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Abstract-The Media Independent Handover (MIH) ar­
chitecture is designed to facilitate the signaling and enable
seamless handovers in heterogeneous networks. In this
paper, we propose a solution using the Stream Control
Transmission Protocol (SCTP) to efficiently carry MID
messages. The solution uses SCTP's multihoming and mul­
tistreaming capabilities along with cross-layer information
available through the MIH. We analyze the performance
of the proposed solution for various packet loss conditions.

I. INTRODUCTION

Mobile users currently have access to a wide range of
wireless technologies. To facilitate handover signaling
across heterogeneous networks, the Institute of Electri­
cal and Electronics Engineers (IEEE) 802.21 Working
Group is developing a Media Independent Handover
(MIH) framework [7]. This framework facilitates the
exchange of information across different entities of the
mobility management protocol stack within a node and
between different network entities via the MIH protocol.
The MIH Function (MIHF) is the core element of the
MIH architecture and provides three services to its
users. The Media Independent Event Service (MIES)
generates and distributes layer 1 and layer 2 events in
a generic format. The Media Independent Command
Service (MICS) allows an MIH user to control the
behavior of lower layers. Finally, the Media Independent
Information Service (MIlS) enables MIH nodes to collect
information about surrounding networks via the current
connection.
MIHFs communicate via the MIH protocol. The actual
transport mechanism is not specified but the MIH mes­
sages can be carried over layer 2, layer 3, or any layer
above. The low packet latency and reliability dictate
the selection of the transport protocol. If the necessary
signaling is not completed prior to losing connectivity,
the mobile node relies solely on local information and
may connect to an invalid network. The main reason
to trigger a handover is a degredation in signal quality.
This also means that the connection is suffering from

978-1-4244-2644-7/08/$25.00 ©2008 IEEE

Nicolas Montavont
Telecom Bretagne / Institut Telecom

France
nicolas.montavont@telecom-bretagne.eu

higher packet loss. Thus the transport protocol carrying
the MIH messages must be able to maintain its service
under conditions of high packet loss.
Traditional transport protocols, namely User Datagram
Protocol (UDP) and Transmission Control Protocol
(TCP) provide communication between two Internet Pro­
tocol (IP) addresses and rely on additional mechanisms
such as Mobile IP to handle mobility. This means that
the performance of these protocols is dependant on the
mobility protocol located at the network layer. In con­
trast, SCTP [4] embeds multihoming and multistreaming
capabilities. The Dynamic Address Reconfiguration [6]
also allows SCTP to perform layer 4 handovers. Due
to those capabilities, SCTP is an adequate transport
protocol for MIH messages. However, the default re­
transmission mechanism and movement detection need
to be optimized by using the MIH services. Therefore,
in this paper we propose a transport solution for MIH
messages using SCTP that combines an interface selec­
tion algorithm, cross-layer optimizations, and enhanced
control of SCTP by the MIHF.
The rest of this paper is organized as follows. In section
II we present the. solution to transport MIH messages
via SCTP while using the MIH services to optimize the
behavior of SCTP. Section III provides numerical results
demonstrating the performance of the proposed solution
for various packet loss conditions. Conclusions are given
in section IV.

II. PROPOSED TRANSPORT SOLUTION

In this section, we present a solution optimizing SCTP
to efficiently carry MIH messages. As shown in Figure
1 there are two views to the proposed solution. In the
Mobility Control Plane, SCTP uses MIH services such
as events and commands to be aware of changes at
the lower layers therefore SCTP is located above the
MIHF. In the data plane, MIHF sends and receives MIH
messages by using SCTP as a transport protocol, thus
MIHF is located above SCTP.
There are three main components to the proposed so-
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Fig. 1. MIH architecture

Delay(i,j) == (1- L i ) * RTTi

+Li * (1 - Lj ) * (RTO i + RTTj ) (1)

SCTP determines the interface i to use as primary
interface and interface j to retransmit that minimizes
Delay( i, j).

B. Enabling fast movement detection using MIH services

This subsection describes how SCTP uses the MIH
services to optimize its performance. The Dynamic Ad­
dress Reconfiguration [6] extension enables an SCTP end
point to advertise changes about its local addresses. A
new chunk type called Address Configuration Change
(ASCONF) is used by an end point to add or remove
addresses by which it is reachable. It also allows an
address to be specified as a primary destination. With
this mechanism the remote node does not wait for the
longer Heartbeat timer expiration to determine that an
address is not reachable.
The default mechanism to indicate if an IP address
is valid is provided by the Neighbor Discovery (ND)
protocol. When the prefix of the node expires, it indicates
that the node is no longer connected to its Access Router
(AR). The delays for prefix expirations are in the order
of seconds. To detect movement faster, SCTP uses the
MIES. Upon receiving the MIH_LINK_DOWN, SCTP
sends an ASCONF chunk to deregister the interface's
address. If the node only has one interface, SCTP will
wait until the connection is reestablished to update the
peer node. It also interacts with the IP layer to receive
indication that a new address has been configured then
sends an ASCONF chunk to register the new address.
Furthermore, the proposed solution uses the algorithm
presented in section 11-A to determine the appropriate
primary path. SCTP retrieves the current packet loss
using the MICS. If the best interface is different after
running the algorithm, SCTP sends an ASCONF chunk
to update the primary path.

C. MIHF control of SCTP

In this section, we describe how an MIHF can control
the SCTP's configuration and further improve the trans­
mission of MIHmessages. An SCTP-aware application
can control the number of streams and the addresses
to advertise during initialization. The MIH services are
independent of each other, have different constraints, and
may be provided by different Points of Service (PoSs).
Therefore, when an MIHF creates an association with
a PoS, it will only create streams for the supported
services. Allowing each MIH service to operate on
a different stream reduces message blocking due to
retransmission.
Applications can also specify the packet lifetime, or­
dering, and context identifier for each message sent.
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lution: an interface selection algorithm for SCTP, fast
movement detection using the MIH services, and the
control of SCTP by the MIHF to reduce the time spent
sending expired information.

A. Interface selection algorithm

In this subsection, we present the algorithm used by
SCTP to determine the best interface to use for commu­
nication. SCTP allows end points to communicate via
multiple addresses. When packets are lost on the primary
path, SCTP uses an alternate destination address for
retransmissions. Performance of multihoming has been
studied in [2] and [3] and results show reduced packet
latencies when packet loss occurs. Nevertheless, the
performance of multihoming still relies on the selection
of the primary path. We propose to use an algorithm
to estimate the average delay to transmit a packet using
one interface including one retransmission on another
interface. Let RTTi be the measured Round Trip Time
using interface i. Let RTOi be the current value of
the retransmission timer for chunks sent via interface
i. Finally, let L i be the current packet loss measured on
interface i.
The RlT and RTO are measurements already available
within SCTP. The MICS is used to retrieve the current
packet loss at the interface.
If the transmission succeeds using interface i, with a
probability 1 - L i , the delay is RTTi . If the first
transmission fails, with a probability L i , and succeeds
when retransmitting using interface j, with a probability
1 - Pj , the delay is RTOi + RTTj • We can deduce the
average delay:
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