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Abstract - As in any network, LTE (Long Term Evolution) 

also has a concern with respect to coverage and data rate. A 

key element in LTE is the deployment of multiple femtocells in 

order to improve both coverage and data rate. Naturally, one 

has to remember that handover mechanism may become 

complex due to arbitrary overlapping of coverage and this 

complexity becomes a challenging issue to deal with. 

Therefore, the paper described here simulated deployment of 

femtocells in a scenario to obtain QoS (Quality of Service) 

and handover. The paper also discusses limitations of 

integrating LTE with femtocells. This alternative of employing 

femtocells is quite interesting but several uncertainties arise in 

this topic. The results obtained from simulations showed 

handover getting worse and thus impacting QoS. 
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1 Introduction 

  Currently, Internet and mobile communications are 

converging to a new paradigm, the Mobile Internet. The 

ability to access information and services anytime and from 

anywhere has been shaping not only new user profiles but also 

demands for new applications. 

 With the popularization of the third and fourth 

generation technologies, mobile communication systems 

suffer from the addition of new services and functionalities, 

which also involve critical problems, such as interference, 

limited coverage, restrictions on the use of triple play 

applications, among others. 

 The multimedia services are becoming increasingly 

popular. These services generate intense traffic on the 

network, that demand for higher data rates and are sensitive to 

delay and delay variation, experienced in the network. 

 In indoor environments, channel quality between the 

cellular base station and the mobile node may be affected by 

walls and obstacles. The wireless communication for indoor  

requires more resources, including time, bandwidth, 

transmission power so that they can ensure the quality of 

service required by customers. However, the lack of resources 

in wireless cellular networks will be accelerated, since over 

60% of the voice traffic and 90% of data traffic is generated 

indoors [1]. 

 Thus, it is necessary to investigate access technologies to 

ensure satisfactory levels of quality of service, taking into 

consideration the growing demand for data services. In this 

respect, for a wireless operator, femtocells are an attractive 

alternative since they are cost-effective to significantly 

increase the user data rates of their wireless networks at the 

customer premises.[2] 

 This growing demand for indoor wireless multimedia 

and ongoing trends of mobile convergence are paving the way 

for the installing femtocells industries. Femtocells may be 

open access or closed access. [3] Open access allows an 

arbitrary user to use the femtocell, whereas in closed access, 

the use is restricted to users that are explicitly approved by the 

owner. While the ultimate goal of femtocell is to improve the 

efficiency, coverage and services at a reduced cost of 

operation, the possibility of arbitrary handovers between the 

existing eNodeB (enhanced NodeB) and HeNB (Home 

eNodeB), poses new challenges [4]. 

 LTE (Long Term Evolution) is a technology for wireless 

broadband 4G (4th Generation) mobile networks for voice 

and data that ensures greater data speeds, better performance 

and more efficient use of spectrum. In this context, LTE 

networks have gained much attention, mainly because this 

technology can be used to improve voice services where there 

is a limited local coverage [5]. 

 However, even supporting high data rate, LTE frequency 

can result in poor indoor coverage in some areas. In this case, 

an LTE femtocell network could be an alternative to improve 

the indoor signal and avoid overloading the macrocell. It is 

still too early to predict the success of LTE femtocell. Factors 



such as safety, interference and management still need to be 

studied. 

 The integration of femtocell LTE network appears to be 

a promising approach due to its homogeneous nature and 

characteristics. However, for the mobile unit to provide 

transparent communication in a change of radio resources, it 

is necessary to handover the network capacity. The handover 

is the process that characterizes a cellular network and assures 

its mobility feature. 

 From a technology point of view, a femtocell is not only 

characterized by short communication range and high 

throughput, but also by its ability to seamlessly interact with 

the traditional cellular network at all layers of the network 

stack, performing tasks like handovers, interference 

management, billing and authentication. This necessitates 

substantial support by the appropriate standards bodies [6]. 

 Therefore, this paper aims to conduct a study on 

handover from the use of femtocells and evaluate the 

correlation between the indicators of handover and QoS. The 

study also includes the effectiveness of using LTE femtocell 

and especially on what will be the impacts, earnings and 

disadvantages that this combination of technologies offer. 

 The following sections are organized as follows: section 

2 will discuss some concepts of technologies on which this 

work is based. In section 3 related work will be presented. 

The description of the methodology used and the results are 

discussed in section 4. Finally, in Section 5 are final remarks.  

2 Theoretical Fundaments 
  

2.1 LTE (Long Term Evolution) 

 Searching for solutions to make data transmission more 

efficient, while dealing with more and more volumes of such 

traffic, LTE has been proposed as the next step in the 4G 

mobile system, preceded by 2G and 3G . Its development is 

intended to provide performance improvements, while 

reducing the cost per bit, allowing for a greater dissemination 

of mobile services. Its standardization is the responsibility of 

3GPP [7]. 

 LTE networks have a new architecture, totally different 

from what had been used in previous technologies. An 

example of this is the base station, called eNodeB in which 

LTE starts processing tasks previously performed in RNC 

(Radio Network Controller). 

 Note that the eNodeB will also be responsible for 

handover decisions through communication between the 

elements using X2 interface However it is possible that due to 

the lack of communication over X2 (optional interface), 

communication between the eNodeB will be accomplished 

through other alternative, the Access Gateway. [8] Figure 1 

illustrates the components of network architecture integrating 

LTE and femtocell. 

Over the next years, it is expected that billions of devices 

will be connected to the Internet and cloud-based applications 

using mobile wireless 3G and LTE networks. So a huge 

demand for wireless mobility and ubiquitous coverage will 

definitely be necessary. Global mobile data traffic will 

increase 26 times between 2010 and 2015, also known as 

"mobile data tsunami" [9].  

 
Figure 1. Overall E-UTRAN Architecture with deployed HeNB GW[10]. 

2.2 OPNET 

 The OPNET Modeler accelerates the process of research 

and development enabling the analysis and design of 

communication networks, devices, protocols and applications. 

It is widely used as a simulator Instrument for modeling 

telecommunications networks [11]. 

It allows one to create a network from a library of templates 

and define parameters not only for the environment, but also 

of each object that makes up, and the impacts of its variations. 

For educational purposes, its use has also a leverage as one of 

its major advantages is the graphical interface provided to the 

user to configure settings and to view results. 

2.3 Handover 

 The handover is a difficult procedure because it involves 

several tasks that may cause interruptions in service delivery 

and performance degradation of applications. This fact 

becomes worse if there is an increase in the frequency of 

migration and transition. As a result, there is a greater number 

of handovers.  

 Recently, the concept of handover has not only been 

linked to continuity of a phone call, but also to the continuity 

of streaming sessions, maintaining QoS and access to the 

Internet. One of the research challenges for cellular systems is 

to improve the call admission system that controls and 

reduces blocking probability and improves the quality of 

service. 



 This extension of the concept of handover occurs due to 

the popularity of tablets and smartphones, which have allowed 

the collective experience of users sharing the same coverage 

area. Recently, the scenario of mobility at different speeds 

with applications in use has been increasingly common. 

 As the EU moves in the network, it may experience 

different propagation conditions and interference. Can happen 

to a neighboring cell presents the best conditions (RSRP 

higher) than the current cell. Therefore, the UE monitors the 

current cell (Senb - serving eNodeB) and neighboring cells 

(NeNBs - neighboring eNodeBs) performing periodic 

measurements of downlink radio channels (RSRP). The HO is 

triggered by the eNodeB based on measurement reports 

(reports measure) received from the EU. [12] 

 Control messages are exchanged across the interface 

between the two X2 eNodeBs and downlink data packets are 

also forwarded from the source to the target eNodeB through 

the same X2 interface. [13],[14]. 

2.4 Femtocell 

 The femtocell concept is part of the effort of 

telecommunication industry to provide communication of high 

performance, high-quality services for home users. In contrast 

to conventional types of cells, which are well planned by the 

operators, the femtocell base stations must be installed by 

customers themselves, similar to a wireless access point. [15] 

 The Femtocells are small base stations with the same 

functionality as the macrocells, but they have power to meet 

only a restricted environment (10-20 meters). They are of low 

cost, supporting a small number of users and installed by the 

user to best receive voice and data in closed environments. 

[16] 

 It is estimated that 2/3 of the calls and over 90% of data 

traffic in a cellular network, occur in indoor environment. 

Some research shows that 45% of households and 45% of 

companies have a bad experience regarding indoor coverage 

[17]. To provide good indoor coverage for customers has 

become a major challenge for operators, because it is not 

anymore just offering a good voice service, but also high data 

transfers including video streams. 

 A factor to be taken into consideration is that the process 

of installing these femtocells would be up to the user. It must 

be very simple such as plug and play. These cells must have 

ability for self-configuration and must be built to minimize 

impact on the macrocell through self-provisioning parameters. 

 In this paper, simulations of deploying femtocells in an 

indoor environment have been carried out to study its effects 

on the handover and evaluation of quality of service 

experienced by users.  

3 Related Works 

 Some of the literature analyzed was intended to establish 

the best way of balancing the factors involved in mobile 

communication and manage users make better use of network 

resources and thus get a higher efficiency. Mechanisms for 

handover in LTE networks have been intensively studied in 

both academia and industry.  

 In [18] present a detailed literature review with the main 

features of femtocell technology and raising technical and 

regulatory issues. Such networks face a lot of uncertainties as 

the infrastructure is not preplanned. Moreover, there are 

technological issues to be considered: Can Femtocells handle 

unloading data and video streams from conventional 

networks? Will they create more problems and thus 

jeopardizing the careful work on installing base stations 

considering unpredicted interferences? 

  [19] proposed a strategy for handover between 

macrocell and femtocell for LTE networks. The paper 

presents a strategy that tries to avoid failures of handover and 

the occurrence of unnecessary handovers. [20], [21] analyze 

challenges with respect to their potential for use in LTE 

femtocell networks as an alternative for coverage. 

 Into [22] the handover procedure in LTE femtocells is 

discussed focusing on the significant increase in the number 

of femtocells in certain environments. Simulations for the 

handover between macro and femto and between femto and 

femto were performed and an optimization algorithm was 

proposed and compared to conventional algorithm. 

 In other studies, the process of handover between HeNB 

and LTE eNodeB in a  modified [23] version has been 

proposed. A new handover algorithm based on the speed of 

the EU and on QoS. Three different speed settings were 

considered in the algorithm: low mobility (0-15 km/h), 

medium (15-30 km/h) and high mobility (>30 km/h). The 

analysis showed that the proposed algorithm has the best 

performance, and then the algorithm is compared with the 

traditional algorithm. 

 The following articles show some concerns on the 

principal aspects for limitation on employing femtocells: [24], 

[25], [26] concerns are in order in spite of all the advantages. 

Unfortunately, deadlocks are not easily sorted out due to 

several technical and non-technical issues that are still 

pending to be solved. 

4 Methodology 

 First of all, it was necessary to elaborate the 

methodology to consider same modeling for both the 

scenarios to be simulated. Figure 2 shows a flowchart that 

describes the sequence of activities to be conducted. This 



methodology may be generalized for several other real world 

problems that can be modeled and simulated.  

 
Figure 2. Flowchart 

In this paper, the modeling of scenarios of interest was 

performed using the Opnet Modeler 17.5 (release 8). Figure 3 

illustrates the modeled scenario that will be simulated 

In the analysis conducted for this study, two identical 

scenarios were created: one without the use of femtocell and 

the other with 9 femtocells per cell. The configuration and 

parameterization of antennas femtocell are shown in Table III. 

In both the scenarios, the network consists of 5 eNodeB 

and with respect to mobility, random waypoint mobility 

model [27] was assumed for all 100 network users. The 

structure also includes EPC (Evolved Packet Core) and 

gateway elements that will communicate with the application 

server. 

Figure 3. Scenario modeled in OPNET tool. 

 

4.1 The Simulation Parameters 

 The parameters and settings of the antennas are 

described in Table II. To generate traffic on the network,  

VoIP (Voice over Internet Protocol) application was used. 

 VoIP application represents the class of inelastic 

applications, real-time, interactive, which is sensitive to delay 

end-to-end, but can tolerate packet loss. Today, the 

emergence of real-time application requires more resources, 

so it is necessary ensure rapid and reliable voice 

communication for a large number of users on the network. 

 All users have been configured to establish a VoIP call 

to an external server. In Table I, we list the most relevant 

parameters used for configuring the application. 

TABLE I. CONFIGURATION OF VOIP APPLICATION 

Silence Length (s) Exponentially distributed, mean 

0.65 

Talk Spurt Length (s) Exponentially distributed, mean 

0.352 

Encoder Scheme GSM FR 

Voice Frames per Packet 1 

Type of Service Best effort (0) 

De-Compression Delay (s) 0.02 

TABLE II. CONFIGURATION OF LTE ANTENNAS 

Parameter Value 

Transmission Power 26 dBm 

SC-FDMA (UL) Frequency  1920 MHz 

OFDMA (DL) Frequency  2110 MHz 

Bandwidth 10 MHz 

Gain Antenna 17 dBi 

Antenna Height 40m 

Radius Coverage 7 Km 

Propagation Model Urban Macrocell 

Duration of simulation 900s 

TABLE III. CONFIGURATION OF FEMTOCELLS 

Parameter Value 

Transmission Power  23 dBm 

Gain Antenna 2 dBi 

Propagation Model Indoor Environment 

Antenna Height 1m 

 

4.2 Handover Performance Indicator (HPI) 

In this section the main evaluation metrics used as 
performance indicators handover will be described. The 
metrics are described below. 

Handover Delay: This enables to identify the number of 
handovers performed, as well as the position in time where the 
delay for the handover has successfully occurred. 



 Handover Failure: The ratio of handover failure (HF) is 
the ratio between the number of failed handovers (NHfail) on 
the number of attempts made. The number of handover 
attempts is given by the sum of the number of failed handovers 
(NHfail) plus the number of successful handovers (NHsuc). 

 

(1) 

 

Blocking Probability: The blocking probability is the 
ratio of the number of failures (Nfail) over the total number of 
failures (failure of handover + failures radio ) added to the 
total number of handovers (TH). 

 

(2) 

 

4.3 Simulation Results 

 After the initial configuration in OPNET, simulation was 

conducted. Several instances were run and simulations of 

scenarios with the same configuration were repeated. Time to 

elapse was the same and with same parameters but with 

different seeds. The simulation time was 900 seconds, long 

enough for the environment to be stabilized and users that 

were testing could navigate the established trajectory. 

 Figure 4 shows the chart extracted directly from 

OPNET. This chart expresses a joint display of two key 

metrics for analyzing the handover performance indicators. 

Association of eNodeB allows viewing the instant in which 

the user has joined and in which eNodeBs he or she has 

joined. 

 In the same figure and at the same instant, the handover 

delay is reported, identifying delays of handovers that were 

performed successfully. 

 

Figure 4. Associated eNodeb e Handover delay. 

The results are an indicative of the mechanisms that 

actually impact on system performance. Some of the variable 

parameters include the speed of the user, the type of traffic, 

application, etc. 

In the analysis, 100 mobile users were initially observed 

individually, since each user traveled a random trajectory, 

which guaranteed number of failures and handovers specific 

to each one. 

The results presented here compare the two simulated 

environments, i.e. with and without femtocell. The analysis 

allows us to infer that with the deployment of femtocells in the 

network, users are conducting a much larger number of 

unnecessary handovers, which impacts heavily on indicators 

of handover performance. The comparison can be seen in 

Table IV.  

TABLE IV. Indicators of Handover Performance 

Statistic LTE scenario  LTE scenario + 

Femtocell  

Handover Failure  0.1  0.71  

Blocking Probability  0.259  0.764  

Some indicators were collected to evaluate QoS 

experienced by the users behavior. We notice that the 

deployment of femtocells did not represent a significant 

improvement over the parameters of QoS.  An assessment of 

the general behavior of 100 users was carried out. The figure 

below shows the delay in both scenarios. We notice that there 

was no great variation; both had behavior around 200 

milliseconds. 

 

Figure 5. Delay of VoIP application. 

Figures 6 and 7 show the values of MOS (Mean Opinion 

Score) and jitter obtained. The MOS is the mean of results 

from users that tested the scenarios. Using a scale from 1 to 5, 

)( NHsucNHfail

NHfail
HPI HF

+

=

))(( THNHfailRadioFail

Nfail
HPI BP

+−

=



where a score of average equal to or greater than 4 is 

considered toll-quality. The MOS achieved was considered 

poor, as average behavior was around 1.5 even after the 

addition of femtocells. 

 

Figure 6. MOS of the VoIP application. 

 

 

Figure 7. Jitter of VoIP application. 

5 Conclusion 

Based on the preliminary analyses, one can note that 

integrating LTE and femtocells was not a good option as 

expected. For the considered parameters and scenarios, 

inclusion of femtocells would improve QoS. The results stress 

the necessity of self-configuration for proper functioning of 

femtocells. It is also important to mitigate the degradation of 

the performance due to the interference between macrocell 

and femtocell as well as among femtocells, especially when 

installations are conducted without proper planning. Without 

these issues, it is impracticable and there is a significant 

impact on QoS, on handover and on the overhead of signaling  

associated to mobility procedures. 

In spite of some of the aspects mentioned, use of these 

small cells, at least for the considered scenarios, did not turn 

into a panacea. Management of handover mechanism, 

interference and self-configuration still poses a major 

challenge and it is relevant for the success of integration of 

LTE and femtocells. Finally, it is important to point out that 

the study conducted in the paper should not be considered as 

conclusive and other parameters must be taken into 

consideration. Besides, there must be a forum to discuss the 

employing of femtocells. 
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