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Abstract— Seamless vertical handoff between different
access networks in the next generation wireless networks
remains a challenging problem. A recent vertical handoff
scheme that is based on Signal to Interference and Noise
Ratio (SINR) may not be the best scheme for selecting the
service access point or base station. Although this SINR-
based scheme has higher system throughput and lower
disconnection probability as compared with other vertical
handoff schemes, we presume that the distance is a good
criterion for decreasing service disconnection probability
and increasing system throughput. The Distance-based
Scheme for Vertical Handoff (DSVH) that we propose in
this paper for heterogeneous wireless networks is a reactive
vertical handoff scheme. We suggest that vertical handoff be
based on the Received Signal Strength (RSS) and the
distances to access points or base stations, where the main
goal of this scheme is to enhance system performance in
terms of reducing service disconnection probability and
increasing system throughput. The simulation experiments
show that our proposed scheme, DSVH, significantly
outperforms the SINR-based scheme. It reduces the number
of dropped users by 20%. However, the throughput
improvrmrnt is insignificant; it is about 1%.

Index Terms—Vertical handoff, SINR, RSS, Heterogeneous
Wireless Networks

I INTRODUCTION

Nowadays, mobile users demand to be connected with
the Internet while they move freely, and Always Best
Connected (ABC) has become a very important service
for mobile users so as to get high quality services at high
data rates [2].

A state-of-the-art Fourth Generation (4G) wireless
network is composed of different wireless subnetworks
that complement each other [3]. The integration of such
heterogeneous subnetworks should allow mobile stations
(MSs) to choose the most appropriate access subnetwork
among the available alternatives (these include IEEE
802.11 Wireless Local Area Network (WLAN) and IEEE
802.16 Worldwide interoperability for Microwave Access
(WIMAX)), in addition to the traditional cellular
networks.

One of the important issues in mobility is mobility
management. This is concerned with location
management and handoff management [6]. Location
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management enables the system to track the locations of

mobile stations continuously as they move from one

location to another; this might be in the same system or to

a different one. On the other hand, handoff management

aims to maintain an active connection with high quality

between the MS and the network during the movement of
the MS. This process requires keeping track of the state
of the MS, either when it is linked with some Base

Station (BS) [7] or when it is moving from one BS to

another [8].

Handoff can be either horizontal or vertical [1]. A
horizontal handoff takes place when the MS switches
between points of attachment supporting the same
network technology. For example, between two
neighboring BSs of a cellular network. On the other hand,
a vertical handoff occurs when the MS switches between
points of attachment supporting different network
technologies, for example, between a cellular network BS
and an IEEE 802.11 AP [9][10]. A handoff process can
be divided into three stages: initiation process (radio link
transfer), decision process and execution process
(channel assignment) [11] [12].

In this paper, we are interested in vertical handoff.
Several criteria have been proposed in the literature for
use in vertical handoff schemes. The main criteria used
are discussed below:

e Received Signal Strength (RSS): is the most widely
used criterion to decide which network to use for the
handoff from a candidate list of networks. It is easy to
measure and it is directly related to service quality.
Obviously, RSS depends on the velocity of the MS,
and on the distance between the MS and its point of
attachmen. When a MS notices that the RSS is
gradually decreasing, it can be assumed that the MS is
moving away from the AP. When the RSS is
increasing, then the MS is moving towards an AP. The
speed and direction of a mobile node indicate the
length of time the current connection can be
maintained. Another factor is the coverage area of the
network. A small coverage area would cause excessive
handoffs between access points within the same
network, which can lead to high packet loss.

e Signal to Interference plus Noise Ratio (SINR): is the
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ratio of the power of the received desired signal to the
average noise power at the receiver. SINR can be
improved by increasing the transmitted power,
decreasing the coverage range and using a better Low
Noise Amplifier (LNA).

¢ Available Bandwidth: is the volume of data per unit of
time that a transmission medium can handle [1]. It is a
good indicator of traffic conditions in the access
network. When a high bandwidth network, for
example, a WLAN is heavily loaded or congested, the
MS can switch to a lower bandwidth connection.

A. Background on Radio Wave Propagation

Radio wave propagation deals with the properties and
behavior of radio waves as they propagate from the
sender to the receiver. There are three key factors that
may impede the propagation of waves. They are
reflection, diffraction and scattering. Reflection occurs
when radio waves collide with a very large object, such
as a mountain, a hill and a tower. Diffraction occurs due
to collision with an aliasing object (i.e., an object that
contains wavy edges and many protrusions surfaces).
Scattering happens when the radio waves pass through
paths that contain a large humber of objects with small
dimensions compared with the wavelength, such as
foliage, herbs and street signs [14].

Path loss indicates the decline in the power of the wave
during transmission from the sender to the receiver. In
general, the path loss depends on the properties of the
environment, the topography of the earth and the
propagation medium, and the distance between the
sender, the receiver, and the height of the BS/AP [13].

The propagation or path loss from the sender antenna
to the receiver antenna is computed using the equation:

P.= 101log [P:/P{]

Where P, is the path loss in decibels (db), P, is the
transmitted power in watts, and P, is the received power
in watts.

Several models have been proposed for computing the
path loss in various environments. These models are
based on experiments in real environments, where all
objects that are present in a particular experimental
environment are taken into account, whether they are
mountains, towers or buildings ... etc [15].

Okumura’s Model [16] is a well-known model for
predicting the value of the path loss in an urban
environment. This model is applicable when the
frequency of waves is within the 150-1920 MHz range
[17], the distance between the sender and receiver is from
1-100 km, and the height of the antenna of base station is
from 30-1000 m. To determine the median path loss
between the sender and receiver, Okumura developed a
set of curves that give the median attenuation (Am.)
relative to free space in an urban area with BS antenna
height of 200 m and mobile station (MS) antenna height
of 3 m. [15]. Another model, the Hata model, is an
extension of the Okumura model [18]. This model is
applicable for the 150-1500 MHz frequency range, the
sender-to-receiver distance range of 1-20 km, and base
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station heights from 30 to 200 meters and MS heights
from 1 to 10 meters.

B. Problem Definition and Motivation

A recent SINR-based vertical handoff scheme [28]
[29] has higher system throughput and lower
disconnection probability as compared with other vertical
handoff schemes. However, we presume that the distance
is a better criterion for decreasing. service disconnection
probability and enhancing system throughput when
selecting the best AP or BS. We propose that wave
propagation models use the distance to the AP/BS as a
main parameter, and propose a reactive distance-based
vertical handoff scheme that aims to improve
performance as compared with the recent SINR-based
vertical handoff scheme. The proposed scheme has been
designed and simulated using MATLAB. In order to
evaluate the performance of our proposed scheme, we
have compared our results to those of the SINR scheme.
The reason behind choosing the SINR scheme is that it
has high system throughput and low disconnection
probability as compared with other vertical handoff
schemes.

Il LITERATURE REVIEW

Vertical handoff schemes are essential components of
the structural design of the forthcoming 4G
heterogeneous wireless networks. These schemes need to
be designed to provide the required QoS to a wide range
of applications while allowing seamless roaming among a
multitude of access network technologies [1].

There are many proposed schemes for vertical handoff
in heterogeneous networks, which can be grouped into
four categories: RSS-based, bandwidth-based, area-based
and fuzzy logic-based vertical handoff scheme.

A. RSS-based Vertical Handoff Schemes

The idea of the RSS based vertical handoff schemes is
to calculate and compare the RSS of the current point of
attachment against the others to make handoff decision.
A lot of previous work and studies have been conducted
in this topic [23] [24] [25] [26]. In this section we discuss
three representative RSS based vertical handoff schemes.

Zahran et al [23] [27] proposed an adaptive lifetime-
based vertical handoff (ALIVE-HO) scheme which takes
into consideration the RSS, handoff latency, application
QoS and delay tolerance, by presenting an application-
based signal strength threshold (ASST) tuning
mechanism to study the performance of vertical handoff
between Third Generation (3G) cellular network and
WLAN. The ASST have a significant role in future
generation wireless networks where access technologies
with different characteristics are expected to seamlessly
co-exist and efficiently inter-operate. Therefore, the
ASST can be optimally tuned for any access network
based on practical system characteristics and
requirements. In this scheme, the vertical handoff
between 3G cellular network and WLAN can be
described through two cases; in the first case, when the
MS moves towards a WLAN cell. The handoff to the
WLAN is trigger if the average RSS measurement of the
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WLAN signal is larger than a threshold (MITw_an) and
the available bandwidth of the WLAN meets the
bandwidth requirements of the application. While in the
second case, when the MS moves away from the
coverage area of a WLAN into a 3G cellular network
cell, a handoff to the 3G cellular network is initiated
under the conditions that the average RSS of the WLAN
connection falls below a predefined threshold
(MOTwian), and the expected lifetime is less than or
equal to the handoff delay. An analytical framework has
been proposed to evaluate the performance of adaptive
lifetime-based vertical handoff (ALIVE-HO) scheme,
which is validated by computer simulation. This
analytical framework proved that by introducing the
lifetime metric the algorithm adapts to the application
requirements and the MS mobility reducing the number
of superfluous handoffs, and there is an improvement on
the average throughput that provides for the MS because
of the MS’s ability to remain connected to the WLAN
cell as long as possible.

Another scheme was designed to minimize the
probability of unnecessary handoffs and to improve the
overall network utilization. Yan et al [25] [26] proposed a
vertical handoff decision scheme based on the distance of
traveling distance within a WLAN cell (i.e. the time that
MS is expected to spend within a WLAN area). The
proposed scheme uses two thresholds which are
calculated by the MS as it enters the WLAN area:
Distance traveling threshold which based on RSS change
rate (i.e. time that the MS is expected to spend within the
WLAN area) and distance threshold which is calculated
based on various network parameters such as handoff
failure, handoff probability, radius of the WLAN area and
handoff delays. A handoff to a WLAN is initiated if the
WLAN coverage area is available and the estimated
traveling distance inside the WLAN area is larger than
the distance threshold. While a handoff to the cellular
network is initiated if the WLAN RSS is continuously,
fading and the MS reaches a handoff commencement
boundary area based on its speed. The performance
analysis showed that the main improvement of this
scheme is that it minimizes the probability of handoff
failures, unnecessary handoffs and  connection
breakdowns whenever the predicted traveling distance
inside the WLAN cell is smaller than the distance
threshold value.

B. Bandwidth-based Vertical Handoff Schemes

Bandwidth based vertical handoff schemes considers
the available bandwidth for MS as the main criterion to
make handoff decision. A lot of previous work and
studies have been conducted in this topic [22] [27] [28]
[29]. In this section, three representative bandwidth based
vertical handoff schemes are discussed.

Yang et al [22] proposed a bandwidth-based vertical
handoff scheme between WLAN and Wideband Code
Division Multiple Access (WCDMA) network, using the
received Signal to Interference plus Noise Ratio as the
handoff criteria. This scheme consider the combined
effects of SINR from different access networks; where

©2012 ACADEMY PUBLISHER

the SINR value from one network being converted to
equivalent SINR value to the target network. A handoff
to the network with larger SINR is performed, so the
handoff algorithm can provide the knowledge of the
achievable bandwidth from both access networks to make
handoff decisions with QoS consideration. In addition to
that, Yang et al [27] recently propose a Multi-
dimensional Adaptive SINR based Vertical Handoff
scheme (MASVH) for next generation heterogeneous
wireless networks. This scheme uses the combined
effects of SINR, MS required bandwidth, MS traffic cost
and utilization from participating access networks to
provide seamless vertical handoff with multi-attribute
QoS support. Simulation results confirm that the new
MASVH scheme improves the system performance in
terms of higher throughput and lower dropping
probability, as well as reduces the MS traffic cost for
accessing the integrated wireless networks.

Ayyappan et al [28] [29] proposed SINR based vertical
handoff scheme for QoS in heterogeneous wireless
networks. In order to provide QoS inside the
heterogeneous network, the vertical handoff scheme
needs to be QoS aware, which can be achieved by gives
the SINR based handoff better than RSS based handoff.
This scheme considers the received SINR as a handoff
criterion, which can be calculated using the Shannon’s
capacity theorem as R = W log2 (1 + y / ') Where, R is
the maximum throughput, W is the carrier bandwidth, y is
SINR received at MS, T" is the gap between uncoded
quadrature amplitude modulation and channel capacity.
The handoff is initiated when the MS receives higher
equivalent SINR from another network. In such cases, the
MS tries to switch to another network that will satisfy the
service QoS attributes. Simulation results prove that the
proposed SINR based vertical handoff scheme provides
higher overall system throughput as well as minimum
number of dropped MS.

Rafig et al [30] proposed a vertical handoff scheme
that takes into account end-to-end QoS in addition to
other common parameters. The scheme present an
architecture involving an external host based light-weight
server, called Access Link Utilization Monitor (ACUM)
that disseminates the available end-to-end bandwidth to
the mobile node to assist it in making a decision to
maintain end-to-end service quality. The authors also
describe a fuzzy logic based algorithm that is used in the
handoff decision.

C. Area-based Vertical Handoff Schemes

Area-based schemes make use of geographical
information that is gathered by either GPS devices or a
physical layer support. Such additional coverage area
information is exploited in making proper vertical
handoff decision. In this section, two representative area-
based vertical handoff schemes are discussed.

The mobility models of MS are used as input data for
predicting the next served AP. Zhang et al [31] predict a
handoff based on the movement of MS using its current
location, direction and velocity, to predict the next
location L [x, y] after certain period. It finds a serving AP
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of the location L and if it different from the current AP, it
initiates the handoff to that AP. Distance from AP is
another scheme to predict a handoff that based on the
current position of the MS. The MS compares the
distance from the current associated AP with the distance
from the APs of neighbor cells. When MS is moving
away from the current AP, it calculates the time when it
will get out of the cell. If it determines that it will be out
of cell in several scans later, it decides the handoff and
searches for the next nearest AP. If there is a nearer AP
than the current associated AP, the MS determines the
handoff to the nearest AP [31].

D. Fuzzy Logic-basedVvertical Handoff scheme

Shih-Jung [33] proposes the Fuzzy Normalization -
HandOver Decision strategy algorithm (FUN-HODS), to
obtain system-loading balance and to avoid failures
caused by mobile node handovers to network access
points with lower velocity capabilities and weaker RSS
requirements. The characteristics of fuzzy normalization
were applied to handover decisions to make vertical
handover decisions as simple as the horizontal one. The
simulation experiments proved that the handover fail
probability in the FUN-HODS algorithm is lower than the
handover fail probability for a traditional fuzzy algorithm
when each mobile node has random velocity.

Il DISTANCE-BASED SCHEME FOR VERTICAL HANDOFF
(DSVH) IN HETEROGENEOUS WIRELESS NETWORKS

A. Overview

As discussed before in section two, the radio wave
propagation model has been determined for hotspot
communication in wireless access technologies like
WLAN and WCDMA network. This model is based on
extensive experimental data and statistical analysis to
compute RSS for WLAN and WCDMA network. The
first idea in our scheme is to rely on this radio wave
propagation model to calculate the RSS in both WLAN
and WCDMA network as well as to study and evaluate
the handoff process between WLAN and WCDMA
network and vice versa. Our distance-based algorithm is
based on RSS, WLAN and WCDMA network vertical
handoff threshold value and minimum distance between
mobile user and corresponding APs or BSs. The second
idea in our scheme is to calculate the mean throughput
value for WCDMA and WLAN based on Shannon
capacity theorem [22] [28]. We consider WCDMA as an
example of 3G networks. Shannon's theorem is based on
the average RSS value, available bandwidth and the total
noise or interference power over the bandwidth. It uses
these parameters in computing channel throughput. In
this paper we compare mean throughput values for
WLAN and WCDMA network in both SINR and DSVH
schemes, this is to see whether the proposed scheme
improves the throughput. The Shannon theorem states
that the throughput, R, is an upper bound of data rate that
can be sent with a given average RSS through an analog
communication channel subject to an additive white
Gaussian noise of power I'.
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The expression below represents the maximum
possible rate of information transmission through a given
channel or system. The channel bandwidth, the received
signal level, and the noise level set the maximum
throughput rate. It is computed as follows:

R=W log2 (1+ Y /T) 1)

Where R is the channel capacity (throughput) in bits
per second. W is the bandwidth of the channel in hertz. Y
is the total received signal power. I" is the total noise or
interference power over the bandwidth, measured in watt
or volt. The RSS and throughput for both SINR and
DSVH schemes are calculated and explained next.

B. The SINR-based Scheme for Vertical Handoff in
Heterogeneous Wireless Networks

This section illustrates how we can calculate the RSS
and throughput for both WLAN and WCDMA network
based on SINR Scheme.

Y that is received at mobile user i when associated
with WCDMAgs; [22] [29] can be represented as:
Yesj,i= Ggs Pes/(Pe+ X (GgsPss) — Ges PBS) 2

Where Ggs is the channel gain power between mobile
user i and BS;. Pgg: is transmitting power of BS;. Pg: is
the background noise power at mobile user receiver end.

Y that is received at mobile user i when associated
with WLAN apj [22] [28] can be represented as follows:

Yarj i=Gap Par/(Ps + X (Gap Pap)) 3)

Where Gpp is the channel gain power between mobile
user i and AP;. Ppp: is transmitting power of AP;. Pg: is
the background noise power at mobile user receiver end.

In SINR scheme, Shannon’s capacity formula is
applied, as it is, where the value of Y represents the RSS
at the mobile user. Therefore, we can use the Shannon’s
capacity formula (1).

C. The Distance-based Scheme for Vertical Handoff
(DSVH) in Heterogeneous Wireless Networks

The distance-based scheme for vertical handoff in
heterogeneous wireless networks that we propose is a
reactive vertical handoff scheme. We suggest that vertical
handoff be based on the RSS and the distances to access
points or base stations, where it is able to consistently
offer the mobile user with maximum available throughput
during vertical handoff.

Okumura et al and Bertoni et al have developed
various empirical path loss models based on RSS
measurements [11]. These models are the best and most-
used models for path loss distance in urban areas where
there are many urban structures but not many tall
buildings.

The Path Loss (PL) in dB for cellular networks (CN)
environment is given by:

PL = 135.41+12.49 log(f) - 4.99 log(hys ) +
[46.84 - 2.34 log(hys)] log(d) ()

Where d is distance in kilometer and f is the frequency
in MHz. hy is the effective base station antenna height in
meters.

Moreover, RSS for cellular networks is expressed in
dBm as:

PCN :Pt + Gt —PL-A (6)

Where Pcy is the RSS of CN in dBm. P; is the
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transmitted power in dBm. G;: is transmitted antenna gain
in dB. PL: is total path loss in dB. A: is connector and
cable loss in dB.

In WLANenvironment, the path loss in dB is given by
[11]:

PL=L+10nlog (d) +S @)

Where L is constant power loss. n is path loss
exponent with values between 2 to 4. d: represents the
distance between the MS and WLAN access point. S:
represents shadow fading which is modeled as Gaussian
with mean p=0 and standard deviation o with values
between 6-12 dB depending on the environment.

Moreover, the RSS for WLAN is expressed in dBm as:
PW =Pt-PL (8)

Where Pt is the transmitted power and PL is the path
loss in dB.

In DSVH, Shannon’s capacity formula is applied,
where the value of Y represents the total RSS at the
mobile user based on the distance, which it is computed
previously in (6) and (8). Therefore, we can rewrite the
Shannon’s capacity formula, which is used to calculate
the throughput in DSVH, as follows:

R=Wlog2 (1 +RSS/T) 9

Where R is the channel capacity (throughput) in bits
per second. W is the bandwidth of the channel in hertz.
RSS is the total received signal power. T is the total noise
over bandwidth measured in watt or volt.

IV PERFORMANCE EVALUATION AND ANALYSIS
In this section, we discuss the performance metrics
used to evaluate our scheme. We then present and
analyze the results of the simulation experiments that
compare SINR with DSVH.

D. Performance evaluation metrics for vertical handoff

schemes

For the purpose of evaluating our proposed scheme
DSVH and comparing its performance with the
performance of the SINR scheme, we examined the
overall system throughput and number of dropped mobile
users for DSVH and SINR under identical input
parameters, such as number of nodes, bandwidth and
transmitted power.

Vertical handoff schemes can be quantitatively
compared under various usage scenarios by measuring
the mean and the maximum handoff delays, the number
of handoffs, the number of failed handoffs due to
erroneous decisions, and the overall throughput of a
session maintained over a typical mobility model.

These metrics are further explained below:

e Number of Handoffs: the movement of MS would
cause the change of RSS value received either from
AP or BS. Reducing the number of handoffs is usually
preferred as frequent handoffs affect the network
resources. A handoff is considered dispensable when a
handoff back to the original point of attachment is
needed within certain time duration [1].

e Throughput: refers to the average data rate of
successful packets delivery over a communication
channel to all MSs in a network. Handoff to a network
candidate with higher throughput is usually desirable.
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The throughput is usually measured in bits per second
(bps), and sometimes in data packets per second or
data packets per time slot.

E. Simulation Environment

All simulation experiments that we were carried out on
a mobile technology T3400 2.2 GHz laptop that has a
dual-core Intel Pentium 64 x 2 CPU and 2 GB RAM. The
operating system is the Windows Vista 32-bit operating
system. The proposed scheme was added to the
MATLAB (matrix laboratory) version 7.7.0.
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Figure 1. Simulation Scenario

Fig.1 present the simulation scenario of the network
that we are based on it to evaluated and analyze the
performance of the proposed distance-based scheme
comparing with SINR scheme. For the experiments, the
simulated network consists of 7 BSs, 12 APs and 200 MS
randomly located in a space of 1000 m x 1000 m.
Positions changes randomly based on a random way
model [34][22].

Table 1 summarizes the different configuration values
that were used in the simulations, these values that are
used in SINR scheme [22][28] are also used as it in our
scheme because our work aims to compare our scheme

with the SINR scheme.
Table 1. simulation parameters

Parameter Values

Simulator MATLAB version 7.7.0

Simulation area 1000 x 1000 m?

Simulation time 200 seconds

Number of nodes 200 nodes
Number of access points 12
Number of base stations 7
Threshold (cellular network to WLAN)  |-80 dBm
Threshold (WLAN to cellular network)  |-85 dBm

Antenna height of base station 30m

Access point transmitter power 20 dBm

Base station transmitter power 33dBm

Cable loss 5dB

Channel gain power 33dBm
Base station operating frequency 894 MHz
Background noise power for WLAN -96 dBm
Background noise power for WCDMA  |-104 dBm
Bandwidth for WCDMA 5 MHz
Total noise or interference power over 16 dB
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F. Simulation Process Flow Chart

The following flowchart represents the process that we
have used in our simulation. As we can see in Fig.2, the
positions of the mobile users, APs and BSs are
determined randomly. The distance between each mobile
user and all APs and BSs are computed to connect each
mobile user with the nearest AP or BS. Then, Path Loss
(PL) and RSS are computed for each mobile user based
on the attached AP or BS by using the equations that are
illustrated previously in section four. The threshold (-80
or -85 dBm) is used to determine dropped users. Finally,
we apply Shannon's capacity theorem to compute the
mean throughput for both SINR and DSVH based on the
RSS and SINR values that result from the previous steps.

G. Number of Mobile Users Factor

The purpose of the simulation presented in this
experiment is to study the effect of varies number of
mobile users on the mean value of dropped mobile users
in both SINR and DSVH schemes. In all scenarios of this
experiment, the number of mobile users ranges from 100
to 300 mobile users with an increment of 50 mobile
users. The subsequent sections discusses the effect of
varies number of mobile users on the mean value of
dropped mobile users in both WLAN and WCDMA
network. The simulation results presented in Fig.3
illustrate the mean value of dropped mobile users for both
SINR and DSVH schemes in WCDMA network. From
this Figure we can show that as the number of mobile
users increases in DSVH scheme, the mean value of
dropped mobile users not changed, it is equal to 7. The
reason is that no equations that we have adopted in the
DSVH scheme take into account the number of mobile
users as in (5) and (6).

START

[ Apply random position distribution of the mobile users, APs ]

and BSs within the simulation area

v

[ Compute the distance between each mobile ]

user and all APs and BSs

A\ 4
[ Assign each mobile user with the ]

nearest AP or BS

A 4

Compute the Path Loss (PL) and RSS for each mobile user
based on the attached AP or BS

A\ 4
[ Apply dropped decision on the RSS (i.e. ]

threshold is -80)

[ END ]

Figure 2. Simulation Process

While in SINR scheme, as the number of mobile users
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increases the mean value of dropped mobile users
becomes decreases from 17 until it reaches to 4 when the
number of mobile users becomes 300 MSs. The reason is
that the equation that we have adopted inthe SINR
scheme take into account the channel gain power between
each mobile user and it's base station (2). In general, the
DSVH scheme outperforms the SINR scheme, if the
number of mobile users not exceeded the 250 mobile
users, but after that, the SINR scheme will be better than
DSVH scheme for handling the vertical handoff process,
whereas the mean value of dropped mobile users
becomes lower.As a result, DSVH scheme achieves
major enhancement in terms of reducing the mean value
of dropped mobile users comparing with SINR scheme
when the number of MS not exceeded the 250 by 20%.
The simulation results presented in Fig.4 illustrate the
mean value of dropped mobile users for both SINR and
DSVH schemes in WLAN. From this Figure we can
show that as the number of mobile users increases in
DSVH scheme, the mean value of dropped mobile users
is fixed, it is equal to 4. The reason is that no equations
that we have adopted in the DSVH scheme take
into account the number of mobile users as in (7) and (8).
While as the number of mobile users increases in SINR
scheme, the mean value of dropped mobile users
decreases from 18 until it reaches to 4 when the number
of mobile users becomes 300 MSs.

18
17

16 \\

15 \
14 \
13

12 \
11

N —m—SINR

10
o \ —4—DSVH

-

mean value of dropped mobile users

N Wb U o N

50 100 1‘50 2(;0 2‘50 300 350
number of mobile users
Figure 3. Mean value of dropped mobile users with different number of
MSs for WCDMA network in both SINR and DSVH schemes

Thereason behind decreasing the number of dropped
mobile users is that the decrease in the number of access
points  could leads to reduce  the interference  that
may affect on the mobile users, and thereby increase
the signal  strength and then decrease  the  number
of dropped users (3). In general, the DSVH scheme
outperforms the SINR scheme, if the number of mobile
users not exceeded the 300 mobile users, but after that
when the number of mobile users exceeded the 300
mobile users, the SINR scheme will be better than DSVH
scheme for handling the wvertical handoff process,
whereas the mean value of dropped mobile users
becomes lower. As a result, DSVH scheme achieves
major enhancement in terms of reducing the mean value
of dropped mobile users comparing with SINR scheme
by 10%, as the number of users increases until it reaches
300 mobile users, after that the contrast may occurred.
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Figure 4. Mean value of dropped mobile users with different number of
MSs for WLAN in both SINR and DSVH schemes

H. The Number of Base Station Factor

The purpose of the simulation presented in this
experiment is to study the effect of using different
number of base stations on the mean value of dropped
mobile users in both SINR and DSVH vertical handoff
schemes. In all scenarios of this experiment, the number
of base stations varies from 3, 5, 7 and 9 base stations,
while the number of mobile users is fixed, it is equal to
200. The simulation results presented in Fig.5 illustrate
the mean value of dropped mobile users for both SINR
and DSVH schemes in WCDMA network. From this
Figure , we can show that the mean value of dropped
mobile users in our proposed scheme DSVH is less than
the mean value of dropped mobile users in SINR scheme
while the number of base station not above 8, but when
the number of base station exceeded 8, the SINR scheme
becomes better than DSVH scheme for handling the
vertical handoff process.

In addition, we can see that as the number of base
stations increases in the DSVH scheme, the mean value
of dropped mobile users becomes increase from 3 until it
reaches to 10. The reason maybe that the increase in the
number of base stations may lead to decrease the distance
between the base station and the mobile user during
his movement, but this decrease will be for a few
periods.

Thus, the vertical handoff process for the mobile user
to another base station may increase witha decrease
of time that may be linked to the mobile user with a
previous base station. While as the number of base
stations in SINR scheme increases, the mean value of
dropped mobile users becomes decreases from 14 until it
reaches to 7 when the number of base stations becomes 9
base stations. This isbecause the SINR scheme
influenced by a number of base stationsina positive
ratio, so when the number of base stations increased,
the percentage of signal strength to noise ratio be higher.
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Figure 5. Mean value of dropped mobile users with different number of
base stations for WCDMA network in both SINR and DSVH schemes
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Figure 6. Mean value of dropped mobile users with different number of
base stations for WLAN in both SINR and DSVH schemes

On the contrary, from DSVH scheme. In general,
DSVH scheme achieve major enhancement in terms of
reducing the mean value of dropped mobile users
comparing with SINR scheme when the number of base
stations not exceeded 8 base stations by 20%.

The simulation results presented in Fig.6 illustrate the
mean value of dropped mobile users for both SINR and
DSVH schemes in WLAN. From this Figure , we can
show that the mean value of dropped mobile users in our
proposed scheme DSVH is less than the mean value of
dropped mobile users in SINR scheme. In addition, as the
number of base stations increases in the DSVH scheme,
the mean value of dropped mobile users becomes
increase from 1 until it reaches to 5. While in SINR
scheme, as the number of base stations increases the
mean value of dropped mobile users decreases from 14
until it reaches to 8 when the number of base stations
becomes 9 base stations. Of course, in both
cases, the reasons are the same as  those shown for
the WCDMA network. In general, DSVH scheme
achieve major enhancement in terms of reducing the
mean value of dropped mobile users comparing with
SINR scheme when the number of base stations not
exceeded 8 base stations by 30%.
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Figure 7. Accumulated value of dropped mobile users in both WLAN
and WCDMA network for SINR and DSVH schemes with varies
number of mobile users

I.  Accumulated value of dropped mobile users with
varies Number of Mobile Users

Fig.7 display the accumulated value of dropped mobile
users in both WLAN and WCDMA network with varies
number of mobile users. From this Figure , we can show
that as the number of mobile users increases in DSVH
from 100 to 300, the value of dropped mobile users is
fixed, it is equal to 11. While in the SINR scheme as the
number of mobile users increase the mean value is
decreases from 35 to 13 if the number of mobile users is
250. However, when the number of mobile users reaches
to 300 the mean value of dropped mobile users in SINR
scheme becomes lower than the mean value of dropped
mobile users in the DSVH scheme.

In general we can said, if the number of mobile users
not exceeded the 250 the enhancement of mean value of
dropped mobile wusers in DSVH outperforms the
enhancement of SINR scheme by 20 %. On the other
hand, Fig.8 shows the accumulated value of dropped
mobile users in both WLAN and WCDMA network with
varies number of base stations. From this Figure , we can
see that as the number of base stations increases from 3 to
9, the mean value of dropped mobile users in DSVH
scheme is increases from 4 to 15 mobile users. While as
the number of mobile users increase in the SINR the
mean value of dropped users is decreases from 28 to 15 if
the number of base station is 9.

Figure 9. mean value of throughput for WCDMA network in both SINR
and DSVH schemes
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Figure 10. Mean throughput with zoom for WCDMA network in both
SINR and DSVH schemes

J. Mean Value of Throughput

Fig.9 illustrates the mean value of throughput for both
SINR and DSVH in WCDMA network. As we can see,
the DSVH scheme outperforms the mean value of
throughput for SINR. Fig.10 represents the same Figure
but with a zoom to better illustrate the differences
between the two schemes. We can see that the
enhancement on the mean throughput is very slight (less
than 1%).

Next, we measure the ratio of improvement defined as:

Improvement = (New value — Old value)/Old value * 100 %
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Figure 8. Accumulated value of dropped mobile users in both WLAN
and WCDMA network for SINR and DSVH schemes with varies
number of base stations
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Figure 11. Mean value of throughput with zoom for WLAN in both
SINR and DSVH schemes

Fig.11 illustrates the mean values of throughput for
both SINR and DSVH in WLAN with a zoom to better
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illustrate the differences between the two schemes. As we
can see the DSVH scheme outperforms the mean value of
throughput for SINR. The enhancement on the mean
throughput is very slight (less than 1%).

V' CONCLUSIONS AND FUTURE WORK

In this paper, we present the design and simulation of
our distributed distance-based scheme for vertical
handoff in heterogeneous wireless networks and provide
performance measurements using the MATLAB. The
major issues in our paper are presented below.

Our scheme shows that the distance is a better metric
for minimizing service disconnection probability and
maximizing system throughput when selecting the best
AP or BS. The main goal of our scheme has been
achieved. It is to enhance and provides higher overall
system performance in terms of minimizing service
disconnection probability during vertical handoff as
compared with the SINR based vertical handoff
scheme.The simulation experiments show that our
proposed scheme, DSVH, significantly outperform the
SINR scheme in terms of reducing the number of
dropped users. It reduces this number by 20%. The
throughput remains almost the same; its improvement is
very slight (i.e. Less than 1%). There are still several
research points that can be investigated based on this
work. It would be interesting to explore our proposed
scheme with a scheme that takes in consideration
additional parameters, such as the velocity and mobility
direction and the location of mobile users by using GPS
technology. Devising an algorithm that is useful in a
wide range of conditions and user preferences. Once
possible solution would be to implement several vertical
handoff algorithms and then adopt adaptive methods that
choose an algorithm intelligently based on conditions
and user preferences.

VI REFERENCES
1. Xiaohuan Y, Y.Ahmet S, Sathya N. a survey of vertical handover
decision algorithms in fourth generation heterogeneous wireless

networks. The International Journal of Computer and
Telecommunications Networking; 2010; 54(11): 1848-1863.
2. Eva G, Annika J. always best connected. IEEE Wireless

Communications; 2003; 10(1): 49 — 55.

3. Enrique S, Yuxia L, Vincent W. an MDP-based vertical handoff
decision algorithm for heterogeneous wireless networks. In
Proceedings of the IEEE Wireless Communications and Networking
Conference (WCNC 2007); 2007 March; 57(2): 1243 — 1254.

4. Sasha D, JP S, Upkar V, Geoffrey K. evolution and emerging issues
in mobile wireless networks. Communications of the ACM; 2007,
50(6):38-43.

5. Suk H, Kai Y. challenges in the migration to 4G mobile systems.
IEEE Communications Magazine; 2003; 41(12): 54-59.

6. Qing-An Z, Dharma A. handoff in wireless mobile networks. In:
Handbook of wireless networks and mobile computing; 2002: 1-25.

7. Hossen A. vertical handover scheme for next generation mobile
networks. [dissertation]. Faculty of Engineering at AL-Mergib
University; 2007 May.

8. George L, Alexandros K, NikosP, Lazaros M. handover
management architectures in integrated WLAN/cellular networks.
Communications Surveys and Tutorials, IEEE Communications
Society; 2005; 7(4): 30-44.

9. Janis M, Fang Z. vertical handoffs in fourth-generation
multinetwork environments. IEEE Wireless Communications; 2004;
11(3): 8-15.

10. Enrique S-N, Vincent W. comparison between vertical handoff
decision algorithms for heterogeneous wireless networks. In

©2012 ACADEMY PUBLISHER

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

Proceedings of the 63rd Vehicular Technology Conference
(VTC’06), Melbourne, Australia; 2006 May: 947-951.

Ayyappan K, Dananjayan P. RSS measurement for vertical handoff
in heterogeneous network. Journal of Theoretical and Applied
Information Technology; 2008; 4(10): 989-994.

Syuhadal A, Mahamod |, Firuz S. performance evaluation of
vertical handoff in fourth generation (4G) networks model. In
Proceedings of IEEE 2008 6th National Conference on
Telecommunication Technologies and IEEE 2008 2nd Malaysia
Conference on Photonics, Putrajaya, Malaysia; 2008 August: 392 —
398.

Mian |. Radio Propagation. [Online] [Accessed August 2010].
Available from URL
http://web.uettaxila.edu.pk/CMS/teWChs/notes%5CLec%207%20R
adio%20Propagation.pdf.

Theodore R. mobile radio propagation: large-scale path lose. In:
Wireless Communications Principles and Practice; 2002: 69-138.
Tapan S, Zhong Ji, Kyungjung K, Abdellatif M, Magdalena S-P. a
survey of various propagation models for mobile communication.
IEEE Antennas and Propagation Magazine; 2003 June; 45(3): 5-82.
Mike W. mobile systems. [Online] [Accessed August 2010].
Available from URL http://www.mike-willis.com/Tutorial/MP.pdf.
Omorogiuwa O, Edeko F. investigation and modeling of power
received at 1800 MHz in a mountainous terrain. case study of Lgarra
in Edo State, Ajaokuta and Okene in Kogi State, Nigeria.
International Journal of Electrical and Power Engineering; 2009;
3(3): 129-135.

Hata M. empirical formula for propagation loss in land mobile radio
service. IEEE Transactions on Vehicular Technology; 1980; 3: 317-
325.

Javier D, Rodrigo M. bluepass: an indoor bluetooth-based
localization system for mobile applications. Symposium on
Computers and Communications (ISCC), 2010 IEEE, Italy; 2010
June: 778 — 783.

Alexander W, Johnny K, Pooya S. long distance path-loss
estimation for wave propagation through a forested environment.
Antennas and Propagation Society International Symposium, IEEE
Communications Society; 2004 June; 1: 922-925.

Zhu H. wireless communications and networks. [Online] [Accessed
July2010]. Available from URL
http://www.slidefinder.net/5/552_452_Spring_2008_Wireless/6995
630.

Kemeng Y, Igbal G, Bin Q, Laurence D. combined SINR based
vertical handoff algorithm for next generation heterogeneous
wireless networks. In Proceedings of the 2007 IEEE Global
Telecommunications Conference (GLOBECOM '07), Washington,
DC, USA; 2007 November: 4483 — 4487.

Ahmed Z, Ben L, Aladin S. signal threshold adaptation for vertical
handoff in heterogeneous wireless networks. ACM/Springer Mobile
Networks and Applications (MONET) journal; 2006; 11(4): 625—
640.

Ahmed Z, Ben L. performance evaluation framework for vertical
handoff algorithms in heterogeneous networks. In Proceedings of
the 2005 IEEE International Conference on Communications
(ICC’05), Seoul, Korea; 2005 May; 1: 173-178.

Xiaohuan Y, Mani P, Sekerciog-lu Y. a traveling distance distance
based method to minimize unnecessary handovers from cellular
networks to WLANSs. IEEE Communications Letters; 2008; 12(1):
14-16.

Xiaohuan Y, Sekerciog-lu Y, Mani P. a method for minimizing
unnecessary handovers in heterogeneous wireless networks. In
Proceedings of the 2008 International Symposium on a World of
Wireless, Mobile and Multimedia Networks (WoWMoM’08),
Newport Beach, CA, USA; 2008 June: 1-5.

Kemeng Y, Igbal G, Me, Bin Q. multi-dimensional adaptive SINR
based vertical handoff for heterogeneous wireless networks. IEEE
COMMUNICATIONS LETTERS; 2008 JUNE; 12(6): 438 — 440.
Ayyappan K, Dananjayan P, Narasimman K. SINR based vertical
handoff scheme for QoS in heterogeneous wireless networks. In
Proceedings of the 2009 International Conference on Future
Computer and Communication, IEEE Communications Society;
2009 April: 117 — 121.

Ayyappan K, Kumar R. QoS based vertical handoff scheme for
heterogeneous  wireless networks. In  Proceedings of the
International Journal of Research and Reviews in Computer Science


http://portal.acm.org/author_page.cfm?id=81330489743&coll=GUIDE&dl=GUIDE&trk=0&CFID=99703756&CFTOKEN=68630208
http://www.comsoc.org/
http://www.comsoc.org/
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=4410909
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=4410909
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=4410909

76 JOURNAL OF EMERGING TECHNOLOGIES IN WEB INTELLIGENCE, VOL. 4, NO. 1, FEBRUARY 2012

(NRRCS'10); 2010; 1(1): 1-6. '06), San Francisco, CA; 2006 November: 1 - 5
30. Rafig M, Kumar S, Kammar N, Prasad G, Krishna G. a vertical 32. Lott M, Siebert M, Bonjour S, Hugo D, Weckerle M. interworking
handoff decision scheme for end-to-end QoS in heterogeneous of WLAN and 3G systems, IEEE Communications Society; 2004
networks: an implementation on a mobile IP testbed. In Proceedings October; 151(5): 507-513.
of the 2011 National Conference on Communications (NCC), IEEE 33. Shih-Jung Wu. fuzzy-based handover decision scheme for Next-
Communications Society; 2011 Jan: 1 - 5. generation  heterogeneous  wireless  networks. Journal  of
31. Jie Z, Henry C, Victor L. a location-based vertical handoff decision Convergence Information Technology; 2011 April; 6(4): 285-297.
algorithm for heterogeneous mobile networks. In Proceedings of the 34. Jain R. art of computer systems performance analysis. In: Wireless
2006 IEEE Global Telecommunications Conference (GLOBECOM Communications Principles and Practice; 1991.

©2012 ACADEMY PUBLISHER



