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Abstract- Day to day there is increase in large demand of network coverage as population is increased at very higher rate. So 
Long Term Evolution (LTE) is a 4G wireless communication standard is used in mobile devices to improve voice and data 
quality. LTE used small base station which is called Femtocell which is used to improve coverage over a small area. Because of 
large demand by users and less spectrum availability there is noise problem occur known as ICI. So to mitigate such ICI a 
strong soft frequency reuse technique have been proposed here. Femtocells those are having interference are identify first then 
apply this reuse technique to reduce the ICI. 
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I. INTRODUCTION 
 
The large demand of voice and data coverage for 
rapidly growing population requires higher 
bandwidth. But bandwidth is limited and expensive so 
there is need to migrate cellular technology from 
UMTS to LTE. This new technique has recently 
attracted considerable interest. LTE gives better 
transmission speed and less packet loss. But there is 
still inter cell interference problem occur in OFDMA 
based network for indoor subscribers. Signal quality at 
receiver end is also degraded because of the higher 
penetration loss as the radio signal travels through the 
walls present at outside location. Therefore the new 
concept is comes into picture is femtocell. The 
femtocells are economical and efficient base stations 
which are fixed inside the building [1]. Generally 
studies gives result that 70% data traffic and 50% 
voice traffic originating from indoor environment [2]. 
Macrocell base stations are expensive to reach such 
increasing demands of users. So femtocell topology is 
new solution to overcome this   problem [3].  
 
Femtocell is a small device that is used to enhance the 
coverage region over small area. It is also called 
wireless femtocell access point which gives broadband 
internet connectivity and broadcasts it into its 
coverage area. Therefore femtocell allows the mobile 
devices to take call from broadband connection. 
Femtocell access point is fixed into the home so there 
is no extra site acquisition cost is involved. There are 
unlimited mobile minutes are available for fixed 
monthly fee. No extra electricity bill is occurred. 
Therefore femtocell provides improved indoor 
coverage area at less cost [4]. Voice call and data call 
through femtocell are encrypted and mobile devices 
are automatically switches to femtocell when they 
come in their range. femtocell can extend the cellular 
macro network. 
 
The Long Term Evolution (LTE) is a fourth generation 
wireless communication standard exploited in mobile 

phones to achieve high data rate during mobility. 
Orthogonal Frequency Division Multiple Access 
(OFDMA) is the main feature of LTE which has 
gained increasing interest recently. Due to its inherent 
robustness against frequency selective fading and its 
capacity for achieving high spectral efficiency, 
OFDMA has been considered as a modulation and 
multiple access method for 4G wireless networks, 
such as IEEE 802.16m (WiMAX) and 3GPP-LTE. 
With OFDMA, transmissions can be multiplexed in 
both time and frequency based on the underlying 
OFDM system, which essentially corresponds to a 
combination of Frequency and Time Division 
Multiplexing (FDM and TDM). In an OFDMA 
system, the available frequency subcarriers are 
separated into distinct sets (be referred to as 
sub-channels) and consequently can be allocated to 
different data-streams for different users. This 
multiple access technique is implemented in downlink 
which encodes the data in digital manner and reduces 
the intra-cell interference. But still Inter Cell 
Interference (ICI) remains in the system. 
 
Generally ICI occurs during data transmission when 
customers from various cell sites are present on same 
sub channel. However, with the usage of FRF, the 
most user terminals (UTs) are seriously afflicted with 
heavy ICI, especially near the cell edge area. To 
overcome such problem of ICI there are many 
methods available. Among those ICI cancelation 
approaches suffer from heavy complexity overhead 
and barely limited amount of strong ICI can be 
cancelled. Similarly, ICI randomization technique can 
hardly achieve substantial performance improvements 
as ICI randomization randomizes the interference into 
White Gaussian Noise, which cannot reduce 
interference in nature. So there is need to find out the 
strong technique which mitigate the ICI effectively.  
 
Soft frequency reuse technique is the effective method 
which reduces the interference without affecting 
spectrum efficiency.  
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There are multiple frequency reuse techniques are 
given such as partial frequency reuse and fractional 
frequency reuse. Both frequency reuse scheme 
requires the high cost for the efficient spectrum 
allocation and coverage area allocation. Also these 
schemes give low network throughput. Therefore 
there is need to developed the new frequency reuse 
which overcome the above mentioned drawbacks. Soft 
Frequency Reuse (SFR) scheme is the best solution for 
the ICI mitigation in 4G LTE based femtocell 
networks [5], [6]. 
 
The basic idea of using soft frequency reuse is 
applying Frequency Reuse Factor (FRF) of 1 to Cell 
Centre Users (CCUs) and FRF of 3 to Cell Edge Users 
(CEUs). One third of available bandwidth is used by 
CEUs which is known as ‘Major Segment’.  Data 
packets are sending with higher transmission rate 
through this major segment. To actualize bigger FRF 
for CEUs, Major Segments among directly adjoining 
cells should be orthogonal. Remaining entire 
frequency resources are used by CCUs. Besides, on 
the Major Segment, CEUs always take priority over 
CCUs at resources access. Therefore the SFR is more 
bandwidth efficient compared to other frequency reuse 
schemes.  
 
Here one new advanced efficient SFR technique is 
introduced which is known as Cluster Aware Soft 
Frequency Reuse Scheme (CASFR). The available 
bandwidth is divided by this scheme in each cell based 
on number of Femtocell Base Stations (FBSs) which 
are interfering by ICI. This scheme reduces the ICI in 
downlink of LTE based femtocell networks.  
.  
II. SYSTEM MODEL  

 
A. Inter Cell Interference (ICI) 

With a smaller frequency reuse factor (FRF), more 
available bandwidth can be obtained by each cell. So, 
in this sense the classical FRF deployment is desirable. 
However, with the usage of FRF, the most UTs are 
seriously afflicted with heavy ICI, especially near the 
cell edge. This degrades the system capacity and gives 
less coverage area for cell. Conventionally by 
enhancing cluster order ICI is mitigated but this 
reduces the transmission bandwidth. So there is need 
to find out the new technique which effectively 
reduces the ICI.    
 

B. Superior frequency reuse scheme 
In cell edge area there is more co-channel interference 
in femtocell networks as compared to other areas of 
cell. So the main objective of this new Cluster Aware 
Soft Frequency Reuse Scheme (CASFR) scheme is to 
reduce that ICI. Therefore there is need to assign 
distinct set of subcarriers to users at the cell edge area. 
Subcarriers are split into Physical Resource Blocks 
(PRBs) and divide into their User Equipments (UEs) 
by the respective base stations. Two or more closely 

spaced FBSs transmit the data by using same PRB at 
that time interference occurs which degrades the 
system quality. So to avoid such conditions this new 
frequency reuse scheme is used. Interfering signal 
from neighboring cells in downlink reduces 
throughput. This interference mitigated by this Cluster 
Aware Soft Frequency Reuse Scheme by assigning 
PRBs to interfering cells [7].  Then this scheme 
identifies the cluster of interfering cell. Then it assigns 
the PRBs to each user in cluster. Then FBS gather the 
information from FUEs in the form of periodic 
message. If interference occurs and it goes beyond the 
certain threshold limit then FBS generate the cell ids 
of neighbours which are interfered with noise. Then 
FBS generate the token set T= {1, 2, 3.........N. For cell 
edge users select token ti and PRB set Si. FBS generate 
the PRB set for the cell centre users also. Then it 
randomly removes the cell ids from list and sends to 
high interference indicator with updated information. 
This information contains updated ids, updated new 
token set and PRB information. This process continues 
till all the cells in the cluster have selected their PRB 
sets for the cell centre and the cell edge. So finally this 
scheme reduces the ICI and enhances the throughput 
[8].  
 
Mathematically how this new scheme model design is 
given in the next section (III). 
 
III. MATH 
 
Here the system model having bandwidth ‘B’ which is 
distributed among the N PRBs. The total received 
signal power is given as: 

Pr
n= Pt

n Gr,t
n                                     ..... (1) 

 
Where Pt

n
   is transmit power for n PRBs and Gr,t

n is the 
gain of system model between r receiver and t 
transmitter. 
The interference received at r receiver is  
 
   Irn=∑ Pf

n Gr,p
n+∑ Pm

n Gr,q
n                             ......... (2) 

p€F            q€M 
 

Where Pf
n  is transmitted power for uplink Femto User 

Equipment (FUE) and downlink Femto Base Station 
FBS. Pm

n   is the Macro User Equipment (MUE) and 
Macro Base Station (MBS) transmitted power for 
downlink. Gr,p

n is the gain between FBS and 
interfering MUE and Gr,q

n is the channel gain between 
FBS and interfering FUE. Both gains are given for 
uplink. 
 
From equation 1 & 2 Signal to Noise Ratio (SINR) 
calculated as  
SINR= Pr

n/ Irn 
 

          (3) 

Shannon’s equation gives the throughput as below 
Thr= Blog2(1 + SNR)    (4) 
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Where B is the bandwidth of a channel. This equation 
gives the theoretical throughput. Consider the B as the 
bandwidth of PRBs i.e., BPRB therefore equation (4) 
can be written as  

Thr= BPRB log2(1 + SNR) (5) 
 
 

      Channel gain can be determined by the path loss 
between transmitter and receiver. It can be calculated 
by  

Gn,t
n=10(-LS/10) (6) 

 
 

Path loss for FUE or MUE to FBS is given as 
LS = 15.3 + 37.6log10 (d/ 1000)      dBm (7) 

 
Where d is the distance between t and r. 
Path loss between indoor UE and MBS is calculated as 
below  

  
LS = 15.3 + 37.6log10d+Lwalls           dBm (8) 

 
Where Lwalls is the loss when signal travels through 
walls from indoor to outdoor and vice versa.  
 
IV. SIMULATION 
 
Simulation by using Matlab or NS2 software will 
gives exact brief idea about this superior frequency 
reuse scheme. Here consider the Matlab simulation 
results. Consider 5 MBSs and I FBS where I = {1, 2, 
..5}. Bandwidth value is 15 MHz and Operating 
frequency 2 GHz. Macro cell radius is 500 m and 
Femtocell radius is 10 m. 
 

A. Figures  
 

 
Fig.1 Subcarriers in OFDMA 

 

 
Fig. 2 CDF Vs downlink SINR 

 
Fig. 3 CDF Vs uplink SINR 

 

 
Fig.4 Downlink CDF Vs interference 

 

 
Fig. 5 Uplink CDF Vs interference 

 

 
Fig. 6 Uplink CDF Vs throughput 

 

 
Fig. 7 Downlink CDF Vs throughput 

 
CONCLUSION 

 
The requirement for extensive coverage, LTE 
developed the femtocells to fulfill those requirements. 
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However, limited spectrum availability in the cellular 
networks causes severe interference issues in the 
neighboring femtocell users. So this new superior 
frequency reuse scheme effectively mitigates the ICI 
and enhances the throughput of the cell. Simulation 
results help to understand the exact concept of this 
new CASFR scheme. 
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