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Abstract 

Smart antennas have numerous important benefits in mobile communication systems. 

Smart antennas can provide higher system capacities by directing narrow beams toward the 

users of interest, while nulling other users not of interest. This allows for higher signal-to-

interference ratios, lower power levels, and permits greater frequency reuse within the 

same cell. This, in turn, increases the system capacity and the quality of services.  

In this paper we analyze the effect of base-station sensitivity obtained by using smart 

antenna to increase capacity and reduced the mobile transmit power at different loads 

scenarios. 
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 يهخص انبحث

قاه. تئٍناُ اىٖ٘ائٞاخ اىزمٞح  أُ ذعطٜ ٍْظٍ٘اخ اذصاه ىيٖ٘ائٞاخ اىزمٞح إٍناّٞاخ ٍَٖح فٜ ذذسِٞ أداء شثناخ اىٖاذف اىْ

 تسعح عاىٞح ٗرىل تر٘جٞٔ دضً ضٞقح تاذجآ اىَشرشك اىَطي٘ب الاذصاه تٔ ٗذصفٞش اذجآ ٍصادس اىرذاخو.

سععح ٕٗزا ٝؤدٛ ىضٝادج ّسثح قذسج الإشاسج إىٚ اىرذاخو ٍَا ٝسَخ تئعادج اسرخذاً اىرشدداخ تشنو امثش ٕٗزا تذٗسٓ ٝضٝذ ٍِ 

 اىَْظٍ٘ح ّٗ٘عٞح اىخذٍاخ .

فٜ ٕزا اىثذث قَْا ترذيٞو ذأثٞش دساسٞح ٍذطح اىقاعذج اىرعٜ َٝنعِ اىذصع٘ه عيٖٞعا تاسعرخذاً اىٖع٘ائٜ اىعزمٜ ىضٝعادج اىسععح 

 سْٞاسٕٝ٘اخ  أدَاه ٍخريفح ىيْظاً . تاسرخذاًٗذقيٞو اىقذسج اىَشسيح ت٘دذج اىَشرشك 
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1. Introduction  

As the number of cellular subscribers continues to grow rapidly, service providers 

are forced to increase the capacity of their networks especially in populated areas. 

Increasing capacity is of prime importance to serve a large number of subscribers at 

the same time [1]. 

Mobile communication system capacity can be increased in several ways. These 

include enlarging the total bandwidth allocated to the system, reducing the channel 

bandwidth through efficient modulation, decreasing the number of cells in a cluster, 

and reducing the cell size through cell splitting or sectorization [2,3].  

It is expensive for the service providers to get additional spectrum with high license 

fees that must be paid. Reducing the cell size means many new base stations have 

to be built, with additional costs and results in more numbers of handoff. Cell 

sectorization provides greater possibility of reusing a frequency channel by reducing 

interference across the original cell, but it results in more frequent handoffs, which 

requires greater system resources to support and coordinate [4].  

 

One of the important strategies for increasing capacity are interference reduction 

on the downlink and interference rejection on the uplink. Interference can be 

rejected by focusing the transmitted energy along the direction of the intended 

users using directional beams or by forming nulls in the direction of interfering 

sources. 

The use of high gain narrow beams antennas improve carrier to interference ratio 

(C/I) , thus reduces frequency reuse factor for the same quality of service. Lower 

frequency reuse factor means more channels per cell, i.e., higher capacity. This can 

be accomplished by using smart antennas at the base to direct the electromagnetic 

energy to the intended users [5]. 

This paper concentrates on techniques for increasing capacity using smart antennas. 
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2. Smart Antenna Theory  

The smart antenna combines multiple antenna elements (antenna array) with an 

adaptive signal processing capability to optimize its radiation and/or reception 

pattern in response to the signal environment.  

The idea of smart antennas is to direct a single beam to each user to optimize the 

radio performance as shown in Figure(1). Using smart antenna with M elements will 

increases the signal amplitude (M) times because the desired signal received at each 

antenna element is phase-shifted due to weight coefficient, and then the signal 

components from each element are positively combined [7] [6]. 

The gain provided by smart antennas can extend the range of a cell to cover a larger 

area and more users than would be possible with omnidirectional or sector 

antennas [1]. 

 

Interference reduction can be implemented using high gain narrow beams to 

communicate with mobiles on the downlink, a base station is less likely to interfere 

with nearby co-channel base stations than if it used an omnidirectional antenna. 

Theoretically, the number of cells per cluster can be decreased, increasing spectral 

efficiency and capacity [2]. 

 

 3. Smart Antenna Potential in Improving Capacity  

Smart antennas can be used to allow the subscriber and base station to operate at 

the same range as a conventional system, but a lower power. This permit channels 

frequency reuse more frequently than conventional systems using fixed antennas, 

since the carrier-to-interference ratio (C/I) is much greater when smart antennas are 
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used. Ability to tighten frequency reuse allocates many channels per base station, and 

long range associated by smart antennas due to high gain [7].  

 

The minimum RF level at the receiver input is referred to as the receiver threshold 

sensitivity level. At this level, the signal is only just above noise-level and is not very 

intelligible. If the radio-base station sensitivity can be reduced, this would be 

translated into a capacity increase and reduced mobile transmitted power. 

If  Pc is  the carrier power, N is the  noise,  and I be interference power, then the 

receivers sensitivity (S) , can be given by [7] : 

 

where I denotes the other-cell interference and the same-cell interference. 

Reducing the load factor for a given number of users or sector throughput improves 

both coverage and capacity.  

If the smart antenna lower the receiver's sensitivity requirement to S', a capacity 

increases of (β) and a power reduction of (δ) can be achieved, as follows [7]: 

 

It follows that the capacity gain and the power reduction are given by : 
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If the capacity  is increased ,the system load will also increase. When the 

transmitted power is reduced , the battery life of the mobile  is extended. On other 

hand ,with the same mobile transmitted power, this could be translated  into a 

range extension [6,7]. 

4. Smart Antenna Simulation Results and Discussion 

4.1 Power Reduction Using Smart Antenna  

In Figure (2), the power reduction (δ) is plotted as a function of the gain that can be 

achieved using smart antenna (10 Log M), for different load factors (25%, 60 %).  

In 60% loaded system, a 5.0 dB in the receiver's sensitivity could lead to a 8.0 dB 

power reduction. The same receiver sensitivity could lead to a 5.9 dB in 25% loaded 

system. 

 

If smart antennas are used to allow subscribers to transmit less power for each link, 

then the Multiple Access Interference (MAI) is reduced, which increases the number 

of simultaneous subscribers that can be supported in each cell. 
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If the received power requirement at the mobile remains the same, with M-element 

array at the base station, the output power from amplifiers are reduced .Optimizing 

t r a n s m i s s i o n  t o w a r d  t h e  w a n t e d  u s e r  a c h i e v e s  l o w e r  

power consumption and amplifier costs, since the hardware components of the high-

power amplifiers are expensive. 

 

Figure (3) shows that as the distance increases, the received signal becomes weaker. 

When a subscriber unit transmits 0.6 watt (27.78 dBm), the power received at a base 

station located 2 km a way from the mobile unit will receive (-78.638 dBm), when 

using  omnidirectional   antenna , while it will be (-69.608 dBm), when array of eight 

elements is used at the base station. The difference is due to the gain obtained by 

using the array (10 Log 8 = 9.03 dB). 

 

4.2 Increasing of Capacity 

Figure (4) shows the expected capacity increase that can be achieved with no power 

reduction. 

It can be noticed that a 3 dB gain with 60% loaded system corresponds to 166% 

capacity increase. 
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In Figure (5), we have plotted capacity increase in 50% loaded system, for 50%, and 

0% power-reduction factors. It can be seen that for a 3 dB gain, power can be 

reduced by 50% and capacity will increase by 33 %. A capacity improvement of 110 

% could be obtained with a 4 dB gain at the same scenario. From the figure it can be 

seen how capacity and power reduction can be traded off.  
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5. Conclusion  

The potential of smart antenna in improving mobile communication performance in 

terms of range and capacity is studied. The results obtained has been shown that 

reduction base station sensitivity requirement would be translated to a capacity 

increase and/or reduced mobile transmit power.  

Concluded that with smart antennas at the base station, we can increase the uplink 

capacity by raising the uplink target load factor without sacrificing coverage because 

the reduction in array gain can limit the interference level and improve coverage. 
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