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 The field coverage offered by the base station antenna in GSM systems 

influences the reception and interference performances. The coverage can be 

varied by scanning the mainbeam direction or varying the shape of the 

radiation pattern. In cellular system applications, a simple technique is 

desirable to achieve this goal. A simple technique to vary the coverage of 

cellular base station is investigated. The technique uses two conventional 

antennas tilted by a certain angle and fed by the same signal but at variable 

amplitudes. It is demonstrated that the field across one half of the covered 

sector can be gradually increased while that at the other half is reduced by 

varying the excitations of the two antenna elements. This can be deployed in 

a simple electronic means in response to the changing scenario rather 

readjusting the direction of the base station antenna. 
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1. INTRODUCTION  

Beam-steering antennas are used in many applications to increase the strength of the desired signal 

and decrease the effect of the undesired interfering signal leading to enhancement in the  

signal-to-interference ratio (SIR) [1]. The base station antenna is one of the applications which needs a smart 

technique to achieve beam-steering to improve the performance of the WLAN and cellular communication. 

Such improvements can be achieved by scanning or modifying the radiation pattern of the antenna. Various 

concepts for achieving beam steering have been investigated such as phase-only scanning, frequency 

scanning [2], [3]. These methods are dependent on supplying linear phase across the array elements.  

Phase shifters have some unwanted properties such as being bulky, having limited sweep range, and the 

effect of the operation frequency on the performance. The digital delay lines can offer better performance; 

however, they are fabricated to give few discrete phase values thus resulting in discrete scanning angles. 

Various configurations of beam forming networks have been presented for the improvement of base station 

coverage or enhancing the performance of the mobile communication systems [4], [5]. Optimization 

algorithms such as the particle swarm technique were used for beam-forming in array antennas used by 

mobile base stations [6]. Such technique is useful at the design stage, but it would be difficult to vary the 

radiation pattern according to the working scenario. 

The frequency scanning may not be suitable in cellular systems where strict frequencies have to be 

used to avoid interferences. Another technique employed the variation of the amplitude excitations of the 

array elements, and it does not need frequency scanning, but it requires a fixed phase shifter [7]-[9]. In [7] the 

idea of amplitude scanning technique was investigated using a 3-element array, while in [8] a developed 

version of the technique was investigated.  
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In [9] we presented two similar antennas which are tilted by a certain angle from a common  

base-line and fed through two lines. By controlling the excitations of the two antennas, the combined main 

beam can be steered from the normal to one antenna to that of the other antenna. 

Scattering surfaces were employed to improve the radiation patterns of the base-station antenna so 

that the efficiency and coverage quality is enhanced. The obtained results were a reduction in the back lobe 

level and a slight improvement in the beam shape [10]. 

A dual beam array (DBA) for sectorizing the cellular site was presented in [11]. The DBA 

comprises a multi-column array and a beam forming circuit, which produces two overlapping beams with 

adjustable beam patterns. The arrangement furnishes the formation of two overlapping beams where the 

amplitude and phase excitations are implemented through the feed network. The radiation characteristics of 

the proposed antenna were investigated by simulation and experimentally. However, no information about 

the coverage of the antenna was given [11]. A method for capacity and coverage optimization using base 

station antenna electrical tilt in mobile networks has been recently proposed [12]. Development of a learning 

algorithm for automated antenna down tilting was utilized. The relationship between the base station antenna 

downtilt and the downlink network capacity in terms of the coverage probability and the area spectral 

efficiency have been investigated recently [13]. The vertical angle and horizontal angle of base station 

antenna based on two-dimensional electrically adjustable technology was presented to remote control the 

coverage area of the entire base station network. However, the antenna tilt and rotation are implemented by 

motors driven through software routines [14].  

In[15] Jain, Mayank, and R. P. Agarwal showed the benefits of using multiple beams and differently 

shaped beams to improve the coverage & capacity in a cell area with the maintenance of subscriber 

management within a cell sector for wireless communication. An alternative method to vary the antenna 

pattern of the base station antenna can be by placing a null in the radiation pattern. The null has to be directed 

towards the interfering source or a reflecting region. The introduced null in the pattern can be steered towards 

the desired direction by varying the excitation of the two side elements in the antenna array [16].  

Such method was shown to provide a wide null with low sensitivity to frequency variation [17].  

This technique is interesting as it only requires varying the excitations of two elements instead of changing 

the excitations of all the array elements. 

In this contribution, the coverage on the land level achieved by the proposed antennas in [9] is 

investigated and how the coverage map can be modified utilizing the proposed amplitude beam scanning 

method. The proposed technique offers low complexity and cost for beam steering since the variation of 

magnitude is easier than the variation of phase or frequency. Moreover, it utilizes the conventional array 

antennas that are already in use in the base stations. 

 

 

2. THE PRINCIPLE OF AMPLITUDE SCANNING 

The idea of amplitude scanning [9] is illustrated in Figure 1 where two identical antennas are placed 

in a single plane and each is tilted by an angle ψ from the common base line (X-axis). The idea of amplitude 

scanning is to supply variable amplitudes to the to the two antennas shown in Figure 1. One scheme is to 

increase the excitation of antenna1 by a certain amount while that given to antenna2 is reduced by the same 

amount. Thus the amplitude excitations of the two antennas can be arranged as: 

 

a1=1+ (1-a) 

a2=1- (1-b) 

 

The radiation pattern function of the two antennas can be given by 

 

AF(ϕ)= a1 F (ϕ - ψ) + a2 F (ϕ + ψ) (2) 

 

Where F(ϕ) is the amplitude pattern function of the two similar antennas. 

 

The above assumption can be realized by using a power or amplitude dividers for transmitting array, 

or variable attenuators for receiving arrays. When the amplitude excitation of antenna1 is increased, and that 

of antenna2 is reduced by the same amount, the main beam of the radiation pattern will be directed towards 

the normal to antenna1 since it is supplied by larger excitation. Thus, the main beam can be scanned as the 

factor  is varied. 

In a practical implementation into mobile communication systems, the base station antenna will be a 

pair of antennas (antenna1 and antenna2) that are fed by signals proportional to a1 and a2. The arrangement 

can be in the geometry shown in Figure 2. The baseline of the two antennas is placed parallel to the ground 
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surface, where beam scanning is requested to be in the horizontal plane. Each of the two antennas will be the 

conventional linear array that is placed in the vertical direction. The tilt angle can be fixed at the installation 

stage while a1 and a2 are varied during the operation to achieve scanning in the horizontal direction. 

 

 

  
 

Figure 1. Geometry of the array formed of two 

antennas rotated by an angle ψ 

Figure 2. The geometry for beam scanning in the 

XY-plane 

 

 

3.  SIMULATION OF THE COVERAGE 

In order to study the distribution of the signal level across the coverage area due to the proposed 

antennas, the covered area on a representative land was represented by a grid of 3321 points in the (x-y) 

plane as shown in Figure 3. A spacing between adjacent points of 50m and an antenna height of 40m were 

assumed. Concerning Figure 3, the range of x was considered to be from – 2000 m to 2000 m, while that for 

y was considered to be from 0 to 2000m. Thus, the antenna is assumed to have radiation across half plane 

which is a typical case for base stations scenarios.  

 

 

 
 

Figure 3. The geometry for a base station antenna and coverage area 

 

 

As shown in Figure 3, the distance between the antenna and a typical point p(x,y) on the covered 

ground is. 

 

R=√𝑥2 + 𝑦2 + ℎ2 (3) 

 

The free space propagation loss in the radiated signal varies inversely with the distance R.  

This variation will be accounted for through the ratio h/R, where h is the height of the base station antenna 

over the ground plane. The test point p (x, y) can also be defined by the angles; θ is the down look from the 

normal to the antenna plane, and ϕ is the azimuth angle. The two angles can be given by: 
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Θ=tan-1 
√𝑥2 +𝑦2

ℎ
 

(4) 

 

ϕ= tan-1(y/x) (5) 

 

To investigate the effect of scanning the radiation pattern on the coverage, the reflected signals from 

the ground and nearby objects were not considered in the following simulations. However, these reflections 

can be included in the simulations if the objects and buildings in the covered area are specified for a  

given site. 

 

 

4. RESULTS OF COMPUTER SIMULATIONS 

4.1. The antenna with two half-wave dipoles  

The proposed idea was investigated by using two half-wave dipoles. This choice is in accordance 

with the conventional antennas used in mobile base stations where arrays of half wavelength dipoles are 

employed. Each half-wave dipole is oriented parallel to the ground plane as shown in 2. The first case in the 

computer simulations assumed equal excitations for the two dipoles and the tilt angle ψ was varied from zero 

to 60° to explore the effect of this angle on the resulting radiation pattern. The obtained results for various 

values of the tilt angle are normalized to the maximum for the case ψ =0o. Figure 4 shows a sample of the 

obtained coverage when the antenna elements are equally excited and the tilt angle ψ =30o. The coverage is 

symmetrical with respect to the normal to the antenna base line, or in other words, it is symmetrical across 

the covered sector. It was found that as the tilt angle (ψ) is increased from 0o to 60o the coverage becomes 

wider and both sides acquire a high level of received signal. It can be seen that across most of the shown area 

the signal level is between -25 to -50dB (these are relative to the maximum of 0 dB at ψ=0o). The area in 

front and near to the base station antenna has the highest signal levels.  

It should be noted that for equal excitations and zero tilt angle (ψ) the two antennas form a 

conventional 2-element array, whose HPBW is smaller than that of a single antenna. Introducing the tilt angle 

(ψ) results in a broader coverage. The choice of tilt angle (ψ) can help in the design stage to obtain a suitable 

width of coverage. However, a single antenna with larger HPBW can be employed when scanning is not 

required. 

 

 

 
 

Figure 4. Coverage in the XY plane at tilt angle=30o and equal excitations (a1=a2). 

 

 

Figure 5 demonstrates how the coverage can be scanned from the normal direction (symmetric 

coverage) to clockwise and, counterclockwise directions. Various values of for the excitations (a1 and a2) 

were considered while the tilt angle was fixed at (30o). It can be seen from the results that the coverage can 

be shifted from the normal to the antenna (when a1=a2) to either of the left or right directions. For example, 

when a1>a2 then the coverage is shifted to the right half of the covered sector as shown in Figure 5©.  

For a given tilt angle, the field at the left part of the coverage area increases as compared to that of 

the right part as the amplitude excitation of the left dipole is reduced and the amplitude excitation of the right 

dipole is increased as shown in Figure 6. 
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Figure 5. Coverage at the XY plane for various values of the amplitude excitation with tilt angle (Φ) =30˚ 

 

 

 
 

Figure 6. Coverage in the XY plane at tilt angle=30o and unequal excitations (a1≠a2) 
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The results of Figure 4, Figure 5, and Figure 6 show that the tilt angle can be chosen at the design 

stage or the antenna deployment to obtain a pattern of desired beamwidth and coverage. The relative 

excitation can either be chosen at that stage or may be varied during the operation to vary the coverage to be 

more suitable to the changing scenario.  

 

4.2. The antenna with two microstrip elements   

The proposed antenna was implemented in further simulations where its two elements were assumed 

as microstrip antennas. Figure 7 shows the coverage area for the different values of the tilt angles (ψ) for 

unequal amplitude excitation of the two microstrip antennas. The figure shows that the pattern is scanned 

towards the left as the tilt angle (ψ) is increased. The signal levels on the left part are seen to increase while 

those at the right part decrease at tilt angle is increased.  

 

 

 
Figure 7. Coverage in the XY plane at tilt angle: a=30o, b=60o 

 

 

5. CONCLUSION  

The technique of amplitude scanning of the radiation pattern is implemented to vary the coverage of 

the base station antenna in the mobile communication system. The coverage of the proposed antenna was 

investigated, and the effect of two parameters (tilt angle and relative excitations) were explored. It has been 

demonstrated that the coverage of the base station antenna can be varied in a simple electronic way.  

The proposed technique offers low complexity and cost for beam steering since the variation of magnitude is 

easier than the variation of phase or frequency. It was demonstrated that the symmetrically distributed field 

across the coverage region could be easily modified to an unsymmetrical coverage. The field across one half 

of the covered sector can be gradually increased while that at the other half is reduced by varying the 

excitations of the two antenna elements. The change in the coverage can be achieved through beam scanning 

where the pattern and main beam almost keep their shape. Alternatively, pattern shaping can also be 

considered as a method to vary the antenna coverage. Also, significant improvements in the range and 

capacity are usually obtained by using beam steering technique in base station. 
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