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Abstract—
In an effort to realize wirelessInternet telephony and multimedia

streamingin a highly mobile environment a testbedemulating a wireless
Internet has beenbuilt. This would allow setting up multi-media calls
betweenIP mobiles and integration betweenIP and PSTN end-points
in a wirelessenvironment. Different functionalities and componentsin-
volved with the wirelessInternet streamingmultimedia have beenpro-
totyped and experimentedin the testbed. Theseinclude signaling, reg-
istration, dynamic binding, location mangamenetaswell assupporting
the QoSfeaturesfor the mobile users.This paper describessomeof the
componentsof the testbedand highlights the experienceswhile building
this testbedwhich could be beneficial to somewho plan to build a simi-
lar testbedto realizeseveral featuresand capabilitiesof Mobile Wireless
Internet, before actually bringing to the market.

I . INTRODUCTION

Providing flexible andprogrammablemultimediaservices
at a lower cost to the endusersin a moreefficient way has
beenone of the main motivation behind transitioningto a
packet basednetwork from a traditionalcircuit switchednet-
work. Most of theefforts underway now arelimited to wire-
line network however. As personalcommunicationandubiq-
uitousaccessbecomesmoreprevalent,it is necessaryto come
up with somerobustsolutionwhich cansupportmultiple ap-
plicationssuchasmobileIP-telephony, multimediaandother
streamingapplicationover wirelessIP network. Supporting
multimediaoperationover wirelesslinks would have to con-
sider several factors,such as signaling, quality of service,
bandwidthmanagement,mobility managementand authen-
ticationetc.

With a view to realizing different protocolsand compo-
nentsneededfor supportingmobile streamingmultimedia
suchas wirelessIP telephony, broadcastingstreamingcon-
tent in a 3G wirelessIP environment,a testbedhasbeende-
signedandimplementedwheretheproofof conceptfor differ-
entfunctionalcomponentof a 3G-IPnetwork canbedemon-
strated.

This testbedillustratesa blue-print of a 3G-IP network
[1] that would also involve providing support for roaming
acrossdifferentcarrierdomains(e.g.,micro, macro,anddo-
mainmobility), with aprovisionfor billing andnetwork man-
agement.It also touchesupon the integrationwith 2G net-
work by meansof interactionwith othersignalingprotocols
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suchasMGCP [2] andotherassociatedgatewaysbasedon
SIP[3].

This paperis organizedasfollows. SectionII briefly dis-
cussesthetestbedarchitectureandhow differentrequirements
for WirelessInternetarerealized,sectionIII definesthedif-
ferent componentsassociatedwith the testbed. SectionIV
describesthedetailsof of several functionalmodulesimple-
mented. SectionV concludesthe paperwith someopenis-
sues.

I I . TESTBED ARCHITECTURE

This testbedis an embodimentof the componentssuch
as signaling, registration,binding, authentication,and QoS
which arepart andparcelto Mobile WirelessInternet. Pro-
posedtestbedemulating a wireless Internet is built upon
Linux, Windows andSolarisbasedplatform. Softwarecom-
ponentsusedin the testbedarebasedon the standardIETF
protocolssuchasSIP(SessionInitiation Protocol),andSDP
(SessionDescription Protocol) [4] for signaling and me-
dia descriptionrespectively, RTSP[5] (Real-Time Streaming
Protocol)for multimediastreaming,mobile IP or its variant
for binding, DHCP[6] or its variant(DRCP)[7] for config-
uring theclient anddiffservbasedprotocolsfor QoSsuchas
DSNP (DynamicSLS NegotiationProtocol)[8] as the mo-
bile movesfrom onesubnetto another. IEEE 802.11bbased
wavelanbasestationsare beingusedas accesspoint to the
wired network. New protocolsaredevelopedor extensions
are madeto the existing onesto provide all the featuresof
a 3G-IP network, suchas fasterregistration,configuration,
binding, mobility andQoS.Following subsectionsdescribe
how differentfeaturesareimplemented.

A. Signaling

This architectureis built with a vision of 3G-IP network
wherethe end-systemsareassumedto be IP end-points,al-
thougha possibletransitionfrom 2G to 3G network hasalso
beentriedwith interactionof IP andnon-IPendpoints.These
IP addressescan be part of the global unique IP address
spaceor can be privately owned in which caseaddressing
can be resolved using NAT (Network AddressTranslation)
or IP masquarading.Becauseof the distributed natureof
this network, SessionInitiation Protocol(SIP)hasbeenused



to demonstratethe signaling and initiation of multi-media
call, andits teardown, betweenthe clients. SIP server, SIP
user agentare part of the signaling architecture,although
SIPserver functionalitycaneasilybeintegratedinto theCall
Agent(SoftSwitch)for demonstratingIP-PSTNcall features.
An end-to-endsignalingarchitecturehasbeenshown here.
WhileSIPtakescareof signalingof multimediacallsbetween
multipleparties,therehasbeenproposalto extendSIPsothat
it cantakecareof mobility for mid-sessioncall. HMMP (Host
Mobility ManagementProtocol)a framework [9] basedonan
extensionof SIP hasbeensubmittedto IETF for considera-
tion. Thismethodprovidesanalternativeapproachto Mobile
IP for binding issuesand can also take careof pre-session
mobility by meansof uniqueURI registration.

B. DynamicRegistrationandConfiguration

Registrationandconfigurationinvolvesregisteringwith the
network and configuring the end point itself. DHCP, PPP,
and Mobile IP are standardways of providing the registra-
tion facility to theendclients.However, DynamicandRapid
ConfigurationProtocolis a lightweightversionof DHCPthat
takescareof fasterregistrationandconfigurationkeepingin
mind the efficient useof scarcewirelessbandwidth. It does
soby shrinkingthemessagesize,minimizingthemessagesin
transactionandlimiting theuseof broadcast.As a sisterpro-
tocol to DHCP, DRCPwould have themechanismto provide
the DNS information, leasenegotiation and would provide
with client serverauthenticationmechanism.

Therearemany wayssubnetdiscovery canbe taken care
of: it canbe doneusingdetectionof layer 2 changesor by
server discovery methodsimilar to routerdiscovery mecha-
nism often employed in Mobile IP. This canbe achievedby
modifyingtheclientcodeof DHCPsoasto triggereitherMIP
updateor SIPre-invite upondetectionof anew subnet.Simi-
lar changesarebuilt-in featuresof DRCP, andit canbeeasily
takencareof by serverdiscoverymethod.

C. Binding

Binding allows continuousconnectivity of TCP andUDP
streamswhen the communicatingend-nodesare moving
around. Binding betweenthe mobile host and correspon-
denthostwhenthe mobile host is moving is typically taken
careof by Mobile IP [10] or by one of its many variants
[12], [13] although it suffers from some drawbackssuch
as triangularrouting andencapsulation.Although thereare
otheralternative solutionssuchasCellular IP [11], HAWAII
[13], TeleMIP [12] to provide mobility within a domain.
MosquitoNet’s[14] Mobile IP versionwithoutForeignAgent
is usedasoneof the alternativesin the testbed,to take care
of thebindingissues.In thiscase,careof addressis typically
provided by the DHCP server or DRCP server. While tra-
ditional Mobile IP basedapproachtakescareof the binding
problemswe have usedanapplicationlayer techniquebased
on SIPbasedmobility managementto take careof personal,
andterminalmobility [15]. A framework calledHostMobil-
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ity ManagementProtocolwhich is basedon SIP’s extensions
describesthis in moredetails.

It proposessomeextensionof SIP whereby mobility of
multimediacalls(RTP/UDPbasedstream)andTCPapplica-
tion canbetakencareof without usingunderlyingMobile IP
andany network componentsin themiddleof thenetwork.

D. Authentication,AuthorizationandAccounting

Currenttestbedis usingAAA protocolDIAMETER for In-
ter domainmobility, but a userto network versionof AAA
protocolis usedbetweenthe local client andtheregistration
agentcalledBasicUserRegistrationProtocol(BURP).This
providesa userlevel registrationto themobileclientswithin
a domain. Detailsof this protocolcanbe found in an Inter-
netdraft [16]. BURPcaneasilyintegratewith SIPto provide
necessaryregistrationmechanismwith propersecurityasso-
ciation.

I I I . TESTBED COMPONENTS

The proposedtestbedconsistsof many hardwarecompo-
nentsandassociatedsoftwareandprotocols.A pictureof the
currenttestbedis shown in figure1.

A. MobileStation(Node)(MN)

Mobile stations are multi-media laptops and PDAs
equippedwith camera,andaudiodevicesandhave PCMCIA
slotsfor wavelaninterfaceto communicatewith thebasesta-
tion. Eachof theseMobile Stationshasmulti-mediaappli-
cationsuchas (wb, vic, rat) running in order to establisha
multimediacalls.

B. BaseStation(BS)

BasestationsareLucent’sIEEE802.11bbasedwavelanac-
cesspointsoperatingat 2.4 GHZ frequency range. Eachof
thesehasanIP addresswhich is addresseablethroughSNMP



agent. Eachbasestationalsooperateson a separate802.11
channelto avoid the possibility of interference.Yagi array
antennaareusedto extendthelab to outsideandprovide ex-
ternalfield coveragefor upto2 miles.

C. BaseStationController (BSC)

There is currently no hardware BaseStation Controller
(BSC) which would in practicecancontrol severalbasesta-
tions. Alternatively the basestationsare connectedto the
routerdirectly throughstationednetwork. BaseStationCon-
troller is assumedto beamulti-portswitchwhichcancontrol
the respective basestationsconnectedto eachof its ports. It
could be assumedto be a switch capableof controlling the
BaseStationsbasedontheMAC address,howeverthesebase
stationsandbasestationcontrollersarepartof thesamesub-
net. In somecasesBSCcanbeanetherswitchcapableof fil-
teringmulticastpackets,andbeingableto prioritizethetraffic
destinedfor a particularmobilehostconnectedto a basesta-
tion, providing properQoSin termsof bandwidth.

D. ERC(EdgeRouterandController)

ERCsareLinux PCsactingasrouterswith multiple eth-
ernetinterfaces.Therearemultiple basestationsconnected
to the interfaceof eachroutervia Cisco’s VLAN switches.
Eachinterfaceof ERC is on a separatesubnet. We assume
eachERCto bepartof thesamedomainhere. In our exper-
iment thereare two main routerseachdedicatedto act asa
domainrouterfor eachdomain.

A separateinterfacehasbeendedicatedfor external net-
work which is testedin thefield outsidethebuilding.

E. SIPserver/SIPUserAgent

SIPuseragentrunsonall thecommunicatingnodes.Client
versionof SIPis a tcl/tk andC code,andprovidesaniceuser
interfacefor managingthemultimediacalls. SIPserver dae-
mon(sipd)is runonaserver, thusmakingit eitheraproxy/re-
director registrar. SIPserver is not usedwhenthesessionis
establishedusingdirectmode.Whena call is establishedus-
ing a SIPserver (non-directmode),it caninteractwith loca-
tion server, andcanbeusedfor serviceslike registration,se-
curity andlocationupdates.SIPUseragentandservershave
alsobeenusedfor providing personalandterminalmobility
support.

F. DRCPserver/client

As explained earlier DRCP is a lightwieght version of
DHCPsuitablefor wirelessroaming.Thereis aDRCPserver
in eachsubnet. In somecaseswhen thereare multiple in-
terfaceson a server, drcp daemon(drcpd)is startedon each
interfacebut with differentconfigurationfile. This is respon-
sible for leasingIP addressesto clients, when they request
for IP addresses.DRCPclient daemonrunsin eachterminal
whichgetstheIP addressfrom theserveruponbootupor af-
ter enteringto a new subnet.This codehasbeenmodifiedto
speedit up by interactingwith IEEE 802.11bdriver, Mobile

IP andSIPuseragent.As partof the built-in mechanismof
DRCP the client would default to DHCP in the absenceof
DRCPservers.

G. Mobile IP Server/Client

MosquitoNet’sMobile IP is integratedin thetestbed.It can
operatewithout foreignagentin orderto provide thecareof
address,ratherDRCPserver dispensesit to theclient upona
DISCOVER messagefrom the client. Mobile IP server dae-
mon runs in the homeagentandclient daemonruns in the
mobile client. Mobile IP client daemonis startedbeforeit
makesa move, andit is restartedeachtime after the mobile
nodegetsa new addresson moving to a new subnet.There
aremany configurationfiles thatneedto bemaintainedin the
serverandclientstosupportdifferentmodesof operationsuch
asreversetunnelingto takecareof thefire wall problemsand
policy tableto beableto decidebetweenreal-timeandnon-
real-timetraffic.

H. MediaServer

The application server is a Pentium PC running Linux
andrun multiple daemonsfor variety of applicationsuchas
streaming,web accessand IMT2000 emulation. So logi-
cally applicationserverconsistsof aRealStreamserver(Me-
dia Server), ApacheHTTP server, andIMT 2000emulation
server. Practicallyall theseapplicationcan co-exist in the
sameserveror staydistributed.

In theabsenceof aCDMA 2000basedinfrastructure,IMT
2000 functionality hasbeenemulatedto take advantageof
someof thefeaturessuchasassigningpriority of servicesfor
a particularkind of application(signaling,datatransfer, ftp,
http) for a certainhostpair, variablespeed(e.g.,14.4kbps,
384kbps,2Mb/s),variablestate(active/dormant)

This emulation software provides the flexibility to the
client to requesta certainkind of service(e.g., prioritized
bandwidth)for a certainkind of application. For example,
signalingtraffic may be assignedoneparticulartype of pri-
ority than the actualdatatraffic. Even for datatraffic, http
maygetbetterpriority thantheftp traffic, which canbedone
basedon port pair beingused.IMT 2000emulationsoftware
hasbeendevelopedusingtcl/tk andC.

IV. FUNCTIONAL FEATURES

Someof the currentfeaturesthat canbe demonstratedin
thetestbedarelistedbelow.

1. Multimediacall setupusingSIPsignaling
2. Seamlessmid-Sessionmobility (micro, macro,anddo-

main) usingboth Mobile IP andSIP basedre-invite mecha-
nism

3. Fast-handoff andregistrationusinglight weightversion
of DHCP(e.g.,DRCP)

4. IMT2000 emulation(Priority of traffic assignedbased
on applicationandsource-destinationpair)

5. QoSfeaturesfor mobileclients



6. Authentication,AuthorizationandAccounting(Interdo-
mainandIntradomain)

7. WirelessMulticastsupport
8. IP-PSTNintegration
Following sectionsprovide methodsof operationfor some

of thefeatures

A. SessionEstablishment

Both the correspondenthost and mobile host which run
Linux operatingsystemobtain their IP addressesfrom a
DRCPserveruponboot-up.

Oncetheclientsareup andrunning,SIPUserAgent(sipc)
is startedup in boththeclients.Thecorrespondenthost(CH)
establishesa call to themobileclient (which maybepresent
in the samesubnet)with propermediadescriptionby using
SDP. This multimediacall canbedirector additionallya SIP
server canalsobeusedwhile thecall is beingsetup, so that
securityandauthenticationcanbe demonstrated.The callee
answersthecall with its propermediapreference.Onceboth
theclientsagreeon a setof mediapreferences,thecall is es-
tablished.This call mayinvolve voice,videoanddataall to-
gether. SIPhelpsto setup thecall, but afterthatactualmedia
flows asRTP/UDPstreambetweentwo end-pointsusingthe
standardroutingmechanism.We haveusedwhiteboard(wb)
applicationto demonstratedatasharing,(rat) to demonstrate
voiceexchange,and(vic) to demonstratevideocommunica-
tion. All thesethreemediastreamsusedifferentportnumbers
for eachapplication.IMT 2000emulationcanpotentiallybe
usedto assignpriority to eachof theseapplicationbasedon
theirportnumber, andalsoadifferentpriority canbeassigned
to actualSIP signalingsinceit usesa separateport number
(5060) to be specific. At any point of time eithercaller or
calleecansendBYE sothatthecall terminates.Alternatively
this multi-mediacall canbesetup usingproxy servers.

B. Mobility of Multimediastream

Mobility canbe categorizedbroadly into two kinds: pre-
sessionmobility andmid-sessionmobility. Pre-sessionmo-
bility canbe taken careof by properpre-registration. Cur-
rent Mobile IP and DHCP/DRCPprotocolsprovide tradi-
tional ways to take careof pre-sessionmobility using layer
threetechnology. However SIP canbe usedto addresspre-
sessionmobility by meansof registrationandre-directionus-
ing uniqueURI scheme,anapplicationlayeridentifier. How-
ever mid-sessionmobility is somethingwhich is more im-
portantandcanbesub-dividedinto threedifferentcategories
suchas,micro,marco,anddomain.Mid-sessionmobility can
betakencareof by usingstandardMobile IP approachor ap-
plicationlayerapproachsuchasSIP.

DRCP/DHCPdaemonruns on the designatedservers in
the respective subnets.After the SIP multimediacall is es-
tablishedand the RTP mediastreamsflow in duplex mode,
mid-sessionmobility canbedemonstrated.

Micro mobility is definedasthe mobility whenthe client
movesbetweentwo cells, but the basestationsinvolved are

part of the samesubnets. In this casethe client doesnot
changeits addresshowever, thus neithermobile IP is trig-
gerednor SIPre-invite is requiredto besentto maintainthe
mobility intact. Handoff is takencareof basedon layer two
signalstrengthof thecells. Figure1 shows asto how micro-
mobility hasbeendemonstratedin thetestbed.

Macro mobility is definedwhen the mobile client moves
furtheraway to a differentcell, andin this casethis new cell
is part of a differentsubnet. It hasbeenshown in figure 1.
As soonasit movesto a new subnetdomain,the client dis-
covers(via server advertisementmessageor sensinga differ-
ent802.11channelnumber)thatit is in a new subnetdomain
andtriggersa DRCPDISCOVER message.The designated
DRCP server in the secondsubnetrespondswith a new IP
address.The mobile client now getsconfiguredwith a new
IP address.As soonasit obtainsthenew IP address,mobile
IP client daemonis updatedon themobileclient andit sends
a registrationmessageto the homeagent,thus it knows the
whereabouts(new IP address)of themobilehost.SotheRTP
streamdestinedfor the mobile client getstunneledthrough
thehomeagent,whichgetsdecapsulatedat themobileclient.
In caseof SIP, usingapplicationlayermobility schemea re-
invite is sentto the correspondinghostso as to redirectthe
traffic.

Domainmobility hasbeendemonstratedby extendingthe
mobility to outsideof the lab spaceandconfiguringa sepa-
rateDNS domain. Thereis onehostactingasprimaryDNS
server which keepsthe databasefor both the DNS domains.
By meansof Yagiarrayantenna,coverageof wavelantestbed
hasbeenextendedtooutsideof thebuilding. DynamicDNSis
implementedto providetheupdateastheIP addresschanges.
Seamlessmobility canbeobtainedevenin thecaseof domain
handoff.

Fasthandoff is associatedwith eachtypeof mobility. Fast
handoff of multimedia streamis typically dependentupon
quick detection,fasterreconfiguration,andregistrationwith
the new subnet/domainand re-directionof the streamafter
detectionof thenew subnet.Standardversionof DHCPtakes
about10-15secwithout ARP checking[17], it offers 5 sec
latency (with ARP checkingsuppressed),andit is about100
msecwith DRCP. DRCP offers the lowest time for latency
becauseof thefactorsmentionedin theearliersection.

C. WirelessIP Multicast

In order to achieve betterbandwidthefficiency andmake
thegroupcommunication(many-to-many) andmasscommu-
nication (e.g., audio/videostreamingfrom a single source)
moreeffective,IP Multicasthasbeendeployedin thistestbed.
Therearemany issuesrelatedto multicastmobility (e.g.,con-
tinueto bepartof thesamegroupwhile changingcells,sub-
netsetc.),useof a smartbasestationcontrollerto restrictthe
multicaststreamto onecell afterthelistenermoved,arebeing
lookedinto by usingIGMP snoopingor CGMP.

CurrentlyDVMRP hasbeeninstalledon the Linux based
routersin thetest-bed,CiscoroutersarerunningPIM, thereis
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PIM-DVMRP tunnelingbetweenCiscoroutersandtheLinux
basedroutersrunningmrouted[18] soasto enablethemulti-
castsupport.SIPsignalingcanalsobeusedto takeadvantage
of the IP multicastto invite a group of peopleto a confer-
ence,invite astreamserver to aconference,movefrom atwo
partyconferenceto amulti-partyconferenceandhelpprovid-
ing virtual soft-handoff. This multicastcapabilitycanalsobe
usedto takecareof mobility for singlestreamingsource.

A standardmulticasttestbedconfigurationhasbeenshown
in figure2.

D. WirelessCall Agent/SIP-PSTNintegration

In addition to providing mobile multimedia supportbe-
tweenthe IP end-points,this test-bedalsoprovidesa way of
integratingthePSTNcomponentsby usingCall-Agent(Me-
dia Gateway Controller)andSIPserver. Call Agent is based
on Media Gateway ControlProtocol,whereMedia Gateway
Controlleris residenton a server, andwould control thenon-
IP devices connectedto the gateway. This gateway is usu-
ally a media gateway, whoseinterface is connectedto the
IP cloud. The otherinterfaceusuallyconnectsto a standard
analogphone,or a PBX. Mediagateway convertstheanalog
signal to IP stream,and hasa MGCP slave agentwhich is
controlledby the Media Gateway Controller. In this testbed
the gateway is nothingbut a Ciscorouterwith an FX board
which connectsto a standardanalogphone. The call agent
maintainsadatabaseof thePSTNend-points,andwouldhave
accessto intelligentdatabasewhichwouldprovidesomeAIN
(AdvancedIntelligentNetworking) functionality. In orderto
provide scalabilityor domainconnectivity therecanbemul-
tiple call-agents.Theprotocolbetweenthecall-agentscanbe
SIP-T[25], anopenstandardprotocol.

A standardCall-Agentconfigurationhasbeenshown in fig-
ure3. Thereis analtrenative way of usingMGCPwhile not
usingthestandardresidentialgateway. In thiscaseamini res-
idential gateway hasbeenimplementedasa softwareon the
mobile terminalitself andtheaudiostreamcanbegenerated
from the terminal itself by usinga terminalemulator. This
way MGCP canbe usedon a mobile terminal. Mobility in
this casehasbeentried usingstandardMobile IP in windows
environmentalthoughapplicationlayermobility is not ruled
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out.
SIP-PSTNintegration has beenrealizedby using a pair

of mediatrixgateway [26], analogcordlessphonesandwin-
dows basedSIP server which keepsa mappingbetweenthe
endpoints. In this scenarioeachmediatrixbox hasSIPUser
Agentin it, whichgenaratesandterminatestheSIPsignal.

V. CONCLUSIONS AND OPEN ISSUES

This paperdescribeddifferent techniquesassociatedwith
building a wirelessInternettestbed.It touchesuponthereal-
ization stepsfor real-life Internetroaming,by providing the
implementationdetailsof severalcomponentsassociatedwith
the testbed. Theseinclude all IP wirelessmultimediacalls
overamobileenvironment,authorization,QoS,multicastand
IP-PSTNinteraction.Someof thefuturework would involve
providing flexible streamingservicessuchasSIPbasedvoice
mail service,locationbasedmobileservicesusingmobileAp-
plicationServerandheterogeneousaccess.

VI . ACKNOWLEDGEMENT

Authorswould like to acknowledgetheeffort of otherIT-
SUMO teammembersandParmeshRamanathanof Univer-
sity of Wisconsintowardstheircontribution for realizationof
differentcomponentsof the testbed.Help from XiaotaoWu
and JonathanLennox of ColumbiaUniversity towardssipc
andsipdarealsoappreciated.

REFERENCES

[1] www.mwif.org
[2] M. Arangoet al., “Media Gateway Control Protocol”, RFC 2705,In-

ternetEngineeringTaskForce
[3] M. Handley, H. Schulzrinne,E. Schooler, andJ.Rosenberg, ”SIP: Ses-

sioninitiation protocol,” RFC2543,IETF, March1999.
[4] M. Handley andV. Jacobson,“SDP:sessiondescriptionprotocol,” Re-

questfor Comments(ProposedStandard)2327, InternetEngineering
TaskForce,Apr. 1998.

[5] H. Schulzrinne,A. Rao,andR. Lanphier, “Real time streamingproto-
col (RTSP),” Requestfor Comments(ProposedStandard)2326,Inter-
netEngineeringTaskForce,Apr. 1998.

[6] R. Droms, ”Dynamic host configurationprotocol,” RFC 2131, IETF,
March1997.

[7] A. Mcauley, S. Das et al, “Dynamic Rapid ConfigurationProtocol”,
InternetDraft, work in progress

[8] J.CChen,A. Caro,A MCauley, “A QoSArchitecturefor FutureWire-
lessIP Networks” 2000,submittedfor QoSworkshop,LasVegas



[9] F. Vakil, A.Dutta,J.CChen,S.Babaetal, “Host Mobility Management
Protocol”,InternetDraft, work in progress,December2000

[10] C.E.Perkins,”IP mobility support,” RFC2002,IETF, October1996.
[11] A.T. Campbell,J. Gomez,S. Kim, A.G. Valko, C-Y. WanandZ. Tu-

ranyi, ”Design, implementation,andevaluationof Cellular IP,” IEEE
PersonalCommun.Mag.,vol. 7, no.4, August2000.

[12] S. Das, A. Misra, P. Agrawal, S.K.
Das,”TeleMIP:Telecommunications-enhanced Mobile IP architecture
for fast intradomainmobility,” IEEE PersonalCommun.Mag., vol. 7,
no.4, August2000.

[13] R. Ramjee, T.L. Porta, S. Thuel, K. Varadhan,and S.Y. Wang,
”HAWAII: A domain-basedapproachfor supportingmobility in wide-
areawirelessnetworks,” in IEEE Intl. Conf. on Network Protocols
(ICNP’99),Toronto,Canada,November1999.

[14] mosquitonet.stanford.edu
[15] E. WedlundandH. Schulzrinne,”Mobility supportusingSIP,” in ACM

WoWMoM’99, Seattle,Washington,August1999.
[16] S. Das,A. Mcauley et al, “Basic UserRegistrationProtocol”, Internet

Draft, work in progress,BURPBOF 50thIETF.
[17] Jon-Olov Vatn,GeraldMaguire,“The effectof usingco-locatedcare-of

addressesonmacrohandover latency”
[18] http://www.jukie.net/bart/multicast/Linux-Mrouted-

MiniHOWTO.html
[19] A. Dutta, F. Vakil, J-C. Chen,M. Tauil, S. Baba,N. Nakajima,and

H. Schulzrinne,”Application LayerMobility ManagementSchemefor
WirelessInternet,” in IEEE 3GWireless’01,SanFrancisco,CA, May
2001.

[20] SatwantKaur et al, “Multicast Supportfor mobile IP usinga modified
IGMP” in theProceedingsof theIEEE WirelessCommunicationsand
Networking Conference,1999(IEEE WCNC’99),September1999.

[21] A.J. McAuley et al, “Mobile MulticastProxy”, ATIRPconference
[22] BeauWilliamson,”DevelopingIP MulticastNetworks”.
[23] H. Schulzrinne,S. Casner, R. Frederick,and V. Jacobson,“RTP: a

transportprotocol for real-timeapplications,” Requestfor Comments
(ProposedStandard)1889,InternetEngineeringTaskForce,Jan.1996.

[24] “UCL RAT http://www-mice.cs.ucl.ac.uk/multimedia/software/rat”
[25] AparnaVemuri,JonPeterson“draft-vemuri-sip-t-context-02.txt” Inter-

netEngineeringTaskForce
[26] http://www.mediatrix.com


