JOURNAL OF COMPUTERS, VOL. 6, NO. 11, NOVEMBER 2011

2255

Adaptive Decision Making Strategy for Handoft
triggering and Network Selection

Abdellatif Ezzouhairi, Alejandro Quintero, Samuel Pierre
Mobile Computing and Networking Research Laboratory (LARIM)
Department of Computer Engineering, Ecole Polytechnique de Montréal
C.P. 6079, succ. Centre-Ville, Montreal, Quebec, H3C 3A7, Canada
Phone: (514) 340-3240 ext. 4685. Fax: (514) 340-3240

Emails: { Abdellatif.Ezzouhairi, Alejandro.Quintero, Samuel.Pierre} @polymtl.ca

Abstract— Next generation mobile networks 4G) is
expected to integrate a large number of wireless
technologies. However, this integration yields many
challenges such as those pertaining to handoff triggering
and decision making. Various approaches have been
proposed to solve these problems, yet handoff initiation and
network destination selection remain critical issues which
are widely based on RSS (Received Signal Strength)
measurements. Moreover, the use of context-awareness is
very limited in the previous works. This paper proposes a
new handoff decision strategy which aims to efficiently deal
with handoff triggering and network destination selection
with respect to mobile terminal requirements and network
capabilities. Furthermore, we introduce a new score
function that estimates network preferences for both
voluntary and forced handoffs. Additionally, to render
easier the accessibility to context information, we develop a
context aware mechanism which is based on third party
architecture. Finally, simulation results show that
compared to RSS-based approaches, the proposed handoff
decision strategy has greater respect for users’ requirements
and preferences.

Index Terms— Handoff strategy, Decision making, Context-
awareness, Handoff triggering.

1. INTRODUCTION

Rapid progress in wireless network and communication
technologies has created a wide variety of mobile systems.
For example, Bluetooth is used in indoor areas, IEEE
802.11 in local areas, Universal Mobile
Telecommunication System (UMTS) in expanded areas
and satellite networks for global coverage. In order to take
advantage of these complementary technologies, the next
generation of mobile systems (4G) is expected to integrate
a large number of these heterogeneous wireless systems
[1]. According to emergent trends in mobile
communication, 4G systems will guarantee seamless
roaming and quicker handoffs through heterogeneous
technologies. However, seamless mobility is more
complex, as the integrated environments will support
different wireless technologies.

Handoff management refers to the process of
transferring a mobile user between cells of the same or a
different network without disrupting connections [2].
Handoffs performed between cells that belong to the
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same network are considered homogeneous and the
handover is called horizontal. This kind of handoff is
mainly caused by the movement of the mobile user out of
the coverage area of its current cell. On the other hand,
handoffs performed between cells that belong to different
networks are considered heterogeneous and this type of
handoff is referred to as inter-system or vertical handover
(VHO) [3].

Depending on the initiation reasons, handoffs can be
either forced or voluntary. Handoffs caused by low link
quality (weak RSS, low bandwidth, high traffic, etc.) are
qualified as forced, since mobile nodes must select a new
destination and execute the handoff process as quick as
possible, while the voluntary handoff aims to maximize
users’ satisfaction [4]. Actually, handoff triggering
remains an important task to be investigated for the next
generation of mobile networks since the received signal
strength (RSS) measurements are not enough to decide
when to initiate handoffs [5]. Indeed, an MN may have a
good RSS signal which is associated with very low
bandwidth or high traffic conditions. It is obvious that, in
such circumstances, the MN has to trigger a handoff
especially if it carries on a multimedia traffic. Moreover,
during handoff triggering an MN must decide whether to
trigger a forced or a voluntary handoff since the former
aims to avoid QoS deterioration while the latter is used to
improve MN's preferences.

Once a handoff initiation takes place, the MN has to
select its future network destination. This issue is known
in the literature as handoff decision or network selection.
It consists of selecting a network/AR that provides best
QoS conditions with respect to MN's requirements and
network capabilities [6]. The network selection (i.e.,
handoff decision) is generally initiated when the received
signal strength (RSS) quality reaches a given threshold.
However, in 4G, the RSS from different networks do not
have the same meaning since each network is composed
of its specific characteristics and there is no common
pilot signal. Then, RSS comparisons are insufficient for
handoff decision and may be inefficient or impractical. A
more complete decision criterion that may combine a
large number of parameters such as monetary cost,
bandwidth, power consumption and user preferences is
necessary.
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Furthermore, handoff decision is typically based on a
score function to complete network selection. Thus, the
quality of the selected network destination depends on the
way the score function is designed. We advocate that an
efficient score function must consider forced and
voluntary handoffs as well as network stability. The
handoff type (i.e., forced and voluntary handoffs) can be
used to choose adequate context parameters to perform
handoff decision while network stability can be
considered to eliminate networks that present rapid and
high QoS variations. Finally, context awareness is also an
important task to be addressed in order to specify how
context information is provided for both handoff
triggering and network selection.

Based on the aforementioned motivations, this paper
proposes a new handoff decision strategy that deals with
handoff triggering and network selection. More
specifically, the main contributions of this paper consist
in: (1) proposing a handoff triggering scheme based on
fuzzy logic to decide which type of handoffs to initiate
(forced vs voluntary) and under which conditions, (2)
designing a handoff preference function that takes into
account both forced and voluntary handoffs in order to
perform best network selection, (3) proposing a context
aware mechanism that ensures data sharing and provide
various context information, (4) Analyzing the
performances of the proposed handoff decision strategy.

The remainder of this paper is organized as follows:
Section II introduces the related work. Section III
describes the proposed context aware mechanism. Section
IV outlines the proposed handoff decision strategy.
Section V presents and discusses the obtained results and
finally, Section VI concludes the paper.

II. Related work

In the traditional cellular systems, such as the global
system for mobile communication (GSM), a threshold
comparison of several specific metrics is used to make
handover decisions. The most common metrics are
Received Signal Strength (RSS), Signal-to-Interference
Ratio (SIR) and Bit Error Rate (BER). However, RSS
comparisons fail to consider network capabilities and
mobile users’ options [7]. Therefore, RSS measurements
alone are insufficient for handoff decisions. To overcome
this drawback, several handover decision strategies have
been proposed in the literature. These proposals can be
divided into: multi-criteria, Fuzzy Logic (FL) and Neural
Network (NN) based, context-aware, user-centric and
decision function based strategies [5].

First, the multi attribute decision strategies aim to deal
with network destination selection among a limited
number of candidate networks belonging to different
technologies with respect to various criteria. This is
known in the literature as multi attribute decision making
problem (MADM) [8]. The popular MADM resolution
methods are: SWA (Simple Additive Weighting),
TOPSIS (Technique for Ordered Preference by Similarity
to ideal Solution), AHP (Analytical Hierarchy Process)

© 2011 ACADEMY PUBLISHER

JOURNAL OF COMPUTERS, VOL. 6, NO. 11, NOVEMBER 2011

and GRA (Grey Relational Analysis). In this sense, a
network selection mechanism that combines AHP and
GRA has been proposed in [9] to find a tradeoff between
user preferences, service application and network
conditions. The results revealed that this selection
approach can work efficiently for an UMTS/WLAN
system. However, MADM based solutions remain
insufficient to handle decision with imprecise criteria.

Second, to overcome the weakness of using imprecise
parameters in the MADM strategies, Fuzzy Logic (FL)
and Neural Networks (NN) concepts are then introduced
for network selection. In this sense, an advanced neural-
network-based vertical handoff algorithm was developed
in [10] to satisfy users’ bandwidth requirements.
However, this type of solution does not specify how to
get context information. Additionally, training of the
neural network has to be done beforehand. In [11], the
authors proposed a solution incorporating Fuzzy Logic in
which terrestrial and satellite mobile networks operate
alongside each other. In this case, handover decision aims
to select a segment or a network for a particular service
that can satisfy objectives based on criteria such as: low
cost, good RSS, optimum bandwidth, low network
latency, high reliability, long life battery and preferred
access network. In [12], the FL and NN concepts are used
together to provide handoff decision making. However,
these solutions lack in using efficient context awareness
since private networks and operators are very reticent to
share their own context information.

Third, the context-aware based handover concept uses
context information of both mobile node and networks to
take decision whether a handoff is necessary on the
access network target [13]. In [14], the authors present a
framework with an analytical context categorization and a
detailed handover decision algorithm. Prototype
experiments have used different type access networks and
streaming applications. It has shown that this approach
can be used to deal with handoff selection. However,
context information  gathering needs  frequent
communications between the MN and the network,
resulting in increased overhead on the radio link.

Fourth, user-centric strategies focus on user satisfaction
in terms of monetary cost and QoS. More specifically,
this type of solutions propose handoff decision policies
and criteria to select the most appropriate network that
answers user satisfaction and network efficiency. For
example, a handover decision model designed from the
user point of view is presented in [15]. The authors
propose two handoff decision policies (fixing a threshold
value) between GPRS and WIFI networks. One of these
policies aims to satisfy the user who is willing to pay for
having its connections as granted as possible, while the
other one tries to satisfy the user from connection cost
point of view but will disappoint his expectation of QoS.
In [16], the authors give special focus to user satisfaction
by using a utility function for non-real time applications
such as FTP (file transfer). The network decision
algorithm is based on the difference between the
monetary value of data transferred and the real price
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charged with time completion prediction. The designed
utility function uses decision metrics such as user's risk
attitude (finding a compromise between paying less and
accepting delays).

Fifth, handoff decision strategies that are based on cost
functions focus on evaluating each one of the networks
that are willing to support user services. Handoff decision
algorithms, in this case, can be expressed as a sum of
weighted functions of specific parameters. In [17], a
policy-enabled handoff decision algorithm is proposed
along with a cost function that considers several context
parameters. However, this cost function is very simple
and cannot handle more sophisticated scenarios. In [18],
an adaptive multi-criteria handoff decision algorithm for
radio heterogeneous networks was introduced. In [19], a
method that considers both RSS and bandwidth as two
important parameters for the cost function was
developed, although this investigation only considers a
single RSS threshold which could cause a ping-pong
effect.

III. Proposed context aware mechanism

As stated earlier, context awareness is an important
task to be addressed in order to provide context
information while triggering handoffs or selecting new
network destinations. In fact, without prior knowledge, a
mobile terminal must scan channels of different
frequencies to discover existing nearby networks. As
reported in [13], scanning 13 channels in 802.11b WLAN
requires in excess of 400 ms. Moreover, to the best of our
knowledge, all of the previous work dealing with context-
awareness assume that context information can be
obtained and exchanged through heterogeneous networks.
Practically, operators and private networks are very
reticent to the idea of sharing their context information.
An eventual possibility to get context information
consists of using the Candidate Access Router Discovery
protocol (CARD) [20] which aims to reduce latency,
packet loss and avoid the re-initiation of signaling from
the beginning during a handoff. However, acquiring
context information with the CARD protocol requires L2
ID detection which is possible only when the associated
air-interfaces are always on. Additionally, authentication
is needed between entities exchanging context parameters
which yield addition delays and render the authentication
procedure very difficult to execute when the number of
the MN's neighbors increases. Thus, we propose to use
local context aware servers that provide context
information relevant to their serving home network. In
the rest of this section, we present the architecture, the
logical modules and the context-aware procedure relevant
to the proposed context-aware mechanism.

1. Architecture

Fig. 1, depicts the proposed context aware architecture
that can be appropriate for Metropolitan networks. For
simplicity, we consider here two networks connected to
an IP backbone. Each network possesses a context-aware
server (CAS) which manages local context information
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(i.e., context information relevant to each integrated
network). Every CAS is identified by a CAS_identifier
which is broadcasted through periodic router beacons.
Network I and network 2 are respectively connected to an
IP backbone via CAS1 and CAS2. We also introduce an
interworking cooperation server (ICS) that ensures
context information sharing between heterogeneous
technologies. The ICS unit can be owned by an
independent authority or operator. We also assume that
both network I and networks 2 have a registration entry
with the ICS. This means that their respective context
aware servers (CAS1 and CAS2) can periodically and
securely exchange context information with the ICS.
Notice that the architecture bellow can be easily extended
to more than two networks since the ICS manipulates

only signaling traffic.
\

K
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Wired link
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Fig. 1. Context-aware architecture
2. Context-aware logical modules
The logical modules relevant to the MN, CAS and ICS

are illustrated in Fig. 2.
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Fig. 2. Context-aware logical modules

The MN's logical modules
- Information Analyzer (IA)

The main role of this module consists of managing
local context information (i.e., RSS, SNR, BER, etc.),
performing handoff triggering and selecting new network
destinations.

- Signal Measurement Device (SMD)

The SMD module performs RSS measurements and
continuously updates the local user profile (LUP).
- Local User Profile (LUP)

The LUP unit operates as a local database that stores
both static and dynamic context information relevant to
the MN. The static information may concern wireless
card type, public encryption keys, etc., and dynamic
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information may concern MN's velocity,
patterns, RSS measurements, moving history, etc.
The CAS's logical modules

- Authentication Module (AM)

The AM refers to the entity that communicates with
external components and authenticates mobile users and
CAS/ICS units.

- The Information Manager (IM)

The information manager (IM) manages local context
information (inside a subnet or a network) and sends
periodic context information to update CAS profile at the
ICS. In this case, context information may refer to
residual bandwidth, traffic status, connection blocking
rate, etc.

- Storage Support (SS)

The role of this entity is to store local network context
information. However, it can also manage basic
operations such as deleting obsolete information and
providing novel data structures for new ones.

The ICS's logical modules
- Cooperation Module (CM)

This unit manages MN's requests and cooperates with
distributed CASs to get accurate context information.
Additionally, the CM allows QoS mapping between
various mobile technologies. Mapping is needed to
translate the QoS guarantees and specifications provided
for a session across heterogeneous systems. The QoS
mapping performed by this unit refers, for instance, to the
requirements relevant to resource reservation subjected to
the pre-established service level agreements (SLAs)
between networks.

mobility

3. Context-aware procedure

The context aware procedure refers to how context
information can be obtained by using the context aware
architecture depicted above. More specifically, context
information may concern either the MN's home network
or those relevant to its candidate destinations.

Locally, an MN may need context information such as
RSS signal quality, residual bandwidth, traffic status,
average residence time, etc, to evaluate an eventual
handoff triggering. Practically, a number of context
parameters relevant to the RSS quality can be computed
by the MN itself. However, other ones like traffic status
or average residence time are provided by the local
context aware server. For instance, when an MN needs
local context information, it sends a context_req message
to its serving CAS. Upon receiving the MN's request, the
CAS provides the requested parameters, when it is
possible, and sends a context_rep reply to the MN.

On the other hand, when an MN wants to leave its
home network toward one of its nearby destinations, it
has first to perform a network selection. Nevertheless,
operators are reticent to the idea of sharing their context
information. Thus, to respect network's privacy, the MN
sends a select_req message to the ICS through its serving
context aware server (e.g. CASy). The ICS refers to the
independent trusted authority. This message contains a
list of needed context information to be provided as well
as the identifiers of the MN's neighbor CASs to be
contacted. The ICS authenticates the MN and sends a
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context_infos_get to the entire CASs located in the MN's
vicinity. Each CAS replies to the ICS with a
context_infos_rep that contains the requested context
information. Finally, the ICS computes the pre-
configured score function and sends a select_rep message
that contains a list of candidate destinations to the MN.
Fig. 3, shows the message flow in the presence of n CAS
servers.

CASI1
1
- -
" -
- CAS2
y € — —
MN CAS0 Ics [« 7
MRS
~
=~ ~
» select_req ~ o Ny
----------------- » select_rep ~ CASn

—_—) context_infos_get
————9 context_infos_rep

Fig. 3. Context-aware flow messages

In this way the MN reduces signaling traffic in the
wireless link since it avoids requesting individually all of
its neighbors for context information. Moreover, delays
relevant to MN's authentication, with each CASs, are
avoided because the requested context information is
obtained through the ICS which is assumed to have
secure entries with all the CASs. Finally, network privacy
is guaranteed since the MN do not handle context
information relevant to its nearby networks.

IV. Proposed context aware mechanism

According to the precedent literature review, it has
been noticed that handoff initiation and network selection
are still a challenging issue since RSS remains the most
popular criterion used for these two tasks. In this section,
we propose a new handoff decision strategy that
considers more efficient context information while
dealing with handoff initiation and network selection.
More specifically, we first give an overview of the
proposed strategy, and then we provide a detailed
description of its main components. In the rest of this
paper, mobile user and mobile node will be used
interchangeably.
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Fig. 4. Flow chart of the proposed handoff
decision strategy (HDS)

1. Handoff decision strategy (HDS) overview

The proposed handoff decision strategy, referred to as
HDS, is illustrated in Fig. 4. HDS combines context
awareness, handoff initiation and network selection to
provide adaptive handoff decision making.

When an MN receives a trigger event (TE), i.e., weak
signal strength, poor bandwidth, high traffic status, etc., it
performs the handoff triggering process depicted in Fig.
5. Then, it sends a select_req (new destination selection
request) message to its serving context aware server
(CAS). The select_req message includes information
such as wuser preferences (weights) and thresholds
(minimum QoS). Upon receiving the select_req message,
the CAS verifies whether the MN can perform an L2
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handoff. When this option is possible (e.g., performing an
L2 handoff), CAS sends a select_rep reply that contains
the prefix address of the selected NAR (new access
router). Otherwise, the select_req message is sent to its
serving ICS. Once this message is received, the ICS sends
a context_infos_get message to the entire CASs located in
the MN's vicinity. Then, each CAS replies with a
context_infos_rep  that  contains the  requested
information. After that, the ICS computes a pre-
configured preference score function and provides a list
of candidate ARs (resp networks) that respects user
requirements. Recall that this kind of pre-configured
function can be defined during the system setup. Then it
uses the select_rep message to send the list of candidate
destinations that satisfy MN's requirements.

Once, the MN receives its select_rep message, it
selects one AR/network destination and turns on its
associated wireless interface. Then, it performs
authentication and obtains a new IP address from the
selected destination by using the IPv6 auto-configuration
[21] or the DHCP [22] features. At this stage, the MN is
ready to perform either horizontal or vertical handoff. In
what follows, we give more descriptions relevant to the
HDS modules.

2. HDS main modules

The main components of the proposed HDS are:
context awareness, handoff initiation and network
selection. We remember that the context awareness
module has been already presented in section III, so its
description will be skipped here. Thus, in the rest of this
subsection, we focus on handoff triggering and network
selection.

2.1 Handoff triggering

Handoff triggering is a crucial issue since the MN must
decide which type of handoff to initiate and which
context parameters to consider for that purpose. As stated
before, the received signal strength is not enough to
trigger efficient handoffs, i.e., on right time and under
appropriate parameters. Thus, we advocate that handoff
initiation should take into account various context
criteria. However, it is impractical to use heterogeneous
context criteria since these parameters can be expressed
either in crisp or linguistic values. Moreover, it is difficult
to find a tradeoff between the considered context
parameters and the conditions to be meet to initiate
handoffs. That is why we propose a fuzzy logic based
solution that initiates handovers with different context
parameter types (crisp, linguistic, etc.). In Fact, fuzzy
logic [23] is a powerful concept that uses imprecise and
uncertain data to produce precise values and actions. This
is advantageous in the target networks because a fuzzy
logic system is flexible and can be used to model
nonlinear functions with arbitrary complexity.

As it is shown in Fig. 5, the first step of the proposed
handoff initiation scheme consists in feeding the received
context parameters into a fuzzifier. The main role of the
fuzzifier is to transform real-time measurements into
fuzzy sets, which contain elements with different
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membership degrees. For example, if the RSS signal is
considered in a crisp set, it can be either weak or strong.
However, in a fuzzy set, the RSS signal can be
considered as quite weak, medium or strong. Membership
values are generated by mapping the values obtained for
particular parameters onto a membership function like the
ones illustrated in Fig. 6. In general, these functions
consist of a curve or line that defines how each datum or
value is mapped onto a membership value. For instance,
in Fig. 6a, S; is assigned the value 0.6 in the Almost weak
set, 0.3 in the weak set and O in the Medium and Strong
sets.
Context information

' vy
‘ Fuzzificr
v
‘ Inference engine }-1—
Y

‘ Defuzzifier ‘

Fuzey rules

Y

Voluntary
handoff

N
handoff

Foreed handofT

Fig. 5. Handoff triggering process
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Fig. 6. Example of membership functions

The second step of handoff initiation involves feeding the
fuzzy sets into an inference engine, where a set of fuzzy
IF-THEN rules is applied to obtain fuzzy decision sets.
Fuzzy rules can be defined as a set of possible scenarios
which determine whether a handoff is necessary or not.
The proposed initiation mechanism basically considers

three decision sets: Forced Yes (FY), Voluntary Yes
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(VY) and No handoff (N). An example of [F-THEN
fuzzy decision rules appears in Table 1. The output fuzzy
decision sets are aggregated into a single fuzzy set and
sent to the defuzzifier to be converted into a precise
quantity during the last step of the handover initiation
using the centroid method [24].

Table |
Example of Fuzzy Rules
Fuzzy Rules
Fule 1 TF {F5E is weak) or (Traffic is very high) or {Bandwidth is very bad) THEN Handoff s FY
Fule 2 IF {Bandwidth is bad) and {F5E is almost weak) THEN Handoff'is FY
Fule 3 IF {Bandwidth is bad) and (Trafflc is high) THEN Handoff'is FY
Fule 4 IF (F5E is alrnst weak) and (Traffic is high) THEN Handoffis FY
Fule 5 IF {Bandwidth is medium] and {Tser handoff preference is highy THEN Handoff'is VY
Fule 6 IF { Traffic is highj and {User handof} preference is high) THEN Handoffis VT
Rule 7 TF {R58 is medium) and {User handoff prefarence is high) THEN Handoff'is VY
Fule & TF (F55 is alrnst weak) or (Bandwidth is bad) and (Traffic is highj and {Handoff prefetence is not
Low) THEN Handoffis VY
Fule 9 TF (RS is not almost weak) and (Bandwidth is not bad) and {Traffic is not high and (Handoff
preference is not hizh) THEN Handoff is N
Fule 10 IF {Handoff preference is low) THEN Handoff is N
Fule 11 TF (RS is not weak) and (Bandwidth is not very bad) and (Traffic is not very high) and {Handoff

preference is not high) THEN HandofY is M

2.2 Network selection

Network selection or handoff decision making refers to
the process of choosing the most suitable network
destination that satisfies MN's requirements in terms of
QoS, monetary cost, security, battery consumption, user
preferences, etc. Practically, this process passes though:
neighbor network discovery, context preparation and
score function calculation.

2.2.1 Neighbor network discovery

This phase consists in finding out all of the MN's
neighbor networks which are willing to support its
ongoing services. In fact, this task can be completed
through the periodic beacons which include identifiers
pertaining to MN's neighbor CASs. Otherwise, the MN
sends a neighbor_infos_req message to the ICS which
maintains a global view of the entire integrated mobile
systems. The ICS replies with a neighbor_infos_rep
message which contains a list of MN's neighbor
networks.

2.2.2 Context preparation

Here, the MN defines its context criteria depending on
the type of handoffs to be initiated (forced or voluntary).
Moreover, it specifies context criteria thresholds, i.e.,
minimum QoS requirements as well as their
corresponding weights. A number of these criteria are
defined during the preliminary configuration of the
MN/Network.

2.2.3 Preference function definition

The next generation of mobile networks (4G) aims to
guarantee ongoing communications through
heterogeneous mobile technologies. However, the
selection of network destination that provides subscribers
with better services remains a challenging issue and
depends on several parameters such as : bandwidth,
power consumption, user preferences, monetary cost,
type of handoffs (forced vs voluntary), network stability,
etc. The design of a handoff decision function that takes
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into account these parameters is crucial and needs a
consensus between user requirements and network
capabilities.

In this subsection, we propose a new handoff score
function that allows a best network selection based on a
wide range of context parameters including network
stability. More specifically, it models the relationship
between user services and network capabilities for both
forced and voluntary handoffs. This means that the
proposed handoff score function estimates network
destination preferences depending on the type of the
triggered handoff (forced or voluntary). In fact, forced
handoffs need quicker network selection since mobile
users have to complete immediately their handoff
process. Therefore, the selected network destination is
performed under minimum context parameters. In case of
voluntary handoffs, network selection is performed with a
large number of context variables. In what follows we
present the proposed score function as well as its relevant
computation procedure.

a) Preference function definition

Let C" and C" denotes respectively the sets of
criteria used to select networks in case of forced and
voluntary handoffs. Since forced handoffs are triggered
with minimum context parameters, we assume that
chcc'.
In the rest of this section, mobile user and mobile node
(MN) will be used interchangeably.

For a given mobile user u, we choose a network
. . * . .
destination n that satisfies:

- Maxlert o

neN
Where:

PM" refers to the estimated preference for network n to
run on user services,

N denotes the set of neighbor networks.

P" is defined by:

u

"o y if mobile user is subjected to a forced
) foree handoff
RA = Rmol,mmry if a mobile user is subjected to a
voluntary handoff
0 Otherwise (2)
B ced and Pl .., are respectively
given by :

m_ 9
n n S;
Pu,forced = (Zzws,-,cv u,c; ) R ’

i=1 j=I

c;eC’ 3)
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P n =

u,voluntary
[ r
ns;
(Zza)si,cj ’ (2 ’ Pu,cj Pu ¢, precedent )) Rc v
i=1 j=1
c,eC” @
Where:

@, . denotes the weight to meet service s,
¢
coi] Yo, =1
ij

n,s; .
P refers to the estimated preference to meet a user
)

under

criteria ¢ i 0]

service §, onnetwork n under criteria ¢ i

n,s;

! . refers to

u,c;,precedent estimated

the precedent

preference to meet a user service § ; on network n

under criteria ¢ Iz

ch,f and R

, denote respectively factors relevant to

forced and voluntary handoffs, which are used to
eliminate networks that do not meet user's requirements.
They are defined by :

if HP'“ (i=1,.., m) and
(=1,...9)
R, = ®)
0 otherwise
1 if HP’“ (i=1,.., ) and
(j=1,...,7)
R" = (6)

c,v

0 otherwise

Finally, to assess the stability of candidate networks and
avoid the  ping-pong effect, the term

2. P pr (Equation (4)) is
o

u,c;,precedent used to

penalize instable networks and support the ones which

improve QoS  parameters. Indeed, the term
n, S n, S' . .
2-P o P ¢ precedent is equivalent to
n SI n,s; _ n,s; . n,s; -
P + Puc Puc precedens - TENCE, if Pu,cj is greater

than or equals to P’ the final score will be

u,c; precedem >

improved or remain stable (in case of equality), otherwise
the final score will decease.

2.2.4 Preference function computation

The proposed preference function can be computed
either at MN or at the ICS side. In fact, if we assume that
mobile devices will become increasingly powerful,
intelligent and sensitive to link layer changes we can
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adopt network assisted and mobile-controlled handoff
strategy. This means that networks provide context
information and the MN estimates their relevant
preference functions to decide where to handoff. On the
other hand, if MN capabilities are limited we will adopt
mobile-assisted and network controlled strategy. In other
words, the MN will provide it service's criteria in terms
of QoS parameters, preference requirements (weights)
and thresholds (i.e., minimum QoS), then the ICS
computes the preference function pertaining to each
candidate networks. We advocate that this last approach
will allow the MN to save resources in terms of
computing time and energy consumption. Moreover, the
privacy of network's context information is respected
since the MN will receive only results of score
preferences relevant to each neighbor network rather than
handling their context information.

2.3 Handover execution

The main concern of this module is to ensure service
continuity while roaming through heterogeneous mobile
systems. This task can be completed by Mobile 1P [25]
based solutions such as HMIP [26], FMIP [27], etc. It can
also be completed at the transport layer by SCTP [28]
based mobility schemes that use multihoming and
dynamic address reconfiguration features.

V. SIMULATIONS AND RESULTS

In this section, we study the effectiveness of the
proposed handoff decision strategy (HDS). To complete
this task, we choose RSS based handoff decision strategy
as a comparison benchmark since the RSS parameter is
widely used in many previous work and systems [29][30].
More specifically, we first present the used simulation
model, and then we discuss the obtained results.

1. Experimental Model

Fig. 7 depicts the simulation model used for
performance analysis. Each BS; refers to network i (i.e.
operator i) which is supposed to use the same physical
layer technology. We assume that BS; is enhanced with
ICS features while the rest of BS; (i = 2 to n) are endowed
with CAS functionalities. In each experiment, the MN is
assigned to network I (i.e., BS;) and moves in a constant
speed from a start position (S) until the end position (E)
located in the overlapping area as it is shown in Fig. 7.
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DBST/ICS

Movement

Overlapping area ~

Fig. 7. Simulation model

All simulations are completed according to the process

illustrated in Fig. 8. More specifically, this process starts
by an initiation setup which consists of generating n
overlapping networks as illustrated in Fig 7. When the
MN reaches the overlapping area, we produce a random
deterioration of the QoS parameters (i.e., RSS, bandwidth
and traffic status) relevant to the MN's home network.
Then, a Fuzzy Logic based triggering procedure is
launched to decide whether to initiate a forced or a
voluntary handoff. Depending on the type of the handoff
to be triggered, each BS; sends a list of context
parameters to the ICS. Then, the ICS estimates a
preconfigured preference function (depicted in section
IV) for each Network;. After, a list of Candidate Network
destination is sent to the MN. Finally, the MN selects the
destination having the maximum score result. The context
parameters and their corresponding weights, considered
in our experiments, are shown respectively in Table 2 and
3. The overall execution simulation process is outlined in
Fig 8 and it is implemented in C++ and uses the Matlab
Fuzzy tool.

Initiation Sctup
(gencerate n overlapping networks as shown in Fig 7.)

v

| MN starts a straight movement |<_

MN reaches the
overlapping arca 2

Produce random QoS deterioration
o' MN’s home network

Usc the Matlab IFuzzy tool to decide whether
to trigger a Foreed or Voluntary handofT

Estimate preference score function
relevant 1o cach MN’s neighbor network

Sclect the destination corresponding 1o
the maximum score result

Fig. 8. Simulation execution process
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The normalized preferences used for score
calculations are defined by:
i = RSS, , RSS, €[0,10];
“ 10
PJ",’;ZWW!.M =1—e ™, B, refers to the residual

bandwidth on network n, B, > 0;

n,s;

-C . .
=e ", C,refers to service cost per min, C, > 0;

u,price
.5; —, b .
Pu batery — € s P, equals to power consumption per
hour,
P, 20;
n,s; —_1_,"5% . .
Pmmioum =1—e ", S, refers to sojourn time per MN
visit,
S, = 0.
n,s; _ T, . 4. .
P, raic — € "> T indicates traffic status on network n,
T,>0.
The above context parameters can also be expressed in a
Max )
(X - X,

quotient form i.e., (X, refers to a context

X ,I:/qu
criterion n), however we will use the exponential form
since it is easy to handle and avoids singularities while
generating random values.

Table 2
Cottext critetia relevant to HD3 and R33-based handoff strategies
Type of handoff strategies Context parameters
Handof R of home network
ES5-hased triggering
Hetwork RS of reighbor netwozks
selection
Handff' RS, Bandwidth and Traffic states of MIH's home network
biggeme
HDS
Hetwork | Forced R3S, Bandwidth and Traffic status of MI's neighbor netwozks
lecti
seasten Volmtary : | Joow, Sandwidth, Trqiic skanus, Monstary cost, FOWEF conamprion,
S tine of neighhor netwrarks
Table 3
Example of service weights
Criterion. | BS5 Traffic | Bandwidth | Price | Sojoum time Battery
Honmalwmed
voke 022 01z 017 0z 015 01z
welghts
Normalzed
dowmload | 0182 nlg 021& 0.21& 0la2 013
weights
2. Results

This section presents and discusses results relevant to
the use of the proposed HDS compared to the well-known
RSS-based handoff strategy. More specifically, we
investigate the impact of handoff initiation type (forced
vs voluntary) on the quality of selected network
destination.

© 2011 ACADEMY PUBLISHER

2263

2 £ RSS based handaft
#  voluntary handoft

Estimated network preference

PN
£ N oo oA =S
aath e Cp ape da L. 2 ",
o] At ataTal YN SR B acs
s i
AAAAéA A & s g

2 3 4 5 & 7 g 9 10
Nurnber of BS per scenatio

Fig. 9. Comparison of RSS vs. voluntary based
handoffs

Fig. 9 illustrates the estimated preference score relevant
to the selected network destination as a function of the
number of MN's neighbor networks (BS;). The first thing
to be noted is that, the entire networks selected during
voluntary handoffs are associated with high preference
scores compared to the RSS-based handoffs. Such a
situation is quite normal since during a voluntary handoff,
the MN destination corresponds to the one that
maximizes score preference under several context
parameters. Therefore, the chosen destination meets all of
the MN requirements, such as high bandwidth, maximal
sojourn time, minimal financial costs, etc. On the other
hand, the RSS-based handoffs select only networks that
meet high RSS values. However, this type of selected
network destination may have, for instance, poor
bandwidth, low sojourn time, high monetary cost, etc.
That is why the chosen networks under RSS comparisons
show less score preferences compared to the ones
selected in case of voluntary handoffs.

Fig. 10 illustrates score preferences relevant to the
selected network destination when the MN is subjected to
both RSS-based and forced handoffs. We notice that
networks chosen when using forced handoffs show
generally high preference scores compared to RSS-based
handoffs. This is because when an MN performs a forced
handoff, the proposed HDS allows it to consider at least 3
context parameters (e.g. RSS, bandwidth and traffic
status) for network selection. Thus, the selected network
destination satisfies MN's requirements in terms of RSS,
bandwidth and traffic conditions. This is completely
different from RSS-based strategy which tries to select a
network destination that presents good RSS and remains
unaware about the rest of MN's requirements.

245

= °g Coo @ P
150 g? » & o 02 8% o o ® a o
EsoN o§ o o o o4 o o
sl

Estimated network preference

2 3 4 5 3 7 8 El 10
number of BS per scenario

Fig. 10. Comparison of RSS vs. force-based handoffs

Fig. 11 shows results pertaining to the estimated
preference score for both forced and voluntary handoffs.



2264

Notice again that, voluntary handoffs allow the MN to
select a high preference score networks. This means that
the selected network destination, using a voluntary
handoff, supports all of the user services and ensures
better network parameters compared to force-based
handoffs.

# Voluntary handoff
O Forced handoft

Estimated network preference
o]

Nurnber of BS per scenatio

Fig. 11. Comparison of voluntary vs. force-based
handoffs

To study the stability of the selected network
destination when an MN is subjected to voluntary and
RSS based handoffs. We define a stability factor as:

sk
S e =€ >
fact

criterion j, ¢ i indicates the previous value of criterion

)

, where ¢ j refers to a context

C; and C .

;.max corresponds to the maximum value of ¢ .

Fig. 12 shows the behavior of the stability factor for
both voluntary and RSS based handoffs. We notice that
the stability factor relevant to the voluntary handoff
presents low fluctuations and remains approximately
equal to one. This means that the selected networks, when
the MN performs a voluntary handoff, do not present
noticeable variations in the considered context criteria
(difference between current and old values). These results
is due to the fact that the score function, used in case of
voluntary handoffs, takes into account network stability
as it is shown in Eq (4). However, in the case of RSS
based handoffs, we notice more fluctuations in the
stability factor. This means that the selected destination
networks suffer from significant context variations which
may lead to connection disruptions or performing
handovers toward highly dynamic networks such as
MANETSs (Mobile Ad hoc NETworks).

[ —&— R&S based handos
— rall.'\lal)' based handofl

Motwork stakilily
=
{
n

1 2 3 4 7 8 3 10

Fig. 12. Estimated network stability for voluntary
and RSS based handoffs
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Now, let n be the number of MN's candidate networks
(i.e., number of MN's neighbor CASs). Fig. 13 illustrates
the average exchanged wireless messages as a function of
number of handoffs. We notice that the use of the ICS,
during preference scores computation, leads to significant
reduction of the wireless link load (in terms of wireless
messages) compared to the case where the MN calculates
its score function through the context aware servers
(CAS-based). Indeed, when the MN uses the ICS, the
wireless link is solicited two times per handoff (refer to
the computation score procedure introduced in sub-
section IV-2.2.4). However, without the ICS, the MN has
to exchange wireless messages with each one of its
neighbor CASs. Thus, the wireless link load increases
depending on the number of MN's candidate networks
(i.e. n).

—&— ICS-based
CAS-hased n=2
——— CAS-hased n=5
— B CAS-based n=10
—&— CAS-based n=15
CAS-hased n=20

Wireless messages

2 4 5] 8 10 12 14 16 18 20
Nurnber of handoffs

Fig. 13. Exchanged wireless messages
3. NS-2 Simulations

In this subsection, we study the effectiveness of the
proposed strategy using NS-2 with NIST add-on [31]. In
this case we endowed MN with the proposed HDS and
RSS based decision modules. The considered scenario is
presented in Fig 14. Mobile node (MN) is a multi-
interface terminal. It is equipped with UMTS and WLAN
interfaces. At the beginning, the only available network
present is UMTS so the MN starts its connection via
UMTS. The MN moves during the connection until it
enters WLAN coverage. When it detects the presence of
the WLAN network, it runs its decision module to decide
whether to stay in the current home network or hands
over to WLAN. The same experiment is repeated when
the MN uses only the traditional RSS based strategy.

‘ g ((I ) - -

Router / RNC Base

Gateway Station
MN

@ Movement

Acess Point

WLAN 4
802.11b."

Fig. 14. Simulation network topology
In Fig. 15, we illustrate the residual bandwidth when the
MN uses the proposed HDS and the RSS based strategies.
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Fig. 15. Residual bandwidth

Before entering the overlapping area, we notice that
the residual bandwidth is approximately constant. After
t=17s, we observe that when the MN uses the HDS
strategy, the residual bandwidth increases considerably
while it remains almost unchangeable when the MN uses
the RSS strategy. This situation is due to the fact that
when the MN enters into the overlapping area, it detects
the presence of the WLAN network. Hence, when using
the HDS strategy, the MN performs a voluntary handoff
to improve its available bandwidth. That is why we notice
the increase of its residual bandwidth in this case.
Nevertheless, with the RSS based strategy, the MN
remains insensitive to the presence of WLAN since the
quality of RSS signal remains acceptable.

L N S

VI. CONCLUSION

This paper proposes a new handoff strategy that uses
fuzzy logic and context-awareness to improve the handoff
triggering processes and arrive at a more efficient choice
of MN network destinations. Unlike traditional decision
approaches, this novel solution considers a large number
of context information such as price, RSS, bandwidth,
sojourn time, power consumption, etc. Such criteria are
managed by an efficient context-awareness mechanism.
Furthermore, a preference function was defined to model
the relationship between MN requirements and network
capabilities. This function models two types of handoffs,
defined as forced and voluntary. Then, a fuzzy-based
handoff triggering approach was proposed to select which
kind of handoff (forced, voluntary) is to be initiated. The
results thus obtained show that, voluntary handoffs
ensure better network destination as compared to forced
and RSS-based handoffs. This investigation also shows
that forced handoffs yield better results, as compared to
RSS-based handoffs, since they generally guarantee high
network scores. In future work, we intend to compare the
obtained results with other score methods such as
TOPSIS (Technique for Order Preference by Similarity to
Ideal Solution) and AHP (Analytical Hierarchical
Process). Additionally, we propose to model the user
preference toward a handoff which refers to the real need
to perform or not an eventual handoff. We expect that the
introduction of such parameter will avoid unnecessary
handoffs and then participates to optimize both MN and
network resources.

© 2011 ACADEMY PUBLISHER

2265

REFERENCES

[1] N. Nasser, A. Hasswa, H. Hassanein, "Handoffs in Fourth
Generation Heterogeneous Networks", IEEE
Communication Magazine, Vol. 44, No. 10, October 2006,
pp- 96-103.

[2] I F. Akyildiz, J. McNair, J. S. M. Ho, H. Uzunalioglu, W.
Wang, "Mobility Management in Next-Generation
Wireless Systems", IEEE Proceedings, Vol. 87, No. 8,
August 1999, pp. 1347-1384.

[3] J. McNair, F. Zhu, "Vertical Handoffs in Fourth-
Generation Multinetwork Environments", IEEE Wireless
Communications, Vol. 11, No. 3, June 2004, pp. 8-15.

[4] F. Tansu, M. Salamah, "On the vertical handoff decision
for wireless overlay networks", Computer Networks, 2006
International Symposium on, June 2006, pp. 111 — 115.

[5] M. Kassar, B. Kervella, G. Pujolle, "An overview of
vertical handover decision strategies in heterogeneous
wireless networks", Computer Communications, January
2008.

[6] F. Siddiqui, S. Zeadally, "Mobility management across
hybrid wireless networks: Trends and challenges",
Computer Communications, Vol. 29, No. 9, May 2006, pp.
1363-1385.

[71 S. Jha and A. Mukherjee, "Advances in future
mobile/wireless networks and services ", Computer
Communications, Vol. 27, No. 8, May 2004, pp. 695-696.

[8] C. Hwang, K. Yoon, "Multiple Attribute Decision
Making", Springer-Verlag, 1981.

[91 S. Quiqyang, A. Jamalipour, "A network selection
mechanism for next generation networks", International
Conference of Communications (ICC 2005), Vol. 2, pp.
1418-1422.

[10] Q. Guo, J. Zhu, X. Xu, "An adaptive multi-criteria vertical
handoff decision algorithm for radio heterogeneous
network", IEEE International Conference on
Communications (ICC 2005), Vol. 4, 2005, pp. 2769—
2773.

[11] P. Chan, R. Sheriff, Y. Hu, P. Conforto, C. Tocci,
"Mobility management incorporating fuzzy logic for a
heterogeneous IP environment", /[EEE Communications
Magazine, Vol. 39. No 12, 2001, pp. 42-51.

[12] K. Pahlavan, P. Krishnamurthy, A. Hatami, M. Ylianttila,
J. P. Makela, R. Pichna, J. Vallstron, "Handoff in hybrid
mobile data networks", IEEE wireless communications,
Vol. 7, No. 2, April 2000, pp. 34-47.

[13] Q. Wei, K. Farkas, C. Prehofer, P. Mendes, B. Plattner,
"Context- aware handover wusing active network
technology", Computer Networks, Vol. 50, No. 15, 2006,
pp- 2855-2872.

[14] S. Balasubramaniam and J. Indulska, "Vertical handover
supporting pervasive computing in future wireless
networks", Computer Communications, Vol. 27, No.
8, May 2004, pp. 708-719.

[15] A. Calvagna, G. Di Modica, "A user-centric analysis of
vertical handovers", in Proceeding of the second ACM
International Workshop on Wireless Mobile Applications
and Services on WLAN Hotspots, 2004, pp. 137-146.

[16] O. Ormond, J. Murphy, G. Muntean, "Utility-based
intelligent network selection in beyond 3G systems", IEEE
International Conference on Communications (ICC 2006),
vol. 4, 2006, pp. 1831- 1836.

[17] H. J. Wang, R. H. Katz, J. Giese, "Policy-enabled handoffs
across heterogeneous wireless networks", IEEE Mobile
Computing Systems and Applications, February 1999, pp.
51-60.



2266

[18] G. Qiang, Z. Jie, X. Xu, "An adaptive multi-criteria
vertical handoff decision algorithm for radio heterogeneous
network", ICC IEEE International Conference on
Communications, Vol. 4, May 2005, pp. 2769 — 2773.

[19] Z. Fang, J.McNair, "Optimization for Vertical Handoff
Decision Algorithms", IEEE WCNC, Vol.2, March 2004,
pp. 867-872.

[20] Leibsh, M., Singh, A., Chaskar, H., Funato, D., Shim, E.
2005. "Candidate Access Router Discovery (CARD)".
IETF RFC 4066, July 2005.

[21] Thomson, S., Narten, T. 1998. "IPv6 Stateless Address
Autoconfiguraton”. IETF RFC 2462.

[22] Droms, R. 1997. "Dynamic Host Configuration Protocol",
IETF RFC 2131, March 1997.

[23] L. Zadeh, "A fuzzy set theoretic interpretation of linguistic
hedges", J. Cybernetics, Vol. 2, No 2. 1972, pp. 4-34.

[24] H. Chi-Hsing, J. C. Bernard, "Fuzzy multiple attribute
decision making using a simplified centroid-based
arithmetic process" International Journal of Industrial
Engineering : Theory Applications and Practice, Vol. 6,
No. 1, 1999, pp. 61-71.

[25] Johnson, D., Perkins, C., Arkko, J. 2004. "Mobility
Support in IPv6", IETF RFC 3775.

[26] Soliman, H., Castelluccia, C., El-Malki, K., Bellier, L.
2005. "Hierarchical mobile IPv6 mobility management
(HMIPv6)", IETF RFC 4140.

[27] Koodli, G. 2005. "Fast handovers for mobile IPv6". IETF
RFC 4068.

[28] R. Stewart, Q. Xie, M. Tuexen, S. Maruyama, M. Kozuka,
"Stream Control Transmission Protocol (SCTP) Dynamic
Address Reconfiguration" IETF RFC 5061, September
2007.

[29] Y. Nkansa-Gyekye and J. I. Agbinya, "Vertical Handoff
Decision Algorithm for UMTS-WLAN", AusWireless
2007, IEEE Computer Society.

[30] L. Lassoued, J. Bonnin, Z. Ben Hamouda, A. Belghith, "A
methodology for evaluating vertical handoff decision
mechanisms”, IEEE 7" International Conference on
Networking, 2008, pp. 377-383.

[31] National Institute of Standards and Technology (NIST),
Advanced Network Technologies Division (ANTD), \The
Network simulator NS-2 NIST addon : IEEE 802.21 model
(based on IEEE P802.21/D03.00), January 2007,
www.antd.nist.gov/seamlessandsecure/

Abdellatif EZZOUHAIRI received the M.
5S¢ degree in Computer Engmeering (2004)
| from Ecole Polytechmique de Montréal,
| Canadz and the PhD degres (2009) in Mobile
Computmg from Ecele Pelytechmgue de
Montrézl. He is now zn adjumct resezrcher at
the Dobide Computng =nd Networkng
Besezrch Laboratory. His current research
mterests melude mobile and wireless networkimg architectures,
mobility management i next generation of mobile networks
znd heterogensous network mntegration.

© 2011 ACADEMY PUBLISHER

JOURNAL OF COMPUTERS, VOL. 6, NO. 11, NOVEMBER 2011



