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Abstract: In this paper we use a model that we 
have developed for CDMA capacity analysis, and a 
planning tool developed in Technical University of 
Valencia, to see how different conditions like 
propagation model, number of cells and 
overlapping  affect the estimation of CDMA and 
WCDMA capacity. We will show that the 
overlapping is not a direct parameter that affect 
capacity, and there are other factors to consider. 

 
 

1 INTRODUCTION 
 
In [2] and [3] we describe a model for capacity 

analysis in CDMA systems using DC-Cell, a 

GIS based planning tool developed at 

Universidad Politécnica de Valencia, and 

MATLAB. We show some initial results of 

that model, and now, we are exploring 

different parameters like cell size, proximity 

between cells, number of cells in the system 

and “clustering” CDMA in order to improve 

planning process for third generation systems. 

 

In this paper we will show results for 

variations of some of this parameters, 

specifically cell size and number of cells. In 

CDMA systems is quite common supposing 

only one carrier frequency for capacity 

estimations, and is intuitive think that for more 

base stations, more users. However the 

Multiple Access Interference problem in 

CDMA systems could establish a limit for that 

supposition in a similar way that occurs in 

FDMA and TDMA systems. 

 

Paper is organized as follows; following 

section makes a description of simulation 

conditions and restrictions, next section shows 

some results obtained for voice traffic with a 

nine cells test system and next shows results 

for voice traffic with a nineteen cells system. 

Finally, there are some conclusions. 

 

2 SIMULATION CONDITIONS 

 

As we explain above, our main concern is to 

know how a CDMA (or WCDMA) system is 

affected by cell size and number of cells in the 
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system assuming one carrier frequency. One of 

the aspects well known in CDMA systems is 

that overlapping can affect negatively the 

Multiple Access Interference (MAI) problem, 

the we have considered one test system with a 

relatively big grade of overlapping, and a test 

system with less overlapping, to see how this 

factor influence in capacity. 

 

Then, our test systems have the following 

conditions. The first test system has nine cells 

with transmitters located at 6m high and 

24dBm of power with omni directional 

antennas. The propagation model used was 

Saunders-Bonar irregular because transmitters 

were below building rooftops. 

 

The second test system has the same 

characteristics than first, but with nineteen 

cells. It implies that exists a relatively big 

overlapping because we are simply introducing 

more base stations in the system. 

 

For traffic generation, we are using a Poisson 

model, with mean duration of calls bigger than 

simulation time with the objective of heavily 

load the system. We are not considering users 

mobility, then we do not estimate call loss 

because of handover. Both systems use the 

same traffic model, and then the only thing that 

limits the number of calls is the interference 

produced by users. 

 

Simulation time for both systems was 300 

seconds with time slices of 0.5 seconds. Figure 

1 and Figure 2  shows test systems with nine 

and nineteen cells respectively. 

 

 

Figure 1: Best Server map for test system 

 

 

Figure 2 : Best server map for 19 cell test 

system 

 

3 SOME RESULTS FOR NINE CELLS 

SYSTEM 

 

Figure 3 shows the state of the system at end 

of simulation and shows Eb/No and number of 



active calls. We can observe in the figure that 

cell No.3 have less calls than cell No.6, 

however the Eb/No relation is better for cell 

No.6. 

 

Figure 3 : Number of calls at end of simulation 

 

In   Figure 5 we can observe the overlapping 

zones in the system. Note that grade of 

overlapping is big, but in a micro cellular 

environment is difficult to avoid such 

overlapping because you need give service in 

all service area. 

 

With nineteen cells, we increase the service 

area, but we increase the overlapping area too, 

as we can se in Figure 4. 

 

As we have mentioned above, cell No.3 have a 

relatively small number of calls (70), but the 

interference is bigger than cell No.6. We can 

observe that cell No.3 have a big overlapping 

compared with cell No.6. More exactly, cell 

No.3 presents overlapping in 93% of its area 

while cell No.6 presents overlapping in 55% of 

its area, as we can see in Figure 7. 

 

 

Figure 4:  Overlapping zones for 19 cells 

 

 

Figure 5: Overlapping zones for 9 cells 

  

 

Figure 6: Area of Cell No. 3 



 

Figure 7: Overlapped area of cell No. 3 

 

Figure 8: Cell No. 6 

 

Figure 9: Overlapped area of cell No. 6 

 

In Table 1 we can see the percentage of 

overlapping of each cell in the nine cells 

system. If we compare this percentage with the 

number of calls in each cell and the relation 

Eb/No, then we cannot see a clear relation, 

except for cell No.3.  

 

The counterexample for situation in cell No.3 

is the case of cell No.9, with similar number of 

calls of cell No.8, similar Eb/No, but 

percentage o overlapping in cell No.9 is only 

20%. 

 

Cell No. Percentage overlapping 

1 69.5856    

2 56.1422    

3 92.9739    

4 67.9825    

5 68.2475    

6  55.0675 

7 50.3300    

8 64.0565    

9 19.6517 

Table 1: Percentage of overlapping of cells 

for nine cell system 

 

 

4 SOME RESULTS FOR NINETEEN 

CELLS SYSTEM. 

 

As we can observe in Figure 2, the system 

with 19 cells is a system with better coverage 

area, but with very closer coverage zones, then 

the overlapping is bigger than overlapping in 

nine cells system. 

 



In Figure 10 we can observe the number of 

active calls in the system and the Eb/No at the 

end of simulation. The figure shows clearly 

two things, the number of calls in cell No.10 is 

much bigger than other cells, with a Eb/No 

high, and the number of calls in cell No.1 is the 

lowest in the system and it have the worst 

Eb/No. 
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Figure 10: Number of calls and Eb/No at 

end of simulation 

 

Lets analyse first the case of cell No.1. The 

overlapping of cell No.1 is 99.9%, that is, we 

can eliminate it without degrade coverage area. 

Besides, we can appreciate in Figure 11 that 

cell No.1 is affected mainly by cells No.13 and 

No.14. Then, calls cursed in cell No.14 and 

cell No.14 affect the value of Eb/No in cell 

No.1 after the cell has reached the blocking 

condition. 

 

Now, looking the situation in cell No.13 and 

cell No.14, is the next. Cell No.13 have 32 

calls, an overlapping of  92.9% and Eb/No=15. 

Cell No.14 have 14 calls, an overlapping of 

78.8% and Eb/No=4.99. 

 

 

 

Figure 11: Position of cell No1 relative to 

cells No.13 and No.14 

Now the question that seems obvious is that 

there is no relation, or at least not a clear one, 

between the percentage of overlapping and the 

individual capacity of a cell. The example is 

cell No.14 and cell No.13. Cell No.14 have 

less overlapping, less calls and less Eb/No than 

cell No.13. Specifically, cell No.14 is blocked 

with only 14 calls. In Figure 11, cell No.14 is 

the left one, and then it has fewer cells around 

it than cell No.13 that is crossed by cell No.1. 

 

But if look at Figure 13 and Figure 14, then we 

can understand better what is happening. 

Figure 13 show the number of users that can be 

served by cell No.14 if it would be alone, 



without neighbors and Figure 14 show the real 

number of users attended by cell No.14.  

 

 

 
 

Figure 12: Cell No.1 and users around it 

 

 

The users that appear in Figure 13 are 50 and 

the users attended by cell No.14 are 14. The 

other 36 users cause interference but are served 

by another cells in the system. 

 

In other words, cell No.14 is receiving 

interference from users attended by neighbor 

cells with the same intensity that those users 

would be attended by cell No.14, because the 

best server selection process assigns other BS 

to those users. 

 

 

 
Figure 13: Users that could be attended by 

cell No.14 

 
 

Figure 14: Users attended by cell No.14 

The situation is similar for cell No.1 and its 

neighbors. In that case, cell No.1 gives 

adequate coverage to 170 users, but is only 

attending 10. Other cells are attending the 

other. 

 

5 CONCLUSIONS 

The final thing to revise is the total number of 

calls that each system can attend. In this case, 

we have to consider that service area is bigger 



with nineteen-cell system, and then we expect 

a total number of active calls bigger than nine 

cells system. However, the number of calls by 

unit area is a good approximation to compare 

capacity and how the overlapping affects it. 

For nine cells system, we have 3.6 calls by 

1000 square meters with the system at 

maximum capacity, and for nineteen cells 

system, we have 3.0 calls by 1000 square 

meters without blocking. Extrapolating results 

we obtain numbers a little bigger for nineteen 

cells system, then the number of cells in a 

similar coverage area does not affect capacity 

in a linear way. This is an expected result 

because of nature of CDMA based systems and 

the more interference when we have more 

cells.  

 

From a planning point of view, the capacity 

increasing in a WCDMA system is not 

obtained only with more BS, as we do in 

TDMA. The need for more BS is given by 

coverage area more than an increase in 

capacity. 

 

We show also that overlapping percentage is 

not a factor per se, but is accomplished by the 

question of which cell overlaps which cell. 

Then in a planning process we must be careful 

with the location of Base Stations to avoid that 

users from neighbour cells interfere another 

cells. This is difficult to control in urban micro 

cellular systems where the coverage shapes are 

very irregular. 

  

Another particular behaviour showed did users 

closer to a cell different from those attending 

call generate the effect of calls, or the effect of 

a call generated by a user near to a “best server 

area” from other cell. 

 

We did not find in literature any similar work 

using cover maps generated by planning tools 

to analyse capacity in microcellular 

environments. We think that this approach 

permits to obtain a better approximation to the 

capacity problem, thinking in current mobile 

data services over third generation systems. 

 

Irregular shapes of microcellular and 

picocellular systems difficult the traditional 

planning process and the use of GIS based 

planning tools and simulation can help to 

optimise systems for the third generation. 
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