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Abstract—Frequency planning is one of the most 

expensive aspects of deploying a cellular network. If a 

set of base stations can be deployed with minimal service 

and planning, the cost of both deploying and 

maintaining the network will decrease. To ensure that 

the scarce frequency is utilized to its maximum, 

planning and optimization are done. This is also carried 

out to ensure that there is high efficiency in cellular 

radio systems and little or minimum interference due to 

co-channeling. This paper focuses on coming up with an 

automatic way of planning and optimizing the frequency 

in the cellular network. The approach replaces the 

inefficient, inaccurate and tedious manual approach. 

The automatic approach simplifies work for the radio 

frequency(RF) engineers and also reduces the cost of 

operation. The automatic approach ensures that the 

cellular network is extensively deployed in a way that 

criteria of maximum quality, quantity and good 

coverage are met. The paper focuses on coming up with 

an automatic planning and optimization algorithm that 

minimizes the intra-system interference levels to 

reasonable ranges within the key performance 

indicators (KPIs) defined for any acceptable cellular 

network. 
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I. INTRODUCTION 

A successful connection between one user and 
another in the same or different cellular network is 
maintained by radio signals of given frequency. 
The radio signals are received and transmitted by 
the nearest available base transceiver station 
(BTS). The BTS is also used for communication 
in the opposite direction. A BTS operates with one 
or more transceivers called TRXs represented by 
carriers. Each TRX is assigned its own operating 
frequency. The available radio frequency is 
divided into uniformly sized slots called channels. 

Each TRX in the BTS operates on given channels 
[1-2]. 

For two TRXs using adjacent or the same 
channels, interference is very likely to occur. The 
interferences are adjacent-interference and co-
channel interference respectively, the higher the 
level of interference, the worse the quality of the 
link. 

Each BTS (in a cluster) is allocated a different 
carrier frequency and each cell has a usable 
bandwidth associated with this carrier. Because 
only a finite part of the radio spectrum is allocated 
to cellular radio, the number of carrier frequencies 
available is limited. This means that it is necessary 
to re-use the available frequencies many times in 
order to provide sufficient channels for the 
required demand. This introduces the concept of 
frequency re-use and with it the possibility of 
interference between cells using the same carrier 
frequencies [3-4]. 

Frequency planning in cellular network is the 
last step in the layout of a global systems for 
mobile communication (GSM) network. Prior to 
tackling this problem, the network designer has to 
address other issues like: where to install the BTSs 
or how to set configuration parameters of the 
antennas (tilt, azimuth, etc.). Once the sites for the 
BTSs are per sector has to be fixed. This number 
depends on the traffic demand which the 
corresponding sector has to support. The result of 
this process is a quantity of TRXs per cell. A 
channel has to be allocated to every TRX and this 
is the main goal of the algorithm [5]. 
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II. DESIGN PROCEDURE 

A. Frequency planning and optimization GSM 

900 

1) Frequency re-use pattern 

A 3/9 frequency re-use pattern is used. Three 
sites each serving three cells are used to form a 
cluster of nine cells. Frequency re-use rate is the 
measure for effectiveness of frequency plan. 
Multiple re-use rates increase effectiveness of 
frequency plan. 

2) Carrier to channel interference ratio (C/I) 

in 3/9 cell repeat pattern 

In theory, the pattern leads to a C/I of > 9dB. 
Extra measures are needed in order to reduce the 
impact of interference. The appropriate measures 
are frequency hopping and dynamic power control. 

3) Capacity per area (C/A) in 3/9 repeat 

pattern 

Geographical adjacent cells A1 and C3 use 
adjacent ratio carriers. This implies that a C/A of 0 
dB for Mobile Stations (MSs) operating on the 
boundary of adjacent cells A1 and C3. This 
configuration which is shown in Fig.1 is much 
better than the one quoted for GSM. 

 
Figure 1. Geographical adjacent cells 

The design aims to expand its coverage to a 
new area using 5MHz of bandwidth in GSM 900 
(Nominal Channel Band Spacing). With the 
available bandwidth, the Traffic Channel (TCH) 
frequency plan is made according to specifications 
(Signal to Noise Ratio (SINR) > 9dB) with an 
additional 6dB marginal for Broadcast Control 
Channel (BCCH) SINR. With a propagation 
exponent equals to 4, the system is interference 
limited. 

Cluster sizes up to K = 12 or even more are 
used in some extreme cases. Due to increasing 
traffic, cluster sizes tend to decrease hence re-
planning and optimization of the network has to be 
an ongoing activity. BCCH and TCH may have 

different cluster sizes. BCCH is crucial for 
connection hence it has larger cluster sizes. 

The location of each cell site is given as a (x, y) 
coordinate in Table 1. For frequency planning 
purposes, a 3/9 frequency re-use pattern is 
required to minimize interference. A 3/9 re-use 
pattern means that there are three three-sector sites 
supporting nine cells i.e. each cell sites has 3 cells. 
Frequencies in the 3/9 cell plan are given in Table 
2. 

Traditionally, the needed coverage area is 
divided into many smaller areas (cells) which 
form clusters. A cluster is a group of cells in 
which all available carriers have been used only 
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one time. Using carriers in cells in neighboring 
clusters leads to interference. To minimize 
interference, the frequency re-use distance 

(distance between two sites using the same carrier) 
must be as large as possible. 

TABLE I. CELL SITE GEOGRAPHICAL LOCATION 

Cell Site # X Coordinate value (in km) Y Coordinate value (in km) 

1 1 1 

2 3 1 

3 5 1 

4 1 3 

5 3 3 

6 5 3 

7 1 5 

8 3 5 

9 5 5 

TABLE II. 3/9 REUSE PATTERN 

Channel Groups A1 B1 C1 A2 B2 C2 A3 B3 C3 

RF Channels 

1 2 3 4 5 6 7 8 9 

10 11 12 13 14 15 16 17 18 

19 20 21 22 23 24 25   

 

B. Proposed frequency reuse pattern 

Each cell of the 3 cells uses a different subset 
of the allocated channels. Cells using the same 
frequency are placed as far away from each other 
as possible to ensure that co-channel interference 
is weaker than the signal originating from the cell. 

For K-cell frequency reuse, the distance 
between the cells is given as; 

 D= (√3K). R (1) 

Where R= Cell radius  

The most significant interference comes from 
the 6 closest co-channel cells considering that the 
cell is considered hexagonal in this case. 

 C/I=(1/6)(D/R)γ (2) 

For free space, path loss (γ) = 2 but in most 
cases it ranges from 3-4 

For K = 3 and γ = 3.7, we have 

 C/I=(1/6)(3R/R)3.7= 9.7095= 9.872dB (3) 

The C/I value calculated above is the quoted 
GSM value of 9 dB. By the central limit theorem, 
as the number of interferers gets large, the total 
interference tends towards a Gaussian distribution 
and will hence resemble Additive White Gaussian 
Noise (AWGN). Using this, capacity is then 
approximated as; 

 C= BTlog2 [1+SINR] (4) 

Where SINR ≈ C/I 

The capacity per area for a single frequency 
band used throughout a given area (A) is given as; 

 C/A = C/KΠR2 (5) 

The minimum K that provides acceptable SINR 
is used to achieve satisfactory performance and 
maximize capacity. Decreasing the value of R, 
increases the capacity per unit area of the system, 
this is a good approach but very uneconomical 
because it means installation of more base stations 
which is very expensive. 
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Systems with fewer cells also experience 
higher interference levels because the path loss 
exponent, γ tends to be distance dependent. 
Decreasing the cell radius, R, makes γ to approach 
2. This is because the unobstructed line of sight 
propagation is very likely in fewer or smaller cells. 
It can be seen that γ decreases, C/I and SINR 
decrease if the reuse factor, K is fixed. To have 
good interference levels, when cell radius is 
decreased, K must be increased to maintain the 
acceptable SINR. 

C. System Model 

Consider the geographical area as shown in 
Fig.2 below, each cell having a radius of R. The 
distribution of channels among the cells, based on 
the resource planning model with cluster of size 3 
is assumed. Minimum reuse distance, Dmin, is 3R. 
Meaning that the neighboring cells in interference 
is 6. For example, our reference cell is center cell 
B3 for which interference will be considered from 
the following 6 neighbors; A3, C3, A5, C4, A2 
and C1. 

 
Figure 2. System model 

If a channel is used in a cell, then none of the 
other 6 interference neighboring cells uses it. 
When an MS sets up a call, a request message is 
sent to the immediate BTS and if there is a free 
primary channel, the BTS selects one and ensures 
that there isn’t any co-channel interference hence 
maximizing channel utilization. Some of the 
channel selection schemes use resource planning 
model to get better channel reuse. Static resource 
planning is done in a way where a fixed set of 
resources is allocated to cells. However with the 
increase in variation of traffic, few cells starve for 
spectrum while others remain completely unused. 
When cells starve, there are very high chances of 
calls getting blocked due to insufficient resources. 
In a variable traffic scenario, static resource 
planning becomes inefficient. To deal with the 
unbalanced resource distribution, a more flexible 

planning is required which dynamically varies the 
resources according to the traffic. Resources 
allocation in orthogonal frequency division 
multiple access (OFDMA) ensures that two users 
are not assigned a common resource in a cell at 
any given time. This eliminates intra-cell 
interference (due to transmission within the cell). 

The rules for using resource planning models 
are as follows: 

 When all the primary channels are 
completely exhausted, then a cell requests 
the secondary channels. 

 The set of cells is divided into a number of 
disjoint subsets such that any two cells in 
the same subset are physically separated 
with at least a minimum reuse distance. The 
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set of channels are also divided into 
equivalent disjoint subsets. 

 The channels in the disjoint subsets are 
primary channels of cells in the subset and 
secondary channels to another subset. 

D. Proposed algorithm 

Cells are divided into 3 linear disjoint subsets. 
i.e. A, B and C. These subsets are disjointed to 
avoid adjacent channel interference. Each of the 3 
cells uses a different subset of the available 
channel. Each cell has 6 neighbors. Consider a 
total of 21 channels each with 7 primary channels; 

Subset A: 1, 4, 7, 10, 13, 16, 19 

Subset B: 2, 5, 8, 11, 14, 17, 20 

Subset C: 3, 6, 9, 12, 15, 18, 21 

The following assumptions are made: 

 The neighbors of each cell are well defined. 
With the center cell as B3, its neighbors are 
A3, C3, A5, C4, A2 and C1. 

 The terrain of the considered geographical 
area is flat hence channel fading is not 
accounted for in the system. 

 All BTSs transmit at the same power and 
are centrally located in the cell. 

 Directional antennas are used in the 
sectorised cells where each cell has 3 
sectors, where each sector is assigned two 
channels hence two TRXs installed. 

When cell B3 receives a call request, it checks 
the availability of primary channels and if there 
are vacant primary channels, it connects the call. If 
there aren’t any available primary channels, it 
initiate a search for free primary cells in the 
neighboring cells (A3, C3, A5, C4, A2 and C1). 
When it receives a confirmation message from the 
neighboring cells, it selects a channel randomly 
from the first one to arrive. The call is connected 
ensuring that the quality of the call is maintained. 

B3 takes confirmation of the selected channel 
and marks it as interference channel. The channel 

is not used again until it is returned back by the 
borrower. The scheme focuses on the assignment 
of channels in such a way that channel utilization 
is maximized at the same time maintaining the 
voice quality. The algorithm ensures maximum 
reuse of channels. 

In channel acquisition, information on free 
channels is collected ensuring that two cells within 
minimum reuse distance do not share the same 
channels. Acquisition phase of the distributed 
Dynamic Channel Allocation (DCA) algorithm 
consist of the search and update phases. 

In channel selection, when cell B3 requires a 
free channel, the channel selection scheme is used 
to pick one available channel and confirms with its 
interfering neighboring cells whether it can use the 
selected channel or not. After that, when a cell 
acquires or releases a channel at any time, it 
informs its interference neighbors so that every 
cell in the system model always knows the 
available channels of its interference neighboring 
cells. 

III. RESULTS 

The cells are located geographically in a way 
that ensures there exist very minimum interference. 
Cells using the same frequency are located far 
from each other to ensure that co-channel 
interference is weaker than the signal originating 
from the cells. 

With the cells mapped as shown in the Fig.3, 
deviation (upper and lower deviation) is 
minimized and the distance between every cell site 
is determined to be 48km using A Mathematical 
Programming Language (AMPL), as shown in 
Table 3. 

Table 4 shows the sum of calls arriving in cell 
B3, the sum of borrowed channels, sum of calls 
blocked in DCA scheme, the sum of calls blocked 
in the Fixed Channel Allocation (FCA) scheme, 
the probability and percentage of calls blocked. 
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Figure 3. Cells geographical mapping 

TABLE III. AMPL RESULTS 

                          Deviations 

Cell Sites 1 2 3 4 5 6 7 8 9 

1 0 1 0.5 0 0.25 0 0 1 0.25 

2 0.25 0 0 1 0.75 1 0 0 0 

3 0.75 0 0.5 0 0 0 1 -1.074 0.75 

TABLE IV. MATLAB SIMULATION RESULTS 

 

DCA channels are not allocated permanently to 
different cells but BS allocates channels 
dynamically to coming calls. Call blocking is low 

in DCA scheme as compared to the FCA scheme. 
The DCA algorithm significantly reduces the call 
blocking rate. This is due to channel borrowing 
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and reduction of the cluster size in the resource 
planning model. Radio resource reuse changes 
dynamically hence higher trucking efficiency. 

FCA is a conventional approach where each 
cell is allocated to predetermined set of channels. 

The channels are allocated according to the 
frequency plan. Channels cannot be transferred 
between cells. 

Probability of calls being blocked is given by: 

Pbl = (calls blocked)/(calls arriving in cell B3)      (6) 

Pbl(DCA) = (calls blocked in DCA )/(calls arriving in cell B3)    (7) 

Pbl(FCA) = (calls blocked in FCA )/(calls arriving in cell B3)    (8) 

Percentage call block is given by: 

%Cb=(calls blocked)/(calls arriving in cell B3)(100%)     (9) 

IV. CONCLUSIONS 

The sources of RF interference, the types of RF 
interference, factors affecting RF interference and 
the acceptable level of RF interference were 
discussed. When RF engineers are designing the 
cellular system, the most important task is 
assignment of radio frequencies to all the BTSs in 
the network. With the scarcity and price of 
frequency bands, frequency reuse must be 
employed. The paper discussed the frequency 
reuse patterns and went further to show the 
effectiveness of the reuse pattern when 
implemented in the network. The proposed 
channel allocation algorithm makes efficient reuse 
of channels using the resource planning model 
with the reduction of cluster size. The simulation 
results show that the blocking probability of the 
proposed DCA algorithm is significantly less than 
that of FCA algorithm. 
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