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Abstract—In heterogeneous networks, femtocells are intro-
duced to improve the network capacity. However, dense de-
ployment of femtocells leads to undesirable interference, which 
degrades the performance of the system. Controlling the femtocell 
transmission power is one of the factors that can be considered 
to alleviate undesirable effect of the interference. Also, it can be 
used to support auto-configuration c onductance o f t he network. 
In this work, transmission power auto-configuration approach 
is proposed. The proposed approach is based on the macrocell 
transmission power and femtocell coverage. The simulation 
results depict that the capacity of the network is improved, and 
the interference is alleviated.

Index Terms—LTE, Femtocell network, Co-channel deploy-
ment, OFDMA, Downlink transmission power, Autonomous 
power adjustment, Power Control, Interference mitigation, Co-
interference.

I. INTRODUCTION

In recent years, the massive production of mobile appli-
cations has increased the demand on data services. In addi-
tion, a great amount of demanded data and voice services 
is claimed by users positioned in indoor places such as 
enterprise buildings. Long Term Evolution (LTE), which is 
a broadband network, provides advanced technical features 
and services. However, due to the penetration loss and long 
distance between User Equipment (UE), which is placed in 
indoor environment, and macrocell, the coverage of macrocell 
might not be worthy and meet UEs satisfaction. As a result, 
the notion of Home eNodeB (HeNodeB), also called femtocell 
or femto base station (FBS), is proposed and introduced to 
overcome the indoor environment deficiency of signaling. Cor-
respondingly, femtocell entices the wireless industries interests 
and attentions [1] [2]. Femtocell expands the coverage of 
indoor environment as well as unloads traffic from macrocell. 
Femtocells are low power and low cost cellular networks. 
Also, femtocell can be deployed by the end users. Moreover, 
it uses licensed spectrum and uses backhaul connection to 
connect to the operators networks [1]. In addition, femtocell 
delivers high spectral efficiency, w hich i s o ne o f t he features 
that can be achieved to enhance the UEs throughput.

Orthogonal Frequency Division Multiple Access (OFDMA) 
is a selected downlink transmission scheme that is introduced 
by 3GPP LTE. In terms of physical layer, the Physical Re-
source Block PRB is the basic unit, which is assigned for
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attached UEs. The critical key issue of deploying femtocell and
macrocell coexistence environment is the interference between
cells. Due to the co-channel deployment, the interference
will be experienced and lead to the systems performance
limitation [3]. Subsequently, a useful approach is desired to
mitigate the interference and resolve this challenge especially
in dense deployment of femtocells. In femtocell networks, the
setting and installment process is done by end users, which is
preferable choice to diminish the cost on network operators.

Controlling femtocells power is one of the common methods
and techniques that have been suggested to alleviate and avoid
interference in heterogeneous networks. The femtocell power
is low because it serves and covers limited areas such as
residential homes and apartments, even though the dense and
unplanned deployment of adjacent femtocells would cause
interference among femtocells. Nevertheless, a mechanism for
controlling the femtocell power is stimulated to be considered
in order to mitigate the effect of interference among adjacent
deployed femtocells. Many solutions have been proposed to
handle this issue in previous works.

A comprehensive survey has been conducted in [4]. The
authors have presented interference mitigation and avoidance
in two-tier femtocell networks. In [5], femtocell is consid-
ered as agent to allocate a suitable power transmission level
based on Q-Learning. Stochastic approximation mechanism
is proposed in [6] where femtocell practices eavesdropping
on nearby macro UE (MUE) signaling with macrocell to
measure feedback approximation, and then femtocells set their
downlink transmission power based on those estimations.
In [7], the authors presented a novel method in order to
set femtocell transmission power. The paper introduced a
necessity of distinguishing between indoor and outdoor users
and based on that discrimination, the femtocell determines
its appropriate transmission power. Quadratic programming
framework and cost index mechanism is proposed in [8].
The suggested framework is built based on estimation of
path losses between adjacent femtocells to set femtocells’
transmission power in a way of mitigating interference. In
[9], the approximation of data traffic amount is considered
in order to come up with autonomous transmission power
adjustment method as well as preserving best coverage that
femtocell can offer. The radio environment maps (REM),



which is a database tool that contains collective information
among distributed UEs and base stations, is used in [10] in
order to alleviate co-channel interference based on controlling
the femtocell transmission power. The authors in [11] propose
self-power setting for femtocells based on signaling exchange
between femotcells and macrocell. However, the communi-
cation between femtocells and macrocell that is necessary in
order coordinate the interference problem is indirect, and that
leads to over signaling and effects on systems performance.
Therefore, femtocells set their transmission power based on
cognitive radio (CR) to enhance the system capacity and
mitigate the interference.

In this work, an autonomous downlink transmission power
scheme for femtocells is proposed. Femtocells would be able
to adjust its downlink transmission power based on their
coverage, and it is derived according to macrocell coverage
and transmission power. The rest of this paper is organized as
follows. In the second section the system model is described.
The procedure of the proposed mechanism is provided in the
third section. Simulation results of the effectiveness of the
proposed scheme is depicted and given in section four. In the
last section, a brief conclusion of this work is given.

II. SYSTEM MODEL

In this work the problem of femtocell power control is
considered to alleviate the effect of interference for co-
channel deployment network. The femtocell network overview
is shown in fig. 1. Macrocell/femtocell co-channel deployment
is considered in this paper. There is a set N of all number
of femtocell and N = [f1, f2, f3, ..., fn]. All femtocells are
deployed in predefined coverage of a single macrocell. Also,
there is a set U , which is comprised of the number of attached
UEs. To increase the coverage of macrocell, femtocell is in
charge of offloading UEs from macrocell. The interference
is experienced among adjacent femtocells. As a results, the
system’s performance is decreased. A single UE is attached
and offloaded to a single femtocell.

Fig. 1. An overview of femtocell netowk [12]

To evaluate the performance of the system, the throughput
is considered and it is given by [13]:

Γ =
∑
u

∑
s

βu,s Cu,s (1)

where βu,s indicates whether subcarrier s is allocated to UE
u or not, so βu,s = 1 when subcarrier s is allocated to UE u,

and βu,s = 0 when subcarrier s is not allocated to UE u. Also,
Cu,s indicates the estimated capacity of UE u with assigned
subcarrier s and it is calculated as [13]:

Cu,s = ∆f log2(1 + α δu,s) (2)

where α indicates the target BER and it is assumed as 10−6

in this work. ∆f is the subcarrier spacing. Also, δu,s indicates
the measured Signal to Interference plus Noise Ration (SINR)
of UE u on subcarrier s. Actually, we have two different
equations to measure the SINR based on UE’s type if it is
associated with macrocell or femtocell.

Now the received SINR from UE ui, which is associated
with macrocell, on subcarrier s is given according to the
following formula [13]:

γi,s =
Pm,s Gi,m,s∑

m′
Pm′,sGi,m′,s +

∑
F

PF,s Gi.F,s + N0∆f
(3)

where the received power from serving macrocell m on
subcarrier s is represented as Pm,s and Gi,m,s represents
the channel gain between serving macrocell m and UE ui
on subcarrier s. Pm′,s is the received power from adjacent
macrocell m′ and the channel gain on subcarrier s and UE
ui according to interfere neighbor macrocell is represented as
Gi,m′,s. Also, the received power from adjacent femtocells
F on subcarrier s is represented here as PF,s and Gi.F,s
represents the estimated channel gain between adjacnet
femtocell F and macro UE ui on subcarrier s. The white
noise power spectral density is represented by N0.

The following is the formula of received SINR from fem-
tocell UE uj on subcarrier s [13]:

γj,s =
PF,s Gj,F,s∑

m
Pm,sGj,m,s +

∑
F ′
PF ′,s Gj.F ′,s + N0∆f

(4)

PF,s represents the received power from serving femtocell F
on subcarrier s and its related channel gain is represented by
Gj,F,s for UE j. The received power from macrocell and its
related channel gain are represented by Pm,s and Gj,m,s for
UE j and subcarrier s, respectively. PF ′,s and Gj.F ′,s are the
received power from adjacent femtocell and its related channel
gain for UE j on subcarrier s.

The channel gain for both types of UE whether it is indoor
or outdoor is given by[13]:

G = 10−PathLoss/10 (5)

The path loss of macro UE, in case the UE is outdoor, is
given by[14]:

PLossdB = 15.3 + 37.6 log10 (R) (6)



In indoor environment, the path loss of macro UE is expressed
as:

PLossdB = 15.3 + 37.6 log10 (R) + Low (7)

Where R is the distance between macrocell and macro UE.
Low represents the penetration, which is caused by outdoor
walls.

The path loss for femtocell’s UE differs and depends on
whether femtocell’s UE is indoor or outdoor. The path loss of
femtocell’s UE when UE’s position is indoor, is given by[14]:

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

+ 18.3n((n+2)/(n+1)−0.46) + W ∗ Liw (8)

W represents the number of separating walls and n is the
number of floors. 0.7d2D, indoor and Liw are the penetration
loss caused by walls inside the apartments and the penetration
loss caused by walls separating apartments, respectively.

When the femtocell’s UE is positioned in outdoor environ-
ment, the path loss is expressed as [14]:

PLossdB = 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 (9)

III. AUTO-CONFIGURATION TRANSMISSION POWER
SCHEME FOR FEMTOCELL

In this section, a mechanism that is proposed to reduce
the effect of the interference, which is caused by co-channel
deployment in OFDM-LTE transmission scheme, is presented.
Dense deployment of femtocells in macrocell coverage leads
to cross-tier interference, interference between macrocell and
femtocell, and co-tier interference, interference between ad-
jacent femtocells. Therefore, deploying femtocell network in
places such as enterprise building or a building containing
adjacent apartments increases the unfavorable effect of co-tier
interference on the performance of the system. The transmis-
sion power of adjacent femtocells is an influential factor that
would increase the effect of interference.

Easy plug-and-play femtocell setting by user is susceptible
to interference. Boosting the auto-configuration effectiveness
is a substantial key issue because many factors impact on radio
conditions such as radio resources, locations, and transmission
power. In this work, the performance related to the power
configuration is presented.

The coverage of femtocell is short compared to the coverage
of macrocell. The radius of macrocell can be hundreds of
meters or several kilometers. On the other hand, the radius
of femtocell ranges between 5m− 50m. Also, the number of
UEs attached to the femtocell is low compared to the number
of UEs attached to macrocell. Therefore, femtocell transmits
with low level of transmission power. For example, femotcell

transmission power is fixed to 21 dBm, but macrocell trans-
mission power is set to 46 dBm.

Femtocell transmission power can be derived from macro-
cell transmission power based on the radius and coverage of
both femtocell and macrocell in a way that the co-interference
is maintained especially for dense and unplanned deployment
of femtocell network. Accordingly, femtocell would be able to
dynamically set its transmission power based on its coverage
range, so the femtocell transmission power would be increased
if the coverage is extended.

Let N be the set that contains all deployed femtocells in a
certain macrocell coverage and N = [f1 , f2, f3, ... fn].
Each femtocell fi is fixed to specific radius ri according
to the size of the building or apartment. Consequently, R
represents the set of radius that is identical to N and R =
[ r1, r2, r3, ...rn ]. Also, P represents the set of transmission
power for each femtocell fi and P = [ p1, p2, p3, ...pn].
Pm and Rm represent the macrocell transmission power and
the serving macrocell radius, respectively.

The transmission power of the macrocell is predominately
set to be comparable with its radius. Therefore, femtocell is
stimulated to set its transmission power with consideration of
its radius and coverage in order to avoid unnecessary power
consuming as well as mitigating the effect of interference on
adjacent femtocells. By dividing the Pm over log10(Rm), we
obtain Y as follows:

Let,

Xm = log10(Rm), and Xfi = log10(ri) (10)

then,

Y =
Pm
Xm

(11)

Y here represents the relation between macrocell downlink
transmission power and its radius. Consequently, Y can be
used in order to derive femtocell downlink transmission power
pi for each femtocell fi ∈ N as follows:

pi = Y × Xfi (12)

femtocells would be able to set the downlink transmission
power based on the equation (12).

IV. SIMULATION RESULTS

In the second section of this work, the system model is
presented. Accordingly, MATLAB tool is used to simulate
provided system model and the simulation parameters are
shown in Table I.

In this work a 5 × 5 grid model [15] is considered
and it is shown in Fig. 2. In this model there is a building
that contains 25 adjacent apartments, and the area of each
apartment is about 100 m2. Also, each femtocell is placed at
the center of each apartment and it is attached with at least
one indoor UE. During the experiment, UEs are offloading
from macrocell to femtocell and the number of inserted



TABLE I
SIMULATION PARAMETERS

Parameters Value

Macrocell Radius (rm) 500 m

Femtocell Radius (rf ) 5 m

Frequency 2 GHz

Macrocell Transmission Power Pm 46 dBm

The Fixed Femtocell Transmission Power Pf 18 dBm

Outdoor Walls Loss Low 15 dB

Indoor Walls Loss Liw 7 dB

Bandwidth 20 MHz

Subcarrier Spacing 15 kHz

White Noise Power Density -174 dBm/Hz

femtocells is gradually increased. Also, throughput is used as
a comparative metric when the number of femtocells is varied.

Fig. 2. 5 × 5 grid model [15].

The proposed scheme is compared with fixed transmission
power mechanism and a mechanism, which is proposed in
[16], and it is indicated as constant-range in this work.
Constant-range approach assists femtocell adjust its trans-
mission power autonomously with consideration of macrocell
transmission power in order to mitigate the cross-interference,
which is resulted by OFDMA co-channel deployment. The
transmission power adjustment of constant-range approach is
adjusted based on factors that are path loss, femtocell radius,
antenna gain and distance between fmetocell and macrocell.
Consequently, femtocell transmission power is given as:

PF = min(PM + Gθ − PLM (D) + PLF (r) , Pmax) (13)

where PM and Gθ represents the macrocell transmission
power and the antenna gain, respectively. PLM (D) represent
the macrocell path loss at distance D and PLF (r) is the
femtocell path loss at radius r.

The average throughput of macrocell is depicted in Fig. 3.
The macrocell offloads its attached indoor UEs to femtocells.
As a result, it shows that the network performs better as long
as more femtocells are inserted. A considerable variation of

Fig. 3. Cell average throughput

the cell’s average throughput is noticed when the number of
femtocells exceeds ten at the same time the constant-range
approach performs better than fixed scheme and the proposed
scheme. When more femtocells are inserted into the network,
the proposed scheme performs as the best scheme compared
to the others.

Fig. 4. Femtocell network throughput

The average throughput of femtocell network is shown in
Fig. 4. In fact, the throughput of macrocell is not considered.
Consequently, the undesirable effect of the co-interference,
which is caused by dense deployment of adjacent femtocells,
can be observed, and it degrades the performance of the
system. Fixed transmission power scheme delivers good per-
formance when slight number of inserted femtocells is consid-
ered. However, both constant-range and proposed approaches
perform better than fixed transmission power scheme, and they
alleviate the interference better than fixed transmission power
when the number of inserted femtocells is increased. High
level of transmission power of fixed scheme produces more
interference on adjacent femtocells, and it leads to network
performance degradation.

The resultant throughput, which is added by inserted fem-
tocells, is depicted in Fig. 5. In this figure, the additional
capacity varies with different number of inserted femtocells.



Fig. 5. Estimated additional throughput

Proposed scheme is shown to be the best scheme that delivers
more additional capacity to the network especially when more
femtocells are inserted into the system. In addition, the average
transmission power level of femtocells is depicted in Fig. 6.
Accordingly, proposed scheme provides transmission power
level neither exceeds the level of fixed transmission power
scheme nor below the constant-range scheme. However, pro-
posed transmission power scheme delivers best performance,
and it could alleviate the undesirable effect of the interference
better than two other schemes.

Fig. 6. Femtocells average transmission power

V. CONCLUSION

Femtocells are proposed to boost the capacity of the network
and enhance the performance. However, dense and unplanned
deployment of femtocells increases the interference, which
reduces the advantages of femtocells. Controlling downlink
transmission power of the femtocell is one of the suggested
solutions that are considered to alleviate undesirable effect of
the interference. In this work, we proposed a scheme that
assists femtocell to set its transmission power based on its
close coverage to avoid excessive power consumption as well
as mitigate undesirable effect of interference among adjacent
femtocells. Accordingly, a simulation is conducted to exam-
ine the effectiveness of the proposed scheme. The proposed

scheme is compared with fixed transmission power scheme and
constant-range scheme, and the simulation results depicted that
the proposed scheme could deliver better capacity. Moreover, it
is best scheme that could alleviate the interference compared
to others. In the future work, more new features would be
considered such as increase the capacity by increment the
power level based on received SINR value in order to enhance
the capacity, but with consideration of interference mitigation.
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