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Introduction
   

" Recently the communications market has been saturated, and the revenue of cellular 
operators has been declined. Furthermore a competition in the communications market is 
growing rapidly, and the diverse customer needs stimulate to develop new services. Therefore, 
cellular operators and service providers have to reform their marketing and service delivery 
strategies.  The one of the strategy is a convergence service for fixed and mobile services. The 
convergence of fixed and mobile services is an evolution from both the technological and mar-
keting points of view. The femtocell is also included concept in fixed mobile convergence serv-
ices. In this paper I overview the technical and business arguments for femtocells and describe 
the technical challenges facing femtocell networks.
"

Overview of Femtocell System

" In the past, cellular wireless operators have been content with focusing on wide area 
voice coverage. Nowadays, however, the means to sustain a profitable cellular business can no 
longer rest on voice usage alone.  In response, service providers are preparing to sell femtocells, 
which are low power consumption, indoor  base station-similar to Wi-Fi access- that act like 
macro cell towers within houses or small buildings. In essence, a femtocell is a radio network 
controller. Each device works with the major wireless telecommunications standards including 
CDMA, UMTS, GSM, HSPA and WiMax. 
" Femtocells connect users with cellular providers via customers’ broadband Internet 
links, not the telephony infrastructure, thereby eliminating indoor reception problems. Fem-

Analysis of Femtocell ,  June 2011                                                      Communications and Networks

School of Integrated Technology, Yonsei University" 1



tocells offer advantages both to users, such as the higher data rates and reliability, and to opera-
tors reduce the amount of traffic on their expensive macrocell network, and can focus its re-
sources on truly mobile users. To summarize, the key issues in benefit of femtocells are the fol-
lowing.
" Better coverage and capacity. Due to their short-receive transmit distance, femto-
cells can greatly lower transmit power, prolong handset battery life, and achieve a higher SINR 
(Signal-to-interference-plus-noise ratio). Because of the reduced interference, more users can 
be packed into a given area in the same region of spectrum, thus increasing the area spectral 
efficiency.
" Improved macrocell reliability. If the traffic originating indoors can be absorbed 
into the femtocell networks over the broadband backhaul, the macrocell BS can redirect its 
resources toward providing better reception for mobile users.
" Cost benefits. Femtocell would move some of the traffic, it would reduce the number 
of towers and other elements of the cellular infrastructure that carriers must build or replace, 
thereby reducing their operating expenses and site rent expenses.

How Femtocells Work

"Femtocells are small size base 
station same as a regular home gate-
way or router, include a radio trans-
mitter and receiver. They also have a 
specific integrated circuit or digital 
signal processor to handel the physical 
connectivity between handsets and 
the femtocell and between femtocell 
and the mobile network. The femto-
ce l l ’s hos t processor suppor t s 
software-based tasks such as security, 
encryption, and connectivity to the 
broadband network via the Internet     

Protocol or technologies such as auto 
configuration. Femtocell systems can also be integrated within a home gateway, used for shar-
ing a single broadband connection among multiple machines.
In addition when a mobile user makes a call indoors, the mobile phone uses its radio to con-
nect to a femtocell. The femtocell contacts a cellular provider’s core network via a wired con-
nection over the user’s broadband services, typically DSL or cable. Thus, the connection from 
the provider to the user does not use the cellular network. This bypasses the potential recep-
tion problems that cellular networks experience inside buildings. 
when users leave their homes, the femtocell’s software recognizes when a user is moving out of 
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the device’s transmission coverage and hands off the connection to the macrocell base station.  
Thus, femtocell is could be an example of FMC (Fixed-Mobile Convergence), a growing tele-
communications trend.

Comparison of Wi-Fi Access and Femtocell

" Technically a femtocell is a low power cellular base station designed for indoor envi-
ronment to provide voice and broadband services. Besides, Wi-Fi access protocol also provides 
to mobile users VoIP and diverse data services over user’s broadband services. It seems that 
femtocells and Wi-Fi access protocol have very similar methodology to connect via cellular 
network over a fixed broadband infrastructures. However, there are issues that distinguish be-
tween Wi-Fi and Femtocell.
First of all, they use different frequency bands. Femtocell shares the licensed frequency spec-
trum allocated to cellular service providers. In addition femtocell networks provide numerous 
standards (e.g. CDMA, GSM, UMTS and WiMax etc), thus, they could communicate via di-

verse frequency spectrums. Wi-Fi 
access on the other hand, could pro-
vide a single  integrated network. A 
typical example of such an environ-
ment is Unlicensed Mobile Access 
(UMA),  in which a dual mode hand-
set makes calls through the internet 
when Wi-Fi signals are available and 
through the cellular network other-
wise. In this way, access is provided 
through licensed and unlicensed net-
works simultaneously, with the use of 
the UMA network controller. Secon-

dary, they have different cases of interference. Wi-Fi faces interference with all devices working 
on the same unlicensed band in close vicinity. Since femtocells operate on same band as macro-
cells, femtocell devices may face adjacent channel interference with the devices being served 
provider located close to each other might also cause interference.

Technical Challenges of Femtocell

" Developing a new technology is always a challenging task. In order for femtocells to be 
successful and provide signification capacity and coverage gains, several technical issues need 
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to be addressed. In this section I describe the technical challenges for femtocell deployments. 
To summarize  the main issues in challenges of femtocells are the following.

I. Interference Management

" Interference problem will require innovative solutions since the low-cost target poten-
tially necessitates scaled down signal processing capabilities inside femtocell. The radio fre-
quency interference will arise from Macrocell-to-Femtocell interference and Femtocell-to-
Femtocell interference.
To avoid this, carriers with licenses in two or more cellular spectrum frequency bands can use 
one band for femtocells and another for cellular transmissions. Automatic power control tech-
niques can also decrease femtocell’s transmission strength in some circumstances to reduce the 
chance of interference. 

II. Auto Configuration

" For a successful large scale femtocell deployment, easy plug-and-play setup has to be 
provided. Wi-Fi access also could be widely deployed technology cause by easy plug and play 
setup process. Therefore, extensive auto-configuration capability is essential since many pa-
rameters depend on the local radio conditions, neighboring cells, and distance from co-channel 
macrocells. Especially, auto-configuration of transmit power and public access setup are par-
ticularly issues, since those have an impact on the interference.

III.Indoor Synchronization

" Synchronization is required in order to have successful handover between base stations. 
Furthermore, synchronization is essential for interference management in time-division-duplex 
(TDD) systems. In addition a case of OFDMA system has to compensate frequency for inter-
carrier interference with precise synchronization between macro base station and mobile sta-
tion. However, femtocell is generally installed indoor environment which is worse GPS con-
nection. Therefore standards of indoor synchronization, such as IEEE 1588 or Assist GPS have 
to treat primally.

Conclusions

" The remarkable femtocell technology which is being extensively developed by operators 
is a step forward in the way to the Fixed-Mobile Convergence (FMC). However, several chal-
lenges are yet to be solved. Several solutions are already on the stage, although it experimental 
analysis is needed to prove if they are practical and efficient. I described in this paper the 
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benefits for both mobile users and cellular operators. But, femtocell technology still do not at-
tract the notice for macro cellular deployment caused by it would be provide 3G based mobile 
services. Thus, femtocell will further be interesting if it could be integrated to be deployed 4G-
based cellular networks, including advanced LTE (Long Term Evolution) and HSPA+ (Ad-
vanced High Speed Packet Access).
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