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ABSTRACT

In recent years, several researchers have embraced fractional frequency (FF) reuse as a 
strategy for resolving the inter-cell and co-channel interferences of adjacent cells (ICI, 
CCI) as the number of wireless networks grows. This technique is focused on the cell 
division of two parts, the inner and the outer, which enables multiple frequency bands to 
be assigned. The frequency advantages can be completely used in each inner zone, since 
there is no inter-cell disturbance for consumers in inner regions. According to this effective 
usage of the frequency spectrum available, FF will reduce the interruption of the channel 
and improve device efficiency. This manuscript presents a comprehensive study of different 
mechanisms to select the optimal FF scheme based on the user throughput. The analysis 
was conducted in order to obtain the optimal internal and external range for the cells as well 
as the optimal frequency distribution between the areas of the FR, Fractional Frequency 
Reuse 1 (FFR1) and Fractional Frequency Reuse 2 (FFR2) and evaluating their outputs 
and their number of users. In detail the overall consumer efficiency through the configured 
frequency distribution is analyzed. The FFR is a resource allocation technique that can 
effectively mitigate inter-cell interference (ICI) in LTE based HetNets and it is a promising 
solution. The proposal also employs high number sectors in a cell, low interference and 
good frequency reuse. The processes are tested by way of multiple modeling simulations.

Keywords: FFR, inner region, LTE network, maximum 
throughput, optimal radius, outer region

INTRODUCTION

The 3rd Generation Long Term Innovation 
Collaboration Project (3GPP-LTE) is the 
4th Generation (4 G), a wireless network 
built to serve compact, powerful and high-
performances end-users, providing a large 
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capacity, improved connectivity efficiency. In December 2007 3GPP published their 
first LTE research work in “release 7,” which now has a major topic (Hashima et al., 
2014; Simonsson, 2007). LTE Multi-Access Orthogonal Frequency Division (OFDMA) 
technology for downlinks has attracted significant attention from researchers in recent 
years in achieving a high rate of data transfer in wireless and mobile communications. 
OFDMA provides a higher spectrum output in order to satisfy the growing demands of 
smartphone users because of its versatile frequency assignment (Zhang et al., 2020). In 
LTE, each OFDMA traffic channel is solely allocated to one individual, which provides the 
end-user frequency with a high degree of reliability and flexibility (Zhao et al., 2012). The 
device efficiency is significantly degraded by the Inter-cell Interference (ICI) dependent 
on a multi cell LTE OFDMA-related network because of the same frequency reuse and 
interference by the co-channel (CCI) when more than one radio transmitters use the same 
frequency (Chung et al., 2014; Elayoubi et al., 2008; Hindia et al., 2014; Mannweiler et 
al., 2020;  Wang et al., 2014).

In order to address both ICI and CCI, FFR has become an area of intensive study by 
several OFDMA-based researchers (Bilios et al., 2013; Mao et al., 2008; Nuaymi, 2007). 
In order to minimize the CCI and ICI, FFR main target is to divide cells volume into inner 
and outer regions (Chang et al., 2009; Cong et al., 2020; Group, 2004; Saleh, 2020). FFR 
is a mixture of different types of frequency reuse scheme such as traditional frequency 
reuse (FR) factor and FFR3. One of the main objectives of LTE is to use the whole of the 
system’s bandwidth to achieve high spectral efficiency (Group, 2004; Mao et al., 2008). 
This method is known as traditional FR where all available bandwidth is fully assigned 
in each cell. In FRR3, on the other hand, the available bandwidth is divided into 3 equal 
sub-bands and each of these sub-bands will be allocated in a manner to the cells in a cluster 
so that no adjacent cells will have the same sub-bands. In addition, traditional FR can be 
used by the mobile stations (MSs) which are located around the base stations (BSs) or in 
particular in the cell inner region and FRR3 is allocated to the cell edge users, which will 
decrease the interference, but data rate also will be decreased due to the fact that the full 
frequency band is not used by this method (Ali & Leung, 2009; Chang et al., 2009; Kim 
et al., 2014; Soultan et al., 2020; Stiakogiannakis & Kaklamani, 2010). OFDMA allows 
the dynamic allocation of subcarriers (called OFDMA traffic channel) to different users at 
different time instances. For example, it utilizes 15 KHz subcarriers in LTE, which can be 
grouped into Resource Blocks (RBs) with each having 12 subcarriers (Kim et al., 2010; 
Lei et al., 2007; Sheu et al., 2015; Taranetz et al., 2011; Wang, 2013). To implement these 
for FFR scheme, one of the ways to allocate these RBs is to allocate them in a sector (Guo 
& Suárez, 2020; Hambebo et al., 2014). The main goal of this paper is to investigate the 
characteristics of three existing methods of FR, FFR1 and FFR2 to evaluate an interference 
management in LTE networks. The studied mechanism calculates the optimal FFR scheme 
based on user throughput. It then successively checks the inner cell radius and the inner 
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cell frequency and calculates the Signal to Interference Plus Noise Ratio (SINR), capacity 
and throughput. These values are then used in order to calculate the cell mean throughput. 
Finally, the mechanism selects the optimal center to cell radius ratio and optimal number 
of users in order to propose the best FFR scheme that maximizes the cell mean throughput 
(Rumney, 2013). The rest of the paper is organized as follows: Section 2 describes the 
related work to our study. Section 3 refers to our studied system model, Section 4 introduces 
the simulation, and Section 5 presents the simulation results and discussion.

RELATED WORK

The research on FFR focuses on the implementation of reuse of frequencies, which is the 
sub band divisioning for the BS area. OFDMA infrastructure has been used by several 
wireless network protocols, like GPP and 3GPP2. In recent study, the key topic of discussion 
is network efficiency, performance, rate, scope, and frequency distribution. Hindia et al. 
(2014) selected the frequency reuse pattern from four varying degrees of partitioning criteria 
(e.g. FRF1 and FRF3) to improve the performance of mobile and base station.  FFR impact 
was presented in the cellular area division into inner and outer regions was suggested to 
avoid conflict in Bilioss et al. (2013) as an effect of FFR. The authors proposed partial 
frequency allocation for the cell edge region and full frequency spectrum for the cell inner 
region.  The users are modulated more tightly than BSs, because different modulation 
instructions are taken into consideration according to the distance of the consumer from 
BSs and also the state of the signal, which indicates that the frequency reuse is higher. In 
most research, static or semi-static synchronization systems are introduced in BSs with 
little cellular performance benefit and needing advance frequency preparation. The system’s 
efficiency is significantly diminished to increase the cell-end performance (Mao et al., 
2008; Nuaymi, 2007). In contrast, prior frequency planning is not required in dynamic 
coordination technique. FFR was proposed in order to keep the stability between cell-
edge throughput and overall network throughput (Chang et al., 2009; Group, 2004). In 
these works the authors partitioned cells into inner and edge zones which associated the 
low and high Frequency Reuse Factors In order to reduce interference, the total available 
frequency bandwidth was divided into two sub-bands such as center band and edge band 
where frequency bands are fully to Bfr and partly to Bpr allocated respectively. Ali and 
Leung (2009) implemented the super-group and the hierarchical organization of a standard 
community, which were divided in cells and sectors to ensure a greater device efficiency. 
The FFR efficiency improvement was analyzed by Stiakogiannakis and Kaklamani (2010) 
in three forms of zone distributions, such as SINR-based, distance-based and load-balance-
based techniques. The combination of the load balancing with the SINR and the correct 
distribution of resources gives the machine a decent bit rate. Business technology had been 
suggested by Kim et al. (2014) for the frequency reuse component. This method is used 
in WiMAX to boost the 802.16j relay device that transmits the signals to the BS portfolio. 
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Based on the simulation test, this scheme improved the spectrum utilization and network 
output. Macro-femic networks with the idea of FFR, there is a novel hierarchical resource 
distribution method suggested by Lei et al. (2007). The three considerations in this scheme 
to minimize the CCI in macro and femtocells are size, time and place. To this end the 
method suggested a hybrid two-part grouping of macro cells and the deployment of femto 
BSs in each section of macro cells conducted in accordance with the objective of growing 
the average cell efficiency. Improved FFR technique (E-FFR) was introduced in WiMAX 
by Kim et al. (2010) for reducing ICI. The variety of users and frequency are viewed as 
strategies to boost device efficiency for mobile and fixed users. Such strategies improve 
the signal from the consumer against undesired noise. Downlink (DL) and Uplink (UL) 
frames were divided into WiMAX frames, and each frame was further divided into zones 
to quantify unused space to allow appropriate modulation and coding in order to improve 
device efficiency. However, overhead will occur at BS without continuous consumer input 
as the channel parameters alter over time. A new multiple access (B-OFDMA) biorthogonal 
frequency division system with the broad low-complexity Fourier transform fraction (FrFT) 
was proposed by Wang (2013). The variation of time and frequency is set at each BS in 
this scheme with multi-angle reuse (MADR). The program will efficiently reduce ICI and 
increase the efficiency of the device. A FFR optimization method based on capacity density 
was suggested by Taranetz et al. (2011). In this work, the frequency sub-band with highest 
achievable capacity density was assigned to a given user. The authors then formulated the 
FFR optimization problem mathematical expressions. Here, the per-user capacity was 
mainly investigated from per-area capacity. The maximum average capacity density was 
aimed with the condition of least required cell-edge throughput c5% and minimizing the 
c95% peak user throughput loss. 

METHOD AND SYSTEM MODEL

In this section, SINR and capacity of user x on subcarrier n are calculated based on 
theoretical approach in order to define the throughput. The N adjacent cells are considered 
as overall network where a number of users look forward to share a collection of subcarriers 
in each cell. In this case a distinction of a user which can be found in the inner or outer 
zone of the cell. In an OFDMA based network, we assume the user as x in a base station s 
on subcarrier c, the related SNIR can be calculated using Equation 1 (Chung et al., 2014; 
Hindia et al. 2014; Wang et al. 2014):  

𝑆𝐼𝑁𝑅𝑥,𝑛 =
𝐿𝑠,𝑥 .𝑃𝑠,𝑐 .𝐺𝑠,𝑥,𝑐 .

𝜎𝑐2 +∑ 𝐿𝑗,𝑥
𝑘
𝑗=1 . 𝑃𝑗,𝑐 .𝐺𝑗,𝑥,𝑐

  [1]

where the path loss associated with channel between user x and base station s is defined as 
to Ls, x, the transmit power of the base station as Ps, c, exponentially distributed channel fast 
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fading power as G s, x, c, the noise power of the additive White Gaussian Noise (AWGN) 
channel is defined as σc2. The sets of all interfering base stations are defined as symbol k 
and j. More precisely, k is the number of co-channel cell and j is the cell index. We consider 
the transmit power on subcarrier is equal as Ps, c = P for all BSs. The coefficient G s, x, c is 
equal to 1 of its mean value.

The interference presents in the inner and the outer regions of the disjoint set of 
download links. A specific frequency band is assigned on transmission, which is a common 
band in every inner region, thus it brings interference in those regions. Moreover, it is 
required to distinguish two different types of BSs. The first type of consists of all interfering 
BSs, which transmits to the users of the cell-inner region on the same sub-band as user x and 
the second type consists of all interfering BSs transmits to the users of the cell-edge users 
on the same sub-band as user x. Now, in order to calculate the throughput, we first define 
the capacity of the user. The capacity of user x on subcarrier c is given by the following 
Equation 2 (Bilios et al., 2013):

𝐸𝑥,𝑐 = ∆𝑓. 𝑙𝑜𝑔2(1 + 𝑆𝐼𝑁𝑅𝑥,𝑐)    [2]                                

Where, Δ f denotes as the available bandwidth for each subcarrier. Here, the subcarrier is 
divided among the number of users to be shared. Finally, the throughput of the user x is 
expressed specifically in terms of SINR and Ex, c as in Equation 3

𝑇𝑥 = � 𝛽𝑥,𝑛.𝐸𝑥,𝑛
𝑛

   [3]

Where βx, c refers to the subcarrier assigned to user x. When, βx, c=1, the subcarrier c is 
allocated to user x. Otherwise, βx,c=0.

SIMULATION ENVIROMENT

The applications are tested and evaluated using the Matlab program. As detailed in Table 
1, the simulation area consists of 7 cells network and the users randomly distributed in the 
cells and system bandwidth is 10 MHZ.

Figure 1 is the graphical representation of the network area for FFR1 scheme where it 
is being applied to investigate the optimum center ratio and the optimum number of users 
per cell. As we can observe from the Figure 1 how the users are distributed throughout 
the inner and outer cells where we assume the area of X-axis from -4000 m to 3000 m and 
Y-axis from -3000 m to 4000 m. The inner and outer cell have specific sub-band which is 
represented by band color. The different colors in Figure 1 correspond to bandwidth of the 
different cells. FFR1 is a heavy frequency and low frequency reuse hybrid. Strong frequency 
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Table 1
Simulations inputs

Parameters  Settings
Cell Radius 750m
Bandwidth 10MHz

Number of Cell 7
Number of Subcarriers 50

Bearer Types From QCI 1- QCI 15
eNodeB Height 50 m

UE Height 1m
eNodeB Tx power in cell Center 40 dBm
eNodeB Tx power in cell edge 46 dBm

Path loss Cost 231 Hata Model (dB)
Power Noise Density -174 dBm/Hz

Figure 1. Network area of FFRI Figure 2. Network area of FFR2

reuse splits the bandwidth into different subbands(color) depending on the reuse factor 
selected such that the neighboring cells will communicate on different subbands(color). 
The entire bandwidth of FFR1 is split into internal and external subbands. The central area 
is allocated to local users residing outside BS on the basis of path failure with a decreased 
power that relates to the FRF1 of one that is fully utilized by all eNBs. The fraction of the 
outer bandwidth area is distributed for more than one frequency reuse factor. Both BSs 
are required to share the entire bandwidth of the soft frequency. However, the eNBs are 
restricted to a certain capacity constraint for increasing subcontractor transmission. In fact, 
the number of cell users is assigned arbitrarily. 

Figure 2 is the demonstration of the total FFR2 network region to analyze the optimal 
center ratio and the optimal consumer number per node. The distribution of users in the 
internal and external cells of the cluster in the form of sub-bands (color) is shown in Figure 
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2. The X-axis field from -4000 meters to 3000 meters and the Y-axis from -3000 meters to 
4000 meters as for FFR1 are expected to be comparable. The frequency reuse component 
is greater than one for the proportion of the main and main regions of bandwidth. Except 
for inner and outer parts, the frequency bands vary.

RESULTS AND DISCUSSION

Figure 3 and Table 2 represent the average cell throughput according to the center radius to 
cell radius ratio with different number of users for FFR1. We can observe from the Figure 
3 that the throughput is almost linearly increasing until cell radius ratio 0.5 for all groups 
of users except group of 10 users. However, the slope of the line graph varies based on the 
number of users. The average throughput of a group of 10, 20, 30, 40, 50, 60, 70, and 80 

Figure 3. The average cell throughput according to the variation of cell radius to cell center ration with various 
user group for FFR1.

Table 2 
The maximum throughput (Mbps) for the various cell center ratio and users for FFR1

                           Radius 
User

0.3 0.4 0.5 0.6 0.7 0.8 0.9

10 13 12.8 12.5 12 11.6 10.8 10.5
20 16 17.5 20.3 22 22.5 21.5 21
30 19 22 26 29.8 32.5 31.5 27.5
40 21 25.5 31.5 36.5 39 34 27.5
50 23 29.8 36 42 41.5 35 27.5
60 26 33 41.5 45 41.5 36.5 27.5
70 28 37.5 46 45.5 41.5 36.6 27.5
80 31 41 48 46 41.5 37 27.5
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users are 12.5, 20.5, 26, 31.5, 36, 41.5, 46, 48 Mbps, respectively when the center to cell 
radius ratio (Crr) is 0.5. Remarkably, the average throughput is highest for group of 80 and 
70 users when the Crr is 0.5 and the breakdown points for group of 60 and 50 users are at 
Crr 0.6 and 40, 30, 20 users are at 0.7. After those points the throughput linearly decreases 
with the increase of the cell radius ratio. From the above scenario, this can be concluded 
that the highest average throughput observed when the Crr is 50% for the group of 80 users.

The average cell throughput according to the number of users per cell with the various 
cell center radius ratio is being observed in Figure 4 more intuitively. The throughput 
linearly increases for the 30%, 40%, 50% and 60% of center radius ratio, respectively with 
the increase number of users. However, the throughput becomes saturated for the Crr 70%, 
80% and 90% after the certain number of users. The throughput is seen highest when the 
number of users are as higher as 80 at the Crr 50%.

The average performance in Figure 5 and Table 3 is seen in terms of the number of 
FFR2 users with the center radius ratio. The linear rise in performance for the 80, 70, 60, 
50 and 40 users until the specified center-ratio is shown in this chart. On the other side, the 
averages are almost the same for the community of 30 and 40 users, while the performance 
for the category of 10 users is often smaller. Like FFR1, a limit of 60 Mbps for the 80 
users at Crr 0.6 is available. Figures 3 and 5 demonstrate that the average FF2 efficiency 
is higher than FFR2 and the ideal cell center radius is 60%.

Figure 6 shows the representation of the average user output by the cell-to-center ratio. 
For the group of ten to twenty users, for all variations of center radius the variation of the 
throughput values are almost the same. With the center radius ratio from 30% to 70%, the 
output increases linearly with various slopes where 80% and 90% of the output for a given 

Figure 4. The average cell throughput at cell radius 750m according to the number of users per cell to center 
radius ratio
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number of users is saturated. Figure 6 also shows that the 0.6 center ratio is the highest 
throughput for a group of 80 users.

Figure 7 indicates that, for the initial distribution, the community of 80 cell users has 
been done. In the three systems up to 20 consumers, the performance is greater for the 
conventional FR system. The lowest performance for users is roughly 23 Mbps, irrespective 
of where they are in the FR unit, for 20 to 80 users. In comparison, the FFR1, with a linearly 
improvement in efficiency to 30 users, performs more than the FR, which stays practically 
the same for 30 to 80 users.

 FFR2, on the other side, users from 10 to 40 linearly get the improved throughput 
values and it may go up to 36 Mbps for users 40 and is almost constant for about 40 and 
80 users regardless of where they are placed. In addition, the above remarks are clearly 
illustrated in Figure 7, in the fractional frequency reuse 2 (FFR2) schemes due to the equal 

Table 3
The maximum throughput (Mbps) for the various cell center ratio (Crr) and users for FFR2

                                 Radius 
User 0.3 0.4 0.5 0.6 0.7 0.8 0.9

10 10 10.1 10.1 10.1 10.1 111 11
20 19 20.5 20.5 20.5 20.5 20.5 21
30 19 25 29 31.5 31.6 31.8 32
40 19 30 34 40 42 41.6 36
50 19 34 40 46.5 50 43 36.5
60 19 38 45 54 54.5 43.2 36.5
70 19 42 52 57.6 54.5 43.4 36.5
80 19 45 56 60 54.5 44 36.5

Figure 5. Average cell throughput at cell radius 750m according to the variation of cell radius to cell center 
ration with users for FFR2.
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distribution of resource blocks to the inner and outer cell regions that show the highest 
throughput. This mechanism ensures that applications from 40 applications and above have 
equal maximum performance values regardless of where they are. To make a description, 
Figure 7 indicates a clear distinction in cell mean throughput of all three forms of frequency 
reuse schemes, including conventional frequency reuse, FFR1 and FFR2. A significant 
observation is made here on the three distinct cell average scenarios. In terms of average 
throughput, in comparison with the two other frequencies reuse schemes, the FFR2 regime 
results in higher levels. The graph reveals that standard FR has a maximum speed of 23.80 

Figure 6. The average cell throughput at radius 750m according to the number of users per cell to center 
radius ratio for FFR2

Figure 7. Comparison of FR, FFR1 and FFR2 scheme
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Mbps and FFR1 crosses 27.50 Mbps. FR reaches a cumulative flow value of 36.10 Mbps, 
on the other side. Table 4 summarizes the FFR1 and FFR2 potential performance along 
with a number of users and the cell radius node.

CONCLUSION

In this paper, the overall comparative evaluation on traditional Frequency Reuse (FR), 
FFR1 and FFR2 are presented. The general approach to avoid interference problem, 
the investigated mechanisms calculate the per-user SINR, capacity and throughput. It is 
found that the group of 80 users achieves the highest maximum throughput 48 Mbps and 
60 Mbps for FFR1 and FFR2 at the cell radius ratio 0.5 and 0.6, respectively. However, 
at center to cell radius ratio 0.5, the maximum throughput is 55 Mbps for the same user 
group. Therefore, it can be concluded that among the schemes, FFR2 provides the best 
throughput at 0.6 cell radius ratio for 80 users, which are considered as the optimal center 
to cell radius ratio and users, respectively.
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