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Abstract 

 
To meet the increasing demand for spectrum in communication system, Long Term Evolution (LTE) system has been proposed. It al-

lowed users to use a new and much wider spectrum comparing to the other previous technologies. To utilize the full capacity of the LTE 

system Frequency Reuse (FR) has been adapted. It is a promising aspect of transmission of high rate data stream with better system ca-

pacity and fading immunity in the modern Long-Term Evolution-Advanced (LTE-A) system. Fractional Frequency Reuse (FFR) is the 

commonly used frequency reuse technique to increase the system capacity. But the problem is, with introduction of FR, it also increases 

the Inter Cell Interference (ICI) of the system. The out of cell interference coming from the neighbouring e-NodeBs (eNB) as a result of 

using the same frequency band and they act as an interference source. This ICI decreases the system capacity, resulting in hampering of 

communication, browsing and in worst case no connection at all. This condition highly affects the users under a cell specially those who 

are located in the cell edge areas. To take care of this issue an approach called Dynamic Frequency Reuse scheme has been proposed in 

this paper to mitigate the interference thus increasing the system capacity. This scheme uses continuous assessment of resource allocation 

and choosing the best sub-band for the user with least interference. There is a sequential order to be maintained for the users with using 

off minimum Base Station (BS) transmit power. The cell edge area users are the primary concern in terms of increasing their service 

quality. MATLAB simulation software has been used to justify the theory that the proposed scheme is capable increase the capacity of 

the cell edge areas as well as the cell centre area user. The results achieved from the simulation also indicates that the proposed model 

can enhance the system capacity comparing to the existing FFR scheme.     
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1. Introduction 

The demand for system capacity is increasing everyday due to the 

increasing in internet data traffic. The number of mobile users is 

also increasing in a fast rate. There is a statistic from European 

Mobile Observatory (EMO) that is indicating that 92 percent of 

mobile is rising every year since the year of 2006 [1]. There is also 

a prediction that, within the next decades the mobile traffic will 

increase by 1000 times comparing to the present day [2]. So, to 

overcome the demand for capacity there is a need for modification 

of the currently deployed Long Term Evolution (LTE) technology 

which is commonly known as “4G” (Fourth Generation).  

The idea of Long Term Evolution Advanced (LTE-A) was pro-

posed to meet the requirement of the users and also the suppliers. 

The recent researches are indicating that LTE-A will be able to 

provide high data rate of 1 Gbps. To further improve the condition 

of LTE-A Frequency Reuse concept has been adapted in LTE-A 

system and transforming the network from Homogeneous to Het-

erogeneous Network (HetNet) is a promising aspect that can sig-

nificantly improve the system capacity.  

Like the LTE system, LTE-A has also adapted the Orthogonal 

Frequency Division Multiple Access (OFDMA) technique. OFD-

MA is the newest technology of accessing in mobile communica-

tion system. However, implementation of HetNet and FR concept 

has some demerits too. It can increase the Inter Cell Interference 

(ICI) of the system as the neighbouring cells use the same fre-

quency band. So, the neighbouring eNB may act as an interference 

source to each other. This is a limiting factor that many research-

ers are interested in mitigating.    

Traditional Fractional Frequency Reuse is an effective solution of 

this problem. Fractional frequency reuse is a combination of re-

use-1 and reuse-N model. In this scheme, each cell is divided into 

two regions. One is cell centre area and other one is cell edge area 

[3]. Frequency reuse factor of 1 is used for the cell centre area. 

In reuse-1 scheme, users situated in each cell can access the whole 

bandwidth but the problem is, it has to deal with the inter cell 

interference from the neighbouring cell. On the other hand, the 

cell edge areas use a higher frequency reuse scheme. In this case 

the bandwidth gets reduced but the inter cell interference is less. 

This is a trade-off. Based on these experiments the fractional fre-

quency reuse method is applied. Here, the available spectrum is 

divided into two sub-bands. One of them is used in cell centre area 

and other one is used in cell edge area permanently. As they are 

operating on disjoint spectrum, the capacity of the cell edge area is 

improved comparing to the universal reuse. This is an important 

scheme to avoid ICI. In this paper, for the sake of simplicity, a 

two-cell model has been considered. 

However, the disadvantages of this scheme are, a portion of the 

available spectrum is a portion of the available spectrum is re-
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maining unused. Also, it cannot handle with changing user traffic. 

In order to overcome these problems, the method called Dynamic 

Frequency Reuse (DFR) is proposed. This method is applied un-

der different parametric condition and realistic scenarios.  

The paper is organised as follows, in section 2 some related works 

are discussed. Section 3 is about the description of the proposed 

model. In section 4 results and discussions are presented and final-

ly conclusion and future work is added in the section 5. 

2. Related Work 

Application of fractional frequency reuse in the LTE-A system has 

been a highly-discussed topic in communication society. Adaptive 

partial frequency reuse has been proposed in [4] can improve the 

system capacity. However different transmit power and positions 

have been assumed arbitrarily. In another paper [5], contention 

based FFR is proposed but the algorithm is applicable for certain 

conditions only. In [6], congestion management in intellectual 

transportation system is proposed. Soft Frequency Reuse (SFR) 

has been proposed in [7-9]. However, most of the paper of them 

do not consider the effect of inter cell interference. Dynamic allo-

cation of frequency is considered in [10]. However, none of these 

considered multiple base stations with each serving users that are 

located randomly. 

3. Overview of Proposed Model  

The proposal of initial dynamic frequency reuse includes two 

steps of initialization. The first is implementation of an empirical, 

circulated algorithm for ideal resource allocation in LTE-A system. 

When there is no chance of communication with other BS, each 

BS can dynamically assign resource for each of its users. But as-

signing resources allocation to improve the capacity leads to [11] 

Non-Deterministic Polynomial Time Hard (NP-Hard) problem. A 

problem is considered NP-hard, if an algorithm for solving it can 

be translated into one for solving any NP problem. So, NP-Hard 

means it is as hard as any NP problem although it can be even 

harder. Due to this problem, computational complexity arises. In 

order to avoid this, a proposal has been made in this paper called 

Dynamic Frequency Reuse scheme. The total power allocated is 

minimized with a constant data rate for each of the user by re-

sources allocated by BS. The idea is to group the subcarriers into 

sub-bands. In telecommunication system, the subcarriers are sig-

nal carrier that is carried on top of another carrier. As a result, two 

signals can be carried at the same time. At the receiving end, the 

main carrier and the subcarrier signals are demodulated separately. 

On the other hand, the sub-band is the sub-division of a frequency 

band and sub-band coding, typically done by Fast Frequency 

Transformation (FFT) breaks the signal into different frequency 

bands. In other word, it can be represented by the set of subcarri-

ers. For a user to be placed in an exact sub-band means that his 

virtual channel will include only frequencies that are part of that 

sub-band.  

The following assumptions were made, the OFDMA in LTE-A 

system consists of inter-cell interference but there is no inter-

carrier interference. There is a constant data rate,   for users. 

They only require this rate,   for maintain the services. Channel 

quality information is fed back for each sub-band and user.  

If the channel quality information is denoted as,   and the calcu-

lated subcarrier is     and the amount of required power is    , 

then the user would need the CDR,   if user   is placed in sub-

band  . Let’s consider a binary random variable     which indi-

cates, if user   is allotted to sub-band  . Then, the following con-

strained integer programming problem will be solved in each BS, 

∑                                                            (1) 
           

∑                                                          (2)  

In this Paper,   is sub-band capacity and    is total power con-

straint. This equation can be further relaxed by allowing     to be 

real in the interval [0,1] and ∑                       in 

   ’s tends to be 0 or 1. 

Here, A two cell scenarios is considered. When cell edge users 

placed in cell 1 are allocated to sub-band which is 1, the cell 2 

users will face high interference on sub-band 1 and it will auto-

matically be pushed towards sub-band 2. Cell centre users are not 

as much affected by ICI as the cell edge users. So, it will choose 

the sub-band with best condition. In this case, sequential order is 

maintained for the users. The user’s COST is maintained by the 

base station. COST is a function of the price for required power on 

sub-band. In other word, it can be mentioned that COST is a func-

tion of power. Cost minimized means the low power sub-band but 

that can maintain the desired service of the user without any inter-

ruption. State variable of the base station monitors the available 

power and the sub-band in the base station. This data is taken and 

updated after that next user is taken in account. When the alloca-

tion period ends, the state variables are reduced to represent the 

work orders. 

4. Results & Discussion   

For analyzing the results, following assumptions are made; 
 

Table 1 : Parameters considered 

Parameters Value 

Path loss model COST 231-Walfisch Ikagami model 

              ( )       ( ) 
Inter site distance 2.5 Km 

Band Width 20 MHz 

Constant data rate 12 Kbps 

No. of subcarriers 48 

Subcarriers allocated 

for each user 

1 

Fading condition Rayleigh fading 

Thermal Noise Power         Here    Botlzman Constant 

Considering the above-mentioned parameters, simulations has 

been done using Matlab. In the previous section, the capacity of 

reuse-1 and reuse-N has been discussed. The combination of these 

to reuse factors give the capacity of the FFR scheme. The capacity 

of the FFR scheme is shown in Figure 1(a). Here, the capacity of 

FFR scheme can be seen at different power levels. When the pow-

er level is increasing the capacity also increasing with the dis-

tance. In this paper, the cell edge users are given more priorities as 

they are mainly affected by the ICI scenario. 

In the simulation for our proposed model, a limit has been consid-

ered for the users to be assigned in the sub-bands and power con-

sumption. The simulation will stop when there is lack of subcarri-

ers or power. User’s placement and fading has been considered 

multiple times. Then the data are analyzed and stored for the use 

of simulation and take care of randomness. New users are added 

from the different locations. Figure 2 shows the system capacity 

based on the number of users supported using DFR comparing to 

the FFR. From the simulation results, it is clear that DFR outper-

forms the FFR. 

Furthermore, if the base station transmit power is kept constant we 

can evaluate the performance of DFR comparing to FFR by Figure 

2 with data analysis is presented below. Table 2 of comparison of 

data analysis of indicating the enhancement of capacity in DFR. 
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Figure 1: Performance of (a) FFR & (B) DFR Comparing to FFR 

 

Figure 2: Data Analysis of DFR vs FFR 

 
Table 2: Comparison of DFR vs FFR 

 

5. Conclusion  

The FFR is a promising aspect in order to reduce the ICI of the 

system but it also arises some problems. To reduce the effect of 

ICI, DFR scheme is proposed. The proposed scheme compares the 

available sub-bands and then chooses the best sub-band for the 

users. Simulations results also indicates that this scheme outper-

forms the traditional FFR scheme. At the cell edge area and also 

the cell center area, the capacity is almost double comparing to 

FFR. In the simulation, the environment is considered with the 

realistic parameters. Further studies regarding this matter may lead 

to efficient radio resource management. 
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