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Abstract
The FFR approach reduces interference between macrocells and small cells/femtocells, which are installed within macro-
cell’s range. Dense deployment and unplanned installation of small cells and femtocells has a detrimental impact on the 
performance of the system as a result of the interference. Thus, the FFR concept distributes resources to maintain interfer-
ence. However, some small cells/femtocells may suffer from shortage resources. In this work, dynamic FFR mechanism 
has been proposed. The scheme maximizes small cell/femtocell network’s capacity. The strategy aims to boost small cell/
femotcell network’s capacity and system throughput. The fundamental goal of this research is to maximize the dedicated 
radio resources, which are allocated to small cells/femtocells, based on a predetermined cost function. According to the 
cost function, which is computed for all sub-regions, the proposed dynamic FFR will allocate more radio resources to 
small cells/femtocells, which suffer from lack resources. The highest degree of the cost function of a certain sub-region 
would have the largest amount of small cells/femtocells. The sub-region with the lowest cost function would receive 
fewer radio resources for small cell/femtocell UEs. The throughput is utilized as a metric for the purpose of evaluating 
the proposed strategy. MATLAB simulation is conducted for that reason. The results show that the proposed technique 
outperforms the fixed FFR.
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Abbreviations
FFR  Fractional frequency reuse
5G  Fifth generation networks
BS  Base station
ICI  Inter-cell interference
UDN  Ultra-dense networks
UE  User equipment
LTE  Long term evolution
4G  Fourth generation network
SFR  Soft frequency reuse
SINR  Signal to interference plus noise ratio
LMDS  Local multipoint distributed service
LOS  Line of sight
MUE  Macrocell user equipment
TTI  Transmission time interval

1 Introduction

Fifth-generation (5G) wireless systems are the current gen-
eration of mobile network technology, and they would 
offer improved spectral efficiency, better data throughput, 
and more design and implementation options [1]. This has 
raised the demand for faster mobile data traffic because 
of the increase needs for mobile data, which requested 
by devices such as smartphones and tablets. The opera-
tors of mobile networks are frequently confronted with 
the challenge of installing base stations (BSs) with robust 
capacity in addition to small cells. The coverage of these 
BSs should be able to accommodate the unpredictability 
of the requirements that will be placed on them by future 
User Equipments UEs.
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The spectral efficiency and the cost of implementing 
as well as operating 5G networks are two areas that need 
further improvement. Inter-Cell Interference (ICI) is con-
sidered as a critical challenge in 5G networks due to the 
tendency toward ultra-dense networks (UDN) in the next 
generation of networks, which is where we are headed. ICI 
problem causes a reduction in the capacity at the cell-edge 
regions in a cellular communication systems. As a result, 
the spectral efficiency would also be reduced. Accordingly, 
cellular systems would have a couple frequency allocation 
mechanisms. In the first mechanism, BSs send signals on 
a variety of frequencies, and the band width that is uti-
lized by each sector is equal to 25%. The reuse factor in 
this case is 25%, and it is referred to as Frequency Reuse 
Factor 3 (FRF3). This strategy can significantly reduce the 
co-channel interference that occurs between neighboring 
cells; however, it does so at the expense of the efficiency of 
the spectrum. This method has been implemented within 
the Global System for Mobile Communication (GSM). Fre-
quency Reuse Factor 1 (FRF1) is the name given to the con-
figuration in which all cells in a 3G or 4G network share the 
same carrier frequency and bandwidth. This maximizes the 
utilization of available spectrum but comes at the expense 
of increased interference from neighboring cells [2].

Fractional Frequency Reuse (FFR) is a strategy that can 
be used to trade off with the previously mentioned fre-
quency reuse techniques. With this strategy, every cell in 
the center area of the network can transmit on the same 
frequency, and the majority of the network’s resources will 
be allocated to this area. However, the area around the 
cell’s edge would operate in distinct frequencies in order 
to alleviate the interference [2, 3]. This strategy can be 
used to trade off with the previously mentioned frequency 
reuse techniques. FFR separates the coverage region of the 
BS to inner and outer sub-regions, and then implements 
distinct FRFs in each of these zones in order to mitigate 
the interference and boost the average spectral efficiency.

The interference problem has been the subject of pre-
vious research, which has resulted in the development 
of potential solutions. These strategies include utilizing 
several antennas, regulating the amount of power used 
for propagation, and dividing the used spectrum. The 
method of dividing the available spectrum would be the 
essential emphasis of this study. The design of FFR con-
cept has been attracted the attention of researchers in 
the academic and industrial sectors. After splitting the BS 
region into center/inner zone and edge/outer zone, the 
primary goal of introducing FFR is to utilize a variety of 
reuse factors value for (UE) that is positioned in the inner 
zone and UE that is positioned in the outer zone [4, 5]. The 
interference challenge is classified into two essential types. 
The co-interference is experienced with elements that are 
belongs to the same tier of network. The cross-interference 

is experienced with elements that are belongs to different 
tier of network.

The remaining aspects of this work are organized 
according to the following way. A literature review is pre-
sented in the following section. The conceptual model of 
the system is provided in the third section. In the fourth 
section, the proposed scheme is broken down into its 
component parts in depth. The fifth section contains spe-
cific information regarding the experiment, which is con-
ducted to evaluate the proposed strategy. A conclusion is 
given in the last section of this manuscript.

2  Literature review

In this section related works to the FFR concept will be pre-
sented. The authors of [6] suggested an adaptive frequency 
reuse method for femtocell networks with the intention of 
preventing interference occurrence. In order to make the 
most of the sub-channels that are assigned to each small 
cell, it is necessary to divide the sub-channel into primary 
sub-channels and secondary sub-channels, based on the 
information provided by the system. The major sub-chan-
nels are given to the small cells that are most appropriate 
for them, and the secondary sub-channels are given to 
small cells only when there is no interference with the fem-
tocells that are located nearby. Also, in order to manage 
interference in densely and unplanned distributed small 
cells, a clustering-based strategy is proposed in [7]. The 
degree of interference caused by each individual femto-
cell is used to categorize the femtocells into one of several 
distinct groups. In [8], a plan for the equitable distribu-
tion of resources is suggested, which makes use of the FFR 
framework. The plan’s purpose is to achieve the highest 
possible level of spectral efficiency while simultaneously 
minimizing the interference brought by small cells. It will 
basically be impossible for the small cells to use the same 
frequency as the neighboring UEs that are being served 
by the serving BSl. Two different algorithms are considered 
in [9]. One of them is called the genetic algorithm. The 
other algorithm is called the graph-annealing algorithm. 
Accordingly, authors in [9] utilize those algorithms to split 
the spectrum into center sub-region and edge sub-region. 
The goal of doing so is to increase the mean capacity of 
the whole cell while simultaneously lowering the likeli-
hood of an outage, in particular for the users that are 
located in the sub-region along the perimeter of the cell. 
The authors of [10] proposed a strategy, which is called the 
dynamic frequency reuse (DMFR) system. The number of 
UEs present in each region of the cell determines how the 
DMFR algorithm splits the spectrum among the various 
regions of the cell. The authors of [11] provide a strategy 
that dynamically assigns radio resources depending on 
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the location of femtocells throughout the network. The 
main idea behind the suggested strategy is to let the small 
cells utilize the all assigned bandwidth when UEs of mac-
rocell BS are absent in its dominant region. In [12], FFR 
mechanisms were analyzed and assessed using a set of 
predetermined metrics. Moreover, the SFR mechanism was 
optimized and considered to accomplish a considerable 
balance between the scheme’s fairness requirements and 
its capacity requirements.

In [13], FFR mechanism is suggested to enhance the 
data throughput in the outer sub-region while monitor 
the balance between the highest data throughput as well 
as the mean data throughput of the entire cell with data 
throughput in outer sub-region area. The authors of [3] 
and [14] have presented FFR with transmission power allo-
cation strategy. Accordingly, their results demonstrate a 
noticeably improved in the performance of cell-edge area. 
Additionally, the authors suggested the concept of capac-
ity density and bandwidth density in LTE network. Though 
in [15] FFR was presented as a solution to the challenge of 
inter cell interference (ICI) in LTE network. The authors of 
this study examined different FFR strategies, which are FFR 
and Soft Frequency Reuse SFR. They made a comparison 
between them and the frequency reuse strategy that is 
used in LTE networks. A distance-dependent frequency 
reuse scheme with random macro base station place-
ments has been introduced in [16]. The author of this 
study has formed new formulas for signal to interference 
plus noise ratio (SINR). They considered difference power 
requirements for BS transmission in order to optimize the 
network capacity. In spite of this, SFR has a higher interfer-
ence level but greater spectral efficiency when compared 
to FFR. This is because the spectrum that is designated for 
the cell edge can be dedicated for inner zone when it is 
not being utilized at the cell outer area [17]. The reason for 
this is due to the fact that the spectrum is not being used 
at the cell edge.

Moreover, authors in [18] proposed a novel strategy. 
Their mechanism aimed to enhance the capacity of the 
network. It also aimed to allocate appropriate subband for 
new installed small cell BS. The mechanism split the avail-
able bandwidth into seven sequence subbands. Also, the 
extend of a particular macrocell BS is split into 3 sectors 
as well as 3 layers. The seven subbands would be properly 
distributed among different sectors and layers. Thus, any 
new small cell BS will operate in different subband con-
trast to its zone. In [19], a novel strategy was proposed. The 
proposed strategy depend on the distribution of the UEs 
and their path loss. The basic approach is to divide active 
users into different group. A proposed coverage probabil-
ity expression is derived based on the received path loss 
from different users. The result will influence the decision 
of the area and bandwidth division. Moreover, a Stienen’s 

cell based SBS implementation was considered in [20]. 
The goal of this deployment is to enhance the signal to 
interference ratio in terms of downlink. In addition, the SFR 
concept is integrated within the deployment to alleviate 
the ICI for macrocell BSs. According to stochastic geometry 
a novel formula was formed for coverage probability. The 
resulted expression provided four distinct possibilities of 
cell deployment.

The concept of frequency reuse in the millimetre wave 
band (mm-wave) was initially presented in [21]. It was 
utilized in the local multipoint distributed service (LMDS) 
band at 28GHz. In addition to the use of polarization and 
sectorization to increase system capacity in this band, the 
author has demonstrated a frequency reuse range of any-
where from one to eight per cell. Table 1 summarized the 
proposed strategies in the literature review.

In this particular piece of research, the objective of 
FFR optimization is to achieve the highest possible cell-
edge zone data rate and the highest possible mean UEs’ 
data rate. Because of the significant path loss and the 
attenuation caused by the atmosphere, signals on the 
band are extremely sensitive to whether or not they 
have a clear line of sight (LOS) [22]. This is because of 
the increasing interference. The network would experi-
ence a huge spike in ICI as a direct result of the increased 
interference from neighboring cells. Also, the utiliza-
tion of FRF1 will lead to significant ICI, particularly in 
the cell-edge area, which will result in a decline in the 
performance of the network in terms of throughput [23]. 
Because of this, interference coordination is required 
in order to deal with the excessive interference and 
enhance the network’s performance. This particular 
FFR division strategy makes use of FFR3 and FFR1 to its 
advantage by dividing the cell coverage into two dis-
tinct zones: the inner and the outer zones. In addition, 
the spectrum is segmented into an primary band for the 
inner zone and an Secondary band for the outer zones. 

Table 1  Literature review summary

Reference Mode Deployment Target

 [6] Semi-static HetNet Interference mitigation
 [7, 8] Static HetNet Interference mitigation
 [9] Static HetNet Average capacity
 [10] Dynamic Traditional cell Interference mitigation
 [11] Dynamic HetNet Outage probability
 [12] Static HetNet Fairness
 [13] Static Traditional cell Throughput
 [14] Static Traditional cell Power allocation
 [15] Static Traditional cell Interference mitigation
 [16, 18] Static HetNet Capacity
 [19, 20] Static HetNet Coverage probability
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Based on that, a scheme for dynamic FFR is proposed in 
this paper. Enhancing the network’s small cell/femtocell 
capacity is central to the proposed concept, which is 
the objective of the proposed strategy. The fundamen-
tal concept that underpins the suggested strategy is 
to allocate the portion of the macrocells that contains 
more small cell/femtocells with fewer radio resources. 
This is done with the intention of reusing non-utilized 
resources for the small cell/femtocells, which are placed 
in the same portion of the macrocell. Accordingly, the 
proposed mechanism would boost small cell/femtocell 
network capacity, mitigate the co-tier interference, and 
improve the utilization of the resources.

3  System model and problem formulation

3.1  System model

In this work, random deployment of small cells has been 
taken into consideration. The coordination between 
group’s members of small cells, which are deployed in 
a particular macrocell, is done through Femto-Gateway. 
In this scenario, S1 interface is used for the communica-
tion between Femto-Gateway and distributed smallcells. 
The concept of FFR is adopted in this work. As a result, 
macrocell BS’s region would be divided into four sub-
regions. The inner region and the three outer regions. 
Accordingly, the spectrum is split into four sub-bands. 
Each sub-band is dedicated for a particular sub-region. 
Figure 1 depicts the the sub-regions and the sub-bands 
according to FFR concept.

The path loss between UEs, which are attached to a 
macrocell BS, and their serving macrocell BS is modeled 
as follows [24]:

where (D) represents the distance between UE and its serv-
ing macrocell BS. Also, the path loss of small cell when its 
UE is expressed according to the following [24]:

where, W represents the number of the walls that are 
reside between small cells and their UEs, and x denotes 
to the floors’ number. Also, because small cells are imple-
mented in indoor environments, Liw represents the walls 
of the building that introduce penetration loss. The inter-
nal walls causes penetration loss and it is represented by 
0.7d2D, In and it is in meters.

The received SINR for UE i of macrocell BS i on subcarrier 
s, is given by [25]:

where Ψm,s is the transmission power, which is propagated 
by the serving macrocell BS m on subcarrier s and Ψm� ,s is 
the transmission power, which is propagated by neighbor 
macrocell BS m′ on subcarrier s. The gain of the channel is 
represented by Gi,m,s . m represents the macrocell BS, which 
serves UE i with the received subcarrier s. Also, Gi,m′ ,s rep-
resents the gain channel, which received from neighbor-
ing macrocell BS and interferes the original signal. m′ is 
neighboring macrocell BS, i is the UE, and s is the subcar-
rier. Also, the scenario of receiving interference from small 
cells, which are deployed in macrocell region, to macro-
cell’s UE i is considered. ΨF ,s represents smallcell’s F, which 
transmits power on subcarrier s, and Gi.F ,s represents gain 
of the delivered subcarrier s. Subcarrier’s spacing is rep-
resented by Δt . In addition, D0 indicates the white noise 
power spectral density.

The received SINR for small cell in this case for its UE j 
on subcarrier s is calculated as follows [25]:

where ΨF ,s represents the level of transmitted power for a 
particular femtocell F assigned to a subcarrier s, and Ψm,s 
represents the level of propagated power for the serving 
macrocell BS m, which is assigned to subcarrier s. Gj,F ,s rep-
resents the gain os subcarrier s for small cell BS F and UE j. 
Gj.F′ ,s is the gain of subcarrier s, which transmitted by small 
cell BS F′ and received by UE j. The channel gain of an UE is 
calculated according to the following formula [25]:

(1)PdB = 15.3 + 37.6 log10 (D)

(2)
PdB = 38.46 + 20log10 (D) + 0.7d2D, In

+ 18.3x((x+2)∕(x+1)−0.46) + W ∗ Liw

(3)SINRi,s =
Ψm,s Gi,m,s

∑

m� Ψm� ,sGi,m� ,s +
∑

F ΨF ,s Gi.F ,s + D0Δt

(4)SINRj,s =
ΨF ,s Gj,F ,s

∑

m Ψm,sGj,m,s +
∑

F� ΨF� ,s Gj.F� ,s + D0Δt

(5)G = 10−P∕10
Fig. 1  FFR
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The expected capacity of UE u with a particular subcarrier 
s is calculated according to the following formula [25]:

here � is the BER. In this research, its level is assumed to 
be 10−6 . The total throughput of the cell is calculated as 
follows [25]:

here �u,s = 1 once a subcarrier s is assigned to UE u; other-
wise it would be assumed as �u,s = 0.

The problem optimization is formulated in the next 
sub-section. Its objective is to maximize the overall 
throughput.

3.2  Problem formulation

�f  indicates the overall throughput of small cells, which is 
denoted by femtocell in this work. Also, �m represents the 
total throughput of macrocell.

In (8) and (9), �s
uf

 and �s
um

 indicates that a particular subcar-
rier is allocated to UE, which is attached to small cell BS, or 
UE of macrocell BS. If �s

uf
 or �s

um
 = 1, it indicates that a par-

ticular subcarrier is allocated to UE of small cell BS or UE of 
macrocell BS.

In this work, the area of a certain macrocell would be 
divided into four sub-regions as well as the spectrum is 
divided into four sub-bands. Macrocell’s UEs and small-
cell/femtocell’s UE, which are positioned in the same sub-
region, would be operate in different sub-bands. Sub-
bands that are assigned to small cell/femtocells, which 
are installed in sub-area X, is indicated by fx . The problem 
would be presented as follows: 

(6)�u,s = Δf log2(1 + � SINRu,s)

(7)� =
∑

u

∑

s

�u,s �u,s

(8)�f =
∑

f

fx
∑

s

�s
uf
�s
uf

(9)�m =
∑

m

∑

s

�s
um
�s
um

(10a)maximize
Fx

(� = �m + �f )

(10b)subject to

nm
∑

um=1

∑

s

Ps
m
�s
um

= Pm

(10c)
∑

f∈x

∑

s

Ps
f
�s
uf
= Pf

 the total number of UEs os a macrocell BS is represented 
by nm . The temperature of propagated power of macrocell 
BS is represented by Pm . Also, Pf  represents the transmis-
sion power of small cell/femtocell. In addition, Ps

m
 repre-

sents the allocated power by macrocell BS with subcarrier 
s. Ps

f
 represents the power that is allocated by small cell BS 

for subcarrier s.
Constraints (10d), (10e) assures that a particular sub-

carrier is only allocated to a single UE of macrocell BS or 
small cell BS. This problem is NP-Complete problem and its 
solution will not be apparent. Thus, a strategy is suggested 
in the next section.

4  Proposed solution

This work introduces a dynamic technique to boost the 
average throughput of the macrocell by enabling the mac-
rocell to more efficiently allocate its resources and thereby 
boost the throughput of the small cells/femtocells. The 
fundamental idea behind FFR is to divide the prominent 
area of the macrocell into four separate sub-regions. This is 
done to reduce the cross-tier interference as well as co-tier.

The spectrum is allocated among the four sub-regions 
of the macrocell, as shown in Fig. 1. Nevertheless, the spec-
trum is divided in exactly the same way across all four sub-
regions. The objective of the proposed dynamic technique 
is to improve the FFR by splitting the spectrum into four 
sub-bands in a dynamic way according to predetermined 
cost function. This function indicates the number of oper-
ated small cells/femtocells for each sub-region. Basically 
for a particular sub-region, particular sub-band is allocated 
for macrocell’s UEs, which are positioned at the same sub-
region. To reduce the potential interference, the remain-
ing three sub-bands are assigned for the small cells/fem-
tocells, which are located in the same sub-region.

N is a set, which comprises all installed small cells/fem-
tocells in the network, so Nn

1
= [s1, s2, s3,… sn] . Also, Stotal 

is the total number of deployed small cells/femtocells, 
so Stotal = N . In addition, the macrocell range is divided 
into four different sub-regions, which are [A, B, C, D]. 
Accordingly, A represents the inner sub-region, which is 
the center cell area. Also, the outer three sub-regions are 
represented by [B, C, D]. Moreover, the spectrum is split 

(10d)
nm
∑

um=1

�s
um

= 1, ∀s

(10e)
∑

f∈x

�s
uf
= 1, s ∈ Fx

(10f )�s
um
, �s

uf
∈ [0, 1], ∀[m, f ]
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into four distinct sub-bands. Each sub-region of the mac-
rocell has its own sub-band, which also includes a certain 
amount of installed small cells/femtocells.

Accordingly, sub-bands, which are AMs, BMs, CMs, DMs 
are allocated to macrocell’s UEs that are positioned in sub-
regions A, B, C , D , respectively. In addition, the following 
sets �an

1
= [sa1, sa2, sa3,… san] , �

bn
1

= [sb1, sb2, sb3,… sbn] , 
�cn
1

= [sc1, sc2, sc3,… scn] , and �dn
1

= [sd1, sd2, sd3,… sdn] 
represent the set of small cells/femtocells that are installed 
in the sub-regions A, B, C , D , respectively. The following 
sub-bands, which are AS , BS , CS , DS , would be allocated 
to small cells/femtocells that are installed in the A, B, C , D 
sub-regions, respectively.

The number of small cells/femtocells and their locations 
within each sub-region are both consistent, although the 
number of macrocell’s UEs varies from sub-region to sub-
region. Therefore, the proposed dynamic FFR enables the 
macrocell to partition the entire spectrum into four sub-
bands based on the number of small cells/femtocells for 
each sub-region. Therefore, the objective of the suggested 
dynamic FFR mechanism is to boost the total capacity of 
the network by boosting the capacity of the small cells/
femtocells.

Then, the proposed dynamic FFR scheme would pro-
cess the following steps. The entire spectrum would be 
split among all four sub-regions A, B, C , D fairly. After-
ward, each sub-region i should recognize its own cost 
function. The cost function for each sub-region i is defined 
as follows:

where �in indicates the number of small cells/femtocells 
that are installed in a particular sub-region i. Stotal indicates 
the total number of small cell/femtocell BSs, which are 
considered in the network.

Accordingly, the dedicated radio resources � is split 
fairly between the four sub-regions. Thus, the allocated 
radio resources for every sub-region is configured as 
follows:

where IMs is the allocated sub-band portion of the spec-
trum for macrocell’s UEs, which are positioned at sub-
region i. Consequently, the small cells/femtocells, which 
are positioned at sub-region i, would schedule their associ-
ated UEs to one of the other three different sub-bands, so IS 
would be one of the rest sub-bands such as [I�

Ms
, I��

Ms
, or I���

Ms
] . 

If I = A , so I� = B, I�� = C , and I��� = D.
Now, cost function �i would be applied to configure 

an adequate amount of resources for each sub-band for 

(11)�i =
�in

Stotal

(12)IMs = � × (0.25)

both IMs and IFs in sub-region i. The rate of cost functions 
fluctuates depending on quantity of small cells/femtocells, 
which are positioned in each sub-region i, hence the cost 
function’s rate of a sub-region i will be increased when 
more small cells/femtocells are installed in sub-region i. 
Accordingly, the rate of a cost function �i for a particular 
sub-region i represents the serviceable percentage degree 
of the available spectrum, which is needed for increasing 
the capacity of the small cells/femtocells network. The sat-
isfied sub-band IS that need to be assigned for small cells/
femtocells that are stalled in sub-region i can be computed 
as follows:

where �Si
 represents the maximum amount of radio 

resources and sub-bands, which can be allocated for small 
cells/femtocells that are installed in sub-region i. The pro-
posed dynamic FFR scheme enables the system to con-
figure both �i and �Si

 , so that it is applicable to compute 
an adequate IMs and IS for sub-region i. The objective of 
the suggested dynamic FFR strategy is to boost the capac-
ity of small cells/femtocells network. Subsequently, IS is 
increased by decreasing IMs for sub-region i.

At the beginning when the system run and operated, 
both IMs and IS are the same for sub-region i and also for 
all other sub-regions of a macrocell’s range. Afterward, 
the first action is to sort the degree of the cost func-
tion in a descending way for all sub-regions. Then, the 
sub-region with highest degree of cost function �i match 
the satisfied value of radio resources �Si

 with the actual 
value of assigned radio resources IS until it satisfies the 
following formula:

The predetermined expression would be met by enforc-
ing the cost function on IMs for the subsequent iterations 
according to the following expression:

where t indicates the iteration time. This step would be 
iterated until the condition is satisfied. The remain radio 
resources would be configured as follows:

and it would be appended to �(1 + t) . Then,

here �(1 + t) is partitioned among other three sub-regions. 
Once the term is met, the following highest �j would be 
recognized and all the aforementioned steps would be 
reiterated till it reaches the last sub-region that has least 

(13)�Si
= � × (�i)

(14)IS ≥ �Si

(15)IMs(1 + t) = IMs(t) − [ IMs(t) × �i]

(16)� = IMs(t) − IMs(1 + t)

(17)�(1 + t) = [�(t)] − [IMs(1 + t)] + [�]
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value of � . The pseudo code of the suggested dynamic FFR 
strategy is presented in Algorithm 1.

Table 2  Simulation parameters

Parameters Value

(Radiusm) 500 m
(Radiusf) 5 m
Multiple access OFDMA
Tx power of macrocell Pm 46 dBm
Tx power of small cell/femtocell Pf 21 dBm
Walls loss Low (outdoor) 15 dB
Walls loss Liw (indoor) 7 dB
Spacing between subcarriers 15 kHz
White noise power density − 174 dBm/Hz
Scheduling strategy Round Robin

Fig. 2  The cell average throughput

5  Results

A simulation of the modeled system, which was presented 
in the third section of this work, was carried out in order 
to evaluate the proposed mechanism. The MATLAB tool 

Algorithm 1 Proposed Dynamic FFR
1: Nn

1 = [s1 , s2, s3, ... sn]
2: Stotal = n
3: τ
4: ζ = τ ∗ (0.10)
5: δan1 = [sa1, sa2, sa3, ...san]
6: δbn1 = [sb1, sb2, sb3, ...sbn]
7: δcn1 = [sc1, sc2, sc3, ...scn]
8: δdn1 = [sd1, sd2, sd3, ...sdn]
9: for i ≤ 4 do

10: βi = δin
Stotal

11: IMs = τ × (0.25)
12: IFs = τ × (0.25)
13: ψSi = τ × (βi)
14: end for
15: for i ≤ 4 do
16: while IS(t) ≤ ψSi do
17: if IMs(t) ≥ ζ then
18: IMs(1 + t) = IMs(t)− [ IMs(t) × βi]
19: θ = IMs(t) − IMs(1 + t)
20: γ(1 + t) = [γ(t)] − [IMs(1 + t)] + [θ]
21:

22: IS(1 + t) = γ(1+t)
3 )

23: end if
24: end while
25: end for

was used to construct the simulation. The system fol-
lows the real-time run based on channel models, which 
are presented in this work. The resources allocation also 
follows the Round Robin scheduling strategy. Thus, the 
scheduling decision is made every Transmission Time 
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Interval (TTI). TTI equals 1 ms. Also, the variables includ-
ing cost function of the proposed mechanism would be 
reconfigured each time a new small cell BS is inserted into 
the system. The process of small cell BS insertion is vary 
depend on iterations of TTI. In this system, a new small cell 
BS is inserted into the system every 1000 TTIs. The simula-
tion parameters that were taken into consideration for this 
experiment were summarized in Table 2.

In this work, the installation of the small cell/femto-
cell BSs within the building is decided on a completely 
arbitrary basis, and it is installed at indoor environment. 
Each individual small cell/femtocell that is being used in 
an indoor environment is linked to at least one UE. After 
the installation of a new small cell/femtocell in the system, 
the macrocell will unload at least one indoor UE onto the 
newly installed small cell/femtocell, where it will be con-
sidered and treated as small cell/femtocell’s UEs. This hap-
pens each time a new small cell/femtocell is introduced 
to the system that’s being monitored. The throughput 
is considered as the basic metric that is utilized to make 
a comparison between the fixed FFR and the proposed 
dynamic FFR. A single macrocell and multiple simulta-
neously associated small cells/ femtocells are taken into 
account in this simulation.

Figure 2 depicts the overall throughput of the cell as 
an average, which may be seen in its entirety. The con-
ventional FFR approach functions quite well even when 
there are only a few small cells/femtocells are performed 
and utilized. On another hand, when a major amount 
of small cells/femtocells are applied, the performance 
of the suggested technique is improved because more 
resources are allocated for small cells/femtocells. Accord-
ing to the figure fixed FFR perform better than proposed 
dynamic FFR when the number of associated small cells 
are few because the resources will remain the same for 
all four sub-regions of the entire macrocell. When the 

number of small cells/femtocells is increased, it means 
that the resources would be distributed and allocated 
effectively across all sub-regions. In this case, the sub-
bands that are allocated to a group of small cells/fem-
tocell, which are positioned in a particular sub-region, 
would have more radio resources. As a result, the total 
throughput of the network would be increased.

According to Fig. 3, which illustrates the through-
put of the network that is made up of a group of small 
cell/femtocells, it is possible to notice the unfavorable 
effects of the interference that occurs between small 
cells/femtocells in the network. This is the case even 
though the interference is only temporary. It is abun-
dantly clear that the amount of small cells/femtocells 
that are actually implemented will have a direct bearing 
on the extent to which the promised benefits of install-
ing small cells/femtocells are realized. This is because of 
the fact that the actual number of small cells/femtocells 
in use will be directly relative to the number of small 
cells/femtocells that are implemented. The data rate of 
the small cells/femtocells network suffers when there is 
a dense deployment of small cell BSs in an area where 
their placement was not predetermined and it would 
be negatively impacted. On another hand, in contrast 
to the FFR, the strategy that has been proposed has a 
greater chance of successfully preserving the capacity. In 
addition, the capacity growth that is forecasted to occur 
as a consequence of adding small cells/femtocells to a 
system experiences a reduction.

6  Conclusion

The FFR concept was designed with the goal of lowering 
interference levels among macrocell BSs. In addition, it 
mitigate interference level, which is generated by deploy-
ing small cells/femtocells within macrocells’s range. A ran-
dom and dense deployment of small cells/femtocells has 
a unfavorable impact on the performance of the system 
as a result of the interference. Therefore, the FFR concept 
is adopted to distribute the resources where the interfer-
ence could be maintain. However, some small cells/fem-
tocells in certain sub-region might suffer from the lack of 
the allocated resources. In this work, dynamic FFR mecha-
nism has been proposed. The objective of the suggested 
strategy is to maximize the capacity of small cells/femto-
cells. The proposed strategy intends to boost the capacity 
of the femotcells network, which will lead to an increase 
in the system’s overall throughput. Providing small cells/
femtocells with additional radio resources on the basis of 
a set cost function is the primary objective of this project. 
Depending on the cost function, which is configured for 
all sub-regions, the proposed dynamic FFR will allocate 

Fig. 3  The femtocell network throughput
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more radio resources to small cells/femtocells, which suffer 
from the lack of resources. The sub-region, which has the 
highest level of cost function, indicate that it has the larg-
est number of installed small cells/femtocells. As a direct 
consequence of this, a sub-region with lowest level of cost 
function would be given less radio resources, which would 
be allocated to UEs of small cells/femtocells. The through-
put is utilized as a metric for the purpose of evaluating the 
proposed strategy. In addition, a simulation in MATLAB is 
executed for this purpose. The performance of the fixed 
FFR is surpassed by the performance of the suggested 
strategy. Intercellular interference between macrocells is 
something that will be looked at in future research. To find 
a solution to the issue, a heuristic search strategy would 
need to be developed.
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