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ABSTRACT
Thispaper presentsanovel middleware architecturein order to sup-
port multimedia services acrossinter–technology nodes in a seam-
lessmanner and with minimum perceived QoS degradation. The
proposed architecture isbased on theMediaIndependent Handover
(MIH) framework. The novelty of the proposed architecture is
based on a number of enhancements on top of the original MIH
scheme. Firstly, the handover decision function is based on trig-
gering/collecting statistics from physical, network and application
layer, so that an ongoing multimedia session (video) can be trans-
ferred seamlessly. Secondly, the original MIH scheme is coupled
with a novel mechanism that updates the video encoding parame-
ters in real time, allowing video QoSadaptation and/or video QoS
based vertical handover based onan estimated value of the current
Peak Signal to Noise Ratio received by the mobile user. The sim-
ulation results carried out with the NS-2 tool parametrized for sup-
porting MIH functionality and H.264 encoded video traffic, have
shownasignificant improvement both in thereceived video QoS in
termsof PSNR and thenetwork throughput, during WiFi to UMTS
handover, under the proposed scheme.
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One of the main trends in the mobile communications sector is
the connected everywhere, anytime, anyhow philosophy. This phi-
losophy is also denominated Always Best Connected (ABC) phi-
losophy[2]. It isbased on thefacts that several “competing” Radio
AccessTechnologies (RATs)can co-exist, which have different re-
quirements and capabiliti es. For an advanced scenario these RATs
can range from existing technologies (e.g. UMTS, WiMAX) to fu-
turenetworks [4]. It is then necessary to havemechanisms that, for
a particular instant in time, select the “best” network and perform
the inter-working between different technologies. Therefore, it i s
important to define the framework that will allow mobility proto-
cols to handle ongoingsession and demanding services uniformly
among heterogeneous link-layer interfaces. Interoperability and
cooperative control of provided services are the key factors dur-
ing the handover procedure of a Mobile Terminal (MT). Media In-
dependent Handover (MIH) mechanism will handle the upcoming
challenges of seamlessmobility and session continuity at the mid-
dleware serviceplatform. IEEEWorking Group has recently pro-
posed IEEE802.21 standard [11] to enable handover and interop-
erability between heterogeneous networks with context-awareness
in mobile terminals.

The major disadvantages of existing mobility solutions are, that
they consider link-layer and network layer triggersin order to carry-
out handover. They do not capture the application-related QoS
requirements in order to support session continuity and maintain
QoS of on-going sessions. An extensive overview of the key el-
ements that are proposed in IEEE 802.21 standard, is included in
[5]. The study focuses on the architecture and the services pro-
posed in MIH. In [13] a MIH based vertical handover solution is
presented. Although, anumber of novel network entities that assist
on the handover performance, which is carried out by the Mobile
IP, are proposed, the study does not consider application specific
requirements. Seamlessmobility using 802.21 is also the focus in
[7], which suggests a number of modification to be made on the
underlying accessnetworks in order to facilit ate theMIH function-
ality. The reduction of the handover latency is the aim in [9]. This
is achieved by specific link layer triggers that indicate the exact
handover performance time to the handoff algorithm. A WLAN-
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WMAN interworking framework that was presented in [3], pro-
posed a number of extensions to the MIH, including a network se-
lection function, a handover monitor and a novel module for QoS
adaptation. Moreover, [15] proposes extensions to the MIH frame-
work that include link, network and application layer information
from both the client and the network sides, however, the authors
suggest that a QoSadaptation to the new accessnetwork require-
ments will only take place after the execution of the handoff. A
scheme for adapting the video codec in order to improve the per-
formanceduring handoffs, ispresented in [8].

Unlike previous research works on mobility using the MIH con-
cept [10], themain emphasisof thiswork isthat it takesintoconsid-
eration application oriented parameters and investigates the impact
of MIH at theperceived QoSand thehandoff latency. Theproposed
MIH architecture acts as middleware mediator by collecting statis-
tics from different layers. These parameters are imported in the
decision handover algorithm that determines where on goingses-
sion should be handed off by taking into account various cost pa-
rameters. Simulation results have been carried out between UMTS
and WLAN in order to measure the performance of the proposed
middleware architecture and test its impact on the perceived QoS.

The rest of the paper is organized as follows. Section 2 presents
briefly thekey elementsof theMIH framework asproposed in [11].
The proposed enhancements, including the application layer spe-
cific parameters and the handoff f unctionality are analyzed in Sec-
tion 3. Thesystem architecture ispresented in Section 4along with
the simulation setup and a discussion of the simulation results. Fi-
nally, Section 5concludes the paper.

2. MEDIA INDEPENDENT HANDOVER –
802.21FRAMEWORK

The IEEE 802.11 standard aims to enable handovers between
heterogeneous technologies including WLAN, 3G and other wire-
less access technologies without service interruption, hence im-
proving theuser experience. Contrary to the current functionaliti es
that provide service continuity with the cost of complex interac-
tions specific to each particular technology, IEEE802.21 provides
a framework that a ensures simplified interactions among higher
and lower layers for achieving session continuity independently of
the underlying technologies.

In particular, the 802.21 framework primary intention is to en-
able seamlesshandoff and interoperability between heterogeneous
network types. This is done by introducing the layer 2.5 specified
by Media Independent Handoff Function (MIHF) which provides
threeprincipal functionaliti es: Media Independent Events Service
(MIES), Media Independent Command Service(MICS) andMedia
Independent Information Service (MIIS).The interactions among
lower and upper layers and the role of the MIH functions are illus-
trated in Fig.1.

The MIES detects and delivers triggers from both local and re-
mote interfaces corresponding to dynamic changes in link charac-
teristic, status and quality. The current 802.21 specification de-
fines events that may be relevant to handover decision, which may
originate from any layer (PHY, MAC or MIH) either at the mo-
bile terminal or the network point of attachment (PoA). MIES is
responsible to trace any change in physical, network or application
parameters that possible affect the ongoingsession. When such
changes are detected, MIES creates the appropriate triggers to the
MIH function that resides in the MIH server. Since this study fo-
cuses primarily in a heterogeneous wirelessnetwork environment,
a hierarchical structure of decision factors,each of which has a re-
lated trigger event, is proposed and will be further analyzed in the

Figure1: Layer interactions via MIH key functions

following section.
The MICS enables higher layers to control lower layers (physi-

cal, link layer). Higher layersmay control thereconfiguration or se-
lection of an appropriate link throughaset of handover commands.
Themobility management protocolscombinedynamic information
regarding link status and parameters, provided by the MICS with
information regarding network status or other higher-layer service
information provided by the MIIS, in order to assist the decision
making. MIH commands can be both local and remote. The com-
mands instruct a MIH device to poll connected links to learn the
most recent status, to scan for newly discovered links, to configure
new links and to switch between available links. All commands
are designed to help in the handover procedure, but the routing of
user packets is left to the mobility management protocols located
at higher layers, like Mobile IP or SIP.

Finally,MIIS providesaframework and the corresponding mech-
anisms for discovering and obtaining information of existing net-
works able to facilit ate handovers. The MIIS provides link layer
parameters such as channel information, MAC addressand secu-
rity information of each point of attachment.

3. NOVEL ENHANCEMENTS ON MI H
The current 802.21specification explicitly definesevents related

to the handover decision, which originate from the PHY, MAC and
application layers,either at themobileterminal or thenetwork side.
However, service continuity in the case of multimedia streaming
and video in particular, requires also information that originates
from higher layer. Thus, a vertical handover from 3G toWLAN,
during a video session, can be triggered by an application layer
event, such as a perceived QoS deterioration, or the need of higher
video transmission bit rate. This paper proposes an enhanced MIH
framework that takes into consideration these application initiated
trigger events combined with other events relevant to the user con-
text (i.e. QoS guarantees, equipment restrictions, charging poli-
cies, security policies) and lower layer originated events (i.e SNR,
packet loss,delay, jitter, etc.) during the handover decision. This
section includesan analysisof the events that trigger avertical han-
dover and a presents in details the proposed vertical handover de-
cision algorithm. Particular focus is given to the perceived quality
of video service in terms of PSNR and how the estimation of the
PSNR value in real timemay trigger the handover decision.

3.1 Application specific enhancements
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Al l trigger events that are defined in the enhanced MIH frame-
work can be categorized in three main groups namely, Link In-
formation, Application QoSand Network Context. The source of
these events may be the mobile terminal or the network point of
attachment. From the network side, a set of information messages
carried by MIIS is defined, which include the value of specific pa-
rameters such as,the list of availablenetworks, theIDsof the cells,
or the APs. The enhanced MIH based handover decision considers
the list of authorized users, the target QoS parameters for on-going
sessions, the number of connections per PoA, as well as, the up-
link and downlink load factor for each cell and last but not least the
available bandwidth. On the other hand, the proposed MIH frame-
work defines trigger messages that originate from the MT. These
messages include parameters such as, the discovered networks, the
context transfer parameters, as well as, a set of PHY and network
QoS parameters and informations regarding the MT’ s current lo-
cation.

An important improvement to the standard 802.21 MIH frame-
work, proposed in thispaper is theuseof the estimated PSNR (EP-
SNR) as a vertical handoff trigger. The calculation of the value of
EPSNR requires the knowledge of parameters from different lay-
ers, the packet loss, the delay, and the available network capac-
ity. Thus, it i s also important to define amechanism of collecting
these informations from both the application server and themobile
user. Analytically, the main purpose of IEEE 802.21 is to enable
handovers acrossinter–technology wirelessnetworks without ser-
vice interruption, hence improving the user experience of mobile
terminals. However, multimedia applications that comprise of au-
diovisual context (IPTV, video streaming, VoIP, etc.), arevery sen-
sitive to the impairments of the wirelessaccesschannel and the IP
core. Therefore, afairly accuratemechanism of calculating theper-
ceived by the user QoS, which is also relative simple to implement
for large scale deployments, is proposed as an enhancement to the
MIH framework. The proposed mechanism is based on the RTP
Control Protocol Extended Report (RTCP-XR) asdefined in [6]. In
particularly, XR packets convey information beyond that already
contained in the reception report blocks of RTCP’s sender report
(SR) or Receiver Report (RR) packets.

In particularly, the Real-timeTransport Protocol (RTP) andRTP
Control Protocol (RTCP) communications use the RTCP Receiver
Report to feedback IP network conditions from RTP receivers to
RTP senders. However, the original RTCP provides overall feed-
back on the quality of end-to-end networks as a whole [12]. The
RTPControl Protocol Extended Reports (RTCP-XR) isanew VoIP
and video streaming management protocol which defines a set of
metrics that contains information for assessing the multimedia ap-
plication quality. The RTCP-XR can be implemented as software
integrated intoIP mobile terminalsand gatewaysinexpensively and
then, messages containing key call -quality-related metrics are ex-
changed periodically between IPMTs and application servers.

The MIH functionality that resides in the MIH enabled MT re-
quires the codec specifications, the video characteristics and the
knowledgeof the current conditionsalong the communication path,
in order to be able to calculate the estimated perceived QoS. There-
fore, the RTCP-XR block format includes all the appropriate pa-
rameter fields that the MT is required to fill in (i.e.. q-step size,
GOP, Distortion, etc.) This information is then fed back to the
video streamer via the RTCP-XR and is used for the estimation
of the perceived video quality as EPSNR. Upon calculating a EP-
SNR below a predefined threshold, the video streamer can adapt
the encoding parameters (often this means changing the encoder’s
s quantization-step) in order to gracefully adapt the video quality.
Thisprocedure isdefined asvideo QoSadaptation andreduces sig-

nificantly thenumber of vertical handovers required during avideo
session. Nevertheless,QoSadaptation is limited by the predefined
preferencesof the client, in particular theminimumacceptableQoS
level, which also limitstherangeof availableQ-steps. If QoSadap-
tation is not an optionany more, or if the user is roaming in differ-
ent accessnetworks, then a vertical handover is mandatory. In this
case, the value of EPSNR, along with other PHY, Link layer and
Network parameters, are collected and evaluated by the handover
algorithm in order to determine whether a handoff is required or
not.

It is evident that the calculation of PSNR is a key aspect of
the proposed MIH based vertical handover algorithm. Therefore,
a simple calculation method of the perceived video quality, pro-
posed in [14] is adopted. The following analysis considers a video
sequence that begins with an I-frame and is followed by P-frames
with an intraframeperiod N in order to increasethe error resili ence
of the video frames. It is assumed that this intra frame period
equals to the total error recovery period, in case of packet loss.
As an effect, losses that occur outside this period are uncorrelated.
Let k be the index of video frame. Then the total increase in dis-
tortion that will affect the video if picture k is lost is given by:
D(k) =

PL

i=1
∆di, where L is the number of video frames in

the sequence and ∆di is the increase in the distortion, relative to
frame i, given that picture k is lost. Due to specific error reduction
schemes that are inherent into the encodingand decodingsystems,
the distortion effect on subsequent frames is reduced until it even-
tually becomes zero at a point far enoughfrom frame k. Based on
this definition the total video distortion due multiple lost frames M
will bethesum of all individual distortionsover all theframesL af-
fected by these losses. The resulting total distortion at the decoder
and the PSNR are

Dtotal =

M
X

j=1

D(j) =

M
X

j=1

L
X

i=1

∆di (j)

PSNR = 10 log

„

2552

Dtotal

«

(1)

3.2 Handover Function
The proposed handover function is an enhancement to the cen-

tralized MIH framework described previously. The processflow of
the algorithm is illustrated in Fig.2. It can be seen that the vertical
handover algorithm consists of four stages:

1. Handover decision: Initially, the MT related information,
including SNR, delay, jitter, PSNR, packet loss,etc, are col-
lected and sent to the MIH server via the MIIS. In addition,
theMIIS is responsible of collecting corresponding informa-
tion from neighboring networks, in order to be used during
the handover decision making.

2. Handover ini tiation: These collected MIH parameters will
be evaluated and compared against a set of predetermined
threshold values. These thresholds are either determined be
the network provider, (e.g. SNR) or the service provider
(e.g. PSNR, media coding parameters), which are specified
in each user’s profile. The MIH event service, is responsi-
ble of comparing the collected statistics with the threshold
values and inform the command service when one or more
thresholdsareviolated and thehandover criteria arematched.
According to theproposed algorithm parameters from differ-
ent layers (physical, data link, network and application) are
considered throughout thehandover decision. At this state, a
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Figure2: Proposed vertical handover algor ithm

link selection module indicates the best candidate neighbor-
ing network for handoff according to specified target QoS
parameters. The target QoS parameters are specified by the
serviceprovider according to the Quality of Service classifi -
cation of the user (gold, silver, bronze).

3. Handover execution: The final stage is the execution of the
vertical handover to the decided neighboring network. The
Mobile IP platform is responsible of handling the vertical
handover and of ensuring seamless service continuity.

The proposed vertical handover algorithm is modeled as a cost
function that includes the rules and policies for selecting the best
candidate network or for adapting the ongoingsession parameters
(increaseQoS, reducethenumber of handovers). Themathematical
representation of theproposed handover cost function isas follows:

Qi = f

„

1

Qi

, Si,
1

Pi

, Di, Fi

«

= f

„

ωc
1

Qi

, ωsSi, ωp
1

Pi

, ωdDi, ωfFi

« (2)

This mathematical representation of the vertical handover function
indicates that the decision for a handoff is based on the charging
of the ongoingservices (Ci), the security scheme of current and
candidate networks (Si), the QoS parameters (Pi) and the condi-

tions (Di) and performanceof home and candidate networks (Fi).
The service charging factor considers both the traffic classof the
service (streaming, voice, data transfer, etc.) and the charge of
roaming between heterogeneous networks. Moreover, security fac-
tor depends on whether authentication and end-to-end security is
supported according to user-serviceprovider preferences. TheQoS
factor depends on available quality information such as PSNR, R-
Factor and jitter. Bandwidth availability, load and packet losses
determine thenetwork conditionand network performancefactors.
In the context of this study, the security and the service charging
factorsarenot under consideration. Theseparametersarethe focus
of future investigation as they demand more complex models and
mathematical concepts,which are out of this paper’s scope.

4. SYSTEM ARCHITECTURE
This section presents the system architecture that is proposed in

order to test thevertical handover using 802.21framework. Thisar-
chitecture has been implemented using an heterogeneous network
environment of 802.11 and UMTS networks. In addition, specific
performance issues has been studied in order to evaluate the capa-
biliti esof the testing platform.

3G/

UMTS

WLAN1

MIH Server

MT

User 

Profiles 

RTP/RTCP

Media Application Server
(video streaming server)

WLAN2

Mobility path

MIH signaling

RTP/RTCP

signaling

Figure3: MIH system architecture

4.1 System Architecture
Thedeployment of the enhanced vertical handoff based on 802.21

framework necessitates the development of a centralized unit that
will assist the unified management of integrated mobile services
over different access networks. The general system architecture
that represents this concept, is illustrated in Fig.3. It is comprised
of thenetwork accessentities,mobile terminalsandaccess stations
(e.g. access points, base stations), and the core network, which
includes the media independent functionality.

The proposed architecture comprises of two 802.11e hotspots
that are fully overlapped by a 3G/UMTS cell . The core network
includes the media application servers, in addition toamiddleware
platform where theMIH functionality and thehandover schemere-
side. Themedia application serversprovidereal-timevideo stream-
ing services to the mobile terminal and are capable to encode and
transcode raw/compressed video according to theH.264/Advanced
Video Codecstandard. Moreover, themediaservers implement the
RTCP protocol with the extended report extension (RTCP-XR) in
order to establish two-way RTPcontrol signaling with theMT. The
RTCP-XR report packet contains information regarding PHY and
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Network layer statisticsand it is responsible of notifying theMT in
case of a change in the video encoding parameters. A key element
of the proposed architecture is the middleware platform, which is
responsible for the interoperability, control and provisioning of un-
interrupted services to the underlying radio access networks and
the IP layer. The MIH framework that is located at the central unit
manages the ongoingsessions,based on the feedback that receives
from the Remote AccessPoints (RAPs) or the MTs. Most impor-
tantly, the central unit hoststheproposed vertical handover decision
algorithm, which evaluates the collected parameters from across
different layersand firstly, determineswhether ahandover between
WiFi and UMTS, or viceversa, is necessary and will improve the
perceived video quality, secondly, triggersan underlying Mobile IP
platform that is responsible for performing thevertical handoff. As
a result, the proposed handoff f unctionality ensures seamlessmo-
bility and uninterrupted serviceprovision by guaranteeing the QoS
requirements of the video service before, during and after a ver-
tical handoff. The middleware platform utilizes all MIH services
defined in 802.21 standard, in order to connect to the MT.

4.2 PerformanceEvaluation
Theperformanceof theproposed enhanced MIH framework was

evaluated using NS-2 network simulation tool with extensions for
MIH, 802.11e, and UMTS models. The network topology com-
prisesof one 3Gcell , two WLAN APs,oneMT, avideo server and
a MIH enabled core network according to Fig.3. For the purpose
of the simulation a YUV Quarter CommonIntermediate Format
(QCIF) 4:2:0 color video sequences consisting of 300 and coded
at 30 frames per second are used as video source. Each group of
pictures (GOP) is structured as IPPPPPPP andcontains12frames,
and themaximum UDP packet sizeisat 1024 bytes (payload only).
The H.264/MPEG-4 AVC encoder provided by [1] is used for en-
coding YUV sequences. The testing video sequence is encoded at
512 kbps. Each video frame can be conveyed into more than one
RTP packets, thus a lost packet due to channel or network impair-
ments will not necessarily cause the whole frame to be lost. The
size of each RTP packet is maximally bounded to 1024 bytes. In
order to stretch the system’ s capacity, a number of background
nodes are transmitting CBRtraffic at an aggregate rateof 300 kbps
for the UMTSsystem and 2Mbps for the WLAN.
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Figure 4: Measured throughput achieved with the proposed
handoff f ramework

In order to demonstrate the ability of theproposed extended MIH
scheme to maintain connection continuity and achieve better per-
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formance(higher video throughputand better perceived video qual-
ity, in this case) than a traditional vertical handoff scheme, the fol-
lowing experiment was set up. The network setup for the exper-
iment is shown in Fig.3. Specifically, there are two 802.11e APs
with an available capacity of 5 Mbps each and a UMTS network
with amaximum of 384 kbpstransmission servicerate. TheMT in-
cludesan IEEE802.11eWLAN andan UMTS interface, hence can
maintain connectivity with both access networks simultaneously,
while it i smovingslowly at aspeed of 1 m/s. In order to stretch the
load of thenetworksanumber of additional wi relessnodesareused
that transmit CBRTCP traffic at 2 Mbpsin theWLAN network and
300 kbps in the UMTS network.

For comparison, a traditional simple vertical handoff scenario is
implemented. The simple vertical handoff algorithm is based on
the principle that a WLAN network is a better candidate network
than a UMTS, in the case of a video communication. According
to this simple scenario, a handoff fr om UMTS to WLAN will b e
triggered as soon as, the existence of a candidate WLAN AP be-
comes known to the MT. On the other hand, when the MT losses
connection with its AP, it will initi ate anetwork scanning process
until another WLAN, or UMTS network becomes available.
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In Fig.4 and 5, thenetwork throughputachieved by theproposed
and the simple scenarios, are illustrated respectively. Specifically,
four handoffs are demonstrated during a 300 seconds simulation
time. The MT is firstly connected to the UMTS network, hence
the video throughput is limited by the maximum UMTS available
transmission rate. The proposed scheme achieves a lower handoff
delay, as shownat simulation time150seconds,during aWLAN to
UMTS handover. It is evident that in the simple scenario, the MT
during the WLAN to UMTS handoff, experiences a large handoff
delay due to the network scanning procedure. On the other hand,
the proposed scheme, based on the handoff f unctionality and the
MIH services, is able to reduce the handoff time by 37% during a
WLAN to UMTS handover and by 20% during aUMTS toWLAN
handoff. I n addition, Fig.6 illustratesa comparison of the achieved
PSNR by the two handoff schemes. It can clearly be seen that the
proposed MIH based handover improves the perceived video qual-
ity by almost 3 dB, in termsof PSNR, during the handover phases.
This improvement is the result of lower handover latency and the
resulting fewer packet losses, achieved by the proposed scheme,
during the vertical handoff.

5. CONCLUSIONS
In conclusion, this presents an enhanced MIH framework for

supporting multimedia services continuity acrossinter-technology
accessnetworks. Unlike previous research works on mobility us-
ing theMIH concept, thispaper proposes aset of enhancements on
the standard IEEE802.21, which include application oriented pa-
rameters and investigates the impact of MIH at the perceived QoS,
the throughputand the handoff latency. A novel handover decision
function based on triggering/collecting statistics from physical, net-
work and application layer, so that an ongoing multimedia session
(video) can be transferred seamlessly, is proposed. The original
MIH scheme is coupled with a novel mechanism that updates the
video encoding parameters in real time, allowing video QoSadap-
tation and/or video QoS based vertical handover based on an es-
timated value of the current PSNR received by the mobile user.
The simulation results indicate that the proposed enhanced MIH
framework achieves a lower latency during a UMTS-WLAN and
WLAN-UMTS handoff of 20% and 37%, respectively, compared
to a traditional simple scenario. Moreover, the proposed scheme
succeeds on improving the perceived video quality by 3 dB during
the handoff.
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