using PC algorithm. The CLMS algorithm is capable of efficiently adapting according
to the environment and able to permanently maintain the chosen frequency response in the look direction while
minimizing the output power of the array. In addition, with the CGBF algorithm, the desired users’ signal in an arbitrary
path is passed and the inter-path interference (IPI) is canceled in other paths in each RAKE finger. The adaptability of
the algorithms is closely observed for uniformly spaced linear array. Also in this paper, we present switched-beam (SB)
technique. In the SB technique by using a number of fixed, independent, or directional antennas we increase the uplink
capacity of the wireless systems. Simulation results indicate that the SB technique is able to considerably increase the
signal to interference plus noise ratio (SINR) of mobile user in comparison with other algorithms. In addition, we
observe that the SINR in the CLMS algorithm is lower than the CGBF algorithm. Finally, we discuss perfect power
control and path loss parameter in urban environments and their effects on system capacity by simulations.
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Introduction
The use of smart antennas is expected to have a

significant impact on future wireless communications to
meet the projected perspective of future communication
networks. A major reason to use smart antenna in
wireless communication is its capability to intelligently
respond to the unknown interference environment in real
time. The process of formation of nulls in the direction of
interference and strong beams in the direction of desired
user is called adaptive array processing. These systems
are called adaptive beam-forming system and consist of
spatially disposed sensor elements connected to a single
channel or to a multi channel adaptive processor. The
term adaptive beam-forming is also referred as smart
antennas. Adaptive antenna array can be used to
eliminate the directional interference by adaptive
canceling and therefore to improve the signal to
interference plus noise ratio (SINR). Steering capability of
adaptive array depends on processing algorithms for null
steering. Such algorithms are called adaptive algorithm.
In wireless communications, smart antennas are used
due to their ability to separate the desired signal from
interfering signals. By knowing the direction of the desired
signals, they are able to adjust the antenna pattern
intelligently by adjusting the weights of the adaptive
algorithm (Riba et al. 1997; Liberti & Rappaport, 1999;
Shakir & Durrani, 2007).
Propagation model in 2D urban environment

Because of using 2D urban structure in this paper, for
computing yield for the path between a mobile set (MS)
and base station (reverse link), propagation model is

dramatized in urban environments. Accordingly, with
signal propagation simulator (USPS) software, mobile set
antenna radiate beams which diffuse in all directions and
parts of the beams reach to base station (BS). In this
software, delivered beam from mobile set by the time of
collision to an obstacle like a wall surface or a building,
reflects to a new angle and continues its path, which is
called reflection phenomena. In condition that radiated
beam is conflicted to an obstacle edge, then diffraction
phenomena is happened and diffracting point is diffusing

Fig.1. Diffraction phenomena and reflection
phenomena in the USPS software (LoS and Non-LoS paths)

for a 2D urban environment in reverse link.
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new beams to all directions like a transmitter. All reflected
beams will stay in the environment as long as their power
is not reduced to a threshold limit. Fig.1 shows both
phenomena for LoS and non-LoS paths in reverse link.
On the other hand, in this software, the channel is
modeled with lognormal distributed shadowing.
Accordingly, every pixel of the environment stores all
environmental information like receiving power and angle
for each path (Rashid-Farrokhi et al., 1998; Dosaranian –
Moghadam et al., 2009; Dosaranian –Moghadam et al.,
2009; Dosaranian-Moghadam et al., 2010).

According to the above dramatization, we could see
that because of LoS in un-urban environment, only one
signal is delivered from each user to a receiver, while in
function and because of the elimination phenomena in
urban environments, beside to signals which are
delivered to line sight, signals which have difference in
phase or domain with this signal are also received by the
receiver.
System model

An adaptive antenna array consists of a set of
antennas, designed to receive signals radiating from
some specific directions and attenuate signals radiating
from other directions of no interest. The outputs of array
elements are weighted and added by a beam-former, as
shown in Fig.2, to produce a directed main beam and
adjustable nulls. In order to reject the interference, the
beam-former has to place its nulls in the directions of
sources of interference, and steer to the direction of the
target signal by maintaining constant gain at this direction
(Rashid-Farrokhi et al., 1998). In this paper, we focus on
the uplink communication path in a single-cell wireless
system with M users and only one BS. In addition, we
use a uniform linear array (ULA) of N antenna elements

in the base station.
Accordingly, the received signal vector in BS can be
written as (Rashid-Farrokhi et al., 1998; Dosaranian-
Moghadam et al., 2010).
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where  tsi is the message signal transmitted from the ith

user (desired/mobile user); ip is the received power of

the ith user in BS which is equal to iiGp where ip and iG

denote the transmitted power of the ith user, and the link
gain between user i and BS in LoS path (or the best non-

LoS path if LoS path is not exist), as shown in Fig.1,
respectively. It should be mentioned that for perfect
power control (PPC), the received power is

TEPp bi / for all users connected to similar base

station, where T and bE are bit period and the energy

per bit for all users, respectively, while in this paper for
the case of without power control (PC) algorithm, we

assume the transmitted power is Ppi  for all users.

Also,  tn is the thermal noise vector at the input of

antenna array at BS and i is the corresponding time

delay. For simplicity, we further assume that the time
delays for all uses are equal to 0. Also the 1N vector

 iv is the array response for user i and can be written

as follows (Rashid-Farrokhi et al., 1998).
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where iL is the number of paths between user i and

BS in USPS; li, is the direction of arrival (DoA) in the

lth path for user i ; li, is the normalized attenuation by

the best link gain ( iG ) in USPS between user i and BS

in the lth path, therefore 10 ,  li . Also, response of

the base station array to the direction li, is given by

      T
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(3)

where 1j and   lid
li ,sin/2
,

  , in which  is

signal wavelength and d is the distance between the

antenna elements that for avoid the spatial aliasing
should be defined as 5.0d .

In non-spread spectrum systems, the transmitted signal is
given by (Rashid-Farrokhi et al., 1998).

     mTtgmbts

m

ii  (4)

where  mbi is the ith user information bit stream with a

bit period of T and  tg is the pulse-shaping filter

impulse response. It has been shown that the output of a
matched filter sampled at the symbol intervals is a
sufficient statistic for the estimation of the transmitted
signal. The matched filter is sampled at mTt 

      mTttgtm  **xx (5)

Hence, the received signal at the output of the matched
filter is given by

Fig. 2. Antenna array and beamformer (Peterson et al., 1995).
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where  miI is the interference for user i in BS and

      mTttgtm  **nn ( Dosaranian-Moghadam et al.,

2010).
The types of adaptive beamforming algorithms
Constrained LMS algorithm: Constrained LMS algorithm
is a gradient based algorithm to minimize the total
processor output power, based on the look direction
constraint. The adaptive algorithm is designed to adapt
efficiently in agreement with the environment and able to
permanently preserve the desired frequency response in
the look direction while minimizing the output power of
the array. The combined form of the constraint is called
constraint for narrowband beam-forming (Rashid-Farrokhi
et al., 1998; Shakir & Durrani, 2007; Xinyu et al., 2008;
Gotsis et al., 2009).

This form consider a narrowband beam-former where
the narrowband signal from each element of smart
antenna are multiplied by the complex weight calculated
by using narrowband adaptive beam-forming algorithm,
and then summed to produce the output of the array. The
definition of the complex weights of this beam-former in
the mth

iteration for the ith user is as follows (Shakir &
Durrani, 2007; Xinyu et al., 2008):

        TN
iiii mwmwmwm )()2()1( ...w (7)

Accordingly, the output of the array in the mth
iteration for

user i is given by

     mmmy H
ii xw (8)

The expected output power of the array in the mth

iteration is given by
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where  .E is denoted the expectation and xxR is the

correlation matrix of the received signal vector  mx .

A real-time constrained least mean square (CLMS)
algorithm for determining the optimal weight vector for
user i is (Shakir & Durrani, 2007; Xinyu et al., 2008).
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where  
maxg,ii a denotes spatial response of the array for

user i in the best path gain, i.e., 1, li , and  1miw is

the new weight computed at the  1m th iteration for

user i . Also, the variable scalar  denotes a positive

scalar (gradient step size) that controls the convergence
characteristic of the algorithm, that is, how fast and how
close the estimated weights approach the optimal

weights, and   mg iw denotes an unbiased estimate of

the gradient of the power surface (    mm ixx
H

i wRw

which is the expected output power of the array) with

respect to  miw after the mth
iteration. The algorithm is

“constrained” because the weight vector satisfies the

constraint at each iteration, that is   1
max, gii

H
i aw .

Rewrite the CLMS algorithm as follows (Litva & Kwok-
Yeung, 1996; Haykin, 1996; Xinyu et al., 2008),
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The gradient of    mm ixx
H
i wRw with respect to  miw is

given by
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and its computation using this expression requires

knowledge of xxR , which normally is not available in

practice. For a standard LMS algorithm, an estimate of

the gradient at each iteration is made by replacing xxR by

its noise sample    Hii mm 11  xx available at time

instant  1m , leading to

      mymmg iii
*12  xw (14)

The CLMS is a fast convergence algorithm. However,
it is drastically sensitive to the mismatch in the direction
of arrival. Meanwhile, the weights estimated by the
standard algorithm are sensitive to the signal power,
requiring a lower step size in the presence of a strong
signal for the algorithm to converge, which in turn
regarding the decrease of mis-adjustment error, the
convergence time is increased (Xinyu et al., 2008).
Consider the problem of beam-forming as to maximize
the SINR for a specific link, which is equivalent to
minimizing the interference at the receiver of that link. In
order to minimize the variance or average power at the
output of the beam-former subject to maintaining unity
gain at the direction of the mobile user signal.
Accordingly, we can rewrite the average output power for
user i as (Rashid-Farrokhi et al., 1998),

ixx
H
ii wRw ˆˆ (15)

where iŵ is the optimum weight vector for user i with

CLMS algorithm. If the message signals  tsi are

uncorrelated and zero mean, the correlation matrix xxR is

given by
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is the correlation matrix of unwanted signals for user i in

BS, and 2
n is the noise power at the input of each array

element.
Combining (15)-(17), we obtain the received signal plus
interference power as a function of weight vector
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Accordingly, the SINR at BS for user i can be written as

follows (Rashid-Farrokhi et al., 1998).
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It should be mentioned that for the array antenna
weight vector elements in the CLMS algorithm and for
big  , will converge after a few iteration (is approximately

equal to the number of beamformer weights, i.e., Nm  ),

(Dosaranian et al., 2009; Haykin,1996; Dosaranian-
Moghadam et al., 2010; Dosaranian-Moghadam et al.,
2010; Dosaranian-Moghadam et al., 2010; Dosaranian-
Moghadam et al., 2011). Moreover it is obvious that,
without power control algorithm, the calculated optimal
weight vector does not guarantee desirable SINR for the
mobile user. In simulation section, we will consider
perfect power control for increasing SINR of the mobile
user.
Conjugate gradient adaptive beam forming: It is well
known that an array of N weights has 1N degree of

freedom for adaptive beam-forming. This means that with
an array of N weights, one can generate 1N pattern

nulls and a beam maximum in desired directions.
Accordingly, we assume a single-cell wireless system,
with M users connected to the base station. Thus, the
number of interference signals is 1 LM that L is
the number of paths for each link. To nullify all of these
interference signals, one would have to have 1
weights, which is not practical. So, we focus only on the
L paths of the desired user (inter-path interference).
Thus, the minimum number of the antenna array weights
is L where, typically, L varies from 2 to 6 (Rashid-
Farrokhi et al., 1998).

In this paper, we use the gradient adaptive beam-
forming (CGBF) algorithm that is used based on
orthogonal principle (Mohamed & Dunham 1999;
Mohamed & Dunham, 2002; Dosaranian-Moghadam et
al., 2010; Dosaranian-Moghadam et al., 2010).

On this basis, a set of vectors kw is to be selected

such that they are A -orthogonal, i.e., 0kk Aw,Aw

for kk  . In this algorithm, at each base station, an

antenna array of S sensors and N weights is employed,

where 12  NS for )1(,...,1,0,1),...,1(  NNn , to

receive signals from all users (see Dosaranian-
Moghadam et al., 2010 Dosaranian-Moghadam et
al.,2010 and for more details). Note that in CGBF
adaptation algorithm, unlike other adaptation algorithms,
for example, the CLMS algorithm, the number of weights
is less than the number of sensors. Accordingly, the
optimum weights of jth branch of the RAKE receiver for
the CGBF algorithm at time m are obtained by

minimizing (Mohamed & Dunham, 1999; Mohamed &
Dunham, 2002; Dosaranian-Moghadam et al., 2010;
Dosaranian-Moghadam et al., 2010)
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is the NN  signal matrix. Also,
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are the excitation and weight vectors ( 1N ) for desired

user in the jth path, respectively.
It should be mentioned that the CGBF algorithm has two
main characteristics (Mohamed & Dunham, 2002):
1.This algorithm can produce a solution of the matrix

equation very efficiently and converge in a finite
number of iterations (the number of beam-former
weights).

2.Convergence is guaranteed for any possible condition
of the signal matrix, according to (Dosaranian-
Moghadam et al., 2010).

According to the algorithm of CGBF, the updated
value of the weight vector for desired user in the jth path at
time 1m is computed by using the simple recursive

relation (Mohamed & Dunham 1999; Mohamed &
Dunham, 2002),
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Accordingly, we can rewrite (18) for the CGBF algorithm
as follows.
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and
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i

NjNjj
i eeg w   (29)

is the magnitude response of the j
th

beam-former for user

i toward the direction of arrival  and )( j
iw is the jth

beam-former’s weight vector for user i .

Accordingly, the desired user resolvable directions
are fed to the conjugate gradient beam-former to cancel
out the inter-path interference (IPI) from other directions.

Also, the output signals from the beam-former with
conventional maximal ratio combining (MRC) are
combined and then are fed into the decision circuit of the

mobile user. Hence, by the CGBE algorithm, mobile
users’ signal in an arbitrary path is passed and the IPI is
canceled in other paths in each RAKE finger, while the IPI
is not removed in the CLMS algorithm (Peterson et al.,
1995).
The switched-beam technique: One simple alternative
to the fully adaptive antenna is the switched-beam
architecture in which the best beam is chosen from a
number of fixed steered beams. Switched-beam
systems are technologically the simplest and can be
implemented by using a number of fixed, independent,
or directional antennas (Gotsis et al., 2009). We list the
conditions of the switched-beam (SB) technique for
this paper as follows (Dosaranian-Moghadam et al.,
2010).

1.According to Fig.3, beams coverage angle is 30 and

overlap between consecutive beams is 20 . Thus each

base station has 36 beams.

Fig.3. 36 beams in each base station with
switched-beam technique

Fig.4. Select of beam for two users in two paths with
switched-beam technique

Fig.5. Two-dimensional map of the University of Toronto

campus area and placing interference users (M-1), mobile user

(a, b, c, and d positions) and base- station contain array

antenna in map center (Dosaranian–Moghadam et al., 2009).
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2.According to Fig.4, each user can use one beam for
each of its path to communicate with a base station at
any time.

Equal Sectoring Method: One simple method used to
sectorize a cell is equal sectoring; in which all sectors
have the same coverage angle. In this paper, we assume

12 sectors for each base station with sector angle 30 for

the equal sectoring (ES) method (Dosaranian-Moghadam
et al., 2010).

Simulation results
In this section, we will track a mobile user by adaptive

beamforming algorithm. For this purpose, we chose part
of Two-dimensional map of the University of Toronto
campus area in Canada as shown in Fig.5 (Dosaranian –
Moghadam et al., 2009; Corazza et al., 1998). According
to this figure, we observe beside main mobile user, four
interference users (M-1) in a stable positioning situation
are also sending information to base station equipped to
an array antenna in reverse link. Base station disposition

place, interference users and also mobile user
changing place are also showed in four positions as
Fig.5. For this and also according to the description in
Section 2, sending information by all users to base
station is performed by dramatizer USPS. Also, we

assume 4 LLi resolvable propagation paths for all

users for all links; resolution, path loss parameter, and
variance of the log-normal shadow fading in

USPS 1R , dB/m005.0pL and dB4 respectively.

Also, we assume that the variance of the noise ( 2
n )

for every element is assumed to be equal to 0.01 in all
our simulations.

In Fig.6 for 005.0 , 2/d and 10N , tracking

mobile user for the CLMS algorithm in four positions
(a, b and c, d are non-LoS and LoS positions,
respectively) are shown as Fig.5. According to this
figure, by changing mobile user place, vectors for
array components weights are arranged comparatively
that considering produced beam pattern, difference
between reference signal and received signal in output
array antenna components is minimized. Regarding
Fig.6, there is a line of sight direction in the situations
of c and d, while, the situations of a and b have a non-
line of sight direction.

Fig.7 shows the capability of beamforming and
nulling of antenna array with the different inter-element

spacing ( 75.0d and 2.0d ) in d-position as Fig.5

for 005.0 and 10N . Similar to what we see in

Fig.6, we observe that inter-element spacing is very
important criteria for array formation. In order to avoid
the spatial aliasing, the optimum range for the array
design should be defined as 5.0d . In addition, Fig.8

presents the capability of beam-forming for 75.0d
and for different values of the number of the
components of the array antenna ( N ). This figure

shows that the beam width for the case of 20N is

narrower than that for the case of 10N , thus, the

SINR of mobile user for 20N is higher than that

for 10N .

In Table 1, for the CLMS algorithm and 005.0 ,

the relation between the distance of the components

( d ) and the number of the components of the array

antenna ( N ) for the beam width in the main lobe look

direction and for the maximum exposure rate (MER) in

Fig.6. Normalized polar beam pattern plot for uniformly

spaced linear array with uniform inter-element

spacing 2/d , 10N elements in antenna array in four

positions (a, b, c and d positions as Fig. 4)

Fig.7. Normalized polar beam pattern plot with 10N elements
in antenna array and for uniformly spaced linear array with

uniform inter-element spacing (a) 75.0d (b) 2.0d (d-
position as Fig. 5)
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the side lobe direction has been depicted. Based on
the results, the bigger the number of the components, the
narrower the beam width to the main user will be, and this
leads to the decrease of the interference signal and the
increase of SINR for the intended user. Moreover, it is
obvious that the beam width for two states,  5.0,4.0d ,

is narrower than the other states, and also the
phenomenon of spatial aliasing has not been occurred
(Dosaranian –Moghadam et al., 2009) for more details.

In Fig.9, the SINR of mobile user in reverse link
without power control algorithm versus the number of
interference users (M-1) is compared. In this simulation,
we use the SB, CGBF, CLMS, and ES methods
for 20,15N ,  75.0,5.0d , path loss parameter

dB/m005.0PL , and 005.0 . Also in this simulation,

we consider the effect of perfect power control on the
SINR of mobile user. This figure shows that the SINR for
mobile user with SB technique is higher than that with the
other methods. On the other hand, the figure shows the
SINR for mobile user with CGBF algorithm is higher than
that with CLMS algorithm, because in CGBF algorithm
the IPI is removed whereas in CLMS algorithm it is not
canceled. Also, we observe that the SINR in the ES
method is lower than that in the other methods, because

in this method the interference is higher than that in
CLMS and CGBF algorithms and SB technique. On
the other hand, it can be seen that with 20N the

beam-forming method has better performance in
comparison with the case 15N . In addition, we can

see that the SINR of mobile user for 5.0d is better

than that for 75.0d . Also, it can be seen that the

SINR of mobile user for the PPC is higher than that for
the case of without using power control algorithm.

Fig.10 shows the influence of path-loss parameter

( pL ) in USPS on the SINR of mobile user for SB,

CGBF, and CLMS methods without using PC
algorithm for 005.0,20  N . The figure shows, as

expected, a decrease in the path-loss parameter
entails an increase in the interference and desired
signal levels and, therefore, an improvement in
system performance using antenna arrays in the base

station. For example, at a SINR of 10dB and for the
CLMS algorithm, the number of interference users is,

respectively, 13 and 18 users for dB/m01.0pL

and dB/m005.0pL .

Finally, in Fig.11, the mean-squared error for tracking
of mobile user using two algorithms, recursive least
squares (RLS) and CLMS, for parameter setting of

005.0,001.0 , 20N , 5.0d and Iteration=400 has

been shown. It is worth saying that the weighting factor is
equal to unity for the RLS method. Regarding the
obtained curves, the RLS outperforms the CLMS due to
having smaller steady state error. This is because CLMS
utilizes a transient input and has Mis-Adjustment error.
Moreover it is obvious for the CLMS that the bigger the
step length (  ), the bigger the Mis-Adjustment error will

be, and at the same time the smaller the convergence
time we will have. Note that the convergence time for the
RLS and CLMS, where 005.0 , are equal to 40, twice

than the number of elements of array antenna (Haykin,
1996). Also, the RLS method has more complexity in its
structure than the CLMS method does.
Conclusions

In this paper, we studied adaptive beam-forming
algorithms for tracking a mobile user in an urban
environment in reverse link. The performance of the
system is observed for uniformly spaced linear array
by varying the number of elements in an array
antenna and varying the inter-element spacing
between the array elements without using power
control and perfect power control. Based on the
experimental results, we observed that in spite of
existing interference signals from undesired users,
the performance of adaptive beam-forming
algorithms for perfect power control; especially, when

there is no spatial aliasing   5.04.0  d are

Table 1. Performance of smart antennas with variation in

number of elements (N ) and inter-element spacing ( d )

MER (dB) in the
side lobe

Beam width (in
degrees) in the
main lobe

Inter-
element

spacing (d)
Result
number

10N5N10N5N

-9.12-19.1751922.0d1

-11.65-6.9331543.0d2

-13.97-9.6229504.0d3

-11.9-12.127485.0d4

-0.45-0.2454766.0d5

75.011.049757.0d6

Fig.8. Normalized polar beam pattern plot with uniform inter-
element spacing 75.0d and for the number of elements in

antenna array (a) 10N (b) 20N
(d-position as Fig. 5)
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better than that for case of without using power control.
On the other hand, it has been observed that the SINR of
mobile user with the CGBF algorithm is higher than that
with the CLMS algorithm, because in the CGBF
algorithm, the IPI is removed whereas in CLMS algorithm
it is not canceled. It has also been shown that the SINR of
mobile user in the SB technique is lower than that in the
CGBF algorithm. Also, our simulations show that when
the number of the components of the array antenna ( N )

increases, the SINR of mobile user increases. It has also
been observed that decreasing the path loss parameter

( pL ) improves the SINR of mobile user.
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