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Abstract—Femtocell networks are a promising solution to en-
hance the capacity of the LTE networks, especially for the indoor 
environments. However, unplanned deployment of the femtocells 
causes the co-tier interference and cross-tier interference. The 
interference limits the advantages of deploying the femtocell 
networks. The Fractional Frequency Reuse (FFR) concept is 
introduced to mitigate the effect of the interference on the 
system. In this work, Dynamic scheme is proposed to partition 
the spectrum efficiently. T he o bjective o f t he p roposed scheme 
is to increase the capacity of the femtocells, which enhances 
the performance of the system and benefits o f f metocells. The 
proposed scheme assign less resources for macrocell’s part, which 
has more deployed femtocells in order to reuse as much as 
possible of the available resources. An experiment is conducted 
in order to evaluate the proposed scheme. The results shows that 
the proposed scheme can increase the capacity of the system.

Index Terms—LTE, Femtocells, FFR, Interference, Spectrum 
Partitioning, HetNet.

I. INTRODUCTION

In recent years demanding on high level of Quality of 
Services (QoS) and capacity for mobile applications have 
increased. The femtocell network has intensively been studied
in order to improve radio resource reuse efficiency in wireless 
systems [1][2]. Femtocell base station can be installed in in-
door environment or dead zones, and boost the system in order 
to enhance the performance by offloading the traffic loads from 
macrocell. Consequently, macrocell’s throughput and coverage 
will be improved due to femtocells can process a huge amount
of traffic. D eploying f emtocell n etwork i s c onsidered a s an
economical choice because its low cost deployment, and it can 
offload m ore t han h alf o f t he t raffic fr om ma crocell [3 ]. The
architecture of femtocell networks composes of three main 
entities according to the specifications o f T hird Generation
Partnership Project (3GPP), and they are femto management
system (FMS), femtocells, and femtocell User Equipment 
(FUE)[4]. FUE is the end user who is connected with femtocell
through air interface. FMS entity manages and controls a set 
of femtocells with a specific g eographical a rea, a nd a lso it
links femtocells to the Internet through backhaul connections.

The deployment of femtocells is managed inefficiently due
to the femtocell can be installed by end user; consequently,
dense and unplanned deployment of femtocells limits the
expected advantages of using femtocells. The interference is
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a key challenge for femtocell networks, and it decreases the
performance of the network especially when the coverage
of adjacent femtocells overlapped. The interference happens
when identical frequency of radio resources assigned to dif-
ferent FUEs, which are associated to different femtocells and
are located in overlapped areas [5]. The interference can be
categorized by network tier, so there are two interference
categories, which are co-tier interference and cross-tier inter-
ference [6]. The co-tier interference occurs when both nodes,
the source and the victim, classified in a specific network tier.
Accordingly, a sever co-tier interference will be originated
when large number of femtocells are densely deployed, and
the problem becomes difficult to handle. In contrast, cross-tier
interference occurs when source and victim nodes belong to
different network tiers.

Previous researches have proposed schemes for addressing
the interference problem. Those schemes include multiple
antennas, transmission power control, and spectrum partition-
ing, which is the main focus of this work. FFR scheme has
attracted the interests of researchers in academia and industries
environments. The main idea behind introducing FFR is to
use different reuse factor value for UEs positioned in cell
center and UEs positioned in cell edge after split the cell into
cell center area and cell edge area. Accordingly, both partial
frequency reuse (PFR) [7] and soft frequency reuse (SFR) [8]
are introduced. In [9], the authors design an adaptive frequency
reuse scheme for femtocell networks, and they aim to avoid
the occurrence of co-interference and cross-interference. Based
on that the subchannel is classified into primary subchannels
and secondary subchannels in order to maximize the assigned
subchannels for each femtocell. The primary subchannels are
assigned to their appropriate femtocell, and the secondary
subchannels are assigned to femtocell when there is no conflict
with neighbor femtocells. Also, a clustering-based scheme
is proposed in [10] to manage the interference in densely
and unplanned distribution of femtocells. The femtocells are
clustered into different group based on the interference degree
of each femtocell. A resource sharing strategy is proposed in
[11] based on FFR framework. The objective of the strategy is
to maximize spectral efficiency and avoiding the interference,
which is produced by femtocells. Basically, the femtocell will
be prevented from using the same frequency that is used



by neighbor UEs, which are served by serving macrocell.
The genetic algorithm and the graph-annealing algorithm are
combined and used in [12] in order to intelligently divide the
spectrum between cell center area and cell edge area. The
purpose of that is to maximize the average throughput of the
entire cell and decrease the outage probability especially for
the UEs, which are placed in the cell edge area. In [13], the
authors propose dynamic frequency reuse (DMFR) scheme.
DMFR divides the spectrum among different parts of the cell
based on the number of UEs in each part. The authors in
[14] propose an adaptive resource allocation scheme based on
the distribution of the femtocells. The basic concept of the
proposed scheme is to authorize the femtocell to use the full
dedicated bandwidth if there is no macro UEs in its coverage
area. The authors in [15] study and evaluate the FFR schemes
based on some given metrics. In addition, the authors choose
the SFR scheme, and they optimize it in order to achieve better
trade-off between fairness and high throughput.

In this work a Dynamic Frequency Partitioning Scheme is
proposed. The objective of the proposed scheme is to increase
the capacity of the system by increasing the capacity of
the femtocells network. The basic idea behind the proposed
scheme is to assign the macrocells’s part, which has more
femtocells leass radio resources in order to reuse unused
resources for the femtocells, which are placed in the same
part. The rest of this work is organized as follows. The system
model is provided in the second section. The proposed scheme
is explained in details in section three. The details of the
conducted experiment is provided in the fourth section. The
conclusion is given in the last section.

II. SYSTEM MODEL

Unplanned deployment of indoor femtocells is considered
in this work. Femtocells are connected with each other through
Femto-gateway (FGW) entity and communicate with FGW
over S1 Interface. FFR concept also is considered in this work
where the macrocell dominant area is divided into four sub-
areas. Accordingly, the half of the spectrum is dedicated to
the cell center region, and the other half is divided equally
among the three cell edge regions as it is shown in Fig.1. The
path loss model between a serving macrocell and its outdoor
Macro UEs (MUEs) is given by [16]:

PLdB = 15.3 + 37.6 log10 (R) (1)

whereas, the path loss model for indoor MUE can be expressed
as follows:

PLdB = 15.3 + 37.6 log10 (R) + Low (2)

the distance between transmitter and receiver is represented by
(R) in meter, and the penetration loss caused by outdoor wall
is represented by Low. The path loss between femtocell and
its associated FUE can be expressed accoring to the following
[16]:

PLdB = 38.46 + 20log10 (R) + 0.7d2D, indoor

+ 18.3n((n+2)/(n+1)−0.46) + W ∗ Liw (3)

the number of separating walls between FUE and femtocell
is represented by W , and the number of penetrated floors
is represented by n. Liw is the penetration loss caused by
walls separating apartments, and 0.7d2D, indoor is considered
in meters and it is penetration loss caused by walls inside the
apartments. When outdoor FUE is attached to indoor femtocell
base station, the path loss is expressed as follows[16]:

PLdB = max(15.3 + 37.6 log10 (R),

38.46 + 20log10 (R)) + 0.7d2D, indoor+

18.3n((n+2)/(n+1)−0.46) + W ∗ Liw + Low (4)

Now the estimation of received value of SINR from MUE i
on subcarrier s is expressed as follows [17]:

Γi,s =
γm,s Gi,m,s∑

m′
γm′,sGi,m′,s +

∑
F

γF,s Gi.F,s + N0∆f
(5)

the transmitting power for serving macrocell m on subcarrier s
and the transmitting power for neighboring macrocells m′ on
subcarrier s are represented by γm,s and γm′,s, respectively.
Gi,m,s represents the channel gain between serving macrocell
m and MUE i on subcarrier s, and Gi,m′,s represents the
channel gain between neighboring macrocells m′ and MUE i
on subcarrier s. Also, the transmitting power for neighboring
femtocell F on subcarrier s and the channel gain between
neighboring femtocell F and MUE i on subcarrier s are
represented by γF,s and Gi.F,s, respectively. ∆f is subcarrier
spacing and N0 is white noise power spectral density.

The received SINR from FUE j on subcarrier s can be
expressed as follows [17]:

Γj,s =
γF,s Gj,F,s∑

m
γm,sGj,m,s +

∑
F ′
γF ′,s Gj.F ′,s + N0∆f

(6)

where γF,s and γm,s represent the transmitting power for
serving femtocell F on subcarrier s and the transmitting power
for serving macrocell m on subcarrier s, respectively. The
channel gain between serving femtocell F and FUE j on
subcarrier s is represented by Gj,F,s, and the channel gain
between neighboring femtocell F ′ and FUE j on subcarrier
s is represented by Gj.F ′,s. The channel gain of an UE is
expressed by [17]:

G = 10−PL/10 (7)

The estimated capacity of UE u on subcarrier s is given as
follows [17]:

ηu,s = ∆f log2(1 + α Γu,s) (8)

here α is target BER and in this work BER is set to 10−6.
The total throughput model is expressed as follows [17]:

T =
∑
u

∑
s

βu,s ηu,s (9)

βu,s = 1 when subcarrier s is allocated for UE u, otherwise
βu,s = 0.



III. DYNAMIC FREQUENCY PARTITIONING SCHEME

In this work, the DFPS scheme is introduced to enable
the macrocell partitioning its resources and maximizing the
femtocells’ throughput, which also increases the the average
throughput of the macrocell. The basic concept of FFR is
to partition the macrocell’s dominant area into four parts
due to mitigate the co-tier interference as well as the cross-
tier interference. Fig.1 depicts the four different parts of the

Fig. 1. FFR [18]

macrocell and the spectrum is divided among those parts.
However, the spectrum division is fixed for all four parts. The
aim of DFPS is to enhance the FFR by dynamically dividing
the spectrum among the four parts based in cost function,
which is the amount of distributed femtocells in each part.
Basically, the dedicated portion for a certain part is scheduled
and assigned for MUEs, which are positioned at the same
part. The other three parts of the spectrum are dedicated to
the femtocells positioned in the same part to avoid cross-tier
interference between MUEs and FUEs.

Let Nn
1 = [f1, f2, f3, ...fn] be a set of all femtocells

in the system where Ftotal is the total number of femtocells
and Ftotal = n. Also, the macrocell area is divided into
four different parts [A,B,C,D], and A is the center cell
area. In addition, the spectrum is divided into four different
parts. Accordingly, each part of the macrocell has its dedicated
spectrum portion, and it contains certain amount of femtocells.
AMs, BMs, CMs, DMs are the dedicated frequency parts
for MUEs, which are positioned at areas A, B, C, D, respec-
tively. Also, the following sets θan1 = [fa1, fa2, fa3, ...fan],
θbn1 = [fb1, fb2, fb3, ...fbn], θcn1 = [fc1, fc2, fc3, ...fcn],
and θdn1 = [fd1, fd2, fd3, ...fdn] are the set of femtocells,
which are positioned in area A, B, C, D, respectively.
Consequently, AFs, BFs, CFs, DFs are the dedicated
frequency part for FUEs that are associated with femtocells
positioned at A, B, C, D areas, respectively.

The number and the positions of femtocells in each area
is steady where the number of MUEs is unstable. Therefore,
DFPS divides the whole spectrum among the macrocell’s area
based on the number of femtocells in each part. Furthermore,
the objective of DFPS scheme is to maximize the capacity
of the femtocells, which increase the capacity of the entire
system.

The process of the scheme is based on the follows. The
entire spectrum is divided among the four parts A, B, C, D

equally. Then, each part i should configure its cost function,
which is defined as follows:

Ωi =
θin
Ftotal

(10)

where θin is the total number of femtocells, which are po-
sitioned at certain part i, and the Ftotal is the number of
all femtocells in the system. Then, the available resources ψ
is divided equally among the four parts. Consequently, the
dedicated resources for each part configure as:

IMs = ψ × (0.25) (11)

where IMs is the dedicated portion of the spectrum for
MUEs positioned at part i. Accordingly, the femtocells, which
positioned at part i, can schedules their attached FUEs for one
of the other three different portions, so IFs can be one of the
rest resources parts [I ′Ms, I

′′
Ms, or I ′′′Ms]. If I = A, then

I ′ = B, I ′′ = C, and I ′′′ = D.
The cost function Ωi need to be applied in order to configure

an appropriate amount of resources for both IMs and IFs in
part i. The value of cost functions varies based on the number
of femtocells in each part i, so the cost function for part i is
increased when more femtocells are inserted and positioned in
part i. Actually, the value of the cost function Ωi for certain
part i is the satisfied percentage level of the spectrum that
need to be considered in order to increased the capacity of the
femtocells. The satisfied portion IFS that should dedicated for
femtocells in part i can be given by :

φFsi = ψ × (Ωi) (12)

where φFsi is the maximum amount of resources that can be
dedicated for femtocells, which are positioned at part i. Once
the system configures the Ωi and φFsi , it is possible to get
an appropriate IMs and IFs for part i. The objective of the
DFPS is to increase the femtocells capacity. Therefore, IFs is
increased by decreasing IMs for part i.

At the beginning both IMs and IFs will be the same for
part i as well as all other parts of the macrocell. After first
step, the cost functions of all parts is sorted in descending
way. We start with the highest cost function Ωi and compare
the satisfied amount of resources φFsi with current amount of
resources IFs. The following expression must be satisfied:

IFs ≥ φFsi (13)

The condition can be satisfied by applying the cost function
on IMs for the next iterations as follows:

IMs(t+ 1) = IMs(t) − [ IMs(t) × Ωi] (14)

where t is the iteration time. This step will be repeated till it
satisfies the condition of (13), and the remain resources will
be given as:

σ = IMs(t) − IMs(t+ 1) (15)

and it is added to ψ(t+ 1). Then,

ψ(t+ 1) = [ψ(t)] − [IMs(t+ 1)] + [σ] (16)



where ψ(t + 1) is divided among other three parts. If the
condition of (13) is met, the next highest Ωj is considered
and the same steps will be repeated to the last part, which
has lest Ω level. The pseudo code for the proposed scheme is
provided in Algorithm 1.

Algorithm 1 DFPS
1: Nn

1 = [f1 , f2, f3, ... fn]
2: Ft = n
3: ψ
4: ζ = ψ ∗ (0.10)
5: θan1 = [fa1, fa2, fa3, ...fan]
6: θbn1 = [fb1, fb2, fb3, ...fbn]
7: θcn1 = [fc1, fc2, fc3, ...fcn]
8: θdn1 = [fd1, fd2, fd3, ...fdn]
9: for i ≤ 4 do

10: Ωi = θin
Ftotal

11: IMs = ψ × (0.25)
12: IFs = ψ × (0.25)
13: φFsi = ψ × (Ωi)
14: end for
15: for i ≤ 4 do
16: while IFs(t) ≤ φFsi do
17: if IMs(t) ≥ ζ then
18: IMs(t+ 1) = IMs(t) − [ IMs(t) × Ωi]
19: σ = IMs(t) − IMs(t+ 1)
20: ψ(t+ 1) = [ψ(t)] − [IMs(t+ 1)] + [σ]

21: IFs(t+ 1) = ψ(t+1)
3 )

22: end if
23: end while
24: end for

IV. SIMULATION RESULTS

In system model presented in the second section is simulated
using MATLAB tool. Table 1 presented the simulation parame-
ters, which are considered in this experiment. The deployment

TABLE I
SIMULATION PARAMETERS

Parameters Value

(rm) 500 m

(rf ) 5 m

Frequency 2 GHz

Transmission Power of MacrocellPm 46 dBm

Transmission Power of Femtocell Pf 21 dBm

Outdoor Walls Loss Low 15 dB

Indoor Walls Loss Liw 7 dB

Bandwidth 20 MHz

Spacing between subcarriers 15 kHz

White Noise Power Density -174 dBm/Hz

of the femtocells follows (5 5 grid model)[19] where a
building of single oor comprises of 25 adjacent apartments
and the size of each apartment is 100 m2. 5 5 grid model is

shown in Fig.2. Each part of the macrocell area contains one
building, and it is randomly paced.

Fig. 2. 5 × 5 grid model [19].

The femtocell is positioned at the center of each apartment,
and it is randomly distributed. Each femtocell is associated
with at least one indoor FUE. Each time femtocell is inserted
into the system, the macrocell offloads at least one indoor
MUE into new inserted femtocell, and it becomes FUEs. The
throughput is the metric that used to compare the Proposed
FFR with the conventional FFR with fixed frequency reuse.
The system considers single macrocell and up to thirty fem-
tocells. In Fig.3, the cell average throughput is depicted. The

Fig. 3. The cell average throughput

FFR scheme performs well when few femtocells are inserted
into the system. However, the proposed scheme performs
better when large number of femtocells is deployed. Also,
unfavorable impact of the interference between femtocells can
be noticed according to Fig.4 where the throughput of the
femtocells network is depicted. It is clear that the expected
benefits of deploying femtocells is limited to the number of
deployed femtocells. With dense and unplanned deployment
of femtocells, the throughput of the femtocell network is
decreased. However, the proposed scheme can preserve the ca-
pacity better than the FFR. ALso, the expected gained capacity
of deploying femtocells is reduced when more femtocells are
inserted into the system.

The estimated capacity, which is gained by deploying fem-
tocells, is shown in Fig.5. When macrocell offloads the indoor
MUEs into femtocell, the capacity of the system is increased.
Thus, the amount of the additional throughput, which is added
by femtocells of both schemes, can be the same when the
number of inserted femtocell is less than twenty. However,



the proposed scheme delivers more additional capacity when
more femtocells are inserted into the system.

Fig. 4. The femtocell network throughput

Fig. 5. The additional expected throughput

V. CONCLUSION

Unplanned and dense deployment of femtocells degrades
the performance of the system due to the interference. FFR
concept is introduced to mitigate the interference among
macrocells as well as the interference raised due to the coex-
istence between femtocells and macrocell. However, the fixed
amount of radio radio resources, which is assigned for different
region of the macrocell, might not be used efficiently. In this
work, DFPS scheme is proposed to increase the capacity of
the femtocells in a all different region. The objective of the
proposed scheme is to maximize the throughput of femtocells
network in order to enhance the system performance. The
basic idea is to assign more radio resources for femtocells
based on a cost function. The part, which has highest level of
cost function value, contains the highest number of femtocells
compared to other parts. Consequently, the less radio resources
will be assigned for that region, and more radio resources
will be assigned for femtocells, which are positioned in
the same region. A simulation is conducted to evaluate the
proposed scheme based on throughput metric, it performs
better than the conventional FFR. The Intercell Interference
between macrocells will be considered in the future work.
An optimization solution will be considered in order to solve
the frequency partitioning problem, which arises when this

proposed scheme is applied. The heuristic search approaches
will be applied in order to address the problem.
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