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Abstract: The use of smart antenna systems enables the 

network operators to increase the wireless network capacity, 

where such networks are expected to experience an 

enormous increase in the traffic. This is due to the 

increased number of users as well as the high data rate 

services and applications.  In  addition,  smart  antenna 

systems  offer  the  potential  of  increased  spectrum  

efficiency, extended range of coverage and higher rate of 

frequency reuse. In this paper, we studied the performance 

analysis of CDMA 2000 1X network which will be used for 

the mobile communication. We will evaluate the 

characteristics of CDMA network using smart antenna 

systems. The characteristics of CDMA network are 

throughput, cell coverage area, radius, average EC/I0, and 

EC/I0 difference. The simulation results of the above 

characteristics can also be observed. If the smart antenna 

systems are used for data service users then the 

performance analysis of CDMA network will remain 

remarkable. 

Index Terms: CDMA 2000 1X SYSTEMS, 

BEAMFORMING, SMART ANTENNA SYSTEMS, TBA, 

SBA. 

I. INTRODUCTION 

The recent 3D generation (3G) mobile radio communication 

systems are proposed to provide    high-speed multimedia 

data services as well as voice services. The ever- increasing 

demand for  high-speed  multimedia data services motivates 
the need for reducing the interference from other users  to 

increase  the  capacity  of  the  mobile  radio communication 

systems[1]. The new techniques are also necessary for 

improving the spectrum efficiency without increasing the 

radio frequency (RF) spectrum. The smart antenna systems 

are one of those techniques that can achieve these goals [1]. 

Mobile radio communication provides high-speed 

multimedia data services as well as voice services. The   

ever-increasing demand for  high-speed  multimedia data  

services motivates the need for reducing the interference 

from other users  to  increase  the capacity  of  the  mobile  

radio communication systems[2]. The new techniques are 
also necessary for improving the spectrum efficiency without 

increasing the radio frequency (RF) spectrum. The smart 

antenna systems can reduce the same cell and other cell 

interference significantly by using a narrow antenna beam. 

These systems are intended to form an antenna beam that 

should be in the direction of a desired user by tracking the 

main beam direction. These antenna systems, therefore, can 

minimize the interference from other users. This reduced  

 

interference leads to an increase in the cell coverage and 

system capacity because the values of EC/I0, and EB /N0, 

are improved[3]. The increased EC/I0, leads to the extension 

of the cell coverage. The improvement of EB /No on both the 

forward and reverse links leads to an increase in service 
qualities, e.g. voice call quality, multimedia data throughput 

and so forth. This also reduces the power consumption of a 

mobile station[2]. The signal degradation due to multi path 

fading can be reduced with the help of smart antenna 

systems. There are two approaches to implementing smart 

antenna systems.  The first one is the tracking beam array  

(TBA) method and the second one is the switched beam 

array (SBA) method[2] In this paper, we study the 

performance analysis of smart antenna systems using TBA 

approach of implementation CDMA mobile communication 

systems are interference limited systems. Interference 
degrades  the  system  parameters such as  EC /I0 and  EB 

/N0 etc.  One  approach  in reducing interference in the  

cellular  system  is  the  sectoring  of  cell  site.  Interference 

is reduced if, we  use  more  than  6  sectors. The  mart  

antenna systems can reduce same and other cell interference 

by using a narrow antenna beam[1].  

 

II. BACKGROUND 

A. Smart antenna systems:   

Smart or adaptive antenna arrays consist of an array of 

antenna elements with signal processing capability that 
optimizes the radiation and reception of a desired signal, 

dynamically.  Smart antennas can place nulls in the direction 

of interferers via adaptive updating of weights linked to each 

antenna element. They thus cancel out most of the co-

channel interference resulting in better quality of reception. 

The benefits of smart antennas are increased range, capacity, 

spectral efficiency, security and reduction handoff [2]. 

 

B. CDMA systems:  

CDMA is a method in which users occupy the same time and 

frequency allocations, and are channelized by unique 

assigned codes. The signals are separated at the receiver by 
using  a  correlator  that  accepts  only  signal  energy from  

the desired channel. Undesired signals contribute only to the 

noise. Major attributes of CDMA mobile System are 

provides wide area, high capacity, and cellular mobile 

communication [2]. 
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III. SYSTEM SIMULATION RESULTS 

A.THROUGHPUT: 

We develop the received  EB/ No model  of  the supplemental 

channel SCH for the CDMA 2000 1X data service on the 
forward link. This is used to calculate the data throughput on 

the physical air link. The EB / N0 can be calculated with the 

help of below equation. 

 
𝐸𝑏

𝑁𝑜
 =0,𝑘

𝑑

𝜉𝑆𝐶𝐻
𝑗

𝑝𝑜
𝑡𝑥 𝐿𝑜 ,𝑘

𝐼𝑆𝐶 +𝐼𝑂𝐶+𝑁𝑂𝑊
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𝑊

𝑅𝑑
 

Where ξSCH is  the supplemental  channel  power portion of 

p0
tx  , W  is  the  channel  bandwidth  and  Rd  denotes the 

information  data  rate.  The j denotes the number of 

supplemental channels. In this case, the interference ISC and 

IOC can be expressed as follows: 

𝐼𝑆𝐶 = 𝛼𝑃𝑂
𝑡𝑥𝐿𝑜,𝑘  𝜉𝑂𝐻 + 𝐺𝑆𝐴(1 − (𝜉𝑂𝐻 +

𝜉𝑆𝐶𝐻
𝐽
 )) 

𝐼𝑆𝐶 =  𝑃𝑖
𝑡𝑥

𝑀

𝐼=1

𝐿𝑖 ,𝑘  𝜉𝑂𝐻 + 𝐺𝑆𝐴(1 − (𝜉𝑂𝐻 +
𝜉𝑆𝐶𝐻
𝐽
 )) 

Where α is the orthogonality factor between traffic channels 

and ξSCH can be expressed as in the equation. 

𝜉𝑆𝐶𝐻 =
𝑃𝑆𝐶𝐻
𝑃𝐼
𝛼  

The maximum data requested by user is assumed 153.6 kbps; 

distance between each base station is 3.8 km. We get 

improvements of air link throughput when narrow  antenna  

beam  is  used,  by entering number of voice   users and data 

users, the throughput will be expressed as shown in below 

equation. 

               Throughput = Rdata (1 - FER)               

The interference is the sum  of  the supplemental channel 
powers from other users and the overhead channel power.            

We have developed the data throughput on the  air  link by 

using the  results of the  link  level  simulation  that  shows 

the variation  of frame  error rate (FER)  with respect  to the 

EB  / N0. Rdata   is  the maximum data rate requested by the 

user. Thus, the simulation result for the throughput will be 

given as shown in the below figure. 

 

B. CALCULATION OF AVERAGE EC/ I0, EC/I0 

DIFFERENCE USING SMART ANTENNAS: 

The interference from other users in the CDMA system can 

be reduced if smart antenna systems are used. We assumed 
that the smart antenna systems are used to transmit traffic 

channel signals only on the forward and reverse link. The 

below figure shows the desired signal and interference 

signals from other users on the forward link in the case of 

using a smart antenna. 

 
Fig.1. A desired signal and interference signals from other 

users on the forward link 

We develop the Ec/I0 model of the k th mobile station in the 

0 th  base  station, BSo when  considering the effect of the  

smart antenna system 
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where 𝑝0
𝑡𝑥 is the total transmit power of the i th base stati 

on 𝐿𝑖 ,𝑘  is the path loss from the BSi to the MSo,k, NOW is the  

background  thermal noise power  and M is the  number  of  

base stations used  in the  simulation.  𝜉𝑝   denotes   the  pilot  

channel  power portion of 𝑝𝑖
𝑡𝑥   and 𝜉0𝐻 denotes the overhead  

channel power portion of 𝑝𝑖
𝑡𝑥 . These can be expressed as 

    

𝜉𝑝= 
𝑃𝑃𝐼𝐿𝑂𝑇

𝑃𝑖
𝑡𝑥  

𝜉𝑝=
𝑃𝑃𝐼𝐿𝑂𝑇 +𝑃𝑆𝑌𝑁𝐶 +𝑃𝑃𝐴𝐺𝐼𝑁𝐺 +𝑃𝑄−𝑃𝐴𝐺𝐼𝑁𝐺

𝑃𝑖
𝑡𝑥  

𝑃𝑖
𝑡𝑥 = 

 

𝑃𝑃𝐼𝐿𝑂𝑇 + 𝑃𝑆𝑌𝑁𝐶 + 𝑃𝑃𝐴𝐺𝐼𝑁𝐺 + 𝑃𝑄−𝑃𝐴𝐺𝐼𝑁𝐺 + 𝑃𝐹𝐶𝐻𝑉𝑉𝑁𝑉

+𝑃𝐹𝐶𝐻𝑉𝐷𝑁𝐷 + 𝑃𝑆𝐶𝐻𝑉𝐷𝑚𝑖𝑛 𝑁𝐷,𝐽 ,        𝑁𝐷 > 0

𝑃𝑃𝐼𝐿𝑂𝑇 + 𝑃𝑆𝑌𝑁𝐶 + 𝑃𝑃𝐴𝐺𝐼𝑁𝐺 + 𝑃𝑄−𝑃𝐴𝐺𝐼𝑁𝐺 + 𝑃𝐹𝐶𝐻𝑉𝑉𝑁𝑉 ,𝑁𝐷 = 0

  

Where 𝑃𝑃𝐼𝐿𝑂𝑇  is the pilot channel power 𝑃𝑆𝑌𝑁𝐶  is the 

synchronization channel power. PPAGING and PQ-

PAGING are the paging and quick paging channel powers, 
respectively. PFcH and PscH   are   the   fundamental     and 

supplemental channel powers, respectively in the 

CDMA2000 1X network. Nv, and ND, are the numbers of 

voice and data users.   The subscript J denotes the number of 

supplemental channels used for data service and the 

parameters vv and vD, are the voice and data activity factors, 

respectively [1]. 
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The interference caused by other users traffic channel signals 

can be reduced by using the smart antennas with narrow 

beam width, as compared to the sectored antenna systems. 

Here are the simulation results for Average EC  / I0 and EC  / 
I0 difference[2].  

 
Figure: 2 AVERAGE EC  / I0  RESULT 

 
Figure: 3 DIFFERENCE EC / I0 RESULT 

Thus, we can analyse the EC / I0  characteristics of CDMA 

network.  

 

C. SIMULATION FOR COVERAGE AREA 
In this simulation, it was shown that the cell coverage ratio 

for the voice and data service case increases slightly in 

proportion to  the number of increased users, when compared 

to  the voice service case only[4]. Cell coverage increases by 

using Smart antenna to form narrow beam towards the 

desired user. Forward cell coverage increases for 10 users but 

decrease rapidly as number of user’s increases [4].  

 
Figure: 4 Cell coverage area result 

 

D.SIMULATION RESULT FOR RADIUS OF SMART 

ANTENNA SYSTEM 

As the coverage area of the CDMA network increases with 

the help of the smart antenna systems, the radius of the 

cellular mobile network is also increases[5]. In the case of 

voice service only, the forward cell coverage increases 

remarkably when 10 users exist in a sector but we can see 
that the ratio decreases very rapidly when increasing the 

number of users per sector. On the other hand, the ratio of 

the voice and data services case increases slightly as the 

number of users increased, i.e. the variation of the ratio is not 

so sensitive as that for the voice service case [5]. The 

simulation result of coverage radius in the CDMA 2000 1X 

using smart antenna system will be shown in the below 

figure. 

 
Figure: 5 Cell coverage Radius Result 
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IV. SIMULATOR DESCRIPTION 

In order analyse the system performance of the system, we 

will consider three important smart antenna   patterns.  

They are: 

 300 smart antenna pattern 

 600 smart antenna pattern 

 1200 sectored antenna pattern 

To have maximum gain for the desired user, we use these 

sectored antenna patterns. The 300 smart antenna pattern 

simulation will be Obtained by assuming 3 dB bandwidth is 

300. The 600 smart antenna pattern simulation will be 

obtained by assuming 6 dB bandwidth is 600. The 1200 

sectored antenna pattern is used for the transmission of 

overhead channel signal and also in traditional 3 sectored 

cellular systems. We observe all these 3 smart antenna 
patterns for the CDMA network using smart antenna systems 

which can be used for the effective mobile communication 

[1]. 

 

V. CONCLUSION 

Smart Antennas  for  Future  Wireless  Systems  provides  

key technology and  latest  developments  in  the  smart 

antenna improves  cell  coverage,  throughput, reduces 

cochannel  and   inter channel  interference. It  reviews  the 

advancements  in  the field of  smart  antenna  technologies  

has  potential  to  impact wireless communications  in  terms  

of  high  performance benefits. We observe different 
characteristics of CDMA network like Throughput, Ec/I0 

average and difference, cell coverage area and radius using 

smart antenna systems. 
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