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Abstract
This paper highlights brief on FEMTOCELL implementation. The Femtocell is the latest evolution of the mobile network base station.
It isaimed at providing dedicated indoor coverage, bringing benefits of enhanced coverage and improved call quality and data rates.
Femtocells have been extensively discussed in the telecommunication industry over the last few years, and a high level of interest is
ongoing. The femtocell concept is applicable to all standards, including GSM, CDMA2000, TD-SCDMA, WiMAX and LTE solutions.
In this paper need, positive/ negative aspects, technical issues and market scenario for the femtocells is explored.

Index Terms: Femtocell, 3GPP HSPA LTE, Improved macrocell reliability, Backhaul via broadband, interference, QoS

Cdl Association and Biasing,
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Mobility and Soft Handover, Self organising networks

1. INTRODUCTION

The exploding growth of the mobile internet andateti
services in the past few years has fuelled the tfieedore
and more bandwidth. The demand for higher datasrate
wireless has triggered the design and developnfergw data
minded cellular standards such as WiMAX, 3GPP’s HHig
Speed Packet Access (HSPA) and LTE standards. fofeefl

is currently the smallest implementation of a daliunetwork.

It is designed to be placed in each home and ermaldiaary
mobile handsets to communicate with the mobile pdtw
through broadband connections, including cable DSIx
Besides number of benefits to end users (consunsarg)
MNOQO’s(Mobile Network Operators), femtocells are a
complicated technology and there have been a nuraber
issues and concerns, although as deployments haveased
these have largely been addressed.

1.1 Origin

The name Femtocell has the prefix 'Femto', meaaingry
small cell (area of network coverage). In Englighis one
divided by a figure with fifteen zeros. Well, clogeinfinitely
small. The first interest in femto cells startedward 2002
when a group of engineers at Motorola were invastig
possible new applications and methodologies thatdcbe
used with mobile communications. In addition to eleping a
mobile television scheme, they also put togetheerg small
UMTS base station. A couple of years later in 2084, idea
was beginning to gain some momentum and a variéty o
companies were looking into the idea. In particul@o new

companies, Ubiquisys and 3WayNetworks were formetthé
UK to address the area of femtocells. With the idaaing
momentum, and many more companies investigatingofem
cell technology, the Femto Forum was set up in 2097. Its
aim was to promote the wide-scale adoption of fesits.
With mounting industry pressure to be able to dggmto
cell technology, the Femto Forum also played a dioating
role in ensuring that the standards were agreedealadsed as
fast as possible.

1.2 Why Femtocell

Studies on wireless usage show that more than 50%l o
voice calls and more than 70% of data traffic ovges
indoors. Voice networks are engineered to tolel@atesignal
quality, since the required data rate for voicenalg is very
low, on the order of 10 kbps or less. Data netwodts the
other hand, require much higher signal quality ndeo to
provide the multi-Mbps data rates users have carexpect.
For indoor devices, particularly at the higher ieairr
frequencies likely to be deployed in many wirelbssadband
systems, attenuation losses will make high signality and
hence high data rates very difficult to achieveisTaises the
obvious question: why not encourage the end-usarstall a
short range low-power link in these locations? Tisisthe
essence of the win-win of the femtocell approactne T
subscriber is happy with the higher data rates ratidbility;
the operator reduces the amount on traffic on tegrensive
macrocell network, and can focus its resourcesudy mobile
users. Many mobile users enjoy decent cell phooeptéon
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Figure 1: Femtocell Network Structure

when they are out but can't get a signal insidéodn signals
have long been a weak point of cellular coveragamtBcell

offers the possibility of using a device like a &band router
to boost cellular reception indoors.

The most efficient way to increase network capaditya
cellular network is to shrink the cell size.

Macrocells: A Macrocell provides the largest area of coverage
within a mobile network. Its antennas can be malinde
ground-based masts, rooftops or other structurdsnawst be
high enough to avoid obstruction. Macrocells previgdio
coverage over varying distances, depending onrdtpéncy
used, the number of calls and the physical terrgypically
they have a power output in tens of watt. Macracelte
conventional base stations with power about 20Vt tise
dedicated backhaul, are open to public access angeris
about 1 km to 20 km.

Table-1: Comparison of Small Cells

pical cell size | Data rate limitation
Macro 1-30km Propagation
Micro 200m-2km Capacity and propagation
Pico 4-200m Capacity and propagation
Femfo 10m Broadband connedion and handset
Microcells: Microcells provide additional coverage and

capacity in areas where there are high numberssefsy for

Example, urban and suburban areas. Microcells camaind

10% of the area of a Macrocell. The antennas faraoells

are mounted at street level, are smaller than Madro
antennas and can often be disguised as buildingyrésaso
that they are less visually intrusive. Microcellavl lower

output powers than marocells, usually a few watisrocells

are base stations with power between 1 to 5W, thsat

dedicated backhaul, are open to public access angeris
about 500 m to 2 km.

Picocells: Picocells provide more localised coverage. These
are generally found inside buildings where covetiag@or or
where there is a dense population of users such asport
terminals, train stations and shopping centresodeits are
low power base stations with power ranges fronm3¥ to 1

W, that use dedicated backhaul connections , opguublic
access and range is about 200 m or less .

Femtocells Femtocell base stations allow mobile phone users
to make calls inside their homes via their Internetadband
connection. Femtocells provide small area covesageations
operating at low transmit powers. Femtocells arasomer-
deployable base stations that utilize consumersadivand
connection as backhaul, may have restricted agsswmciand
power is less than 100 mW.

1.3 3GPP LTE Femtocell

3GPP is now focused on Long Term Evolution (i.e.EL.T
formally 3GPP Release 8 onwards) and LTE-Advanced
technologies (LTE-A, Release 10 onwards). WiMAX ofeas
on, including femtocell standardization activitiebut its
impact in developed markets figures to be smalke physical
and MAC layer impact of femtocells on LTE and WiMAeXe
quite similar, due to their comparable physical 8%C layer
designs, which are based on orthogonal frequencigsicin
multiple access (OFDMA). Since LTE is likely to lbe
dominant cellular data platform for the foreseedbtere, the
smooth integration of femtocells into LTE is pantarly
important. A key difference in OFDMA (both LTE and
WIMAX) is the large quantity of dynamically alloeat time
and frequency slots. This considerable increasethie
flexibility of resource allocation is both a blesgiand a curse.
Because femtocells can be allocated orthogonalurese to
nearby pico and macrocells, the possibility foreftaned
interference management exists, whereas it didnGiSM or
CDMA. That is, in theory, a complex network-wide
optimization could be done whereby femtocells clgust as
much resources as they “need”, with the macroctlén
avoiding using those time and frequency slots. thadlein lies
the curse: potentially a large amount of coordoratiis
necessary. A popular compromise is fractional fesmy
reuse, whereby frequency (or time) resources carsenei-
statically allocated to interior, edge, or smalll ecesers, with
power control on top to lower the throughput diges
experienced in each of these scenarios.

Alternatively, a semi-static partition could simphe made
between femtocells and macrocells. The resultscatdithat
even with dense femtocell deployments, most ressusbould
go to the macrocell, since each femtocell only seadmall
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number of resource blocks to provide comparablyh hig
throughput to their user(s).

Figure 2 shows, adaption of consumers for Dataices\over
voice and data services are mainly used in indoors.

@ DOatx
mobie handhad

Figure 2: Expected Exponential Wireless Data Growth

2.1 PROS- in favour of Femtocell

There are many advantages for the deployment ofofestis
to both the user and the mobile network operator.tfe user,
the use of a femto cell within the home enables better
coverage to be enjoyed along with the possible ipimv of

additional services, possible cost benefits, arel uke of a
single number for both home and mobile applicatiéits the
network operator, the use of femtocells providegegy cost
effective means of improving coverage, along witlikihg

users to their network, and providing additionalemeue from
the provision of additional services.

The key arguments in favor of femtocells are tH¥ang.

Better Coverage and Capacity

The relentless advance of smart phones, broadhzadules
laptops, and other data-hungry devices has mohile waffic
doubling from one year to the next. Much of it anejes at
home and in the office, and devices outdoors ard-peessed
to meet indoor bandwidth demand. It will take a fobre
macrocells to deliver deep indoor coverage and istipated
services. But most service providers want to réegacy sites,
and adding new sites is not always feasible.

Lightening the macro network’s traffic load fregs capacity.

One very efficient and cost-effective way of doithis is to

deploy femtocells. As a fringe benefit, the femtboaproves

radio performance, treating users to a more giatfy
experience.

Due to their short transmit-receive distance, feralls can
greatly lower transmit power, prolong handset bgttiée, and

achieve a higher signal-to-interference- plus-noissio

(SINR). These translate into improved reception—8w

called five-bar coverage—and higher capacity. Beeanf the
reduced interference, more users can be packedaimgfioen
area in the same region of spectrum, thus incrgasia area
spectral efficiency, or equivalently, the total rhen of active
users per Hz per unit area.

Femtocells are aimed at delivering dedicated 3G@Eme to a
household and in doing so can provide a very goutuser
experience within the home environment. As a result
femtocells have a design “capacity” of up to 6 eise+s.

The capacity potential of femtocells can be vedifiapidly
from Shannon’s law, which relates the wireless laapacity
(in bits/second) in a bandwidth W Hz to the Sigial-
Interference plus Noise ratio (SINR). The SINR ifuaction
of the transmission powers of the desired and ferieg
transmitters, path losses and shadowing duringederal
propagation. Path losses cause the transmittedlsigriecay
as Ade, where A is a fixed loss, d is the distance betwbe
transmitter and receiver, ardis the path-loss exponent. The
key to increasing capacity is to enhance receplietween
intended transmitter-receiver pairs by minimizingrdlo.

Penetration losses insulate the femtocell from csumding
femtocell transmissions. Assuming a fixed receivaver
target with a path-loss propagation model (no fggirand
denotinga (resp.p) as the outdoor (resp. indoor) path-loss
exponent, overlaying an area L2 with N femtocedisutts in a
transmit power reduction of the order of

[10(a-B) log10 L + 5B log10 N] dB.

For example, choosing a cell dimension of L=1000emrseand
N=50 femtocells, with equal path-loss exponents3=4,
femtocells give a transmit power saving of nearlyy @B.
When the indoor path-loss exponent is smaller,cdeosing
B=2, the transmit power savings increase to neattiBr

The capacity benefits of femtocells are attributed

1. Reduced distance between the femtocell andgée which
leads to a higher received signal strength.

2. Lowered transmit power, and mitigation of ingzence
from neighbouring macrocell and femtocell users doe
outdoor propagation and penetration losses.

3. As femtocells serve only around 1-4 users, t@y devote
a larger portion of their resources (transmit powsr
bandwidth) to each subscriber. A macrocell, onatier hand,
has a larger coverage area (500m-1 km radius),aaladger
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number of users; providing Quality of Service (Qd&) data
users is more difficult.

Reduced subscriber turnover

Poor in-building coverage causes customer disgaatish,
encouraging them to either switch operators or taaina
separate wired line whenever indoors. The enhammede
coverage provided by femtocells will reduce mofiwatfor
home users to switch carriers.

Improved macrocell reliability

If the traffic originating indoors can be absorbito the
femtocell networks over the IP backbone, the masdtdg8S
can redirect its resources towards providing batteeption
for mobile users.

Cost Benefits

Femtocell deployments will reduce the operating aagital

expenditure costs for operators. A typical urbancioeell

costs upwards of $1K per month in site lease, aftditianal

costs for electricity and backhaul. The macrocetwork will

be stressed by the operating expenses, especialiy whe
subscriber growth does not match the increased e rfax

data traffic. The deployment of femtocells will ted the need
for adding macro-BS towers. A recent study shoved the
operating expenses scale from $60K per year peraoelt to

just $200 per year per femtocell.

There is significant competition for access sohsidn the
home space. Wi-Fi is commonplace, easy to instaifigure,
provide a very good benchmark in terms of perforoeamnd
are highly cost effective. Femtocells will be offdr for
purchase via their Operators. This may be directhosugh
resellers.

Low-impact

Space may be limited for some households. As altresu

femtocells must be physically small, ideally aestadly
pleasing and easy to position. Furthermore, theylshalso
be silent in operation, generate low levels of rm&put and

inexpensive to run in terms of on-going [electyititosts.

Low RF power

The transmit RF power output of femtocells is |dvetween
10 and 100 milli-watts. Put in perspective, thisaidower
power level than many Wi-Fi access points, which b&
specified up to 1 Watt of output power. Additioyalby being
close to the femtocell the 3G handset is itselédbltransmit

at lower power levels than it might otherwise h&wvevhen on
the macro network.

Energy offset - Low-power consumption

Clearly if the end-user is to foot the bill for thetectrical
energy consumed by the femtocell base-stationtthisrfigure
must be low enough not to raise concerns as tionpgct on
the fuel bill. That said, from an Operator's pexdpe, this
OPEX is effectively offloaded, which makes the besis case
for femtocells even more attractive.

Easy end-user installation

Like cable modems and DSL routers, femtocells void
installed by consumers and activated through servic
providers. This means that the Operator no longes to
employ installation teams or have a truck-roll gvéme a
new femtocell is “deployed”. From the end-user pective
the unit must be a simple “plug and play” instalatwith a
minimal amount of intervention required.

Backhaul via broadband

Femtocells utilize Internet protocol (IP) and flase-station
architectures. Backhaul connection to Operator agtsvwill

be through wired broadband Internet service exstim the
home such as DSL, cable, or fiber optics as availathere
are no connections required to the wider cellutmwork other
than through the IP core. This will benefit Operatdy
effectively offloading traffic that would otherwidee on the
macro-layer directly onto the internet from the feaoell; this
not only reduces the load on the core network g Bwers
the cost of delivering wireless traffic when congghrto the
macro network.

Worldwide cellular network standards support

Understandably femtocell products are likely to egdpto
many end-users around the world. As a result diffemodels
will be developed and offered to satisfy the vasiogeds from
the different regions. Products will offer suppdaor their
respective and existing (3GPP) UMTS and (3GPP2) @DM
standards, as well as emerging standards such BEAMi
UMB and LTE.

Support for existing 3G handsets and devices

Support for existing handsets and devices is a wepprtant

consideration for the end-user and Operator alil, least
because of the cost of changing devices if thaewercessary.
In each technology market, femtocells will suppexisting

handsets and devices further helping to drive wptak 3G

services and femtocells in particular.
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Due to numerous advantages, femtocells represent a
tremendous market opportunity for telecommunication
service providers and a great boost in cellularwosk
performance for consumers. Many operators haveclsah
Femtocell service including Vodafone, AT&T, Sprikextel,
Verizon and Mobile TeleSystems. Figure 2 shows dwoide
adaptations for deployment of Femtocell.

TOTAL 3G FEMTOCELL DEPLOYMENT
2012: $4.9 Billion

N America
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Figure 2: Femtocell deployment

2.2. CONS- Femtocell de-merits

Femtocells are a complicated technology and thave fbeen
a number of issues and concerns, although as deplug
have increased these have largely been addressed.

Interference

Interference is a key issue associated with fenfitoce
development. There are a number of issues asswcidth
interference all of which have needed to be ingastid and
solutions found to ensure that the deployment of an
femtocells will take place successfully.

The issue arises from the fact that femtocells wfillize the
spectrum already allocated for cellular telecomroatibns.
The femtocells will be deployed in what may be tednan ad-
hoc fashion, without the network planning that mrmally
undertaken for the deployment of cellular telecomivations
base stations. As a result there is very real tssipility that
interference will arise. This could cause problemshe main
network resulting in poor levels of performance nigei
achieved, not only by those using the femtocellt biher
users who may be communicating via the main cellula
network.

As a result a considerable amount of work has been
undertaken to ensure that femtocell interferensees do not
arise and prevent their widespread deployment. el'lzee a
number of methods that have been developed to eriker
easy minimization of interference so that femtaelan be
installed by users without the need to worry abenty
technical issues. Few are Adaptive Pilot Power fodnt
Dynamic femtocell receiver gain management, Mopiene
uplink power capping, Extended femtocell receivgnainic
range

Synchronization

Femtocell synchronization is an important aspectthadir
design. Many aspects of their operation requiresaeable
levels of femtocell synchronization. 3GPP specifiest base
station frequencies need to be very accurate, lagie theeds

to be close synchronization with precise clocinals.
Although Release 6 of the 3GPP standard relaxed the
requirements for femtocell synchronization, and tHer
relaxation may be possible in the future, methddsroviding
sufficient femtocell synchronization provide a dbabe at the
design stages.

Quality of Service (QoS)

As femtocells serve only around 1-4 users, theydsrote a
larger portion of their resources (transmit poweb@dwidth)
to each subscriber. A macrocell, on the other hhad a larger
coverage area (500m-1 km radius), and a larger purob
users; providing Quality of Service (QoS) for datsers is
more difficult.

Cell Association and Biasing

A key challenge in a heterogeneous network with idew
variety of cell sizes is to assign users to appab@rbase
stations. The most obvious way, which does in faakimize

the SINR of each user, is to simply assign each tes¢he

strongest base station signal it receives. Howesigylations

and field trials have shown that such an approawms chot
increase the overall throughput as much as hopedause
many of the small cells. This motivates biasingeveby users
are actively pushed onto small cells. Despite eemtally

significant SINR hit for that mobile station, thisas the
potential for a win-win because the mobile gainseas to
much larger fraction of the small cell time andgfnency slots.
Furthermore, the macrocell reclaims the time armdjfency
slots that user would have occupied. Biasing idiqdarly

attractive in OFDMA networks since the biased usam be
assigned orthogonal resources to the macrocell,thso
interference is tolerable.
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An immediate practical challenge introduced by inigs
include the use of overhead channels, which arécailp
common to all BSs in time and frequency and scaadal user
would not be able to even hear its channel assighnier
example. This can be solved by introducing timetisig for
the control channels or interference cancellation.

Mobility and Soft Handover

Since the coverage area of an individual femtdsetimall, it

is essential to support seamless handovers to aomh f
femtocells to provide continuous connectivity withany
wide-area network. Handover scenarios include fewo
macro (outbound mobility), macro-to-femto (inbound
mobility) and possibly femto-to-femto; the lattezcoirring in
enterprise deployments or dense femtocell coveradarger
public areas.

In principle, femtocells act as other base statiansl can
therefore utilize existing mobility procedures. Hauer,

femtocell mobility presents a number of unique Erajes that
require special consideration. Standards bodiel aac3GPP
have devoted considerable attention to these nlisisues.
Procedures are also being developed for verticabltners

between femtocells and non-cellular access techiedosuch
as WiFi, for example, under the Generic Access Netw
framework

Self-Organizing Networks

Femtocell networks are unique in that they are dirg
installed by customers or private enterprises oftesm ad hoc
manner without traditional RF planning, site setett
deployment and maintenance by the operator. More@age
the number of femtocells is expected to be ordefs o
magnitude greater than macrocells, manual network
deployment and maintenance is simply not scalabke ¢ost-
effective manner for large femtocell deployments.

Femtocells must therefore support an essentiallg-phd play
operation, with automatic configuration and network
adaptation. Due to these features, femtocells aneeSmes
referred to as a self-organizing network (SON). B@PP
standards body has placed considerable attentiorSON
features defining procedures for automatic redistmaand
authentication of femtocells, management and piawiisg,
neighbour discovery, synchronization, cell ID sétat and
network optimization. One aspect of SON that hasacted
considerable research attention is automatic chaahection,
power adjustment and frequency assignment for antons
interference coordination and coverage optimizatiGuoch
problems are often formulated as mathematical dptition

problems for which a number of algorithms have been
considered.

CONCLUSION

Femtocells provide a one-box solution: a small,-tmst, low
power unit that can be self- installed to providehite 3G
coverage to the home. For the end-user femtocdlitisns
Femtocells are not simple standalone devices. Thest be
integrated into the mobile operator's network toalde
seamless service and to ensure optimal performangess
both femtocell and macrocell networks. The archibexs for
the UMTS and CDMA solutions have been defined bgirth
respective standards bodies (3GPP and 3GPP2). Both
architectures enable a better experience, witheeparity for
users, while ensuring security and scalable saistidor
operators. Considering that the majority -efmobile calls
originate in the home and end-users prefer to uséngle
handset — their mobile, Operators now have focgséations
available to them that overcome the issues of pebuilding
coverage.

The next logical step for Femtocells in Futuredsget your
household devices to interact with one anotherFlture,
Femtocell application could be to use them in aiisr trains
or in passenger ferries. This type of femtocellldgment can
use satellite as a backhaul. However, several engdls are
yet to be solved. The Potential challenges to #ayment of
Femtocells are the reliance on the consumer to cstipy
backhaul capabilities and the possibility of inteeince caused
by the close placement of multiple Femtocell devicBéome
other Problems faced are the security, femtocettspm and
regulatory issues.

Whether or not they live up to the hype and helpventhe
data avalanche to being a backhaul problem is eanaear;
but it seems to the authors that there is nothimgldmental
preventing very dense femtocell deployments, arat the
economic and capacity benefits femtocells provigdpear to
justify the optimistic sales forecasts.
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