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Abstract. We present a fast adaptive beamforming null algorithm with smart antenna for Radio Frequency 
Repeater (RFR). The smart antenna system is realized by a Direction Of Arrival (DOA) Estimator, whose 
output is used by an adaptive beamforming algorithm to shape a suitable radiation pattern of the equivalent 
antenna; so that the co-channel interference due to retransmitting antenna can be reduced. The proposed 
adaptive beamforming algorithm, which has been proved by formulaic analysis and simulation, has a lower 
computation complexity yet better performance. 

1 Introduction 

In a wireless communication system, radio frequency 
repeater (RFR) is widely used to extend the network 
coverage due to easy setting-up, less expensive and 
without increasing the number of base station [1]. Block 
diagram of the repeater is shown in Fig. 1. As it depicted, 
RFR plays a transit role of signal enhancement; its basic 
function is a RF signal power amplifier. But RFR have a 
problem of signal feedback where the output of the 
retransmitting antenna is fed back to the benefactor 
antenna due to the high gain of the repeater. The 
feedback interference is amplified in the repeater in 
company with desired signals. Feedback and 
amplification process is repeated again and again, the 
repeater cannot work with the accumulation of the 
interference signal, finally [2, 3]. 

 

Figure 1. A radio frequency repeater with feedback 
interference signals. 

There are many kinds of ways to solve this problem. 
The major method is to increase the isolation of 
benefactor antenna and retransmission antenna or reduce 
the gain of the repeater. But in fact, the former method 
usually increases the whole system cost greatly, and the 
latter can reduce the gain. So these two methods can’t 

fundamentally solve the problem [4]. The second method 
is ICS (interference cancellation system) techniques. 
However, it requires lots of hardware complexity and 
computational delay [5-9]. To solve these problems, 
spatially adaptive filtering for RFR is studied, that is, 
with a certain shape of beam through the signal in the 
direction of the need to suppress the interference signal, 
which is also known as beamforming. In this paper, the 
beamforming algorithm based on minimum variance 
distortionless response (MVDR) criterion is studied. The 
traditional adaptive beamforming algorithm needs to 
construct covariance matrix of received signal and do 
matrix inversion directly, which is computation- 
intensive and time-consuming [10-12]. Formulaic 
analysis and simulation demonstrate that the proposed 
adaptive beamforming algorithm has a lower 
computation complexity yet better performance. 

2 Adaptive BEAMFORMING 

2.1. Smart antenna system 

The smart antenna system needs to differentiate the 
desired signal from the co_channel interferences and 
normally requires either the knowledge of a reference 
signal (or training signal), or the direction of the desired 
signal source. There exists a range of schemes to 
estimate the direction of sources with conflicting 
demands of accuracy and processing power. Similarly, 
there are many methods and algorithms to update the 
array weights, each with its speed of convergence and 
required processing time. The basic functional diagram 
of an adaptive beamformer is shown in Fig. 2. 
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2.2. Adaptive beamforming 

 
Figure 2. Functional block diagram of smart antenna 
system. 

Adaptive beamforming is a commonly employed 
technique that enables system operation in an 
interference environment by adaptively modifying the 
system’s antenna pattern so that nulls are generated in 
the angular locations of the interference sources. This 
approach is applicable to scenarios where multiple 
antenna elements are individually weighted to produce a 
desired directivity pattern. A typical method of forming 
the adaptive weights is via the MVDR algorithm, which 
implements a single linear constraint that maintains unit 
gain in the desired direction. 

Considering a receiving antenna array with M array 
elements, the received signal is 

X (t) = a (�d,�d) d (t) + a (�e,�e) e (t) + n (t) (1) 

where X (t) = [x1 (t), x2 (t),…, xM (t)]T is the complex 
vector of received signal; d (t), e (t) and n (t) are the 
desired signal, interference and noise components, 
respectively. Here a (�d,�d) and a (�e,�e) are the desired 
signal steering vector and the interference steering vector, 
respectively.  

The traditional optimal weight vector of MVDR is 

    WH = aH (�d,�d) Rxx
-1 [aH (�d,�d) Rxx

-1 a (�d,�d)]-1. (2) 

Rxx is the covariance matrix of received signal, whose 
size is M × M. For large antenna array, the calculation 
quantity is considerable. 

For RFR, the interference signal is a direct feedback 
from retransmission antenna to receiving antenna, so e (t) 
can be expressed as 

                                e (t) = d (t) ×h (t) (3) 

where, h (t) is the system function of the interference 
system, which can be equivalent to an enlarged and time-
delayed system. For the benefactor antenna array whose 
maximum size of the physical aperture is 1 meter, the far 
field requirement is more than 5 meters when the signal 
wavelength is 800MHz. In the same repeater, the 
distance between the benefactor antenna and the 
retransmitting antenna can reach tens of meters, so the 
interferences can be regarded as plane waves. 

The optimal weight vector of MVDR for RFR is the 
solution of the following optimization problem: 

             min WH Q W subject to WH a (�d,�d) = 1 (4) 

where  

                       Nc (t) = a (�e,�e) e(t) + n (t) (5) 

                           Q = E [Nc (t) Nc
 H (t)]. (6) 

Here Nc (t) is the combined noise (interference signal 
and system thermal noise) and Q is the covariance 
matrix of the combined noise. 

The optimization problem in (4) has an elegant closed-
formsolution given by: 

WH = aH (�d,�d) Q-1 [aH (�d,�d) Q-1 a (�d,�d)]-1. (7) 

The covariance matrix of the combined noise is 

Q = a (�e,�e) Pe aH (�e,�e) + �n
2 I (8) 

where Pe = E [e (t) e H (t)] is the covariance matrix of 
interference, �n represents the power of noise, I is an 
identity matrix.  

According to the matrix inversion lemma, the inverse 
of covariance matrix can be written as 

Q-1 = {I - a (�e,�e) [I + Pe/�n
2 aH (�e,�e) a (�e,�e)]-1  

×Pe/�n
2 aH (�e,�e)}/��n

2}. (9) 

Substituting Q-1 into (7), we can obtain the weight 
vector: 

WH = �� aH (�d,�d) [I - a (�e,�e) (1/INR + ree)-1 aH (�e,�e)].
 (10) 

where 

���aH (�d,�d) [I - a (�e,�e) (1/INR + ree)-1 aH (�e,�e)]

×a (�d,�d) (11) 

INR = Pe/�n
2 (12) 

ree = aH (�e,�e) a (�e,�e). (13) 

Here �� is the normalized coefficient, INR is the input 
interference to noise radio. 

For large INR, (10) and (11) can be simplified as: 

WH = ���aH (�d,�d) - rde r-1
ee aH (�e,�e)]. (14) 

���aH (�d,�d) [I - a (�e,�e) r
-1

ee aH (�e,�e)] a (�d,�d) (15)  

where rde = aH (�d,�d) a (�e,�e) is the spatial correlation 
coefficient between desired signal and interference. As    
a (�e,�e) is a M × J (J is the number of retransmitting 
antenna) matrix, ree is a J × J matrix. 

Two reasons are given to explain why the calculation 
of the proposed adaptive beamforming algorithm is 
faster than the traditional:  
1) The matrix size of Q and ree is M × M and J × J, 
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respectively. For large receiving antenna array, the 
latter is significantly smaller than the former when 
performing matrix inversion. 

2) Since the position of retransmitted antenna relatived 
to benefactor antenna is known for RFR, the arrival 
of the interference signal is known. Therefore, r-1

ee 
can be calculated and stored in advance. 

3 Simulation Results and Analysis 

In this section, a series of numerical examples will be 
presented to validate the efficiency of the proposed 
method. In a RFR system, there are a relatively large 
number of interferers compared to antenna elements. 
Normally, to simplify the analysis, only the strongest 
interferers are considered. For our simulation, we 
consider the case of one or two interferers only. We 
employ uniformly circular array (UCA) with eight 
antenna elements having a spacing of �, where � denotes 
the signal wavelength. The geometry of UCA is shown 
in Fig. 3. Simulations are done for values of interference 
azimuths (-30°, 50°) and interference pitch angle (-35°, 
10°). The azimuth and pitch angle of desired signal are 
10°and 0°, respectively. The power of the input PN 
sequence is -29.12 dB, and the interference signal is 
13.78 dB with the thermal noise is about -70 dB, that is, 
the input signal-to-interference-plus-noise ratio (SINR) 
is -39.48 dB. 

The desired PN sequence is shown in Fig. 4 and parts 
signals received by the antenna array are showed in Fig. 
5. This figure shows that the desired sequence is 
completely submerged by the interference signal, and 
then the receiving system cannot distinguish the useful 
signal. Under this circumstance, adaptive beamforming 
is necessary. Fig. 6 shows the comparison of error values 
of the output signal and the desired sequence between 
proposed algorithm and conventional MVDR algorithm. 
As we can see, these two methods can filter out the 
interference and recovery the desired signal, but the error 
values using the proposed algorithm is smaller than the 
conventional algorithm. The average error of the 
proposed algorithm is -44.47 dB, which is about 9 dB 
less than traditional algorithm. 

 
Figure 3. Geometry of UCA with eight antenna elements. 

 
Figure 4. Desired PN sequence. 

 
Figure 5. Comparisons for: (a) desired PN sequence, (b) 
signal received by the first antenna, (c) signal received 
by the second antenna and (d) signal received by the 

third antenna. 

 
Figure 6. Comparisons of error values for: (a) traditional 

MVDR algorithm and (b) proposed algorithm. 
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Figure 7. Antenna pattern formed by: (a) traditional 
MVDR algorithm, (b) proposed algorithm. 

Fig. 7 compares the antenna pattern formed by 
traditional MVDR algorithm and proposed algorithm. 
There are two deeper nulls achieving -156.4 dB and -
155.0 dB in the interference direction, as shown in Fig. 
7(b). However, the nulls in Fig. 7(a) merely achieve -
48.5dB and -50.2 dB. The output SINR of the proposed 
algorithm is 46.28 dB that is 10 dB more than traditional 
MVDR algorithm. In summary, the proposed method has 
better performance. 

In order to further validate the efficiency of the 
proposed method, different direction of arrival for 
desired signal is studied as shown in Fig. 8. As we can 
see, the main beam of antenna pattern is moving with the 
direction of arrival. At the same time, two deep nulls is 
still maintaining in the direction of interference (70° and 
110°). 

4 Conclusion 

In this paper, a fast adaptive beamforming algorithm 
based on MVDR criterion is studied for RFR. The 
analytic expression of the weight demonstrates the 
proposed adaptive beamforming algorithm is faster than 
the traditional, so it is more suitable for real-time 
application. Simulation results show that, in the ideal 
case, the nulls of the beam which are given by (15) can 
be completely zero, meaning that the interference 
direction can be fully zeroed. Meanwhile, this proposed 
algorithm can obtain better performance, compared with 

the traditional MVDR algorithm. 

 
Figure 8. Antenna pattern at different direction of arrival 

for desired signal. 
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