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ABSTRACT 

Improving system performance in terms of mobility management in Long Term Evolution-Advanced(LTE-A) wireless 

networks leads to a decrease in delay which improves the network performance of the system. The core step of every 

handover process is in its ability to decide the best eNodeB to handover to. This process is called handover decision 

and adapting pair values of hysteresis margin and Time to Trigger parameters are optimally used to minimize the 

effect of handover ping pong. Handover ping pong increases the frequency of handover which leads to an increase in 

the loading of the network which eventually leads to the degradation of network performance. This paper compares 

an improved adaptive based handover decision technique using multi criteria such as speed and distance of user 

equipment away from enodeB which help minimizes the probability of handover ping pong occurrence which reduces 

latency and improve the performance of the handover process. This adaptive multi criteria technique seems to be the 

best solution to mitigate the effect of handover ping pong for seamless connectivity and high quality of service.  
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1. INTRODUCTION 
Recently, the continuous need for high data rate and 

low latency has become a research focus in wireless 

communications networks. A wireless communication 

network is deployed over a geographical area to 

provide services such as voice, data and multimedia 

services to end users (Goyal & Kaushal, 2019). 

Mobility management which is an important aspect of 

wireless communication is a subset of handover 

management which ensures mobility of user 

equipment without the loss of information or Quality 

of service (QoS) with an eNodeB. Location and speed 

of every user equipment should be predetermined for 

handover process. Handover process ensures active 

connection to a user equipment as it moves from one 

enodeB to another (Sen, 2019).

 

2. LITERATURE REVIEW 

Review of Similar works 

 (Semiari, et al, 2017) proposed a mobility 

management for heterogeneous networks (HetNets) by 

leveraging Millimeter Wave (mmW) for a seamless 

handover process. This was approached by analyzing 

and managing mobility in a joint micrometer and 

millimeter (𝜇W-mmW) networks via leveraging 

device-level caching along with the capabilities of 

dual-mode eNodeBs to minimize handover failures 

and provide seamless mobility. Received signal 

strength, Gain, User Equipment, Velocity and Time to 

trigger were used as the performance indicators. The 

proposed solution provides significant reductions in 

the average handover failure for mobile users moving 

with relatively high speeds. This led to (Abdallah, et 

al., 2018) who proposed a vertical handover decision 

technique based on multi criteria within a 

heterogeneous wireless network based on received 

signal strength(RSS). The proposed multi criteria was 

based on three vertical handover decision schemes of 

network weight, mobile weight and equal weight using 

three different technologies of Worldwide 

interoperability of microwave access (WIMAX), 

Wireless Local Area Network (WLAN) and Long 

Term Evolution (LTE).  The result showed network 

weight yielded a better performance as compared to  

mobile and equal weights in terms of handover failure 

probability and average number of handovers.  

Meanwhile  another vertical handover decision 

scheme was proposed by (Subramani & Kumaravelu, 

2019) which was developed to select suitable access 
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networks based on quality of service requirement. 

Data rate, latency and received signal strength(RSS) 

were used as the fuzzy input and resource availability 

check of target base station to make it intelligent. The 

results obtained offered better performance in terms of 

speed which improved the overall computational delay 

as compared to the traditional multi attribute 

technique. Another hybrid of both fuzzy and multi 

attribute titled Multiple Attribute Handover in 5G 

heterogeneous networks (HetNets) based on an 

Intuitionistic Trapezoidal Fuzzy Algorithm was 

proposed by (Liu, et al., 2018). A multiple attribute 

handover scheme based on weight optimization and 

the intuitionistic trapezoidal fuzzy algorithm was 

proposed based on service differentiation 5G HetNets 

using received signal strength, load, bandwidth, delay, 

terminal energy consumption, packet loss rate and 

network cost. The proposed algorithm increases 

network throughput, reduces delay, decreases 

handover times and improves overall network 

performance. A trade off of both the multi attributes 

and fuzzy systems which are computationally complex 

led to excessive delay of the system. The focus on 5G 

wireless communication also led to the research on 

received signal strength prediction based multi-

connectivity handover scheme for Ultra-Dense 

Networks by (Zhao, et al., 2018). A new handover 

triggering mechanism was adopted such that both the 

target and serving eNodeBs are selected based on RSS 

prediction to reduce the latency caused by unnecessary 

handovers. The architecture employed was between a 

user equipment and connecting to eNodeBs and 

Access points (AP). Another interesting work was in 

the work of (Hosny, et al., 2019) where a new vertical 

handover prediction schemes for LTE-WLAN 

heterogeneous networks was proposed. In this work 

two novel prediction schemes were proposed. The 

first, depended on scanning the quality of all signals 

among mobile station and all nearby stations in the 

surrounding area, while the second one was based on 

a multi-criteria prediction decision using both the 

signal-to-noise ratio (SNR) value and bandwidth. 

Different scenarios were used to employ this technique 

using several access points (AP) and eNodeBs, 

distance and random movement type were also 

considered. The proposed schemes using received 

signal strength Indicator (RSSI) and Signal to noise 

ratio (SNR) achieved a success rate of 99% with the 

different scenarios using long term evolution – 

wireless local area network (LTE-WLAN) 

architecture. The performance of the proposed 

prediction scheme outperformed that of the existing 

prediction scheme in terms of the accuracy. Finally, 

handover optimization scheme was proposed for Long 

Term Evolution-Advanced (LTE-A) networks based 

on Analytic Hierarchy Process - Technique for Order 

Preference by Similarity to Ideal Solutions (AHP-

TOPSIS) and Q-learning (Goyal & Kaushal, 2019). 

An Intelligent scheme based on AHP- TOPSIS which 

was used for optimal selection of eNodeB and UEs and 

Q learning for triggering points of hysteresis margin 

and time to trigger was proposed to minimize 

handover failure rate and handover ping pong rate. The 

result shows that the proposed scheme minimizes the 

handover failure and handover ping pong probabilities 

as compared to conventional technique. The limitation 

of this was in the computational delay caused by the 

complexity of both AHP/TOPSIS and Q learning and 

inaccuracies with regards to the Q learning technique.

 

3. FUNDAMENTAL CONCEPT 

3.1 VERTICAL HANDOVER OVERVIEW 

Vertical handover involves the mobile user handing 

over across different network domains with continuity 

in data connection or quality of service (Hidrokh, et 

al., 2015).  The success rate of every handover process 

should be fast and seamless for end user satisfaction. 

The handover process both before and after are 

depicted in Figure 1 

 

Figure 1: Handover process (Ramar, 2020) 

3.2 Vertical Handover stages. 

There are three vertical handover stages. These 

include: 
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i. Handover Initiation:  This is the information 

gathering stage. Network access availability 

is detected and discovered at this stage. 

Multiple parameters such as mobile node 

mobility, channel information, reference 

signal received power (RSRP), reference 

signal received quality (RSRQ) and signal to 

noise ratio (SNR) are used for performance 

analysis.  

ii. Handover Decision: This involves 

comparison between measured values from 

handover initiation phase to a predefined set 

of values and decided whether to handover or 

not.  

iii. Handover Execution: This is where the 

handover process takes place after the 

decision to handover has occurred (Hidrokh, 

et al., 2015). 

3.3 VERTICAL HANDOVER DECISION TECHNIQUES 

An overview of the various existing handover decision techniques is presented and analyzed on Table 1.   

Table 1: Vertical handover decision techniques 

VHO Decision Scheme Description Pros Cons 

RSS Threshold Based 

 

 

 

 

 

Predictive Based 

 

 

 

Context aware Mobility 

Prediction Based 

 

 

Multi Attribute Based 

 

 

 

 

Adaptive Multi Criteria based 

(Zekri, 2017) 

 

 

Dynamic RSS threshold is calculated 

and compared to current RSS. If this 

gives a satisfactory result, then 

handover process takes place or else 

goes back to handover initiation Phase 

 

Predictive RSS threshold are used for 

high speed nodes to attain continuity of 

services 

 

User’s mobility pattern and historical 

data are collected as context for making 

handover decision 

 

This uses different parameters of both 

network, mobile node and base station 

for optimal selection 

 

 

This has the ability to adapt to changing 

environment and trade off Qos with 

changes in bandwidth usage 

 

 

 

Reduction in handover 

initiation and handover 

failure. 

 

 

 

Reduction in unnecessary 

handover 

Load balancing 

 

Suitable in uncertain 

network environment 

 

 

Applicable for wide range 

of conditions 

 

 

 

Reduction in handover 

failure probability 

Multi Criteria attribute 

Flexible 

Adaptability 

Universality 

Wastage of network 

resources 

 

 

 

 

Increases handover latency 

High link Utilization 

 

 

Unstable at varying speeds 

High packet loss 

 

 

Medium Complexity 

 

 

 

 

Power consideration 

Network Intelligence Based  

 

 

Quality of Service Based 

 

 

 

 

 

Decision Function  

Based 

(Ahmad, et al., 2013) 

This is based on ability to tackle 

information visibility and real time 

network traffic 

 

This involves different parameters such 

as cost, bandwidth and coverage area 

for QoS-aware function  

 

This is more prevalent with large 

number of parameters and complex 

trade-offs between these conflicting 

criteria 

Reduced packet loss 

Intelligent network selection 

 

 

Higher throughput 

Reduced delay 

Reduced latency 

 

 

Low handover blocking rate 

Conserves battery life 

Reduced ping pong 

 

Increased Complexity 

Increased processing time 

 

 

Not applicable for high 

speed 

Ping Pong effect 

 

 

High handover latency 

Low communication delay 
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3.4 VERTICAL HANDOVER DECISION MAKING 

CRITERIA 

The metrics used for handover process are used for 

optimal selection for both serving and target base 

eNodeBs. These metrics are tuned by optimization 

algorithms to improve handover performance (Basit, 

2019) 

i. Reference signal received Power: This is 

defined as the average power that a signal can 

carry within a considered bandwidth. This is 

a signal strength related metric and mostly 

used for cell reselection and handover 

decision. 

ii. Reference signal received Quality: This gives 

the indication of the signal quality.  

𝑅𝑆𝑅𝑄 =
𝑁×𝑅𝑆𝑅𝑃

𝑅𝑆𝑆𝐼
                                           (1)                                                                                                

where: 

𝑁 is number of resource block 

𝑅𝑆𝑅𝑄 is reference signal received quality 

𝑅𝑆𝑅𝑃 is reference signal received power 

𝑅𝑆𝑆𝐼 is received signal strength indicator 

 

iii. Received signal strength indicator: This is a 

measurement of all power contained in a 

spectrum.  

iv. Hysteresis Margin: This is a parameter used 

to make the measured target cell look worse 

than the serving one, to ensure it is really 

stronger before the UE decides to send a 

measurement report to initiate a handover. It 

has the value range of 0 to 30dB based on 

3GPP standard 

v. Time to trigger: This parameter is used 

mostly to avoid ping-pong effect. This has 

values of (0, 40, 64, 80, 100, 128, 160, 256, 

320, 480, 512, 640, 1024, 1280, 2560, 5120) 

milliseconds based on 3GPP standard. 

3.5 HANDOVER PERFORMANCE METRICS 

i. Radio Link Failure (RLF): This is defined as 

a ratio between the number of handover 

failures and the number of all handover 

attempts. The number of handover attempts 

is given by the sum of the number of the 

failed handover and the number of successful 

handovers: 

𝐻𝐹 =
𝑁𝑓𝑎𝑖𝑙

𝑁𝑓𝑎𝑖𝑙+𝑁𝑠𝑢𝑐𝑒𝑠𝑠𝑓𝑢𝑙
                   (2)                                                                                    

where:  

𝑁𝑓𝑎𝑖𝑙 is number of handover failure 

𝑁𝑠𝑢𝑐𝑒𝑠𝑠𝑓𝑢𝑙 is number of successful      

handover 

ii. Handover Failure rate(HFR): This is the ratio 

of number of handover failure to total number 

of handover attempted (Goyal & Kaushal, 
2019) 

               𝐻𝑅𝐹% =
𝑁ℎ𝑜𝑓

𝑁𝑡𝑜𝑡𝑎𝑙 ℎ𝑎𝑛𝑑𝑜𝑣𝑒𝑟 𝑎𝑡𝑡𝑒𝑚𝑝𝑡𝑒𝑑
                  (3)                                                       

where 

 𝑁ℎ𝑜𝑓 is Number of handover failure 

 𝑁𝑡𝑜𝑡𝑎𝑙 ℎ𝑎𝑛𝑑𝑜𝑣𝑒𝑟 𝑎𝑡𝑡𝑒𝑚𝑝𝑡𝑒𝑑  is the total number 

of handover attempted. 

iii. Handover Ping Pong(HPP): It occurs when 

the user equipment is handed over from one 

cell to another but quickly handed back to the 

original cell. The causes of handover ping 

pong include high velocity of user 

equipment, small time to trigger value and 

improper hysteresis margin setting. The ping 

pong handover ratio represents the number of 

ping pong handovers (NPP) divided by the 

total number of handovers including: i) the 

number of ping pong handovers, ii) the 

number of handovers without ping pong 

(NnPP), iii) the number of failed handovers 

(Nfail) (Silva, et al., 2017) 

𝐻𝑃𝑃 =
𝑁𝑛𝑝𝑝

𝑁𝑛𝑝𝑝+𝑁𝑝𝑝+𝑁𝑓𝑎𝑖𝑙
                            (4)                                                                                       

where 

𝑁𝑛𝑝𝑝 represents number of non ping pong 

handover 

𝑁𝑝𝑝 represents number of ping pong 

handover 

      𝑁𝑓𝑎𝑖𝑙 represents number of handover failure 

The proper setting for hysteresis margin values for 

optimization is depicted on Table 2 
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Table 2 Handover Ping Pong Optimization 

HANDOVER PERFORMANCE 

INDICATOR 

HYSTERESIS OPTIMIZATION 

HANDOVER PING PONG <2.5dB 

2.5dB – 5.5dB 

>5.5dB 

↑TTT 

↑HYS & ↑TTT 

↑HYS 

iv. Average number of handover: This is defined 

as the ratio of the total number of handovers 

performed by the user equipment to the total 

number of user equipment in the simulation 

environment 

𝑁𝐻𝑂−𝐴𝑉 =
𝑁𝐻𝑂

𝑁𝑈𝐸
                       (5)                                                                                         

 

where 

𝑁𝐻𝑂−𝐴𝑉 is average number of handover 

𝑁𝐻𝑂 is user number of handovers 

performed by all the user equipment 

                      𝑁𝑈𝐸  is number of equipment 

 

4. FINDINGS 

Finding the best VHO decision technique is of 

uttermost importance to end users and service 

providers. Different techniques have been used to 

mitigate the problem of ping pong effect in handover 

decision.  The current and future works done in 

mitigating this problem is the ability to adapt multiple 

parameters to changing environment which will 

increase the universality, flexibility and robustness of 

the system. The two major parameters for every 

handover decision are hysteresis margin and time to 

trigger. These parameters have to be properly selected 

and adjusted based on changing environment for 

optimal handover performance. Other parameters such 

as direction, speed, distance away from eNodeB of a 

user equipment should also be considered. Hysteresis 

margin (HM) and time to trigger (TTT) values were 

adapted based on distance and speed of any user 

equipment Zhang (2018). This was aimed at binding 

the user equipment to its original serving cell within 

its coverage area which led to reduction in handover 

ping pong probability and radio link failure. This paper 

shows how adaptive technique is the most suitable 

technique for minimizing handover ping pong 

probability due to its ability to perform in a dynamic 

real life environment.

 

5. CONCLUSION 

In current and next generation wireless networks, the 

ability to adapt and use multiple selection criteria is 

expected. This paper is an overview of the effect of 

handover ping pong probability in handover decision 

based on an adaptive technique as the most reliable 

technique with respect to other conventional 

techniques. With the rapid development of mobile 

networks, handover management solutions to next 

generation wireless networks is of uttermost 

importance. The ability of adjust parameters to 

changing environment and also make use for multiple 

selection parameters should be considered for more 

effective and reliable handover process in wireless 

networks. 
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