
Abstract
Background/Objective: The demand for the data traffic is exponentially increasing day to day because of the proliferation 
of smart phones, tablets and internet-connected devices. To meet this requirements network operators has to dramatically 
increase their network capacities. Methods: One of the possible ways to increase the system capacity is bringing the 
transmitter and receiver nearer to each other. It gives dual benefits higher quality and spectrum efficiency. Findings: The 
cost effective solution is installing the low power nodes instead of traditional high power macro base stations. Examples of 
these low power nodes are microcells, picocells, femtocells and distributed antenna systems. The network, which consists 
of different power nodes, architectures, and protocols is called Heterogeneous network. To overcome the indoor coverage 
problem and to increase the system capacity femtocells also called low power base stations are selected by the researchers 
as the suitable solution. In this paper we overview the femtocell deployment scenarios, access modes, and technical 
challenges briefly. Improvements: This paper gives the details about solutions available in the literature and gives future 
research directions to solve the technical challenges faced by femtocells.
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1.  Introduction
With the increase in the use of electronic gadgets like 
smart phones, tablets and laptops, the demand for data 
is increasing in the today’s world. To satisfy this demand 
we have to select higher data minded cellular technolo-
gies such as WiMAX, LTE, and LTE-A etc. or wireless 
technologies such as Wi-Fi1. But the Wi-Fi networks are 
operating in the unlicensed band, so security will be less 
and these networks are not suitable for high mobility 
environments; it is competitive with cellular standards in 
the case of home and office applications.

The demand for cellular networks are increasing at an 
exponential rate in the today’s world. Cisco reveals 39 fold 
increase in the data traffic increases from 2009 to 20142. 
To satisfy this demand and increasing spectral efficiency, 
we have to densify the network3. It can be done by deploy-
ing the smallcells such as Microcell, picocell, femtocell, 

Distributed Antenna Systems (DAS) and relays in the 
network. The comparison of macrocell, microcell, pico-
cell and femtocell are given in the Table 1. The network 
which consists of different nodes with different power 
levels, access modes and protocols is called as a heteroge-
neous network4. Heterogeneous network are expected to 
be one of the major performance enhancement enablers 
of LTE-Advanced and WiMAX5,6. With the use higher 
data rate cellular standards the operating frequency range 
also increasing, simultaneously propagation losses also 
increases. This lead to the poor indoor coverage. ABI 
research report describes more than 50% of the voice 
and more than 70% of the data traffic is expected to be 
originating from indoor users. Out of which 30% of busi-
ness and 45% of household users are suffering with poor 
indoor coverage problem7. By installing the low power 
nodes or Femtocell Access Points (FAPs), the Quality 
of Service (QoS) of the indoor users can be increased. 
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FAPs also known as Home base stations or plug-and-play 
devices. Informa Telecoms and Media report gives that 98 
percent of the mobile operators are interested in installing 
the small cells8.

The definition of a femtocell can be given as, it is a 
low-power base station working in a licensed spec-
trum, giving improved indoor coverage with greater 
performance; functioning with the operator’s approval; 
providing improved voice and data services in a low-
cost10. These are installed by the customers to improve 
their indoor voice and data coverage. The backhaul for 
the FAPs is provided though optical fiber, cable modem, 
Digital Subscriber Line (DSL) or a separate RF channel. 
Since, operator give a certain level of QoS guarantee to the 
associated user, who are involved in occupying the private 
band10. The connection from the user equipment to the 
mobile core network though FAP is as shown in Figure 1. 
A normal indoor femtocell is shown in Figure 2. FAPs 
are like as Wi-Fi routers, customer has to purchase and 
install in the indoor area to provide improved coverage. 
According to ARC chart, it is estimating that by 2017, 5 
million small cells will be deployed annually8.

Femtocells usage will give benefits for both users and 
operators. Operator gets benefits from large network 
capacity and spectral efficiency. The traffic load on the 
traditional macrocell network will decrease which is to 
be used to provide good QoS for high mobility users. In 
addition to that capital expenditure (CAPEX), operational 
expenditure (OPEX) on the macrocell also will reduce8. 
Users will benefit from higher data rates, QoS due to the 
smaller distance between the transmitter and receiver, 
SINR will increase, which results in larger reliabilities 
and throughputs. Furthermore, this leads to so called 
five-bar coverage which increases battery life, reduced 

electromagnetic interference, energy consumption and 
system capacity. This leads step towards the green com-
munication.

The expenditure on the macrocell is more because of 
the capital expenses and operating expenses, mainly when 
the subscriber growth is not matching with the demand 
of data traffic9. The assumption that here we considered 
is the wired backhaul provides sufficient QoS, otherwise 
it reduces the indoor capacity gains provided by the fem-
tocells10.

In these paper different aspects of femtocell such as 
access modes, standardizations, deployment scenarios, 
technical aspects, air interface technologies, technical 
challenges, some of the solutions and future research 
directions are discussed. The paper is organized as fol-
lows: Section 2 focuses on the history, standardizations of 
femtocells and deployment scenarios. Section 3 discusses 
about technical challenges and its possible solutions 
and Section 4 gives the future research directions and 
conclusion.

2.  Standardizations and 
Deployment Scenarios

2.1  A Brief History
The ‘Home base station’ concept was first introduced by 
Bell Labs in 1999. Motorola first launched the home base 
station product based on 3G technology in 2002. Until 
2005, there is no much acceptance for this home base 
station concept. The term femtocell was first coined in 
2006. In 2007, in the 3GSM world congress, number of 
operators and companies demonstrated the femtocell 

Figure 1.  Connecting UE to mobile core network through FAP. 
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concept and about their trails. To promote femtocells a 
Femtoforum11 is started in 2007 for standardization and 
deployment across the world. By the end of 2008, nearly 
100 telecom hardware and software companies and oper-
ators are became members in the forum. In LTE, along 
with macrocells, indoor femtocells have been considered 
in each level of deployment and architecture. Femtoells 
can also be deployed in outdoors to satisfy enterprise 
applications 2. 

Based on the number of users connected to the FAP, 
it can be classified as either Home FAP, having a capacity 
of 3-5 users and enterprise FAP, having a capacity of 8-16 
users12.

2.2  Standardizations
The physical layer technology used by femtocells is same 
as that of the cellular networks. According to 3GPP release 
8, femtoells are standardized and is been known as Home 
Node B (HNB) in WCDMA, and Home e Node B (HeNB) 
in LTE based systems13. The documents like IMS, ser-
vice requirements, mobility procedures, radio frequency 
requirements, architectural aspects, Self Organizing 
Networks (SON) issues, Operation, Administration, 
Maintenance and Provisioning (OAM&P) for HeNB are 
described13. In 3GPP release 8 femtocells are operated in 
only closed access mode, called Closed Subscriber Group 
(CSG). In release 9 along with CSG, open access and 
hybrid access mode controls are enhanced. More details 
about these access modes are explained in the fore coming 
sections.

In spite of having lot of advantages like reduction in 
CAPEX and OPEX, operator has to incur strategic invest-
ments. To cope up all this technical and business issues, a 
Femto-forum has been formed in 2007 along with opera-
tors, vendors. The main motive of this forum is to develop 

the open standards for product interoperability. Later in 
2009, the femto forum is changed into smallcell forum11.

2.3  Deployment Scenarios
There are different types of deployment scenarios based 
on different parameters.

•	 Depending upon Access mode: 
Femtocell supports only a limited number of users; it 
maintains the list of users registered to that particular 
femtocell. Based on the type of access, three access modes 
are defined in the literature; those are closed access, open 
access and hybrid access.

Open Access mode: Any user in the coverage area of a 
femtocell can access the femtocell and get benefits from it.

Closed Access mode: Registered users only can get the 
access to connect and get the benefits from the femtocell. 
The owner will decide which UEs can get this benefits; 
3GPP describes it as CSG (Closed subscriber group).

Hybrid Access mode: In this access mode along with 
registered users, limited number of outside users also can 
access the femtocell services. The terms and policies to 
access these services is operator dependent and the new 
user has to request the owner to get the access.

According to survey home users prefers closed access 
mode, because of the limited access for the registered users 
dead zone will form, the macrocell users near to the femto-
cell will be in outage area. Open access mode is preferred 
in the enterprise applications like airports, shopping malls, 
stadiums, etc. Access mode plays a major role in the interfer-
ence analysis of the system. Therefore, much care is needed 
while selecting the access mode. One of the possible solu-
tions is to use of hybrid access mode. In this mode some 
macro users can be able to access the femtocell services. The 
access is decided by the service provider and owner.

•	 Depending on the channel assignment:
There are two types of channel assignment strategies dis-
cussed in the literature.

Dedicated channel assignment: Assigning a different 
set of frequencies to macrocell and femtocell users.

Co-channel assignment: Assigning a same set of fre-
quencies to the macrocell and femtocell users. 

Because of the cost and scarcity of the spectrum opera-
tors are interested in co-channel assignment compared to 
dedicated channel assignment. Because of the using same 
set of frequencies between macro and femtocell users 
interference will occur. This interference may be co-tier 

Figure 2.  A Normal Indoor Femtocell.
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(Femto-Femto) interference, or cross-tier (Macro-Femto) 
interference. In a dedicated channel assignment, cross-tier 
interference doesn’t come, only co-tier interference exists14. 

•	 Depending upon the transmitted power
It may be either fixed or Adaptive downlink power. In the 
case of adaptive downlink power the transmit power of 
the femtocell may be varied depends on the interference 
levels, etc. In the case of fixed power the femtocell trans-
mits power is fixed, because of the advantages adaptive 
power is preferred in the literature15.

•	 Depending upon the air interface technology
It may be either CDMA based or OFDMA based femto-
cells i.e either 3G or 4G femtocells. Different interference 
management techniques are addressed in the literature 
for both the techniques. Because of the orthogonality 
between the sub carriers in OFDMA we can eliminate the 
interference partially, by assigning orthogonal sub carri-
ers to both macro and femtocells. OFDMA has advantages 

compared to CDMA, so 4G femtocells are more preferred 

by the operators16. The 3GPP femtocell architecture is 

shown in Figure 3. Femto user equipment (UE) is con-

nected to core network through a FAP and security 

gateway and home node gateway (HNB-GW)13. All the 

FAP are connected to HNB-GW. Different interfaces used 

between these devices are also given in the architecture.

3.  Technical Challenges

There are many challenges that are being encountered 

in femtocell networks. Although the femtocells are 

being randomly deployed, the challenges faced by these 

networks are more significant, particularly when the 

deployment of femtocells becomes denser in an urban 

environment. 

Table 1.  Comparison of Smallcells with Macrocell

LICENSED SMALL CELLS
Femto Pico Micro Macro

Indoor/Outdoor Indoor Indoor/Outdoor Outdoor Outdoor
No. of users 4 -16 32 - 100 200 200 - 1000+
Max. Output power 20-100mW 250 mW 2 to 10W 40 – 100 W
Max. Cell radius 10-50 m 200 m 2 km 10 – 40 km
Bandwidth 10 MHz 20 MHz 20,40 MHz 60 -75 MHz
Backhaul DSL, Cable, fiber Microwave Microwave, fiber Microwave, fiber

Figure 3.  3GPP Femtocell Architecture.
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3.1  Mobility Management and Handover
In general indoor users make use of femtocells, so there 
is no specific mobility management is required. However, 
it is mandatory to have mobility management and hando-
ver procedures with the dense deployment of femtocells17. 
In the case of dense deployment, this is one of the main 
challenges, it would not be possible for a femto to keep 
track of its neighbors for handover. It is difficult to keep 
track of all the neighboring femtocells due to the fact that 
the neighbors of femtocell are varied on an ad hoc basis. It 
is very difficult to maintain handover with the finite radio 
resources. In the literature17, a mobility management 
scheme is proposed. The access mode being used deter-
mines the handover in femtocells. In femtocell, handovers 
are higher in open access mode and are lesser in case of 
closed and hybrid access modes17. Mobility management 
is done by maintaining a neighboring cell list at each 
femtocell, it should be updated whenever handoff is per-
formed.

3.2  Access Modes
A closed access femtocell has a fixed limited number of 
subscribers for privacy and security, whereas the open 
access femtocell provides service to the macrocell users 
if they pass nearby. Interference and handover are due to 
the access modes. Open access mode reduces the cross-
tier interference, but results in the hike of handoffs. The 
Open access mode is suitable for business and enterprise 
applications. In the closed access mode because of the 
restricted access, dead zones are formed. So cross-tier 
interference is more and the number of handoffs should 
be less. CSG is preferred by the home subscribers. For 
these reasons operators are looking at hybrid models10.

3.3  Timing and Synchronization
Timing and synchronization is very important in wireless 
systems. Normally crystal oscillator is used as the internal 
clock. The internal clock plays a role in maintaining syn-
chronization and specific frequency alignment between 
the transmitter and receiver. In OFDM systems, Inter 
Symbol Interference (ISI) is caused by the error in syn-
chronization and timing. The design of these good quality 
oscillators in FAP increases the femtocell cost.

Security breaches, network usage monitoring, event 
mapping, session establishment and termination are being 
tracked with the help of timing and synchronization. As 

the network becomes denser, the number of femtocells 
and the location of each femtocell cannot be determined. 
Moreover, the service provider does not have full con-
trol over the location and placement of femtocells. Time 
Synchronization cannot be attained in such cases18. 

Synchronization of femtocells can be attained by 
the use of backhaul DSL. However, there can be unde-
termined delays on the internet connection due to the 
unpredictable traffic. With a potential timing accuracy of 
100 ns, the IEEE 1588 precision timing protocol over IP, 
and adaptive timing recovery protocols (e.g. The G.8261 
standards) are promising18. Another option is equip-
ping femtocell with GPS for synchronization. However, 
maintenance of stable satellite indoor connection is also 
difficult. The neighboring femtocells can aid a femtocell 
in order to synchronize with the remaining part of the 
network.

3.4  Self Organisation
Femtocells are plug-and-play stations, installed by the 
customers. It can be turned on and off at any time, hence 
it is randomly deployed. In a macrocell, the number and 
location of each femtocells can be varied continuously. 
This makes the classic network planning and designing 
very difficult to implement. The femtocell needs to be 
intelligent enough to independently integrate in a radio 
access network19. This self organizing capability of fem-
tocell increases the capacity, better QoS and reduced 
interference. The self organization mainly comprises of 
self configuration, self optimization and self healing.

•	 Self configuration: The addition or removal of network 
features and addition of new cell sites creates self con-
figuration in wireless networks occurs. In the case of 
femtocell, it needs to configure itself whenever loca-
tion is changed, rebooted, switch on or off. Prior to 
operation and optimization, the femtocell needs to 
configure many parameters like neighbor list and pilot 
power.

•	 Self Optimization: In this section femtocell needs 
to check all the network parameters such as access 
modes, transmit power, physical resources, admis-
sion control, the handover control etc., are tuned to 
an acceptable threshold. This phase progress continu-
ously which keeps on updating the parameters for an 
optimized performance of the femtocell network.
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•	 Self Healing: At any incident, this phase used to resolve 
the problem occurred. When the problem causing the 
failure is detected and resolved, it should get back to 
normal settings.

In the case of dense deployments of femtocells, effi-
cient self organizing capabilities are required. So many 
techniques are addressed in the literature. Research is still 
needed to improve these capabilities.

3.5  Security
Enabling security to the femtocell networks is one of the 
major key challenges. Security of femtocell networks 
depends on the access mode also. In the case of open 
access mode, users belongs to outer region also can access 
the femtocell, protection of users private information is 
of much importance. The femtocell network is subjected 
to many security hazards. For example, the private infor-
mation of subscriber which transmits over the backhaul 
through internet connection. These data can be hacked by 
others, which would crack privacy and confidentiality20.

Femtocells are also disposed to Denial of Service 
(DoS) attacks. A third person or hacker can overload the 
link between FAP and mobile core network. In such cases 
femtocell user cannot get the services21. Security is also 
required to prevent unwanted users to access the net-
work and resources. Mainly IP security is used to provide 

security between the FAP and operator’s core network. So 
in 3GPP architecture they use a security tunnel between 
the FAP and core network. It is connected to a security 
Gateway. With increase in femtocell deployment the 
security problem would become more severe and there-
fore it is important to do extensive research in this area.

3.6  Interference Management 
One of the most technical challenge facing by the femtocell 
network is the Interference management. Spectrum is lim-
ited and costliest one, so the operators are not interested 
to allocate separate frequencies for femtocell networks. So 
they are preferring co-channel deployment, femtocell share 
the same frequencies which are using by the traditional 
macrocell network22. Because of the dense deployment of 
smallcells, it causes severe interference in the network. So 
the conventional one-tier architecture consisting of only 
macrocells is changed into two-tier architecture23 consist 
of macrocells in one tier and femtocells in the other tier.

Because of this two-tier network mainly there are two 
types of interferences occur:

1.	 Cross-tier interference
2.	 Co-tier interference

Cross-tier interference24 will occur between the dif-
ferent layers, i.e. in between the femto and macro layers. 

Figure 4.  Different Possible Interference Scenarios.
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Further, it can be either down link interference or uplink 
interference. Co-tier interference occurs within the layer, 
i.e. in between the femto and femto. This can also be either 
uplink or downlink. There are six different possibilities 
to occur interference between these layers, as shown in 
the Figure 4. And their description is given in the Table 
2. Because of higher frequencies, penetration losses are 
more, so the effect of co-tier interference is less compared 
to cross-tier interference.

Interference management techniques are mainly cat-
egorized into three types.

•	 Interference Cancellation
•	 Interference Avoidance 
•	 Distributed Interference Management

Interference cancellation is the technique in which 
interference is removed after receiving the signal by 
using threshold level25. The basic techniques available in 
the literature for interference cancellation are Successive 
Interference Cancellation (SIC), Parallel Interference 
Cancellation (PIC) etc26. For implementing cancellation 
techniques, antenna arrays are required. So, it is difficult 
to implement these techniques in the user equipment. 
These techniques are suitable for base stations27. So these 
techniques are used in uplink interference management.

Interference avoidance techniques are either based 
on CDMA or OFDMA. In OFDMA based techniques by 
assigning orthogonal channels between the Femto User 
Equipment (FUE) and Macro User Equipment (MUE), 
we can avoid the interference. Because of the advantages 
of the OFDMA most of the researchers are interested in 
implementing LTE femtocells28,29. Because of the easy 
implementation interference avoidance algorithms are of 
more important in interference management, extensive 
work is needed in this area. Power control techniques 
has a greater importance in the interference avoidance; 
different power control techniques are discussed in22, 

distributed power control with active link protection is 
implemented in30 to reduce the interference. Energy effi-
cient power control31 is proposed to increase the energy 
efficiency and reduce the interference. Centralized power 
control with clustering of femtocells and their predicted 
SINR of the users are proposed in32 to reduce the interfer-
ence between the macro and femto base stations.

Power control techniques are used to improve the 
user experience and reducing the outage probability. 
Even though power control is implemented, the interfer-
ence generated by the FAP still be large, which degrading 
the performance, throughput and create outage or dead 
zones to the macro UEs. By properly assigning the avail-
able resources between the femtocell and macrocell in 
frequency domain we can reduce the interference. Inter 
cell interference coordination (ICIC) techniques plays a 
major role in LTE Rel-10 to reduce interference among 
the Co-channel cells. Time domain resource partitioning 
with power control techniques plays major role to reduce 
the interference27. Still adaptive techniques are required to 
reuse the channels33. 

Cognitive radio is used as a one of the prominent 
approaches to mitigate the interference34. The femtocell 
which is having Cognitive Radio (CR) capabilities is 
called cognitive femtocell. Cognitive radio has the capa-
bility of sensing the spectrum and identify the available 
frequencies and access it opportunistically. In case of 
Cognitive femtocell, we consider the Primary User (PU) 
as Macrocell User and the femtocell user as a Secondary 
User (SU). Cognitive femtocell senses the spectrum holes 
with the help of spectrum sensing technique, and allocates 
it to the SU; whenever PU returns back it will retain the 
resources and searches for another white space. Sensing 
period and accuracy are the major important parameters. 
Different spectrum sensing techniques is addressed in 
the literature35. More work is needed to maintain fairness 
and reduce sensing errors. Interference alignment is pro-
posed in uplink interference management for co-existing 

Table 1.  Summary of different interference scenarios.

Index Aggressor Victim Interference type Transmission Mode Symbol
1 Macrocell CE Femtocell BS Cross-tier Uplink 3
2 Macrocell BS Femtocell UE Cross-tier Downlink 2
3 Femtocell UE Macrocell BS Cross-tier Uplink 4
4 Femtocell BS Macrocell CE Cross-tier Downlink 1
5 Femtocell UE Femtocell BS Co-tier Uplink 6
6 Femtocell BS Femtocell UE Co-tier Downlink 5
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MIMO femtocells and macrocells networks36. The anal-
ysis of energy and spectral efficiencies for the uplink of 
smallcells locating at the cell edge of a heterogeneous net-
work are described in37. To improve spectral and energy 
efficiency of heterogeneous networks novel algorithms 
are needed.

Because of the random deployment and ad hoc 
nature of femtocell, centralized controlling becomes 
complex issue, so distributed techniques are needed to 
give intelligence to FAP and to avoid the interference. 
Self-organization is needed to give intelligence to FAP, to 
configure themselves in the network and to cope up with 
the interference issues. Distributed interference avoid-
ance techniques play a major role.

4.  Conclusion and Future 
Directions
The need for high speed data cellular networks and the 
higher path losses in the advanced technologies, femto-
cell concept becomes more popular in the next generation 
networks. Femtocells reduces the load on the traditional 
macrocell networks and providing good indoor coverage 
at a lower cost. The coverage of femtocell is limited, it is 
installed by the customer in a random manner, because of 
this several business and technical challenges will comes 
into picture. This paper focuses on the basics of the fem-
tocell technology, standardizations technical aspects, 
business aspects, technical challenges involved in the 
network and their solutions discussed in the literature. If 
these issues are addressed with advanced novel techniques, 
femtocells give the improved coverage, spectral efficiency, 
energy efficiencies, higher QoS, and larger capacities. 

Because of the dense deployment of femtocells in the 
future there will be a need of still advanced interference 
management, resource allocation; mobility management 
techniques and security techniques are needed. Cognitive 
radio, graph theory, game theory based approaches are 
more suitable for future femtocell networks. MIMO is one 
of the most research areas by suing femtocells. To imple-
ment femtocells in realistic scenarios novel algorithms are 
still needed to cope up all the issues.
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