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Abstract—The recent advances in wireless communications
require integration of multiple network technologies in order
to satisfy the increasing demand of mobile users. Mobility in
such a heterogeneous environment entails that users keep moving
between the coverage regions of different networks, which means
that a non-trivial vertical handoff scheme is required in order
to maintain a seamless transition from one network technology
to another. A good vertical handoff scheme must provide the
users with the best possible connection while keeping connection
dropping probability to the minimum. In this paper, we propose a
handoff scheme which employs the Markov model to predict the
users’ future locations in order to make better handoff decisions
with reduced connection dropping probability and number of
unnecessary handoffs. Through simulation, the proposed scheme
is compared with the SINR-based scheme, which was shown
to outperform other vertical handoff schemes. The experiments
show that the proposed scheme achieves significant improvements
over the SINR-based scheme that can reach 51% in terms of the
number of failed handoffs and 44% in terms of the number of
handoffs.

Keywords—Heterogeneous wireless networks, Vertical handoff,
Markov model, Artificial intelligence, Mobility management.

I. INTRODUCTION

Even before the first commercial adoption of cellular
network in North America and Western Europe in the late 70s
and early 80s, such networks received a great deal of attention
from researchers in both academia and industry [14]. The
recent wide spread of smart phones and tablets allowed people
to connect to the Internet easily. Coupled with the increase in
the demand for online multimedia material and Voice over
IP (VoIP) applications, the need to maintain a “high quality”
connection to the Internet anywhere and anytime has become
a very important issue. This is achieved through the use of
multiple wireless access technologies. One example are the
Wireless Local Area Networks (WLANs), which are widely
deployed because they are cheap to deploy and provide high
bandwidth. However, contrary to Wide Code Division Multiple
Access (WCDMA) networks, WLANs have very low service
mobility due to its shorter transmission range with limited
area of coverage. This fosters the necessity for collaboration
between heterogeneous wireless networks such as WLANs,
Wide Code Division Multiple Access (WCDMA), and other
network variations. Users, or Mobile Terminals (MTs), have
different service needs regarding the connection bandwidth,
monetary cost, security, etc. Also, MTs move from one location
to another that might be outside the area of coverage of the
preferred wireless network currently serving the MTs. So, a
MT should get the best possible connection that suits its needs

Fig. 1: The two types of handoff: horizontal (left side) and
vertical (right side).

and maintains the Always Best connected (ABC) concept as
it affects the Quality of Service (QoS) of the connection [8].

Different access technology devices have different trans-
mission power levels and thus different areas of coverage.
When a MT starts moving away from its connection-providing
device, another device that covers the new location of the
MT is needed. The process of moving a MT’s communication
session from an access technology device to another in order
to ensure the continuity of the connection without affecting
the ongoing session is called handoff [18], [21]. Two types of
handoff are commonly discussed in the literature: (i) horizontal
handoff, which occurs when the MT moves from one access
point to another within the same wireless technology, and (ii)
vertical handoff, which occurs when the MT moves from one
access point to another access point that belongs to different
wireless technology. Figure 1 shows an example for each of
these two types. It is noteworthy to mention that the focus of
this work is on the more challenging case where the MT has
a list of handoff candidates and it must choose the best one
wisely in order to maintain its communication session while
trying to achieve higher QoS.

As a MT starts moving away from the service providing de-
vice, the Received Signal Strength (RSS) gets weaker and the
service quality starts to degrade. So, at a certain point, the MT
must change its association and connect to a new access point
that can provide better service (e.g., more bandwidth, stronger
signal strength, etc.) without the loss of the ongoing call or
connection. In the literature [1], [4], there have discussions
of other factors governing the handoff decision including the
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Signal to Interference plus Noise Ratio (SINR), power, delay,
available bandwidth and QoS guarantees, security and financial
issues. The focus of this work is on improving the reliability of
the connection by reducing the probability of disconnections,
which occur when MTs try to perform a handoff to an access
technology device with no available channels. Disruptions of
this type are generally viewed as annoying and unacceptable
so much that the users are willing to accept lowered bandwidth
if it means improved reliability [23]. Another objective of the
proposed scheme is to minimize the number of unnecessary
handoff leading to better QoS guarantees [23].

Despite the strong intuition that the geographical nature of
the handoff problem plays a significant role in the success of
any handoff scheme, most of the current works simply ignore
it. This work is based on the idea that the knowledge of the
future positions of the MT can aid in making better handoff
decisions. One of the benefits gained from this is choosing
a handoff destination that is usable for a longer period of
time, and thus, reducing the number of unnecessary handoffs.
Another benefit is realized when considering the fact that
the intersections of movement trajectories of the many MTs
are bound to create heavily loaded regions. Taking the future
locations of the MT can allow the handoff scheme to avoid
choosing the handoff candidates with such “central” locations,
which helps in balancing the load in the network as well
as decreasing the disconnection probability. The experiments
discussed in Section IV support these intuitive arguments as
to why the proposed scheme outperforms other schemes such
as the SINR-based scheme.

The rest of the paper is organized as follows. The following
section surveys the recent works in the literature on vertical
handoff schemes while Section III describes the system model
used in this work, the assumptions made and the proposed
scheme. The performance of the proposed scheme is evaluated
in Section IV and the paper is concluded in Section V.

II. RELATED WORKS

Due to its importance to the increasingly spreading het-
erogenous wireless networks, the vertical handoff problem has
been studies extensively. Below, we review some of the most
important schemes proposed in the literature. We categorize
the covered schemes based on their general approach.

We start our coverage with one of the basic techniques
which focusing on Received Signal Strength (RSS) as the main
factor in the handoff decision. An example of such techniques
is the adaptive lifetime-based vertical handoff (ALIVE-HO)
scheme proposed by Zahran et al. [25], [24]. While considering
delay, authentication, and service initiation, the ALIVE-HO
scheme used the RSS to estimate how long a MT’s needs
can be served by a WLAN which helped in the handoff
decision. The objectives were to reduce the number of dropped
connections and increase the connection duration by delaying
the handoff. According to simulation results shown by the
authors, this lead to reducing unnecessary handoffs while
increasing the average throughput. Moreover, the proposed
scheme is able to adapt to the application requirements and
user mobility by using the lifetime metric. In a similar work,
Yan et al. [19], [20] used RSS measurements to estimate how
long a MT will stay in a WLAN cell (i.e., the traveling distance

within the cell). These estimations were exploited in a vertical
handoff scheme with reduced number of unnecessary handoffs
and improved overall network utilization. The experiments
conducted showed that their algorithm reduced the probability
of handoff failures as well as unnecessary handoffs provided
that the estimated traveling distance is smaller than a certain
threshold. Finally, Mohanty et al. [12] proposed a vertical
handoff scheme that uses MTs speed and handoff signaling
delay to improve the handoff process WLANs and 3G cellular
networks.

A closely related criterion to RSS is the signal to inter-
ference plus noise ratio (SINR). The vertical handoff scheme
of Ayyappan et al. [3] used SINR as the main criterion in the
handoff decision. Using Shannon’s capacity theorem, the SINR
values of each network were used to compute the throughput of
each network. The network with the best QoS was selected.
The experiments conducted by the authors showed that the
SINR-based scheme outperforms other the RSS-based schemes
in terms of the throughput and the number of dropped connec-
tions. Yang et al. [22] proposed a multi-dimensional adaptive
SINR based vertical handoff scheme (MASVH) scheme, which
incorporated many aspects into the handoff decision including
the SINR, the required user bandwidth, the traffic cost and
the network utilization. The conducted experiments showed
that MASVH improved the network throughput and decreased
both the probability of failed handoffs and the cost of traffic.

In the last scheme of the previous paragraphs, the authors
employed (among many factors) the available bandwidth as a
factor in the handoff decision. This is not the only work with
this basic idea. A QoS-based vertical handoff scheme between
WLANs and Wireless Wide Area Networks (WWANs) was
proposed by Ayyappan and Kumar [2] which takes into account
the available bandwidth as well as the QoS requirements of
the user. Another similar scheme for vertical handoff between
WLANs and WCDMA networks was proposed by Yang et
al. [23]. They key idea in this scheme was to use the SINR
values to estimate the achievable bandwidths at the candidate
handoff networks in order to make QoS-aware handoff deci-
sions.

As mentioned in Section I, despite the strong intuition
that the geographical nature of the handoff problem plays a
significant role in the success of any handoff scheme, most
of the current works simply ignore it. However, there are a
few works (such as [10], [26], [4]) that took geographical
information into account while performing the vertical handoff
decision. In [10], the locations of the handoff candidates were
used to repeatedly compute the distances between them and
the MT’s position. The handoff decision is triggered when the
MT determines that it is moving away from its current access
technology device (which can be easily determined if the
MT maintains the history of its recent few positions) and the
chosen candidate is the closest one to the MT’s current position
provided that it is closer than current access technology device.
Another location-based scheme was proposed by Zhang et
al. [26], where dynamic programming is used to utilize the
MT’s current location and mobility to improve the handoff
decision.

Since the proposed handoff scheme utilizes prediction
methods to improve the handoff decision, it is important to
cover works following a similar approach. Becvar [5] proposed
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a new scheme to perform handover based on prediction that
uses the history of handover between every two adjacent base
stations. With repetitive handovers from a certain base station
to an adjacent one, future handovers of mobile terminals
that arrive to the base station could be predicted based on
the frequency of handovers history between pairs of base
stations. The proposed method needs time to adapt and cal-
culate handover probability from a base station to another
based on handover history. The paper states that the model
needs 2000 to 3000 seconds, which corresponds to 4000 to
6000 handovers [5]. The model must know its environment
which consists of neighboring base stations. So, whenever a
handover occurs from a base station to another, it affects the
probability of handover between that pair of base stations in a
positive manner and other base stations handoff probability in
a negative manner (if one option probability is increased, other
available options probability is decreased). The simulation
results show that the prediction hit rate is high when very
repetitive handover between a pair of base stations. However,
when there are many neighbors and the handover history is
distributed on all neighboring base stations, the prediction
of handover drops. The prediction hit rate in all scenarios
varies from 47% - 20% since it decreases with the increase
of neighboring base stations. Finally, Chi et al. [7] suggested
two criteria, the wrong decision probability (WDP) and the
handover probability (HP), for evaluating handoff schemes and
provided mathematical modeling for both measures.

A completely different fuzzy logic approach for vertical
handoff between WLANs and Universal Mobile Telecommu-
nications Systems (UMTS) was followed by Xia et al. [17].
The authors suggested using RSS and available bandwidth in
addition to predicting the future RSS using differential pre-
diction algorithms to trigger the handoff process. The handoff
candidate is selected by the performance evaluation results of
a Fuzzy logic based Normalized Quantitive Decision (FNQD).

In a more recent work exploiting fuzzy logic, Boussen et
al. [6] proposed a new context aware vertical handover decision
algorithm to select the best network in terms of QoS and
energy efficiency. They use a fuzzy logic system to initiate
handoffs based on context. However, the fuzzy logic system
they use is not as accurate as artificial intelligence prediction
algorithms (e.g., Markov Model).

Omheni et al. [13] proposed a new approach for handover
decision making in heterogeneous wireless network to select
the best network based on the application. Simulation showed
that the proposed algorithm guarantees QoS requirements and
reduce the blocking probability of handoff requests, which
also maximizes bandwidth offered from the selected network.
However, the approach required assistance from the network
to provide context information in case of mobility.

Finally, Wang [15] provided performance evaluation frame-
work for network selection strategies based on models con-
structed by using stochastic process algebra. The proposed
framework captures the throughput rate and mobility features
of the nodes in 3G-WLAN interworking networks. Evaluation
is performed in terms of throughput, number of handovers, and
network blocking rate. They showed that performance is very
sensitive to the traffic pattern of the mobile node which affects
the number of handoffs that in turn affects the throughput
rate and number of blocked handoff requests (i.e., QoS). In

our work, we use the same evaluation parameters to show the
quality of our proposed algorithm.

III. SYSTEM MODEL AND PROPOSED SOLUTION

Before going into the details of the proposed vertical
handoff scheme, a quick coverage of the system model and
assumptions made is necessary. The following subsection
discusses the signal propagation model whereas Section III-B
discusses the considered mobility models.

A. Signal Propagation Model

This work considers heterogenous networks consisting
of two different types of access technology: WLANs and
WCDMA cellular networks. As with other wireless commu-
nication technology, the main point is the Received Signal
Strength (RSS). In the following paragraphs, we discuss the
equations used to compute SINR and RSS for both network
types under consideration [23], [24], [3], [4].

We start with WCDMA cellular networks. For a WCDMA
Base Station (BS) j and MT i, the RSS (in dBm) is computed
using the following equation.

RSSC = Pj +Gj − PLij −Aj , (1)

where Pj is the transmission power of j (in dBm), Gj is the
transmitted antenna gain (in dB), PLij is the total path loss
(in dB) as defined in Equation 2 and Aj is the connector and
cable loss (in dB). To compute the total path loss for MT i
and BS j, we use the following equation.

PLij = 135.41 + 12.49 log(fj)− 4.99 log(hj)

+ (46.84− 2.34 log(hj)) log(dij), (2)

where fj is the frequency (in MHz), dij is the distance (in
kilometers) between i and j and hj is the effective antenna
height (in meters).

As for WLANs, the RSS computation is as follows. For a
WLAN Access Point (AP) j and MT i, the RSS (in dBm) is
computed using the following equation.

RSSW = Pj − PLij , (3)

where the total path loss is computed using the following
equation.

PLij = L+ 10n log(dij) + S (4)

where L is a constant power loss, n is the path loss exponent
(assumed to be between 2 and 4), and S is a zero-mean normal
random variable representing the effect of fading.

B. Mobility Model

In this work we use two mobility models. The pathway
mobility model and a proposed variation of that model which
aims to help us better understand the scheme.

Mobile nodes do not move in a completely random way,
nor in a complete deterministic way as well. Instead, their
movements include both random and regular components [16].
So a memoryless mobility model, that is completely random
such as the random waypoint, and a deterministic mobility
model (with no randomness as it completely defines the
velocity and movement direction for each node in advance and
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Fig. 2: The Pathway mobility model.

thus every node’s movement is certain and known in advance)
both are not suitable to describe users’ movements inside a
city. Accordingly, we describe the movements of MTs using
pathway mobility model.

The pathway mobility (PW) model [11] is simple and
contains both regular and random components. In this model,
the MTs are randomly placed on the edges of the terrain’s
grid (see Figure 2). Each node randomly chooses a loca-
tion as a destination point and starts moving to it through
the shortest path along the edges of the grid with constant
speed chosen uniformly and randomly from a velocity range
[vmin, . . . , vmax]. When the destination point is reached, the
node stops for a randomly selected pause time. After the pause
time is over, the node chooses another destination point and
repeats the whole process until the simulation time is over.
In case there are more than one shortest path, one of them is
randomly selected and the mobile node will go to destination
through this path.

The pathway model with straight route preference
(PWSRP) is similar to the pathway way model. However, the
first one picks the shortest route/way to the destination that has
the least direction changes (left or right turns). In other words,
this model tries to keep going straight as long as possible and
avoids making left or right turns unless necessary.

C. Mobility Prediction-Based Scheme for Vertical Handoff
(MPVH)

In this section, the Mobility Prediction-Based Scheme for
Vertical Handoff (MPVH) is discussed. MPVH involves two
decisions: when should a MT perform a handoff (handoff
trigger) and how to do it (i.e., to which BS/AP the MT should
connect). Following one of the standard techniques in the
literature, a handoff is triggered solely based on the RSS. As
a MT i is moving away from the BS/AP j to which it is
connected, the RSS of j at i starts to decrease. At a certain
point, the RSS will be too low for the communication to be
successful. This will trigger the handoff. Now, the second
decision related to which BS/AP the MT should handoff,
is where the contribution of MPVH lies. MPVH starts by
compiling a list of candidate BSs/APs with a RSS at MT i
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Fig. 3: The handoff process in MPVH.

above the threshold for a successful communication. MPVH
then consults the prediction component (which is based on a
Markov model) to compute the most probable future location
of i and chooses the BS/AP that is closest to this location. A
similar prediction method was used in [9] to improve channel
switching in cognitive radio networks. See Figure 3 for an
example.

IV. SIMULATION RESULTS

In this section, simulation experiments were conducted to
evaluate the performance of MPVH and compare it with one
of the most widely-used vertical handoff schemes. The scheme
chosen for comparison is the SINR-based scheme due to its
low disconnection ratio in comparison with other schemes as
mentioned in Section II.

The two performance metrics used in this comparison are
as follows.

• Number of failed handoffs: when a mobile user re-
quests to handoff to an access technology device, the
request will be denied if there is no free channels at
the access technology device which causes discon-
nection of the user. These disconnections are very
annoying to mobile users. As a matter of fact, users
prefer networks with higher reliability (i.e., have lower
disconnection probability) to networks with higher
bandwidth [23].

• Number of handoffs: Each performed handoff has an
associated handoff delay (the time between the last
packet received from the old access device and the
first packet received from the new access device). The
more handoffs performed the more handoff delay there
is. This negatively affects the overall QoS [23].

The distribution of access technology devices across the
network domain (terrain) directly affects the results of hand-
off schemes. Previous works [23], [22], [3] have distributed
access technology devices across a network domain (terrain)
carefully to achieve the best performance of their scheme.
We use that topology to compare the MPVH scheme with
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the SINR-based scheme, in addition to another topology of
uniformly distributed devices. The network consists of 7 Base
Stations (BSs) and 12 Access Points (APs). The terrain size
is 5000 × 5000 m. In our experiments, the number of MTs
varies between 200 and 600. Each MT is placed on a random
location and connects to the access technology device of the
highest SINR value at the beginning. We use the same network
configuration values shown in Table 1 of [4], which were also
used in the SINR-based scheme of [23], [3].

The objective of the first experiment is to compare the
performance of the two handoff schemes under consideration,
MPVH and SINR-based, as the number of MTs increases. The
results of this experiment (depicted in Figures 4 and 5) show
a clear advantage in favor of MPVH over the SINR-based
scheme in both performance metrics.

Considering the number of failed handoffs first, Figure 4(a)
shows an average improvement of 35% for the pathway model
(PW) and Figure 4(b) shows an average improvement of
43% for the pathway model with straight route preference
(PWSRP). Such improvements can be justified as follows.
The SINR-based scheme favors the access device with the
best SINR value. Such devices may happen to be in “central”
locations in the network that are close to the trajectories of
movement for many mobile users and hence they usually have
high SINR. By favoring such devices, SINR-based scheme is
overloading them and possibly leading to more disconnections.
On the other hand, MPVH will not favor these devices creating
a more load-balanced distribution of work among access
devices and reducing the disconnection probability.

As for the number of handoffs, the plots in Figure 5 show
that MPVH outperforms the SINR-based scheme by an average
of 33% for the PW model and 40% for the PWSRP model (as
shown in Figures 5(a) and 5(b)) The interpretation of such
results lies in the fact that, under the PWSRP model, MTs
avoid changing their directions, which work in favor of MPVH
since it uses a movement pattern capturing algorithm for the
selection of the best handoff candidate.

To provide more insights into why MPVH outperforms
the SINR-based scheme, consider the scenario depicted in
Figure 6, where a MT is moving away from its servicing
base station (BS1) until it reaches a handoff point (the red
circle). At this point, the SINR-based scheme will handoff to
the BS that has the best SINR value, which is BS3. As the
MT changes its directions and moves towards its destination,
it reaches another handoff point (the green circle). Then, the
SINR-based scheme will be forced to perform another handoff
to the BS with the best SINR value at this point, which is BS2.
On the other hand, MPVH’s mobility prediction component
will give it a clear advantage in such scenarios. When the
MT reaches the first handoff point (the red circle), MPVH
will predict its future location and choose the closest base
station to it as the handoff destination, which is BS2. Now, as
the MT continues its movement, the RSS value of its current
servicing BS, BS2, will not drop under the threshold and a
second handoff will not take place.

In the second experiment, we consider a more realistic
(and more challenging) case of random network topology.
In the previous experiment, the considered network topology
consisted of fixed BS/AP locations as depicted in Figure 3.

Note that the BSs are placed on a triangular grid and the
APs are placed in the middle of the overlap regions of the
coverage areas of the BSs. Such “perfect” placement gives
an advantage to the SINR-based scheme as it allows smaller
overlapping regions which reduces the number of candidate
handoff destinations. To study this issue, a uniform distribution
of the BSs/APs is used. Figures 7(a) and 7(b) show that under
such distribution, the average improvements of MPVH over
the SINR-based jump to about 44% for the PW model and
51% for the PWSRP model, in terms of the number of failed
handoffs. As for the number of handoffs, Figures 8(a) and 8(b)
show that under such distribution, the average improvements
jump to 37% for the PW model and 44% for the PWSRP
model.

V. CONCLUSION AND FUTURE WORK

In this work, Markov model was used to predict the future
location of the user and the vertical handoffs the user will
need based on that prediction. We show through simulations
and experiments that predicting users’ future locations provides
a better tool for handoff than SINR-based scheme. This is
evident by the decrease in service disconnection probability
(which can reach 51% in certain cases) and the number of
unnecessary handoffs (which can reach 44% in certain cases).

There are many future directions of this work. One of
them is to use a higher order Markov model to improve
the predictions since such model allows the exploitation of
longer history of mobile nodes to predict further steps in the
future. This is expected to improve the handoff decisions and
therefore improve the overall system performance. In order to
deal with the added complexity of such models, a compression
mechanism will be necessary due the exponential nature of the
Markov expansion which will burden the limited memory of
a mobile node. Studying the tradeoff between the gain due
to having a more accurate prediction model and the cost of
maintaining such a system is an interesting future direction of
this work.
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Fig. 7: Comparison of the number of failed handoffs by MPVH and SINR-based schemes under a random topology.
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