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A STUDY ON EFFICIENCY OF FEMTOCELL 

ABSTRACT 

Femtocells are the emerging and the fast upcoming technology in the telecommunication 

industry as there is an heavy competition in the operators are researching various methods to 

keep their costumers remain with them while this research Femtocell was developed the main 

aim of developing Femtocell is to provide efficient mobile or cellular services to the subscribers. 

My thesis demonstrates various parameters of the Femtocell development like what exactly is 

Femtocell the features and advantages of the Femtocell in general. My thesis also demonstrates 

the how Femtocell works by the deployment and installation. Also carried out research work on 

the overview concept which discuss the security issues in Femtocells and the benefits to the both 

consumer and the operator. 

My work includes the artefact of Femtocell using virtual machine and the network is designed 

using OPNET in which I verified delay, connectivity and throughput by taking few mobile 

services. 
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A STUDY ON EFFICIENCY OF FEMTOCELL 

Aim of the project 

The main aim of the project is to study the efficiency of Femtocell and to demonstrate the history 

of femtocells future scope of femtocells, to design the Femtocells network using OPNET the 

where Femtocell is an emerging technology which is used in wireless communications. Now 

there are certain issues which have to be solved in the working of Femtocells like security, 

coverage, installation form base station and also which enables in new types of home services. 

This is going to briefly overview the Femtocell technology. 
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A STUDY ON EFFICIENCY OF FEMTOCELL 

CHAPTER 1 

Introduction 

Now a days the we are observing that use of cellular networks is increasing Femtocell 

technology which is a solution to increase the coverage area and the capacity for indoor cellular 

users. These femtocells act as the mini mobile tower in the home that is connected to the already 

existing internet broadband connection. These Femtocells which reduces the cost which is 

cheaper than Wi-Fi and Wi-max for the coverage and capacity we have to consider the 

interference between Femtocells and macro cells. Network operator may not control the 

Femtocell location but it is very important in the sensing of the radio environment around them 

which carry out the self optimization and self configuration of radio parameter from the time 

consumer setup.

   In Femtocell the transmission power of a base system can be adjusted by the 

dynamic cell size schemes. Femtocell coverage can be controlled in order to ignoring 

interference with the outdoor macro cell.”Claussen Et Al proposed a Femtocell coverage 

coordination method that adjust the Femtocell pilot power” (Hobby and Claussen, 2009) because 

we can see they are many outdoor passing signal and outdoor users, this may cause problem 

because of varying size and shape of building. 

We can observe if the outdoor users increases then the signal from the Femtocell 

base station signal become weak therefore the link quality will be reduce during that time 

Femtocell base station decreases its transmit power after identifying the handover event of the 

outdoor  users. 

If we consider in a private access scenario the signal from the Femtocell base 

station be access to the register users. If the unauthorized users nearer to the Femtocell have a 

recourse reduction of data rate. However the procedure in which rejected outdoor user delay the 

macro cell may cause additional problems. Which causes a considerable amount of delay as well 

as packet loss in a packet switched cellular network with difficult handovers.[1].[2] 

10 



      

 

 

 

  

   

         

 

         
 

 

        

           

             

            

 

           

         

        

 

     

            

            

         

         

  

         

            

 

           

         

 

 

A STUDY ON EFFICIENCY OF FEMTOCELL 

1.1 Problem 

Recently we are observing there is improving growth in FEMTOCELL networks both in industry 

and academia. They offer significant advantages for next generation broadband wireless 

communication system. 

In Femtocell technology, due to the small distance communications they eliminate 

the dead spot in a macro cellular network which makes high quality signals when compared to 

cellular networks. Femtocell technology which is new type of technology which has its own 

challenges and also we can observe that there are significant technical problems, they are in 

femtocells network we are observing low quality of voice and video and also the speed of the 

network is  very poor. 

In order to solve this problem there is need of successful operation and 

deployment of this network. Recently “there will be research going on standardization efforts 

which is redirected to Femtocell networks in 3GPP IEEE standards(under IEEE 802.16m)are 

already underway”.[3] 

1.2 What is Femtocells ? 

Today mobile operators have been looking for licensed indoor coverage solution since from 

beginning the wireless technology is cost. Therefore in order to be successful FEMTOCELL 

which is an emerging technology act as a residential licensed access point which includes low 

cost and as well as managing RF interference also provide standardization and scalable which 

depends for core network integration[4] 

Femtocell mainly combines internet technologies and mobile within the home. 

For example “FEMTOCELL units which generate a mobile phone signal in the home and 

connect this to the operator network through the internet. 

Femtocell which has output power less than 0.1watt mobiles phones which are 

connected to a Femtocell which operates similar to the wireless phones which are used in the 

home.[5] 
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A STUDY ON EFFICIENCY OF FEMTOCELL 

Physical layout of Femtocells network [20] 

1.3 The features of Femtocells 

• FEMTOCELL gives the information about the broadcast system 

• FEMTOCELL connects the RRC and NAS connection 

• It is a platform independent 

• FEMTOCELL gives the fully automated test execution 

• FEMTOCELL controls the local management 

• FEMTOCELL has high speed access 

• It has facility of extension of mobile operator 

• The most important feature of FEMTOCELL is high speed access.[6] 

1.4 Advantages 

1) FEMTOCELLS have high spectrum efficiency because it has small cell size, less 

interference and only fem member of users. 

2) FEMTOCELL provides seamless user experience same radio terminal and service as in 

macro network. 

3) The main advantage of FEMTOCELL is cost efficient solution for operator in order to 

provide coverage inside building. 

4) FEMTOCELL provides high speed network access at hot spot and at home. 

5) FEMTOCELLS provide great opportunities for new service which are based on the 

mobile presence in home.[7] 
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A STUDY ON EFFICIENCY OF FEMTOCELL 

1.5 Working of Femtocell

                                             After the installation configuration of FEMTOCELL the operator of 

FEMTOCELL used to be providing huger quality and higher performance including wireless 

voice and real time data services to their customers inside their home.

                          As planned above FEMTOCELL installation capability which is 

continued with the remote device management and investigation makes, FEMTOCELL truly 

zeros touch.” FEMTOCELL which show less strain on the macro cell network off loading traffic 

to the consumer’s FEMTOCELL”

                                      Today 3G technology based on the FEMTOCELL technology now a 

days the mobile communication using 3G technology have a great effect using on the 

FEMTOCELL. All the 3G technology service can end all its information for the small device in 

the home which is connected to the “mobile operator core network using open 3GPP based 

standard via the consumers HFC”. 

                                                    As discussed a Femtocell could be used on any mobile 

network including the networks in roaming. The data switch and mobile operator’s telephone 

switch communicate to the Femtocell controller in the same way as other communications of a 

mobile call. A secure IP encryption with an authentication is used for such connections to ensure 

the validity of access point. 

Sprint a USA based network operator using the comparable interfaces focused on compatibility 

and usage of femtocells on their current 2G and 3G CDMA networks, which further allowed 

them to provide services on existing phones. Whereas some Japanese operators preferred an SIP 

(Session Initiation Protocol) based architecture, compatibility of this type of solutions with the 

current Iu interface is not direct, the intension behind this is to look forward for the compatibility 

with the next generation networks such as 4G, also identified as LTE (i.e. The radio interface) 

and SAE (i.e. The associated core network architecture). 

Individual vendors have several different and competitive approaches connecting femtocells into 

mobile operator’s network, it is also seen that in-spite of variance in functionality and 

communication schemes by vendors; all the individual approaches used a broadband IP to a 
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femtocell gateway. Timely discussioons at femto forum and 3GPP committees have bbeen carried 

out to standardize the Iu interface, ass the operators in the industry were insisting on tthe scope of 

reduced interoperability problems byy allowing them buying from different vendors..  A new Iu 

interface was defined and agreed to uuse the Iu interface into the operators core networrks.    

                       

                                            FFemtocell System Architecture 

This architecture displays three diffeerent paths from where a mobile transmits signaals reaching 

mobile core network. Though the vooice and data services remain constant in all the three paths, 

on 3G the performance and data sppeed would be the best amongst them.  Most of  the phones 

supporting 3G networks also supportt 2G and are capable of switching the network auutomatically 

as required. Femtocells in general suupport the handover form 3G to 2G only when iit leaves the 

femtocell coverage area, better archittecture can be designed as the development proceeeds. 

Femtocell transmits a beacon signal il at very low power and a mobile phone when in its range 

picks up the same signal easily and in a domestic area this full range signal from a ffemtocell is 

acquired by the mobile network forr normal use and “camp on” to it. It also sendss a location 

update message to the MSC usingg the femtocell which assists in locating the pphone while 

14 

 



      

 

 

 

             

          

            

             

         

         

           

 

          

  

  

          

             

            

           

              

            

        

    

             

          

           

          

          

     

             

  

A STUDY ON EFFICIENCY OF FEMTOCELL 

receiving calls. All this process undergoes a decoding and encoding of traffic from a femtocell 

over a secure IP tunnel to the Femto gateway, wheres standard Iu interface is used to consolidate 

the signals and voice/data traffic from femtocells to the mobile core network and rest goes as 

normal mobile call. Femtocells are more likely to be located near the main internet access points 

and there is no need for them to co-locate with network elements, which makes it easier to 

setup/install and when ever leaving the femtocell networkan inter MSC handover would be 

trigerred. All 3G devises, basic voice/text only phones, smart phones and laptop data dongles are 

supported by femtocells. 

There have been alternative architectures designed by different vendors such as SIP based,also 

ones which are compliant with Iu over IP and UMA (compatible with existing networks). [8] 

1.5.1 SIP Based 

More advanced architecture incorporating high functionality such as SGSN and GGSN networks, 

though voice calls are routed over Iub to the MSC, more advantage to VoIP applications using 

IMS core is seen. The handover is handled using VCC (voice call continuity) standards and on 

the other hand the support to data session handover is not possible, but no issues are seen on 

large data usage as the work load on core networks is reduced and sustained. Major issues with 

this type of architectural approach are lesser security for prepaid users because more control 

measures have to be carried out monitoring the charges, VoIP over mobile handset is more 

complicated as of now and price could be higher when compared to the bundled minutes 

provided in subscriptions. 

1.5.2 Iu over IP 

A simpler architecture which reuses same cellsite protocols as for 3G macrocells which run over 

IP. It directly connects to the RNC (Radio Network Controller) using the same Iub interface 

allowing the usage of femtocells with a minor development in products. There have been several 

issues using this approach such as packet loss during synchronisation, re-architecting of existing 

RNC’s, managing thousands of cell site moves each day gets difficult, non-existence of 

standardised and secure IP connection between Femtocell and RNC, non-standardized Iub 

interface resulting difficulties in multi vendor Femtocell deployments and lastly it is difficult to 

architect and implement Iub to direct internet traffic at Femtocell. 
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A STUDY ON EFFICIENCY OF FEMTOCELL 

1.5.3 UMA 

Unlike Iu over Ip, this is a fully standardised architecture which allows access to all 2G and 3G 

services. Many existing telecom companies have set up this architecture. High on security and 

standard Up interface between UNC (femtocell controller) and femtocell is a main feature of this 

type of architecture. The UMA solution is designed by using discovery and registration 

techniques to manage large number of access points by avoiding individual femtocell provisions. 

There is a need for operators to handle the complexity and incur additional costs to setup this 

new type of equipment into their management systems and operations. 

1.6 Benefits to consumer by using Femtocell 

1.6.1 High quality coverage 

As the consumer register or who has permission to the femtocells network their mobiles are 

automatically connected to the Femtocell network, it is very useful to the customer who are 

facing problem with the poor or no service within their home also they had bad cell phone who 

had bad cell phone reception therefore Femtocell provides strong signal which have equal clear 

voice calls. 

1.6.2 Low cost voice and data cells 

Consumer need not to worry about the monthly minuets available for the mobiles and also 

femtocells can virtually end the dreaded overage fees that have become unpleasant surprises at 

the end of each month with reduced in home call charges. 

1.6.3 Plug and play (easy installation) 

Every customer want the service to be easily installed but other services like Wi-max and Wi-

Fi equipment installation take some time to install time, sometimes they take a day because 

someone has to come to the home and he has to installed and configure the equipment. Whereas 

in Femtocell we can see that the installation is effortless with remote device management. In 

these consumer just plug to the device in order to get quick set up. 

16 



      

 

 

 

   

  

 

  

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A STUDY ON EFFICIENCY OF FEMTOCELL 

One phone, contact book, billing Femtocell we can integrate consumers phone which contain one 

bill and one contact book with the fixed phone services hence we can say Femtocell provide dual 

phone ringing. 

Data off-load and media sharing: femtocells mainly integrate with broadband home gateways 

which gives consumers ability  in order to transport their media throughout their home between 

their mobiles, iptv, and also  pc which is creating perfect connected home networking 

environment.[9] 
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A STUDY ON EFFICIENCY OF FEMTOCELL 

CHAPTER 2 

Installation configuration and management of Femtocells 

2.1 Installation 

Zero touch configurations is required for the installation and management of 

multiple femtocells, not only that software upgrades, remote management, and remote 

debugging play an important role in the installation and configuration. Femtocell requires 

intelligent monitoring capabilities. 

Authorization, authentication and Femtocell provision requires the following 

enhanced network capabilities. Constructing an excellent solution for the various network 

configuration parameters like routing areas, location area, and service area etc. without any 

manual invention  Security is also play important role in the Femtocell .security for the 

Femtocell is provided by the IP network. This can be achieved by the key which is used for 

providing security link over public IP network always be auto configured in the Femtocell. 

[10] 

2.2 Deployment of Femtocells

                                                               For the need of the following parameter deployment of 

Femtocell necessary, they are as follows: 

Frequency

 setting of frequency in Femtocell is necessary in hotzone base station and Femtocell base 

Station which are operating in licensed spectrum use the same or different frequency as that of 

microcells.[12] 

2.2.1Backhaul

                           Broadband connection such as DSL or cable used by Femtocell base station for 

the backhaul, where as hot zone base station uses the dedicated leased line at operator’s policy 

and broadband connection. 
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A STUDY ON EFFICIENCY OF FEMTOCELL 

                       Installation location: Femtocell installation is very easy process; it is installed 

inside the building whereas the hot zone base station is installed outside the building. 

2.2.2Closer user group access

                                                   We can see Femtocell mainly allow the consumers who have 

access to it, allow only some closed user, also denies the unauthorized users, and which causes 

additional air traffic to access the femtocells base stations. Femtocell base stations which are 

belonging to the specified to the closed user group may not be installed in the geographical area. 

Macro base station provides information to the closer group deployed in the macro base station 

cell coverage. 

2.2.3 Mobile speed

                              The speed to the access to the Femtocell is low when compare to the hotzone 

base station because the hotzone is located in outside the building. Therefore we have to make 

the mobile speed high which is located inside the building for this purpose we have to make the 

deployment which is configured to the hardware of the femtocells to access fast. 

2.2.4 PHY level cell identifier

                                                  S-SCH which provides the number of different s SCH sequences 

in order to identify the different cells in PHY level and which makes different S-SCH sequences 

are to be grouped to groups. An S-SCH sequence will be indicated to the specific cell type. It 

enables MSs to identity cells in PHY level and which makes efficient network access. An S SCH 

group is again sub divided into the sub group. 

2.2.5 Mac level identifier

                                        There are only limited number of PHY level identifier, whereas Mac 

layer needs the unique identification of a base station , for a closed group authorization ,the 

MAC level identifier should give the information on the closed group MS in order to decide an 

authorization to the specified base station along with the Mac level identifier. 

                                        Self organization functions: in the Femtocell connection self 

organization makes the automation connection with the base station by making the configuring 
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A STUDY ON EFFICIENCY OF FEMTOCELL 

the system parameters of base stations in order to optimize its operational parameters. Most of 

the functions are made in the neighbor base systems, operational parameter report the 

measurement to the serving base station. 

2.2.6Self configuration

                                      In the Femtocell management when the power is first time on the base 

station is self configured with the core network .the base station have to be establish that has to 

be synchronized with other base station in the network if it is required then only we have do it 

and also it has to be supported. 

2.2.7Self optimization

                                      In the Femtocell network configuration in order to get the load 

balancing, quality of service interference, mitigation, hand over etc it should be self optimized. 

2.2.8 Self maintenance

                                      It nothing but self monitoring and self healing periodically in order to 

state the continuous working of Femtocell networking. 

Therefore the deployment of Femtocell requires the following parameter which gives the more 

reliable communication.

                         Femtocells are different compare with other devices, these are mainly used in 

contrast changes, mainly wi;fi access points, boosters, cordless telephone and conventional 

cellular base stations. These wi-fi access points create wireless broadband access to portable 

machines.

                       Wi-fi is works on the unlicensed spectrum wi-fi devices works 2.4GHz 

frequency band. In this band three non-overlapping channels are working. These three non-

overlapping channels are kept away from interference, why because so potential. In licensed 

spectrum the operator is easy to maintain the device of interference.[11] 
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A STUDY ON EFFICIENCY OF FEMTOCELL 

2.3 Types of Femtocell 

Femtocells are divided according to the various hardware is used in manufacturing.  

• Class 1 

These femtocells are installed by last user these cells are emerged first. At this time this type of 

femtocells are best. This class of cells is used in home or business applications. A similar 

transmits power send to view wi-fi access points. In this cell every delivery delivers 4-8 same 

voice channels and data services. 

• Class 2 

In this cells are we are using higher power which delivers every time 8-16 users. It access even it 

is closed or open. These cells are installed by operator or end user. 

• Class 3 

In this cells power deliver 16 or more than 16 users at a time. It is open access. It is mainly used 

in rural areas. [13] 

2.4 Impact on network signaling 

As there was a spread in the Femtocell deployment, this resulted in the increase of the signaling 

which was linked or co-ordinate with the mobility procedure of the core network, as there was a 

increase in the signal strength it was seen that this was present in the areas where the usage of 

mobiles is high in number and in these areas there were large number of femtocells. If we 

consider an example of an urban area, where the number of mobile users are around 45,000 and 

if the area covered is around 2 km , the pilot power auto configuration of the scheme B ,would 

result in approximately 37,000 handovers per hour in the range which is covered for around 2 

Km. if we use the different approach , we could use the scheme C , which would reduce the 

handovers to 16,740 for the 4 Femtocell users and it is seen that 12,600 for 1 Femtocell user per 

an hour and for the coverage area of 2 km. If we block the mobility between the femtocells and 

the underlay of macro cell and by providing the Femtocell technique to nomadic users then we 

would be able to lower down the Femtocell related to the mobile signaling, when there wouldn’t 

be any macro cell frequency as result of this there would b huge reductions in costs. By the 

above discussion and explanation we could say that in future if there are any problems associated 

with signaling persists then it should be addressed with the Femtocell scenarios , as per these 
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A STUDY ON EFFICIENCY OF FEMTOCELL 

scenarios there should be changes that should be made to the network architecture, the process 

involved is use of flatter or collapsed cellular architecture.

       In the above discussion I have tried explaining the concept of hierarchal co channel 

3g Femtocell deployment to provide the services through wireless and wire line services. [14] 
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A STUDY ON EFFICIENCY OF FEMTOCELL 

CHAPTER .3 

Femtocell characteristics and considerations 

The main purpose to introduce Femtocell is to overcome to provide reliable and effective indoor 

coverage from the 3G macro layer by their placement in the end users homes, after installation of 

Femtocell in a end user homes which enables the operator to give the higher performance and 

higher quality wireless voice and 3G data services in and  around of the home environment. 

Femtocell products are almost similar to Wi-Fi access points, both accesses through the un 

obstructive device, Femtocell which enables total 3g service delivery in the home environment. 

As we know Femtocell is a low capacity base station, which radiates low power in order to cover 

the area of the home environment. The Femtocell which connects to the operator s core network 

by using 3GPP through the broadband internet connections rather than traditional cellular 

backhaul methods.[15] 

3.1 Femtocell character tics 

a .Low impact:

 we can see the space for some households are very small therefore Femtocell which is installed 

in that home is physically very small and it is very easy in positioning, and also which develop. 

b .Low RF power

 The transmit RF power output of femtocells is low; between 10 and 100 milli-watts. Put in 

perspective, this is a lower power level than many Wi-Fi access points, which can be specified 

up to 1 Watt of output power. Additionally, by being close to the Femtocell the 3G handset is 

itself able to transmit at lower power levels than it might otherwise have to when on the macro 

network. 
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3.2 Capacity

                       Femtocells are aimed at delivering dedicated 3G coverage to a household and in 

doing so can provide a very good end-user experience within the home environment. As a result, 

femtocells have a design “capacity” of up to 6 end-users. 

3.3 Easy end user installation

                                 Installation of the Femtocell is made by consumer itself same as cable 

modems and DSL routers which are called plug and play installation. This installation needs 

minimal amount of intervention  

3.4 Backhaul via Broadband

                                   Femtocell uses flat base station and internet protocol architecture backhaul 

connection to operate a network is wire broadband internet service which exist in the home as 

same that of fiber optics cable and DSL there are no external and internal connections required 

to the wider cellular network other than the through the IP core. 

3.5 Interference 

Currently the use of Femtocell mostly in the micro layer , they are also used in spectrum if it is 

not maintained or managed properly which gives rise to issues with interference between cells 

operators need to provide Femtocell under same frequency. 

3.6 Hand over

                         At present macro radio frequency planning techniques are not suite for the 

femtocells. Because it unable to manage the neighbor Which is very necessary and also the 

potential in order to ping pong between both layers, basically the end user who moves around his 

home and also enter s into the areas where there is signal strength from the macro cell which is 

greater than that of the Femtocell, we have to consider it very carefully manner in order to ensure 

that these networks which provide the better coverage without any problems. 
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A STUDY ON EFFICIENCY OF FEMTOCELL 

                      We have to deal with high care and highly developed algorithms are necessary in 

order to overcome these problems and we have to ensure that he total network quality should not 

be impacted by the wasted capacity and also the inefficient handovers. 

3.7 Operation

                       The operation of the Femtocell runs on the operator owned spectrum which share 

the spectrum of macro network which has the frequency of 2100HZ. To these Femtocell client 

software which enables Monitoring and remote configuration through an operations and 

administrations. 

3.8 New applications and services

                           Femtocell architecture provides the services and applications like managing the 

all communications inside and outside the home environment and also. Integrating all the mobile 

services into the double, treble or quad play service providing.[15] 
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CHAPTER 4 

Security issues and femtocells standards 

Security is also an important characteristic of Femtocell, because the usage of the internet as the 

network interface to the users it’s quite easy to understand which raises the security risks in 

which broadband internet have the open access. Mainly the secure to the Femtocell is managed 

by the ip security protocol. Worldwide cellular network support: basically femtocells are design 

in order to give support to the modern cellular network. Today different kinds and models are 

developing which offering in order to satisfy the various requirements from the different regions. 

The products of femtocells support (3GPP) UMTS and CDMA standards and also the emerging 

technologies like WIMAX, UMB, and AND LTE.[16] 

4.1 Security issues in Femtocell

                          In the Femtocell installation and configuration they are some issues regarding 

security. They are some issues which are already solved but still they are some other issues 

which have to be solved in order to give reliable configuration of Femtocell, in order to provide 

location to receive emergency calls and also achieve regulatory requirements. 

                            For example: FAP  is supplied to the FAP subscriber in order to installation 

therefore the subscriber need to provide the installation address and validated by the operator 

supplying the FAP  using an OAM system in order to interrogate the FAP . There are some 

option for both valuation and location locking which include A-GPS chipset in the access point 

of Femtocell. Sniffing of 2G OR 3G carriers which include pilot channel id or BCCH against 

macro network. 

If some attacker generates the GPS signal near the FAP and the fake macro network therefore 

macro network shoulders be circumvented if the FAP is tampered. 

IP address allocation which is against the country address allocation. 

Pstn line id is matching with DSL broadband port id in order to obtaining subscriber address.[16] 
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4.2 GSM association

                                  There is requirement of FAP Locked to certain area to cover i.e. small 

geographical area which is same as that of macro network cell size therefore different locking 

systems are available .and also different mechanisms are provided Security limitations of the 

locking methods should be acknowledged. Therefore the combination of the above solution 

which is combining with other solution will provide a sufficient level of security.

                                         The non security limitations also to be acknowledged for example, the 

macro network. A GPS based method and the sniffing do not work if the FAP is used to extend 

coverage area location where there is no signals of macro network and GPS signal (e.g. in down 

floor of the building).The combination of all these methods is the best approach in order to 

provide a general and secure enough solution to work in all these scenarios.[16] 

. 

4.3 Recommendation to increase the security

                                         Up to AGPS accurate providing to Femtocell is below the 100m but it 

is has to be increase greater than 100m.Macronetwork sniffing should be above 300m.Dsl port/ip 

address which is to be subjected to the country or regional specific location. Exact address 

mapping should be needed for the customer provided installation. Physical protection and 

location of Femtocell access point.

                                              By default FAP will be deployed in the place where it is easy to 

accessible to the attackers. It is very important that to be considered the physical location of the 

devices. FAPs mainly open IP technology, there is possibility of increase the number of attackers 

therefore monitoring is very important in the Femtocell access point in order to find hackers very 

vast.[16] 
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4.4 Femtocell standard 

The progress of understanding how Femtocells work and how the processes could be 

standardized has been an issue throughout the early stages this technology. There are no 

permanent standards made at any point of time because of the advances in technology and wants, 

where as several principles have been defined to architecture and set up a framework for a 

Femtocell which are expected to be modified for improvisation in future years. These standards 

have been set up by three important bodies namely 3GPP, ETSI (Europe) and ANSI, which are 

termed to be regional standard bodies and also there are other bodies involved in this 

standardization processes such as the Broadband Forum (TR-069 Standard) and Femto Forum 

which also promote the usage of Femtocell on a large scale. Lately the Femto Forum was 

recognized as an official contributor to 3GPP as through this combination it gets easier to set up 

the industry standards after looking at the practical implications of vendors and operators which 

are discussed in Femto Forum. 

4.4.1Recognized and Standardized Interfaces 

Four important system interfaces have been recognized and standardized. 

1. Standards on compliance with 3G Radio Interface to Mobile phones. 

2. Standards on compliance with TR-069 remote management systems. 

3. Standards on compliance with the Iu interface. 

4. Standards on a new point between the femtocell and the femtocell gateway. 
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Stanndard Femtocell Interfaces 

 

 

•  3G Radio Interface MMobiles: 

Usage of femtocell on 3G phones is always an advantage, the femtocells are compatibble with the 

earlier models (Release 99) and alsoo to the HSDPA smart phones which are capablle to deliver 

data transfer rates up to 7Mbit/s. Expectations for future on femtocells with addvanced 3G 

networks are high and which could nnot be tested and utilized on a DSL line of todayy, where the 

focus would be on power consummption and latency. Though there have been soome agreed 

optimizations for improving a Femmtocell experience, which could be used later inncorporating 

changes to handsets of “Relese 8”. 
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• TR-069 Remote Management Systems 

This was originated in DSL forum and is the most recognized Femtocell system by the vendors 

as it provides a scope for updates and is with diagnostic capabilities. Therefore using the same 

management system, multiple Femtocell products can be managed. 

• Iu Interface: 

A basic system which connects RAN to core switching systems, little scope exists for connecting 

the next generation which uses SIP protocols which are not compatible with existing networks 

and mobile phones. Operators use this Iu interface as it gets easier for them to buy their core 

networks and RAN from different vendors. 

• New point Femtocell and Femtocell Gateway (Iu-h): 

A very useful and sensible system adopted by operators as this allows them to purchase 

femtocells from different vendors and lets them to connect to the same Femtocell gateway. 

Through this the operators can avoid lock-in to a single vendor, allowing them to cut down costs 

and ease of switchover to new future technologies. A new protocol HNBAP (Home Node B 

Application Protocol) is used between two nodes which defines the IP signaling. 

Still more detailed technical specifications in this system needs to be standardized, some of the 

formally specified femtocells are HNB (Home Node B) and HNB-GW (HNB Gateway) 

Similarly Handsets also need to be enhanced to make efficient use of Femtocell technology, 

various enhancement techniques have been specified and a continuous improvement is seen. Few 

of those techniques are: Incorporating a handset with white-list of preferred femtocells and 

allocation of CDMA scrambling codes which broadcasts the codeset by outdoor cellcites.[8] 
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CHAPTER 5 

Interference avoidance and coverage analysis for Femtocell 

It is very important to avoid the interference between the micro/macro cells and femtocells in order 

to have a quality indoor communication without disturbing the quality of outdoor communication. 

When the base station selects the same frequency as selected by the Femtocell and microcell then 

there would be mutual interference in these two cells and this would lower down the quality of 

indoor and outdoor communications. It is very necessary to select the carrier frequency of Femtocell 

to avoid the interference and in this process different ways of adapting the selection of carrier 

frequency of Femtocell would be provided 

5.1 Carrier Frequency Selection 

5.1.1Interference Avoidance between Macro/Micro Cell and Single Femtocells 

The Femtocell base station is capable of measuring the carrier frequency of the neighboring 

macr/micro cells and it could also measure the A- preamble of the neighboring cell from where 

the carrier frequency is being measured on cell type. 

The femtocell base station always selects the carrier frequency and it is measured according by 

making the base as signal strength which in the cell type. A microcell always has high levels of 

MS priority when compared with the macro cell. Basically when the signal strength of the 

neighboring macro cell is increased then signal strength of the neighboring micro cell would also 

reach its threshold, the Femtocell always selects the low prioritized frequency which stored in 

the cell.[17] 
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    Carrier frequency sselection when macro cell and Femtocell exist 

RF1 and RF2 are the two carrier freqquencies of macro and micro cell respectively. Feemtocell BS 

selects RF1 frequency because the prriority of RF1 is more than RF2 used by micro ceell, and also 

when micro cell gets closer to the eddge of macro cell the signal strength of RF1 becoomes weak, 

as a result of this the interference beetween Femtocell BS and macro cell is avoided. WWhen micro 

cell gets closer to the center of macroo cell the signal strength of RF1 becomes strong , as a result 

the Femtocell would select the RFF2 and the interference between Femtocell and micro cell 

cannot be avoided. In such casess the Femtocell selects the RF1 frequency too avoid the 

interference with micro cell. Femtoccell selects RF2 when the frequency of RF2 is lesss than RF1 

and the interference between them iss small i.e. micro cell is not overlaid by Femtocelll BS.[17] 
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 Carrier frequency selection when a macro cell and two Femtocells exist Macro Cell 

5.1.2 Interference Avoidance between Macro cell and multiple Femtocells  

Femtocell BS can measure the signal strength for the carrier frequency of the neighbor macro cells or 

the other Femtocells. In addition, the Femtocell BS can receive A-Preamble from the neighbor macro 

cells or the other Femtocells and obtain information on cell type. The Femtocell BS shall select the 

carrier frequency based on measurement result on the signal strength and the information on cell 

type. The Femtocell BS measures the signal strength for the carrier frequency of the neighbor macro 

cells and the other Femtocells. When the signal strength for the carrier frequency of the neighbor 

macro cell exceeds a certain threshold and the signal strength for the carrier frequency of the other 

Femtocell exceeds another certain threshold, the Femtocell BS selects the carrier frequency used by 

the other Femtocell. In Fig.3, the radio communication system comprises a macro BS, two Femtocell 

BSs (Femtocell BS1 and Femtocell BS2), an outdoor MS, and two indoor MSs. The macro BS makes 

a macro cell and the each Femtocell BS makes each Femtocell. Furthermore, the radio 

communication system has two carrier frequencies RF1 and RF2. The carrier frequency of the macro 

cell is RF1. And the Femtocell BS2 firstly select the carrier frequency RF2. In this case, the 

Femtocell BS1 selects the RF2 because the carrier frequency of the Femtocell BS2 is RF2. When the 

two Femtocells becomes close to the center of the macro cell, the signal strength of RF1 becomes 

strong. As a result, the Femtocell BS1 selects the RF2 and the interference between the Femtocell 

BS1 and the macro cell is avoided. However, when the two Femtocells becomes close to the edge of 
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the macro cell, the signal strength of RF1 becomes weak. As a result, with only the signal strength 

the Femtocell BS would select the RF1 and the interference between the Femtocell BS1 and the 

macro cell can not be avoided. Therefore, in that case with the cell type information used the 

Femtocell BS1 will select the RF2 and the interference between the Femtocell BS1 and the macro 

cell can be avoided. [17] 

5.1.3 Interference Avoidance between Macro cell and multiple Femtocells 

The carrier frequency of the neighbor macro cells or the other Femtocells can be measured by 

Femtocell BS in a single strength. Beyond this, A preamble from the neighbor macro cells or the 

other femtocells will be received by Femtocells BS and it shall select the carrier frequency based 

on measurement result on the single strength to obtain information on cell type. The single 

strength for the carrier frequency of the neighbor macro cell and the other Femtocell exceeds 

certain thresholds occurs, it selects the carrier frequency used by other Femtocell. In fig.3 A 

micro BS, two Femtocell BSs(Femtocell bs1, Femtocell BS2),an outdoor MS, and two indoor 

MSs are comprises by radio communication system. In detail macro BS makes macro cell and 

the each Femtocell Bs makes each Femtocell. RF1 and RF2 are two carrier frequencies of radio 

communication systems in which RF1 is the carrier frequency of macro cell and RF2 is the 

carrier frequency of Femtocell BS2 which is selected first. In this case RF2 is selected by 

Femtocell BS1 because the carrier frequency of the Femtocell BS2 is RF2. The single strength of 

RF1 becomes strong if the two Femtocells becomes close to the center of the macro cell. As a 

result Femtocell BS1 and macro cell is avoided when the Femtocell BS1 selects RF2. However, 

the single of RF1 becomes week when the two Femtocells close to the edge of the macro cell. 

As a result RF1 should be selected by Femtocell BS and the interference between the Femtocell 

BS1 and macro cell cannot be avoided. Therefore the interface between the Femtocell BS1 and 

macro cell can be avoided with the cell type information used the Femtocell BS1 will select the 

RF2.[17] 
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5.2 Coverage analysis 

Femtocell technology has become an emerging solution to increase both coverage and capacity 

while the decreasing both operating and capital expenses of cellular networks. Femtocells share 

spectrum in the macro cells, controlling their cross-tier interface for both macro cells and 

femtocells. In addition a network operator will not be able to found the location of Femtocell. To 

sense the environment of radio surround them and carry out self-optimization and self 

configuration of the radio parameters from the moment is necessary, these are set up with 

consumer. 

          Conventional the dynamic cell size schemes, which adjust this transmit power of these 

base stations (BS) or both the beaming and transmit power forming, had developed to improve 

overall system capacity for the fixed cell sizing. These approaches will not be suitable for the 

femto/marco overlaid structure of cell, where the Femtocell coverage span must be controlled so 

that it will not interface to the outdoor cell (macro cell). to achieve this 

Approaches is not suitable for a over a laid cell structure. VoIP (voice over internet protocol, 

packet loss sensitive real time applications is for delayed. 

5.2.1 Down link transmit power control: 

In this study a two-tier cellular network combination of overlaid under laid femtocells and macro 

cells in where the two cells are same frequency. A Femtocell base station which located at the 

center of the building, the radius rb. Both the user and base station (bs) are equipped to an Omni-

power for building area i.e. rf=rb. Here transmit power composed with two step procedure 

.where self configuring and self-optimizes with using power control of transmitter power control 

on the radio environment measurements.[18] 
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CHAPTER 6 

An over view concept of Femtocells 

In this modern world there have been many technological changes and in this process there was a 

wide range of developments in the field of cellular wireless technologies and people have started 

accepting this technology and there have been many users using this technologies throughout the 

world and the surveys reveal that there are around 1.4 billion subscribers. Initially the cellular 

systems were only designed for single voice application and we have the evidence of the work 

done in this particular area. There is lot of competition in the market and the needs of the 

customers are also increasing with the growing technology and the service providers have started 

increasing the commoditization of the voice services because of this reason. In spite of the 

increase in the number of voice subscribers, the revenue generated on an average of the user for 

the voice is declining as the market is getting saturated. Initially the cellular wireless service 

providers were always concentrating on the coverage of voice area as a reason this there has been 

lack in competition, rapidly increasing market had issues with some licensing and grants on the 

coverage, as the percentage of population and landmass. Therefore we can say that the cellular 

business which is quite profitable cannot only rely on the usage of voice only, because of this 

there was a rise of new application which is helping the service providers in a direction of packet 

baaed data transfer system of the internet. It is the fastest method of enabling an access to the 

internet and allow al the competitors of this market to compete in this jam packed environment if 

we consider an example of a business model of Japan designed by NTT DocoMo’s very 

successful i-mode, it is a technique by using which a user bounds to a subset of known 

applications and it is counter to the natural system in which the evolution of the system happens 

naturally and finds its own means and media. In order to have a fertile evolution we would have 

to allow the user to access the internet and when these proceedings are considered there should 

be some solutions to these problems.

                                                            Generally data traffic has their own characteristics and 

these characters enable that to be flexible and because of this it meets the requirements of the 

future cellular operators. Data traffic depends on the speed of internet and the internet connection 
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requires bandwidth as the speed entirely depends on the bandwidth, which is missing in 

traditional voice services. 

                                                       As we have seen that these are the requirements that are to be 

met, so we should always make sure that these systems are to be designed in a different way so 

that these meet the requirements of the users. There are many ways of increasing the bandwidth 

and this can be done by the network operators and one of the approaches is by increasing the 

signal capability of transmitter and receiver to a point where the efficiency levels of the 

considered channel is nearer to Shannon bound. The second option is to add up some antennas 

which are small in size and multiple input and multiple output technologies and also high 

modulations and the other alternative is by improvising the access and scheduling mechanisms. 

If we consider the other mechanisms we can improve it by increasing the sectorisation or 

reducing the size of a cell, by this we can say that this is a different way of thinking and we can 

conclude it by saying that there is need to resize cell size and cell size has to be decreased. In 

these days cellular systems are being planned and designed by using shared resources, mostly it 

id public bandwidth which would facilitate the user with high speed but this is not possible if 

there is a transfer of large cells. In general the operators would always look in the business 

perspective and would always like to generate profits and these profitable areas of concentration 

are hot zones in places like homes and the other enterprise areas. The challenge of implementing 

of these kinds are through picocell and Femtocell deployments by changing them to the 

secondary frequency bands and as a result of this it would result in lower spectral efficiency per 

area when compared to the co- channel deployment of macro cells and we could see that 

because of this secondary band frequency would be found missing, but this is challenging as it 

results in interference related issues, so in this case there are two questions which are to be 

answered with the context of small cells and these questions are small cell mitigation and 

feasibility of small cell deployment. This particular presentation would bring out the aspects like 

technical and financial aspects of using small cells for the target market deployments and would 

bring out the research work in these areas. This brings outs the investigations about the 

deployments which could be made scalable and explores the operator coverage scenarios. This 

could be resolved by solving the problems which are in relation to co-channel deployments with 

respect to the performance and this would have impact on their macro cellular coverage and 
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these techniques would be extended to perform the automatic configuration of the deployed cells, 

this would finally result in the financial benefits and results in deployment scenarios. This 

representation would bring out the overview of the BSR flat – IP architecture and would bring 

out the advantages of the Femtocells deployment .The further study would bring out the aspects 

of plug and play deployment, the requirement for the co- channel deployments and the need of 

passing through or have the access for the co- channel deployments, this shows that frequency is 

getting shared in between both the macro cells and Femtocells. The investigation of the 

feasibility of Femtocells on co-channel deployment would be seen further. Macro cellular 

network is affected or influenced by the co- channel and their interferences and simulations 

would depend on the frequency. [19] 
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CHAPTER 7 

Artefact Implementation 

7.1 Technical Accepts

                   Opnet mainly used as guide to researchers who are undertaking packet level 

network simulation. In order to prove the connections and configuration of Femtocell, opnet 

custom analysis tool is taken in order to test the behavior of the network in various background 

traffic scenarios. The result which obtains in the opnet modular shows the requirement need to 

configure and installation of required network of Femtocells. There is necessary of fine tuning if 

the network if it is not working properly, so it helps in giving the better network in order to work 

properly to give better performance and it tracks the behavior of a real network.

             There are many simulation tools are available in the market but they are all vary with 

the speed accuracy and monetary expense. For Femtocells it is required to get accuracy, for this 

purpose we have to take the opnet simulation in comparison to a real network communication for 

the packet level analysis. The ideal or best way to test the simulator accuracy is to measure the 

real network traffic and it should be compare with the simulators results. Hence in this simulated 

results where file transfer protocol and the constant bit rate sessions will generate in order to test 

the performance of the network connection with various types of the congestion.

                                     FTP, CBR data traffic are generated to estimate and to test the network 

performance with the various network performance with different kinds of traffic i: e there are 

very external factors which influence the network model.

              The analysis of network is made by packet by packet level which is concentrating on the 

bandwidth utilization analysis. In the opnet test mainly uses the default configuration profiles 

which provides with the simulators, there are many manual modifications which are brought at 

the different steps of the experiments in order to investigate the possible improvements. For 

example if we consider the application of video streaming sessions, the results here is 

reported were compared with the results from the simulator. 
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7.2Artefact Implementation 

The design in this project is by using the vmware using the opnet modular 11.5. I have taken our 

subnets namely Femtocells, home network, neighbor 1 and neighbor 2 In the home 

networking   we have to application configuration and the profile configuration. 

In the application configuration we taken two application voice and video conference 

In application configuration, in order  to take how many application needed, we have to  take two 

rows, where we have to  give description of the applications. 

7.3Network design 

• Step1 

Femtocell network design consist of femtocell base  station design and the home network. In the 

base stations consist of server and the application definition and the profile definition and the 

switch. 

• Step2 

In the femtocell base station  the applications are 1)voice 2)video conference  3)ftp  . 

4)email  5)http 

In the profile definition we have taken two profile definition mobile 1 and mobile 2. 

In  the server we have to edit attributes  selecting  the profile configuration  in which we have to 

give the application to these profile . 

• Step3 

The subnet named  as  the  my HOME ENVIRNOMENT  in which we have to take the  router 

‘wlan ethernet_router_adv’ and the wlan work stations 

In the wlan work stations we have to  give the application profiles that is mobile 1 and mobile2. 

This can be achived  by selecting the number of rows, we have to select the number of 

rows  according to the numbers of profile names. 
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• Step4 

We have to connect the femtocell base station and the home network  through the Ethernet  100 

base t the connection is between the switch in the femtocell  base station and the router in 

the  home network . 

Also we have to connect the server and the switch through the 10baseT. 

• Step5. 

 After configuration of the network we have to select the individual DES characteristics 

Where we have select the node characteristics and  model characteristics we have to select the 

application which we chosen and also application which belong to the WLAN. 

7.4 Output Screens 

Location of the Project 

From the above diagram we can say that the primary location of the network is mentioned. 

42 



      

 

 

 

                   

 

                        

 

A STUDY ON EFFICIENCY OF FEMTOCELL 

                                                          External View of the Artifact 

From this diagram we observe a Femtocells base station is connected to the home net work 

                                                              Internal view of Femtocell 
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                                                             Home network configuration 

               Simulation process 
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                                                               Configuration details 
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                                              Mobile 1 FTP vs Mobile 2 HTTP 

We get thae above graph when the FPT is taken in the mobile 1 and the HTTP is taken in the 

mobile 2 .by these two combinations the delay throughput and conectivity is veriied.where in 

FTP download option is selected and in HTTP download option is selected. 
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                                             Mobile 1 HTTP vs Mobile 2 FTP 

We get thae above graph when the HTTP is taken in the mobile 1 and the FTP is taken in the 

mobile 2 .by these two combinations the delay throughput and conectivity is veriied.where in 

FTP download option is selected and in HTTP download option is selected. 
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Mobile 1 Video conferencing vs Mobile 2 voice 

We get thae above graph when the video conferencing application is taken in the mobile 1 and 

the voice application is taken in the mobile 2 .by these two combinations the delay throughput 

and conectivity is verified.where in video conferencing packetdelay option is selected and in 

voice jitter option is selected. 
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                                                Mobile 1Voice  vs  Mobile 2 Video conferencing 

We get thae above graph when the voice application is taken in the mobile 1 and the video 

conferencing application is taken in the mobile 2 .by these two combinations the delay 

throughput and conectivity is verified.where in voice jitter option is selected and in 

videoconferencing packet delay variation option is selected. 
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Mobile 1 Video conferencing vs Mobile 2 FTP 

We get thae above graph when the video conferencing is taken in the mobile 1 and the video FTP 

application is taken in the mobile 2 .by these two combinations the delay throughput and 

conectivity is verified.where in video conferencing packet delay option is selected and in FTP 

download file size variation option is selected. 
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Mobile 1 FTP vs Mobile 2 Video conferencing 

We get thae above graph when the FTP application is taken in the mobile 1 and the video 

conferencing application is taken in the mobile 2 .by these two combinations the delay 

throughput and conectivity is verified.where in FTP download file size option is selected and in 

videoconferencing packet delay variation option is selected. 
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Mobile 1 Voice vs Mobile 2 FTP 

We get thae above graph when the voice application is taken in the mobile 1 and the FTP 

application is taken in the mobile 2 .by these two combinations the delay throughput and 

conectivity is verified.where in voice jitter option is selected and in download file size variation 

option is selected. 
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Mobile 1 FTP vs Mobile 2 Voice 

We get thae above graph when the FTP is taken in the mobile 1 and the voice application is 

taken in the mobile 2 .by these two combinations the delay throughput and conectivity is 

verified.where in FTP download file size is selected and in voice jitter option is selected. 
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  Mobile 1 Video conferencing vs Mobile 2 HTTP 

We get thae above graph when the Video conferencing application is taken in the mobile 1 and 

the HTTP application is taken in the mobile 2 .by these two combinations the delay throughput 

and conectivity is verified.where in Video conferencing packet dalay option is selected and in 

HTTP download object variation option is selected. 
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 Mobile 1 HTTP vs Mobile 2 Videoconferencing 

We get thae above graph when the HTTP application is taken in the mobile 1 and the 

Videoconferencing application is taken in the mobile 2 .by these two combinations the delay 

throughput and conectivity is verified.where in HTTP download option is selected and in 

Videoconferencing packet delay variation option is selected. 

: 
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CHAPTER 8 

Conclusion 

In this project it is observed that femtocells are a new emerging technology in the wireless 

communications. It has large impact on the mobile service providers to provide their consumers 

a very good quality of services without any difficulties. Still there are many researches going on 

femtocells issues like coverage, security and cost. In order to install a Femtocell at domestic or at 

a business environment a broadband internet is required and to enjoy services a minimum 3G 

hand set is required for costumer. In coming days the Femtocell technology will change the 

phase of the telecom industry. 

In my project I have verified the efficiency of the femtocells can be increased by decreasing the 

delay and by increasing the throughput and also reliable connectivity. 
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