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Abstract 
The integration of various cellular networks; wireless Local Area 
Networks, Worldwide interoperability for Microwave Access (WiMAX), 
Long Term Evolution (LTE), mobile ad-hoc networks and personal 
area networks utilizing all IP-based architecture constitutes 4G 
wireless networks. The mobile users roam across the boundaries of 
different access networks which gives rise to the requirement of 
effective handover algorithms. The basic criteria, while designing 
handover algorithms, is link quality, measured in terms of signal 
strength. In case of received signal strength based handover 
algorithms, the threshold signal strength and hysteresis margin play an 
important role. This paper gives an analysis of hysteresis margin for 
effective handover in 4G wireless networks. The impact of handover 
margin on handover delay and number of handovers is also 
investigated. Simulation results are obtained to find appropriate 
handover margin for users moving with different velocity. 
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1. INTRODUCTION

The wireless technologies, one of the fastest ever growing 
technologies, keep on developing facilities for mobile users. A 
number of competitive network providers as well as operators are 
involved in improving the available systems and enhancing the 
user satisfaction. An individual network is incapable of providing 
expected services to the customers. To fulfill the user demands in 
various aspects, the cooperation of different access technologies 
is required. The wireless technologies, including Worldwide 
Interoperability for Microwave Access (WiMAX), UTRAN, 
WiFi, cellular networks and LTE are proven to be beneficial for 
subscribers. The fourth generation (4G) wireless networks [1] 
utilize these technologies by integrating them in order to meet the 
user requirements which would not be possible by any individual 
network. In 4G technologies, these networks are supposed to 
perform seamless and smooth handover to have maximum 
utilization of the resources [2][3]. Handover is a process which is 
performed either by network or by the mobile station to provide 
continuous services with promising quality. The mobile initiated 
handover procedure is mainly due to insufficient signal strength 
received from serving cell while the network generally initiates 
the handover to avoid the call drop probability that may arise due 
to network congestion. The active connection is maintained for 
users, irrespective of their location or point of attachment. 
Broadly, two types of handovers are defined, namely, vertical 
handover and horizontal handover. The handover between base 
stations associated with same access technologies is known as 
horizontal handover or intra technology handover. On the other 
hand, the handover between base stations using different access 
technologies is referred as vertical handover or Inter-technology 
handover. In 4G technology, both types of handover are 

performed to converge these networks. It is highly desirable to 
initiate handover at the appropriate time and to get connected to 
the most preferred network to improve the perceived QoS [4]. The 
handover takes place in three steps: Handover initiation, handover 
decision and handover execution. The handover intiation deals 
with correct estimation about necessity of handover and 
generating triggers to start handover process. The second step is 
for taking appropriate decion about selection of most suitable 
target cell. In the last step i.e. handover execution, the mobile 
station actually connects to the target network after performing 
handover activities.   

In this paper, signal strength and hysteresis margin based 
algorithm is considered for handover. Choosing suitable threshold 
values of handover parameters is a challenging task. The impact 
of hysteresis margin on handover performance is studied which 
may help in determining suitable parameters. Mobile users 
moving with different velocity are also considered during 
simulation which may be useful for choosing appropriate 
handover parameters in dynamic environments. 

The rest of the paper is organized as follows: Section 2 
describes the related work in this research area. Section 3 presents 
the proposed system model for analyzing signal strength and 
hysteresis margin based handover algorithm. Finally, extensive 
simulation experiments are carried out to study the effect of 
hysteresis margin on handover delay and number of handovers  in 
section 4. In this section, it is shown that by making use of 
simulation results, the handover parameters can be optimized for 
users moving with different velocity. Finally concluding remarks 
and future scope is mentioned in section 5. 

2. RELATED WORK

Many researchers have elaborated the deployment of various 
handover algorithms to provide ubiquitous access to the network 
services. Effective algorithms can be designed by taking handover 
parameters into account. Some of the authors have shown the 
impact of few factors on handover performance. The authors of 
[5] proposes a predictive method to estimate received signal 
strength. Afterwards, the time to trigger handover is estimated 
with the help of predicted signal strength. The authors of [6] show 
that the number of unnecessary handover can be minimized by 
considering the effect of signal thresholds on handover 
performance. The effect of signal averaging time on hysteresis 
margin can be found in [7][8]. However, the radio channel 
characteristics are assumed as static contrary to the real time 
scenario. The authors of [9] provide a detailed study of signal 
averaging and handover margin as a function of velocity of 
mobile user. It also reveals the influence of users with extremely 
high velocities over cell size in WLAN. The authors of [10] show 
the impact of average window size and time to trigger on the 
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outage probability. In addition, the handover performance is also 
optimized by tuning the parameters. In [11], the authors 
investigate the effect of an application based signal strength 
threshold on an adaptive preferred network lifetime based 
handover strategy. The analytical derivations are done for 
different performance metrics. In [12], the handover required time 
is calculated for given neighbor network conditions followed by 
predictive link triggering mechanism. This technique minimizes 
the handover costs in terms of signaling load. In self organizing 
network based LTE systems, various time to trigger mechanisms 
are applied in [13]. It shows that by choosing a suitable time to 
trigger, ping pong effect can be mitigated along with acceptable 
radio link failure rate. For this purpose, two methods, referred as 
adaptive and grouping, are investigated. A data rate based 
handover triggering mechanism is proposed in [14]. Here, vertical 
handover is performed between WLAN and cellular network by 
making use of IEEE 802.21 functionalities. The network capacity 
is proved to be enhanced by applying the time to trigger 
mechanism. Similarly, RSS, available bandwidth and type of 
application are considered as basis for triggering handover in [15]. 
The Markov model is utilized to minimize wrong decision 
probability and missing handover probability. In [16], the effect 
of L2 trigger due to velocity of mobile user and cell size is studied 
in handover procedure. In this paper, the MIPv6 handover 
protocol is implemented between 802.16 and 802.11 networks. 
The length of dynamic boundary area is derived mathematically 
as a function of mobile node speed in [17]. This estimation is 
further utilized to choose the adaptive value of signal strength. 
This results in improved handover performance in next generation 
cellular networks. 

3. RSS AND HYSTERESIS MARGIN BASED
HANDOVER ALGORITHM

Conventionally, the handover is performed mainly on the 
basis of link quality of the network with which mobile station is 
associated. The basic terminology used in the handover algorithm 
is given below. 

Signal Strength: Signal strength is the measure of link quality 
of the physical channel through which mobile station is connected 
to base station. It is measured in decibels and it is the basic 
requisite to sustain a call. 

Threshold signal strength: It is the minimum signal strength 
required to maintain a link to a particular network. The mobile is 
unable to access a network if the received signal level goes below 
threshold level.  

Hysteresis margin: Hysteresis margin is the margin provided 
for maintaining the minimum difference between the signal 
strength received from the current base station and the target base 
station.  

Handover delay: Handover delay is the time difference 
between the link down time and the time where handover is 
actually performed. 

Handover rate: Handover rate is defined as the number of 
handovers performed during one trajectory of the mobile station 
across the boundary of the cell.  

The algorithm considered in this paper is acapable of taking 
decision for performing handover from BS1 to BS2 on the basis of 
the following conditions. 

• The signal strength received by mobile station from current
base station BS1 is less than the predefined threshold signal
strength (minimum signal strength required to maintain a
link).

• The signal strength received by mobile station from
neighboring base station BS2 is greater than the signal
strength received from BS1 by Hysteresis margin H dB.

Similarly, the handover from BS2 to BS1 is performed if 
reverse conditions get satisfied as given below. 

• The signal strength received by mobile station from the base
station BS2 is less than the predefined threshold signal
strength (minimum signal strength required to maintain a
link).

• The signal strength received by mobile station from
neighboring base station BS1 is greater than the signal
strength received from BS2 by Hysteresis margin H dB.

The Fig.1 shows the simulation model to implement the above 
mentioned algorithm. Two adjacent cells of hexagonal shape are 
considered for simulation and are supported by BS1 and BS2 
respectively. The mobile station is assumed to be moving with 
velocity ‘v’ away from BS1 towards adjacent cell. The distance 
between two BSs is D. The target network is assumed to be having 
sufficient resources. The received signal strength is an indication 
of the link quality at a particular instant and can be obtained using 
log distance path loss formula. According to the log distance path 
loss formula, it can be observed in Fig.2 that the link is 
deteriorating with an increase in distance from the current base 
station. On the other hand, the signal received from BS2 gets 
stronger as depicted in Fig.2. The handover necessity is ensured 
by monitoring the received signal strength regularly at an interval 
of nTs, where n is an integer measured by [D/vTS] and Ts is the 
sampling interval. The signal strength received by mobile station 
from BS1 and BS2 at nth interval is calculated by Eq.(1) and Eq.(2), 
respectively.  

Pr1(nTs)  = Pt – 10γlog10 (nvTs) + A(nvTs) (1) 
Pr2(nTs)  = Pt – 10γlog10 (D--nvTs) + B(nvTs) (2) 

Here, Pt is the transmitted power and γ represents the path loss 
exponent. A and B are zero mean stationary Gaussian random 
process that model log normal shadowing. To eliminate the effect 
of random fluctuations due to shadow fading, averaging of the 
samples of the received signal is performed. The average signal 
strength, calculated using exponential window is given by Eq.(3), 

Pri(n) = zPr(n-1) + (1-z) Pr(n) for i = 1,2 (3) 
where, z is the auto-correlation function between two adjacent 
shadowing samples. Another effect, that should be taken into 
account while measuring signal strength in real time, is fast 
fading. However, by suitable averaging method and parameters 
like correlation distance, it can be neglected.  
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Fig.1. System model 

 
Fig.2. Signal strength received from BS1 and BS2 with distance 

4. SIMULATION RESULTS AND DISCUSSION 

This section gives a detailed discussion about simulation 
results obtained through Matlab simulator. The effect of 
hysteresis margin on different parameters is observed. 

4.1 EFFECT OF HYSTERESIS MARGIN ON 
HANDOVER DELAY 

The Fig.3 shows how handover delay gets affected with 
variation in hysteresis margin. As hysteresis margin increases, the 
handover delay increases and vice-versa. This is due to the fact 
that a larger value of hysteresis margin can be achieved later as 
compared to the smaller value of hysteresis. As the mobile user is 
moving away from the current base station towards target base 
station, the signal strength received from BS1 gets degraded while 
received from BS2 gets stronger. This results in larger value of 
hysteresis margin. On the other hand, a relatively lesser value of 
hysteresis invokes handover earlier than the boundary of the cell. 
Both the extremities of hysteresis margin are undesired due to the 
reason that the ideal handover is supposed to be performed at the 
boundary of the cell.  

Another important observation made through this plot is the 
shifting of the graph with respect to change in velocity of mobile 
user. The velocity of mobile user ranges from 10m/s to 60m/s. 
The mobile users moving with low velocity suffer from high 
handover delay as compared to the fast moving users for a given 

value of hysteresis margin. After a certain value of hysteresis 
margin (6dB approximately), the velocity does not affect 
handover delay because the required condition for signal strength 
is very high which is not achieved very soon even for fast users.  

 
Fig.3. Variation of handover delay with hysteresis margin for 

variation in velocity of user 

 
 

Fig.4. Variation of number of handovers with hysteresis margin 
for variation in velocity of user 

 
Fig.5. Number of handovers versus handover delay for variation 

in velocity of user 
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4.2 EFFECT OF HYSTERESIS MARGIN ON NUMBER 
OF HANDOVERS 

The hysteresis margin has a great impact on number of 
handovers as depicted in Fig.4. The number of handovers varies 
inversely with hysteresis margin. It may be analyzed with the 
results that by keeping hysteresis margin low, the conditions for 
handover get satisfied for BS1 and BS2 very frequently due to 
random nature of signal strength. Thus, even small variations in 
signal can cause handover to be invoked. As a result, the mobile 
will keep on oscillating between the two stations referred to as 
ping-pong effect. To mitigate the ping-pong effect, the hysteresis 
margin should be kept reasonably high evidenced by Fig.4. 
Another factor, which affects the number of handovers for a 
particular value of hysteresis margin, is velocity of mobile user. 
Thus, the fast moving users are more sensitive to ping-pong effect 
however, after a ceratin value of hysteresis margin, saturation 
occurs and the velocity of mobile does not affect the handover 
rate.  

From the above two graphs (Fig.3 and Fig.4) obtained through 
Matlab simulation, it is clear that a high value of hysteresis margin 
gives benefit in terms of handover rate while a lesser value of 
hysteresis margin gives benefit in terms of handover delay. The 
appropriate hysteresis margin is to be determined for different 
values of velocity of mobile user. An efficient handover algorithm 
is supposed to provide less handover delay as well as less 
handover rate. These two parameters are contrary to each other. 
This paper proposes an effective solution to this issue which is 
supported by Fig.5. The Fig.5 shows graph between handover 
delay and number of handovers for different values of velocity. A 
tradeoff can be achieved with the help of this graph. It can be 
observed that the two factors get compromised in a region of 
4900m-5000m approximately (can be treated as optimum point) 
which is near to the boundary of current cell. Moreover, the 
optimum point gets shifted towards left of the boundary as 
velocity increases. This is due to the reason that a fast moving 
user will reach the boundary earlier than a slow moving user. 
Thus, handover is required to be invoked earlier in former case.    

5. CONCLUSION AND FUTURE SCOPE 

This paper presents an insight to the signal strength and 
hysteresis margin based handover algorithm. The hysteresis 
margin is analyzed to improve the performance of 4G wireless 
networks during handover. It may be concluded that the choice of 
hysteresis margin has a great impact on the handover delay as well 
as the number of handovers. In addition, the results also vary with 
variation in velocity of mobile user. A trade off curve between 
handover delay and number of handovers is drawn in order to 
support the analysis. In future work, more handover factors can 
be analyzed for different mobility environments. Also, test bed 
implementation can be done to experience the real time scenario.  
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