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ABSTRACT
Femtocells represent a new technological advance, conceived
to significantly boost cellular network performance. At the
same time, several issues that could arise with their deploy-
ment, still need to be investigated. Unfortunately, to the
best of our knowledge, no accurate simulation tools are freely
available for dealing with femtocells. To bridge this gap, we
propose herein an open source module implemented within
the emerging LTE-Sim framework. It targets heterogeneous
scenarios with both macro and femtocells and, thanks to
its flexibility, it is well suited to study spectrum allocation
techniques, user mobility, femtocell access policies, and sev-
eral other problems related to femtocell deployment in a
LTE network. We claim that this new module can be of
high interest for the research community because it offers
a very wide range of scenarios and tunable parameters and
because, thanks to its high modularity, it can be simply ex-
tended for the study of current and future hybrid network
architectures.

Categories and Subject Descriptors
I.6.5 [Simulation and Modeling]: Model Development—
Modeling methodologies; I.6.7 [Simulation and Model-
ing]: Simulation Support Systems—Environments

General Terms
Algorithm, Design, Performance, Verification

Keywords
Femtocell, 3GPP, LTE, E-UTRA, Simulator, Channel, MAC,
PHY

1. INTRODUCTION
Femtocells represent, nowadays, a low-cost attractive so-

lution for improving both coverage and capacity of broad-
band cellular networks. Market forecasts are expecting a
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massive increase in data traffic generated by mobile users
in upcoming years so that emerging broadband technologies
(i.e., WiMAX, LTE, and LTE-A) require significant archi-
tectural improvements to become able to satisfy this ever
growing user demands. In this perspective, the support of
high data-rate indoor traffic becomes fundamental, since it is
estimated that most of the voice calls and data sessions will
take place in indoor environment during the next years [8].
The deployment of cellular network composed by very small
cells (i.e., femtocells) represents today the smartest solution
for boosting cellular network services, especially in indoor
scenarios [3]. A femtocell in LTE environment is obtained
using a Home evolved Node B (HeNB), that is a low-power
and small-range cellular base station, typically designed for
home or small business environment. It has plug-and-play
capabilities to be straightly set up by end-users; moreover,
it is connected to the core network through the DSL line
available at consumers’ houses or offices.

Several benefits are expected from deployment of femto-
cells, starting from an increased network capacity [3]. The
market of femtocells is expected to be very attractive for
both mobile operators and consumers. From one side, they
can guarantee a better coverage to those areas which are
currently provided with an unsatisfactory service if served
by macrocells. On the other hand, users could take advan-
tage from the reduction of costs related to their generated
traffic. According to [7], in fact, the cost per MByte of the
traffic handled inside a femtocell is expected to be less than
the one managed by a macrocell. Nevertheless, several is-
sues have still to be investigated, especially in the area of
the Radio Resource Management (RRM). Among others, in-
terference management, as matter of fact, becomes a major
issue in conditions of uncoordinated deployment of HeNBs.
In fact, when the operator cannot perform a centralized fre-
quency planning, both co-layer (femto-to-femto) and cross-
layer (femto-to-macro) interference take place. This problem
appears even more complex when restricted access policies
are used at HeNBs.

Therefore, the availability of accurate simulation frame-
works, able to correctly modeling and test femtocell sce-
narios, appears of fundamental importance. Unfortunately,
while several open-source tools are today available for simu-
lating some parts of the LTE system (i.e., [4] and [2]), none
of them provides MAC and PHY models for femtocell archi-
tectures.

To bridge this gap, we propose herein a new module for
simulating LTE femtocells within the opensource LTE-Sim
framework [6]. The developed tool provides a wide range



of features and high scalability. It encompasses scenarios
with both macrocells and femtocells in multi-cell and multi-
user environments, taking into account a complete LTE pro-
tocol stack, as well as advanced RRM techniques, such as
frequency reuse schemes, packet scheduling, and QoS man-
agement. User mobility is also considered and several con-
figurations of mobility patterns and handover schemes are
covered. We believe that it represents a good research tool
for tackling several open issues.

2. FRAMEWORK DESCRIPTION
LTE-Sim1 has been written in C++, using the object-

oriented paradigm, as an event-driven simulator [6]. Its main
classes handle: (i) network devices, (ii) protocol stack enti-
ties, (iii) PHY layer, (iv) channel behavior, and (v) network
topology. In order to implement all aspects related to femto-
cells, LTE-Sim has been upgraded by means of new classes
and functionalities listed below:

• Network devices. A new class has been defined to
model the HeNB, which is identified by an unique ID
and its position defined into a Cartesian System. A
HeNB can be configured for working in both open ac-
cess and closed access modes. Moreover, attached to
it, a proper physical interface accounts for the different
power management of suchdevices with respect to con-
ventional eNBs. User equipments, on the other hand,
have been enhanced for recognizing whether they are
inside or outside a building at a certain time instant
and for catching propagation losses due to walls be-
tween the transmitter and the receiver.

• New handover management. A power-based handover
manager has been conceived for better handling han-
dover procedures in heterogeneous network. Such a
mechanism is aware of the selected access policy at the
HeNB, in order to avoid re-selections of unauthorized
cell.

• New topology objects. Three new network topology ob-
jects have been introduced: Femtocell, Building, and
Street. The class Femtocell is in charge of storing ge-
ometrical parameters of the cell. A Building is com-
posed by a number of apartments, each one delimiting
the area of a given femtocell. As suggested in [1], two
different types of building have been developed: (a)
Dual Stripe blocks and (b) 5x5 apartment grid. Fur-
thermore, in order to be able to design a wide variety
of urban scenarios, we introduced the concept of Street,
consisting of a double row of buildings.

• New channel models. To cope with the characteristics
of indoor environments, we implemented two new in-
door propagation loss models. The former has been
proposed in [1] for femtocell dense urban scenarios.
The latter, instead, developed within the WINNER II
project, is more suitable for indoor residential environ-
ments [5].

3. NUMERICAL RESULTS
1The code is freely available under the GPLv3 license. URL:
http://telematics.poliba.it/LTE-Sim
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Figure 1: Aggregate throughput of the building.

In this section, some reference results are presented to
highlight the potentials of the simulator we conceived. We
evaluated: (i) the impact of co-layer interference in indoor
environment, (ii) the performance gains coming from femto-
cell deployment in an urban scenario, and (iii) a scalability
study on computational requirements (i.e., simulation time
and memory usage). Main simulation parameters are sum-
marized in Tab. 1.

Fig. 1 shows aggregate cell throughput in a single 5x5
grid building, considering different activity factors (i.e., the
probability that a single femtocell is active) and frequency
reuse schemes. In details, under Reuse-1, an overall band-
width of 20 MHz is shared among all the femtocells in the
building; under Reuse-1/2 and Reuse-1/4, instead, the entire
20 MHz bandwidth is partitioned in two and four portions
of spectrum, respectively. Results demonstrate that when
the interference level is low (i.e., activity factor is equal to
50%), Reuse-1 scheme performs better, as the SINR is not
heavily impacted and each cell exploits the 20 MHz band for
data transmission. On the other hand, as the impact of in-
terference increases, Reuse-1 scheme suffers for strong SINR
degradation and consequent performance drop. Reuse-1/2
scheme, in this context, appears to be the best trade-off
between higher bandwidth availability (i.e., Reuse-1) and
higher experienced SINR (i.e., Reuse-1/4).

To evaluate network capacity enhancements due to fem-
tocells deployment, we designed a dense urban environment
consisting of a macrocell and of 56 buildings located as in a
typical urban cross. Two different cases are object of the
study: (i) a scenario where buildings without femtocells
are distributed into a macro, and (ii) the same topology
where one femtocells per apartment is assumed to be ac-
tive and working on the same operative bandwidth of the
macrocell. Fig. 2 shows the the aggregate network through-
put. It demonstrates that the introduction of femtcells into
a urban scenario improves network performance. Without
femtocells, in fact, indoor users will be anyway served by
the macrocell suffering for low channel quality due to the
strong influence of walls attenuation. Introducing femto-
cells, indoor users will experience a significant increase of
the throughput.

Finally, we studied the scalability of the proposed mod-
ule on a Linux machine with a 2.6 GHz CPU and 4 GBytes
of RAM. In particular, we evaluated the impact that the
number of buildings, as well as the number of users created
inside each building, have on both simulation time and mem-



Table 1: Simulation Parameters.
Parameter indoor environment urban scenario scalability test

Apartment size 100 m2 100 m2 100 m2

Number of apartment in a building 25 25 25
Number of buildings 1 56 from 1 to 6
Radius of the Macro cell N.A. 500 m 500 m
Number of users 2 for each HeNB from 40 to 120 from 0 to 300
Total Bandwidth 20 MHz 20 MHz 20 MHz
Frequency Reuse Scheme Reuse-1,Reuse-1/2,Reuse-1/4 Reuse-1 Reuse-1
Activity Factor 0.5 and 1 1 1
Scheduler Proportional Fair Proportional Fair Proportional Fair
Traffic Infinite buffer Infinite buffer Infinite buffer

Table 2: Scalability Test.
1 building 6 buildings

Simulation Time [minutes] 10 UEs for building 1.7 3.19
50 UEs for building 7.6 30

Memory Usage [MBytes] 10 UEs for building 263 460
50 UEs for building 895 2050
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Figure 2: Aggregated throughput in an urban sce-
nario.

ory usage. Obtained measurements (some significant results
are reported in Tab. 2) have highlighted that the simula-
tion time, as well as the memory usage, linearly increases
with both the number of buildings and the number of users.
Moreover, also in the most complex scenario (i.e., the one
composed by 6 buildings with 50 users each) computational
requirements are quite limited, which is a great achievement
in terms of scalability.

4. CONCLUSIONS AND FUTURE WORKS
We presented a novel module for simulating LTE femto-

cell within the LTE-Sim open-source framework. In order to
show its potentials, we used the conceived tool for evaluating
the impact of co-layer interference in an indoor environment
and the performance gain coming from femtocell deployment
in an urban scenario. Finally, a scalability study on com-
putational requirements has been also proposed. Prelimi-
nary results demonstrate that the implemented module can
greatly support people working on LTE femtocells. More-

over, thanks to its modularity, it can be upgraded in a very
easy way, thus allowing both researchers and industries to
design and test innovative algorithms, protocols, and net-
work architectures for next generation mobile systems.
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