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Abstract—

A multi-lay er mobility managementarchitecture has beendesigned
to take care of real-time and non-real-time traffic for intra-domain and
inter-domain mobility in a survivable network. It consistsof threecom-
ponentsbasedon functionality. SIP basedmobility managementis used
for real-time communication, and MIP-LR is used for non-real-time
communication when nodesmove betweentwo different domainswhile
MMP takescare of movementwithin a domain. A testbedhasbeenim-
plementedusing the featuresof eachmobility managementapproachin
an integrated manner. In this paper we presentour implementation
and integration experienceof thesethree mobility managementproto-
colsand evaulate their performance under simulated military erviron-
mentwhile interacting with Dynamic DNS,DRCP/DCDP and coordinat-
ing among themselesbasedon the application type and domain being
served.

|. INTRODUCTION

In a military ervironmentnodesare highly mobile under
dynamicnetwork conditions. Thusin this ervironmentmo-
bility managemenits neededo ensurethat nodescanbe lo-
catedquickly and paclet delivery operatesproperly in the
presencef mobility of nodesnetworkswithoutaffectingthe
ongoingmulti-mediasession.

Thereare mary mobility managemenschemedefinedto
supportreal-timeandnon-real-timeapplicationin the terres-
trial Internet,both for inter-domainandintra-domainmobil-
ity [1], [4], [6] while providing supportfor personalferminal
andsessiommobility. [5] providesa performancesvaluation
of IP Micro-Mobility Managementising hostbasedrouting
scheme. There are significantchallengeshowever with re-
gardto the robustnessmanagementverheadrequirements
andlatengy of someof theseexisting approachesndhence
noneof thesetraditionalmobility managemerdchemealone
canprovide adequatsupportwith respecto survivability, ro-
bustnessredundanyg for adhoctypenetwork in amilitary en-
vironment. Triangularrouting and encapsulatiorassociated
with traditionalMobile IP schemeado not make it suitablein
wirelessscenaricsinceit addsto network delayandwastage
of bandwidth. Althoughthereare otherapproachesuchas
Mobile IP with RouteOptimizationto take careof triangular
routing problem,it still needsto have a modified versionof
kernel’s TCP/IP stack. SIP basedmobility managemeni3],
[10] althoughsuitablefor real-timeapplicationit alonecan-
not take careof non-real-timeapplicationin its currentform,
howeverthereareextensiongroposed11]. Althoughanew

Protocol Stack

MediaTransport  ~—
Signaling Quality of Service 5
: F ]
z - [sup J [RTSP } [RS/P ] [RTCP ] é
16 o~ B :
(_Tcr | Uop ] —
£
5
g , ,
MIECR] [EMME 1PV, IPV6, 1P Multicast [ 1CMP | [ 1GWP ]]
l T
5
4

pPPP

Physical

Fig. 1. Mobility ManagemenProtocolStack

transportprotocolcalledSCTP[14], canbe usedwith SIPto
take careof traffic dueto mobility whenlP addresshanges.

Thusmilitary ervironmentrequiresa new comprehensie
and integrated mobility managemenschemewhich would
take care of precisehandof delay lateny and bandwidth
requirementwhile providing the needsfor a survivable net-
work. Thisapproactconsistsof mobility managemerdtser-
eral layers,suchas applicationlayer basedon SIE, network
layerapproachasedn Mobile IP with locationregister and
local mobility managemenprotocolfor Intradomainmobil-
ity.

Figure 1 shovs where eachof the mobility management
componenfits in the multimediaprotocolstack.

This papeiis organizedasfollows. Sectionll touchesipon
theindividual mobility componentf theintegratedapproach
involved hereandtheir performancewith respecto Mobile
IP from simulationand experiments. Sectionlll briefly de-
scribesthe mobility managemenarchitecturefor a typical
military ervironmentandhow thesemobility protocolsfit to-
gether SectionlV cites somerelatedwork, and sectionV
concludeghe paperwith someopenissues.

Il. MOBILITY COMPONENTS

The sectionsbelon provide somesimulationand experi-
mentalresultscarriedout for eachof thesemobility manage-
menttechniques.In eachcase resultswere comparedwith



thatof traditionalMobile IP approachA new architecturénas
beendesignedwhereall threemobility managementompo-
nentscanfunctionsimultaneouslynthesameerminalwhile
takingcareof its own individual function. MMP takescareof
movemenbf the clientswithin a micro-mobility domain,SIP
takescareof real-timecommunicatiorsuchasRTP/UDR and
MIP-LR takescareof non-real-timecommunicatiorsuchas
TCP basedapplicationfor inte-domainmobility. In aninte-
grateddemonstratiorit hasbeenshavn that, MMP, SIPMM
andMIP-LR canco-e&xist without affectingeachother

A. Application Layer Component - SIP based approach

Application layer mobility managemenis basedon Ses-
sionInitiation Protocolwhich hasbeenproposedstandarcas
anRFC 2543in IETF [16]. [3] providesa goodbackground
abouttheapplicationlayermobility managementsingSIP.

SIP provides applicationlayer mobility solutionin three
differentways: pre-sessiomobility oftenknown aspersonal
mobility, mid-sessiormobility often known asterminalmo-
bility, sessiormobility whereit keepsthe sameservicewhile
mobile [19] andirrespectve of the network attached.Since
mostof the networks currentlydo not supportmobile IP, be-
sidesMobile IP hastriangular routing and other overhead
problems,andbasickernel stackhasto be modified on the
end-pointsjt is not suitablefor deploymentin a typical mil-
itary ervironmentwhich is so muchdelay sensitve. On the
otherhandSIPis gainingmomentumasthesignalingprotocol
for real-timemultimediacalls. Soit is proposedo useSIPto
take careof mobility managementecausef its senerbased
approach.Both personalmobility andterminalmobility can
be achieved by SIP for real-timecommunication.SIP’s ap-
plicationlayerapproachalongwith its interactionwith DNS
senersand LDAP databasenakesit a good alternatve for
managingthe real-timetraffic. Therehave alsobeenmary
waysof propagatinghe registrationinformationusingsome
techniquesmentionedin [17]. Multiple SIP senerscanbe
provisionedduringthe boottime andby usingDNS’s “SRV”
record,SIP proxy senersfor a particulardomaincanbe dis-
covered.Thusin caseof afailureoneSIPsener, asecondary
SIP sener canbe used. SIP’s sessiontimer featurecan be
usedto choosebetweeralternateseners. Figure2 shavs use
of SIP mobility in a distributed environmentwheresomeof
thenodesmaybeairborne.

B. SP Performance

Using SIP for mobility managemenbf real-time traffic
provides better throughputand performancecomparedto
standardnobilelP. By usingSIPinsteadf Mobile IP without
route optimizationone canexpectto have 50 percentagda-
teng improvementn real-time(RTP/UDP)traffic (reduction
in lateng from baselineof 27 msto 16 msfor largepaclets)
and 35 percentagauitilization increase(60 bytespaclet size
comparedvith baselineof 80 bytespaclet sizewith IP-in-IP
encapsulatioin Mobile IP). The curvesin figure 3 shav the
relative performancdifferencebetweenSIP and Mobile IP
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underdifferentnetwork conditionsobtainedboth from sim-
ulationsand experimentation.Experimentsvere carriedout
in the laboratorycomparingboth the approachesising con-
trolled traffic. Someof the analysistools such as netperf,
tcpdumpandrtpdumpwereusedto measurghe performance
details. Comparisorwas madefor SIP basedmobility with
Stanfords MosquitoNetmobile IP.
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Fig. 3. SIP/MIP SignalingandTransportOverhead

As partof the experiment,SIP basederminalmobility for
real-timetraffic wastried using a modified and customized
versionof ColumbiaUniversity’s sipc (SIP client) and sipd
(SIP sener). Following sectionprovidessomeperformance
measuremerduring subnetmobility. A MultimediaSIP ses-
sionfor real-timetraffic wasestablishedetweertwo clients
in alEEE 802.11ernvironment. The mobile hostmovesaway
from the CH while the sessioris in progress As soonasthe
mobile hostdiscoversthatit is in a new subnetit getsa new
IP addresaisingDRCP[13] alight-weightversionof DHCR
sendsa Re-Irvite to the corresspondinpostandsendsa new
registrationmessagdo the registrar Packet sizesfor differ-
ent messagesre also noted. For initial call setup a typi-
cal INVITE messageavas455 UDP bytes, ringing was 223



bytes,OK was 381 bytes,ACK was 216 bytes,REGISTER
andits OK messagesvere about370 bytesand 412 bytes.
Subsequende-ragistrationandre-registrationmessagewere
of 372and425 bytesrespectiely followedby OK messages
which were of size 510 and 410 bytes.Atypical Re-Irvite
after subnetchangeand respectie OK messagesvere 450
and380 UDP bytesrespectiely. It takesabout100 msecfor
the processingime on Linux basedMH betweenconsecu-
tive messagege.g., betweenreceving an OK and sending
the ACK which is strongly OS dependent).It took about5
msecto forwardthe INVITE pacletto traversebetweenMH
andCH whenMH is at home. As the MH movesaway to a
foreign network with more network routersin between Re-
INVITE takesabout70msecdbecausef thequeueinglelayat
theroutersenroute.The SIPregistrarwasplacedin the mid-
dle of the network betweenthe two domains,it took about
150msecto completethewholere-rggistrationprocesshow-
ever it takesmore processingime to deletethe old registra-
tion thanupdatinga new one at the registrar Thesefigures
would vary dependingupon the operatingsystem,and net-
work topology It would be desirableto reducethe Re-Irvite
time, re-rggistrationtime in a wirelessroamingervironment
for fasterhandof andavoiding lossof data.

C. Network Layer component- MIP-LR approach

MIP-LR (Mobile IP with LocationRegister)[2] providesa
network layer mobility solutionbut with placemenbf addi-
tional locationregisters. MIP-LR takescareof mary of the
issuesassociatedvith a survivablenetwork suchaslocation
of the homeagent,homeagentvulnerability, triangularorut-
ing andtunnelingassociatedvith Mobile IP.

MIP-LR addresseghe following four limitations of basic
MIP:

1. HomeAgentLocation: Themobile’s HomeAgentmust
belocatedin its homenetwork.

2. Home Agent Vulnerability: Thereis no schemeto al-
low multiple, geographicallydistributed Home Agents lo-
catedoutsidethe HomeNetwork to senetheuser

3. Triangle Routing: All paclkets destinedto the mobile
hostmusttraverseits homenetwork.

4. Tunneling: Packets destinedto the mobile must be
tunneled(typically by being encapsulateihside anotherlP
paclet) enroute.

MIP-LR providesan efficient approachcomparedo MIP
by takingcareof forwarding,profilereplication,Jocalanchor
ing, hierarchicabrganization Thefirst two limitationsinhibit
survivability, particularlyin amilitary scenariovherethemo-
bile’shomenetwork maybein avulnerableforwardarea.The
secondwo limitationsimply a performancepenaltyandalso
inhibit interoperabilitywith otherprotocolslike RSVPwhich
rely on inspectingthe original IP paclet header In MIP-LR
we eliminatethe tunnelingfunction by usingLinux’s new li-
bipg andiptablesutility. In addition,the databasenappingof
the mobile hosts IP addresgo its COA is maintainedby an
entity calledthe HomeLocationRegister(HLR), by analogy

with cellular systemssinceit is queriedin a manneranalo-
gousto how the HLR is queriedin cellular systemgo deter
mine the mobile hosts location. Unlike the Home Agent, it
neednot necessarilpelocatedin the homenetwork.

Whena mobile hostmovesfrom one subnetto anothey it
registersts currentCOA with adatabasealledaHomelLoca-
tion Register(HLR). Whena corresponderttosthasa paclet
to send,it first queriesthe HLR to obtainthe mobile hosts
COA, andthensend9acletsdirectly to themobilehost. The
mappingfrom the mobile host’s permanentP addresdo its
COA is doneby the IP layeratthe correspondentostandis
transparento higherlayer protocols;the reversemappingis
doneatthemobile. Thecorrespondertiostcacheshe mobile
host's COA to avoid queryingthe HLR for every subsequent
paclet destinedfor the mobile host. The mobile hostmain-
tainsa list of correspondenhostswith which it is in active
communicationand informs themif it movesto a different
subnet(asis donein Mobile IP for IPv6). MIP-LR is espe-
cially suitedto military ervironmentascomparedo Mobile
IP asit providesbetterperformancelessdelay andnetwork
loadongroundandelsavhere.lt providesbettersurvivability
by allowing multiple replicated_Rs alongthe battlefield,and
LRs placedoutsidethe vulnerableareawithin the domain.
Figure 4 shaws the useof MIP-LR in an adhocnetworking
ervironmentwhere someof the nodesmay be actually air-
borne.
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D. MIP-LR performance

While MIP-LR provides survivability and redundang, it
also offers better performancecomparedto traditional Mo-
bile IP. Using MIP-LR insteadof Mobile IP one canexpect
to achieve a goal of 50 percentageeductionin management
overhead(lateny of 10.5msvs. baselineof 18.5msin
MIP casefor a paclet size of 1Kbyte in a small campusen-
vironment).Figure5 providesananlayticalandexperimental
comparisorbetweernMIP andMIP-LR.

MIPLR registrationrequests about52 bytes whereasreg-
istrationreplyis about50 bytesUDP paclets.MIP-LR query
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Fig.5. CostcomparisorMIP vs. MIP-LR
madeby CH is about24 bytes.LR notifiesthe CH aboutthe
MH locationusinga 28 byterespons@aclet. AstheMH gets
anew addresst notifiesthe CH andLR usinga binding up-
datemessagevhich is about28 byte. An additional28 byte
header0byte P and8 byte UDP)

E. Micro Mobility Management Component - MMP

MMP is a derivative of the Cellular IP/HAWAII family of
micro-mobility scheme$6], [4]. CellularIP is oneof thefirst
micro-mobility schemegproposed. It wasproposedasa re-
sponsdo percevedshort-comingof Mobile IP (RFC 2002)
for handlingmobility in somecases. In particular Mobile
IP is designedsuchthat a new registrationis requiredto be
sentto the Home Agent, with a new care-of-addressvery
time a mobile nodemovesto a new subnet.Theregistration
procesamay introduceunnecessariateng, which is alright
in the original scenariodor which it was designed- where
the rateof movementbetweensubnetds low. In addition, if
therearelots of idle mobile nodesthesewill all be perform-
ing Mobile IP registrationsvhen&erthey move, causingalot
of signalingoverhead.This signalingoverheads not local-
ized,but goesovertheglobalnternet.

MMP is designedas a micro-mobility protocolto handle
intra-domainmobility. Domainin this casedoesnot have
to be DNS domainbut consistsof few subnetwarks. MMP
is designedto work with SIP and MIP-LR, where SIP and
MIP-LR handlemacro-mobility MMP sharegertainbenefits
of forwarding-cache-basédcal/micro-mobilityschemesik e
Cellular IP and HAWAII, exploiting hierarchicalstructures
of military networks, etc. The extendedMMP usesmulti-
ple paths andpossiblymultiple gatevays,for robustnessand
reliability.

In basicMMP, gatevay beaconmessagesire sentdown
by the gatavay periodically so the MMP nodescanrefresh
their cachemappingsof the uplink interface. The hierarchi-
cal natureof forwarding-cachedasedprotocolslike MMP
makesa goodfit for military networkslik e the Tacticallnter-
net. Figure6 shavs an abstractiorof MMP, in particular of
two MMP domaing(eachwith agatevay).

MIP-LR, MIP, SIP.
(macro-mohility)

gatew MM P

(micro-mobility)

Fig. 6. An abstractiorof MMP

The gatevay is the dividing point betweermacro-mobility
andmicro-mobility. Below it isoneMMP domain.Thenodes
in thetreebeneattt areMMP nodeswvhich mayberoutersor
even‘“layer-2 switches”sincethey do hostbasedoutingand
do not needIP routing protocolslike RIP, OSPFetc. Micro-
mobility is handledby specialhost-basedouting. This host-
basedroutingis integratedwith locationmanagemenrasde-
scribedbelow.

Uplink (basestationsto gatevay) routing: Gatevay sends
beaconslownlink soMMP nodescanrouteuplink. Theinter-
facethroughwhich thefirst copy of aparticularbeacon(bea-
consmay usesequenceumbersarrives,is recordedandis
usedasthenext-hopfor routingof ary pacletto the gatevay.

Advertisemenfor network detectionis passedalongfrom
accespoints(basestations)with gatavay’saddressWhena
nodefirst arrivesin anMMP domain,it performsautoconfig-
urationandobtainsa COA. Theregistrationmessagés a pag-
ing updatefrom mobile nodeto gatavay, moveshop-by-hop
up to gatevay, updatingrouting cachesithe entry for a par
ticular mobile nodewill pointto the interfacethroughwhich
theregistrationpacletarrivedfrom themobilenode allowing
downlink routing; gatevay takescareof Mobile IP registra-
tion, if necessarfactsasFA). Routingto mobilenodeis done
by tunnelingdatato gatevay from HA, decapsulatedndfor-
wardedto mobile nodeby routing cachesRoutingfrom mo-
bile nodeis forwardecto gatevay andtheninto Internet.Pag-
ing cachesave usuallylongerexpiry thanroutingcachesand
areusedonly whenno valid routingcacheentry exists.

Figure 7 shows both simulationand experimentalresults
obtainedfrom thetestbed.

I1l. INTEGRATED MOBILITY MANAGEMENT TESTBED

Main objectie of this architectureis to provide mobil-
ity supportfor bothreal-timeandnon-real-timeapplications
while providing survivability and redundang featuresin a
military network. This is achieved by meansof distributed
seners,locationregistersandproxieswhich providefall back
featuresandforward cachingtechniquewithin adomain.
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Proposednobility managemenéarchitecturemostly relies
on sener basedapproach. Figure 8 shavs the mobility ar

Fig.9. IMM logical flow

basedon the type of applicationbeing supportedy the end
userterminal (i.e, Real-timeor Non-real-timerespectiely).

SIP basedpersonalmobility featurewould provide a means
for pre-sessiomobility.

IP address managementis made possible by using
DRCP/DCDPseners.DRCP(DynamicRapidConfiguration
Protocol)is fasterversionof DHCP. DRCPsener configures
a nodes interfacewith an IP addressand providesthe ad-
dresse®f DNS sener, SIPseneretc. DCDP (DynamicCon-
figurationandDistribution Protocl)sener providesa pool of
IP addresse$o the nodeso thatit canbehae like a DRCP
sener. In the integratedmobility managemenschemeMo-
bile Node obtainsa new IP addresonceit movesto a new
domain,andit doesnot obtainany new IP addressaslong
asit remainswithin this domain,mobility is takencareof by
MMP schemaeawithin thisdomain.WhenMN movesto anewv
domainfor thefirsttime, it obtainsanew IP addressregisters
with the SIP sener or groundVLR which getspropagatedo
other SIP senersor HLRs spreadacrossthe network. Thus

chitecturetakinginto accountall threemobility management CH becomesaware of the nev URI or new IP addresdrom

approachesThis mobility architectureassumeshatthe end
hostsaresmartandIP addresseablendthe routerscanalso
provide applicationlayersignalingfunctionality. Someof the
intermediaryandgatevay nodescanactlik e routersandcan
have the sener functionality suchasDNS, HTTP, andloca-
tion registerfunctionality, thusproviding redundang support
in caseof router/sererfailure onthe ground.In this particu-
lar figure, eachfootprint may belongto a differentMMP do-
main, althougheachfootprint may be anautonomousystem
belongingto the samedomain.

As describedin the earlier sectionsthesethree mobility
managementanwork togetherto provide a reliable opera-
tion. Eachmobility managemenapproachbecomesactive
dependingnif theclientis communicatingia real-timetraf-
fic (RTP/UDP)or non-real-timearaffic (TCP/IP)andwhether
the client is moving betweendomainsor within a domain.
MMP is usedfor intra-domainmobility; SIP basedmobil-
ity schemeand MIP-LR are usedfor inter-domainmaobility

the Re-directsener or HLRs. In caseof real-timecommu-
nicationif the MH movesbetweenthe domains,thena Re-
INVITE is sentto the CH to keepthesessioractive, similarly
UPDATE messagés sentto CH in caseof MIP-LR. But ary

subsequentnove within the nev domainRe-INVITE or up-
datemessagearenot sent,sinceMMP takescareof routing
thepacletsproperlywithin thatdomain.As shavn in figure9

asthe mobile nodemovesbetweerthe domainsit would use
SIP or MIP-LR dependinguponthe type of applicationbe-
ing supported But while roamingwithin a domain,mobility

managemeris taken careof by MMP nodesandMMP-GW,

wherethe gatavay would actlike a DRCP/DCDPsener, and
oneof theMMP nodesactslike a DRCPsener.

Figure9 shows a logical view of how all the components
interactwith eachotherwhile providing an IntegratedMo-
bility Managemensolutionfor bothReal-timeandNon-real-
time traffic.

EachMMP nodehastwo interfaces.Oneof theinterfaces
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of eachMMP node gets configuredusing DRCP sener on
the gatavay upstream.Secondnterfaceof one of the MMP
nodegetsa DCDP pool from the MMP-GW andactslike a
DRCP sener for the mobile. SincedynamicDNS [9] has
beenimplementedin the testbed. This way DNS database
getsupdatedvhenlIP addreshangesn ary of the MMP el-
ementsproviding a dynamicnameto IP addressassociation.
Thus manualchangein the configurationfiles in the MMP
elementsis not neededarny more. This mode of operation
is very similar to FAs runningin co-locatedcareof addess
mode. SinceRIP (Routing Information Protocol)is config-
uredin thetestbedhereis no needfor installing staticroutes
to forward the traffic from CH to MH evenwhenthe MH is
within the MMP domain.

Figure10 shows the testbedwvherethe IntegratedMobility
Managemenprototypeshave beenexperimentedandresults
weretaken. Althoughthe goalwasto operateall threemobil-
ity managemertechniquestthesameime onthesingleter
minal while eachdoingits own function eachmobility man-
agemenprototypewastestedpairwisealsosuchas SIP and
MMP, SIP andMIP-LR. Figuresll, 12 and 13 provide pro-
tocol flows of how eachpair of protocolsinteractwith each
othetr

Figure 11 providesa protocolflow for SIP and MMP in-
tegration. It shavs a typical scenaridimited to a casewhen
the mobile makesa movementfrom onegatway’s domainto
a secondone andin the processchangesdts IP address.A
SIP sessiorhasbeenestablishedetweenthe CH and MH,
whenMH is underonegatavay within an MMP domain,but
CH is connectedsomeavhereelse. As the mobile movesun-
der the secondgatavay and attachestself to an MMP node
within that gatavay domain,it changests IP addressn the
processand sendsa Re-INVITE to the CH. CH sendsthus
redirectghistraffic to thenew locationof theMH. As themo-
bile makesfurthermovementrom oneMMP nodeto another
onewithin the seconddomain,it doesnot changethe IP ad-
dressbut bindsto thenew MMP nodein the seconddomain.
Routingcachewithin theMMP nodegake careof forwarding
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thetraffic to the correctplacewithin thedomain.
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Figure 12 shaws protocolflow for MIPLR-MMP integra-
tion. In this caseMIP-LR worksin a co-locatedmodewhile
interactingwith DRCPsener, thusFA actuallyco-existswith
the mobile host. This particularscenarioshows a transition
of MH betweenwo gatevays. Eachgateavay hastwo MMP
nodesunderits domain.Oneof the MMP nodesin eitherdo-
mainactslikeaDRCPsenerwhile dispensinghelP address.
CH startsa TCP sessiorwith the permanenaddresof MH
(calledMHpip ) andqueriestherealaddres®f the MH from
the Location Registetr By virtue of the IPtablesand Man-
glerthe TCPtraffic actuallygetsdirectedto thenew COA of
the MH. As the mobile makesanothemrmove to a nev MMP
domain, it listensto a differentDRCP sener adwertisement
from one of the MMP nodeswithin the seconddomainand
getsitself configuredwith a new IP addressatthe sametime
it alsolistensto the beaconfrom the secondgatevay with a
new beacorD. This helpsupdatingthe routing cachewithin
the MMP nodesfor movementwithin the domain. After get-
ting configuredwith the new IP addressmobile sendsanup-
datemessagébinding update)to the correspondnetostand
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Locationregistet As the mobile makesfurther move within
the seconddomainby connectingo a separatdViMP nodeit
doesnot changeits IP addressut sendsthe cacheupdateto
theintermediatenodesthustraffic getsroutedwithoutgetting
broken.

Figure 13 shaws a typical protocol flow integrating both
SIPandMIP-LR. Sincethisis anInter-domainmovement|P
addresggetschangedon the mobile that is making a move
from onedomainto anotherone. As the mobile getsconfig-
uredby theDRCPsenerrunningontheMMP node,it obtains
anew IP addressAs partof the SIPmobility schemet sends
a Re-Invite to the CH to keepthe real-timetraffic continu-
ous, similarly MIP-LR sendsan updatemessagéo the CH.
As aresultof a port basedschemanstitutedwithin MIP-LR,
ports5060(SIPsignalingport), RTP mediaports(port 10000
and20000in this case)arenotaffectedby MIP-LR mangling.
ThusTCP basedraffic is takencareof by MIP-LR andRTP
basedraffic is takencareof by SIP

IV. RELATED WORK

Therehave beensomerelatedwork to supportmobility in
military ervironment[18]. Most of theseapproachearelim-
ited to intra-domaincase,and doesnot offer an application
specificintegratedmobility managemerdpproactor a mili-
tarytypeervironment.Thisintegratedapproactprovidessur
vivability solutionwhile saving the extra overheadandadded
delaybecausef triangularroutingandtake careof bothreal-
time (e.g., audio, video streamingtraffic and non-real-time
traffic (e.g.,ftp, telnet).

V. CONCLUSION AND OPEN |SSUES

This paperillustratesa novel mobility managemenarchi-
tecturesuitablefor amobilemilitary ervironment,discussion
of eachof the mobility componenbf the architecturesome
performanceesultsof eachmethodanddescribesiow these
canwork togetheiin amilitary environment.A testbedmple-
mentationshows that thesethreemobility managemenpro-
tocolscanco-exist onthesameerminaloperatingatthesame

time while interactingwith DRCP/DCDP. My-SQL based
configurationdatabaseanddynamicDNS. Intra-domainand
Inte-domainmobility managemernis achievedfor bothreal-
time and Non-real-timeapplication. Integration with qual-

ity of serviceandself managedsirtual networks arethe next

stepswhich arebeinginvestigated.
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