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ABSTRACT   
The main objectives of a handoff procedure are, first, to minimize the number of link 

handoff processing delay by correct choice of target BS/AP with speedy execution. This minimizes the probability of 

connection interruptions and reduces the switching load. If the handoff is not fast enough, the qualit

experiences degradations. A handoff should be evaluated as to its impact on the mobile to network connection. In this paper 

we have discussed the simulation outline and designed simulation model for the research undertaken. The flow chart 

indicated is generic one. We have added only case specific condition for the performance evaluation for the algorithm in 

consideration. 

I. INTRODUCTION 

The motivation for hybrid wireless heterogeneous 

networks arises from the fact that no one technology 

or service can provide ubiquitous coverage, and it 

will be necessary for a mobile terminal to employ 

various points of attachment to maintain connectivity 

to the backbone network at all times. The natural 

trend has been toward utilizing local-coverage high

bandwidth data networks such as IEEE 802.11 

WLAN whenever available, and to switch to an 

overlay service such as a GPRS network with lower 

bandwidth when a WLAN is not available. In the 

inter-technology context where handoffs are 

envisaged between heterogeneous packet switched 

networks, a handoff from a WLAN to a GPRS should 

be performed only with a very low priority, while a 

handoff from a GPRS to a WLAN should be 

performed whenever possible. 

II. PERFORMANCE EVALUATION METRICS 

OF HANDOFF ALGORITHMS 

The performance of handoff algorithms is 

quantitatively determined by the following metrics:

1. Number of handoffs: It indicates the total handoff 

count as the mobile terminal moves between 

several overlapping BSs/APs.  

2. Ping-pong handoffs: The ping-pong handoffs 

over several overlapping BS/AP coverage areas 

unnecessarily utilize radio and network signaling 

resources. 

3. Number of handoff attempts: It is the number of 

connection attempts between the mobile and a 

new base station before the establishment of a 

reliable link.  

4. Blocking Probability ( ): The denial of request 

is due to unavailability of channels. This denial 

of request is called as blocking and its 

probability is called as blocking probability.

5. Handoff probability ( ): The handoff is called 

as successful handoff if a mobile changes its 

connection from one BS to another BS. The 

probability of such successful handoff is called 

as handoff probability. 

6. Dropping probability ( ): Failure to get a 

successful handoff in the path forces the network 

to discontinue the call and is dropped. The 

probability of such event is called as dropping 

probability. 
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III ANALYTICAL FRAMEWORK FOR 

HANDOFF 

1. Handoff Schemes  

1.1   Traffic Model 

For a mobile cellular radio system, it is important to 

establish a traffic model before 

performance of the system. Several traffic models 

have been established based on different assumptions 

about user mobility. 

The formulae for new call blocking probability and 

handoff call blocking probability as follows:

 
1.2   Non-preemptive Priority Handoff Scheme

In Figure 1, in each BS, there are two queues, 

and 
D

Q , with capacities 
V

M  and 

and data handoff requests, respectively. 

Figure 1:  System Model with two queues for 

handoffs 

E-ISSN2249–8974 

Research Paper  

COMPARISON OF CONVENTIONAL HANDOFF IN GSM, 

and Computer Technology, Mumbai, India 

transfers and second, to minimize the 

handoff processing delay by correct choice of target BS/AP with speedy execution. This minimizes the probability of 

connection interruptions and reduces the switching load. If the handoff is not fast enough, the quality of the service 

experiences degradations. A handoff should be evaluated as to its impact on the mobile to network connection. In this paper 

we have discussed the simulation outline and designed simulation model for the research undertaken. The flow chart 

indicated is generic one. We have added only case specific condition for the performance evaluation for the algorithm in 
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The forced termination probability  

can be expressed as 

1.3   Preemptive Priority Handoff Scheme

This scheme is a modification of a non

priority handoff scheme, with higher priorities for 

voice handoff request calls. In this scheme, a handoff 

request call is served if there are channels available 

when such a voice handoff request call arriv

The probabilities P(i, j, k) (for i = 0, 1, 2, . . . , 

V
M ; j = 0, 1, 2, . . . , 

D
S , and k = 0, 1, 2, . . . , 

D
M ) can be obtained by using the same method of 

computation in the non preemptive priority handoff 

scheme.  

1.4   Cell Dwell Time  

For two-dimensional fluid flow model, the average 

outgoing rate 
dwell

µ  is given by 

 
where L is the length of the perimeter of a cell with 

arbitrary shape and A is the area of the cell. We 

assume that the cell dwell time 
dwell

T  has a random 

exponential distribution with mean 1/µ

the average cell dwell time is given by 

 
1.5   Handoff Area Dwell Time  

We consider the new random variable 

the speed of mobile users crossing the cell's 

boundary, the pdf *)(VfV is different from the 

above pdfs )(Vf
V

. *)(VfV  is given by 

 

we use 
dwellh

µ  to present the leaving rate of mobile 

user of handoff area and the average value of 

is given by 

 
1.5   Channel Holding Time  

 We assume that the call holding time of non real

time service calls has an exponential distribution with 

mean 

 
and we can get the average channel holding time of 

non real-time service call  
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and the channel holding time 
R
T

exponentially distributed with mean 

N
T ], respectively. 

IV. DEVELOPMENT OF SIMULATION 

MODEL 

The simulation approach is the most commonly used 

handoff evaluation mechanism. Several

models suitable for evaluation of different types of 

handoff algorithms under different deployment 

scenarios have been proposed and used in the 

literature. Usually, the analytical studies of handoff 

algorithms consider handoff between two BSs. 

However, the simulation   approach allows 

incorporation of many features of a cellular system 

and a cellular environment into the evaluation 

framework. 

This approach provides a common testbed for 

comparison of different handoff algorithms. This 

approach also provides insight into the behavior of 

the system. Despite being cost

measurements made at the BSs for handoff 

performance evaluation are not very useful since they 

cannot characterize small area performance.

Figure 2:  Simulation Model Components

V.   PERFORMANCE EVALUATION OF 

CONVENTIONAL HANDOFF 

1. Handoff Algorithm for GSM System 

The algorithm for GSM is as follows.

1. The MS performs signal quality measurements on 

two types of channels. 

a) Measures the RSS and BER of the current 

forward traffic channel during a call.

b) Measures the RSS of any RF channel which 

is identified from the measurement order 

message from the BS/MTSO.

2. The hand-off consists of three messages:

1. Start measurement order. 

2. Measurement order message.

3. Measurement order acknowledg

4. Stop measurement order. 

5. Stop measurement order from BS to MS.

6. MS acknowledgment. 

        7.    Channel quality message. 

The mobile transmits the signal quality information 

over the control channel. When a hand

received, if the MS is in low discontinuous 

transmission (DTX) state then it must enter the high 

DTX state and wait for 200 ms before taking the 

hand-off action. The hand-off action is initiated by 

the network by turning on a signaling tone for 50 ms 

then it turns off signaling tone and the transmitter 
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Measurement order message. 
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The mobile transmits the signal quality information 

over the control channel. When a hand-off order is 

in low discontinuous 

transmission (DTX) state then it must enter the high 

DTX state and wait for 200 ms before taking the 

action is initiated by 

the network by turning on a signaling tone for 50 ms 
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which was operating on old frequency. For the new 

frequency it adjusts power and   tunes to this new 

channel. After tuning to the new channel the 

transmitter and receiver is to set to digital mode. 

Once the transmitter is synchronized, the BS and MS 

enter the conversation task. 

2.1. Results for analytical and Simulation Model 

For GSM network we have evaluated the 

performance for handoff algorithms based RSS, C/I, 

and BER. To validate the analytical and simulation 

model we have tested the model for various handoff 

algorithms such as  

1. Threshold based. 

2. Hysteresis based. 

3. Power difference based. 

4. Velocity dependent. 

5. Multi-criteria base  

Figure 3 (a) is the validation for blocking probability 

and 3 (b) for dropping probability. 

 Figure 3 shows the validation results for the 

simulation model for Power difference based handoff 

algorithm 

 
Figure  3(a):  Validation of Analytical and 

simulation Model for PB. 

 
Figure 3(b):   Validation of Analytical and 

Simulation Model for PD 

From the figure 3 we observe that the analytical 

model and simulation model agree within 0.5% 

difference. 

 
Figure 4: Performance of Handoff Algorithms for 

Voice Traffic (PB) 

We have performed the comparison of above 

mentioned handoff algorithms for variable traffic, 

multimedia traffic and self-similar traffic. Figure 4 

shows the results for variable voice traffic. From this 

figure we observe that for threshold based algorithm 

the new call blocking probability is least and for 

multi-criteria with HO reservation is the highest. 

 
Figure 5:   Performance of Handoff    Algorithms 

for Voice Traffic (PD) 

Figure 5 shows the performance comparison for 

dropping probability for the handoff algorithms in 

discussion. It is observed that the dropping 

probability for multi-criteria is least and is highest for 

the threshold based algorithm. This due the fact that, 

for multi-criteria HO algorithm the handoff decision 

is based on number of parameters and there is 

reservation of the channels for the handoff requests. 

Today’s cellular systems carry multimedia traffic; 

therefore we have tested handoff algorithms for such 

type of traffic. Figure 4 shows the performance of 
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handoff algorithms for voice, data, video, and 

multimedia (voice plus video) traffic. The blocking 

probability for multimedia is highest for multi-

criteria, moderate for video and least for data only. 

 It is very important in case of user’s interest that the 

dropping probability should be slightest. We observe 

that the dropping probability criterion is satisfied by 

multi-criteria HO.  

 
Figure 6:  Performance of power difference based 

ho algorithm for different class of traffic 

VI. HANDOFF ALGORITHM FOR CDMA 

SYSTEM 

In case of GSM [1] a hard handoff is performed, that 

is, the MS releases the old channel before connecting 

to the new BS via the new channel; hence, there is a 

short interruption of the connection. Whereas in 

CDMA systems a soft handoff, in which an MS at the 

cell border may have several connections to the 

corresponding base stations at the same time so that 

there is a smooth transition between the cells without 

any interruption. To manage the soft handoff between 

cells belonging to different radio Network Interfaces 

(RNC). Hence in CDMA additional interconnections 

between the RNCs are required (in contrast to GSM). 

[3] In CDMA the handoff decision is based upon the 

received signal level. A handoff where at every 

moment the MS is served by the BS from which the 

maximum signal level is received is called an ideal 

power budget handoff. Owing to fading effects, such 

an ideal power budget criterion would cause very 

frequent forward and backward handoffs between 

different cells. For an architecture managing soft 

handoff, there is no problem for switching the 

connection between the different base stations 

immediately (on a millisecond timescale); the signals 

to and from different base stations may even be 

combined. Because of the short interruption phases 

and signaling effort, frequent hard handoffs should be 

avoided. This is usually achieved by introducing an 

averaging of the signal level and a hysteresis margin, 

that is, a hard handoff is only performed when the 

averaged signal level of a neighboring cell exceeds 

one of the current serving cells by this hysteresis 

margin of a few decibels. 

 
Figure 7:  Performance of Handoff Algorithms for 

CDMA Networks (PB) 

1. Results for CDMA network 

For comparing the performance of handoff 

algorithms in CDMA [11] we have selected to 

strategies. First one is based on RSS threshold with 

hysteresis along with soft handoff. Secondly, we add 

averaging of the RSS prior to hard handoff.[4] 

In case of CDMA we have evaluated the performance 

of the handoff algorithm which takes into 

consideration assignment of channel (PN sequence) 

prior to hard handoff. It is observed that the 

averaging algorithm gives optimum performance. 

 
Figure 8:   Performance of Handoff Algorithms 

for CDMA Networks. (PD) 

2.  Handoff Algorithm for UMTS System 

After the successful global introduction of the second 

generation (2G) digital mobile communications 

systems, the third generation (3G) Universal Mobile 

Communication System (UMTS) has finally taken 

off, at least in some regions. As we have discussed 

earlier, CDMA networks can use the same frequency 

in every cell and users are distinguished by means of 

codes. This means that it is a relatively simple task 

for a BS to decode the signals from more than one 

MS simultaneously by dispreading the single 
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received radio signal using a number of different 

scrambling and channelization codes. This technique 

is exploited in CDMA to support a feature known as 

soft handoff, whereby a BS can communicate with 

more than one MS simultaneously as it moves 

between cells in the network. The soft handoff has a 

number of advantages compared with the hard 

handoff used in FDMA and TDMA systems such as 

TACS and GSM, in which simultaneous 

communication with more than one base station is 

not allowed. 

In the UMTS soft handoff is controlled by means of 

an active set, which contains all of the MSs with 

which the BS is currently communicating. If the 

active set contains more than one MS, then the BS is 

deemed to be in soft handoff. On average we might 

expect around 30% of the BSs to be in soft handoff in 

a typical network. 

Although the UMTS system can support soft 

handoffs, it must also have the ability to support hard 

handoffs. This type of handoff is required when the 

MS moves between different CDMA radio carriers or 

between systems (e.g. moving from UTRA FDD to 

GSM)[5]. This presents a problem to the MS since it 

must make measurements on a different frequency to 

assess the suitability of the new radio carrier to 

support the ongoing call, but there are no natural 

breaks in the downlink transmissions that would 

allow the MS to do this. There are two possible 

solutions to this problem. One solution would be to 

include two separate radio frequency front ends in 

every MS. This would allow the MS to make 

measurements of one radio carrier while still 

continuing to decode the downlink transmissions 

from its serving BS on a different radio carrier. While 

this approach is relatively straightforward from the 

network point of view, it adds a level of complexity 

to the terminal that, in many cases, would be 

unacceptable. 

 
Figure 9: Performance of Handoff Algorithms for 

UMTS Networks (PB) 

Therefore, a second option exists whereby gaps are 

opened up in the downlink transmissions to give the 

MS an opportunity to retune to another radio channel 

and make a measurement. Unfortunately, the amount 

of data that must flow between the BS and the MS in 

the downlink direction does not necessarily decrease 

during the periods when these measurements are 

required and this means that the BS must transmit at 

a higher data rate on either side of the measurement 

gaps to ensure that the same amount of data can be 

transferred. This mode of operation is referred to as 

compressed mode because of the manner in which 

the data is compressed into the transmission periods 

on either side of the measurement gap. 

The purpose of this strategy is to optimize the cell or 

set of cells (i.e. the Active Set) to which the mobile is 

connected. Although handoff is an inherent 

functionality with cellular systems, in WCDMA more 

possibilities are open as long as the mobile terminal 

can be connected to more than one cell 

simultaneously, provided that these cells operate at 

the same frequency. Thus, a distinction between hard 

and soft handoff can be made. 

 Regardless of the handoff type, the handoff 

mechanism in WCDMA is controlled by the network 

with the assistance of measurements reported from 

the terminal side. Handoff involves three different 

steps: measurements, decision and execution. 

Measurements carried out by the mobile terminal can 

be transferred to the network either periodically or 

they can be event-triggered. The former option may 

consume radio resources unnecessarily if no changes 

in the radio interface conditions are observed 

between consecutive reporting periods. 

Measurements, which are very precisely specified, 

may be of different categories: intra-frequency (on 

the same UTRAN carrier), inter-frequency (on a 

different UTRAN carrier) or inter-RAT. 

 In case of UMTS the handoff is similar to CDMA 

system. In this case we have evaluated the 

performance of handoff algorithm which takes help 

of mobile terminal for handoff decision. It is 

observed that the mobile assisted handoff algorithm 

performs better than conventional handoff algorithm 

VII. CONCLUSION 

In this paper, we have performed the performance 

evaluation of three type of networks, which represent 

almost all classical wireless networks. Firstly we 

have validated the analytical and simulation model. 

Further investigations were carried out for different 

type of handoff algorithms and different class of 

traffic. 
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