
Abstract
Beamforming is an array signal processing which increases 
signal to interference-noise ratio (SINR) by mitigating cochannel 
interferences present in wireless mobile cellular system. 
This paper presents importance of beamforming technique 
for next generation broadband wireless mobile systems. 
Beamforming is a powerful means of increasing capacity, data 
rates and coverage of the cellular system. In this paper three 
beamforming techniques, Null steering, Minimum variance 
distortionless response (MVDR) and Minimum mean square 
error (MMSE) are presented. Simulation has been carried out for 
all three algorithms. Simulation result shows that beamforming 
reduces the interference power significantly thereby increasing 
output signal to interference-noise ratio (SINR). This paper 
includes simulation results and performance analysis of these 
beamforming techniques. Depending on the application one 
of the methods is selected for deployment of beamforming 
antenna.
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I. Introduction 
Next generation mobile communication is not only limited to 
voice communication, but it also supports dynamic business 
and social applications such as internet access, video streaming 
etc. With the increasing popularity of mobile applications, 
the already crowded wireless spectrum becomes even more 
crowded.  The major demands from next generation mobile 
communication system are, it should
1) provide broadband data rates.
2) achieve high capacity to support increasing traffic load 

over limited spectrum.
3) provide high quality of service in affordable prize.
To achieve high data rates and high capacity it is needed 
to reduced interferences and noise which greatly affects 
the performance of cellular system, while have to increase 
the desired signal power. With limited spectrum availability, 
achieving this goal is difficult due to cochannel and adjacent 
channel interferences. So more advanced technologies are 
desperately needed to fulfill the need of next generation 
wireless mobile communication.
In recent decades, Beamforming antennas for mobile wireless 
communications have received enormous interest. Beamforming 
is a promising technology which reduces interferences and 
noise and thereby ensures high signal to interference-noise 
ratio (SINR). This makes mobile wireless operators to provide 
high speed data services as per the demand in affordable 
price to subscribers by supporting large number of users over 
limited available spectrum.

Beamforming is a signal processing technique used in sensor 
arrays for directional signal transmission or reception. This 
spatial selectivity is achieved by using adaptive or fixed 
receive/transmit beampatterns. The beam pattern is formed 

by adjusting complex weights of the antenna elements so that 
beam is directed in the direction of interest [1]. When receiving, 
information from different sensors is combined in such a way 
that the expected pattern of radiation is preferentially observed. 
Thus Receive Beamforming increases the sensitivity in the 
direction of desired user than that of interferences. When 
transmitting, a beamformer controls the phase and relative 
amplitude of the signal at each transmitter, thus produces 
a high directional beam in the direction of desired user and 
null in the direction of interferences, thereby increasing SINR 
of the desired user and reducing the wastage of transmitted 
power in the undesired direction. The receive beamforming 
is achieved independently at each receiver while in transmit 
beamforming, transmitter has to consider the all receivers to 
optimize the beamformer output [2,3].
Thus beamforming antenna produces high directional beam 
in the direction of intended user, thereby increasing SINR and 
coverage area. The benefits of beamforming antenna are
1) Increase in SINR reduces frequency reuse distance which 

will lead to a large capacity increase. Emerging Broadband 
Wireless systems, such as those based on IEEE 802:16m 
or 3GPP LTE-A, will re-use spectrum in every cell (reuse 
factor = 1) [4,5]. Beamforming helps next generation 
wireless system to achieve such high reuse factor.

2) Stronger SINR enables the use of higher orders of 
modulation, such as 64 QAM. This gives higher data 
rates.

3) Using beamforming, an increase of the range of base 
station (BS) coverage is possible since BS is able to focus 
its energy toward the intended users instead of directing 
and wasting it in other unnecessary directions. Thus fewer 
base stations are required which give potentially more 
cost-efficient deployment.

4) Beamforming mitigate multipath propagation present 
in mobile radio environments by constructively adding 
multipath signal to increase the strength of desired 
signal.

This paper presents three methods of beamformer design 
namely Null steering beamforming, Minimum Variance 
distortionless response (MVDR) and Minimum mean square 
error (MMSE). The paper is organized as follows: Section II gives 
problem definition. In Section III beamformer design methods 
are described. The simulation results are provided in Section 
IV. Finally conclusion remark is given in Section V.

II. Problem formulation
In this paper, L-element uniform circular array with beamformer 
system is considered at base station. The array receives signals 
from different spatially separated users. The received signal 
at the antenna array consists of intended signal, co-channel 
intereference and random noise component. To increase 
desired signal output power and to reduced the co-channel 
intereference and noise, beamforming is employed at base 
station. In this paper, beamforming is achieved by using three 
methods,
1) Null steering beamforming algorithm. 
2) MVDR beamforming algorithm.
3) MMSE beamforming algorithm.
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Performance analysis of three methods is done by comparing 
simulation results.

III. Beamformer design methods
This paper considers a single cell with M mobile users and base 
station with L-element antenna array. Let there are d desired 
signal sources and l interference sources transmitting on same 
frequency channel simultaneously. Then the signal received 
by antenna array becomes

            (1) 
where ai(φ) is a array steering vector denoting the amplitude 
gain and phase shift of the signal at the i-th antenna relative 
to the first antenna and superscript T denotes the transpose 
operator. s(t) is signal vector and n(t) is random noise component 
with zero mean and unity variance.
Eqn. (1) can be written as,

            x(t) = Adsd + Alsl + n(t)    ( 2 ) 
where

Ad = [a(φ1) ,..., a(φd)] ; 
and  Al = [a(φint-1) ,..., a(φint-l)]                      (3) 

sd = [s1(t),….., sd(t)];
and  sl = [sint-1(t),….., sint-l(t)]                       (4) 
   
The beamformer system output can be written as,

y(t) = wHx(t) = wH Ad + wH Al + wHn(t)    (5) 

A. Null-steering beamforming algorithm
Null-Steering Beamformer forms a beam in the desired direction 
and nulls in interference directions. This paper presents two 
modes of null-steering beamforming, null steering beamforming 
for single desired user and multi-beamforming for multiple 
desired users. 
Thus, the null-steering beamforming problem can be formulated 
as,
1) Estimation of DOAs using DOA algorithm.
2) Validation of desired signal.
3) Weight vector calculation using null steering beamforming 

algorithm.
4) Null steering mode is invoked for single desired user and 

multibeam mode is invoked for multiple desired users.

1. Direction of arrival estimation
Many DOA algorithms are proposed in literature such as MVDR 
Estimator, Maximum Likehood method, MUSIC Algorithm, 
ESPRIT Algorithm etc. [6]. In this paper, MVDR DOA algorithm 
is used for simulation. This is the Maximum Likehood (ML) 
method of spectrum estimation [6], which finds the ML estimate 
of direction. 
An expression for the power spectrum is given by,

                       (6) 
where R is array correlation matrix defined by,

R=E[x(t) xH(t)]           ( 7 ) 

and H is complex conjugate transpose.
This method has better resolution properties than the 
conventional Bartlett method but not have the best resolution 
properties than other methods like MUSIC algorithm.

2. Validation process
Once DOAs are estimated for all incoming signal, next is 
validation process which separate out desired signal from 
interferences. If after validation process, it is found that there 
is only single desired user and others are interferences then null 
steering mode is invoked. If it is found that there is more than 
one desired user then multi-beamforming mode is invoked.

3. Null steering beamforming for single desired user
The open loop null steering algorithm has developed to satisfy 
following constraints [7,8]:
a) to make wH Al = 0;
b) to maximize || wH Ad ||
An optimal weight for a null steering array is given by [7],

w = [IL - Al(Al
H Al)

-1 Al
H] Ad            (8) 

where Ad = [a(φd)],  array steering vector for a desired user.
By substituting eqn. (8) in beamformer output equation causes 
the reduction in power of the interferences relative to the 
desired source, thereby increasing SINR.

4. Multi-Beamforming
During signal validation process, if it is observed that there 
are more than one desired user’s then multibeam mode is 
triggered. The weight vectors for all desired users are calculated 
by using eqn (8). In this mode, due to the presence of multiple 
desired users the time window is defined for each user. The 
certain percentage of duty cycle is allocated to each user such 
that for the assigned time period beam is formed towards that 
user [9]. Thus for certain percentage of time duration one user 
is served and for next interval the other user is served.
Thus, the use of a null-steering beamforming scheme for 
a transmitting array employed at a base station minimizes 
the interferences toward other cochannel mobiles and for a 
receiving system increases the gain in desired user direction 
with nulls in direction of interferences.

B. Minimum variance distortionless response (MVDR) 
beamforming algorithm
The MVDR beam former does not require the knowledge of the 
directions of the interferences for weight vector calculation. It 
requires only the direction of the desired signal. 
MVDR weight vector is given by [10],

             (9) 
These weights are the solution of the following optimization 
problem:
 minimize   wHRw                           (10) 
 subject to   wHa(φd) = 1.                 (11) 
Thus, the beamformer weights are selected by minimizing the 
mean output power while maintaining unity response in the 
look direction. The constraint ensures that the signal passes 
through the beamformer undistorted. Therefore, the output 
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signal power is the same as the look-direction source power. The 
minimization process then minimizes the total noise, including 
interferences and uncorrelated noise. Minimization of total 
output noise, while keeping the output signal constant is same 
as maximizing the output SINR.
For the optimal beam former to operate as described above 
and to maximize the SINR by canceling interferences, number 
of interferences must be less than or equal to L-2, as an array 
with L elements has L-1 degrees of freedom and one has been 
utilized by the constraint in the look direction.
As MVDR beamformer maximize sensitivity only in one direction, 
this beamformer is not suitable for multipath environment 
where desired signal get scatter in many directions. Multipath 
occurs in the non-line-of-sight (NLOS) environments such as 
populated urban area where there are many scatterers close 
to the users and the base station. Thus, MVDR nullifies the 
desired signal coming from different directions due to multipath 
fading and not suitable for in such environment. Thus it can 
be implemented for rural environment where multipath signals 
do not exist.

C. Minimum Mean Square Error Beamforming (MMSE) 
Beamforming Algorithm
In multipath fading environment, MMSE beamformer gives the 
optimum results. This beamformer utilizes reference signal 
which is correlated to desired signal and uncorrelated with 
interferences. In MMSE algorithm the array output is compared 
with reference signal, thus beams are produced in the direction 
of multipath signal those matches with reference signal unlike 
MVDR. Thus, MMSE beamforming is optimum candidate for 
NLOS urban environment, as it not only reduces the interference 
but also multipath fading is mitigated.
In MMSE beamforming array output is subtracted from an 
available reference signal r(t) to generate an error signal ε(t) 
= r(t) – wHx(t), which is used to control the weights. Weights 
are adjusted such that the mean square error between the 
array output and the reference signal is minimized. The optimal 
weight vector is given by Wiener–Hoff equation [11],

w= R-1z                      (12) 

z = E[x(t) r(t)H]                    (13) 

where z is the cross-correlation between the reference signal 
r(t) and the array signals vector x(t).
The required reference signal for the Wiener filter may be 
generated in a number of ways, depending upon the application. 
In this paper unique pseudonoise (PN) code is assigned to each 
mobile.

IV. Simulations
Simulation study has been carried out for an 8-element uniform 
circular array (UCA). The array electrical size kr is 3.0. The inter-
element spacing is 0.375λ. In this paper, 5 incoming signal 
sources are considered. The number of samples are K=1000. 
Let DOAs of incoming signals are {0°, 50°, 100°, 150°, 200°}. 
SNR is assumed to be 10 dB for all incoming sources.

A. Null steering algorithm

1. MVDR DOA estimation
The fig. 1 and fig. 2 shows the MVDR DOA spectrum and polar 
plot for estimated directions, respectively.

Fig.1: MVDR DOA spectrum

Fig.2: Polar plot for MVDR DOA estimation

2. Null steering beamforming for single desired user
A single desired source is considered in direction φ = 200°. 
Weights are calculated using eqn (8) to produce a beam in the 
direction of desired user (φ = 200°) and null in the direction 
of interferences (0°, 50°, 100°, 150°). 
Fig.3 and Fig. 4 shows the power spectrum and polar plot for 
null steering beamforming respectively.

3. Multi-Beamforming
Two desired sources in directions φ1 = 150° and φ2 = 200° 
are considered. Validation process trigger multi-beamforming 
algorithm. Weights are calculated to produce a beam in the 
direction of desired users (φ1 = 150° and φ2 = 200°) and null 
in the direction of interferences (0°, 50°, 100°). 
Fig.5 and Fig. 6 shows the power spectrum and polar plot for 
multi-beamforming respectively.
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Fig.3: Power spectrum of null steering beamforming

Fig.4: Polar plot for null steering beamforming

Fig.5:  Power spectrum for multi-beamforming

Fig.6: Polar plot for multi-beamforming

B. MVDR algorithm
A desired source is in direction φ = 200°. Weights are 
calculated using eqn (9) to produce a unity response in the 
direction of desired user (φ = 200°) and null in the direction 
of interferences (0°, 50°, 100°, 150°). Fig.7 and Fig. 8 shows 
the power spectrum and polar plot for MVDR beamforming 
respectively.

 
Fig.7: Power spectrum of MVDR beamforming

Fig.8: Polar Plot of MVDR beamforming

C. MMSE Algorithm
For this simulation multipath environment is considered. Due to 
multipath fading a desired source is arriving from direct path φ 
= 0° with SNR = 10 dB and from reflected path φ = 100° with 
SNR = 9 dB. Weights are calculated using eqn (12) to produce 
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a beam in the direction of direct and reflected path (φ = 0° and 
φ = 100°respectively) and null in the direction of interferences 
(50°, 150°,200°). Fig.9 and Fig. 10 shows the power spectrum 
and polar plot for MMSE beamforming respectively.

 
Fig.9: Power spectrum of MMSE beamforming

Fig.10: Polar Plot of MMSE beamforming

Simulation results of all three beamforming algorithms are 
tabulated in table 1.

Table 1: Performance Analysis of Beamforming Algorithm

V. Conclusion
This paper presents beamforming technique which has 
gained importance in wireless mobile communication system 
due to its ability to reduced cochannel and adjacent channel 
interferences. Increased SINR helps to increase system capacity 
and to achieve a broadband data rate which is requirement 
of next generation wireless mobile communication systems. 
High directional beams increases range of coverage thereby 
reducing the number of base station required which gives cost 
efficient deployment.
In this paper performance of three beamforming algorithms 
namely Null Steering, MVDR and MMSE beamforming are 
compared. Null steering beamforming is open loop method 
which produces beam for desired users and nulls in direction of 
all the interferences. Depending on the number of desired users 
either null steering or multi-beamforming mode is invoked. 
Both modes give high output power but requires direction of all 
incoming sources which is difficult to obtain in practice. MVDR 
beamforming overcomes this problem as it requires only desired 
user direction. It produces the undistorted output with unity 
gain in desired direction and nulls in direction of interferences. 
It is not suitable for multipath arrivals as it produces beam 
only in one desired direction and cancel out signals in other 
directions. MVDR drawback is overcome by MMSE beamformer 
which supports multipath arrivals. MMSE beamforming mitigate 
the multipath fading problem by adding the multipath signal 
which increases strength of desired signal. Depending on the 
application requirements one of the beamforming algorithms 
is selected.
Thus beamforming has proved its benefits for next generation 
mobile system and plays a vital role in next generation mobile 
networks. For today’s broadband era which is highly populated 
and expected to support different demands of users with 
the restriction of limited bandwidth, Beamforming is a good 
candidate which fulfill user demands with efficient spectrum 
utilization.
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