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Abstract

Recently, growing availability of emerging wireless technologies has pushed the demand to integrate different wireless-network tech-
nologies such as: wireless local-area networks, cellular networks, and personal and short-range networks. The inter-working of hetero-
geneous radio access networks poses many technical challenges, with mobility management being one of the most important. In this
paper we survey the existing proposals and show that transport-layer mobility is a viable candidate for implementing seamless handover
in heterogeneous wireless access networks. Since the mobile Stream Control Transmission Protocol (mSCTP) is at the core of most rel-
evant transport-layer mobility schemes being currently studied, we identify the key scenarios where the protocol can effectively leverage
the multihoming feature to enhance handover support. Moreover, to provide the reader with a complete overview of the mSCTP’s appli-
cation area, we also survey the situations where the use of mSCTP-based schemes is not possible or has some limitations. Then, in one of
the identified key scenarios, we investigate several challenging open issues related to path management and path-transition optimization
by considering bandwidth-estimation schemes and link-layer support. Finally, we consider introducing concurrent multipath transfer
(CMT) into mSCTP-based mobility schemes, as a future research direction.
� 2008 Elsevier B.V. All rights reserved.
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1. Introduction

The latest evolution and successful deployment of differ-
ent wireless-network technologies (such as wireless local-
rea networks (WLAN), cellular, personal and short-range)
has spurred a strong demand to develop the framework for
co-existence of heterogeneous wireless networks within, so-

called fourth-generation (4G) mobile data networks.
According to [1], one of the most important technical chal-
lenges that the development of 4G networks poses is to
provide seamless mobility that can guarantee service conti-
nuity for multi-mode mobile terminals like cellular phones,
personal digital assistants (PDAs), and notebook comput-
ers. Seamless mobility requires the deployment of inter-sys-
tem mobility-management solutions, so that users and
service providers are hidden as much as possible from the
complexity of inter-networking wireless access networks.
In this sense, the development of mobility-management
solutions over the Internet Protocol (IP) is a key enabler
to provide seamless mobility between heterogeneous wire-
less access networks.

Earlier work [2] on mobility management in heteroge-
neous networks discussed solutions affecting different layers
of the IP stack. This paper, however, will mainly focus on
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transport-layer handover schemes, as this topic has still not
been given enough attention by the research community. As
the main contribution of the paper, we identify the key sce-
narios and challenging issues in handling seamless mobility
at the transport layer in heterogeneous wireless access net-
works. Namely, we survey the scenarios where it is possible
to apply transport-layer solutions like the mobile Stream
Control Transmission Protocol (mSCTP) [3], having some
benefits over other existing mobility solutions, and the sce-
narios where it is not recommended. Specifically, multihom-
ing support is analyzed as the new protocol feature that lays
the foundations of transport-layer mobility. In this context,
the key topics are supported by the development of specific
experiments on path management and path-transition opti-
mization. In particular, after an initial analysis to assess the
suitability of relying on the legacy SCTP failover mecha-
nism to handle mobility, the use of link-layer information
and end-to-end bandwidth estimation are considered in
the protocol-optimization process.

The rest of the paper is organized as follows: Section 2
introduces the details of mobility management and pro-
vides the reader with an overview of the existing mobil-
ity-management solutions, focusing on transport-layer
schemes. Section 3 is devoted to the description of mSCTP,
a transport-layer protocol that is at the core of the most
relevant transport-layer mobility schemes, and to the iden-
tification of mSCTP’s use for mobility management in het-
erogeneous wireless networks. Then, the main issues
identified are illustrated by a set of experiments in Section
4. Finally, conclusions are drawn in Section 5.

2. Mobility management

2.1. Related work

In the near future, most Internet hosts will be mobile, so
mobility should be supported throughout the Internet. In
this context, an open challenge is the design of mobility-

management solutions that take full advantage of IP-based
technologies to achieve the desired mobility between the
various access technologies, and, at the same, time provide
the necessary Quality of Service (QoS) guarantees.

Mobility can be classified into terminal, personal, ses-
sion and service mobility. Terminal mobility is the ability
of a mobile host (MH) to move between IP subnets, while
continuing to be reachable for incoming requests and
maintaining sessions across subnet changes. Personal
mobility refers to the ability of addressing a user that can
be located at several terminals. Session mobility refers to
maintaining a session when moving between terminals.
Finally, service mobility can be defined as the ability of
users to maintain access to their services even when moving
and changing terminals or service providers. Hereafter we
concentrate on terminal mobility, since it is the foundation
of the analysis addressed in this paper.

Management of terminal mobility includes two funda-
mental operations: location and handover management.

According to [3], handover-management deals with all the
necessary operations to change a MH’s point of attach-
ment (PoA) to the IP network, while maintaining the com-
munication with the correspondent node (CN). An IP-
address change gives rise to challenges for maintaining an
uninterrupted data flow, minimizing packet loss, and main-
taining security. On the other hand, location-management

focuses on keeping track of a MH’s current IP address,
and providing this address to any entity needing to commu-
nicate with the MH, while being transparent to its peers.

Many proposals aimed at solving the problem of termi-
nal mobility management in heterogeneous wireless net-
works providing IP connectivity can be found in the
literature. A good survey on the current state of the art
for mobility management in next-generation all-IP-based
wireless systems can be found in [2]. Currently, the most
representative mobility-management solution are Mobile
IP (MIP) [4] and Mobile IPv6 (MIPv6) [5]. Both MIP
schemes are usually classified as macro-mobility schemes,
and are tailored to follow a MH’s movement across differ-
ent subnets within an Administrative Domain (AD), or
across different subnets belonging to different ADs. Yet,
if the MH’s PoA changes frequently, the MIP tunneling
mechanism may lead to unacceptable network overhead
in terms of increased delay, packet loss, and, especially, sig-
naling. In this context, so-called micro-mobility schemes,
such as Hierarchical Mobile IP (HMIP) [6], Cellular IP
[7], Hawaii [8], and Fast Handoff [9], have been proposed
to handle the movement of a MN within or across different
PoAs in a subnet within an AD. A discussion of different
micro-mobility protocols can be found in [10].

Another interesting approach to mobility management
is introduced by Yabusaki et al. in [1]. The proposed solu-
tion advocates for the network itself to transparently han-
dle mobility for mobile terminals. Thus, Yabusaki et al.
suggest a network-centric solution to handle IP mobility
in analogy with conventional 2G/3G networks, where
mobility management has mainly been implemented as net-
work intelligence, a concept just opposite to the end-to-end

intelligence architectural principle of the Internet [11]. In
this approach, IP addresses are used separately as host
addresses and routing addresses. Thus, a host address is
semi-permanently assigned to a MH and a routing address

is temporarily assigned to the MH when datagrams are
delivered to it. Datagrams are sent from a CN to a MH
with the host address of the MH but then, within the IP
mobile network, datagrams are transported using the rout-
ing address generated from the host address. All in all, user
terminals are unaware of this rerouting management that is
handled entirely in the network.

Handling mobility at the application layer has also
received a lot of attention since a solution that is almost
independent of the underlying wireless or wired access tech-
nologies and network-layer elements can be envisaged. In
this context, the Session Initiation Protocol (SIP) [12] can
be used for mobility management. Thus, when a MH
moves during an active session into a different network, it
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