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Abstract

The continuous & ever growing demand of high data rate various mobile applications can
be dealt by Next Generation Networks (NGNs). This demand of high data rate is also
coupled with least cost for the mobile user. This combination is feasible by considering
Vertical Handover (VHO) in NGNSs. This research paper aims in capturing the design and
simulation of an algorithm for Vertical Handover. The input parameters considered are
Received Signal Strength (RSS), bandwidth, cost and user velocity. The statistical analysis
based polynomial regression model is also presented in the research paper

Keywords. Vertical Handover (VHO), Vertical Handover Decision Algorithm (VHDA),
Received Signal Strength (RSS), Fuzzy Inference System (FIS), Next Generation Networks
(NGNs).

1. INTRODUCTION

The nature of Next Generation Networks is heterogeneous, and they will be constituting of
IP-based networks. NGNs will be diverse because of the presence of numerous Radio Access
Technologies (RATS) [1] [2]. The presence of NGNs is depicted in Figure 1.
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Figure 1 Presence of NGNs
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Mobile customers' increasing demand for high bandwidth can be satisfied to some
extent by NGNs.

Vertical Handover allows for seamless mobility across the various RATs [2] [3].

The paper has been organized as follows: Section Il provides the theoretical background.
Section 111 captures the system model. Section IV gives implementation results and analysis.
Section V presents the conclusion & future work.

2. THEORETICAL BACKGROUND
2.1. VHO
VHO can be categorized in 3 steps. Fig 2 represents the steps of VHO [4].
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Figure 2. Phases of VHO

Figure 3 captures the i/p attributes for VHO. The handover value of the n/w is described as
under by eq (1)

HV = f(RSS, Bandwidth, Cost,Velocity) Q
RSS )
Bandwidth R Vertical Handover to
*  Handover
X Network
, Decsion —
Cost )
Algorithm
Velocity >  (VHDA)

Figure 3. Parameters of VHDA
2.2.  Fuzzy Inference System (FIS)
FIS is represented in fig 4.
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Figure 4. FIS
The membership function is represented in equation 2. [2]
0, x<r
((x_:)), r<x<s
s
ulx:r, s, t) = (t-x) 2
, S<x<t
(t=s)
0, x>t

2.3. Polynomial Regression Analysis

The polynomial regression analysis is performed for representation of the relationship
between two variables which is modeled as an nth degree polynomial in Xx.

X; independent variable
y; dependent variable

The equation is shown as under:

y =a+ bx + cx? ®)
The normal equations are described as under:

Yy=na+bYx+cY x? 4)
Yxy =aYx+bYx?+ cYx® (5)
Yxly=aYx?+bYx3+cYyx* (6)

The values of a,b and c is found using above equations [5].
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3. SYSTEM MODEL
Figure 5 represents block diagram of FIS [6].

RS5 (dBm) Bandwidth (Mbgs) Cast Velocity of User | my/secs)
Fuzzy Inference System 1 (FIS 1) Fuzzy Inference Systemn 2 (FIS 2)

I |
Handowver Factor 1{H 1) Handover Factor {H 2)

Fuzzy Inference System 3 (FIS 3)

Handover ta netwark with highest handaver value

Figure 5. Block diagram for FIS
Figures 6 & 7 represent VHO flowchart & VHDA respectively.
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Figure 6. Flowchart of VHO
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|Algorithm ; VHO based on Fuzzy Logic

|Input(s) :
RSS
Bandwidth
Cost
Velocity

;Output :
Handover to the network

iSteps to be followed :

Scan all the available candidate networks in vicinity
Capture the parameters of the available natworks

Input the parameters to Fuzzy Inference System (FIS)
Calculate the handover value of each candidate network
Handover to the network with highest score

Figure 7. Algorithm for VHO

4. IMPLEMENTATION RESULTS & ANALYSIS

The implementation of algorithm has been performed in Python. . The parameters are
captured in Table 1.

Table 1 Parameters used in Implementation

S. No Parameter 4G WLAN

1 RSS (in dBm) -104 to-110 -105 to -110
2 Cost (INR) 10-20 0-4

3 Bandwidth (in Mbps) 1-6 8-10

4 Velocity (in m/sec) 15-30 0-5

The dataset of parameters has been generated by using the values measured. The polynomial
regression analysis has been done for bandwidth & handover value (while keeping RSS,
velocity cost as constant) for 4G & WLAN. Also, we have performed the polynomial
regression analysis of velocity & handover value (while keeping RSS, bandwidth, cost as
constant) for 4G & WLAN.

4.1. Polynomial Regression Analysis for Bandwidth & Handover Value for 4G
The values of other parameters have been kept fixed/constant at following values :

RSS (in dBm) =-110
Cost (INR) = 15-20
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Velocity (in m/sec) = 25-50
X : Bandwidth
y : Handover value

Y x = 8580
Yy =2972.26
Yxy =16411.12
Y x%y = 115022.5
Y x% = 60060
Y x3 = 471900
Y x* = 3951948
n = 1560
Solving normal eq. 3 to eq.6 we will get the following

a=1.8487, b = 0.0196, c = -0.0013
y = 1.8487 + 0.0196x — 0.0013x2

4.2. Polynomial Regression Analysis for Bandwidth & Handover Value for WLAN
The values of other parameters have been kep fixed/constant at following values :
RSS (in dBm) = -110
Cost (INR)=0-3

Velocity ( in m/sec) = 0-4
X : Bandwidth
y : Handover value

Y, x =1090

Yy = 417.4108
Y. xy = 826.7362
Y x%y = 2468.115

Y x2 = 7600

¥ x% = 59500
Y x* = 496660
n =200

Solving normal eq.3 to eq. 6 we will get the following

Proceedings-AIR2022, River Publishers (ISSN: 2794-2333)



611

a=11.5263 , b=-3.2596 , c= 0.2191
y = 11.5263 — 3.2596x + 0.2191x?

4.3. Polynomial Regression Analysis for Velocity & Handover Value for 4G
The values of other parameters have been kept fixed/constant at following values:
RSS (in dBm) = -110

Cost (INR) = 15-20

Bandwidth (in Mbps) = 1-5

X : Velocity
y : Handover value

Y. x = 30600
Yy = 23255
Y xy = 57887.3

Y x2y = 1943234
¥ x? =1030200
¥ x3 =39015000
Y x* = 1575999960
n = 815

Solving normal eq. 3 to eq. 6 we will get the following

a=-1.0711, b=0.236816 , c=-0.003929

y = —1.0711 + 0.236816x — 0.003929x?>

4.4. Polynomial Regression Analysis for Velocity & Handover Value for WLAN

The values of other parameters have been keep fixed/constant at following
values :

RSS (in dBm) = -110
Cost (INR) =0-3
Bandwidth (in Mbps) = 7-10

X : Velocity
y : Handover value
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2, x = 20400

Y.y = 1664.09868

Y xy = 41148.5962

Y x%y = 1378086.22

Y x2 = 686800

Y x3=26010000

Y x* = 1050666640

n =815

Solving normal eq.3 to eq. 6 we will get the following
a=2.1274 , b= —0.00455 , c= 0.000034

y = 2.1274 — 0.00455x + 0.000034x?

5. CONCLUSION & FUTURE SCOPE

This research paper aims at the analysis of the parameters of Vertical Handover (VHO)
based on polynomial regression analysis. The analysis has been presented for bandwidth and
handover value, velocity and handover value for 4G & WLAN. The practical values have
been considered for analysis. In our future work, we intend to consider more number of
parameters for VHO and also intend to consider more number of networks.
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