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ABSTRACT

The paper introduces a novetchitecture to beused in IMS (IP
Multimedia Sub-system) context. Thanks to tse of a MCMS
(Multimedia Content Manageme System) alongyith interoperable
compornts, the proposed solution enables an efficient adaptafion
services according to the Perceiv@uality of Service degradation at
the end-user side
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1. INTRODUCTION

The IP Multiredia subgstem (IMS) is an overlg systemtha is
serving the comergence of moke, wireless andixed broadband
data networks into a common nettk architectue where altypes
of data communications are dtedin all IP environments. As
recen public trials have shown]MS technology stil suffers a
number of confining factorsamongst them is the meived
quality of service (PQoS). Thexisting IMS infrastructue does
not provice ary PQoS aware maganent mechanismwithin its
service provisiaing contol system.

It is expeted that the sucess of raltimedia sevices within the
IMS infrastructure will depnd on how end sers perceivethe
quality of the sevices provied. Therefoe, nowel IMS conpatible
user cenfc network managemergolutions tlt emply cross
layer adaptive techniquesareinevitable.

In this paper, we focus on the integration of such PQoS aware

managenent in the IMS archiecure deiveringIPTV servicesand
more ecificaly onthe nmedia ssdon controlbetweenthe ugr's

termnal, IMS elementsand the RQ0S aware managenent

mechanism Any multimedia steaning servics would use the
same archtedure. This architedure is currenty being aveloped

in the ADAMANTIUM European project [1].

In the folowing section the prgosed architecture is overviewed
and al the elements areintroduceed. Thethird secton describethe
reaization of the adaptabn praess in tle IPTV scenario Sectim

4 concludes the paper.

2. ARCHITECTURE OVERVIEW

Current IMS architecturesare unableto provde ary PQoS aware
managenent medanism wihin its service provisioning contro
system. Tle pagr proposes a n@l IMS-compatible usecentic
network management solutionathemplys cross-layr adaptive
technques for IPTV services in order to (a) compensate m&two
impairments (Network QoS - NQoS)according to theime
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vatying condtions of the netwdk delivery chan, (b) performa

contert dependent optimization dfe encodingand/or streamin

parameters and to (c) improve the end ars
experen@/satisfacton by maximizing the deliered PQoS level.
This will provide an efftiert solution/apprach for future
networked multimedia making it pobf to naintain the qality

of the nedia & every step of the media lifecycle from creaion to

consumption.

The essential cmponent of the proposed solutidss the MCMS
(MultimediaContent Minagenent System), which isin chargeof
interfering in the media delively proces whenPQoS (Perceivel
Quality of Service) [2] degradation occurat the end e Sde, ty
performing real time cross layer agdion acdoss the redia
delivery chain. Based on the nmitoring data, tte adagation logc
initiates a dynamic cros layer adaptabn procedure which
extends fromthe servie genegtion entiy to the user terminals
The MCMS, along with its moduless implemented on aeal
IM S platform comprising an UMI'S acces nework where IV
over IMS services aritegrated. An overview of the proposed
PQoS-aware MCMS-ba®d artitecture is depcted in Fgure 1
and conprises the following elenents

1. The MCMS modulesvhich are the main management
entities. They focus on monitoring the networkasistics (ie. core,
acess, ternina), the grvice ddivery i.eMedia Server Resurce
Function (MSRF) and thservice prceptua level at the end-us
terminal in order to defne ard apply an opmal cross lagr
adapétion acion acros the ddivery network chain and media
lifecycle i.e. service genalfon node, core network, access
network andenduser ternmal. The final objective isto maximize
the user &isfaction. As showrnn Figure 1 MCMS modules are
locaed in the Application Server (AS) Layer of the IMS
architecture. MCMS modules caxtend tie IPTV AS with real-
time nonitoring inportant inbrmation, in¢uding impairment
information fran source (e.g conternt dynamics), cordacess
network (e.g. atwork/link QoS) and terinal (e.g. dévered
PQoS). IPTV AS is mainlyresponsible for Service Cotrol
Function as deéfied in TiISPANvV2 standardization [3]IPTV
Service Provisioning, IPTV Sdoe Personalization andtteer
IPTV specifics services such as voting or advertisment
functiordlities. The Servte Gntrol Functionhas a threefdl
responsibiliy:

. Service Authazaion duringsession initidion and session
modification, which includescheckingIPTV usersprofiles
through the ‘Shinterface in orér to allow or eény access
to the serice;

. Creditcontrd ard limit;

. Seletion of therelevant IPTV media functions.
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Figure1: The Overall Architecture

The Service Control Function teen managing the IPTV sessio
management c¢wstantly knowing the UE status. Therefore, IPTV
AS can als beextened with tre MCMS Adapttion Interface in
order to tigger cross-lagr adaptation irluding service lagr
adap#tion (eg. source/ternmal coding @rameters and FEC)
network layr adaptation (e-gtraffic policieg and link layer
adapétion (eg. service classficafon). This MCMS Adaptation
Module is contolled by some itelligent decision logic called
MCMS Adaptation Logic within the MCMS gsten. The
integration of te MCMSmoduksin the Application Lagr makes
the FQoS aware managenent awailable for any kind of acess or
transport etwork. Figure 1 oty shows UMTS Access network,
but this solutbn canalso work br Fixed Access, WLAN or even
Cabk Access with coasponding”olicy andRule Functions.

2. The Multimedia Serveand Resource Funcih (MSRF)
which is an IM5 based MR module with an additional twofdl
responsibiliy:

. The monitomg of the spatial and/otemporl conten
dynanics aong with the slected encodingstreaning
parameters

) The adaptaon, accordng to the MCMS comnands of the
IPTV encoding parameters afior the respective FEC
value.
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The first conad point within thelMS infrastructure is the Prgx
CSCF P-CSCF) module, which relaythe services session
towards the Seing-CSCF (SESCF) in charg of handing the
session management. In additiblome Subscriber Srver (HSS)
contains the sidet of Home Location 8yisterand Authentication
Centerfunctionality equired by the Acces Network. It canalo
be extendedo IPTV users’ profile. Tk P-CSCF also performs
the ineracion betweenSession ©ntrol and PolicyContrd. It
inspects the Session Dsxiption Protocol EDP) parameters
within eachnew SIP offer/ansver tansacion ard, if requird by
QoS preconditions, excts te media descriptions agh
conmunicateswith PCRFto inform the need foQoSreservation
Regarding policycontrol, tte Rolicy Cortrol ard Charging Rles
Function (PCRF) performs the lodir QoS authorization and for
binding application-le®l sessionsto network resources. PCRF
communicateswith P-CSCF via Rx inteface for authoriation
responses or re-auttimation requests trigged by network
events. A PPQRule is nade up of a service daflow tenplate,
jointly with therelated clargingand QoS riformation. Provided
that resource reservation reslts on a succesul QoS level,
destinaibn endmint acepts the mitimedia sessionybsending a
200 OK in esponse to the Invite command.

3. An IP Core - DiffServ/FLS Compatible Transport
Network. Our arhitectue considersa DiffServ/MPLS-enable
core retwork for the dédlery of the reqestedmultimediaservce
We develop IMS and MCMSaenpaible modules and inteaites



for the paket narking and taffic monitoring atthe edgs of the
DiffServ/MPLS traffic network All the cae network nodes (i.e.
routers)are considered as inteooperated and capable of tregtin
appopriatelymarked traffic lg the correspondin®iffServ/IMPLS
mechanisms, without gnadditiona reconfguration ty the IMS
or MCMS modues.

4. The UMTS AccessNetwok. At the access side a UMTS
aces network is consdered which provdes service/bearer
classficaion mechaisms for providing QoS constraints oneth
delivered srvice type (eg. videg voice, dah, eft). the
classficaion mechaisms of the GGS! are exploited by the
sophisticated PQoS-aware crdager adapation procedure with
scope the pesptud optimzation o the ddivered service
Towards thisthe Polcy Decision Function(PDF @Releas 6)or
the Polty Contiol Rule Funtion (PCRF @Relese 7) of the IMS
will be exploited and futherentanced.

5. The User Buipment UE). At the PQoSenabled user
terminals €.g. 3G mobile handst, SIP voice/vido phone, PDA),
a Terminal AdaptatioModule (TAM) is integated erabling the
termnal’s interaction with the gpropriae interfaces/nedules of
the MCMS.

The owral archiedure incorporting al the desribed
conponents enables novedpaliities ofIMS systens in terns o
services nadably adapstion. The archtectue is fully
implemented, at a large scée, within the framework of the
European Project ADAMANTIWM [1].

3. IPTV Adaptation Mechanismin IMS
3.1 IMSMedia Session M anagement

The Figure 2 escribes sequenceatjramof themessgesthat ae
exchangd when an IPTV sess is established and torn down
betweena User Equipment anthe MSRF through IMS. An
exanple ofadapation mechanisn with SDP re-negodition is also
shown. Forsake of simplicityin the diagam, we do not represent
messages flowing through the Call Session Control Fumctio
CSCFand neither the Rx intate béveen PCSCFand PCRF.
The Ut/Xa reérence poits for the purpose of service profile
configurationare also not shown.

The sucessfuly registered UEritiates the IPV service sendim

a SIP INVITE request with aSDP body which describs the
media ssgon (Codec, Vido to play, Framedze, Framerak,
Bitrate) asdepicted in Fgure 3.The fird SIP cotad enty point
for the UE is the Proy-CSCF. Proy-CSCF forwards the
INVITE+SDP reques to SCSCFE The latter detects an IPTV
service initiation thanks to th service-iggering information
presented in théorm of initial filter criteria (iFC) downloaded
from HSS duing the UE’s Regitration process.S-CSCF
forwards the request to a spec|IPTV AS through the IMS
Service Control (ISC) interface. TN AS treats the equest ly
parsing the SDP in order to retrievee thredia file to play. The
IPTV AS may also use the IRV user profile tocustomize the uer
experene accoding to the user prefererwes Then, the IPTV AS
forwards the INVITE requesib a corresponding MSR##hich
termnates the SIP dialog. The MSRF sends back a 200 OK
message with the final egotiated SDP bog and the CSCF
forwardsit backto the UE Then the MCMS adatation interface
is informed abat the actie sevice sessions sindé belongs to
IPTV AS. This idle mode ofhe MCMS modules is essentifalr
its scdability abilities becaus during this operaing mode
resources araa consumed. Th®CMS modules simplywait for
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the reception ofa PQ®&-degradation alarm frorthe end-user
terminal,indicating poor prceptualquality and therefore bad user
experience.

From this pointwe distngush two main useaes:

1. The MCMS adptation interface triggers anadgtation that
requiresa renegtiation ofthe SP sesion.In tha case, the
MCMS adaptatin interfice will send a SIP Message to the
MSRF. The latr will rene@tiate the session with the user
terminal, in order to informit of the new vido paraneters.
For examplechanging tle videocodec. A Re-Iuite is used
to renegaate the SDP parameters ¢muse he INVITE
process (regest, esponse, acknowledgment)helps for
RTSP/RTP/RTCP magamenias shown in Figuer4.

2. The MCMS adapts the reqad paraneter without informing
the uer rminal. The user éeminal adaps itself to the
changed vido and audio streasnFor exanple: changing the
bitrate of tle video. A simpleSIP UPDATE is sent from
IPTV AS on thebehalfof the UE.

[ ve | | cscF IPTV AS/ MSRF
B ” MCMS
SIP: INVITE+SDP
g " | SIE: INVITE-SDP | - 51p: INVITE+SDP_
E SI1P: 200 OK - 5DP
g i
= | 51P: 200 OK-SDP g 200 OK-SDP
F
A sl ACK R —
= — SIP; ACK
L RTP FILOW and RTSP interacfions i
POos Alarm =
T BIP: MESSAGE + XMI.
_S1P: 200 Ok - XML
Caleulate adaptation
actions
9 BIP: MESSAGE - SDP
EJ . L SIP: INVITE - 5DP
o ot i SIP: INVITE + SDF
B _SIF; INVITE + SDF
E SIP: 200 OK ]
= > SIF: 210 OK SIP: 200 OK
Chinge
video codec
BIF: 200 OK (Message
SIP: ACK P SIF; ACK S1P: ACK
G RTF FLLOW and RTSF interacfions
& % »
=
g SIF: BYE : o
g SIP: BYE SIP: BYE .
3 <
g SIP: 200 OK SIP: 200 OK SIE 200 OK
7
B

Figure2: IPTV Session Handling for adaptation with SDP re-
negociation



v=0

o=aude 13468 13460 IN IP4 192.168.1.153
S=ADAMANTIUM streaming session
t=0 8

a=tool:G5treamer
a=type:broadcast

a=media:a.avi

m=video 5000 RTP/AVP 96 34 32
c=IN IP4 192.168.1.153
a=rtpmap: 96 H264/90000
a=rtpmap:34 H263/90000
a=rtpmap:32 MPV/98008
a=framerate:25.0
a=framesize:CIF

m=audic 5002 RTP/AVP 8

c=IN IP4 152.168.1.153
a=rtpmap:8 PCMA/8000

Figure 3: SDP example
3.2 MSRF Adaptation Process

The MSRF is driven ty an MS SIP UA. It indaniates a
streaning sssion when it redvesa 3P INVITE messge from

the IPTV AS which is forwardigpthe end user request for a media

resource accondg to [3-9] Each streaming session is compdse
of:

e A Media Sreamer which $reans media resurcesto the

requestingcliert;

An RTSP Session Controllewhich corrols the Media
Streaner with respect to the commands receivel from the
client;

A MSRFEMCMS InterFace (MMIF), which £ndsmonitoring
data to the MCMS monitoring interface and receive
adapétion conmandsfrom thelPTV AS and tle MCMS.

3.2.1 MSRF Components
The dfferent components of taMSRF are the fitowing:

The IMS SIP UA Component hard allinitial requests to
MSRF. On session itiélizaion, it communicaes with the
Media Corroller for media resource avasbility and tle
streaming sesgon creation (Session Srearrer instantiation to
serve one User)Then, duringthe streamingthe IMS SP
UA listens for monitoring and adapation equests and
forwards them to the MMIF. It alo forwards back tle
responses of the MMIF to the client whickquested ta

adapétion. Finaly, the IMS SIP UA also listens for sessior

release ly communicating withthe Media Controller for the
session teardomy

The Media Streamer Componésatresponsible fostreaming
multimedia resurces, usingRTP (Real-Tme Transfer
Protocol) and RCP (Real-Tme Transfer Contil Protocol)
protocols. The MMIF compomé sends monitoring data to
the MCMS monitoring interface and reeives adapétion
orders from theIlCMS adaptatin interface. A€xplainedin
the prevwus setion, the MCMS adaptabn interface will
request monitdng data when the UHEerminal detects
degradation inthe PQoS. Fm this point, the MCMS
adapétion interface will reqiest monitoring dta from the
MMIF. After anayss, the MCMS will send adapt&on
actions to the MMIF through &IP Message communication
With respetto the sta¢ ofthe RTSP session, the MMIF will
then forward thee ordergo the Media Sreaner. The Media
Streaner will finally enfore the adapdtion ections. The
RTSP Session Controllés responsible forpaticular User
session streaming control using th&@3® protocol. Th
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3.2.2 Streaming and Adapation

session itselfs initialized by the IMS SIP UA. TheRTSP
Server bloc ligens to te RTSP request messages and
forwards them to the gim RTSP Session Cawtler, based
on the reqast LRL.

The multimedia resources to bstreaned are dded to the
MSRF bythe Media Contrdler. In addition, it can propos
an inteface for content emoving and manage the content
accessibility The Session @ntroller subcmponent is
responsible for effective sesion streaming creation or
removal basedn IMS SIP UAreques regecively after
successful SIP INVITE or SIPYEE methods.

Use Case

Elementary &sks

This section dscribes the usecase for the malia resource
streaming andhe adptation vith reregotiation focusing orthe
messagesexchangeshat take mce in each einentay task. We

distinguish five elementay taskscarried out g the MSRF in this
use cag chainasde<ribed in Figure 4:

ASIMCMS

Session Initiation
Procedure

¥ streaming
Procedure

| — |
SIP RTSP Media RTSP MMIE Media
Agent Server Controller S.Ctrl. Streamer
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:l Partially implemented (First working version)
Figure 4: M SRF Adaptation Procedure
1. ThelMS-SIP compliant session initiation phase, started on

the IPTV soft phone (terminabequest throughhe CSCF.
The INVITE message containthe terminal's SDP offer



consiging of its capalfities (video s$ze, coccs etc) and the
name of the ragested media seurce. On aception ofan
INVITE + SDP mesae, the IMS SIPUA asks the Media
Controller fa the media resone awilability and for new
session creationThe Media Controller inséntiates new
session and,based on th teminal capabilities the
Adaptation subcomponent dhe MMIF generates a SDP
answer (new adapted SDPJhen, a response is reported
back to tle teminal using SIP OK + SDP essage. If the
terminal acceptshe MSRF SDP answer, it acknowledges
with a §P ACK. Finaly, the Media Sreamer ard the réated
RTSP ssdon & the RTSP Sever and the RTSP Session
Controllerareinitialized.

The Media resource streaming phase, based on
RTP/RTCP/RTSP protols. More spedifally, only the
PLAY and PAUSE RTSRHmethods are used to start and
pau®, repedively, the curreh media re®urcestreaning. In
fact, the ternma requestsare receied by the RTSP Server
and forwarded to the RTSP Session Contrdlteprder to
play or paug the media resourceat the Media Stearner. The
responses are reported tee tterminal throughthe rewerse
path. The redia reource isstreamed to the érminal usng
theclassic RTP/RTCP prototo

The Session monitoring phase, triggered using SIP
signaling by the MCMS on PQoS degradatialetectionat
the erminal. The MSRF monitoring procedw wsesthe SP
MESSAGE + XML to and from the MSRF. Qnonitoring
request, the MIS SIP UA contacts # monitoring
subcomponent of the MMIF dnthis last one retrieves the
monitoring data fromthe Media Sreaner, aggegaes them
and endsbackthe resilts to bedeliveredto the MCMS.

The Session adaptation phase, also triggered, using SIP
signaling by the MCMS to erforce the adapion dedsion
based on the previous monitogitask. This adaptation phase
is MCMS driven on PQoS degradatiand aftera successful
monitoring proedure. 1 aims to adapt tle media greanming
paranetersto the new néwork conditions forbetter media
resource consuming the terminal.

In this task,the IMS SIP UA requests ahe adapmtion
subcomponent of the MMIF for a new SDP offer based on
the MCMS adapation decision available in SP MESSAGE

+ SDP rejuest. The generated SDP offe by theMMIF is sent

to the &rminal using SIP INVITE + SDP. Ifhe terninal
acepts tiis new SDP offer, itreplies with a SIP INVITE
OK. Then,the MMIF gtops (paus) the $reaning proes
through the RTSP Sessiofontroller and adapts the
streanming paemeters at the Media Steamer. After a
successful aaptation the IMS SIP UA acknowledges togh
terminal and equests the RTSP Session Controller to réstar
(play) the streaming process. Finally SIP MESSAGE OK

is sent lackto the MCMS.

The IMS-SIP compliant session teardown phase, requested
by the ®rminal to free esources allocaed in the
aforementiord phases. This sden clean-up pcedure is
started  the teminal which comacts through the CSCF and
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IPTV AS the MSRF using IBYE message. Therthe SP

Server requests the Media Catiier to tear dom the RTSP
session & the RTSP Sever, the RTSP Sasion Controllg,

and the MedisStreamer ando release the ®ssion. Fnaly,

the SIP BYE & is reporéd back tothe erminal.

4. Conclusion

In this paper we have itroduced a wnamic cross lagr
adapétion mechanisn conplying with IMS architecturefor PQoS
improvement of the engrIPTV content divery chain. This is
mainly acheved by the dsign of the M®IS modules n
combination with cros-layer adptdion technigies The oveall
archiedure tes been brfly described andthe main adapétion
use case hdseen introdoed
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