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Abstract—With the increasing demand for higher bandwidth 

and data rate of the mobile user. There are massive base stations 

(BS) will be deployed in the future wireless environment. Several 

issues could be raised dues to dense deployment of BSs, i.e. 

handover (HO) ping-pong effect, unnecessary HO and frequent 

HO. To avoid these effects, the handover decision-making 

strategies become extremely important to select the optimal BS 

among all detected BS and ensure QoS for each mobile user. In 

this paper, the author develops a fuzzy-TOPSIS based HO 

algorithm to minimise the ping-pong effect and number of HO. 

The proposed algorithm integrates both advantages of fuzzy logic 

and TOPSIS. The received signal strength intensity (RSSI) and 

signal to noise ratio (SNR) are considered as HO criteria in this 

approach. For the simulation result, the proposed HO algorithm 

can reduce ping-pong rate and a number of HO effectivity by 

comparing to conventional RSSI-based HO approach and 

classical multi-attribute decision making (MADM) HO method, 

i.e. simple additive weighting (SAW) and TOPSIS. 

 

Index Terms—Handover management; Multi-attribute decision 

making; Technique for Order Preference by Similarity to an Ideal 

Solution; Fuzzy logic; 

 

 INTRODUCTION 

To cope up with the demand of the mobile users in 

mobile data and the Internet of Things (IoT), the fifth-

generation of mobile communications (5G) system has 

been proposed and developed and expected to be 

commercialised in 2020. One of the main features in 5G is 

to deploy massive small base stations (BS) in the 

environment that provide higher capacity and coverage 

and thus allow ubiquitous connection for the user 

equipment (UE).  However, due to high mobility for the 

future 5G scenario, the staying duration of UEs under each 

BS becomes relatively short. There will be several issues 

expected in the dense connection networks such as 

frequent handover (HO), unnecessary HO and ping-pong 

effect. Also, these effects can further increase 

communication latency and energy consumption during 

communication.   

To mitigate these effects, HO needs to be triggered at 

the exact right moment (i.e. when?) and switch to the 

optimal BS (i.e. where?). Generally, the whole HO process 

consists of three stages: the preparation, execution and 

completion stage. In the preparation stage, the UE gathers 

HO related parameters such as RSSI, SNR, latency etc. of 

                                                           
 

all neighbouring BSs and reports to its serving BS. The 

serving BS of UE will then make a decision to trigger an 

HO and select the most suitable neighbouring BS as HO 

target. At the execution stage, the UE will switch its 

connection from the serving BS to targeted BS using either 

hard or soft HO mechanism. Finally, the HO process ends 

with the information updates in the user plane at the HO 

completion stage. Therefore, if the selected BS is not an 

optimal option in terms of each HO criteria, the abnormal 

HO hence results. Based on that, it is important to adopt a 

suitable HO decision-making algorithm and HO criteria to 

ensure HO performance. The conventional HO algorithm 

to select BS only depends on RSSI. As such, HO is easily 

influenced by interference, and subsequently causing UE 

handover frequently among BSs that know as ping-pong 

effect. Furthermore, a single metric-based HO cannot meet 

the requirement for mobile users and the actual situation 

for the current or future scenario.  

One of the popular approaches is to adopt multi-

attribute decision making (MADM) scheme to select a 

suitable BS. The MADM is a mathematical tool to deal 

with decision-making problem with multiple conflicting 

attributes. By applying MADM into HO decision-making 

stage, it can support UE to select the optimal BS as HO 

target among various candidate BSs concerning different 

attributes. Generally, conventional MADM methods are 

simple additive weighting (SAW), techniques for order 

preference by similarity for an ideal solution (TOPSIS), 

analytic hierarchy process (AHP) and Grey relational 

analysis (GRA). Among these, TOPSIS is the popular 

MADM variant as discussed in surveys [1]–[5].  

However, the MADM in general, have some inherent 

drawbacks. First, the output of MADM is highly 

dependent on its weight value, which generally obtained 

from human experience. However, most of the time the 

mobile operators do not have full information and heavy 

reliance on human experience are unreliable. Apart from 

this, MADM itself is not able to process uncertain and 

imprecise data within decision criteria conclusively. In 

another word, when UE gather information, even with 

minor deviation, such as unpredictable radio signal 

fluctuation, the output decision from MADM are usually 

unreliable.  

To overcome these two drawbacks in MADM, this 

paper proposes a hybrid of TOPSIS and fuzzy logic in HO 
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decision-making, known as the fuzzy-TOPSIS. This 

proposal HO algorithm combines both advantages of fuzzy 

logic and TOPSIS, which incorporates more than one 

criteria as the input of HO, and process uncertain input data 

and weight value to obtain the optimal decision. The fuzzy 

logic is implemented to process weight value and data that 

gathering by UE as the input for TOPSIS. Here, TOPSIS 

functions as the main decision-making engine in the 

algorithm. In addition, the proposed algorithm adopts the 

coefficient of standard deviation weighting techniques to 

calculate the degree of importance of each HO criteria such 

as RSSI and SNR. By implementing both the fuzzy logic 

approach and coefficient of standard deviation weighting 

techniques in the proposed algorithm, can effectively 

minimise the need of human participation, and effectively 

reducing human errors. The objective of the proposed HO 

algorithm is to decrease unnecessary HO and ping-pong 

effect during HO. The proposed algorithm will be 

evaluated and compared with the conventional RSSI-based 

algorithm and traditional MADM method i.e. SAW and 

TOPSIS in term of number of HOs and ping-pong effect.  

The rest of this paper is organised as follow. Section 2 

gives a brief literature review for MADM in HO decision 

making. Section 3 demonstrates the comprehensive fuzzy-

TOPSIS HO scheme. This scheme will be tested in a 

simulation environment, and its HO performance are 

shown in section 4. Finally, conclusion and future work 

will give in section 5. 

 RELATED WORKS 

Fuzzy logic is a reliable mathematical tool to trigger an 

HO as discussed in[6]–[10] The basic structure of fuzzy 

logic consists of fuzzification, fuzzy inference system 

(FIS) and defuzzification. The input parameters such as 

RSSI and SNR will be transformed from non-crispy format 

into crispy format through a group of membership 

functions. The crisp values will then be processed by a set 

of IF-THEN fuzzy rules to obtain output value. The 

defuzzification module will convert the crispy data into 

HO factor by another group of membership functions. The 

HO factor is separated from 0-1, and 1 means HO with 

high probabilities to occur, and 0 is the least likely. 

Paper [6] proposed a fuzzy logic based HO algorithm to 

trigger HO under A2 event. The fuzzy logic is 

implemented to adjust the HO threshold based on the 

quality of the channel and user’s velocity. And paper [7] 

applied fuzzy logic to obtain optimal HO margin and time 

to trigger to minimise HO ping-pong effect and increase 

HO throughput. Paper [8] combine fuzzy logic and utility 

function as HO algorithm between WiMAX and WLAN. 

The fuzzy logic is used to initial HO and utility functions 

are then applied to select the optimal access networks. 

Paper [9][10] integrates artificial neuro networks into the 

fuzzy logic system. In this way, the fuzzy membership 

functions can dynamically self-adjust based on the changes 

of environment, which could also improve the system 

efficiency by reducing human intervention. Apart from 

HO, the fuzzy logic are also widely used in other 

communications field as [11]–[13]. 

On the other hand, TOPSIS is also widely applied in the 

cell selection of HO as shown in papers [14]–[17]. The 

TOPSIS method is first developed by Hwang and Yoon 

[18]. The essential idea of TOPSIS is to seek for a 

candidate that with the shortest distance from the positive 

ideal solution (PIS) and with the farthest distance from 

negative ideal solution (NIS). Works in [14] proposed two 

novel TOPSIS-based HO algorithm in ultra-dense 

heterogeneous networks. The first algorithm adopts the 

entropy weighting technique to calculate weight value for 

each HO criteria. 

In contrast, the second algorithm incorporated standard 

deviation weighting techniques to compute the weight 

value for each attribute.  According to the simulation 

results in [14], the two proposed algorithms can reduce 

frequent HO, radio link failures and enhance user 

throughput by comparing to existing methods. Research in 

[15] developed an enhanced HO decision algorithm that 

used the analytic networks process to weight the HO 

criteria and TOPSIS to rank the candidate networks. 

Reference [16] shown an improved TOPSIS HO scheme 

for telemedicine service to satisfy user preference in both 

critical and non-critical health conditions. The TOPSIS are 

used to deal with the patient health condition and user 

requirement. Authors in [17] demonstrated an optimal 

vertical HO approach based on TOPSIS and utility 

function. The TOPSIS is first applied to evaluate the 

performance of each access technologies based on the 

traffic class. Moreover, the utility function is then 

implemented to represent the desires of the user on the 

traffic class for optimal network selection. The simulation 

results show that the proposed approach can significantly 

reduce the reversal phenomenon, the ping-pong effect and 

number of HO failures. 

 SYSTEM MODEL 

While moving, UE will collect HO related information 

for candidate BS such as RSSI, SNR, BER, etc. and report 

to its serving BS. The serving BS will decide the need to 

trigger the HO based on the collected information. After 

triggering, the UE will feed collected information to fuzzy-

TOPSIS HO algorithm.  

The first step of fuzzy-TOPSIS HO algorithm is to build 

a decision matrix DM for each access networks concerning 

its criteria as illustrated in (1): 

 

   

(1) 

 

where each raw Ai (i from 1 to m) represent one candidate 

BS, and each column Cj (j from 1 to n) perform one 

attribute (HO criteria). For example, A1 is one BS with n 

HO criteria from x11 to x1n.  

Secondly, data in the matrix DM need to normalise into 

dimensionless by implementing Min-Max Scaling 
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approach for benefit and cost criteria as shown in (2)(3) 

respectively: 

 

                    𝑍𝑖𝑗 =
[𝑥𝑖𝑗−𝑚𝑖𝑛{𝑥𝑖𝑗}]

[𝑚𝑎𝑥{𝑥𝑖𝑗}−𝑚𝑖𝑛{𝑥𝑖𝑗}]
                       (2) 

 

                    𝑍𝑖𝑗 =
[𝑚𝑎𝑥{𝑥𝑖𝑗}−𝑥𝑖𝑗]

[𝑚𝑎𝑥{𝑥𝑖𝑗}−𝑚𝑖𝑛{𝑥𝑖𝑗}]
                        (3) 

 

After obtaining the normalised matrix, the weight value 

for each HO criteria can be calculated by the coefficient of 

standard deviation weighting techniques as (4) (5): 

 

              𝑉𝑗 =
𝜎𝑗

𝑍𝑗̅̅ ̅
              (j=1, 2, … , m)                    (4)  

 

           𝑊𝑗 =
𝑉𝑗

∑ 𝑉𝑗
𝑚
𝑗=1

      (j = 1,  2,  … ,  m)                 (5) 

 

The 𝑊𝑗 is the weight for criteria j and calculated by the 

coefficient of standard deviation 𝑉𝑗. 𝜎𝑗 is the standard 

deviation of criteria j, and 𝑍𝑗̅ is the average value for each 

criterion. The coefficient of standard deviation weighting 

techniques can obtain more accurate weight value than 

standard deviation weighting techniques. 

Based on the weight for each HO criteria, the 

normalised decision matrix and weight value will be 

transformed from non-crispy values to crispy value by 

mapping into a triangular fuzzy membership function as 

shown in (6) and Fig.1. This process is known as 

fuzzification.  

 

𝐷(𝑥) =

{
 
 

 
 
0                                     𝑥 ≤ 𝑎1
𝑥−𝑎1

𝑎2−𝑎1
              𝑎1 < 𝑥 ≤ 𝑎2

𝑎3−𝑥

𝑎3−𝑎2
               𝑎2 <  𝑥 ≤ 𝑎3

1                                       𝑥 > 𝑎3

                (6) 

 

     After the fuzzification process, the normalised 

decision matrix DM and weight value are transformed into 

a normalised fuzzy decision matrix DM̃ and fuzzy weight 

array W̃ as follow, 

 

            

(7)

 

 

                  𝑊̃ = [𝑤1̃, 𝑤2̃…… ,𝑤𝑛̃]                         (8)              
 

where, 𝑥𝑖𝑗̃ = (𝑎𝑖𝑗 , 𝑏𝑖𝑗 , 𝑐𝑖𝑗)  represents the crispy value 

(fuzzy membership function) for ith candidate BS with 

respect to jth HO criteria; 𝑊𝑗̃ = (𝑎𝑗1, 𝑏𝑗2, 𝑐𝑗3) indicates the 

crispy value of weight (the degree of importance) of each 

HO criteria. 

Afterwards, the normalised fuzzy decision matrix DM̃ 

will multiply the fuzzy weight array W̃ to obtain weighted 

normalised fuzzy decision matrix 𝑉̃ as, 

 

    (9) 

 

Based on this normalised fuzzy decision matrix, the 

fuzzy positive ideal solution (𝐴∗) and fuzzy negative ideal 

solution (𝐴−) are calculated by (10) (11), 

 

𝐴+ = 𝑉𝑗̃
+
(𝑗 = 1, 2, … ,𝑚)      𝑤ℎ𝑒𝑟𝑒 𝑉𝑗̃

+
= max

𝑖
𝑉𝑖𝑗̃      (10) 

 

𝐴− = 𝑉𝑗̃
−
(𝑗 = 1, 2, … ,𝑚)       𝑤ℎ𝑒𝑟𝑒 𝑉𝑗̃

−
= min

𝑖
𝑉𝑖𝑗̃ (11) 

The Euclidean distance from each candidate BSs to both  

𝐴∗ and 𝐴− are then calculated by (12) – (14), 

 

                      𝑑𝑖
+ = ∑ 𝑑(𝑛

𝑗=1 𝑉𝑖𝑗̃, 𝑉𝑗̃
+
)                          (12) 

 

                      𝑑𝑖
− = ∑ 𝑑(𝑛

𝑗=1 𝑉𝑖𝑗̃, 𝑉𝑗̃
−
)                          (13) 

 

𝑑 (𝑎̃, 𝑏̃) = √
1

3
[(𝑎1 − 𝑏1)

2 + (𝑎2 − 𝑏2)
2 + (𝑎3 − 𝑏3)

2]        

                                                                                      (14) 

Finally, use (15) to calculates the closeness coefficient 

of each candidate BS to the fuzzy ideal solution, 

 

                         𝐶𝐶𝑖 =
𝑑𝑖
−

𝑑𝑖
++𝑑𝑖

−                                        (15) 

 

Thus, the candidate BS with the highest 𝐶𝐶𝑖are chosen 

as the optima BS for HO. The pseudo code for fuzzy-

TOSIS HO algorithm is then summarized as, 

 

 
 
Fig. 1. Triangular Fuzzy number D(x) 
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Fuzzy-TOPSIS Handover decision-making algorithm 

1 Input: HO criteria i.e. RSSI, SNR, etc. 

2 Output: CCi 

3 While HO trigger do 

4    Formulate decision matrix 𝑫𝑴 = (𝒙𝒊𝒋)𝒏×𝒎
 

5    Normalized DM by Eqs. (2) (3) 

6    Compute weight by Eqs. (4) (5) 

7 Find fuzzy decision matrix 𝐷𝑀̃ and weights 𝑊̃ 

8 Compute weighted normalised fuzzy decision 

matrix 𝑽̃=𝐃𝐌̃ ∗ 𝐖̃ 

9 Determine FPIS A+ and FNIS A- 

10 Calculate the Euclidean distance from each 

candidate BSs to A+ and A- 

11 Compute the closeness coefficient of each 

alternative CCi 

12 Find BSi in max (CCi) 

13 Switch UE connection to BSi  

12 end while 

 PERFORMANCE EVALUATION 

A. Methodology 

A simulation environment has been developed in 

MATLAB to test the effectiveness of the proposed 

algorithm. The simulation parameters are illustrated in 

Table 1. There are 16 BSs are deployed in a 6000m 

*6000m simulation environment, and the distance between 

each BS is 1800 m. A single UE is randomly moving 

within the simulation environment and passing through all 

BSs with fixed speed in 120 km/h. In addition, some HO 

optimisation parameter, i.e. HO margin and time to trigger 

are not applied in this simulation.  

The RSSI and SNR are used as HO criteria in the 

proposed algorithm. The number of HO and ping-pong 

ratio are used as performance indicators to compare with 

SAW and TOPSIS. The ping-ping ratio is calculated as, 

 

𝑝𝑖𝑛𝑔-pong ratio (%)=
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑃𝑖𝑛𝑔𝑝𝑜𝑛𝑔 𝐻𝑂

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐻𝑂
 

 

ping-pong HO in this paper is defined as when a UE is 

handed back to the same serving BS within 10s.   

The fuzzy membership function for each HO criteria 

and weight are shown in Fig 2 and Table 2. The fuzzy 

linguistic variables are divided into five levels from very 

low to very high, and the interval for each membership 

function is 0.25-0.3. 

Table 2 Fuzzy membership function transformation 

Rank Criteria 

grade 

Membership 

functions 

Very low (VL) 1 (0.00, 0.10, 0.25) 

Low (L) 2 (0.15, 0.30, 0.45) 

Medium (M) 3 (0.35, 0.50, 0.65) 

High (H) 4 (0.55, 0.70, 0.85) 

Very high (VH) 5 (0.75, 0.90, 1.00) 

 
Fig.4. Performance evaluation in ping-pong ratio 

Table 1 Simulation parameters 

Parameters Specification 

BS transmitted power:       30 ~ 35 dBm 

Carrier frequency:  1.5 ~ 2 GHz 

Duration of simulation 36000 s 

Mobility model  Random direction 

Number of BSs 16 

The distance between each BS 1800 m 

Number of UE Single UE 

UE speed 120 km/h 

Handover threshold -100.5 dBm 

Propagation model: Cost-Hata model 

 
 
Fig. 2. Triangular fuzzy membership functions 

 
 Fig. 3. RSSI of UE from each BSs 
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B. Results and Analysis 

There are two performance indicators are adopted to evaluate 

the proposed algorithm i.e. HO ping-pong ratio and number of 

HO. The conventional RSSI-based HO algorithm, SAW and 

TOPSIS are chosen for comparison. Fig.3 shows RSSI from each 

BSs for UE, and Fig.4 and 5 indicate the simulation results. 

According to the Fig.4, the conventional HO algorithm with 

the highest HO ping-pong ratio as it only considers RSSI as HO 

criteria. The RSSI fluctuates dues to interference that result HO 

becomes unstable and lead high ping-pong HO ratio. The 

conventional MADM approach SAW and TOPSIS have almost 

same ping-pong ratio as the same weighting approach are 

implemented to both methods. And the performance of the 

conventional MADM approach is highly related to the weight 

calculation approach. Owing to consideration of SNR, the 

performance of SAW and TOPSIS are better than conventional 

HO approach. The proposed fuzzy-TOPSIS HO algorithm with 

the lowest HO ping-pong ratio. The involvement of fuzzy logic 

minimises the effect of the uncertain weight value and imprecise 

information. With the proposed algorithm, the UE can connect to 

the optimal BS with less ping-pong effect. This could further 

result in less HO latency and ensure QoS for the user. 

As shown in Fig.5, the ideal condition means no interference 

in the surrounding environment, which represent the theoretical 

minimum HO number during UE movement. The conventional 

approach with the highest number of HO as it only considered 

RSSI as HO criteria. The SAW and TOPSIS have the almost 

same HO number that much lower than conventional approach 

and slightly higher than the proposed algorithm. In addition, the 

proposed fuzzy-TOPSIS algorithm has an almost the same HO 

number for the ideal condition from 0 to 1500s. Based on that, 

the proposed HO algorithm in this paper can reduce unnecessary 

HO and frequent HO effectively.  

 CONCLUSION 

In this paper, we presented on fuzzy-TOPSIS based HO 

decision-making algorithm for UE. Both advantages of TOPSIS 

and fuzzy logic are incorporated into this algorithm. To further 

minimise human error in human decision-making, the coefficient 

of standard deviation weighting techniques is adopted to 

calculate weight value for each HO criteria. When serving BS 

decide to trigger HO, the HO related information such as RSSI 

and SNR from the neighbouring BSs will be processed by the 

fuzzy-TOPSIS HO algorithm. The algorithm will then select one 

optimal BS as HO target for UE.  

The evaluation results show that the proposed algorithm can 

minimise unnecessary/frequent HO and ping-pong ratio 

effectivity that outperform conventional RSSI-based HO scheme 

and conventional MADM HO scheme, i.e. SAW and TOPSIS. In 

the future research, the proposed algorithm will involve more 

attributes as HO criteria such as bit error rates, number of 

resource blocks etc. In addition, more performance indicator such 

as HO failures, HO latency etc. will adopt to evaluate this 

algorithm.  
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