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Abstract—

In an effort to realize wirelessinternet telephony and multimedia
streamingin a highly mobile ervironment a testbedemulating a wir eless
Inter net has beenbuilt. This would allow setting up multi-media calls
betweenIP mobiles and integration betweenIP and PSTN end-points
in a wir elesservironment. Differ ent functionalities and componentsin-
volved with the wir elessinter net streaming multimedia have beenpro-
totyped and experimentedin the testbed. Theseinclude signaling, reg-
istration, dynamic binding, location mangamenetaswell as supporting
the QoSfeaturesfor the mobile users. This paper describessomeof the
componentsof the testbedand highlights the experienceswhile building
this testbedwhich could be beneficialto somewho plan to build a simi-
lar testbedto realizeseveral featuresand capabilities of Mobile Wireless
Inter net, before actually bringing to the market.

|. INTRODUCTION

Providing flexible and programmablenultimediaservices
at a lower costto the end usersin a more efficient way has
beenone of the main motivation behind transitioningto a
paclet basedhetwork from atraditionalcircuit switchednet-
work. Most of the efforts undervay now arelimited to wire-
line network however. As personatommunicatiorandubig-
uitousaccesdecomesnoreprevalent,it is necessaryo come
up with somerobustsolutionwhich cansupportmultiple ap-
plicationssuchasmobile IP-telephory, multimediaandother
streamingapplicationover wirelessIP network. Supporting
multimediaoperationover wirelesslinks would have to con-
sider several factors, such as signaling, quality of service,
bandwidthmanagementmobility managemenand authen-
ticationetc.

With a view to realizing different protocolsand compo-
nents neededfor supportingmobile streamingmultimedia
suchaswirelessl|P telephoty, broadcastingstreamingcon-
tentin a 3G wirelessIP ervironment,a testbedhasbeende-
signedandimplementedvheretheproofof concepfor differ-
entfunctionalcomponentf a 3G-IP network canbe demon-
strated.

This testbedillustratesa blue-print of a 3G-IP network
[1] that would also involve providing supportfor roaming
acrosgdifferentcarrierdomains(e.g., micro, macro,anddo-
mainmobility), with aprovisionfor billing andnetwork man-
agement. It alsotouchesuponthe integrationwith 2G net-
work by meansof interactionwith othersignalingprotocols
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suchas MGCP [2] and other associatedjatavays basedon
SIP[3].

This paperis organizedasfollows. Sectionll briefly dis-
cusseshetestbedarchitecturendhow differentrequirements
for Wirelessinternetarerealized,sectionlll definesthe dif-
ferent componentsassociatedvith the testbed. SectionlV
describeghe detailsof of several functionalmodulesimple-
mented. SectionV concludeshe paperwith someopenis-
sues.

Il. TESTBED ARCHITECTURE

This testbedis an embodimentof the componentssuch
as signaling, registration, binding, authenticationand QoS
which are partand parcelto Mobile Wirelessinternet. Pro-
posedtestbedemulating a wireless Internet is built upon
Linux, Windows and Solarisbasedplatform. Softwarecom-
ponentsusedin the testbedare basedon the standardETF
protocolssuchasSIP (Sessionnitiation Protocol),and SDP
(SessionDescription Protocol) [4] for signaling and me-
diadescriptionrespectiely, 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 the client anddiffservbasedprotocolsfor QoSsuchas
DSNP (Dynamic SLS Negotiation Protocol)[8] asthe mo-
bile movesfrom onesubnetto another IEEE 802.11bbased
wavelan basestationsare being usedas accesgoint to the
wired network. New protocolsare developedor extensions
are madeto the existing onesto provide all the featuresof
a 3G-IP network, suchas fasterregistration, configuration,
binding, mobility and QoS. Following subsectionglescribe
how differentfeaturesareimplemented.

A. Signaling

This architectureis built with a vision of 3G-IP network
wherethe end-systemare assumedo be IP end-points al-
thougha possibletransitionfrom 2G to 3G network hasalso
beentried with interactionof IP andnon-IPendpoints. These
IP addressexan be part of the global unique IP address
spaceor can be privately ownedin which caseaddressing
can be resohed using NAT (Network AddressTranslation)
or IP masquarading. Becauseof the distributed nature of
this network, Sessiornitiation Protocol(SIP) hasbeenused



to demonstrateghe signaling and initiation of multi-media
call, andits teardown, betweenthe clients. SIP sener, SIP
user agentare part of the signaling architecture,although
SIP sener functionality caneasilybe integratedinto the Call
Agent(Soft Switch)for demonstratingP-PSTNcall features.
An end-to-endsignalingarchitecturehas beenshavn here.
While SIPtakescareof signalingof multimediacallsbetween
multiple parties therehasbeenproposato extendSIP sothat
it cantake careof mobility for mid-sessiorcall. HMMP (Host
Mobility ManagemenProtocol)aframevork [9] basednan
extensionof SIP hasbeensubmittedto IETF for considera-
tion. This methodprovidesanalternative approactto Mobile
IP for binding issuesand can also take care of pre-session
mobility by meansof uniqgueURI registration.

B. DynamicRaistration and Configumtion

Registrationandconfiguratiorinvolvesregisteringwith the
network and configuringthe end point itself. DHCP, PPR
and Mobile IP are standardways of providing the registra-
tion facility to theendclients. However, DynamicandRapid
ConfigurationProtocolis a lightweightversionof DHCPthat
takescareof fasterregistrationand configurationkeepingin
mind the efficient useof scarcewirelessbandwidth. It does
soby shrinkingthemessagsize,minimizingthemessagem
transactiorandlimiting the useof broadcastAs a sisterpro-
tocolto DHCR DRCPwould have the mechanisnto provide
the DNS information, leasenegotiation and would provide
with client sener authenticatioomechanism.

Thereare mary ways subnetdiscovery canbe taken care
of: it canbe doneusingdetectionof layer 2 changesr by
sener discovery methodsimilar to router discovery mecha-
nism often employedin Mobile IP. This canbe achieved by
modifyingtheclientcodeof DHCPsoasto triggereitherMIP
updateor SIPre-invite upondetectionof a new subnet.Simi-
lar changesrebuilt-in featuresof DRCR andit canbe easily
takencareof by sener discovery method.

C. Binding

Binding allows continuousconnectvity of TCP and UDP
streamswhen the communicatingend-nodesare moving
around. Binding betweenthe mobile host and correspon-
denthostwhenthe mobile hostis moving is typically taken
care of by Mobile IP [10] or by one of its mary variants
[12], [13] althoughit suffers from some dravbacks such
astriangularrouting and encapsulation. Although thereare
otheralternatve solutionssuchasCellular IP [11], HAWAII
[13], TeleMIP [12] to provide mobility within a domain.
MosquitoNets[14] Mobile IP versionwithout ForeignAgent
is usedasoneof the alternatvesin the testbed to take care
of thebindingissues.n this casecareof addresss typically
provided by the DHCP sener or DRCP sener. While tra-
ditional Mobile 1P basedapproachakes careof the binding
problemswe have usedan applicationlayertechniquebased
on SIP basedmobility managementb take careof personal,
andterminalmobility [15]. A framework calledHost Mobil-
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ity ManagemenProtocolwhichis basedon SIP’s extensions
describeghisin moredetails.

It proposessomeextensionof SIP where by mobility of
multimediacalls (RTP/UDPbasedstream)and TCP applica-
tion canbetaken careof without usingunderlyingMobile IP
andary network componentén the middle of the network.

D. Authentication Authorizationand Accounting

Currenttestbeds usingAAA protocolDIAMETER for In-
ter domainmobility, but a userto network versionof AAA
protocolis usedbetweenrthe local client andthe registration
agentcalled Basic User RegistrationProtocol (BURP). This
providesa userlevel registrationto the mobile clientswithin
a domain. Details of this protocolcanbe foundin anInter-
netdraft[16]. BURP caneasilyintegratewith SIPto provide
necessaryegistrationmechanisnwith propersecurityasso-
ciation.

I1l. TESTBED COMPONENTS

The proposedestbedconsistsof mary hardware compo-
nentsandassociategoftwareandprotocols.A pictureof the
currenttestbeds shavnin figure 1.

A. Mobile Station(Node)(MN)

Mobile stations are multi-media laptops and PDAs
equippedvith cameraandaudiodevicesandhave PCMCIA
slotsfor wavelaninterfaceto communicatevith the basesta-
tion. Eachof theseMobile Stationshasmulti-mediaappli-
cationsuchas (wb, vic, rat) runningin orderto establisha
multimediacalls.

B. BaseStation(BS)

BasestationsareLucentsIEEE802.11hbasedvavelanac-
cesspointsoperatingat 2.4 GHZ frequeng range. Eachof
thesehasan|P addressvhichis addresseablésroughSNMP



agent. Eachbasestationalso operateson a separate302.11
channelto avoid the possibility of interference. Yagi array
antennareusedto extendthelab to outsideandprovide ex-
ternalfield coveragefor upto2 miles.

C. BaseStationContmoller (BSC)

Thereis currently no hardware Base Station Controller
(BSC)which would in practicecancontrol several basesta-
tions. Alternatively the basestationsare connectedo the
routerdirectly throughstationedhetwork. BaseStationCon-
troller is assumedo be a multi-port switchwhich cancontrol
the respectie basestationsconnectedo eachof its ports. It
could be assumedo be a switch capableof controlling the
BaseStationshasednthe MA C addresshoweverthesebase
stationsandbasestationcontrollersare part of the samesub-
net. In somecaseBSC canbeanetherswitch capableof fil-
teringmulticastpaclets,andbeingableto prioritize thetraffic
destinedor a particularmobile hostconnectedo a basesta-
tion, providing properQoSin termsof bandwidth.

D. ERC(Edge RouterandContmoller)

ERCsare Linux PCsacting asrouterswith multiple eth-
ernetinterfaces. Thereare multiple basestationsconnected
to the interface of eachroutervia Ciscos VLAN switches.
Eachinterfaceof ERC is on a separatesubnet. We assume
eachERCto be partof the samedomainhere. In our exper
iment thereare two main routerseachdedicatedo actasa
domainrouterfor eachdomain.

A separatanterfacehasbeendedicatedfor external net-
work whichis testedn thefield outsidethe building.

E. SIPserver/SIPUserAgent

SIPuseragentrunsonall thecommunicatingnodes Client
versionof SIPis atcl/tk andC code,andprovidesaniceuser
interfacefor managinghe multimediacalls. SIP sener dae-
mon(sipd)is runonasener, thusmakingit eitheraproxy/re-
director registrar SIP seneris not usedwhenthe sessioris
establishedisingdirectmode.Whena call is establishedis-
ing a SIP sener (non-directmode),it caninteractwith loca-
tion sener, andcanbe usedfor servicedik e registration,se-
curity andlocationupdates SIP Useragentandsenershave
alsobeenusedfor providing personalandterminal mobility
support.

F. DRCPserver/client

As explained earlier DRCP is a lightwieght version of
DHCP suitablefor wirelessroaming.Thereis aDRCPsener
in eachsubnet. In somecaseswvhen thereare multiple in-
terfaceson a sener, drcp daemon(drcpd)is startedon each
interfacebut with differentconfiguratiorfile. Thisis respon-
sible for leasinglP addresse$o clients, whenthey request
for IP addressesDRCP client daemorrunsin eachterminal
which getsthe IP addresgrom the seneruponbootup or af-
ter enteringto a new subnet.This codehasbeenmodifiedto
speedt up by interactingwith IEEE 802.11bdriver, Mobile

IP and SIP useragent. As partof the built-in mechanisnof
DRCP the client would default to DHCP in the absenceof
DRCPseners.

G. MobileIP Server/Client

MosquitoNets Mobile IP is integratedin thetestbed It can
operatewithout foreignagentin orderto provide the careof
addressratherDRCPsener dispensed to the clientupona
DISCOVER messagdrom the client. Mobile IP sener dae-
mon runsin the homeagentand client daemonrunsin the
mobile client. Mobile IP client daemonis startedbeforeit
makesa move, andit is restartedeachtime after the mobile
nodegetsa new addreson moving to a new subnet. There
aremary configuratiorfiles thatneedto be maintainedn the
senerandclientsto suppordifferentmodesof operatiorsuch
asreversetunnelingto take careof thefire wall problemsand
policy tableto be ableto decidebetweerreal-timeandnon-
real-timetraffic.

H. MediaServer

The applicationsener is a Pentium PC running Linux
andrun multiple daemondor variety of applicationsuchas
streaming,web accessand IMT2000 emulation. So logi-
cally applicationsener consistof a RealStreamsener (Me-
dia Sener), ApacheHTTP sener, andIMT 2000emulation
sener. Practicallyall theseapplicationcan co-exist in the
samesener or staydistributed.

In theabsencef a CDMA 2000basednfrastructure]MT
2000 functionality has beenemulatedto take advantageof
someof thefeaturessuchasassigningoriority of servicedor
a particularkind of application(signaling,datatransfer ftp,
http) for a certainhostpair, variablespeed(e.g., 14.4 kbps,
384 kbps,2Mb/s),variablestate(active/dormant)

This emulation software provides the flexibility to the
client to requesta certainkind of service(e.qg., prioritized
bandwidth)for a certainkind of application. For example,
signalingtraffic may be assignedne particulartype of pri-
ority thanthe actualdatatraffic. Evenfor datatraffic, http
may getbetterpriority thanthe ftp traffic, which canbe done
basedon port pair beingused.IMT 2000emulationsoftware
hasbeendevelopedusingtcl/tk andC.

IV. FUNCTIONAL FEATURES

Someof the currentfeaturesthat can be demonstratedh
thetestbedarelisted below.

1. Multimediacall setupusingSIPsignaling

2. Seamlessnid-Sessiommobility (micro, macro,anddo-
main) usingboth Mobile IP and SIP basedre-invite mecha-
nism

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

4. IMT2000 emulation(Priority of traffic assignedased
on applicationandsource-destinatiopair)

5. QoSfeaturesor mobileclients



6. Authentication AuthorizationandAccounting(Interdo-
mainandIntradomain)

7. WirelessMulticastsupport

8. IP-PSTNintegration

Following sectiongrovide methodsof operationfor some
of thefeatures

A. SessiorEstablishment

Both the correspondenhost and mobile host which run
Linux operating systemobtain their IP addressefrom a
DRCPseneruponboot-up.

Oncetheclientsareup andrunning,SIP UserAgent(sipc)
is startedupin boththe clients. The correspondertiost(CH)
establishes call to the mobile client (which may be present
in the samesubnet)with propermediadescriptionby using
SDR This multimediacall canbe director additionallya SIP
sener canalsobe usedwhile the call is beingsetup, sothat
securityand authenticatiorcanbe demonstratedThe callee
answerghe call with its propermediapreferenceOnceboth
the clientsagreeon a setof mediapreferenceshecall is es-
tablished.This call mayinvolve voice,video anddataall to-
gether SIPhelpsto setup thecall, but afterthatactualmedia
flows asRTP/UDP streambetweenwo end-pointsusingthe
standardoutingmechanismWe have usedwhite board(wb)
applicationto demonstratelatasharing,(rat) to demonstrate
voice exchangeand(vic) to demonstrate&ideo communica-
tion. All thesethreemediastreamsusedifferentportnumbers
for eachapplication.IMT 2000emulationcanpotentiallybe
usedto assignpriority to eachof theseapplicationbasedon
theirportnumberandalsoadifferentpriority canbeassigned
to actual SIP signalingsinceit usesa separatgort number
(5060) to be specific. At any point of time eithercaller or
calleecansendBYE sothatthecall terminatesAlternatively
this multi-mediacall canbe setup usingproxy seners.

B. Mobility of Multimediastream

Mobility canbe categorizedbroadlyinto two kinds: pre-
sessiommobility and mid-sessiormobility. Pre-sessiomno-
bility canbe taken careof by properpre-registration. Cur
rent Mobile IP and DHCP/DRCP protocols provide tradi-
tional waysto take careof pre-sessiommobility using layer
threetechnology However SIP canbe usedto addressre-
sessiormobility by meanf registrationandre-directionus-
ing uniqueURI schemeanapplicationlayeridentifier How-
ever mid-sessiomrmobility is somethingwhich is more im-
portantandcanbe sub-dvidedinto threedifferentcategories
suchas,micro, marco,anddomain.Mid-sessiormobility can
betakencareof by usingstandardvobile IP approactor ap-
plicationlayerapproachsuchasSIP

DRCP/DHCPdaemonruns on the designatedseners in
the respectie subnets. After the SIP multimediacall is es-
tablishedand the RTP mediastreamsflow in duplex mode,
mid-sessiommobility canbe demonstrated.

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 SIP re-invite is requiredto be sentto maintainthe
mobility intact. Handof is taken careof basedon layertwo
signalstrengthof the cells. Figure1 shavs asto how micro-
mobility hasbeendemonstrateéh thetestbed.

Macro mobility is definedwhen the mobile client moves
further away 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 sener adwertisementnessager sensinga differ-
ent802.11channehumber)thatit is in anew subnetdomain
andtriggersa DRCP DISCOVER message The designated
DRCP sener in the secondsubnetrespondswith a new IP
address.The mobile client now getsconfiguredwith a new
IP address As soonasit obtainsthe new IP addressmobile
IP clientdaemoris updatedon the mobile clientandit sends
a registrationmessageo the homeagent,thusit knows the
whereaboutgnew IP addresspf themobilehost.Sothe RTP
streamdestinedfor the mobile client getstunneledthrough
thehomeagentwhich getsdecapsulatedt the mobileclient.
In caseof SIR, usingapplicationlayer mobility schemea re-
invite is sentto the correspondindhostso asto redirectthe
traffic.

Domainmobility hasbeendemonstratety extendingthe
mobility to outsideof the lab spaceand configuringa sepa-
rate DNS domain. Thereis onehostactingasprimary DNS
sener which keepsthe databasdor both the DNS domains.
By meansof Yagiarrayantennagoverageof wavelantestbed
hasbeenextendedo outsideof thebuilding. DynamicDNSis
implementedo provide theupdateasthe P addresghanges.
Seamlessobility canbeobtainedevenin thecaseof domain
handof.

Fasthandof is associatedavith eachtype of mobility. Fast
handof of multimedia streamis typically dependenupon
quick detection fasterreconfigurationand registrationwith
the new subnet/domairand re-directionof the streamafter
detectiornof the new subnet.Standardsersionof DHCPtakes
about10-15secwithout ARP checking[17], it offers5 sec
lateng (with ARP checkingsuppressedgandit is about100
msecwith DRCP DRCP offers the lowesttime for lateng
becausef thefactorsmentionedn the earliersection.

C. WirelesslP Multicast

In orderto achieve betterbandwidthefficiency and make
thegroupcommunicatior{mary-to-mary) andmasscommu-
nication (e.g., audio/videostreamingfrom a single source)
moreeffective, IP Multicasthasbeendeployedin thistestbed.
Therearemary issuegelatedto multicastmobility (e.g.,con-
tinueto be partof the samegroupwhile changingcells, sub-
netsetc.),useof a smartbasestationcontrollerto restrictthe
multicaststreanto onecell afterthelistenermoved,arebeing
lookedinto by usinglGMP snoopingor CGMP.

Currently DVMRP hasbeeninstalledon the Linux based
routersin thetest-bedCiscoroutersarerunningPIM, thereis
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Fig. 2. Multicastflow

PIM-DVMRP tunnelingbetweerCiscoroutersandtheLinux
basedoutersrunningmrouted[18] soasto enablethe multi-
castsupport.SIPsignalingcanalsobe usedto take advantage
of the IP multicastto invite a group of peopleto a confer
ence,invite a streamsener to a conferencemnove from atwo
partyconferencao amulti-party conferenceandhelp provid-
ing virtual soft-handof. This multicastcapabilitycanalsobe
usedto take careof mobility for singlestreamingsource.

A standardnulticasttestbedconfiguratiorhasbeenshovn
in figure2.

D. WrelessCall Agent/SIP-PSTNntegration

In addition to providing mobile multimedia supportbe-
tweenthe IP end-pointsthis test-bedalsoprovidesa way of
integratingthe PSTN componentdy using Call-Agent(Me-
dia Gatavay Controller)andSIP sener. Call Agentis based
on Media Gatevay Control Protocol,whereMedia Gatavay
Controlleris residenton a sener, andwould controlthe non-
IP devices connectedo the gatavay. This gatevay is usu-
ally a mediagatevay, whoseinterfaceis connectedo the
IP cloud. The otherinterfaceusually connectgo a standard
analogphone,or a PBX. Media gatevay corvertsthe analog
signalto IP stream,and hasa MGCP slave agentwhich is
controlledby the Media Gatavay Controller In this testbed
the gatevay is nothingbut a Ciscorouterwith an FX board
which connectgo a standardanalogphone. The call agent
maintainsaadatabasef thePSTNend-pointsandwould have
accesso intelligentdatabasavhichwould provide someAIN
(Advancedintelligent Networking) functionality. In orderto
provide scalabilityor domainconnectvity therecanbe mul-
tiple call-agentsThe protocolbetweerthecall-agentcanbe
SIP-T[25], anopenstandardrotocol.

A standardCall-Agentconfiguratiorhasbeenshownnin fig-
ure 3. Thereis analtrenatie way of usingMGCP while not
usingthestandardesidentiabatevay. In this caseamini res-
idential gatevay hasbeenimplementedasa software on the
mobile terminalitself andthe audiostreamcanbe generated
from the terminalitself by usinga terminalemulator This
way MGCP canbe usedon a mobile terminal. Mobility in
this casehasbeentried usingstandardvobile IP in windows
ervironmentalthoughapplicationlayer mobility is not ruled

Call Agent/RGW- PSTN integration

SolarigyNT CCA/SIP server

i MCAP/SIP-BCPT

Fig. 3. Call AgentRealization

out.

SIP-PSTNintegration has beenrealizedby using a pair
of mediatrixgatavay [26], analogcordlessphonesandwin-
dows basedSIP sener which keepsa mappingbetweenthe
endpoints. In this scenariceachmediatrixbox hasSIP User
Agentin it, which genarateandterminateshe SIP signal.

V. CONCLUSIONS AND OPEN |SSUES

This paperdescribeddifferenttechniquesassociatedvith
building a wirelessinternettestbed.lt touchesuponthereal-
ization stepsfor real-life Internetroaming,by providing the
implementatiordetailsof severalcomponentsissociatewvith
the testbed. Theseinclude all IP wirelessmultimediacalls
overamobileenvironment,authorizationQoS,multicastand
IP-PSTNinteraction.Someof thefuturework would involve
providing flexible streamingservicessuchasSIPbasedsoice
mail service Jocationbasednobileservicesisingmobile Ap-
plication Sener andheterogeneouaccess.
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