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Abstract
The most challenging task of managing Frequency Division 
Multiple Access (FDMA) based cellular networks is to allocate 
the frequencies to the cells efficiently.  In practical scenario, the 
number of frequencies that are available for allocation to the cells 
is finite.  As a result the system could not satisfy the requirements 
of the cells as per their demands. As a result, some of the new 
calls drop due to the lack availability of free frequencies. In this 
paper, an on-demand   dynamic frequency allocation algorithm is 
proposed and investigated. This method is also used to determine   
amount of   drop calls and its probability. 
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I. Introduction
Next generation cellular networks are imposed to support an 
increasing number of users with the increasing requirements.  In 
order to be able to efficiently full fill these rising demands, the 
overall spectrum efficiency of the networks has to be increased. 
Cellular   networks are able to deliver high system performance using 
limited frequencies due to the ability to use the same frequencies 
in several cells [1-2]. This reuse of  frequencies,  however, cause 
interference among cells using the same frequencies  which are 
called adjacent interference [1-2]. The allocation of frequencies  
to cells therefore has to be done intelligently  in order to guarantee 
an adjacent interference below a certain maximum limit.
Fixed Frequency Allocation (FCA) [3]   leads  a static allocation  
of frequencies to cells based on assumptions concerning the 
maximum demands of the cells. It assures adjacent interference 
below a maximum level but due to its static nature and the 
assumptions   concerning the maximum demands of the cells, 
FCA leads to inefficient frequency usage and therefore obtains low 
efficiency.  In order to increase the efficiency, Dynamic Frequency 
Allocation (DCA) [3], which allocates the available frequencies 
to cells according to the actual demands of the cells, is applied.  
Since the number of frequencies   available for distribution among 
the cells is limited, the number of frequency requested but not 
allocateed occurs if the number of frequency is not sufficient. 
FCA and DCA are both approaches for solving frequency allocation 
problems (FAPs) [4-5]. In [4], a general FAP is discussed as a graph 
theory problem, [5] formulates different FAPs as combinatorial 
optimization problems. The solution of FAPs, however, is 
very complex, since they belong to the class of NP-complete 
problems [4]. Several approaches have been made in order to 
reduce complexity using suboptimum heuristics, such as Neural 
Networks [6], Genetic and Evolutionary Algorithms [7], Local 
Search techniques [8] or Particle Swarm Optimization [9].
In this paper, a FAP that minimizes drop calls observing a minimum 
spatial separation between cells that use the same frequencies is 
formulated. The number of frequency available for the distribution 
among the cells is fixed and in general not sufficient to fulfill the 
frequency demand  of every cell. An efficient approach for the 
determination of the number of frequency  required by the network 

is proposed  and investigated. This approach is then applied to 
find probability of drop calls. Finally, a suboptimum algorithm 
solving the presented FAP with very low complexity is proposed 
and evaluated. 
This paper is organized as follows: Section II presents the 
mathematical formulation of FAP. Section III introduces and 
investigates the approach for determining the number of frequency  
required  for reducing call drops and for  deriving the drop call 
probability of the network. This approach is applied in Section 
IV to determine for amount of calls drop that occurs due to 
dynamic allocation of frequencies. In Section V, the suboptimum 
policy based algorithm to solve the presented FAP is proposed 
and compared to the lower bound derived in the preceding                                                                            
section. Section VI concludes the paper.

II. Mathematical Formulation
A cellular network with M cells of radius R arranged in hexagonal 
constellations. Each cell ci, i = 1, . . . ,M, has non uniform  frequency 
demand   |fdi|. The frequency demands  of the M cells are combined 
by the demand vector
  
FD = { |fd1|,|fd2|… |fdM| }    (1)

The cells are collected to form constellation. Within a constellation, 
no frequency can be reused. These constellations cover a planar 
surface. On the other hand some frequencies may be reused by 
several cells. The minimum distance between the centers of two 
cells that may use the same frequency is called the reuse distance rd 
and depends on the constellation size r [1] and rd is defined by 

rd = √3r · R     (2)

The  neighborhood N(ci) of cell ci are all cells whose centers are 
at a distance of less than the reuse distance rd from the centre of 
cell ci, including cell ci. It is defined by 

N(ci) = { cj | d(ci, cj) < rd},  
where  j ∈  {1, . . . , M},    (3)

with d(ci, cj) the distance between the centers of cell ci and cell 
cj.  

 

ci 

 

Fig. 1: Neighborhood of cell ci for  r = 3.

Two cells ci and cj are neighbors if cj ∈N(ci) and, vice versa, ci  
∈  N(cj) holds.
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The neighborhood constellation  is defined as every constellation  
of  r cells that are all neighbors. This holds true for all constellations 
of r cells for which the intersection of their neighborhoods is a 
set containing exactly these r cells:

1 1 2(c ) {c ,c ...c },m {1,2,...M}r
m m rN= = ∈  (4)

We define r is neighborhood constellation size. Finally, the co-
frequency cells of cell ci are all cells whose centers are at a distance 
of rd from the center of cell ci. Thus we will have

Ω (ci) = {cj | d(ci, cj) = rd}, where 
j ∈  {1, . . . ,M} ,             (5)

and all frequencies  that are allocated to cell ci are represented by 
the frequency set F(ci), defined by,

F(ci) = {f | afi = 1}, 
f ∈  {1, . . . , Ma}                (6)

with Ma the total number of frequencies  available and  the element 
afi ∈ A the allocation matrix defined by 
 

afi  = 
1
0

iif frequency f allocated to c
if not



   

The problem discussed in this paper is the allocation of a limited 
number Ma of available frequencies to the M cells of a network 
such that drop calls is minimized and the reuse distance is 
observed. Call drops occur if the number of frequencies that are 
allocated to a cell is lesser than the frequency demand of the cell. 
The number of frequencies that are demanded by a cell but not 
allocated is given by

Di = ( )| | | ( ) |
0
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with |F(ci)| the number of elements in F(ci). The call drop  probability 
of the network is given by
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The problem can now be expressed as a  optimization problem:

Minimze   Pd
Such that 
 af,i · af,k = 0 ∀ f, ci, ck ∈  N(ci)   (11)

A ∈  {0, 1}(na×M), na ≤ Ma    (12)

Equation (11) is the interference constraint, it assures that frequency 
are reused such that the  maximum  adjacent  frequency  interference 
is yielded to (i.e., the reuse distance is observed). Equation (12)  
claimes that the number of frequency  used in the allocation does 
not exceed the number of available frequency  Ma.

III. The Proposed Frequency Allocation Algorithm
This section presents frequency allocation algorithm for solving 
the FAP formulated  in Section II. The algorithm tries to allocate 

as many frequency  as possible with the reuse distance  rd, meaning 
that two cells whose centers are at a distance of  rd shall use as 
much as possible the same frequency . 
The  M cells are divided into r-cell constellations  P C

m ,  m = 1 . . 
. r. The constellations are constructed such that the centers of all 
cells within each constellation are at a distance of multiples of the 
reuse distance rd. The Ma available frequency  are divided into r 
frequency classes  C f

m  , m = 1 . . . r.  

Algorithm: 
1. for  m = 1 to r 
2. Calculate max{ sum_of_demand(PC

m )}
3. Allocate frequency as demanded by each member of  P C

m  
4. end for
5. for   m = 1 to r-1
6. select cells that are neighbors to r-1 of any of the cells that are 
already allocated with frequencies.  
7. Allocate frequency  to these cells from  C f

m   with the same index 
m as the cell constellation to which the cells  belong. 
8. Allocate preferably the same frequency as allocated to the co-
frequency cells of a cell as defined in 5 .
9. end for
10. If the frequency demand of a cell is not  fulfilled by step 6
11. Allocate as many frequency  as  possible from C f

m , mod (m)+1 
to the cell. 
12. end if 
13. Repeat step 10 through 12 with frequency from C f

m  ,  
mod (m + 1) + 1,  mod (m + 2) + 1, . . . until the frequency 
demand of the cell is fulfilled or all r frequency classes have 
been considered.
14. Go to step 5  until all M cells have been considered.  

IV. Conclusion
In this paper, a limited number of frequencies is dynamically 
allocated to the cells of a cellular mobile radio network is presented 
by considering the availability of frequencies  for the allocation 
are not  enough to satisfy the frequency demand of every cell.  
A new method is developed in order to determine the number of 
frequency that are required to compensate a certain frequency 
demand is presented. By this  method the amount of drop calls 
and it’s probability is determined efficiently. A suboptimum policy 
based frequency allocation algorithm using a demand vector is 
presented. The algorithm has very low complexity with O(Ma) 
time. 
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