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Abstract—Mobility management is one of the most
important challenges in Next Generation Wireless
Networks (NGWNS) as it enables users to move across
geographic boundaries of wireless networks. Nowadays,
mobile communications has heterogeneous wireless
networks offering variable coverage and Quality of
Service (QoS). The availability of alternatives generates a
problem of occurrence of unnecessary handoff that results
in wastage of network resources. To avoid this, an
efficient algorithm needs to be developed to minimize the
unnecessary handoffs. Conventionally, whenever a
Wireless Local Area Network (WLAN) connectivity is
available, the mobile node switch from the cellular
network to wireless local area network to gain maximum
use of high bandwidth and low cost of wireless local area
network as much as possible. But to maintain call quality
and minimum number of call failure, a considerable
proportion of these handovers should be determined. Our
algorithm makes the handoff to wireless local area
network only when the Predicted Received Signal
Strength (PRSS) falls below a threshold value and
travelling distance inside the wireless local area
networkis larger than a threshold distance. Through
MATLAB simulation, we show that our algorithm
minimizes the probability of unnecessary handoff, and
probability of handoff failure. Hence, the proposed
algorithm is able to improve handover performance.

Index Terms—Predicted Received Signal Strength
(PRSS), Wireless Local Area Network (WLAN), Vertical
Handoff Decision (VHD), Quality of Service (QoS),
Point of Attachment (PoA).

I. INTRODUCTION

Heterogeneous wireless networks are one of the most
important structures that are needed for deployment of
wireless technologies such as 4G mobile systems. The
heterogeneous network is the group of technologies
which can be accessed to allow the user to have seamless
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mobility and best quality of service at all time such as
high coverage of cellular networks and high bandwidth of
Wireless Local Area Network (WLAN) [1]. To allow
seamless mobility and always best connected services to
mobile user, there is a need to develop an efficient
Vertical Handoff Decision (VHD) algorithm. Mobility
management comprises of Location management and
Handover management. The information delivery is being
tracked with the help of Location management and
discovers its current Point of Attachment (PoA).
Although, the Handover management maintains a mobile
node’s active connection while moving from one PoA to
another [2]. Handover is defined as the process in which
the channel frequency, time slot, spreading code or may
be combination any of them is being changed while the
current call is in progress. Handoff is divided into two
categories as horizontal and vertical handoff on the basis
of the kind of network under use [3]. There is a one more
kind of handover, known as group handover was
produced at the time trains, buses or other vehicles are on
the way. The group handovers or cooperative handovers
are used to balance the load through the utilization of
cooperative communication [4].

Il. RELATED WORK

Lots of work has been done by researchers on the VHD
process to minimize the handoff failures and unnecessary
handoff. Few of them are listed as follows.

In an existing travelling distance prediction handoff
algorithm proposed by Yan et. al, the handoff occurs
when the predicted travelling distance is greater than the
distance threshold [5]. This algorithm provides constant
values of probability of handover failure and unnecessary
handover. The constant value of probability of handover
failure and unnecessary handover is very high for low
velocity user.

After that an enhanced VHD model based on Predicted
Received Signal Strength (PRSS) and dwell time value is
proposed by Kunarak and Suleesathira (2013). The
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received signal strength is predicted by a backpropagation
neural network to initiate a handoff early. The value of
dwell time depends upon the mobile node velocity and
moving pattern. They have designed multiple metric
based policies for real time and non real time services in
different networks. They have designed handoff
triggering process to check the consistency of RSS during
a whole dwell time duration for triggering handoff
process. So that unnecessary handoff can be avoided. In
future, the algorithm can be utilized for calculating
handoff delay and throughput for real time services [6].

Bo et al., in 2014 have proposed a multi-attribute
vertical handoff algorithm based on node mobility. The
current access point pre-switch to the adjacent access
points, and the handoff is triggered when the signal
coverage rate of the access point is below a preset
threshold. Detailed simulation results show the
performance improvement in a proposed algorithm as
compared to traditional multi-attribute decision making
algorithm [7].

Later on, in 2015 Gao and Zhang have proposed a
mechanism to select best access network for Low Power
Mobile Terminal (LPMT) in integrated WLAN/UMTS
environment. The adaptive weights are used to reduce
unnecessary handoff and to extend battery lifetimes of
low power mobile terminal without impacting the
perceived quality of service (QoS) [8].

Also, there are some cases in which conventional
distance predicted handoff algorithm cannot provide
an effective handover decision. Following are the two
cases in which handover to a mobile node cannot be
provided through a conventional algorithm when it is
actually required.

Case 1l

The cellular network and WLAN overlap with each
other as shown in Fig. 1(a) Let us assume, the mobile
node enters from the cellular network (point P;) into the
WLAN and will exit from another point P,. Now, as
mobile node travels in the WLAN, it covers some
distance. Therefore, conventional approaches provide the
handover to the mobile node on the basis of travelled
distance in this situation. But, the strength of the cellular
network as well as WLAN is sufficiently strong to
provide service continuity in this trajectory. Therefore,
handoff is actually not required in this situation.

Case 2

In the second scenario as shown in Fig. 1 (b), the
mobile node enters from the cellular network (point P;)
into the WLAN and will exit from another point Po.
According to conventional approaches, the shortest
travelled distance (d) is very small as compared to
threshold distance. Therefore, handoff cannot be provided
to the mobile node through conventional approach, but it
is actually needed as mobile node has travelled a
sufficient distance in a WLAN.

To overcome the above said issues we need to
optimize the handoff algorithm to handle such type of
situations. So, in presenting algorithm handoff is done on
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the basis of travelling distance with respect to radius (Rg)
instead of travelling distance (d).

Cellular
Network

0(4P))
WLAN Cell

Coverage Boundary

Cellular Network
Coverage Boundary

Fig.1. (a). Overlapping Structure of Cellular Network and WLAN

Po
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O (AP
WLAN Cell

- WLAN
Coverage Boundary

Fig.1. (b). Shortest Predicted Distance

In an overlapped architecture as shown in Fig. 2 (a),
estimated travelling distance with respect to radius (Ry) is
smaller than the threshold distance
( Ry, = distanceyegnoig ). Therefore, handoff is not

provided through presented algorithm. Which is actually

not required. Although the conventional method provides
handoff in this case.

WLAN Cell
Coverage Boundary

Fig.2. (a). Travelling Distance w.r.t. to Radius (Rg) in Overlapping
Structure

In shortest predicted distance architecture as shown in
Fig. 2 (b), estimated travelling distance with respect to
radius (Ry) is larger than the threshold distance
( Ry >distan ey eqnoig ) Therefore, handoff is

travelled
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provided through presented algorithm, although the
conventional method can’t provide handoff in this case.

WLAN Cell
Coverage Boundary

Fig.2. (b). Travelling Distance w.r.t to Radius (Rg) in Shortest Predicted
Distance Structure

The presented algorithm improves the handover
performance by estimating the necessity of making
handoff. The next section explains the Handoff Necessity
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Estimation Module, Received Signal Strength Prediction
and estimation of travelling distance with respect to
radius.

I1l. OVERVIEW OF HANDOFF NECESSITY ESTIMATION
MODULE (HNEM)

The Handoff Necessity Estimation Module (HNEM)
determines the necessity of making a handover to an
available network. HNEM module includes three
algorithms- received signal strength prediction, travelling
distance estimation with respect to radius, and candidate
network selection algorithm. It takes predicted received
signal strength (PRSS) of current serviced network,
neighbor network, threshold RSS of serviced network and
travelling distance of the mobile node as inputs,
generating the requirement of making the handoff as its
output. It also selects the candidate networks from the
available networks. The block diagram of HNEM is
shown in Fig. 3.

Path loss
Predicted Received
Received Signal Strength
Estimated Velocity . (PRSS)
—————» signal
strength
Location coordinates prediction
S
Acce:eror:\eter Estimated
npu Velocit: i
 — EstimatiZn Velocity Estimated stay time —
Travelling | of mobile node in a Handoff T
distance Retwork Necessity necessary or not
a BEEEEE———
Received Signal Strength | Estimation Estimation
Candidate |c,ndidate networks
Network
Selection

Fig.3. Handoff Necessity Estimation Module (HNEM)

The output of HNEM is one to indicate that the PRSS
of current serviced network is not enough to provide
services to the mobile node as well as estimated travelling
distance or stay time of the mobile node in a network is
very high as compared to threshold distance and is
therefore a handoff is required. Otherwise, output is O i.e.
handoff is not required.
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HNEM =

{PRSSser <RSS, &R, >d, =L} "

The estimation of handoff necessity relies on the
accuracy of Received Signal Strength  (RSS)
measurement. The next section shows the input
parameters estimation of HNEM.
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A. Received Signal Strength Prediction Using Levenberg
Marquardt Algorithm

The estimation of the handover necessity is based on
an algorithm attempting for the prediction of the RSS by
using successive RSS measurements. Received Signal
Strength is a measure of quality of signal perceived by
the mobile node. The Received Signal Strength and the
mobile node movement are directly proportional to each
other. Which helps in estimating that whether the mobile
node is moving away or closer to the monitored network.

In recent years, Artificial Neural Network (ANNSs) has
proven as the successful algorithm for the purpose of
prediction of RSS in rural, suburban, and in an indoor
environment as well [9]. An artificial neural network is
developed based on the human brain, which are complex,
nonlinear, and capable of working in parallel or in a
distributed environment and also can perform the local
processing and adoption of the information as well.

The field strength prediction is done between two
points and can also be considered as a function with
several inputs and a single output [10] [11]. The inputs
contain information about the mobile node speed, path
loss, distance, etc. while the output gives the RSS for
those inputs.

The presented approach use multilayer perception

(MLP) for propagation simulation that is shown in the Fig.

4 with four layers: the input layer, two hidden layers and
an output layer. The neuron network is completely
interconnected. This means that feed forward processing
of the ANN is possible. Three different types of signals
are being identified in this network:

o m

lw

V

ﬂ \\.

\\\r A

First Hidden Layer $econd Hidden Layer
Fig.4. Feed Forward Multilayer Perception (MLP)

outpul

= The input signal is presented at the input layer of
the network and propagates in a forward direction
to reach the other end of the network as output
signal. Each input unit receives the input signal
(path loss, velocity, and location coordinates of the
mobile node) and transmits this signal to all
hidden layers. The output signal is being computed
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by applying the addition of the weights of the
input signal for each hidden unit in the activation
function.

= As the ANN is the back propagation algorithm,
hence the error signals that are generated at the
output layer propagates backwards from the output
layer to hidden layer and so on in the ANN
network. This is a defined function for the target
and the actual output.

= The output of the neural network represents the
signal strength. Synaptic weights are used to
connect the inputs to the first hidden layer of the
network. As the network uses the forward
processing hence the output of the first hidden
layer is the input to the second hidden layer, and
all its neurons are connected to the output layer of
the network.

Below mathematical equation describes the output of
the network:

P~ oY W [m (Zw ,(m[Zw 1 jm @

where N, M, L depicts the total number of neurons in the
first hidden layer, second hidden layer, and output layer
respectively. Wqy is synaptic weights from neuron k in
the second hidden layer to the single output neuron, V;j is
j™ element of the vector that inputs to the second hldden
layer, W is connection welghts between neurons in the
two hidden layers, U; is i"" element of the vector that
inputs to the first hidden layer, Wj; is connection weights

between inputs and the first hidden layer, ¢, . 4, and

¢, are activation functions in the first, second and output

layers respectively.

The activation function of the output layer is a linear
function, while the activation function of the hidden
layers is sigmoid type. It can be given by the equation

1_ e—av
l+e™

glav)= ®)

where a depicts the activation function’s slope.
Activation function is used to evaluate the duration of the
network training, so that the training speed can be
adjusted by changing the available parameters. In the
neural network, it’s not possible to define the slope of the
activation function for every neuron, so their estimation is
made in an adaptive way during the process of training.

The following assumptions are made for the step by
step execution of the algorithm:

= There exists the circular geometry in the WLAN.

= The mobile node moves in a straight line with
constant speed in the WLAN.

=  The propagation environment is modeled using the
path loss model.
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The signal strength received by the mobile node in a
WLAN at distance x can be calculated as [12]

100
(39.37x)" j )

RSS(x) =10 Iog(
Similarly, received signal strength for UMTS at
distance x can be calculated as [13].

PL(x) =Z+108log(x)+ z, (5)
RSS(x) =P, —PL(x) (6)

where y is an environmental factor, RSS(x) is received

signal strength at distance X, Py is transmitted power
(AW), and PL(x) is path loss at a distance x between
mobile node and base station, Z is path loss constant, B is
path loss exponent.

B. Travelling Distance Estimation with respect to Radius

The travelling distance in a WLAN with respect to
radius is predicted by using continuous RSS
measurement. Let us assume the mobile node enters in
WLAN at point P; and will exit the WLAN from point P,
and current position of mobile node in WLAN network is
P+as shown in Fig. 5.

WLAN Cell
Coverage Boundary

Fig.5. Estimated Travelling Distance at Point P+

The Lognormal path loss model is used to represent the
relation in RSS (in dBm), and distance from mobile node
to access point (AP) at any point P in the available
network [14] [15].

RSS, =Py —10pl0g,, los + %, )

Equation (7) is used to calculate the relationship
between the distance lop; and cell radius inside the
WLAN

— 10 PtX — RSSPl (8)

R=FR oPi 105

tX
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Similarly radius at point Pt is given by
-10 PIX B RSSF’T

BE A & 9
o, =107 ©

R, =P

tX

Pr

So, mobile node’s travelling distance w.r.t radius (Rq)
can be calculated as:

Travelling distance (R,)=R - Rp, (10)

Suppose V is the velocity of mobile node and T is the
time taken by the mobile node to reach point P, then the
actual distance travelled (d) by the mobile node in a
WLAN to reach Py is

Actual distance travelled (d) =VvT (11)

where Py, is the transmition power of the AP (~20 dBm),
B is the path loss exponent (ranges inbetween 2 and 5),
¥o 1S @ Gaussian distributed random variable with a zero
mean and standard deviation (6 ~12 dB), RSSp;
represents received signal strength at entry point, RSSpt
is received signal strength at mobile node current position
Pr R is radius of WLAN, Rpr is radius at point Pt Pris
current location of mobile node in WLAN, lop is the
distance between point P and the AP, oy is distance
between entry point P; and the AP, and lopr is distance
between current location P+ and the AP.

Note: Actual distance travelled by mobile node in
WLAN may be greater than Ry ((d) =VT >R,). If the

mobile node moves different from the straight line, like in
zigzag pattern.

C. Candidate Network Selection

The candidate networks are discovered from the
available networks. A candidate network is defined as the
network which can support the services requested by the
mobile user. A Minimum Guarantee Function (MGF) is
computed so as to select the candidate network, and the
MGF is defined as the function which denotes whether
the network supports the minimum requirement of the
mobile node or not. It is a function of received signal
strength, bandwidth, power requirement, service cost, and
velocity of the mobile node [16].

The Minimum Guarantee Function of a network | is
given by:

MGF, = f(PRSS, —RSS, ) *f(BW, —BW, ) *

12
£(PO, ~PO, ) +F(CO, ~CO, ) *f(Vyy ~Vy) )

where PRSS,, BW,, PO,, CO, Vy,  represents predicted
received signal strength, bandwidth, power consumption,
service cost, and velocity of a mobile node in a network I.
RSSy,, BWy, POy, COw, Vi, are the predefined thresholds
of received signal strength, bandwidth, power
requirement, service cost, and supported mobile node’s
velocity of a particular network 1.
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The minimum guarantee function is defined as the unit
step function, whose value is defined as 0 or 1 on the
basis of the argument whether the argument is negative or
positive. Therefore, it can be represented as a unit step
function [17]. If the value of any parameter is lower than
the threshold, then the value of the MGF is set to zero. As
the result of that, the current network is not considered as
candidate network anymore. Else the current network is
added to the candidate network.

By introducing the mobile node velocity into the
minimum guarantee function, elimination of the ping-
pong effect can be done efficiently. For example, if
mobile node’s speed is over the supported speed, then the
WLAN will not support the same. Handover to WLAN in
that situation will not work. For certain users the battery
power is crucial. For example, if the battery power is low,
then the mobile node can switch to the network, which

51

has a less power requirement as Adhoc and Bluetooth
network. Switching to a network that require higher
power requirement will not be beneficial in this.

Since equation (12) is quite simple and the estimation
of the parameters can be done easily, hence the time
consumption is very low in the case of the pre-handoff
decision.

IV. RESEARCH METHODOLOGY

Fig. 6 shows algorithm for the handover necessity
estimation. The mathematical arguments used to estimate
the necessity of making handoff are presented below. A
handover is required, if one of the two conditions is
satisfied:

| Parameter Initialization, Path Loss I

-y

Py

RSS Prediction |

Is RSS
deteriorating?
(PRSS;r < RSSy)

‘Remain connected
vith same network|

NO

Is connected with
preferred network
Or
V > 50 m/s

Estimate travelling distance

v

Is travelling
distance< Threshold

HI0ALJIU WS YA PIJIRUUO) UTe WY

NO

»LYES

Find Network whose PRSS >RSS4,

v

Add them in candidate network list

Is Candidate
network list
empty?

YES

NO

Trigger Handoff process

Fig.6. Flowchart of Handoff Necessity Estimation Algorithm

i. The mobile node is travelling away from the current
network and received signal strength from mobile node
starts continuously deteriorating. In other words the
PRSS from the current serviced network falls below the
RSS threshold of current network (PRSS,,, <RSS,.,, )

ser
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and the RSS from the neighbor networks starts increasing,
which means the mobile node is near the boundary area.

ii. The travelling distance of the mobile node is greater
than the threshold travelled distance. Threshold travelled
distance refers to a minimum distance travelled by mobile
node in a network for initiating a handoff.
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52 A Novel Handoff Necessity Estimation Approach Based on Travelling Distance

Above two equations, estimates the necessity of
making the handoff in order to minimize the handoff
failure and unnecessary handoff. In the case that above
two conditions fail, it means the mobile node is not
moving out of the coverage area; there is no need to
handoff.

Handover necessity estimation algorithm minimizes
the probability of handoff failure and unnecessary
handoff, which can be calculated as follows.

A. Probability of Unnecessary Handoff

It refers to a frequent handovers between access
networks. If the estimation of the necessity of making the
handoff goes wrong, then the handoff algorithm will be
too fast or too slow, by which the resources of the
network are wasted or can result in unnecessary handoff.
Hence so as to properly use the network resources the
handoff estimation should be done properly.

An unnecessary handoff occurs if the travelling time
inside the WLAN is shorter than the sum of the handover
time into (t;) and out of (t,) the WLAN.

The probability of unnecessary handoff for existing
travelling distance algorithm proposed by Yan et al. in
2008 [5], Hysteresis based method (TDE) proposed by
Liu et al. in 2008[19] and presented algorithm (PTD) can
be calculated as:

2|sin™ VGE £ %)) gipr( T JO<T, <(7, +175)
P, == 2R 2R
0,(7, +75) <T,,

(13)

Lv(tye +tyy)>2d

hys

P -
Unfrog,,, Esin’l M 0< V(b +tyy )< 2d
b4 2d,

hys
(14)
LV(7+75)> 2R,
Pt s oo = Esin’1 [V(Tz' o )J 0<V(r+7,) < 2Ry

77 d

(15)

where Ry is estimated travelling distance with respect to
radius, R is radius of WLAN, Ty, is threshold handoff
latency time; which is selected by system designer [5]
[18], d,,is distance between the mobile node and WLAN
access point when handoff occurs in hysteresis based
algorithm, t,,, is handover delay from cellular network to

WLAN, t,. is handover delay from cellular network to
WLAN.

B. Probability of Handover Failure

A handoff failure occurs when a travelling distance
inside the WLAN is shorter than the threshold distance
(Ry < diresholg )- A threshold distance is a product of

traveling

mobile node velocity and handover latency.
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The Probability of handover failure of the existing
travelling distance algorithm [5], Hysteresis based
method (TDE) [19] and presented algorithm (PTD) can
be calculated as:

2| sint[ Y5 | _sint[ Yon LO0<T, <t
V4 2R 2R

ht TDEyan

0,7, <T,
(16)
LVt >2d,,
_ 17
thDEhys Esin’l ﬂ ,O < thc < Zdhys ( )
T 2d,
LVr >2R,
. _ | 18
N1 pRss:raveling--Dwell) Esin‘l [;/F:' j,o <V, <2R, (18)
T d
P, —RSS
dyye = 10‘*Tﬁ“ys (19)

where 1; is handover time into WLAN, R is radius of
WLAN, V is velocity of mobile nodes, ty is handover

delay from the cellular network to WLAN network, t,,

is handover delay from cellular network to WLAN
network, dyys represents the distance between the mobile
node and WLAN access point when handoff occurs in the
Hysteresis based method, Py, is transmitted power.

V. SIMULATION SETUP

MATLAB 7.12.0.635 (R2011a) is used as the
simulation tool for the performance evaluation of the
proposed algorithm. In the simulation an overlaid
architecture of single cellular network (UMTS), fourteen
WLAN and three Wi-MAX are considered to cover
anarea of 3000*3000 m as shown in Fig. 7. The

Table 1. Network Parameters

Parameters Symbol Value
Path loss exponent B 35
Path loss constant V4 19 dBm
Shadow effect (Gaussian random
variable with zero mean and standard Yo 6-12 (dB)
deviation)
Environment factors Y 28
T is the time taken by the mobile node
to reach point Pt v LAV
Threshold travelled distance in WLAN din 50 m
Travelling time to move into the ] 2
WLAN u
Travelling time to move out from the . 2
WLAN °
Distance between the mobile node and
WLAN access point when handoff Ohys 120
occurs

1.J. Intelligent Systems and Applications, 2018, 1, 46-57
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transmission range of UMTS covers an area of 3000 m,
Wi-MAX covers an area of 1000 m and WLAN covers an
area of 250 m. The bandwidth of UMTS, WLAN and Wi-
MAX are 384kb/s, 11Mb/s, and 15 Mb/s, respectively.
Thousands of random trajectories of the mobile node
from UMTS to WLAN are generated. For each trajectory,
a random entry and exit point in WLAN cell is
considered. Table 1 and 2 defines the various network
parameters and simulation parameters considered for the
simulation.

Table 2. Simulation Parameters

Network parameters WLAN UMTS
S?;gggz‘é‘"(‘g‘ggf) - 80/ 70/ 02 /4115
M?j; g)f( /ltj%aé?n) -95/-92/-94 -I-115
EERin ) 1/4/1 0.1/0.384/0.1

Vi 0.1/0.410.1 0.7/25/0.7
Transmissi?\?v ;)ower (Pw) 01 10
Mobile ?r?](jg)velocity <3 <80

Fig.7. Mobile Node Movement from Cellular Network to WLAN

V1. RESULTS AND ANALYSIS

To evaluate the performance of a presented Handoff
Necessity Estimation Algorithm, three metrics, i.e.
predicted received signal strength (PRSS), probability of
unnecessary handoff, and probability of handoff failure
are considered. The simulated results are compared with
an existing travelling distance algorithm proposed by Yan
et al. [5], and Hysteresis based method (TDE) proposed
by Lieu et al.[19].

Copyright © 2018 MECS

i. Predicted Received Signal Strength (PRSS)

RSS Vs Distance (UMTS)

-20 T
Aclual RSS(UMTS)

30f e Predicted RSS going out UMTS | -
% 4ot
£
g
& 501
o
o 6of
=
4]
g -or
=
(]
g 80
14

901

100 L L I L I
0 500 1000 1500 2000 2500 3000

Distance (Meter)

Fig.8. (a). Predicted Received Signal Strength (PRSS) of Mobile Node
Moving Out from UMTS

RSS Vs Distance (WLAN)
T T T

-10

Actual RSS(WLAN)
Predicled RSS going out WLAN | ]

201

-30

401

50

601

-or

801

Received Signal Strength (dB)

0r

001

_1 WD L L L L 1 L 1 1 1
0 0 20 30 40 5 60 70 8 9 100

Distance (Meter)

Fig.8. (b). Predicted Received Signal Strength (PRSS) Of Mobile Node
Moving Out from WLAN

The RSS is directly related to the distance between the
mobile node and its point of attachment. RSS is used as a
primary decision criterion in most of the existing handoff
decision algorithms. The accuracy of the proposed
algorithm depends upon the accuracy of received signal
strength prediction. PRSS of WLAN and UMTS network
is shown in Fig. 8 (a) and (b). The simulated results show
that the predicted received signal strength s
approximately equal to the actual received signal
strength. It means the proposed Levenberg Marquardt
Algorithm accurately predicts the RSS.
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RSS Vs Distance Case 1

95 T
955 b

96 7

'WN\'

Received Signal Strength (dB)
o
(=2
on
|

_ga 1 1 | |
0 50 100 150 200

Travelling Distance (m)

Fig.9. (a). Estimated Travelling Distance with respect to Radius
(For case 1)

RSS Vs Distance Case 2
=20 T T T T T T T

Actual RSS{UMTS)

] & dn A

= = = o
T T T
L L L

Received Signal Strength (dB)

o
=

90

0 b 10 1B 20 26 30 3 40 4 50
Travelled Distance

Fig.9. (b). Estimated Travelling Distance with respect to Radius (for
case 2)

ii. Estimated Travelling Distance with respect to Radius

In section 2, two cases (overlapping structure and
shortest predicted distance structure) are discussed. In
which conventional approaches are not able to provide
handoff decision algorithm effectively. Therefore, we
have proposed a handoff decision depending upon
travelling distance with respect to radius (Ry). Fig. 9 (2)
and (b) shows the estimated travelling distance with
respect to radius for case 1 and 2 respectively. Also, table
3 and 4 shows the calculated travelling distance (d) used
by conventional approach and travelling distance with
respect to radius (Ry) used by presented approach for case
1 and 2 respectively.
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Probability of Unnecessary Handoff

==TDE(Hysteresis based methad)
e a0 et al. model
PTD method
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=
T
L

Unnecessary Handoff probability
8
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Fig.10. Probability of Unnecessary Handoffs vs. Velocity

iii. Probability of Unnecessary Handoff

Fig. 10 shows the probability of unnecessary handoff
of existing travelling distance [5], Hysteresis based
method (TDE) [19] and presented method (PTD).
Probability of unnecessary handoffs are considerably
reduced by a model proposed by Yan et al.. probability of
unnecessary are constant for all velocity users. But, this
value is very high for a slow velocity user. Presented
algorithm (PTD) shows significant improvement in
probability of handoff as compared to Hysteresis based
method (TDE) because of inclusion of travelling distance
with respect to radius (Ry) instead of travelling distance
(d). Table 3 shows the percentage improvement gain in
probability of unnecessary handoff of presented research
work as compared to the other two methods for
overlapped structure as discussed in section 2 (case 1).

Probability of Handoff Failure
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Fig.11. Handoff Failure Probability vs. Velocity
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iv. Probability of Handoff Failure

A handoff failure occurs, when the RSS of the
available network goes lower than the acceptable level ,
before the completion of the handoff process. Or we can
say that the major cause of the handoff failure arises
when the target system don’t have the required assets so
as to complete the handoff process. Fig. 11 shows the
probability of handoff failure of the existing travelling
distance algorithm proposed by Yan et al.[5], Hysteresis
based method (TDE) proposed by Lieu et al. [19] and
presented algorithm (PTD). The model proposed by Yan

gives a constant value of probability of handoff failure for
all velocities, which is not good for slow velocity user.
The probability of handoff failure is reduced in a
presented algorithm as compared to Hysteresis based
algorithm because of improved estimated travelling
distance (Ry). Table 4 shows the percentage improvement
gain in probability of handoff failure for presented
research work as compared to other two methods for
shortest predicted distance as discussed in section 2 (case
2).

Table 3. Percentage Improvement Gain in Probability of Unnecessary Handoff (Case 1)

Outputs
Estimated Handoff requirement
stimate according to -
Predicted t(rquellmg threshold distance Probability of unnecessary handoff "
S.No. | Velocity RSS travelling distance (T_D=T_Rd=50) 0
- with respect Travelli change
distance (d) i ravelling |- pysteresis
to radius Presented | distance Presented
(Ra) Yan et | : based .
al algo. algorithm algorithm algorithm
' (PTD) (Yan et (PTD)
al) (TDE)
1. 10 -97.1632 0 0.3708 No No 0.04 0.023 0.007 53%
2. 20 -97.1876 29.4500 0.1884 No No 0.04 0.047 0.015 51%
3. 30 -96.9785 58.9000 1.7460 Yes No 0.04 0.070 0.023 50%
4. 40 -97.1896 117.8000 0.1732 Yes No 0.04 0.094 0.032 49%
5 50 -97.1144 88.3500 0.7353 Yes No 0.04 0.1 0.042 40%
6. 60 -96.9706 147.2600 1.8049 Yes No 0.04 0.1 0.05 33%
7. 70 -97.0194 176.7100 1.4430 Yes No 0.04 0.1 0.06 25%
8. 80 -97.0915 206.1600 0.9062 Yes No 0.04 0.1 0.07 17%
9. 90 -97.2014 235.6100 0.850 Yes No 0.04 0.1 0.078 12%
Table 4. Percentage Improvement Gain in Probability of Handoff Failure (Case 2)
Outputs
Estimated Handoff requirement
Stimate acc. to threshold - .
i - Probability of handoff failure
Predicted t;?\sltézrlllgeg a g'?ﬁfgg 50) Y %
S.No. | Velocity RSS dt_ravellmg with respect D=1 _RO= el change
istance (d) di ravelling Hysteresis
to radius Presented | distance Presented
(Ra) Yan et | lqorith based laorith
al algo. algorithm algorithm algorithm
: (PTD) (Yan et (PTD)
al.) (TDE)
1. 10 -97.203 0 0.0702 No No 0.02 0.011 0.008 15%
2. 20 -92.467 5.89 31.6848 No No 0.02 0.023 0.017 15%
3. 30 -88.983 11.7 60.0588 No Yes 0.02 0.035 0.026 14%
4. 40 -78.858 235 90.0857 No Yes 0.02 0.047 0.035 14%
5 50 -64.325 17.6 121.0292 No Yes 0.02 0.059 0.044 14%
6. 60 -78.753 294 90.3994 No Yes 0.02 0.070 0.053 13%
7. 70 -86.611 35.3 61.7162 No Yes 0.02 0.082 0.061 14%
8. 80 -92.556 41.2 31.1565 No No 0.02 0.094 0.070 14%
9. 90 -97.190 47.12 0.1685 No No 0.02 0.1 0.079 11%
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VII. CONCLUSIONS

In this paper, a novel approach for estimating the
necessity of making handover in WLAN is discussed. It
is based on predicted received signal strength and
travelling distance. Handoff Necessity Estimation
Algorithm compares the Predicted Received Signal
Strength (PRSS) and travelling distance with the
threshold value to evaluate the necessity of making a
handoff, whenever mobile node moves from cellular
network to WLAN. The pre-calculation of candidate
network list and PRSS helps in to maintain the
connection quality and reducing the unnecessary handoff.
Results are obtained for different values of travelling
distance. On the basis of the simulation results, it can be
observed that the proposed algorithm improves the
probability of unnecessary handover and handoff failure
comparing with the conventional travelling distance
algorithm proposed by Yan et al., in 2008 [5], and
Hysteresis based method (TDE) proposed by Liu et al. in
2008 [19].
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