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INTRODUCTION

This report discusses the most important layers of the OSI model in femtocell networks (physical, data link, network and transport layers).  

The specific purpose of this report is to describe how the communications networks are working properly by understanding some layers of the OSI model that simplify the communication processes.  The report will be of particular interest to undergraduate-level communication engineering students who are concerned with general principles of Networks.

The report begins with a background.  This is followed by a definition of the femtocell principles which the report based on.  Next is architecture of the Femtocell network.
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Figure1: Femtocell access via broadband Internet

I. BACKGROUND

Mobile telecommunications is one of the fastest growing and most demanding of all telecommunications technologies. A recent development is femtocell networks, also called home base-stations, that provide indoor wireless coverage to mobile phones using existing broadband Internet connections as shown in Fig.1
Femtocells provide end users with dedicated access to the cellular network in the home environment. The Femtocell network  is a more developed term in the sense that it distributes a number of users within the cellular network. Although every household is equipped with a wire telephone, the use of mobile phones and mobile data in households is steadily increasing. According to a recently survey, the percentage of mobile phone usage inside households is as high as 50 to 60 percentage and 35 percentage of data usage takes place inside households. Hence, Femtocell network which considers not only the voice service of existing home-zone service but also data service is appealing approach. The Femtocell network concept aims to combine fixed-line broadband access with cellular telephony using the deployment of low cost, low power 3G base station in the subscriber's homes [1].

Femtocell network has many features as shown in the table below:

Table 1: Advantages of Femtocell Networks

	Advantage
	Description

	Cost
	Very low cost

	Power
	Very less power …. Transmit at ( 10-100) mW

	Broad-band connected
	By using a wired broadband Internet service ( fiber optics,..etc) 

	Standard
	UMTS, CDMA, WiMAX, UMB and LTE


On the other hand, Femtocell is something that is related between users and operators or service providers. So, definitely it has advantages for both of them as shown in the Table 2 below:

Table 2: more advantages of Femtocell Networks

	User benefits
	Increase indoor coverage
	Higher performance data
	Improved multimedia experience
	Higher quality voice
	Lower home zone calling

	Operator benefits
	Increase network capacity
	Lower capital cost
	Expanded revenue opportunities
	Lower backhaul costs
	Increased customer stickiness


Femtocell Compared with Wi-Fi Access Point
Since femtocell access point (FAP) is similar to WiFi Access point that provide indoor wireless coverage to mobile phones using existing broadband Internet

connections, it is useful to be introduced some points regarding to each device that clarify both of them independently[3].
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Fig 2: Femtocell vs. WiFi
Femtocell access point (FAP):
· Enables cellular carriers to compete with VoIP, WiFi and UMA (eg Fusion)
· No need for expensive dual-mode handsets
· Improves 3G coverage indoors and encourages use of data services

· Improves capacity
· Reduces Customer Churn
WiFi:
· VoIP pricing on calls within the home
· Single phone for indoor/outdoor calls
· Provides indoor coverage via WiFi or Bluetooth.
· Use dual mode phones in Wi-Fi hot spots.
II. Physical Layer 
In computer networks the OSI Physical layer provides the means to transport across the network media the bits that make up a Data Link layer frame by many devices such as switch or hub. Also, it is concerned with which type of media you can choose to transmit your data. There are three basic forms of network media on which data is represented:
· Copper cable

· Fiber

· Wireless

The Physical layer consists of hardware, developed by engineers, in the form of electronic circuitry, media, and connectors. Therefore, it is appropriate that the standards governing this hardware are defined by the relevant electrical and communications engineering organizations. The various standardization for femtocell as follows:
· International Telecommunication Union (ITU),

· European Telecommunication Standards Institute (ETSI), 

· Internet Engineering Task Force (IETF),

·  3rd Generation Partnership Project (3GPP), 

· and Digital Subscriber Line (DSL) Forum
Regarding to Femtocell networks, this technology can be illustrated when its  processes are organized as layers . Femto Access Point ( FAP) is considered as a physical layer device which responsible for connecting to the service provider’s network via broadband (such as DSL or cable ). This device serves 4 -5 usere and will cover a radius of  50-200 meters [4]. 
It is better to describe the specifications of the Femtocell Network as shown in the Figure 3
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Figure 3: internal components  of Femtocell Network
III. Data link Layer 

This layer plays an important role for transferring frames for many users. To control on this issue, there is a unique address defined by the manufacturer on each FAP( Femto Access point). This address which is called “cell ID” allows each FAP to be known at the other end like core network and this idea will be more clear when we talk about network layer. Regarding to this address “cell ID”, it consists of 16 bit.

V.  Network  Layer
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Figure 4 : structure of femtocell network  
As we mentioned before, Femtocell Networks provide the user a wireless coverage to the mobile phones by connecting to the macro cell access ( core network ) using a DSL, cable or fiber optic. However, this process is not appropriate when many FAPs are connecting to the core network since these FAPs may be interface to each other while they are communicating to the core network especially at the same time and none of the users will benefit from this technology. Also, this core network has a limited capacity to serve million of users according to its design and it cannot exceed this limitations. Definitely, nowadays within the increase in mobile usage, operators are forced to plan for increased capacity and coverage. But they have many problems like a site acquisition and it is not easy and very costly more than constructing a macro cell network[2] .
So, a new device is developed to avoid this traffic which is Iu Concentrator or  femtocell gateway device ( FGW). It is used to scale the limited capacity of core network to million of femtocells.
Regarding to assessing femtocell network Architecture and how the FAPs are communicating to the FGW, the whole process will be introduced in points as follow:
· First of all, FAPs are communicating with FGW by their cell ID (16 bits)

· FGW multiplexes the traffic coming from different FAPs and forward it to the Radio Network Controller(RNC) by using (FP) protocol as shown in fig. .Also, FAP establish a security association with the FGW to avoid compromising subscriber information over the public IP network.
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Figure 5: Protocol stacks for the Iub-over-IP approach
IV. Transport Layer

Figure 5 shows that RNC handle all the resource management and control functionality; the RNC and FGW together would take care of delay for traffic and control signaling (specifically forced/hard handover mobility management) caused by the underlying public IP network The core network (CN) has mobility management protocol (MM) and call control protocol which is operated in the core network[4].
CONCLUSION
Femtocells have the potential to provide high quality network access to indoor 

Users at low cost, Femtocells will change the mobile industry. Operators will use 
femtocells to build a new generation of lower cost, flat architecture networks that can 
utilize the Internet as backhaul and deliver expanded capacity for customers. 

Femtocells will also change the mobile broadband experience for customers. 
Excellent wireless coverage in the home will become the norm and not the exception.
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