Implementation of Third Party Media Server Controller for
IMS Networks

M. Femminella, R. Francescangeli, F. Giacinti, E. Maccherani, A. Parisi, G. Reali
University of Perugia
Dipartimento di Ingegngeria Elettronica e dell'Informazione
Via G. Duranti, 93 — 06125 Perugia

email address: name.surname@diei.unipg.it

ABSTRACT

In this paper,we describethe implementationof a media server
controller that is usedfor implementing multimedia servicesby
third partiesof IMS networks.This implementationis done by
using the well established Mobicents framework. The
functionality of the serverhas been testdaly usingthe OpenIMS
technolgy developedat the Fraunhder Fokusinstitute. Results
show the efctiveness of this implesntation.
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1. INTRODUCTION

The evolutionof Next GeneratiomNetworks(NGN) hasprodwced
some basic principles for network and service design. The
availability of highlevel obgct orienedtools has helpedo define
protacols am Service Oriented\rchitecture(SOA) based services
including feauressuchas servicediscoveryand easyintegration
of 3rd party componentg1][2][4]. On the whole, networksare
characterizedby an increaseddistributed intelligence able to
provide self-healing, self-provisioning and self-nonitoring
functions.

The design principé behind these featuresis the transparent
integrationof servicecomponentghrough a setof rules usedto
control the network elerrents (NEs), service availability, traffic
distribution, QoS levels and whateer is involved in operation

[2][3].

In this work we referto the ETSI Telecom& Internet converged
Servicesand Praocols for Advanced Networking (TISPAN)
model forInternetMultimedia Subsysten(IMS) architecture5]
[6]. In more detail we presentanimplementatiorof a servicefor
IMS networks, preidedby a thirdparty. This applicatioonsists
of a Media Servel(MS) which hosta numberof different media
made available to NGN/IMS providers through standard

Pernissionto makedigital or hard copiesof all or part of this work for

personal oclassroom usis granted withoutee provided thacopies are
not made or distributed for profit or commecial advantge and that

copiesbearthis noticeandthe full citation on the first page.To copy

otherwise,or republish,to post on serversor to redistribuge to lists,

requires prior specific permission andbr a fee Mobimedia'(,

September-9, 2009 ondon, UK.

Copyiight 2009 ICST 978-98-979-62-2/00/@04...$5.00.

Digital Object Identifier: 10.4108/ICST.MOBIMEDIA2009.7433
http://dx.doi.org/10.4108/ICST.MOBIMEDIA2009.7433

interfaces.

The implementationis carriedout by the widespreadpensource
componentssuchasthe Mobicents,which was preen toperform
properly in operation [7][8], and the well known Open IMS

framework devéopedat the Frauhofer Fokus Institte [9].

Mobicentsis a Service Logic Execution Environment (SLEE)
implementation,which is a hostirg environmentfor telecom
applicatiors, referra to as“container”in the Javaterminology It

is specifically designedto fulfill the requirementsof telecom
services which are typically asynchrorous and imposereal-time
constraints(high throwghput, short latency. Being composedof

severallayers of abstractionwhich are combinedin a multi-tier

architecture,a SLEE simplifies the developmenbf new value-
addedservicesby providing the non functional featuresneeded
for their executionThe resultingbenefitis thatthe developercan
focusonly on aspectselatedto the implementatiorof the service
logic, sincethe complexity of the underlyinglayersis maskedby

high-level APIs.

The Java Community, within the Java APIs for Integrated
Networks (JAIN) activities, offers a set of standardframeworks
and open protacol APIs for the creationof telecomnunicatiors
services Telecom providers may greatly benefit from those
technologies,as the utilization of standardcomnon interfaces
simplifies new servicesintegration and improveimteroperality

with multiple network,protocols, anddifferentend-useplatforms
[1]. Among thoseactivities,the JAIN SLEE (JSLEE)providesa
set of specifications[10] for the implementationof a SLEE
container. This kind of serveris one of the most promising
candidatedor the deploymet of applicationservicesin the new
convergent telecomumicatiors paradigm based on the IMEL].

Servicefunctionality has beerprovedin a well established test
bed which can enulate typical real operation conditions. The
choice of a test service basedon SIP signaling is due to the
widespreadiseof this signalingprotocol. In fadt, SIPis not only
the de-facto standardfor the signaling in the VolP and IP
multimediacomnunications,but it hasalsobeenincludedin the
IMS specificationsas the signaling protocol to manage data
sessions(it is also usedto transportother signallingprotocol
message$12]), ard novadayit is increasingly used even in eth
scenarios (e.g. onlénganing).

In more cetail, we will presentritical aspectsegarding some key
platform mechanisms, especially by focusing on the JBoss



TransactionManager;in addition we will show relevant results
about the impact of someconfiguration alternativesfinally we
will prove the service functionality through the Core IMS
platform devéopedat the Frauhofer Fokus institute.

We have choserthe Mobicents JSLEE since, atthe time of
writing, it was the only open sourceimplenentation compliant
with the JSLEEV1.0 specificationsWe havealreadyverified that
this platform is suiable forprodiction deploymat, beinga viable
alternative to high-cost conercial SLEE solutios [7].

The manuscriptis organizedasfollows. Thenextsectiongives an
overviewof theimplementedframework. Sectiorll describes the
reference scenario.SectionlV presentsthe test bed. SectionV
presentsthe relevantresults.Finally, SectionVI providessome
final rermarks.

2. BACKGROUND

2.1 JAIN SLEE

The JSLEE activity specifies a Java-basedsvent-oriented
containerfor the executiorof carriergrade teleconserviceq10].
Various JavaEnterpriseEdition (JEE)technol@iesareenployed
in that framework, by adapting thento the specific needsof
telecom applications.

The service application logic is implemented in system
componentgalled ServiceBuilding Blocks (SBB).In operation
the JSLEE server creatagpod of SBB oljectsand manages them
according to a well defined lifecycle. SBBs operate
asynchrorously by receiving, processingand triggering events.
They canbe attachedo datastreans called Activity Contexts by
which they receiveeventsfrom other systementities. Also,SBBs
may be linked togetherby parent-child relations, in order to
implement the service logic in a modular fashion

Events are internally managed by a functional elerrent called
Event Routerwhich deliverseacheventto the appropiate SBB.
For what concernghe overall performance,this componenplays
a critical role, since itqcesses all systeavents.

External network occurrences,such as SIP messages are
translated into internal Java events by so-called Resource
Adaptors (RA). More generally the set of implemented RAs

constitues an abstract interfacéayer that allows the SLEE to

accesexternalresourcesin practice,a developerwho wantsto

enablethe serviceinteroperality with a particularprotocol stack
can simply utilize the respectiveRA interface mehods in his

service code (e.gnethods toaccess garticularSIP header field).
Later, he only needsto deploy the proper RA .jar file into the

SLEE.

2.2 Mobicents JAIN SLEE Server

The Mobicents Comrmunication Platform is anopen source
project, currently ownelly RedHat [13][14]. It includes a SLEE,
a Media Server,a Presencé&erver,anda SIP ServletServer. The
counter@rtiesarerepresentedy Rhino, a comnercial JSLEEby

Open Cloud [15]; ConvergentService Platform, a comnercial

JSLEE by jNetX [B].
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At the timeof writing, the MobicentsJSLEE (MSLEE)is still
under developmentWe have used the v.1.2.2 GA in our
performance tests. It comeswith a SIP RA which is already
compliant with the new JSLEE v.1.1 specifications.

The MSLEEenploys several JEE components, sashContainer
ManagedPersistence (CMFields, which enabledatapersistence
for SBB objects;JavaDatabaseConnector(JDBC) drivers; Java
Managerent Extensiondor the environmentmanagenent and
monitoring; JavaNaming and Directory Interface(JNDI), which
offers lookupfunctions for service registration.

2.3 JBOSS Application Server

The MSLEE,aswell asthe other core serversof the Mobicents
Platform, is installed on the JBoss AS[17]. JBossacts asa
hostirg environmentthatis to say, a containerfor containerslt
offers capabilities such as service and SLEE configuration
managenent, depbyment, andhread poling.

2.4 System Configuration: Critical Aspects

The MSLEE framework structureis characterizedy a relevant
complexity asit integratesthe JBossAS, and the JavaVirtual
Machine (JVM). In order to achievean efficient setup of the
overall platform, somecritical aspectof the architecturemustbe
taken into accoun

2.4.1 Java Memory Management

Being basedon the Javatechnolay, the MSLEE relies of the
automaticJavaGarbag Collector (GC) mehanismfor memory
cleaning and defragnentation [18]. The drawbackis that the
developerhasnot the full control over theGC behaviour,which
may even pausethe running application [19]. Such pausesare
clearly critical for telecomapplicatiors. As a mater of fad, the
SLEEmay freeze when dealingith post-pause avalanchestarts
(during pause, it accumulates unpessed m@ssags).

The JVM v.6 includes different GCs, in order to meet the
requirementsof different classesof applicatiors [19]. In this
paper, we present performee evaluatedby the Parallel GC
schene only, which is thedefaultone. Sinceotherworks suggest
to usethe ConcurrentGC schene, we will testit in future works,
also becauset requiresa lot of tuning of GC paraméers (see
(20]).

2.4.2 Transactions
In data transmission critical environments, transactions are
typically usedto maintain a computerframework (i.e. a database,
afile systemor an applicatiohin a known, consistenttate, after
systemor database failures.

As regards transactione MSLEE relieson the JBoss ASwhich
natively suppats JavaTransactionAPI (JTA), thusallowing any
transactionmanager implementationto be used.JBossis by
default configuredto usethe so-called*JTA compatiblein-VM”
transaction manager. It is vefiast, but des have tw limitations:

— itis umable to @ autanaed recovenafter a serer crash;

— whereast doessuppat propagatingransactiorcontextswith
renote calls, it does not suppat propagatingtransaction
contextsto other virtualmachines,so all transactionalwork
must be done ithe same virtual achine as the JBoss server.



In someadvancedelecomservicessuchasbankingtransactions,
the provider may needa transactionabehaviorto ensurethat all
the operatioa made on the renpte databaséwhich may involve
the transferof subscribempersonalinformation) remain consistent
during all systemoperation aswell as after aystemfailure. Such
aguaranteeomeswith a great grformance overhea) theform
of disk writing operatiors, which are directly related to the
number @ transactions pcessed by the servicehdrefore, it is of
greatimportancefor the providerto carefilly evaluate whethetio
use transactionar not, inorderto ensuremaximum performance.
In practice, the service developer can:

— chooseto usea JTA compatibleTransactiorManager capable
of automatic detectionf those operatianthat do not needa
transaction(i.e. readonly SELECT query),in orderto avoid
unnecessarydisk writing when the shared resource is
accessg;

— manually configure thesharedresourceto be accesse either
in a transactionalor non-transactionalway, by using two
different connectiorpools. In that manner, the developeris
free to choosethe transactionmanagenent when neededy
his service. This is acconplished by simply inserting the
proper JNDI reference in the cad

Also, therecanbe VVolP services in whiclthe transactiongrenot
needed asll, typically when performace requirementsare most
stringent. This is the caseof forwarding, redirect and control
servicesfor which thereis no needto changethe stateof shared
resources.

3. REFERENCE ARCHITECTURE

Our referace scenariois a trusted IP network of a telecom
providerwhich offers multimediaSIP-basedservicesy meansof
an ASand anMS.

The networkis basedon the IMS Corereferace architectur¢s],

as depictedin Figure 1. The TISPAN specificationsdefine the
following functional core entitiesthat implenent theCall/Session
Contrd Functions(CSCFs):

— the ServingCSCF (S-CSCFprovidesmanagenent functions
such as subscriber tenticationand service control;

— thePraxy CSCF(P-CSCF) is aninbound/outlound SIP proxy
that acts as the first IMS ctact elenent for SIPrequests;

— The InterrogatingCSCF (I-CSCF)epresentshe edgeproxy
for the particularproviderIMS domain.lIt is in chargeof the
subscriber registration.

The interface anmong those three elenentsis basedon the SIP
protacol.

The CSCFelenentsrely on anauthenticatiorservercalled Home
SubscriberServer (HSS). The HSS storesthe subscriberpolicy
information.lts interface is based upon the Diameter protocol.

Also, our reference scenarioincludesan ASandanMS. The AS
is directly involved in the call signaling flow by the S-CSCF
through a SIP protocol interface. The AS and the MS
comnunicatethrough Media Gatevay Contrd Pratocol (MGCP)
messages
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Figure 1— Refererce sceario

We considerthe caseof a VolP call initiated by an IMS Client
subscriber.The IMS client is locatedin the provider’s IP home
network, so thaho roaming procedre takes place. Theitral SIP
INVITE triggers anlnitial Filter Criteria (iFC)thatidentifiesthe
particularcaller by parsing theFROM header. ThéFC instructs
the S-CSCFto give to the AS the control of the call. In thatway,
the AS receivesall the signaling messagesincluding the initial
INVITE which containsthe SessionDescriptionPratocol (SDP)
paraméers of the IMS Client to setup media sessionin the AS
we haveimplenmenteda SIP-MGCP gatevay service forthe media
sessioractivationThe AS obtainsthe serviceprofile by querying
its databasethen it contactsthe MS which sendsback to the
caller a prerecordedaudio annoncemat in an RTP session
(Figure 3). As the audio messagesnds, theMS notifies theAS
aboutthe end of the media session.The AS, in turn, terminates
the callby sending a SIBYE messge.

4. TEST BED IMPLEMENTATION

The service has beentested by using the network topology
illustrated inFigure 2.

We haveusedthe FOKUS OpenIMS Client software (OpenlC),
in its free Lite version, developed the framework othe FOKUS
Open IMS Playground[22]. The software was installed on a
Pentum 4 class Z at2.4GHzwith 512MB RAM andthe Ubuntu
Linux 32kt OS.

IMS client

=

IMS core AS

Fast EthernetSwitch

Figure 2—Test bed

The IMS core networkhas beerimplenentedby usingthe Open
IMS Coreby FOKUS[9]. It hasbeeninstalledon an ArchLinux



based servef.6.28 64bit kernel, with an InteCore2Duo E6700
CPU @ 2.66GHz and 4GB RAM. Thus all the IMS Core
componentsvere deployedin the sane machine. The OpenlMS
Coreis anopensourceimplementatiorof the IMS CSCFswhich
weredevelopedasextensiongo the SIP ExpressRouter(SER).It
alsoincludesa lightweight HSS, calledFOKUS Home Sioscriber
Server(FHoSS).FHoSSis Java-basednd relies on a MySQL
databaseAs statedby the developersthe OpenIMS Coreis not
intendedto becomeor actasa comnercial prodict but it hasthe
sole purpcse to provide a referasce implementationuseful for
IMS techndogy testing and, as in ogaseservices prototyping.

We popuatedthe FHOSSMySQL databasdy usingthe bunded
SQL scripts included in the OpenlMS Core package
Subseqantly, we haveintroduced a set of iFCs to suppat our
own Application Serverthrough the FHoSS web configuration
interface.

The AS was implemented by using a MSLEE server version
1.2.3GA installedon top of JBossv.4.2.3GA and deployedn a
Fujitsu-Siemensserver class machine PRIMERGY TX300 S4
with dual Intel Xeon E5410 @ 2.33 GHz (i.e. 8 CPU cores)and
8GB RAM. The server OSs theArch Linux x64 (kernel2.6.28).
The JVM usedvasthe Sunl.6.0_1264-bit Server.

The Media Serverwas implenented by using the Mobicents
Media ServelMMS). MMS was deployedon a MSLEE server
installedon a serverclasscomputer eqippedwith anintel Core 2
Duo E66M @ 2.4 GHz and 4GB RAM. The server OSs the
Arch Linux x64 (kernel2.6.28). The JVM wasthev.1.6.0_1264-
bit Server.

In orderto configureboththe MSLEE serverswe sé¢ aJVM heap
of 3GB (by setting he eqial maxandmin values as recommeded
in [21]). We havealso chosento usethe ParallelGC by adding
the following command lineflags to the configurationscript file
of the JBoss AS: -Xms3000n —Xmx3000m-XX:+UseTLAB
Regardingthe transactiorrelated overheadse havedisabledall
the databasetransactionsin order to improve the overall
performance of the service.

All the test beccomponentslescribedabove fave beerphysically
connectedtogetherusing a dedicatedFast Ethernetswitch and
Cat. 5E Ethernetcables.All the computerswere configuredwith
staticIP addresseanda customDNS server capablef resolving
the IMS core network domain nas@asused dudng ourtests.

We have used the Wireshark frafanalyzer tool inorder toverify
the system functionality. We have capturedhe overall network
traffic by sniffing on a switch monitor port,which has beesetto
replicate the trafficeceived by all the test bed components.

5. RESULTS

In this sectionwe describein detail the implenentedserviceand
the relevant exchanged ssages

The signaling flow is depictedin Figure 3, whereasthe IP
addressesof testbed devices and the relevant messagesare
reported into Table 1 and Tablergspectively

1. The initial INVITE is senttowardsthe IMS network. As
specifiedin the configured iFC,the S-CSCFchecksthe
FROM Header to iderifly the callerandforwards the regest
to the MSLEE AS.
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2. The MSLEE receivesthe INVITE which includesthe client
SDP. Thenit queriesits databasdFigure 1) to retrievethe
service profile and sendsan MGCP Create Connectim
command (CRCX) to the MS. In the CRCX arespecified he
paraméers by which the AS instructsthe MS how to start
andmanagethe meadia sessionln particular,it hasto usethe
first available Announcemen&ndmint to fulfil the request
(media/trurk/Announcement/$).

3. The MS process the CRCX command. Once the
AnnouncementEndpint is created,the Endpint SDP is
includedinto the CRCX respons&200 Transactiorexecuted
normally). The CRCX response also atains theConnectim
Identifier andthe usedSpecificMS Endpoint. Thatresponse
is sentbackto the AS which, in turn, sendsa 200 OK SIP
Responsdowardsthe IMS network. The 200 OK contains
the Endpoint SDP in order to properly setup themedia
session.

4. Asthe ACK messagés receivedby the AS, thuscompleting
the SIP three-wayhandshakethe AS sendsa Notification
Requestcommand (RQNT) to the MS. In that message,
various paraméers are specified,such as the media flow to
be streaned by the Endpoint, thatin this caseis the URL of
the audiofile to be played.Also the setof requiredeventsto
be notified back (e.g. “annourcemrent completed”),and the
particularentity to which that eventshadto be notified (the
AS), are both included.

5. The MS sendsback to the AS an RQNT comnand after
which it starts to play the annncement rassageby sending
RTP packets directly to the IMS i€ht.

6. When the annowmncemat is completed,the MS sends a
Notify (NTFY) commandto the AS thatincludes tle occured
event (“annouocenent completed”).

7. TheAS repliesto the NTFY messagand sends backo the
MS the 200 OK responselt alsosendsa DeleteConnectia
command (DLCX) including the Specific Endpint andthe
connectionidentifier as parameers. This has beerdonein
order to release the resourcesused by the endpoint-
connectionlink. At the sane time theAS sendsa SIP BYE
request towardghe IMS Clent inorderto harg upthe call.

With the presentedmedia servercontroller we have testedhe
integration feasbility of the MSLEE as an AS within the IMS
framework. Although beingsimple,our service representspoof
of conceptfor the implementationof more complexmultimedia
serviceghat relyon the capabilities offered bthe MSLEEserver.
As amater of fact we have alreadimplenenteda Back-To-Back
User Agent SIP signaling architectureas a single MSLEE SBB.
Such an architecturegrants thetotal control over the entire
signaling flow [7] thus enabling the creation of advanced
multimedia services For instance,it may be possibleo build a
WEB-based click-to-call application with a buddy list that
includesboth IMS subscribersand non-IM5 usersandresources.
Thoseuserscanthen leverag from all the feauresof the SLEE
based AS-MS Mobicents couple; such as conference call,
Interactive Voice Response(IVR), voice mdlbox and other
advanced multimedia services. The resulting benefits would
embracethe flexibility and convergence offed by the IMS
architectural framework and the ease of developmentand



multimedia capabilitieffered by the MSLEE and MMS open
source platform.

programner benefits from the RA high level APIs, and
consequenyl its time-to-market.
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Testbed device IP Address
IMS Client 192168.1.173
IMS Core 192168.1.170
AS 192168.1.197
MS 192168.1.2

Table 1-IP Addresses

6. CONCLUSION

In this paperwe presentthe resultsof the implementationof a
third party Media ServerContrdler for IMS Networks for
multimediaservices Our systemis completelybasedon the open
source Mobicents Platform. We have developeda multimedia
serviceand we have integratedit with the FOKUS Open IMS
Coreframework.We haveverified thefunctionality of the overall
systemandthe suitability o the utilizationof the MobicentsJAIN
SLEE as an AS in the IM8ontext.

A strongaspectof JAIN SLEE specificatioris the abstractiayer
made of ResourceAdaptors whicloffers the interoperaldity with
external resources and network protocols. This modular
architecturehas provedto easethe integrationof the IMS Core
with anexternalAS, by meansof a SIP RA. In the sane way, the
developmenbf complex multimedia servicdgs beerarriedout
by involving an external Media Serverthrough a MGCP RA.
Also, the utilization of an open source modular architecture
reducesthe requiredeffort for the servicedevelopmentas the
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Message

Relevant fields

1 SIPISDP

Invite

Request -Line: INVITE sip:alice@open-ims.test SIP/2.0
Message Header

From: "bob" <sip:bob@open-ims.test>;tag=1
To: <sip:alice@open-ims.test>

Message Body
Session Description Protocol

Owner/Creator, Session Id (0): userl 53655765 2353 IN 1P4 192.168.1.173
Session Name (s): -
Connection Information (c): IN IP4 192.168.1.173
Time Description, active time (t): 0 0
Media Description, name and address (m): audio 30000 RTP/AVP 0 8
Media Attribute (a): rtpmap:0 PCMU/8000
Media Attribute (a): sendrecv

2 MGCP

Create
Connectim

CRCX (CreateConnection)
Transaction ID: 1
Endpoint: media/trunk/Announcement/$@192.168.1.2:2729
Version: MGCP 1.0
[The response to this request is in frame 1965]
Parameters
Callld (C): 1
ConnectionMode (M): sendrecv
Session Description Protocol
Owner/Creator, Session Id (0): userl 53655765 2353 IN IP4 192.168.1.173
Session Name (s): -
Connection Information (c): IN IP4 192.168.1.173
Time Description, active time (t): 0 0
Media Description, name and address (m): audio 30000 RTP/AVP 0 8
Media Attribute (a): rtpmap:0 PCMU/8000
Media Attribute (a): sendrecv

3 MGCP

Response to
Create
Connectim

Respons e Code: The requested transaction was executed normally. (200)
Transaction ID: 1
Response String: The requested transaction was executed normally.
[This is a response to a request in frame 1963]
[Time from request: 0.304328000 seconds]
Parameters
Connectionldentifier (I): 1
SpecificEndpointID (Z): media/trunk/Announcement/19@192.168.1.2:2729
Session Description Protocol
Owner/Creator, Session Id (0): MediaServer 723013 723013 IN IP4 192.168.1.2
Session Name (s): session
Connection Information (c): IN IP4 192.168.1.2
Time Description, active time (t): 0 0
Media Description, name and address (m): audio 1043 RTP/AVP 0 8
Media Attribute (a): rtpmap:0 pcmu/8000
Media Attribute (a): rtpmap:8 pcma/8000

4 MGCP

Notification
Request

RONT (NotificationRequest)

Transaction ID: 2

Endpoint: media/trunk/Announcement/19@192.168.1.2:2729

Version: MGCP 1.0
[The response to this request is in frame 1998]

Parameters
NotifiedEntity (N): 192.168.1.197@192.168.1.197:2728
Requestldentifier (X): 1

SignalRequests(S): Alann@1(http://192.168.1.2:8080/mgcpdemo/RQNT-ULAW.wav)

RequestedEvents (R): Aloc@1 (N)

5 RTP

Data

Payload type: ITU-T G.711 PCMU (0)

6 MGCP

Notify

NTFY (Notify)

Tra  nsaction ID: 3

Endpoint: media/trunk/Announcement/19@192.168.1.2:2729

Version: MGCP 1.0

[The response to this request is in frame 2405]

Parameters
NotifiedEntity (N): 192.168.1.197@192.168.1.197:2728
Requestldentifier (X): 1
ObservedEvents (0): Aloc@1

7 MGCP

Delete
Connectim

DLCX (D eleteConnection)
Transaction ID: 4
Endpoint: media/trunk/Announcement/19@192.168.1.2:2729
Version: MGCP 1.0
[The response to this request is in frame 2421]
Parameters
Connectionldentifier (I): 1

Table 2— Relevant Messages

Digital Object Identifier: 10.4108/ICST.MOBIMEDIA2009.7433
http://dx.doi.org/10.4108/ICST.MOBIMEDIA2009.7433




