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ABSTRACT

This paper presents anovel middleware achitedurein order to sup-
port multimedia services aaossinter—technology no@s in a seam-
less manner and with minimum mrceived QoS dgradation. The
propaosed architedure isbased on the Media Independent Handower
(MIH) framework. The nowelty of the proposed architedure is
based on a numter of enhancements on top d the original MIH
scheme. Firstly, the handower dedsion function is based on tig-
gering/colleding statistics from physicd, network and applicaion
layer, so that an ongoing multinedia sesson (video) can be trans-
ferred seamlesdy. Seandly, the original MIH scheme is coupled
with a novel mechanism that updates the video encoding parame-
tersin red time, alowing video QoSadaptation and/a video QoS
based verticd handower based onan estimated value of the arrent
Pe&k Sigral to Noise Ratio recaved by the mobile user. The sm-
ulation results carried out with the NS-2 tool parametrized for sup-
porting MIH functionality and H.264 encoded video traffic, have
showna significant improvement both in tre recaved video QoS in
terms of PSNR and the network throughput during WiFi to UMTS
handover, under the proposed scheme.

Keywords
80221, MIH, verticd handower, QoS PSNR, RTCP-XR

1. INTRODUCTION

*Correspondingauthar

Permisgon to make digital or hard copies of al or part of this work for
persona or clasgoom use is granted withou fee provided that copies are
not made or distributed for profit or commercia advantage and that copies
bea this natice and the full citation onthe first page. To copy aherwise, to
republish, to past on servers or to redistribute to lists, requires prior spedfic
permisson andor afee

MobiMedia ' 09, September 7-9, London UK

Copyright 20091CST 978-963979962-2/00/0004 ...$5.00.

Digital Object Identifier: 10.4108/ICST.MOBIMEDIA2009.7347
http://dx.doi.org/10.4108/ICST.MOBIMEDIA2009.7347

Ore of the main trends in the mobile mmuntcations sdor is
the conreded everywhere, anytime, anyhow philasophy This phi-
losophy is also denomireted Always Best Conreded (ABC) phi-
losophy|[2]. It isbased on the fads that several “competing” Radio
AccessTedhnologies (RATS) can co-exist, which have different re-
quirements and cgpabiliti es. For an advanced scenario these RATS
can range from existing technologies (e.g. UMTS, WiMAX) to fu-
ture networks [4]. It isthen necessary to have mechanisms that, for
a particular instant in time, seled the “best” network and perform
the inter-working between different technologies. Therefore, it is
important to define the framework that will allow mobility proto-
cols to handle ongoingsesson and demanding services uniformly
among heterogeneous link-layer interfaces. Interoperability and
cooperative acontrol of provided services are the key fadors dur-
ing the handower procedure of a Mobile Termina (MT). Media In-
dependent Handower (MIH) mecdhanism will handle the upcoming
chall enges of seamlessmobility and sesson continuity at the mid-
dleware service platform. IEEE Working Group es recently pro-
posed IEEE 80221 standard [11] to enable handover and interop-
erability between heterogeneous networks with context-awareness
in mobile terminals.

The mgjor disadvantages of existing mobility solutions are, that
they consider link-layer and retwork layer triggersin order to carry-
out hendower. They do not cgpture the gplicaion-related QoS
requirements in order to suppat sesson continuity and maintain
QoS d onrgoing sessons. An extensive overview of the key el-
ements that are propcsed in IEEE 80221 standard, is included in
[5]. The study focuses on the achitedure and the services pro-
posed in MIH. In [13] a MIH based verticd handower solution is
presented. Although, a numkber of novel network entities that assst
on the handover performance, which is caried out by tre Mobile
IR, are proposed, the study daes not consider application spedfic
requirements. Seanlessmobility using 80221 is also the focus in
[7], which suggests a number of modificaion to be made on the
underlying accessnetworks in order to fadlit ate the MIH function-
dity. The reduction of the handower latency isthe @m in [9]. This
is achieved by spedfic link layer triggers that indicae the exad
handower performance time to the handdf algorithm. A WLAN-



WMAN interworking framework that was presented in [3], pro-
posed a numker of extensions to the MIH, including a network se-
ledion function, a handover monitar 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 tke dient and the network sides, however, the autha's
suggest that a QoS adaptation to the new access network require-
ments will only take place dter the exeaution o the handdf. A
scheme for adapting the video codec in order to improve the per-
formance during handdfs, is presented in [8].

Unlike previous reseach works on mobility using the MIH con-
cept[10], themain emphesis of thiswork isthat it takesinto consid-
eration applicaion oriented parameters and investigates the impad
of MIH at the percaved QoSand the handdf latency. The proposed
MIH architedure ads as middleware mediator by colleding statis-
tics from different layers. These parameters are imported in the
dedsion handower agorithm that determines where on goingses-
sion should ke handed off by taking into aceunt various cost pa-
rameters. Simulation results have been caried out tetween UMTS
and WLAN in order to measure the performance of the proposed
middleware achitedure and test itsimpad on the percaved QoS

The rest of the paper is organized as follows. Sedion 2 presents
briefly the key elements of the MIH framework as proposed in [11].
The proposed enhancements, including the gpplicaion layer spe-
cific parameters and the handdf f unctionality are analyzed in Sec
tion 3. The system architedureis presented in Sedion 4 along with
the simulation setup and a discusgon of the simulation results. Fi-
nally, Sedion 5 concludes the paper.

2. MEDIA INDEPENDENT HANDOVER -
80221 FRAMEWORK

The IEEE 80211 standard aims to enable handowers between
heterogeneous technologis including WLAN, 3G and other wire-
less access technologies without service interruption hence im-
proving the user experience. Contrary to the aurrent functionaliti es
that provide service mntinuity with the cost of complex interac
tions gedfic to eat particular technology IEEE80221 provides
a framework that a ensures smplified interadions among higler
and lower layers for achieving sesson continuity independently of
the underlying technologies.

In particular, the 80221 framework primary intention is to en-
able seanlesshanddf and interoperability between heterogeneous
network types. Thisis dore by introdwcing the layer 2.5 spedfied
by Media Independent Handdf Furction (MIHF) which provides
three principa functionaliti es: Media Independent Events Service
(MIES), MediaIndependent Command Service(MICS) and Media
Independent Information Service (MIIS).The interadions among
lower and upger layers and the role of the MIH functions areillus-
trated in Fig.1.

The MIES deteds and dHlivers triggers from both Ilecd and re-
mote interfaces corresponding to dyamic changes in link charac
teristic, status and quelity. The aurrent 80221 spedficaion de-
fines events that may be relevant to handower dedsion, which may
originate from any layer (PHY, MAC or MIH) either at the mo-
bile terminal or the network point o attachment (PoA). MIES is
resporsible to trace ay change in physicd, network or application
parameters that possble dfed the ongoingsesson. When such
changes are deteded, MIES credes the gopropriate triggers to the
MIH function that resides in the MIH server. Sincethis gudy fo-
cuses primarily in a heterogeneous wirelessnetwork environment,
ahierarchicd structure of dedsion fadors, ead of which hasare-
lated trigger event, is propased and will be further analyzed in the
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Figure1: Layer interactionsvia MIH key functions

following sedion.

The MICS enables higher layers to control lower layers (physi-
cd, link layer). Higher layersmay control the reconfiguration or se-
ledion of an appropriate link througha set of handover commands.
The mobility management protocols combine dynamic information
regarding link status and perameters, provided by the MICS with
information regarding network status or other higher-layer service
information provided by the MIIS, in order to asdst the dedsion
making. MIH commends can be both locd and remote. The com-
mands instruct a MIH device to poll conreded links to lean the
most recent status, to scan for newly discovered links, to configure
new links and to switch between avail able links. All commands
are designed to help in the handover procedure, but the routing d
user padkets is left to the mobility management protocols locaed
at higher layers, like Mobile IP a SIP.

Finally,MII'S provides aframework and the corresponding necdh-
anisms for discovering and obgining information of existing net-
works able to fadlit ate handowers. The MIIS provides link |ayer
parameters auch as channel information, MAC address and seau-
rity information of eat point d attachment.

3. NOVEL ENHANCEMENTSON MIH

The aurrent 80221 spedfi cation explicitly defines events related
to the handower dedsion, which originate from the PHY, MAC and
applicaion layers, either at the mobile terminal or the network side.
However, service ontinuity in the case of multimedia streaming
and video in particular, requires also information that originates
from higher layer. Thus, a verticd handower from 3G toWLAN,
during a video sesgon, can be triggered by an applicaion layer
event, such as a percaved QoS dterioration, or the neel of higher
video transmisgon bit rate. This paper proposes an enhanced MIH
framework that takes into consideration these goplication initiated
trigger events combired with other events relevant to the user con
text (i.e. Qo0S gwrantees, equipment restrictions, charging poli
cies, faurity policies) and lower layer originated events (.e SNR,
padket loss,delay, jitter, etc.) during the handower dedsion. This
sedion includes an analysis of the eventsthat trigger averticd han-
dover and a presents in detail s the proposed verticd handower de-
cision algorithm. Particular focusis given to the perceved quality
of video servicein terms of PSNR and how the estimation of the
PSNR value in red time may trigger the handower dedsion.

3.1 Application spedfic enhancements



All trigger events that are defined in the enhanced MIH frame-
work can be caegorized in three main groups namely, Link In-
formation, Applicaion 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
caried by MIIS is defined, which include the value of spedfic pa-
rameters duch as, thelist of avail able networks, the IDs of the cdls,
or the APs. The enhanced MIH based handover dedsion considers
the list of autharized users, the target QoS mrameters for on-going
sesgons, the numter of conredions per PoA, as well as, the up-
link and downlink lced factor for eat cel and last but not kst the
avail able bandwidth On the other hand, the proposed MIH frame-
work defines trigger messages that originate from the MT. These
messages include parameters auch as, the discovered networks, the
context transfer parameters, as well as, a set of PHY and retwork
QoS mrameters and informations regarding the MT’ s current lo-
cation.

An important improvement to the standard 80221 MIH frame-
work, propcsed in this paper isthe use of the estimated PSNR (EP-
SNR) as averticd handdf trigger. The cdculation of the value of
EPSNR requires the knowledge of parameters from different lay-
ers, the padket loss, the delay, and the avail able network capac
ity. Thus, it isaso impatant to define amedhanism of colleding
these informations from both tte gplicaion server and the mobile
user. Analyticdly, the main purpose of IEEE 80221 is to enable
handowers aaossinter—technology wreless networks without ser-
vice interruption, hence improving the user experience of mobile
terminas. However, multimedia gpplicaions that comprise of au-
diovisual context (IPTV, video streaming, VoIP, etc.), are very sen-
sitive to the impairments of the wirelessaccesschannel and the IP
core. Therefore, afairly acarate mechanism of cdculating the per-
caved by the user QoS which is aso relative simple to implement
for large scade deployments, is proposed as an enhancement to the
MIH framework. The propased medhanism is based on tre RTP
Control Protocol Extended Report (RTCP-XR) as defined in [6]. In
particularly, XR padkets conwey information beyond thet areadly
contained in the reception report blocks of RTCP's sender report
(SR) or Recaver Report (RR) padkets.

In particularly, the Red-time Transport Protocol (RTP) and RTP
Control Protocol (RTCP) communtations use the RTCP Recéver
Report to feedbadk IP retwork conditiors from RTP recevers to
RTP senders. However, the original RTCP provides overdl feed-
bad on the quality of end-to-end retworks as a whole [12]. The
RTP Control Protocol Extended Reports (RTCP-XR) isanew VoIP
and video streaming menagement protocol which defines a set of
metrics that contains information for assessng the multimedia gp-
plication quelity. The RTCP-XR can be implemented as software
integrated into|P mobik terminalsand gateways inexpensively and
then, messages containing key cdl-quality -related metrics are ex-
changed periodicdly between IP MTs and applicdion servers.

The MIH functionality that resides in the MIH enabled MT re-
quires the mdec spedficaions, the video charaderistics and the
knowledge of the aurrent conditions along the communtation path,
in order to be ableto cdculate the estimated perceved QoS There-
fore, the RTCP-XR block format includes dl the gpropriate pa-
rameter fields that the MT is required to fill in (i.e.. g-step size,
GOR Distortion, etc.) This information is then fed bad to the
video streamer via the RTCP-XR and is used for the estimation
of the percaved video quality as EPSNR. Upon cdculating a EP-
SNR below a predefined threshold, the video streamer can adapt
the encoding prameters (often this means changing the encoder’s
S quantization-step) in order to gracdully adapt the video quality.
This procedure is defined as video QoSadaptation and reduces 9g-
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nificantly the numter of verticad handowers required during avideo
sesgon. Nevertheless,QoSadaptation is limited by the predefined
preferences of the dient, in particular the minimumaccetable QoS
level, which also limitsthe range of avail able Q-steps. If QoSadap-
tation is not an optionany mare, or if the user is raming in differ-
ent accessnetworks, then a verticd handower is mandatory. In this
case, the value of EPSNR, aong with otrer PHY, Link layer and
Network parameters, are olleded and evaluated by the handower
agorithm in order to determine whether a handdf is required or
not

It is evident that the cdculation of PSNR is a key asped of
the propased MIH based verticd handower agorithm. Therefore,
a simple cdculation method d the perceived video quality, pro-
posed in [14] is adopied. The following analysis considers a video
sequence that begins with an |-frame and is followed by P-frames
with an intraframe period N in order to increase the eror resili ence
of the video frames. It is assumed that this intra frame period
equals to the total error recovery period, in case of padet loss.
As an effed, losses that occur outside this period are uncorrel ated.
Let k be the index of video frame. Then the total increase in dis-
tortion that will affed the video if picture k is lost is given by:
D(k) = X%, Ad;, where L is the numter of video frames in
the sequence and Ad; is the increase in the distortion, relative to
framei, given that picture k is lost. Due to spedfic eror reduction
schemes that are inherent into the encoding and deaoding systems,
the distortion effed on subsequent framesis 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 bethe sum o al individual distortions over all the framesL af-
feded by these losses. The resulting total distortion at the decoder
and the PSNR are

M M L

Diotar = ZD(J) = ZZAdi ()

j=1i=1 D
2
PSNR =10log ( 255 )
Dtotul

3.2 Handover Function

The proposed handover function is an enhancement to the cen-
tralized MIH framework described previously. The processflow of
the dgorithm isillustrated in Fig.2. It can be seen that the vertica
handower algorithm consists of four stages:

1. Handover dedsion: Initialy, the MT related information,
including SNR, delay, jitter, PSNR, padet loss, etc, are ml-
lected and sent to the MIH server viathe MIIS. In addition,
the MIIS is resporsible of colleding corresponding irfforma-
tion from reighbaring networks, in order to be used during
the handover dedsion making.

2. Handover initiation: These mlleded MIH parameters will
be evaluated and compared against a set of predetermined
threshold values. These thresholds are dther determined be
the network provider, (e.g. SNR) or the service provider
(e.g. PSNR, media aoding prameters), which are spedfied
in ead user’s profile. The MIH event service, is resporsi-
ble of comparing the mlleded statistics with the threshold
values and inform the command service when ore or more
thresholds are violated and the handover criteria are matched.
According to the propcsed agorithm parameters from diff er-
ent layers (physicd, data link, network and applicaion) are
considered throughout tle handover dedsion. At this date, a
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Figure 2: Propased vertical handover algorithm

link seledion moduk indicates the best candidate neighbar-
ing network for handdf acwrding to spedfied target QoS
parameters. The target QoS rameters are spedfied by the
service provider acarding to the Quality of Service dasdfi-
cétion of the user (gold, siver, bronze).

3. Handover exeaution: Thefinal stage isthe exeaution o the
verticd handower to the dedded neighbaing network. The
Mobile IP platform is resporsible of handling the vertica
handover and o ensuring seanless grvice @ntinuity.

The proposed verticd handower agorithm is modded as a cost
function that includes the rules and policies for seleding the best
candidate network or for adapting the ongoingsesson parameters
(increase QoS reducethe number of handovers). The mathematicd
representation of the proposed handover cost function is as follows:

1 1
Qiff(@,si,E,Di,Fi)

1 1 @

=f (Wc@7W.sSi7pri7wdDi7wai)
This mathematica representation of the vertica handower function
indicates that the dedsion for a handdf is based on the dharging
of the ongoingservices (C;), the seaurity scheme of current and
candidate networks (S;), the QoS rameters (P;) and the condk
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tions (D;) and performance of home and candidate networks (F;).
The service darging fador considers both the traffic dassof the
service (streaning, voice, data transfer, etc.) and the charge of
roaming between heterogeneous networks. Moreover, seaurity fac
tor depends on whether authentication and end-to-end seaurity is
suppated acrding to wser-serviceprovider preferences. The QoS
fador depends on avail able quality information such as PSNR R-
Fador and jitter. Bandwidth avail ability, load and padket losses
determine the network conditionand retwork performancefadors.
In the context of this gudy, the seaurity and the service darging
fadors are not uncer consideration. These parameters are the focus
of future investigation as they demand mae cmmplex models and
mathematica concepts, which are out o this paper’s scope.

4. SYSTEM ARCHITECTURE

This ®dion presents the system architedure that is proposed in
order to test the verticd handover using 80221 framework. Thisar-
chitedure has been implemented using an heterogeneous network
environment of 80211 and UMTS networks. In addition, spedfic
performance isaes has been studied in order to evaluate the cgpa-
biliti es of the testing platform.

[
User
Profiles

Media Application Server|
(video streaming server)

Mobility path — — —p
MIH signaling ««:=:===:p>

RTP/RTCP

: - —_—
signaling

Figure3: MIH system architedure

4.1 System Architedure

The deployment of the enhanced verticd handdf based on 80221
framework necesstates the development of a centralized unit that
will assst the unified management of integrated mobile services
over different access networks. The general system architecure
that represents this concept, isillustrated in Fig.3. It is comprised
of the network accessentities, mobile terminals and access sations
(e.g. access points, base stations), and the core network, which
includes the media independent functionality.

The propcsed architedure comprises of two 80211e hotspots
that are fully overlapped by a 3G/UMTS cdl. The core network
includes the media gplication servers, in addition toamiddleware
platform where the MIH functiondlity and the handower scheme re-
side. The media gplication servers provide red-timevideo stream-
ing services to the mobile terminal and are caable to encode and
transcode raw/compressed video acording to the H.264/Adwenced
Video Codecstandard. Moreover, the media servers implement the
RTCP protocol with the extended report extension (RTCP-XR) in
order to establish two-way RTP control signaling with the MT. The
RTCP-XR report packet contains information regarding PHY and



Network layer statisticsand it is resporsible of notifying theMT in
case of a change in the video encoding parameters. A key element
of the proposed architedure is the middleware platform, which is
resporsible for the interoperability, control and provisioning o 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 ongoingsessons, based on the feedbad that recaves
from the Remote AccessPoins (RAPS) or the MTs. Most impor-
tantly, the central unit hoststhe propcsed verticd handover dedsion
agorithm, which evaluates the mlleded parameters from aaoss
different layers and firstly, determines whether a handover between
WiFi and UMTS, or vice versa, is necessry and will improve the
perceaved video quality, semndly, triggers an uncerlying Mobile IP
platform thet is resporsible for performing the verticd handdf. As
aresult, the proposed handdf functionality ensures ssamlessmo-
bility and uninerrupted service provision by guaranteeng the QoS
requirements of the video service before, during and after a ver-
ticd handdf. The middleware platform utilizes al MIH services
defined in 80221 standard, in order to conred to the MT.

4.2 PerformanceEvaluation

The performance of the propased enhanced MIH framework was
evaluated using NS-2 network simulation tool with extensions for
MIH, 80211e, and UMTS modls. The network topology com-
prises of one 3G cdl, two WLAN APs,one MT, avideo server and
a MIH enabled core network acaording to Fig3. For the purpose
of the simulation a YUV Quarter Common Intermediate Format
(QCIF) 4:2:0 color video seguences consisting of 300 and coded
at 30 frames per secnd are used as video source Eadch group d
pictures (GOP is dructured as | PPPPPPP and contains 12 frames,
and the maximum UDP adket sizeisat 1024 byes (payload only).
The H.264MPEG-4 AV C encoder provided by [1] is used for en-
coding YUV sequences. The testing video sequenceis encoded at
512 kbps. Ead video frame can be conweyed into mae than ore
RTP padkets, thus a lost padket due to channel or network impair-
ments will not necessarily cause the whole frame to be lost. The
size of eath RTP padket is maximally bounded to 1024 bygs. In
order to stretch the system’ s cgpadty, a numker of badkground
nodes are transmitting CBR traffic a an aggregate rate of 300 kbys
for the UMTS system and 2Mbps for the WLAN.
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Figure 4. Measured throughput achieved with the proposed
handoff framework

In order to demorstrate the ability of the proposed extended MIH
scheme to maintain conredion continuity and achieve better per-
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Figure6: Perceved video quality in termsof PSNR during ver-
tical WLAN-UMTS handover.

formance (higher video throughputand ketter perceved video qual-
ity, in this case) than a traditional verticd handdf scheme, the fol-
lowing experiment was %t up. The network setup for the exper-
iment is shown in Fig3. Spedficdly, there ae two 80211e APs
with an avail able cgadty of 5 Mbps eat and a UMTS network
with amaximum o 384 kbpstransmisson servicerate. TheMT in-
cludesan IEEE80211e WLAN andan UMTS interface hence can
maintain conredivity with both access networks smultaneously,
whileitismovingslowly at aspeed of 1 m/s. In order to stretch the
load of the networks anumker of additional wirelessnodes are used
that transmit CBR TCP traffic & 2 Mbpsin the WLAN network and
300 kbps in the UMTS network.

For comparison, atraditional smple verticd handdf scenario is
implemented. The simple verticd handdf algorithm is based on
the principle that a WLAN network is a better candidate network
than a UMTS, in the cae of avideo communcation. According
to this smple scenario, a handdf from UMTS to WLAN will be
triggered as on as, the existence of a candidate WLAN AP be-
comes known to tre MT. On the other hand, when the MT losses
conredion with its AP, it will initi ate anetwork scanning pocess
until another WLAN, or UMTS retwork beames avail able.



In Fig.4 and 5, the network throughputachieved by the propcsed
and the simple scenarios, are illustrated respedively. Spedficdly,
four handdfs are demorstrated duing a 300 seconds smulation
time. The MT isfirstly conreded to the UMTS retwork, hence
the video throughput § limited by the maximum UMTS avail able
transmisdon rate. The proposed scheme adieves alower handdf
delay, as hownat simulation time 150seands, during aWLAN to
UMTS handower. It is evident that in the simple scenario, the MT
during the WLAN to UMTS henddf, experiences alarge handdf
delay due to the network scanning procedure. On the other hand,
the proposed scheme, based on the handdf functionality and the
MIH services, is able to reduce the handdf time by 3% during a
WLAN to UMTS handower and by 20 duringaUMTS toWLAN
handdf. In addition, Fig.6 illustrates a comparison o the adieved
PSNR by the two handdf schemes. It can clealy be seen that the
proposed MIH based handover improves the perceived video qual-
ity by aimost 3 dB, in terms of PSNR, during the handower phases.
This improvement is the result of lower handower latency and the
resulting fewer padket losses, achieved by the proposed scheme,
during the verticd handdf.

5. CONCLUSIONS

In conclusion, this presents an enhanced MIH framework for
suppating multimedia services continuity acossinter-technology
access networks. Unlike previous reseach works on mobility us-
ing the MIH concept, this paper propases a set of enhancements on
the standard IEEE 80221, which include goplicdion oriented pa-
rameters and investigates the impad of MIH at the percaved QoS
the throughputand the handdf latency. A novel handower dedsion
function based on tiggering/colleding statistics from physicd, net-
work and application layer, so that an ongoing multinedia sesson
(video) can be transferred seamlesdy, is proposed. The origina
MIH scheme is coupled with a novel medhanism that updetes the
video encoding prameters in red time, alowing video QoSadap-
tation and/a video QoS lased verticd handower based on an es-
timated value of the aurrent PSNR receved by the mobile user.
The simulation results indicae that the proposed enhanced MIH
framework achieves a lower latency during a UMTS-WLAN and
WLAN-UMTS henddf of 20% and 3%, respedively, compared
to a traditional simple scenario. Moreover, the proposed scheme
succeeals on improving the perceved video quality by 3 dB during
the handdf.
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