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Abstract 
 
The smart antenna is a technology which can 
enhance the performance of wireless systems 
remarkably. The technology of smart antenna has 
been extensively applied to the mobile 
telecommunication system such as GSM and 
CDMA. It is proposed that smart antenna 
technology would be a must for the 4G cellular 
networks hence these Smart Antennas will have 
a significant impact on the efficient use of 
spectrum, the minimization of the cost of 
establishing networks and the enhanced Quality 
of service in establishing 4G networks. The 
paper deals with different aspects of using smart 
antennas in fourth generation cellular networks. 
It is important to realize that how the 
development of 4G network will continue in the 
future years to come, the evolving scenarios 
would be very different, though all pointing at 
the need for increased capacity and indicating 
smart antennas as a possible solution. The paper 
also provides some basic adaptive algorithms 
which can be employed for the 4G networks and 
the features of proposed 4G network. 
  

1. Smart Antenna 
 

.A smart antenna system combines an antenna 
array with a digital signal-processing capability 
to transmit and receive in an adaptive, spatially 
sensitive manner to increase capacity [1], greater 
coverage area of the cell while suppressing 
interference. 
 
The introduction of powerful and low cost DS 
processors has made smart antenna systems 
realistic for cellular and satellite networks which 
can be more reliable and can carry high data 
rates. Antenna becomes smart when signal 
processing techniques, described later, Smart 
antenna can automatically change the 
directionality of its radiation patterns in response 
to its signal environment. This can dramatically 
increase the performance characteristics (such as 
capacity) of a wireless system. 
 
The dual purpose of a smart antenna system is to  
• Enhance the signal quality through more 

focused transmission of signals 

 
 
 
• Enhancing capacity through increased 

frequency reuse.  
 

2. Smart Antenna Types 
 
Smart antennas are usually classified as either 
switched beam or adaptive array system. 
 

A) Switched Beam Antennas 
 
The usual switched beam method is considered 
as an extension of the existing cellular 
sectorization scheme, in which a classic 
secrotized cell site is composed of three 120-
degree macro sectors into several micro sectors. 
The switched bream approach further divides the 
macro sectors in to numerous micro sectors. 
Switched beam antenna systems form multiple 
predefined beam patterns or combining strategies 
(sectors) with heightened sensitivity in particular 
directions. These antenna systems detect signal 
strength, choose from one of several 
predetermined, fixed beams, and switch from 
one beam to another as the mobile moves 
throughout the sector. Instead of shaping the 
directional antenna pattern with the metallic 
properties and physical design of a single  
 

 
Figure1: Switched beam antenna beam 

pattern 
 
element (like a sectorized antenna), switched 
beam systems combine the outputs of multiple  
antennas in such a way as to form finely 
sectorized (directional) beams with more spatial 
selectivity than can be achieved with 
conventional, single-element approaches. 
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B) Adaptive Array Antennas 
 
Adaptive antenna technology represents the most 
advanced smart antenna approach to date. Using 
a variety of new signal-processing algorithms, 
the adaptive system takes advantage of its ability 
to effectively locate and track various types of 
signals to dynamically minimize interference and 
maximize intended signal reception.  
 
The adaptive antenna systems approach 
communication between a user and base station 
in a different way, in effect adding a dimension 
of space. By adjusting to an RF environment as it 
changes (or the spatial origin of signals), 
adaptive antenna technology can dynamically 
alter the signal patterns to near infinity to 
optimize the performance of the wireless system. 
Adaptive arrays utilize sophisticated signal-
processing algorithms to continuously 
distinguish between desired signals, multipath, 
and interfering signals as well as calculate their 
directions of arrival. This approach continuously 
updates its transmit strategy based on changes in 
both the desired and interfering signal locations. 
The ability to track users smoothly with main 
lobes and interferers with nulls ensures that the 
link budget is constantly maximized because 
there are neither microsectors nor predefined 
patterns 
 
 
 

 
Figure2: Adaptive array antenna beam 

pattern 
 
 
Both these antenna systems attempt to increase 
gain according to the location of the user; 
however, only the adaptive system provides 
optimal gain while simultaneously identifying, 
tracking, and minimizing interfering signals. 
 

 
Figure3: coverage pattern 
 

 
Figure 3 illustrates the relative coverage area for 
conventional sectorized, switched beam, and 
adaptive antenna systems. . Both types of smart 
antenna systems provide significant gains over 
conventional sectored systems.  
 

3. Comparison of Switched Beam and 
Adaptive Array Systems 

 
Integration: Switched beam systems are 
designed to improve widely deployed existing 
cellular systems as it smartly addresses the needs 
of mature networks. In comparison, adaptive 
array systems are deployed for newer networks. 
 
Range/coverage: Compared to the conventional 
sectored cell, switch beam systems can increase 
the range of a base station from 20% to 200% 
[1]. The added coverage can save substantial 
infrastructure costs and hence reduces prices for 
clients. The dynamic switching from beam to 
beam conserves capacity because the system 
does not send all signals in all directions. In 
comparison, adaptive array systems can cover a 
wider, more consistent area with the same power 
levels as a switched beam system. 
 
Interference suppression: Switched beam 
antennas suppresses interference from directions 
away from the active beam's center since these 
beams are predetermined, sensitivity can 
occasionally vary as the user moves through the 
sector. Switched beam solutions work best in 
minimal to moderate co channel interference and 
have difficulty in distinguishing between a 
desired signal and an interferer. If the interfering 
signal is at approximately the center of the 
selected beam, and the user is away from the 
center of the selected beam, the interfering signal 
can be enhanced far more than the desired signal. 
In these cases, the quality is degraded for the 
user. [2] 
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Adaptive antenna array offers more effective 
removal of interference. Adaptive antenna array 
transmits finite number of combinations because 
of the narrow focus it creates less interference to 
adjacent users than a switched-beam technique. 
 

 
Figure4: Beam forming 

 
Spatial division multiple access (SDMA)— 
Another utilization of smart antenna technology 
is SDMA, which employs advanced processing 
techniques to, Locate and track fixed or mobile 
terminals, adaptively steering transmission 
signals toward users and away from interferers. 
This adaptive array technique achieves High 
level of interference suppression, making 
possible more efficient frequency re-use than the 
standard fixed hexagonal reuse patterns. In 
essence, the scheme can adapt the frequency 
allocations to where the most users are placed. 
The Switched beam antenna array lacks this 
capability. 
 
Preferential use in TDMA/CDMA  
We saw in [3] that adaptive arrays provide a 
better range increase than switched beam 
antennas .Since switched beam antennas require 
less complication, particularly with respect to 
beam tracking, they appear to be preferable for 
CDMA .In contrast; adaptive antennas are more 
suitable for TDMA applications, especially in 
environments with large angular spread. 
 
 

4. Benefits Of Smart Antennas 
 
1. Numerous potential benefits of smart 

antennas include 
2. Improved system capacities[17] 
3. Higher permissible signal bandwidths 
4. Space division multiple access (SDMA) 
5. higher signal gain  
6. Higher signal-to-interference ratios [5] 
7. Increased frequency reuse 
8. Side lobe canceling or null steering 

9. Multipath mitigation 
10. Constant modulus restoration to phase 

modulated signals 
11. better range/coverage.   
12. Interference rejection 
13. Blind adaptation 
14. Improved angle-of-arrival estimation and 

direction finding 
15. Instantaneous tracking of moving sources 
16. Reduced expense  
17. Clutter suppression 
18. Increased degrees of freedom 
19. Improved array resolution 
20. MIMO compatibility in both 

communications and radar 
 
 

5. Beam Forming Schemes 
 
The core of the smart antenna is the selection of 
the smart algorithms .Using each algorithm we 
can adjust the weights of the antenna arrays to 
form certain amount of adaptive beams t o track 
corresponding users automatically. Besides, the 
algorithms also determine the transient respond 
rate of the antenna and the complexity of 
realizing the circuit.  These algorithms are based 
upon certain criteria. These schemes could be  
 
1. Conventional beam formers  or delay-and-

sum beam former 
2. Null steering Beam Former 
3. The Optimal beam former(MVDR) 
4. The optimization using reference signal 

(Minimum mean-square error) 
5. Beam space processing 
6. Frequency domain beam forming 
7. digital beam forming 
8. eigenstructure method[1] 

 
Above algorithms can be classified into two 
main categories Blind algorithm and Non-blind 
Algorithms [6]; each will be now briefly 
discussed  
 
The blind algorithm is one that needs the 
reference signal to adjust the weights gradually, 
besides if the direction of the signals is known 
we can determine the channel response firstly 
and then determine the weights according to 
certain principled 
 
Whereas the Non blind algorithm is one that 
doesn’t needs the reference signal. The receiver 
can estimate the transmitted signal and treat it as 
the reference signal to make signal processing. 
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This kind of algorithm makes use of the inherent 
characteristics of the modulation signal or the 
characteristics that is independent of the carried 
information .this kind of algorithm includes 
 
Further these two types of algorithms can be 
combined i.e. using the non-blind algorithm to 
determine the initial value and then using the 
blind algorithm to track and adjust .Thus we can 
use the advantages of both and improve the 
processing. 

 
6. Adaptive Beam forming Algorithms 

 
The fixed beamforming approaches, mentioned 
earlier apply to fixed arrival angle emitters. If the 
arrival angles don’t change with time, the 
optimum array weights won’t need to be 
adjusted. However, if the desired arrival angles 
change with time, it is necessary to devise an 
optimization scheme that operates on-the-.y so as 
to keep recalculating the optimum array weights.  
 
The receiver signal processing algorithm then 
must allow for the continuous adaptation to an 
ever-changing electromagnetic environment. The 
adaptive algorithm takes the fixed beamforming 
process one step further and allows for the 
calculation of continuously updated weights. The 
adaptation process must satisfy a specified 
optimization criterion. Several examples of 
popular optimization techniques include  
 
Adaptive beamforming is a subcategory under 
the more general subject of digital beamforming. 
Digital beamforming has been applied to radar 
systems [7–11], sonar systems [12], and 
communications systems [13] to name a few. 
 
1. The simple Matrix Inversion (SMI) 

algorithm 
2. The Least Mean Square (LMS) Algorithm 
3. The constant Modulus Algorithm (CMA) 
4. The conjugate Gradient Method 
5. Neural Network Method 
 

7. Direction of Arrival algorithm 
 
It is apparent that even for one source there are 
many possible propagation paths and direction of 
arrival. If several transmitters are operating 
simultaneously, each source potentially creates 
many multipath components at the receiver. And 
this is the case that happens in the smart antenna 
Therefore, it is important for a receive array to 
be able to estimate the angles of arrival in order 

to decipher which emitters are present and what 
are their possible angular locations. This 
information can be used to eliminate or combine 
signals for greater fidelity, suppress interferers, 
or both. Angle-of-arrival (AOA) estimation has 
also been known as spectral estimation, 
direction of arrival (DOA) estimation, or 
bearing estimation. 
 
1. Bartlett DOA estimate 
2. Capon DOA estimate 
3. Linear prediction DOA estimate 
4. Pisarenko harmonic decomposition DOA 

estimate 
5. Min-norm DOA estimate 
6. Root-MUSIC DOA estimate 
7. ESPRIT DOA estimate 
8. Maximum Entropy method (ME\M) 
9. Multiple Signal Classification (MUSIC) 
10. Neural networks DOA estimate [1] 
 

8. Proposed Features of 4G networks 

4G is being developed to accommodate the 
quality of service (QoS) and incresae date rate 
requirements for the  future applications like 
wireless broadband access, Multimedia 
Messaging Service, video chat, mobile TV, High 
definition TV content, Digital Video 
Broadcasting (DVB) [4], minimal service like 
voice and data, and other streaming services for 
"anytime-anywhere". The 4G working group has 
defined the following as objectives of the 4G 
wireless communication standard: 

• A spectrally efficient system (in bits/s/Hz 
and bits/s/Hz/site),[14] 

• High network capacity[99] 
• A nominal data rate of 100 Mbit/s at high 

speeds and 1 Gbit/s at fixed positions  
• A data rate of at least 100 Mbit/s between 

any two points in the world,[15] 
• Smooth and quicker handoff  
• Seamless connectivity and global roaming 

across multiple networks, 
• High quality of service for next generation 

multimedia support (real time audio, high 
speed data, HDTV video content, mobile 
TV, etc) 

• Interoperability with existing wireless 
standards, and 

• An all IP, packet switched network. 
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Property 4G 

Starting time 21010-21012 

Driven Technique Intelligent software 
Auto configuration 

Representative 
Standard OFDM, UWB 

Radio Frequency 
(HZ) 3G-5G 

Bandwidth (bps) 10M-20M 
Multi-address 

Technique 
FDMA, TDMA, 

CDMA 
Cellular coverage Mini area 

Core networks All-IP networks (IPV6) 

Service type Multimedia 
Machine-to-machine 

Table1: 4G vision summary 
 

9. Application In  4G network 

From the study of smart antenna and feautures of 
the 4G it is evident that the performance of 4G 
networks obviously depends on the advances in 
smart antenna systesm. The smart antenna 
promises to achieve the goal of 4G systems such 
as high rate, high reliability ,long range 
communications and High quality of service.[16] 
Using Smart antenna technique of  Spatial 
multiplexing, that involves deploying multiple 
antennas at the transmitter and at the receiver, 
Independent streams can be transmitted 
simultaneously from all the antennas. which 
increases the data rate into multiple folds with 
the number equal to minimum of the number of 
transmit and receive antennas. This is called 
MIMO .  

Apart from this, the reliability in transmitting 
high speed data in the fading channel can be 
improved by using more antennas at the 
transmitter or at the receiver. This is called 
transmit or receive diversity. Both 
transmit/receive diversity and transmit spatial 
multiplexing are categorized into the space-time 
coding techniques, which does not necessary 
require the channel knowledge at the transmit.  

10. Future work 
 

The authors have investigated several cases of 
smart antennas and it has been observed that 
smart antenna use substantially increases 
capacity and reduces interferences. 

 
The authors intend to do modeling of the various 
adaptive array algorithms using the weather 
maps of various areas to bring to light some 
patterns which could be developed and later 
deployed in the selected areas for 4G networks. 
For this purpose Adaptive Beam forming 
Algorithms are under further reviews especially 
natural network method. There are Different 4G 
feature frameworks have are being defined from 
the standpoints of service subscriber, service 
provider, researcher and engineer and as soon as 
the real features of 4G networks would be 
established these algorithms would be better 
researched for their adaptation to the 4G 
networks. 
 

11.  Conclusion 
 
Core features of 4G are described as diversity 
and adaptability of the targets, leading to 
seamless integration  hence It is apparent that 
among the two classes of smart antennas, 
adaptive array antenna would be the one that 
would be used in the 4G networks to achieve 
these targets .we can easily conclude from the 
above study that Smart antenna would play a 
major role in the deployment of 4G networks 
because when it comes to distribution of the 
signal , it is only antenna array system which is 
responsible to effectively cater to the needs of 
the user 
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