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Abstract—In the next generation of wireless network such as long term evolution (LTE) and worldwide interoperability for microwave access (WiMAX), 
always best connected concept is required. However in many situation handoff failures and unnecessary handoff are triggered causing degradation of 
quality of service. In this paper our main focus is on the handoff decision problem which affects the number of handoffs which may result in ping pong 
effect. To overcome this problem we have proposed an RSS based vertical handoff decision (VHD) algorithm with adaptive hysteresis to prevent this 
ping pong effect and also avoid late handoffs. 
 
Index Terms—Adaptive hysteresis, LTE, Ping-pong effect, Quality of service, RSS, Vertical handoff decision algorithm, WiMAX. 
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1 INTRODUCTION
A major challenge of the 4G wireless networks is seamless 
vertical handoff or inter-system handoff across the multi-
service heterogeneous wireless access networks as vertical 
handoff is the basis for providing continuous wireless services 
to mobile users roaming across the heterogeneous wireless 
networks.  Multimode mobile terminals will have to seamless-
ly roam among the various access networks to maintain net-
work connectivity since no single network can provide ubiqui-
tous coverage and high quality-of-service (QoS) provisioning 
of applications. Users will increasingly expect all their services 
to be accessible anywhere and from any device [1].  

For the packet switched fourth generation heterogeneous 
wireless networks such as LTE and WiMAX it is a challenge to 
provide seamless vertical handoff across these networks.  In 
such networks of heterogeneous nature, roaming users experi-
ence frequent handovers across network or cell boundaries. 
Such superfluous frequent handovers causes ping pong effect, 
wastage of network resources and interruption in service con-
nectivity resulting in degradation of quality of service. An 
important issue that needs to be considered while providing 
seamless vertical handoff especially across these heterogene-
ous network boundaries is handoff decision, that is, the ability 
to correctly decides at any given time whether or not to carry 
out vertical handoff. A vertical handoff decision algorithm 
must be able to decide on the need to timely and reliably initi-
ate a handoff, and determine and select the appropriate access 
network(s) when a user can be reached through several access 

networks.  Using RSS based vertical handoff, a mobile device 
will handoff to another network, when it did not receive the 
pre-established minimum receiving power from the original 
network. Use of only RSS as the vertical handoff metric in RSS 
based vertical handoff between LTE and Wi-MAX networks to 
support multimedia services cannot provide the user with the 
desired service continuity. This may also result in premature 
handoffs for example when the user is forced to handover 
from LTE to Wi-MAX network because of the fluctuations in 
received signal strength, even though the user achievable data 
rate from LTE network might be still much higher than it may 
get from Wi-MAX network.   
When the mobile station moves across the network boundary 
while moving from WiMAX to LTE and vice versa, the re-
ceived signal strengths from the neararound base station of 
either of the two networks will be very close. In such a situa-
tion, the strength of signal will be more susceptible to shadow-
ing effect, and be likely to cause handoff between the two base 
stations back and forth constantly, which is known as the 
ping-pong effect. By using a fixed hysteresis value the ping-
pong effect can be significantly reduced. When the hysteresis 
value is higher, the handoff time will result in more delays, 
thus reducing the ping-pong effect but not satisfactorily be-
cause of the late handoffs issue which causes service degrada-
tion. Therefore, in this paper, the RSS-adaptive hysteresis ver-
tical handoff algorithm has been presented to not only mini-
mize unnecessary handoffs but also avoid the problem of late 
handoff. 

2   WI MAX AND LTE NETWORK 
2.1. Wi-MAX    
WiMAX is an acronym meaning Worldwide Interoperability 
for Microwave Access. It is part of the IEEE 802.16 standards 
and was developed by the Institute of Electrical and Electronic 
Engineers (IEEE).The current WiMAX release supports trans-
fer rates up to 46 Mbps in downlink and 4 Mbps in uplink us-
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ing 10MHz system bandwidth. The WiMAX system supports 
scalable system bandwidth using time division duplex (TDD). 
Maximum coverage with the technology is 50 km for fixed 
usage and up to 5 km for mobile usage. WiMAX is a flat, all 
IP-based architecture. WiMAX supports quality of service 
(QoS). It is achieved by allocating bandwidth to users. Wi-
MAX uses orthogonal frequency-division multiple access 
(OFDMA) in the downlink and in the uplink. WiMAX pro-
vides authentication which prohibits unauthorized users from 
using the network services. WiMAX also makes use of the 
multiple in, multiple out (MIMO) technology [2]. 
  
2.2.  LTE     
Long Term Evolution also known as LTE was developed by 
the 3rd Generation Partnership Project (3GPP). It was released 
in the 4th quarter of 2008. LTE supports peak data rates of 100 
Mbps in downlink and 50 Mbps in uplink, both reached with 
20 MHz spectrum. LTE uses also orthogonal frequency-
division multiple access (OFDMA) in the downlink, but it uses 
single carrier frequency-division multiple access (SCFDMA) in 
the uplink. LTE has also some power-saving mechanisms to 
turn off the transmitter whenever there is no data to transmit 
or receive. Same as WiMAX, LTE also offers quality of service. 
To achieve that, it uses reservation-based access as well and 
creates time frames. LTE provides similar security mecha-
nisms to WiMAX such as using security keys between trans-
mitter and receiver to ensure a secure connection and encrypt-
ing the communication. MIMO techniques are also used in 
LTE [2].   
 

3 VERTICAL HANDOVER 
3.1. Handover Management Process  
Handover management process  in a mobility scenario is the  
procedure  to  maintain  continuous  connection  in  active  
mobile  terminal  while  moving  from  one  access  link  (base 
station  or  access  router)  to  another.  Handover manage-
ment process has been described in several works which in-
volve three phases [3] as shown in Figure 4:  
a. Handover Information Gathering  
It is used to collect all information desired to initiate the hand-
over. Also known as system discovery or handover initiation 
phase. 
b. Handover Decision  
It is used to determine when and how to perform the hando-
ver by selecting the best access link available and by giving 
instructions to the next phase (i.e.  handover  execution).  Also 
known as system or network selection. 
c. Handover Execution  
It is used to change channels conforming to the details re-
solved during the decision phase. 
 
3.2. RSS based VHD algorithm 
Many VHD  algorithms have  been proposed  in  the  research 
literature,  most  of  them  have  designed  their VHD  algo-
rithms depending  on  the  signal  strength  received  by  the  
mobile  terminal, where handover decisions are made by 

comparing the received signal strength with the preset thresh-
old values. These algorithms  which  use  signal  strength  as  
their  basic  handover decision  indicator  are  called  Received  
Signal  Strength  (RSS) algorithms. RSS based VHD algorithm 
occurs when  the  mobile  terminal  receiving  power  ap-
proaches  the  threshold  value  regardless  of  the  QoS  need-
ed,  thus  rendering RSS-based  VHD  not  to  support  user's  
QoS  requirement[3]. This leads to premature handoffs result-
ing in ping pong effect thus degrading service quality because 
of networks resources wastage, huge power consumption 
which is the life of a mobile terminal as well as interrupted 
data transfer. The metrics for performance evaluation of VHD 
algorithm are [4]: 
a.Handover delay 
It refers to the duration between the initiation and completion 
of the handover process. Handover delay is related to the 
complexity of the VHD process, and reduction of the hando-
ver delay is especially important for delay-sensitive voice or 
multimedia sessions.  
b. Number of handovers 
 Reducing the number of handovers is usually preferred as 
frequent handovers would cause wastage of network re-
sources.  
c. Handover failure probability 
A handover failure occurs when the handover is initiated but 
the target network does not have sufficient resources to com-
plete it, or when the mobile terminal moves out of the cover-
age of the target network before the process is finalized.  

 

4  RELATED WORK 
Zahran and Liang [5] proposed RSS based VHD algorithm 
using lifetime metric which reduced number of superfluous 
handovers and improves average throughput for the users. Its 
drawback is long packet delay.  
Mohanty and Akyildiz [6] proposed RSS based VHD algo-
rithm comparing the current RSS and a dynamic RSS thresh-
old. This algorithm reduced the false handover initiation and 
handover failure probabilities. Its drawback is wastage of 
network resources. 
Yan et al. [7] developed an RSS based VHD algorithm that 
takes into consideration the time the mobile terminal is ex-
pected to spend within a WLAN cell. This method minimized 
handover failures, unnecessary handovers and connection 
breakdowns. Its drawback is extra handover delay.  
Lee et al. [8] devised a bandwidth based VHD algorithm 
which gave high system throughput and low handover laten-
cy for real time transmission. Its drawback is difficulty in ac-
quiring available bandwidth information and increased new 
application blocking rate. 
Yang et al. [9] presented a bandwidth based VHD method 
using Signal to Interference and Noise Ratio (SINR).Its draw-
back is excessive handovers. 
In [10], Chi et al. proposed a VHD heuristic based on the 
wrong decision probability (WDP) prediction. This algorithm 
reduced unnecessary handover probability and balanced the 
traffic load. Its drawback is increased connection breakdown 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research, Volume 4, Issue 8, August-2013                                                                    952 
ISSN 2229-5518 
 

IJSER © 2013 
http://www.ijser.org 

probability without considering the RSS. 

5 PROPOSED WORK 
5.1  Ping-pong effect  
Typical radio propagation environment is characterized by 
fluctuations in the received signal power due to slow fading 
caused by buildings and obstructions as well as fast fading 
resulted from multiple propagation paths the receivers expos-
es. Handover theoretically deals with these variations in the 
cells boundary where there is a signal decrease from one cell 
and increase of the other cell. As results of user mobility in the 
cell boundary, being these fluctuations fast and occur in fre-
quent increase and decrease of signal strength. These signal 
fluctuations will lead to many handovers if a user is going to 
simply handover to a cell which provides a better quality of 
signal, when the user is moving from one cell to another. This 
impact, very significant around the cell boundary, forces the 
user to handover forth and back between two cells. This nor-
mally is referred to as Ping-Pong effect [11]. 
 
 

 

 

 

 

 

 
Fig.1 Mobile node movement area is the cell boundary where ping pong 

effect occurs. 
 
Figure 1 shows the vertical handover between WiMAX and 
LTE networks and at the cell boundary of WiMAX the ping 
pong effect occurs due to fluctuations in RSS.As a result of 
user mobility in the cell boundary, being these fluctuations 
fast and occur in frequent increase and decrease of signal 
strength of both networks. This leads to superfluous hando-
vers which increases ping pong effect. The RSS based VHD 
algorithm is used for handoff between these two networks. 
However this algorithmis not adequate enough because if we 
consider only RSS as the handoff metric it results in premature 
handoffs thus increasing the ping pong effect. To solve this 
issue a hysteresis value is added with the RSS of old base sta-
tion then this value compared with the RSS of new base sta-
tion. 
 
5.2 RSS based Fixed Hysteresis Vertical Handoff 

Decision Algorithm 
In a handoff, to reduce ping-pong effect a fixed hysteresis h 

can be added in the handoff decision by, 
 
𝑅𝑅𝑅𝑛𝑒𝑤_𝑏𝑠 > 𝑅𝑅𝑅𝑜𝑙𝑑_𝑏𝑠 + ℎ ,                (i) [12] 
 
In equation (i), h is the hysteresis value. If the handoff condi-
tion is satisfied, the call is handed over to the adjacent cell 
with the largest RSSnew_BS. The handoff will not occur unless 
the RSS from an adjacent BS is greater than that from the serv-
ing BS by the hysteresis value h. If h is set too high, the ping-
pong effect can be reduced. But the handoff delay may result 
in a dropped-call or low quality of link. On the contrary, if h is 
too small, unnecessary handoffs might get increased [12]. 
 
5.3 RSS based adaptive hysteresis vertical handoff 

decision algorithm 
The proposed adaptive hysteresis method would be superior 
to fixed hysteresis method due to the adaptivity on the value 
compared to the larger fixed hysteresis value thus effectively 
reducing number of handoffs preventing ping pong effect 
leading to better communication quality. This method uses the 
received signal strength difference between the LTE and Wi-
MAX network as the hysteresis value along with a scaling fac-
tor, hysteresis value is defined as, 
 
h =  𝑎𝑏𝑠(𝑅𝑆𝑆𝐿𝑇𝐸−𝑅𝑆𝑆𝑊𝑖𝑀𝐴𝑋)+𝛾

2 (ii) 
 
In equation (ii),(RSSLTE − RSSWiMAX) represents the difference 
between received signal strength’s of LTE and WiMAXand 
vice-versa. γis the scaling factor. In this algorithm, RSS with a 
hysteresis value is taken as an input parameter. The hysteresis 
value adapts according to the network conditions and thus is 
called as adaptive hysteresis value. Once the hysteresis value 
calculated and set for vertical handover decision making the 
change in that value made only if the next calculated value is 
greater than previous. The RSS of WiMAX and LTE is calcu-
lated on the basis of the mobile terminal velocity, a time coun-
ter and slow fading and fast fading calculations of both net-
works. Then the difference of RSS of both networks along with 
a scaling factor is calculated by the adaptive hysteresis formu-
la and then the RSS of new base station (BS) is compared with 
the RSS of old BS and adaptive hysteresis value. A handoff 
clock is also set. If the RSS of new BS is greater than the RSS of 
old BS with hysteresis then only handoff is triggered. 
 
The flowchart for the proposed algorithm has been shown in 
Fig. 2. 
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Fig.2 Flowchart of RSS based vertical handoff algorithm with hysteresis 

 

6 SIMULATION AND RESULTS 
For simulation we create an environment in Matlab R2010a. 
For developing such an environment we have created an LTE 
base station which has a coverage area of radius 1000 meters 
and a WiMAX base station which has a coverage area of radi-
us 300 meters. WiMAX base station lies in the coverage area of 
LTE network. It has a mobile node which is moving in back 
and forth position at the cell boundary of WiMAX as shown in 
fig.1. 
 
Table 1 for Simulation Parameters  
 

Parameter Value 
Mobile station speed 10 m/s 
Frequency of LTE 2000*10^6 Hz 
Frequency of WiMAX 2500*10^6 Hz 
Time Interval 0.5 s 
Fast fading Jakes model  
Fixed hysteresis (h) 3 
Simulation time 200 s 
Handoff drop for 
handover decision 

1 s 

Distance between base 
stations 

600 m 

RSS dBm 
 

 
During simulation first we use RSS based VHD algorithm 
without any hysteresis value. Because of the back and forth 
movement of mobile node at cell boundary the received signal 
strength increases and decreases continuously. Fig. 3 shows 
the RSS received from both networks during simulation time 
period. 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3 Received signal strength of LTE AND WiMAX 
 
 
Due to the fluctuations in RSS from both networks the 
handoffs occur frequently after each 10 sec approximately. As 
shown in fig. 4 below, the mobile node is showing the ping-
pong effect indicated by the mark of network continuously 
changing network from WiMAX to LTE and from LTE to Wi-
MAX in a very short period of time. There are 20 numbers of 
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handoff that had occurred in a very short period of 200 sec 
when RSS based VHD algorithm without hysteresis value was 
used. 
 

 
 
 
 
 
 
 
 
 
 
 

Fig. 4 RSS based VHD algorithm without hysteresis having ping pong 
effect. 

 
To minimize these numbers of handoffs we then used the RSS 
with fixed hysteresis VHD algorithm. A fixed hysteresis value 
h=3 was added in RSS based VHD algorithm and then we 
evaluated the result. From fig. 5 it is shown that the number of 
handoffs reduced to 16 but this is not a satisfactory result. 
 
  
 
 
 
 
 
 

 
 
 
 

Fig. 5 RSS based VHD algorithm with fixed hysteresis, h=3. 
 
To reduce the number of unnecessary handoffs finally we de-
rived an adaptive hysteresis formulaand then used the value 
of adaptive hysteresis instead of fixed hysteresis in the RSS 
based VHD algorithm. The results are quite impressive as it 
reduced large number of unnecessary handoffs. From fig 6 it is 
finally shown that the number of unnecessary handoffs reduc-
es to 4.Thus the proposed RSS based adaptive hysteresis out-
performs the other two algorithms efficiently reducing the 
ping pong effect. 
 
 
 

 

 

 
Fig. 6 RSS based VHD algorithm with adaptive hysteresis. 

 
Simulation results have proved that RSS based adaptive hyste-
resis VHD algorithm reduced unnecessary (superfluous) 
handovers to 80% as compared to RSS based VHD algorithm 
and up to 64% as compared to RSS based fixed hysteresis 
VHD algorithm. 

6 CONCLUSION AND FUTURE WORK 
From this research work we can conclude that RSS based ver-
tical handover decision algorithm with hysteresis provide 
greater efficiency to reduce the ping-ping pong effect and im-
prove quality of service. The fixed hysteresis can be used but 
the adaptive hysteresis algorithm provides better results than 
fixed hysteresis algorithm.  
In future work, vertical handoff decision algorithms such as 
SINR algorithm, Artificial Intelligence algorithm can be used 
to handle ping pong effect. The fixed and adaptive hysteresis 
values can be used with these algorithms to increase quality of 
service and minimize superfluous handoffs. 

REFERENCES 
[1] Ram Kumar Singh, AmitAsthana, “Vertical Handoffs in Fourth Generation 

Wireless Networks”, IJSCE ISSN: 2231-2307, Volume-2, Issue-2, May 2012. 
[2] Dieter Eberle, “LTE vs. WiMAX 4th generation telecommunication networks”, 

Berlin Institute of Technology, Germany. 
[3] AmnarA.Bathich, MohdDani Baba, Muhammad Ibrahim, “IEEE 802.21 Based 

Vertical Handover in WiFi and WiMAX Networks”, 2012 IEEE Symposium 
on Computers and Informatics. 

[4]IssacaHassaneAbdoulaziz, Li Renfa and ZengFanzi, “Handover Necessity Esti-
mation for 4G heterogeneous networks”, IJIST, Vol.2, No. 1, January 2012. 

[5] A.H. Zahran, B. Liang, A. Saleh, “Signal threshold adaptation for vertical 
handoff in heterogeneous wireless networks”, Mobile Networks and Applica-
tions 11 (4) (2006). 

[6] S. Mohanty, I.F. Akyildiz, “A cross-layer (layer 2 + 3) handoff management 
protocol for next-generation wireless systems”, IEEE Transactions on Mobile 
Computing 5 (10) (2006). 

[7]X. Yan, N. Mani, Y.A. S_ekerciog l̆u, “A traveling distance prediction based 
method to minimize unnecessary handovers from cellular networks to 
WLANs”, IEEE Communications Letters 12 (1) (2008). 

[8]C.W. Lee, Li M. Chen, M.C. Chen, Y.S. Sun, “A framework of handoffs in wire-
less overlay networks based on mobile IPv6”, IEEE Journal on Selected Areas 
in Communications 23 (11) (2005). 

[9]K. Yang, I. Gondal, B. Qiu, L.S. Dooley, “Combined SINR based vertical handoff 
algorithm for next generation heterogeneous wireless networks”, in Proceed-
ings of the 2007 IEEE Global Telecommunications Conference 
(GLOBECOM’07), Washington, DC, USA, November 2007. 

[10] C. Chi, X. Cai, R. Hao, F. Liu , “Modeling and analysis of handover algorithms”, 
in Proceedings of the 2007 IEEE Global Telecommunications Conference 
(GLOBECOM’07), Washington, DC, USA, November 2007. 

[11]Jimmy Jessen Nielsen, Tatiana K. Madsen, Christian BräunerSørensen, Valde-
marMonteiro, Yi Ma, “Optimized Cellular Connectivity using Positioning Da-
ta”, ICT- 217033 WHERE, D3.7 Version 1.0, 11 May 2010. 

[12] Yung-FaHuang, Fu-bingao and Hui-Chao Hsu, “Performance of an Adaptive 
Timer-based Handoff schemes for Wireless Mobile Communications”, New 
Aspects of Signal Processing, Computational Geometry and Artificial Vision 

 

IJSER

http://www.ijser.org/

	1 Introduction
	2   wi max and lte network
	2.1. Wi-MAX
	2.2.  LTE

	3 vertical handover
	3.1. Handover Management Process
	3.2. RSS based VHD algorithm

	4  related work
	5 proposed work
	5.1  Ping-pong effect
	5.2 RSS based Fixed Hysteresis Vertical Handoff Decision Algorithm
	5.3 RSS based adaptive hysteresis vertical handoff decision algorithm

	6 simulation and results
	6 conclusion and future work
	References



