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Abstract—

Flexible multi-media streaming suchasadvertisment insertion, loca-
tion basedselvices, mobility and wirelessaccessare vital components
that make existing Inter net Radio and TV networks more attractive for
the roaming users. All of theseapplications also provide addedvalue to
telematics, and military usageincluding coordination, education, situ-
ation awarenessdistrib uted simulation, battlefield communication and
multi-play er games. While content distrib ution over a wired network
canberealizedby instituting proxiesand gatewaysat several parts of the
accessnetwork, providing mobility over heterogeneouswir elessaccess
needto considermany operational issuessuchashandoff, join and leave
latency and desired level of quality of sewice for the mobile clients. This
paper discussessomenovel application layer techniquesthat provide a
platform for Mobile E-Commerce with a multi-tier ed payment and se-
curity schemethat supports a businessmodelfor a global streamingnet-
work. The proposedstreaming network called Mar coniNet is basedon
standard IETF protocolssuchasSIP, SAP and SDPfor signaling, RTSP
for streamcontrol and RTP/RTCP for mediadelivery and feedbackcon-
trol.

|. INTRODUCTION

Lately, streamingreal-time multimedia contentover the
Internetis gaining momentumin the communicationsgn-
tertainmentmusicandinteractive gameindustries. Stream-
ing applicationinclude IP telephory, broadcastingnultime-
dia contentmulti-party conferences;ollaborationsandmul-
tiplayer games. All of theseapplicationswould also have
correspondingusesin a military context, including coordi-
nation,educationsituationawarenessdistributedsimulation
and battlefield communication. Real-time streamingcon-
tent (audioandvideo)is mostly RTP/UDP basedapplication
which has stringentdelay and loss requirements. Mobility
however affectsthe delayandtransientiossfor the multime-
dia streamdelivery to a greatextent, becauseof associated
continuoushandof. Thusit is desirablgo beableto maintain
continuityandprovide properQoSwhile moving betweerthe
cellsin awirelesservironment.

In orderto make efficientuseof network bandwidthwithin
the coreof the network, IP multicastingis usedfor wide area
networking. Thereare several proposedschemeto provide
native IP multicastrouting over a wide areanetwork such
asPIM [1], MOSPF[2], DVMRP [3], CBT [4], BGMP [5].
However thesesuffer from lack of wide deployment since
thereare mary issuessuchas pricing, QoS, maintenancef

therouterstatedn the coreof thenetwork. Recentlythereare
howeveralternateechniquedeingdevelopedsuchasSource
SpecificMulticast (SSM) [6], UMTP (UDP Multicast Tun-
neling Protocol)[7] andAMT (Automatic Multicast Tunnel-
ing Protocol)[8] that provide multicastsupportfor the non-
multicast enablednetworks while providing novel ways to
supportspecificapplicationsuchascontentdistribution. Ref-
erencg9] explainsmary of theissuesassociatedvith multi-
castdeploymentover wide areanetworking.

Localized Multicasting becomesmore attractve for the
mobile usersexperiencingintra-domainhand-of becausef
its easeof deploymentandits ability to provide moreflexible
servicesuchaslocalizedadwertisementnews broadcastand
locationspecificinformationin thewirelesservironment.

MarconiNet[10] proposesan integratedstreamingarchi-
tectureto supportmultimediaapplicationssuchas IP Tele-
phory andbroadcastingtreamingcontentover the Internet.
In this architecture¢he endnodescould be mobile andmov-
ing betweenaccesgoints, wherethe accesgpoints may be-
long to differentcells,subnetsanddomains.As the endhosts
move from one sener to anothersener, it is desirablethat
the clientswould still needto be part of the samemultime-
diastreamwhile receviing thedesiredquality of service.Key
factorsthat needto be taken into accounthowever are; how
quickly the endnodeleavesandjoins the old andnewx multi-
castaddresspaceaespectrely, andhow thequality of service
is guaranteedstheendnodemovesfrom onecell to another

Herewe describesomeof thescenaridor wirelessstream-
ing multimediausinglocalizedmulticastthat canbe offered
underMarconiNetervironment,analyzethecommonlatencgy
factorsinvolved and discussvarious application layer ap-
proachego take careof fastdelivery of multicaststreamand
provide properquality of service astheendclient movesand
getssened by the local stations(seners)within a basesta-
tion’sarea.

This paperis organizedasfollows. Sectionll givesa brief
overview of MarconiNet. Sectionlll cites someof the re-
latedwork. SectionlV outlinesa businessnodelviable for
M-Commerce.SectionV discusseshe mobility components
andvariousfactorsinvolvedfor fast-handdf SectionVI de-



tails the possiblealternatvesto take careof seamlessleliv-
ery of localizedmulticaststreamn MarconiNetervironment.
SectionVII briefly describesow QoScanbe maintainedor
themobileuseraunderthis schemeFinally sectionVIll con-
cludesthe papemwith openissuesandfuturework.

Il. MARCONINET OVERVIEW

MarconiNet[10], [11] describesa multimedia streaming
architecturethat providesa way of contentdistribution over
the Mobile Internetin a scalableway. As illustratedin the
figure 2, thereare4 basiccomponentsn the MarconiNetar-
chitecture,namely Global Station (Primary Station), Radio
AntennaSener (RAS) which are the local seners and In-
ternetMultimediaClients(IMC). A Primarystationactslike
a multimediastreamingsource. The Antennasener keeps
anassociatiorbetweerthe globally scopedmulticastaddress
andthe locally scopedmulticastaddress.Eachlocal sener
is equippedwith an adwertisemensener. The architectural
detailsanddescriptionof eachfunctionalcomponenbf Mar-
coniNethave beendescribedn [10], [11].

In eachcell (subnetthereis atleastonelocal sener (Radio
AntennaSener) which corverts globally scopedincoming
multicaststreamto a locally scopedmulticaststream. This
sener can act like a router but it can also be a proxy by
performingapplicationlayer routing. Therecanbe multiple
sourcesywhereeachmultimediastreamdeliveryis associated
with a uniqueglobally scopednulticastaddress.

By introducingthe local seners one can have full con-
trol on the programbeing broadcast,such as transmitting
global program/localprogram, introducing local adwertise-
ment. Sincetheselocal senersactlik e affiliates, a payment
schemecan be devised betweenthe global stationandlocal
affiliates. Thelocalcommerciakeneris apartof thelocal af-
filiate which canbe a streamingsener andcanbe controlled
by differentprotocolssuchasRTSP[12]. Endclientscanbe
SIP [13] enabledso asto be ableto invite anotheruserto a
multicastsession.

MarconiNetalsopromisedo offer flexible streamingwire-
lessservicesthat deal with localized multicastwhile taking
care of mobility of the clients. This papermainly focuses
on channelmonitoring, paymentschememobility and QoS
mechanisnthat are basedon several applicationlayer tech-
niguessuchas SIP andRTCP [15] to control the streamde-
livery andmobility.

In orderto take careof dynamicload balancingandhand-
offs, multiple local senerscanbe institutedwithin the same
subnetor acrosshe subnetdn a domain,but thenit needsa
propercoordinationbetweenthesesenersfor redirectionof
stream.This detaileddiscussiorof multiple senerinteraction
is for future study

Figurel providespresentsan overview of MarconiNetfor
streamingapplication,andfigure 2 providesa logical archi-
tecturefor the same.
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I1l. RELATED WORK

The very processof joining/leaving a specific multicast
group while changingthe cell or subnetcan be treatedas
equialentto surfinga TV/Radio or flipping the channelsa
typical behaiour foundin a studyamongthe adults. Details
canbefoundin referencg16]. Mobility andstreamdelivery
in MarconiNettake advantage®f localizedIP multicasttech-
nigquesin awirelesservironmentwhichis equallyapplicable
to InternetRadio/TV surfing.

There has been some previous work that discusseghe
group join/leave behaior in the Internet, effect of channel
surfing, and mobility of multicaststream. Almeroth et al
[17] have describedhe multicastgroupbehaiour in the In-
ternet,and have cited someresultsaboutsurfing by looking
at Mbone's temporalstatistics. It shavs that within a time
interval of 2 minutes,a userleaving onesessioreitherjoins
anothersessionor becomesdnactive. Although this is very
similar to a mobility model,wherethe userleavesonegroup
andrejoins the samegroup in the next cell, that study has
not taken into accountthe mobility of the usersandthe as-
sociatedparametersHowever reference$18] ,[19] and[20]



describemary of thearchitecturalssuesassociateavith mo-
bile hostsin a multicastervironment.A mechanisnto obtain
fast-handdffor unicastcommunicatiorusinglocalizedmul-
ticasttechniquehasbeendescribedn [21].

Also reference$22], [23] proposewaysfor taking careof
fastdelivery of multicaststreamwhenthe end-hostsare mo-
bile within a domain. Referencg22] proposes solution of
handwerwith pre-registration,in orderto provide fast-hand-
off for the multicaststreamswhile moving betweensubnets.
This is accomplishedy sendinga unicastdatagramto the
neighboringstationaboutthe multicastaddresghatit is sub-
scribedto, sothatthe neighboringstationwould have joined
themulticasttreeevenbeforetheclientmovesin to theneigh-
boringcell. This solutionassumethereis anagent(Mobility

SupportAgent)in eachsubnethatinvokesthejoin message.

Traditionally configurationtime to obtainthe network pa-
rametersand Internet Group Managemen®Protocol(IGMP)
[24] join/leave latenciesare the mostimportantfactorsthat
decidewhetherthe client losesary transientpacletsor there
is any wasteof bandwidthbecaus®ef flow of multicaststream
in the previouscell.

Referencdg25] providesa schemeto take careof loss of
transiendatafor themobile hostsby assignindocationinde-
pendenuniguemulticastaddresto eachmobile host,sothat
therewill be lesstransientdataloss destinedto the mobile
host. However this schemedoesnot talk aboutthe mobility
of thelocalizedmulticastsessions.

Also [26] provides a mobility schemefor multicast ses-
sionsfor wide areanetworking and adoptsMobile IP based
approacho take careof mobility of multimediatraffic.

Most recently Packet Videoin conjunctionwith DoCoMo
hasstartedproviding wirelessmulticaststreamingservicego
the end users,but it hasnot taken into accountthe subnet
mobility factor

While all theseapproachegrovide network layer solu-
tions, this paperprovides an applicationlayer solution us-
ing real-timefeedbackmechanisnbasecn RTCP, SDP[27],
SAP[28] andSIPin MarconiNetervironment.

IV. MARCONINET BUSINESS MODEL

Channelmonitoring,logging mechanismpaymentmodel
and security componentsassociatedwith this architecture
provide anovel businessnodelfor Mobile E-CommerceAll
thesecomponentarebasedon RTCP basedeedbackmech-
anism associatedwith the streamingtraffic which is RTP
based.

For eachchannebeingdivertedby the local station,addi-
tional RTCP signalingchannelis createdwith differentport.
Each listener sendsRTCP SDES paclets to notify the lo-
cal station (RAS) alongwith the client's demographidnfor-
mation andthe respectre channelit is subscribedo. RAS
mapseachlistenerto the desiredchannelwhich in turn in-
creaseghe numberof listenersfor that particularchannel.
Thelistenerto-channemappingis destroyedvia RTCPBYE
pacletsor via RTCPtimeoutfeature.By doingthisit alsode-

creaseshe numberof listenersfor the associateahannelat
thelocal station. Channelmonitor providesa real-timeview
of how mary clientsaretunedto aparticularchanneltapar
ticular point of time.

The logging mechanismhas a very close ties with E-
commerceapplicationandprovidesa very goodway of gen-
eratingrevenue.The purposeof logging mechanisnis to fa-
cilitatefor adwertisergheproces®of determiningvhenandon
which channeldo placetheir commercialdn orderto maxi-
mize returnson investment. The higherlevel of adwertising
efficiency will drive moreadwertiserstowardsadwertisingon
theMarconisener. Thisin turnwill allow theMarconisener
to pursueanincreasingshareof InternetRadio/TV adwertis-
ing marketby chagingdifferentpricesfor differentsegments
of air-time, basedbn demand.

This reportingmechanisnenablesMarconi sener opera-
tors to track userlistening trendsand can provide to poten-
tial/existing adwertisersdetailedreportswith users’listening
statistics.This conceptreliesheavily onthe RTCPtriggering
modelthatis supportedoy Marconi. Even thoughthe pri-
mary purposeof RTCP s to notify Marconiwhenusersjoin
alocal multicastgroupto startlisteningon anaudiochannel,
RTCP is alsoideally suitedfor allowing Marconi to gather
userspecificandchannekpecificinformation.

Sincesecurityis animportantaspectof ary E-commerce
model, it is importantto provide proper security associa-
tion betweertheglobalstation,local affiliate andend-clients.
The proposedMarconiNetarchitecturepresentlyoffers four
level of encryptionoverall. Globalannouncemergncryption,
globalmulticaststreamencryptionJocalauditencryptionrand
userauthentication.By usingglobal announcemergncryp-
tion we can separateglobal announcementfrom the local
announcementsThe local clientsshouldnot be ableto get
accesdo the global announcementandwould only be able
to view the local announcementwhich is controlledby the
sener. By usingaglobalencryptiorkey duringtheannounce-
mentthe global stationsdo not allow the Internetmultimedia
clientsto find out aboutthe global channelsratherit gives
thethecontroloverto thelocal stationgo announcesubsebf
thesechannelgo thelocal clients.Onthe otherhandsecurity
modelfor global multicst streamshould effectively prevent
thelnternetMultimediaClients,aswell asthenon-paidRASs
(local affiliates) from receving the broadcastontent. Thus
eachradio/TV station(RSC) mustmaintaina secretkey and
encryptall outgoingcontentsothatonly ciphertet streamis
transmitted Thebasicstrat@y is to generate symmetricen-
cryption key at the stationand securelydistribute this key to
aparticularRAS or local sener uponits payment.

Global multicaststreamencryptioncanbe extendedto lo-
cal sectionasa secondevel hierarchy Someof the pay-per
listenprogramareannouncedo thelocal multicastaddresses
in any domainusingencryptionkey so that properchaging
mehodologycanbein placefor the local clients. An RTCP
basedViulticastGroupAccessControlcanbeusedwherean
accesgokenbasednthe hostparametersanbe sentaspart



of RTCP“JOIN" messagéeforeanendclientis ableto listen
to the multicasttraffic similar to IGMP authenticatiormech-
anismproposedn [29]. As the endclient movesfrom one
subnet/domairto anotherand associate#self to a different
local sener, it needsa mechanisnto transferthe securityas-
sociationto the secondsener wherethe clientis moving. A
schemesimilar to [30] canbe institutedto distribute this key
to theadjacentocal sener.

This will also help to presere the sensitve information
suchasthe secretkeys (of RSCs,and pay-perlisten chan-
nels), useraccounts,and paymentdata. Advertising com-
paniescanbe authenticatedo thatun-authorizedcompanies
cannottry to play with thelocal Advertisementnsertionsys-
tem. The securityassociatiorbetweenthe global stationand
local affilate is taken careof asfollows. Eachlocal station
generatedts own PubKey/PrivKey pair. Eachglobal station
generates SEK (SecuredEncryptionKey) andbeginstrans-
mitting encryptedaudiocontent. This SEK needsto be dis-
tributedto the participatinglocal stationsin a secureway so
that otherlocal stationsthathave not paid cannotobtainthis
key. Public key technologyis employed for this purpose.
The local stationsubmitsits public key to the primary sta-
tion alongwithits paymentor CAs (Certificateof Authority).
Local station (affiliate) in turn recevesan integer ID from
the global stationwhich is later usedto index the SEK dis-
tribution list. The PScollectsthe public keys from the local
stationsand addtheseto its SEK distribution list upontheir
payment.This hierachicalbasedsecuritysystemwill enable
anidealchaging mechanisnandpaymentmodel.

Basedon the channelmonitor, logging mechanisnandhi-
erarchicakecuritystructure severalkindsof paymenimodels
canbedevised.Local stationgRadioAntennaSener) collect
thefeesfrom thelocal commerciacompaniesoasto beable
sendtheadwertisementuringthecommerciabreakwhile re-
layingthe globalstations Besidegelayingthe programfrom
thecommonglobalstationsthelocal stationsalsorelaysome
pay-petlisten program,in which caseit paysto the global
stationdependinguponhow mary listenersarelisteningto a
particularprogram. This canbe determinedrom the RTCP
reportsgeneratedrom the InternetClients. Every local sta-
tion alsobroadcatsts local programto the local clientswith
segmentsof news or someother premiumprogramsrelayed
from the globalstations.Two kindsof paymenimodelcanbe
designedtheremay be userswho would lik e to listento the
programwithout beinginterruptedby the adwertisementaind
somewho would notreally mind thelocal ads.

Sincemobility andQoSarepartof this streamingarchitec-
ture, asthe client movesaroundfrom onesubnetto another
itis importantto ensurdhattheclientgetssamequality of ser
vice. Someof the mechanismnto ensureproperhandof and
QoSguarantearedescribedaterin thispaper As RTCPpro-
videsstateof QoSontheclientside,it will beeasyto devise
aQoSbasedpricing scheme.

V. MoBILITY COMPONENTS

In general,during a nodemovement,signalingandtrans-
portdelayscontributeto thelateng of multimediastreande-
liveryassociateavith any two-partyor multi-partycommuni-
cationsession.Terminalmobility canbe categorizedaspre-
sessiorandmid-sessionPre-sessiomobility generallydoes
not contribute to the delayassociateavith the on-goingses-
sion, but may adddelayto any new upcomingsession.Sig-
naling such as registeringwith a new sener, notifying the
communicatingpartywith the mobilenodes new contactad-
dress,inviting anotheruserto a streamingsessiorgenerally
constitutessignalingdelay while transportdelay dominates
the delaycomponentassociateavith the mid-sessiormobil-
ity.

Unicaststreamdelivery in a mobile ervironmentcould be
supporteckeitherby a network layer solution suchas one of
the variantsof Mobile IP or by an applicationlayer solution
suchasSIP[31], [32]. Sinceit seemghatSIPwill eventually
be part of the mobile Internetprotocol architecture it may
make senseo leveragesomeof its inherentlypresenmobil-
ity supportfunctions. SIP canhelp provide personaimobil-
ity, terminalmobility, sessiommobility andservicemobility.
For the purpose®f MarconiNet,in this paperwe will elabo-
rateontheterminalmobility supportfor multicast,howevera
comprehensie discussioron other SIP basedmobility types
canbefoundin [33]

The applicationlayer approach(specifically SIP) aimsto
keepmobility supportindependentf theunderlyingwireless
technologyandmayfit betterinto theareawhich MarconiNet
addressesq,e. the provision of multimediaservicesfor the
mobileusers.

Lateny associated with recei-
ing continuousunicast/multicasstreamfrom thesamesource
while theclientmovesto thenext cell consist®f severalcom-
ponentssuchasdetectionof a new cell/subnet/domaifA,),
addressacquisitionandnetwork configuration(A,), trigger
ing of multimediastreamto be deliveredin the new subnet
(A3) andactualdelivery of multimediastream(A,). While
someof thesefactorsarecommonto both unicastandmulti-
caststreamdelivery (e.g.,cell/subnetetection|P parameter
configuration),we concentratanostly on delivery schemes
for multicaststreamingdraffic in this paper

For a mobile nodein MarconiNetervironment,lateng is
compositeof actualhand-of time andjoin interval. Hand-
off delay includesthe time to detectthat it is in a new
cell/subnet/domaintime for obtainingan IP addresfrom a
DHCP[34] or DRCP[35]sener if it is moving betweenthe
subnets and sometriggering mechanisnthat will help ini-
tiate the multimediaflow in the new location. This would
decidethejoin/leave lateng factorsof the multimediaflow.

Figure 3 shaws a basicdiagramof call flow with standard
sequencef eventsfor microandmacromobility, andin next
sectionthesestepsare discussedn details. In this diagram
someof the interim messagdlows (e.g., DHCP ACK etc.)
areomittedfor brevity. For domainmobility thereare other
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factorssuchasAAA (Accounting,AuthenticatiorandAutho-

rization) that playsa big role in decidingthe delayfactorfor

mediadelivery, becausef the stepsfor establishingsecurity
associatiorbetweenthe local senersin eachdomain,espe-
cially the stepsinvolvedin authenticatiorand creatinglocal

securityassociation.

A. MovemenDetection

As themobile movesaway from its own cell, andbeginsto
moveto anew cell, it would likely to receve the streamfrom
anew local Marconisenerin theadjacentell.

Howeverin somecasesn orderto provide properioadbal-
ancingtheremaybetwo local senersin thesamecell sened
by the samebasestation.In thatcaseload balancingneedgo
beprovisionedto make surethattheclientis achieving proper
QoSrequiremenby switchingto thepropersener.

Discovering a new cell/subnet/domairtan be realizedin
differentlayers.During mobile’s handof, first movementde-
tectiontakesplacein layer2, wheretheclientwould decideto
switchoverto anew basestationbasednthesignalstrength.
In the caseof CDMA, soft handof is initiated, so that each
client canlisten to both the basestations,and receie both
the stream,andthenit decidesasto which onewould be ac-
ceptedfrom the mixed signal. As soonasit switchesover
to a new basestationandlayertwo handof is over, it would
needto figure out if the clientis in a new subnetor domain
altogetherUsinglayer3 triggeringmechanisnsuchasrouter
adwertisemeninethodsimilar to ICMP routeradvertisement
in Mobile IP it canbe determinedf theclientis in a differ-
entsubnetAn applicationlayerdetectiormechanisnsuchas
seneradwertisemenmethodcanaswell beused|f theclient
is involvedin areal-timecommunicatiorsessionHowever it
maybefasterto achieve thehandof notificationusinglayer2
mechanismalthoughexperimentshawv thatapplicationlayer
techniquegprovide flexibility. Someof the atomicfunctions
aredescribedn moredetailin thefollowing subsections.

B. Networkconfigumation

In the casesvhereMobile IP’s ForeignAgentapproachs
not instituted, as the client movesfrom one cell to another

wherethe new cell is anothersubnetit would eitherobtaina
new addressromtheDHCP/DRCPseneror canusestandard
Mobile IP approacho obtaina new care-of-addressom the
foreign agentwhile keepingits own IP addressunchanged.
Thereareotherapproachesuchascellular P [36], HAWAII
[37] for intra-domainmobility where IP addressdoesnot
changeonceit entersa nev domain. But someof theseuse
sourcebasedoutingthataddsmorecomplexity andoverhead
to therouterswithin adomain.

In caseof subnetmovementtypical time for acquiringa
DHCP addresswvould be about5-10 secondd38], although
therearevariousotheralternatvesto take careof this prob-
lem suchas DRCP[35] which is a light-weight version of
DHCP suitablefor wirelessroaming ervironment. Using
DRCPthe addressacquisitiontakes placewithin a few hun-
dred milliseconds. This timing can be comparedwith the
auto-configuratioiin DHCPV6.

Although subnet detection and addressacquisition are
importantfactorsfor the delay associatedvith multimedia
streamdelivery, focusof this paperis aboutthe multicastses-
sion,join andleave lateng mostly.

C. Triggering Multimediastream

In orderto maintainminimumlossandlateng duringthe
client'smovemenit wouldbedesirableo minimizethehand-
off time andto provide almostinstantaneouiow of multicast
streamby adoptingsomenovel triggeringmechanismSimi-
larly it may be requiredto avoid the wasteof bandwidthbe-
causeof continuity of flow of traffic associateavith theleave
latengy.

Triggering techniqueof multimedia streamcan be insti-
tutedin severallayerssuchaslayer?2, layer3 andapplication
layer

In traditionallayer 3 method triggeringdelaywould con-
sistof IGMP queryreportafter the nodemovesto the new
cell soasto bepartof the samemulticasttree. But if thereis
currentlyat leastanotheractive participantin the subnetthe
mobile hostcan continueto receve the traffic without wait-
ing to hearthe membershimgueryfrom therouter A typical
queryinterval for the IGMP is by default 125 secondg39],
althoughthis value is configurablein the multicastrouters.
In orderto avoid the flooding in the LAN with IGMP mes-
sageghis value cannotbe madevery small. Referencd40]
shaws that by using IGMP, a hostwill wait for 65 seconds
onaveragen orderto continueto receive themulticasttraffic
afterthe hand-wer. Thisis becauseGMP wasnot designed
for roamingclientsin a wirelesservironmentwherehandof
latengy and paclet lossareimportantconcerns.Similarly a
typical leave lateng oncethehosthasmovedto anew subnet
is about2 mins,i.e. traffic would still flow to the previouscell
even after the client hasmoved out, thuswastingbandwidth
in the previouscell.

If theclientis moving within asubnebut betweerthecells,
it doesnot have to spendtime in obtaininga new IP address,
but ratherhandof is taken careof atlayer2 with the help of



co-ordinatiorbetweertheaccesgoints.In this casethetrig-

geringof multimediastreamcanbe taken careof by a vari-

ation of GeneralizedSwitch ManagemenProtocol[41] such
asCGMP(CiscoGroupManagemenProtocol)[39]or a vari-

ationof IGMP snooping39] canbeinstitutedat subnet.This
methodis a typical variation of layer 2 multicast. It would

allow the multicasttraffic to be filtered out at the multicast
switchsoasto save valuablewirelesshandwidthwhenthereis

no active participantn theadjacentell whichis beingsened
by the sameswitch.

VI. MARCONINET STREAM DELIVERY TECHNIQUES

Multimediastreamdelivery duringanodes movementcan
be achieved by deploying localized multicasttechniquesat
differentlayersof the multimediaprotocolstack.

In MarconiNetervironment,the mobile clientsuselocally
scopedcommonmulticastaddresdor indexing andusea lo-
cally scopedmulticastaddresgo tuneto a particularstream
from a source. Although global multicastaddresgemains
thesamethereis alikelihoodthatthelocal multicastaddress
on eachof the sener’s local interface would be different.
Thusmappingassociatiorbetweenglobal andlocal address
is storedlocally in RadioAntennaSener’'s database.

Figure4 shawvs atypical addresassignmeniherel,, I ,
I, aretheglobally known subnetsonnectedo oneof thein-
terfacesof thesenerswhereasi,, i, 7. arethelocal subnets
connectedo thesecondanynterfacesof thesenersandcould
belocal. Accordingto theMarconiNetmodel,senerreceves
themulticaststreanthroughits globalinterfaceandredirects
it out throughthe local interfacefor the local clientsin each
cell. In this particularpicture,S1,S2... S5arelocal stations
(seners)connectedo theupstreanrouters.Eachsener(with
the exceptionof S2 and S3)is connectedo a differentsub-
netandhasa separaténterface. S2 and S3 areconnectedo
the samesubnetvia a multicastswitch capableof takingcare
of layer 2 multicast. Eachstationsenesone cellular region
underneathwhich couldbe partof aprivatesubnetdedicated
for thelocal users.

In orderto make surethat eachmoving client keepson
pointing to the samemulticastaddresr belongto the same
groupmembershipa mechanisnwould be necessaryo pre-
provisionthelocally scopednulticastaddresslt canbequite
possiblethat the mappingbetweenthe global andlocal ad-
dressassociatiorns determinedy a policy decidedatthe lo-
cal station/Antenn&ener.

In orderto make the mappingmoreefficient, therecanbe
a rule basedassociatiorbetweenthe global addressand lo-
cal addresssay usingan offset of N on eachoctet (at least
betweenthe senerson the samedomain). Otherwiseif the
mappingis differentat eachlocal sener, a proactive mecha-
nismis neededo inform the adjacentsener aboutthe local
addresdor the streamdelivery, beforethe actualstreamgets
delivered.

Figure 5 shavs an architectureillustrating stream re-
directionto thewirelessmulticastclientsby introducingmul-
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tiple local seners for MarconiNet. Theseseners can be
widely distributedto provide a hierarchicalstructure but are
installedat the edgesof the network to provide localizedser
vicesusinglocally scopedmulticast.

Following subsectionprovide several methodsassociated
with streamdelivery at differentlayerssuchaslayer 2, net-
work layerandapplicationayerA fastdeliverymechanisnof
multicaststreamings intendedhereto avoid the lossof real-
time dataandimprove the lateng. Thesecould be achieved
in severaldifferentwaysasdescribedelow.

A. Layertwo multicast

Multicast techniquecan be usedat several layersto pro-
vide flexible services. Layer 2 methodscomeinto picture
whenthe adjacentcell wherethe client is moving to belongs
to the samesubnet. Several methodssuchas IGMP snoop-
ing, Cisco Group ManagemenProtocol(CGMP) and IEEE
802.1pcanbe usedto take careof layer 2 handof for the
multicaststreams.

In casesvherethedestinatiorcell belonggo thesamesub-
net and both the cells are sened by the samelocal sener,



then multicast streamflows in both cells in the absenceof
ary multicastswitch. Althoughthiswould save thetriggering
time, it would however contributeto the wasteof bandwidth,
if thereis no active participantin the adjacentell. However
it would be a trade-of betweerthetriggeringtime andband-
width saved. Typically assoonasthe changeof basestation
is detected CGMP Join/Leave is triggeredthus startingthe
flow of a multicaststreamor keepingit from flowing to the
next cell.

Whenthe client movesbetweerthe cellswhich do not be-
long to the samesubnetthereareseveralwaysstreamdeliv-
ery and re-directioncan be obtainedto reducethe transient
lossusinglayer3 andlayer4 techniqguesSomeof thesetech-
niguesaredescribedn later sections.In generalmovement
betweerthe subnetanayinvolve dynamiclP addressassign-
mentasthe client movesaround. However it is importantto
notethata new IP addressassignments not alwaysneeded
for multicastdelivery.

B. Post-Regjistration

Post-rgistrationapproachs the mostcommonmethodbut
it takesthe maximumtime for the samemulticaststreamto
getdirectedto the new cell. In atypical scenariothe client
movesto a new cell, obtainsthe new IP addressf the new
cell is in a new subnet(it is not always necessaryo obtain
a new IP addresswvhile moving betweensubnetsfor multi-
caststreamdelivery),andthensendghejoin queryvia IGMP
method. In thesecasedGMP could be modifiedto provide
aggrejategroupreport,assuggestedh [42].

Herewe proposea new approachthatwould usean appli-
cationlayertriggeringmechanisnmsuchasRTCP asin refer
ence[10] in orderto facilitatethe join andleave of the ses-
sion. This approactproposesn integratedsolutionof using
RTCP and IGMP. Using an RTCP basedtriggering offers a
solutionatthe userspacg Experimentatesultsof ananalysis
of advantageof usingeitherof the methodsarebeinginves-
tigatedcurrently). In this casethe end-clientthatis listening
to a local multicaststreamwould sendthe triggering signal
by sendingRTCP JOIN/BYE usingthe SDESfield of RTCP
In this scenario triggering at the lower hierarchywould be
accomplishedby RTCR but thelocal senerwould triggerthe
multicastflow from the upstreanrouterusinglIGMP method.

C. Pre-registration Method

Eachlocal station(sener) canhave multiple neighboring
(seners)stations.For eachof thesestationssharingan over
lapping areawith anotherstation there would be a multi-
castannouncementaddress)ssociatedhat would be pre-
provisioned,whereeachstationcanpointto find outthe pro-
gramsubscribedo (groupaddresspy theimpendingmobile
host. Justbeforea mobile nodeleaves(decideso leave) the
cell, adecisionthat could be basedon the thresholdvalue of
the layer 2 signal, or someother soft handof methodology
asdescribedn CDMA, it sendsan RTCP messagé¢o the lo-
calannouncemeraddressthe senerin turnwould announce

that to the sharingmulticastaddressesvherethe neighbor
ing stationswould be listeningto in the global space. The
neighboringstationgseners)look upto themulticastaddress
andcheckit with their own databaseto seeif this multicast
streamis alreadysubscribedo. If thisis the case sinceother
clients have beenlisteningto the samestream,thenit does
not do arything, if the streamis not playing thenthe sener
sendsan IGMP messagédo the upstreanmrouter and passes
the streamto the local cells usinga locally scopedmulticast
addresseven beforethe client hasmoved to the new cell.
Thusasofthand-of is emulatedor theassociatedtream As
soonasthe client movesinto the next cell it canstill getthe
samestreamwithoutary interruption. The only tradeof with
this schemads thatbandwidthwould be wastedfor sometime
becausedhe multicaststreamwould be playing beforehand.
Similarly the client would sendan RTCP BYE to the sener
asit movesaway from the previous sener. This approachs
betterthan the approachdescribedin [22] wherethe client
hasto senda unicastpaclet to the neighboringstation, that
meangheclienthasto know theaddressesf theneighboring
senersbeforehand.

D. Pre-registration with MulticastAgent

This sectiondefinesthe useof a Multicast Agent to take
careof the multicaststreams.With this methodtherewould
be a multicastagentwithin eachrouterwhich would forward
theglobal streamto therespectie globalmulticastaddresses
(e.g.,for areasvheretheseclientsaretrying to move)in each
subneffor a specificperiodof time, sothateachneighboring
sener would receve the streamirrespectve of whetherthe
mobile nodeis moving into that cell or not. As soonasthe
mobilenodemovesinto thenew cell it sendsanRTCP signal
to alertthatthe mobile nodehasmovedin, sothe respectie
timer doesnot needto gettriggered. However this approach
would createwasteof bandwidthin eachof thesesubnetdor
aperiodof time.

E. During the Reistration

In anotherapproachgroupassociatiorinformationcanbe
passedn asa partof registrationto the new network. When
the nodemovesin, andtriesto acquirethe IP addressn the
local subnetit cansendthe requestfor that particularstream
in its DHCP Discoveroptionmessagabouttheaddresst has
beenlisteningto. Butin thatcasethesenerwould haveto be
aregistrationsener. At thetime of obtainingthe IP address
from the DHCP sener, the client cansendthe locally scoped
multicastaddresgo thesener, anddependingon whetherthe
seneris alreadypartof themulticasttree,it would ignorethis
requestbr re-join thetree. It remainsto be seenif theclient
can useRTCP beforethe client obtainsa DHCP addresdn
thenew domain.

F. ProxyRaistration

Anotherapproactwould beto deploy proxy agentsn each
subnet.Theseproxy agentavouldjoin theupstreammulticast



tree on behalf of the seners, even beforethe clients move
into the cell. The neighboringproxy senerswould thenbe
listeningto a commonmulticastaddresgo figure outtheim-
pendinghosts subscribednulticastaddress.n this casethe
multicastproxy would be sendingthe IGMP querymessages
beforehandbn behalfof the local seners. This is a typical
casewherelayer 3 multicastingtechniquehasbeenusedfor
theproxy seners.

VIlI. MARCONINET QOS APPROACH

It is also of paramountimportancethat a mobile which
is part of a multicastcommunicationshould be able to re-
ceive the samequality of serviceasit movesacrosssubnets
within a domain. We proposea combinatorialapproachof
diffservtechniqug43] andapplicationlayertriggeringtech-
nigue basedon RTCP feedbackusing RTCP RR (Recever
Record)andSDES.Referencg44] providesa diffservbased
approactor unicastcommunicatiorfor mobileswithin ado-
main. Ourapproactusediffservbasedechniqueby institut-
ing policy control [45], [46] in the edgerouters/sergrs, but
relieson the RTCP feedbackreportto maintainQoS param-
etersfor the multicaststreamingraffic. As partof its RTCP
feedbackgachmobilewould keepon adwertisingits QoSpa-
rameters(e.g., delay jitter) on the locally scopedmulticast
addressusingSAP[28] andanextensionof SDP

This in turn would be adwertisedin the globally scoped
multicastaddress(M) where both the adjacentseners can
determinethe QoS parametergor eachmobile impendingto
move. If a mobile listeningto a specific multicastaddress
happenso bethefirst clientin theadjacentell, thenit would
needto make a resenation apriori so asto receve the de-
sired quality of servicefor the streamingtraffic as soonas
it movesin there. In the testbed sinceMarconi senersare
Linux basedrouters,Linux’s traffic control (tc) mechanism
wasusedto setup thetraffic priority destinedor a particular
multicastaddressn oneof its interfaces.If amobileclientis
not thefirst oneenteringto the new cell, QoSmaynotbe an
issue. While within a cell the client canalso negotiatewith
the Linux sener to control the traffic rate by making addi-
tional real-timerequest.

Theincomingtraffic canbe conditionedat the sener or at
theupstreanrouter A receverbasedadaptatiorschemesuch
aslayeredencodingschemendmultiple multicastgroupsfor
onesessionf47] canbeusedto take careof receverswith dif-
ferentQoSrequirement.Figure6 shovs a realizationof this
real-timeQoSmanagemerdstheclientmovesfrom onesub-
net to another This shaws the mechanismasto how QoS
would be maintainedwhenthe mobile movesfrom one sub-
netto anotherby using RTCP feedback.This QoS manager
which implements_inux’s traffic controlmechanisnctanre-
sidein eachlocal sener in the network that interactswith
eachotherby meansof the globalmulticastaddress.

Figure7 shavsafull blown IEEE802.11hbasedntegrated
testbedwheremobility andQoS partof MarconiNetarebe-
ing experimentecturrently Thistestbedrovidesbothindoor
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Fig. 6. MarconiNetQuality of Service

and outdoormobility functionality, and emulatesa wireless
Internetby instituting crosstraffic generatorand delay sim-
ulator. In this testbedall three kinds of mobility scenario
namely micro, macroand domainare being experimented.
TheedgeroutersareLinux systemsunning“mrouted”. Basic
measurementsuchasIGMP Join/Leae lateng weretaken
when client moved aroundbetweenthe cells. Experiments
weredonefor both the caseswvhenthe client changedts IP
addresaindwhenit did not. As partof theinitial experiment
mary of themultimediastreamingapplicationsvereusedus-
ing someof the Mbone tools suchas sdr, rat, vic, wb and
MarconiNetapplication.Severaltunnlingtechniqguesuchas
UMTP wereusedto demonstratéhe streamingapplicationin
theeventof non-availability of multicastroutersin someparts
of the network. Application layertriggeringmethodologyis
beingimplementedo provide afasterjoin andleave latengy.
Eachof the senershasa mediadatabaséor local adwertise-
ment. In additionto be ableto explorefasterstreamdelivery
methoddor differentkindsof mobility scenarioptheraspects
of MarconiNetsuchasQoSmanagemernibasedon real-time
feedbackof streamingcontent,and differentlocation based
servicessuch as localized adwertisementinsertion, inviting
anotherclient to a multicaststreamusing SIP are beingre-
alized.

VIII. CONCLUSIONS

In this paperwe discusseda businessmodel viable for
M-commercebasedon MarconiNetarchitecturethat canbe
appliedto mary commercialapplicationsncluding Telemat-
ics. Focusof this paperhasbeenthe operationatechniques
neededo build this modelthat include securedcontentdis-
tribution, paymentstructure fasterjoin andleave lateng for
theclientsusingapplicationlayerapproachegimely delivery
of multimediacontentfor the moving clientsandmaintaining
the QoSin wirelessmulticastervironment.It discussesnary
of the lateng factorsassociatedvith streamingmultimedia
in MarconiNetand presentedeveral scenariogor obtaining
fasthandof usinglocalizedwirelessMulticast. As partof fu-
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turework we planto integrateSIP with RTSPsener suchas
inviting an RTSP mediasener using SIP signaling,or invit-

ing anotherSIP enabledrecever to an ongoingmultimedia
conferenceand coordinationbetweenthe neighboringlocal

senersfor properloadbalancingandmediadelivery.
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