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Abstract

Mobility management, integration and interworking of existing wireless systems are important factors to obtain seamless roaming and
services continuity in next generation or 4G wireless networks (NGWN/4G). Although, several IPv6-based mobility protocols as well as
interworking architectures have been proposed in the literature, they cannot guarantee seamless roaming, especially for real-time appli-
cations. Moreover, mobility management protocols are designed for specific needs, for example, the purpose of IPv6-based mobility
schemes consists of managing users roaming while ignoring access network discovery. This paper proposes an efficient handoff protocol,
called enhanced Handoff Protocol for Integrated Networks (eHPIN), which carries out localized mobility management, fast handoff, and
access network discovery. It alleviates services disruption during roaming in heterogeneous IP-based wireless environments. Performance
evaluation results show that eHPIN provides significant gain with respect to signaling traffic overhead cost, handoff latency, packet deliv-
ery cost, handoff failure and packet loss compared with existing IPv6-based mobility schemes.
� 2008 Elsevier B.V. All rights reserved.
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1. Introduction

Fourth or next generation wireless networks (4G/
NGWN) are expected to exhibit heterogeneity in terms
of wireless access technologies, user-oriented services and
greater capacities. Users will have increasing demands
for seamless roaming across different wireless networks,
support of various services (e.g., voice, video, data) and
quality of service (QoS) guarantees. Hence, with this het-
erogeneity, users will be able to choose radio access tech-
nology (RAT) that offers higher quality, data speed and
mobility which is best suited to the required multimedia
applications. Moreover, technological advances in the evo-
lution of portable devices make it possible to support dif-
ferent RATs. Heterogeneity in terms of RATs and
network protocols in 4G/NGWN requires common inter-
connection element. Since the Internet Protocol (IP) tech-

nology enables the support of applications in a cost-
effective and scalable way, it is expected to become the
core backbone of 4G/NGWN [1]. Thus, current trends
in communication networks evolution are directed
towards an all-IP principles in order to hide heterogene-
ities of lower-layers technologies from higher-layers and
to achieve convergence of different networks.

Mobility management, with provision of seamless
handoff and QoS guarantees, is one of the key topics in
order to support global roaming of mobile nodes (MNs)
in NGWN. Providing seamless mobility and service conti-
nuity (i.e., minimal service disruption during roaming)
support based on intelligent and efficient techniques is
crucial. This means that seamless handoff schemes should
have following features: minimum handoff latency, low
packet loss, low signaling overhead and limited handoff
failure or blocking rate. Handoff latency represents the
time interval during which an MN cannot send or receive
any data traffic during handoffs. It is composed of L2
(link switching) and L3 (IP layer) handoff latencies. The
overall handoff latency may be sufficiently long to cause
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packet loss, which is intolerable for real-time applications
such as voice over IP (VoIP). Furthermore, subscribers
are more sensitive to session/call blocking during handoff
than to session blocking during call initiation. The hand-
off blocking probability refers to the likelihood that a ses-
sion connection is prematurely terminated due to an
unsuccessful handoff over a session lifetime. Hence, mini-
mization of handoff blocking probability is crucial for
mobility management schemes. The signaling traffic over-
head is defined as the total number of control packets (for
registration, binding update and binding refresh proce-
dures) exchanged between an MN and a mobility agent
(e.g., home agent).

Several IPv6-based mobility schemes such as Mobile
IPv6 (MIPv6) [4], Hierarchical Mobile IPv6 (HMIPv6)[7]
and Fast Handovers for Mobile IPv6 (FMIPv6) [8], have
been proposed by the Internet Engineering Task Force
(IETF) to enable an MN to remain reachable when moving
out of its home network. However, these protocols are hin-
dered by several drawbacks such as signaling overhead,
handoff latency and packet loss. To achieve seamless
mobility across various access technologies and networks,
an MN needs to have information regarding the wireless
network to which it can attach. To enable this, Candidate
Access Router Discovery (CARD) protocol [10] was pro-
posed by the IETF. When coupled with CARD protocol,
traditional fast handoffs schemes may work inefficiently
since some operations may be redundant, which results in
higher handoff delay and wastage of network resources.

Enhancing those protocols for efficient mobility man-
agement in heterogeneous NGWN is highly necessary. This
paper proposes a mobility management scheme, called
enhanced Handoff Protocol for Integrated Networks

(eHPIN), that enables seamless roaming, services continu-
ity and QoS guarantees for real-time applications in heter-
ogeneous IPv6-based wireless environments. eHPIN
performs access network discovery, localized mobility
and fast handoff management. In other words, eHPIN aims
to provide efficient access network discovery and roaming
support in order to alleviate services disruption during
handoff. It is designed for both heterogeneous and homo-
geneous wireless networks. The main contributions of this
paper can be summarize as follows:

(i) The proposal of an appropriate usage of fast handoff,
media independent handover (MIH) and access net-
works discovery concepts in one suite protocol that
provides efficient mobility management in heteroge-
neous wireless environments.

(ii) To further reduce handoff delay and packet loss, we
propose the anticipated binding update procedure
and tunnels establishment as well as efficient context
transfer.

(iii) Performance evaluation is done based on the pro-
posed analytical model in order to compare eHPIN
with some existing IP-based mobility management
protocols.

The remainder of this paper is organized as follows. In
Section 2, an overview of basic concepts and related work
are depicted. An interworking architecture for 4G/NGWN
is presented in Section 3. The proposed mobility manage-
ment protocol, eHPIN, is described in Section 4. Perfor-
mance analysis and numerical results are shown in
Sections 5 and 6, respectively. Finally, Section 7 concludes
the paper.

2. Background and related work

Mobility management enables a communication system
to locate roaming terminals in order to deliver data packets
(i.e., location management) and to maintain connections
with them as they move into a new subnet (i.e., handoff

management). Handoff management is a major component
of mobility management since an MN can trigger several
handoffs over a session lifetime as it will be the case in
NGWN. It is crucial to provide seamless mobility and ser-
vice continuity support based on intelligent and efficient
techniques. Various schemes have been proposed in the lit-
erature and by the IETF for mobility management in IP-
based wireless networks.

Mobile IPv6 (MIPv6) [4] was proposed for mobility man-
agement at the IP layer and allows MNs to remain reachable
in spite of their movements within IP wireless environments.
Each MN is always identified by its home address, regard-
less of its current point of attachment to the network. While
away from its home network, an MN is also associated with
a care-of address (CoA), which provides information about
the MN’s current location. After acquisition of CoA, an
MN sends a binding update (BU) message to the home agent
(HA), informing it of the new address and also to all active
correspondent nodes (CNs) to enable route optimization.
However, MIPv6 has some well-known drawbacks such as
signaling traffic overhead, high packet loss rate and handoff
latency, thereby causing user-perceptible deterioration of
real-time traffic [5,6]. These weaknesses led to the investiga-
tion of other solutions designed to enhance MIPv6 and sup-
port micro-mobility of MNs.

Two main MIPv6 extensions proposed by the IETF are
Hierarchical MIPv6 (HMIPv6) [7] and Fast Handovers for
MIPv6 (FMIPv6) [8]. HMIPv6 handles local handoffs
through a special node called Mobility Anchor Point
(MAP). The MAP, acting as a local HA in the network vis-
ited by the MN, limits the amount of MIPv6 signaling out-
side its domain and reduces delays associated to location
update procedure. However, HMIPv6 cannot meet the
requirements for delay sensitive traffic, such as voice over
IP (VoIP), due to packets loss and handoff latency.
FMIPv6 was proposed to reduce handoff latency and to
minimize services disruption due to MIPv6 operations dur-
ing handoffs such as movement detection, binding update
and addresses configuration. The link layer information
(L2 trigger) is used either to predict or respond rapidly to
handoff events.
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