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INTRODUCTION
Cellular communication is a technology which mainly makes the mobile phones to communicate with each other. In Cellular communication the end user that is the mobile phone user doesn’t stay at a particular place but moves from one place to another. It is the responsibility of the cellular systems to maintain efficient communication between the systems even when the user is mobile. This responsibility of cellular systems gives rise to the concept of Handoff.

What is a Handoff?

Handoff refers to a process of transferring an ongoing call or data session from one channel connected to the core network to another. The channel change due to handoff may be through a time slot, frequency band, codeword, or combination of these for time-division multiple access (TDMA), frequency-division multiple access (FDMA), code-division multiple access (CDMA), or a hybrid scheme. Handoff is also called as ‘Handover’.
Reasons for a Handoff to be conducted:
· To avoid call termination when the phone is moving away from the area covered by one cell and entering the area covered by another cell.
· When the capacity for connecting new calls of a given cell is used up.
· When there is interference in the channels due to the different phones using the same channel in different cells.
· When the user behaviors change

· Etc

Importance of Handling Handoff:

 
Customer satisfaction is very important in cellular communication and handling handoff is directly related to customer satisfaction. Effective handling of handoff leads to improved reception and fewer dropped calls and results in customer satisfaction which is very important in Mobile communication. 
Handoff is very common and most frequently occurred in cellular communication so it should be handled efficiently for desired performance of the cellular network.  
Handoff is very important for managing the different resources in Cellular Systems. Handoffs should not lead to significant interruptions even though resource shortages after a handoff cannot be avoided completely.

Thus handling handoffs is very much important for a desired interruption free cellular communication.
Design Considerations for handoff:
       The main goal while designing handoff is to reduce major changes to existing networks esp. at lower levels. This will ensure that existing networks will continue to function as before without requiring current users to change to the new approach.
Types of Handoffs:- 

 
Handoff is the mechanism which transfers an ongoing call from one cell to another cell as users are near to the coverage area of the neighbouring cell. If handoff does not occur quickly, the Quality of Service (QoS) will degarde below an acceptable level and the connection will be lost.                               

 Handoffs are classified into two categories – hard and soft handoffs, which are further divided among themselves.     

Hard handoff:

A hard handoff is essentially a “break before make” connection. Here the link to the prior base station is terminated before or as the user is transferred to the new cell’s base station. This means that the mobile is linked to no more than one base station at a given time. A hard handoff occurs when users experience an interruption during the handover process caused by frequency shifting. A hard handoff is perceived by network engineers as event during the call. These are intended to be instantaneous inorder to minimize the disruption of the call. Hard handoff can be further divided as intra and inter-cell handoffs. 

· Intra and inter-cell handoffs:  In intra-cell handoff the source and target are one and the same cell and only the used channel is changed during the handoff. The purpose of intra-cell handoff is to change a channel, which may be interfered, or fading with a new clearer or less fading channel. In inter-cell handoff the source and the target are different cells (even if they are on the same cell site). The purpose of the inter-cell handoff is to maintain the call as the subscriber is moving out of the area of the source cell and entering the area of the target cell. Finally, Hard handoff is permitted between members of different softzones, but not between members of the same softzone. This is primarily used in FDMA and TDMA.
Soft handoff:
Soft handoff is also called as Mobile Directed Handoff as they are directed by the mobile telephones. Soft handoff is the ability to select between the instantaneous received signals from different base stations. Here the channel in the source cell is retained and used for a while in parallel with the channel in the target cell. In this the connection to the target is established before the connection to the source is broken, hence this is called “make-before-break”. The interval during which the two connections are used in parallel, may be brief or substantial because of this the soft handoff is perceived by the network engineers as state of the call. Soft handoffs can be classified as Multiways and softer handoffs. 

· Multiways and softer handoffs:  A soft handoff which involves using connections to more than two cells is a multiways handoff. When a call is in a state of soft handoff the signal of the best of all used channels can be utilized for the call at a given moment or all the signals can be combined to produce a clear signal, this type is called softer handoff. 

 In soft handoffs the chance that the call will be terminated abnormally are lower. Call could only fail if all the channels are interfered or fade at the same time. But this involves the use of several channels in the network to support just a single call. This reduces the number of remaining free channels and there by reducing the capacity of the network. Soft handoff is permitted between members of a particular softzone, but not between members of different softzones. 

Handoff Prioritization:

Handoff fails for many reasons like, if no channel is available in the candidate cell. One of the ways to reduce the handoff failure rate is to prioritize handoff. Handoff algorithms try to minimize the number of handoffs which give poor performance in heavy traffic situations. In such situations, a significant handoff performance improvement can be obtained by prioritizing handoff. Two basic methods of handoff prioritization are guard channels and queuing of hand off.

· Guard Channels: Guard channels improve the probability of successful handoffs by reserving a fixed or dynamically adjustable number of channels exclusively for handoffs. An adaptive number of guard channels can help reduce this problem.

· Queuing of Handoff: Queuing is a way of delaying handoff. The MSC queues the handoff requests instead of denying access if the candidate BS is busy. The probability of a successful handoff can be improved by queuing handoff requests at the cost of increased new call blocking probability and a decrease in the ratio of carried-to-admitted traffic since new calls are not assigned a channel until all the handoff requests in the queue are served. 
Types of protocols:

In cellular wireless networks, it is very important to deal with Mobile Station (MS) handoff between cells in order to maintain a continuous and QOS-guaranteed service. There are four basic types of handoff protocols which help in providing continuous and QOS-guaranteed service. Namely:

· Network-controlled handoff (NCHO)
· Mobile-assisted handoff (MAHO)

· Soft handoff (SHO) and

· Mobile-controlled handoff (MCHO)

NCHO is a centralized handoff protocol, in which the network makes handoff decision based on measurements of the signal quality of mobile station (MS) at a number of based stations (BS). Sometimes the network sets up a bridge connection between the old and new BSs and thus minimizes the duration of handoff. This type of handoff is not suitable for a rapidly changing environment and a high density of users due to the associated delay.
An MAHO protocol distributes the handoff decision process. The MS makes measurements, and the MSC makes decisions.

SHO is a “make before break” connection. SHO is often used in conjunction with MAHO. Rather than immediately terminating the connection between a MS and a BS, the connection to the old BS is not broken until a connection to the new BS is made. 
In MCHO, the MS is completely in control of the handoff process. This type of hand off has a short reaction time and is suitable for microcellular systems. A MS keeps on measuring signal strength from all the surround base stations. If the MS find that there is a new BS who has a stronger signal than that of an old BS, it may consider to handoff from the old BS to the new BS given a certain signal threshold is reached. 

Handoff can be seen as a Blind procedure, if it is only based on the comparison of measurements with out the information of location. Efficient handoff algorithms can enhance system capacity and service quality cost-effectively.

Three basic mechanisms used to evaluate the performance of handoff algorithms include:

· Analytical approach, 

· Simulation approach, and 
· Emulation approaches.
This Analytical approach can quickly give a preliminary idea about the performance of some handoff algorithms for simplified handoff scenarios. This approach is valid only under specified constraints. For real-world situations, this approach is complex and mathematically intractable.

This simulation approach is the most commonly used handoff evaluation mechanism. Several simulation models suitable for evaluation of different types of handoff algorithms under different deployment scenarios have been proposed and used. Simulation models usually consist of one or more of the following components: the cell model, propagation model, traffic model, and mobility model.
The emulation approach uses a software simulator consisting of a handoff algorithm to process measured variables. The main disadvantages are that this approach requires periodic measurement efforts and is not suitable for comparison of different handoff algorithms on the same platform.

Conclusion:

As we are moving towards the third generation mobile systems, the need for improving coverage, systems capacity and service quality becomes more and more important. Inorder to reduce call terminations, interference in the network we need to efficiently handle handoffs in cellular systems. Thus, handoff is the heart of mobile communications. In our research work in the handoffs we are going to explore the different types of handoffs and investigate on different ways to implement handoffs.
References:
http://www.mobileshop.org/howitworks/handoffs.htm
http://www.freepatentsonline.com/6539227.html
http://www.ylesstech.com/terminology.php?letter=all&id=1
http://www.articlejoe.com/Article/Cellular-Wireless-Network-Handoff-Protocols/29549
http://searchmobilecomputing.techtarget.com/sDefinition/0,,sid40_gci335123,00.html

