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Abstract—

In order to ensure quality of sewice for real-time communication in
a mobile wir elessinter net ervironment, it is essentialto minimize the
transient packet losswhen the mobile host (MH) is moving betweendif-
ferent cells (subnets)within a domain. A variety of network layer mo-
bility managementschemehave beenproposedto provide fast handoff
for multimedia streamswhen an MH moveswithin a domain. This pa-
per intr oducesapplication layer techniquesto achieve fast handoff for
real-time (RTP/UDP) multimedia traffic in a SIP-basedsignaling en-
vironment. Thesetechniquesare basedon standard SIP components
suchas user agentsand proxieswhich usually participate to setup and
tear down the multimedia sessiondbetweenthe mobiles. Unlik e network
layer basedtechniques,they do not dependon any additional compo-
nentssuchashomeor foreign agentsin the middle of the network, thus
providing a network-independent solution suitable for application ser
vice providers.

|. INTRODUCTION

In orderto provide seamlessnobility supportto clientsin
a mobile wirelesslInternetervironmentseveral variationsof
mobile IP [1] have beenproposed?], [3], [4], [5]. Internet
telepholy usesSIP[6] to establisrandteardown multimedia
sessionsThesanultimediasessionsremostlybasedbn RTP
and thus have different delay and error characteristicthan
standardl CP-basedpplications Application-layermobility
managemeri], [8] providesanalternatve mobility solution
using SIP for suchtraffic. This schemedoesnot dependon
homeagents(HAS) or foreign agents(FAs) in the homeor
visitednetwork andcanbe easilydeployedby ary third-party
applicationprovider without dependingn the cooperatiorof
the ISP providing network-layer connectvity. SIP mid-call
mobility usesSIPINVITE messagew inform thecorrespon-
denthost(CH) aboutthe new network attachmenpoint.

Whenamobile nodemovesbetweercells (subnetsyithin
a domain, datain transit may be lost during the time that
it takes to completethe mobile IP registration or SIP re-
INVITE. In orderto reducethe dataloss whenthe commu-
nicatinghostsarefar apart,it is necessaryo limit the move-
mentindicationto within thedomain.Thereareseveralintra-
domainmobility managemensolutionsat the network layer
[9], [10], [11],[12], [13], [14]. Mostof thesearevariationsof
hierarchicalmobility agentsinstalledwithin a domain. That
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way, the bindingupdaterequestoesnottravel all theway to
theCH or HA, but ratheris keptwithin thedomain.Similarly,
we want to extend SIP’s mobility managemento provide a
similar intra-domainsolution. Below, we proposeseveralap-
proacheshatrely oninterceptinghedatatraffic for alimited
period during the mobile’s intra-domainmobility within the
domainitself.

Il. SIP FAST-HANDOFF TECHNIQUES

Eachvisiteddomainmay consistof severalsubnetsEvery
moveto a new subnetcauseshe MH to sendaredNVITE to
the CH containingits new care-ofaddressif there-INVITE
requestgetsdelayeddue to pathlength or congestionme-
dia pacletswill continueto be directedto the old address.
We assumehat the visited network hasan outboundproxy.
We enhancethis proxy with the ability to temporarily reg-
ister visitors [15]. The visitor obtainsa temporary random
identity from thevisitednetwork andusest asits address-of-
recordto registerwith theregistrarin thevisitednetwork. The
MH informsthe homeregistrarof this temporaryaddressit
thenonly updateghatregistrationwith its currentlocal IP ad-
dress.This speedsup registrations,but doesnot addresghe
“delayedbinding update”issue. In this section,we describe
severalwaysto achieve fasthandof usingSIR, namely using
aSIPregistrarandRTP translatoror NAT, usingthe outbound
proxy andB2BUA asa mobility agent.In-transitpacletscan
be redirectedto a unicastor multicastaddresdasedon the
movementpatternof the mobilesandusagescenario.

A. SP registrar and RTP trandator or NAT

Each subnetwithin a domainis equippedwith an RTP
translator[16] that providesapplication-layerforwarding of
RTP pacletsfor a givenaddresandUDP portto a givennet-
work destination. (RTP applicationsgenerallydo not care
aboutthesourcdP addres®f RTP paclets,usingjustthesyn-
chronizationsourceidentifier (SSRC)to identify the source.)
Figurel showvs a sequencef operationavhena mobile host
moves from one network to another SIP sener hereacts
like aregistrar The visited-netvork registrardescribedear
lier recevvestheregistrationupdatefrom the MH thathasjust
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Fig. 1. Fasthandof usingRTP translator

moved, andimmediatelysendsa requesto the RTP transla-
tor in the network thatthe MH just left. The requestcauses
the RTP translatorto bind to the old IP addresaisedby the
MH andforwardary incomingpacletsto the new addresof
the MH. After a setinterval or after no mediapaclets have
beenreceved by the RTP translatoy the RTP translatorre-
linquishesthis old addressandremovesthe forwardingtable
entry, assuminghatthere-INVITE hasreachedhe CH.
While elaborateanechanismso explicitly turnoff thetrans-
lation could be devised,the spacingbetweenRTP pacletsis
sufficiently small that RTP translatorcanquickly detectthat
nomorepacletsarelikely to arrive. The DHCP senershould
beconfiguredo assigraddressesnaleast-recently-usela-
sis, to avoid accidentalre-assignmenof the addresgo the
new visitor. The SIP registrationdoesnot containthe me-
dia port number so that this registration-base@chemeonly
works if the mediais directedto a well-known port. To
avoid the problem, one can use a network addresdransla-
tor (NAT) insteadof the RTP translatorto rewrite the desti-
nationIP addressrom the old to the new subnet. We have
implementedhe mechanisnusingSIP-cgi[17] scriptsin our
registrarwithout causingary changesn theendsystems.

B. SP outbound proxy

SIP requestdypically traversea SIP proxy in the visited
network, the outbound proxy. This outboundproxy canalso
supportfasthandof, by usingthe datain the MH-to-CH re-
INVITE to configurethe RTP translatoror NAT. The adwvan-
tageof this approachs thatthe outboundproxy usually has
accesso the SessiorDescriptionProtocol(SDP)information
containingthe MH mediaaddressandport, thussimplifying
the configurationof thetranslatoror NAT. Ontheotherhand,
this outboundproxy hasto rememberthe INVITE informa-
tion for anunboundedmountof time andbecomecall state-
ful, sinceit needgheold informationwhenanew redNVITE
is issuedby the MH.

C. SP back-to-back UA

Anotherway of providing fast-handdfis by usinga back-
to-backSIP useragent(B2BUA). A B2BUA consistsof two

SIP user agentswhere one user agentreceves a SIP re-
quest,possiblytransformsit and then hasthe other part of
the B2BUA re-issuetherequest.A B2BUA in eachdomain
needgo be addressethy the MH in the visiteddomain. The
B2BUA issuesanew requesto the CH containingits own ad-
dressasthe mediadestinatiorandthenforwardsthe paclets,
via RTP translatiornor NAT, to the MH. Thisapproacthasthe
disadantagehatit requiressomecooperatiorfrom the MH.

As noted,the INVITE requesteedso be addresse@xplic-

itly to theB2BUA, asotherwiseend-to-endencryptionof the
bodymay preventthe B2BUA from inspectingt.

I1l. IMPLEMENTATION

We have implementedthe registerbasedinterceptin our
mobile multimediatestbed. We have usedmodified version
of ColumbiaUniversity’s SIP useragent,Linux 2.4.7 based
routerwith iptablesNAT and rtptransfunctionality, vic and
RAT toolsfor measuringrideoandaudiopaclketlossandpro-
cessingfor paclet redirectionand NIST delay simulatorto
emulatethe distanceand network congestion.We obsened
thatthe pacletdelayof theiptables-basetlAT waslessthan
1ms,while the RTP translatoradded4ms. of delay
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