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Abstract— One challenge of wireless networks
integration is to provide ubiquitous wireless access
abilities and seamless handover for mobile
communication devices between different types of
technologies (3GPP and non-3GPP) such as Wireless
Fidelity (Wi-Fi), Worldwide Interoperability for
Microwave Access (WiMAX), Universal Mobile
Telecommunications System (UMTS) and Long Term
Evolution (LTE). This challenge is critical as Mobile
Users (MUs) are becoming increasingly demanding for
improved services regardless of the technological
complexities associated with them. To fulfill these
requirements for seamless Vertical Handover (VHO)
two main interworking frameworks were proposed by
IEEE Group and 3GPP for integration between the
aforementioned  technologies; namely, Media
Independent Handover IEEE 802.21 (MIH) and IP
Multimedia Subsystem (IMS), where each of them
requires mobility management protocol to complement
its work such as Mobile IP (MIP) and Session Initiation
Protocol (SIP), respectively. This paper presents an
improvement on the traditional Imperative Alternative
MIH for Vertical Handover (I AM 4 VHO) algorithm
for enhancing VHO in heterogeneous wireless networks
environment. Finally, the numerical analysis of the
improved algorithm shows lower VHO connection
failure (probability of session rejection) compared to
the traditional I AM 4 VHO algorithms.

Keywords— Vertical Handover (VHO), Media

Independent Handover (MIH), VHO Connection
Failure.
l. INTRODUCTION
With the advancement of Radio Access

Technologies (RATS), mobile communications has
been more widespread than ever before. Therefore, the
number of users of mobile communication networks
has increased rapidly as an example; it has been
reported that “today, there are billions of mobile phone
subscribers, close to five billion people with access to
television and tens of millions of new internet users
every year” [1] and there is a growing demand for
services over broadband wireless networks due to
diversity of services which can’t be provided with a
single wireless network anywhere anytime [2-7]. This
fact means that heterogeneous environment of wireless

systems such as Wireless Fidelity (Wi-Fi), Worldwide
Interoperability for Microwave Access (WiMAX),
Universal Mobile  Telecommunications  System
(UMTS) and Long Term Evolution (LTE) will coexist
providing Mobile Users (MUs) with roaming capability
across different networks. One of the challenging issues
in Next Generation Wireless Systems (NGWS) is
achieving seamless Vertical Handover (VHO) while
roaming between these technologies; therefore,
telecommunication operators will be required to
develop a strategy for interoperability of these different
types of existing networks to get the best connection
anywhere anytime without interruption to the ongoing
sessions. To fulfill these requirements for seamless
VHO two main interworking frameworks were
proposed by IEEE Group and 3GPP for integration
between the different types of technologies; namely,
Media Independent Handover IEEE 802.21 (MIH) and
IP Multimedia Subsystem (IMS), where each of them
requires mobility management protocol to complement
its work such as Mobile IP (MIP) and Session Initiation
Protocol (SIP). This paper presents an improvement on
the traditional Imperative Alternative MIH for Vertical
Handover (I AM 4 VHO) algorithm to provide lower
VHO connection failure (probability of session
rejection) for enhancing VHO in heterogeneous
wireless networks environment. The rest of the paper is
organized as follows; section Il describes the VHO
management, MIH and IMS frameworks. In section IlI,
related works are presented. In section 1V, an
improvement on the traditional I AM 4 VHO algorithm
is presented. In section V, numerical analysis for the
improved | AM 4 VHO algorithm is presented. Finally,
the conclusion is included in section VI.

1. VERTICAL HANDOVER MANAGEMENT

The mechanism which allows the MUs to continue
their ongoing sessions when moving within the same
RAT coverage areas or traversing different RATS is
named Horizontal Handover (HHO) and VHO,
respectively. In the literature VHO management is
divided into three phases: Collecting Information,
Decision and Execution [8-15] as described below.

= Handover Collecting Information

In this phase, all required information for VHO
decision is gathered, some related to the user
preferences (e.g. cost, security), network (e.g. latency,
coverage) and terminal (e.g. battery, velocity).
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= Handover Decision

In this phase, the best RAT based on
aforementioned information is selected and the
handover execution phase is informed about that.

= Handover Execution

In this phase, the active session for the MU will be
maintained and continued on the new RAT; after that,
the resources of the old RAT are eventually released.

A. Media Independent Handover (MIH)

The IEEE Group released IEEE 802.21 standard
Media Independent Handover (MIH) in 2009 to provide
seamless VHO between heterogeneous networks that
include both wireless (3GPP and non-3GPP) and wired
media [16-23]. IEEE 802.21 defines two entities: first,
Point of Service (PoS) which is responsible for
establishing communication between the network and
the MU under MIH and second, Point of Attachment
(PoA) which is the RAT attachment point represents the
network side endpoint connected to the MU. Also MIH
provides three main services: Media Independent Event
Service (MIES), Media Independent Command Service
(MICS) and Media Independent Information Service
(MIIS) [24].

= Media Independent Event Service (MIES)

It is responsible for reporting the events after
detecting, e.g. link up on the connection (established),
link down (broken), link going down (breakdown
imminent), etc. [25].

»= Media Independent Information Service
(MIIS)

It is responsible for collecting all information
required to identify if a handover is needed or not and
provide them to MUs, e.g. available networks,
locations, capabilities, cost, etc. [25].

= Media Independent Command Service
(MICS)

It is responsible for issuing the commands based on
the information which is gathered by MIIS and MIES,
e.g. MIH handover initiate, MIH handover prepare,
MIH handover commit and MIH handover complete
[25].

However, no handover decision is made within MIH
[26], “the actual algorithms to be implemented are left
to the designers” [27] and implementation of the
decision algorithm is out of the scope of MIH [17].

B. IP Multimedia Subsystem (IMS)

The IP Multimedia Subsystem (IMS) was
introduced in 2002 by 3GPP (Released 5) to support
multimedia services in UMTS [28-31] and provide
access security to IMS. However, it started supporting
multimedia service for both wireless (3GPP and non-
3GPP) and wired networks in Release 7 [32]. The IMS

is defined as a 3-layer architecture consisting of
transport layer, control layer and application layer.

=  Transport Layer

It includes all the entities for the supported access
networks which allow IMS devices and MUs connect
the IMS through many types of access networks, e.g.
UMTS, Wi-Fi, WIMAX, etc, also it allows the IMS
device to receive/send call either through the Public
Switched Telephone Network (PSTN) or the Media
Gateway (MGW) [33].

= Control Layer

This layer includes three SIP signaling servers that
are known as Call-Session Control Functions (CSCFs)
which are responsible for establishing, managing and
terminating media sessions, also it includes other
entities: Home Subscriber Service (HSS), Breakout
Gateway Control Function (BGCF), Media Gateway
Control Function (MGCF), Media Resource Function
Controller (MRFC) and Multimedia Resource Function
Processor (MRFP) [33].

=  Application Layer

In this layer the application server is responsible for
hosting and executing all the services offered by IMS.

However, in this framework handover decision is
out of its scope and unlike the MIH framework, the MU
obliges to discover neighbor cells with no assistance
from the network by periodically conducting a radio
scanning in the background which a results in: (a)
Limited information is discovered (b) The MU needs
two receivers work concurrently one for scanning and
another for ongoing session while one receiver may be
incurred probability of missing data from serving cell
(c) Higher MU power consumption and (d) Upgrades
legacy cells (2G/3G) due to broadcast information
about 4G neighbors cells such as WiMAX and LTE.

I1l. RELATED WORKS

In [34], the VHO approaches proposed in the
literature have been classified into four categories based
on MIH and IMS frameworks (MIH based VHO
category, IMS based VHO category, MIP under IMS
based VHO category and, MIH and IMS combination
based VHO category) in order to present their
objectives in providing seamless VHO. It has been
concluded in [34] that MIH is more flexible and has
better performance providing seamless VHO compared
with IMS framework; hence, the majority of approaches
in the literature were based on MIH framework.

In [35], the VHO approaches proposed in the
literature have been classified into three categories
based on MIH and Access Network Discovery and
Selection Function (ANDSF) which works as a store of
RATSs information such as information about neighbor
cells, operator’s policies and preferences (ANDSF
based VHO category, MIH based VHO category and
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MIH and ANDSF combination based VHO). It has
been concluded in [35] that the VHO approaches
concentrated primarily on packet loss and latency
whereas VHO connection failure and signaling cost
have not been considered thoroughly.

In [36], the traditional | AM 4 VHO algorithm has
been proposed in the decision phase based on MIH
framework to achieve: (a) low VHO connection failure
(probability of session rejection) and (b) low signaling
cost.

The probability of handover connection failure
occurs when the handover is initiated but the target
network does not have sufficient resources to complete
it (session rejection due to unavailable resources) or
when the MU moves out of the coverage of the target
network before the process is finalized [37]. There are
many existing VHO approaches have been proposed in
the literature to reduce VHO connection failure [36, 38-
45]. The VHO approaches in [38-45] have considered
only the MU’s moves as the handover connection
failure factor while the other work in [36] has contented
only with the session rejection factor.

IV. IMPROVING INITIATION PHASE FOR THE
TRADITIONAL | AM 4 VHO ALGORITHM

From the section above it was concluded that the
approaches in [36, 38-45] have only either concentrated
on MU’s moves as the handover connection failure
factor or they have contented with the session rejection
factor. In the recent approach [36], the traditional | AM
4 VHO algorithm has been proposed in the decision
phase to achieve: (a) low VHO connection failure
(probability of session rejection) as a result of using the
optimum RATS (list of priority) and (b) low signaling
cost. The algorithm has defined two main types of
VHO: Automatically Imperative VHO (AIVHO)
session and Alternative VHO (AVHO) session. The
AVHO consists of Automatically Alternative VHO
(AAVHO) session and Manually Alternative VHO
(MAVHO) session. Imperative session has high
priority, e.g. if there are two VHO sessions at the same
time, one due to Radio Signal Strength (RSS) going
down (imperative) and the other due to user preferences
change (alternative), the first request will be responded
as high priority and the second request will be
considered only if there is no any imperative VHO
session under process, otherwise it has to wait in queue.
In the AIVHO case, due to RSS going down the RATS
list of priority based on user preferences will be
provided by MU. When the first choice from the RATS
list of priority could not be satisfied with Sufficient of
Resources (SoRs) the Admission Control (AC) at
destination PoS will automatically move to the next
RAT in the list for satisfying the request and so on,
once RAT of sufficient resources has been found, it will
be checked by the destination PoS whether it is
compliant to the rules and preferences of operators, if
that is available, the session will be accepted, otherwise

the request will be returned to the AC step to select the
next RAT in list. Finally, the session will be rejected if
there are no available resources for any RAT in the list.
In the AAVHO case, the MU will select target RATs
list of priority based on user preferences due to his/her
profile change such as data rate, and take the same path
of imperative request. In the MAVHO case, there is no
need to RATSs list of priority step because the RAT is
selected manually by the user; therefore, the session
would be rejected if SoRs are not available for user’s
selection session.

However, in the initiation phase, giving high
priority for imperative sessions over alternative sessions
may probably cause VHO connection failure in the
alternative sessions as a result of waiting process in
queue. Therefore, this paper proposes an improvement
in the initiation phase for the traditional | AM 4 VHO
algorithm by making a balance between the sessions.
This in turn means that the imperative and alternative
sessions will obtain the same priority of execution
(50%). Each of the sessions is allowed to utilize unused
portion of the other session when its own portion is
fully used, otherwise they have to wait in queue. This is
shown in Fig.1.

V. NUMERICAL ANALYSIS FOR THE IMPROVED
I AM 4 VHO ALGORITHM (INITIATION PHASE)

This analysis considers the situation in which there
are two main types of VHO can be identified without
background traffic: imperative and alternative.
Alternative session and imperative session are referred
to (Altyno) and (Impyho), respectively.

LetZ={z12,,....z}and Y = {y1, y2,. ...y} be the
sets of Impyno and Altyyo sessions, respectively. Note
thati >1 and j>1.

If the Impynwo has high priority over the Altyno as
the traditional I AM 4 VHO algorithm works, the
probability of minimizing VHO connection failure (p,)
is computed as follows:

A. Imperative (1)
P2(Zimp)= D(Zi), Zimp is ONly IMpyo sessions selected

Where p is the probability of available Impyyo for
any individual session.

B. Alternative 2
parm=1) =1-py(r<1), 1- ps(ry <1),...,1- p1(rn <1)
Where: 3)
—_(k Tmak-Tm — k! Tm ak—Tm
p1 (1) = (m) Pt =P

Where p, is the probability of available Altyo for
available sessions, k is the number of available sessions,
r is the number of available successful sessions for
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Altyo, p is the probability of available Altyyo for any From Fig.5, it can be seen that the p, for Impynoand
individual session and ¢ is the probability of  Altyyo score (100%) due to the same priority of
unavailable Altyyo for any individual session. execution is given for both of them.

If the Altypoand Impyyo have the same priority, the

probability of minimizing VHO connection failure (p,) Probability of Available Alt,, for any Individual

is computed as follows: Session (P=0.1)
1

P2(Zimp)= (i), Zimp IS ONlY IMpyyo Sessions selected M ° 1

I

>~
p2(Yan)= p(¥j), Yan is only Altyo sessions selected »® O The Traditional |

£ 5 o6 AM 4 VHO

To investigate probability of minimizing VHO = Algorithm for

connection failure thoroughly, set of variables of p for 2 s 04 » AltVHO
Altyro (0.1, 0.5, 0.9) are assumed as shown in Fig.2, °8 o2 The Traditional |
Fig.3 and Fig.4, respectively. These figures illustrate Z < AM 4 VHO
the probability of minimizing VHO connection failure €8 o Algorithm for
(p,) for the traditional 1 AM 4 VHO algorithm. It is 2 0123456 ImpVHO

improved for Altyo as a result of increasing number of
sessions with a minimum and maximum p, of (10%) Available Sessions
and (99%) respectively. While the p, for Impyno
sessions score (100%), this is because they are given
high priority over alternative sessions.

Fig.2. Comparison of Probability of Minimizing Vertical

Handover (VHO) Connection Failure Sessions (p = 0.1)

with High Priority of Execution for Imperative Sessions
over Alternative Sessions

VHO Session Type

'

Imperative Sessions= 50%
Alternative Sessions= 50%

Alternative Session Is Imperative Session

ald
Ll
\ 4 Y
Alternative Alternative Imperative Imperative
Yes Session Sessions Yes Session No Sessions
<=50% y <=50%

Wait In Queue Yes Wait In Queue Yes

Do VHO Procedure <

A 4

Fig. 1. The Improved Imperative Alternative MIH for Vertical Handover (I AM 4 VHO) Algorithm
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Probability of Available Alt,,, for any Individual
Session (P=0.5)
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Fig.3. Comparison of Probability of Minimizing Vertical

Handover (VHO) Connection Failure Sessions (p = 0.5)

with High Priority of Execution for Imperative Sessions
over Alternative Sessions
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Fig.5. Comparison of Probability of Minimizing Vertical
Handover (VHO) Connection Failure Sessions with the
Same Priority of Execution between Imperative Sessions
and Alternative Sessions

VI. CONCLUSION

This paper has presented an improvement on the
traditional I AM 4 VHO algorithm for enhancing VHO
in heterogeneous wireless networks environment. The
numerical analysis of the improved | AM 4 VHO

Fig.4. Comparison of Probability of Minimizing Vertical

Handover (VHO) Connection Failure Sessions (p = 0.9)

with High Priority of Execution for Imperative Sessions
over Alternative Sessions

algorithm has shown lower VHO connection failure
compared to the traditional I AM 4 VHO algorithm. In
the future work, it would be preferable to simulate the
improved I AM 4 VHO and evaluate the system
performance.
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