
Abstract : In CDMA systems all mobiles can use the same 
carrier frequency at the same time. This means that there 
will be interference between users in the same cell and in 
neighboring cells. The analysis takes into account a number 
of capacity influencing factor such as the CDMA code non 
orthogonally, the inter cell interference, imperfect power 
control, and different service specific factors to reduce 
the interference (co-channel interference). Cell breathing 
technique is commonly used in cellular network such as 
Wide code division Multiple Access (WCDMA) to overcome 
load congestion by expending or shrinking the cell coverage. 
Cell breathing allows the available access point to reconFig. 
the cell boundaries By changing the transmitted power. In 
the design of cell in mobile communication systems, path 
loss prediction models play an important role. Coverage and 
capacity are sufficient issues in the planning process for 
cellular mobile network. Here we focus on the calculation of 
capacity and coverage for a Wideband code division multiple 
access (WCDMA) cell for Universal mobile telecommunication 
system (UMTS) network in different propagation environments. 
In these systems the power is the main shared resources for 
users. One of the fundamental characteristic of CDMA system 
is that the coverage range is intrinsically linked to the capacity 
of the system. The base station cell coverage may expend 
or shrink depending on the number of mobile station being 
served. The more traffic being carried by the cell, the smaller 
the coverage area of the cell becomes. The Cost-231 Hata and 
Waljisch-Ikegami Models are used in this study to predict the 
coverage and comparative result is presented.

Keywords : Cell breathing, Cellular network,  Soft handover, 
Propagation model.

I. Introduction
WCDMA is the commonly used air interface for Universal Mobile 
Terrestrial System (UMTS). The air interface is developed by the 
third generation partnership project (3GPP), which is the joint 
standardization body from Europe, Japan, Korea, USA and China. 
In 3GPP, WCDMA is called Universal Terrestrial Radio Access 
(UTRA) which covers the Frequency Division Duplex (FDD) and 
Time Division Duplex (TDD) [1]. 3G systems enable people to 
communicate with each other with high quality images and videos 
besides easy downloading of data and video [2]. WCDMA follows 
the CDMA spreading codes to spread the ser information bit over 
a wide bandwidth by multiplying the user data with quasi-random 
bits or  sometimes called as chips. The chip rate for 3G system 
is 3.84 Mcps with bandwidth approximately 5 MHz.

II. Literature Review
Several researchers have adopted the concept of cell breathing 
in Wireless LANs. For example [3] have applied cell breathing 
technique to balance the load between clients and access points 
(APs) by controlling the transmitted power of an AP. Cell breathing 
allows the available AP to reconFig. the cell boundaries by changing 

the transmitted power. Moreover, by increasing or decreasing the 
transmitted power will affect the AP coverage size. Currently the 
publication on cell breathing for UMTS is very limited. Nevertheless 
[4] have studied the cell breathing concept used in WCDMA radio 
network. The pilot energy per-chip to total wideband interference 
density ratio or Ec/Io is the main parameter involved in the study. 
They believed the change in value of common pilot power can 
improve the operability of the network and it is implemented 
using software for load and coverage balancing. Another research 
concerning cell breathing concept was conducted by [5] and they 
focus on Call Admission Control for Wideband CDMA. According 
to this paper, a current user in a call admission is affected when 
a new call is accepted due to cell breathing. The call admission 
decision is made by considering the CDMA uplink power from 
mobile station (MS) to base station (BS) and discovered that due to 
frequency reuse, cell size is continuously reduced. Thus increases 
the number of handoffs of MS from one cell to another [6]. 

III. Methodology
An urban area located in Chandigarh has been selected for this 
study. Drive tests were conducted in the morning and afternoon. 
This is to analyze the cell breathing margin of the base station. 
In real network, the probability of MS to be served by the same 
base station at different times is rather small.

A. PCS Extension to Hata Model
The European Cooperative for scientific and Technical research 
(EURO-COST) formed the COST-231 working committee 
to develop an extended version of the Hata model [7]. The 
simplicity and availability of correction factors make it favorable 
for path loss prediction. The proposed model for path loss is
L50(urban) = 46.3 + 33.9logfc – 13.82loghte – a(hre) + (44.9 – 
6.55loghte)logd + CM
Where 
CM = 0 dB        for medium size city and suburban areas 
         3 dB        for metropolitan centers

Cost-231 Hata model is restricted to the following range of 
parameters as shown in Table1.

Table1: Range of Parameters

Parameters Cost-231 Hata model

Carrier frequency 150 MHZ to 1500 MHZ

Antenna height of base 
station 

30m to 200m

Antenna height of mobile 
station

1m to 10m

Distance between base 
station and mobile station

1km to 20 km
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B. Okumura Model
Okumura developed a set of curve giving the median attenuation 
relative to free space, in an urban area over a quasi smooth 
terrain with a base station effective antenna height of 200 
meter and a mobile antenna height of 3m. 
To determine the path loss using Okumura model, the free space 
path loss between the points of interest is first determined 
,and then the value of  Amu(f,d) is added to it along with the 
correction factor to account for the type of terrain. The model 
can be expressed as 
L50(dB)  = Lf   + Amu(f,d) – G(hte) -  G(hre) - GAREA
Where L50 is the 50th percentile value of propagation path loss, 
Amu is the median attenuation relative to free space.
The values are as follows:
G(hte)  = 20log(hte/200)     1000m > the > 30m 
G(hre)   =10log(hre/3)                        hre ≤ 3m
G(hre)   =20log(hre /3)              10m >hre  >3m

Okumura model is restricted to the following range of parameters 
as shown in Table 2.
   
Table2: Range of Parameters

Parameters Okumura model

Carrier frequency 150MHZ to 1920MHZ

Antenna height of base station 30m to 1000 m

Distance between base station and 
mobile station

1km to 100km

C. Capacity and Coverage 
The capacity of a CDMA cell depends on many different factors 
such as power control accuracy, interference power. we are 
considering perfect power control. If there are N users in a cell 
and the signal is denoted by S then the interference can be 
calculated as I = (N-1)S+ŋ, where ŋ is the back ground thermal 
noise. Hence the SNR is given by
SNR = S/((N-1)S+ ŋ) = 1/((N-1)+ ŋ/S)
Signal strength, base station and mobile station data [8].
The received signal strength indicator is recorded from the 
drive test while the information on BS and MS is provided 
by the local network operator. All information determined 
such as position of BS and MS longitude and latitude, 3G site 
identification, site name and scrambling code. Compared to 
GSM, the WCDMA technology for UMTS is considerably more 
complex. One of the fundamental characteristics of CDMA 
systems is that the coverage range is intrinsically linked to 
the capacity of the system. The more traffic being carried by 
the cell, the smaller the coverage area of the cell becomes. In 
UMTS each transmitted signal increases the noise level (No) 
of the overall system. Since capacity is inversely related to 
the SNR, higher interference leads to higher noise and thus a 
reduction in the overall capacity. Since the traffic is constantly 
changing, depending upon the behavior of the subscribers and 
the events of the day the coverage range also changes. This 
phenomenon is known as “Cell Breathing”.
We can see the direct relationship between S/I ,D and R: 

D. Cell Breathing
Cell breathing is a feature of CDMA networks. The effective 
service area expands and contracts according to the number 
of users connected, Overlap-regions between cells (which 
are known as ‘handover areas’) need careful planning and 
management. Cell translations and databases must be 
conFig.d to ensure that handover areas are of optimal size 
and users furthest from base stations can be successfully 
‘handed over’ to neighboring cells with lighter traffic loads. 
If these handover areas are too small, mobiles at the edge 
of a cell will not receive support from the neighbor cells in 
time. This will result in too much interference and ultimately a 
dropped call. If the handover area is set too large then too many 
mobiles will receive multi-cell support, creating unnecessary 
links into the network that strain call processing resources and 
reduce capacity. Once a user at the edge of a cell experiences 
difficulty in maintaining the connection, it tries to increase the 
transmitting power of the hand set to its maximum value. This 
in turn increases the overall interference of the cell, making the 
cell footprint decrease in size, rendering this user at the edge 
of the cell tn become out of range. These areas of no or very 
limited coverage are called “Dead areas”. We can see that the 
power (S) shows a high dependency on the user data rate, Rb 
The source activity factor α, and the number of user N.

Where W is the CDMA chip rate = 3.84 Mchip/s
Typical values are, Eb/I0 = 7dB, α = 0.5, f-factor is the ratio of 
inter-cell to intra-cell interference power = 0.55 [8].

E. Coverage Validation 
If N is the number of independent signal strength, provided the 
error of the cell radius estimate, δR is less than 50%, It can be 
approximated with a simple empirical expression
δR = ΔR/R = (3.821σ + 4.619)/N
where, δR is the relative error  of the cell radius estimate (%)
ΔR is the absolute error of the cell radius estimate (meters)
R is the cell radius (meters)
σ is the standard deviation of the lognormal shadowing (dB)
it was shown the 5000 signal strength measurements were 
sufficient to characterize the path loss in a cell. The minimum 
resolution bin size, Δx, was also calculated as
πR2   /Δx2 = 5000 which yields, Δx = R/40 
The maximum required drive test distance D can be 
approximated by combining equations 
D(meters) = NΔx = (3.821σ + 4.619)R/40δR
= (σ + 1)R/10δR 
For a 10% error in cell radius, one must drive approximately 
10 radials. For a 5% error in cell radius, one must drive 
approximately 20 radials. For this Fig., it is assumed that the 
standard deviation of the lognormal shadowing of σ = 9 dB.

IV. Results and Discussion
As we can see from fig.-1, as the no. of signal strength 
is increased error is going to be decreased .the no. 
of signal is as 50,100,150,200,250 then the error is 
.578,.2869,.1912,.1432,.1147 respectively. Here we have use 
the sigma. and the value of sigma is taken as 9dB.
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Fig.1: Error vs No. of Signal
Error on X-axis and No. of Signal on Y-axis.

 
Fig.2: Chip Rate vs Signal Strength
Chip Rate on X-axis and Signal Strength on Y-axis.
 
From Fig.-2, We can see as the chip rate is increasing the strength 
of signal is going to decreased .we have taken the chip rate as 
2,4,6,8,10 the value of signal strength is coming as 5032.68,1
0111.15,15236.84,20407.97,25627.61 respectively. Here we 
have taken energy to noise ratio =7dB, alpha=0.5,f-factor is the 
ratio of inter-cell interference to intra-cell interference=0.55.

Fig.3: Value of f vs Dmax
Value of f on X-axis and Dmax on Y-axis

As we can see from the Fig.-3 that as the inter cell interference 
factor is increasing first it increase exponentially but after 
some value it get constant. we have taken the value at 
15,20,25,30,35,40 the value of maximum distance is coming 
on this value as 118.86,603.16,757.37,844.67,901.88,942
.50 respectively.
H e r e  w e  h a v e  u s e d  t h e  v a l u e  o f 
lambda=.15m,Psmax=125mW,Nt=-80dBm,e=.50 and we have 
carrier frequency=2Ghz. 

Fig.4: Value of f vs Nmax
Value of f on X-axis and Nmax on Y-axis

We can see from the Fig.-4 that as the value of intercell 
interference factor is increasing the maximum no. of user is 
increasing. we have taken the value of f=2,4,6,8,10 the value 
of Nmax is 4,7,10,14,17 respectively. Here we have taken the 
value of S=4,and e=0.55,and service activity factor V=2. 

Fig.5: SNRomni vs SNR60
SNRomni on X-axis and SNR60 on Y-axis.

As we can see from Fig.-5 that as the value of SNRomni is 
increased the value of SNR60 increase up to a point. we have 
taken the value of SNRomni at different point 10,20,30,40,50 
the output at these point is 27.91,37.91,47.91,57.91,67.91 
respectively. 

Fig.6: SNRomni vs SNR120
SNRomni on X-axis and SNR120 on Y-axis.

As we can see from the Fig.-6 that as the value of SNRomni is 
increasing the value of SNR120 is increasing up to a point.we 
have taken the SNRomni at different instant 10,20,30,40,50 and 
the out put is 20.98,30.98,40.98,50.98,60.98 respectively. 
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Fig.7: Signal value vs SNR
Signal value on X-axis and SNR on Y-axis.

As we can see from the Fig.-7 that as the value of signal increased 
the value of SNR get increased first but after a point it gets 
constant. the value of signal is taken as 0.1,0.2,0.4,0.6,0.8 and 
the output is coming as 0.0192,0.0198,0.0201,0.0202,0.020
2 respectively. Here we have used the no. of user=500. 

V. Conclusion
As we can see from the above Fig.s that as the chip rate increase 
the signal strength increase. Signal strength mainly depends 
on the inter-cell interference factor. as the value of interference 
increase the signal strength decrease maximum no. of user 
increase. as the maximum no. of user increase the SNR of the 
whole system degrade. To enhance the SNR we use the antenna 
with either   60 or 120 degree antenna by which it can cover 
the whole area and the SNR of system can increase. As the 
signal strength   is increase the system becomes much better   
and SNR get improved. 
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