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Abstact—

In this paper, we presentour implementation of TeleMIP, a two-
level architecture for IP-basedmobility management.TeleMIP essen-
tially usesan Intra-Domain Mobility ManagementProtocol (IDMP)
for managing mobility within a domain, and Mobile IP for support-
ing inter-domain (global) mobility. Unlik e other proposedschemedor
intra-domain mobility management|DMP usestwo care-of addresses
for mobility management.The global care-of addressis relatively sta-
ble and identifies the mobile node’s current domain, while the local
care-of addresschangesevery time the mobile changessubnetsand
identifies the mobile’s current point of attachment. The paper de-
scribes our TeleMIP implementation basedon enhancementsto the
Stanford University Mobile IP Linux codeand presentsperformance
resultsobtained thr ough experimentson our test-bed. Finally, we use
analysisto accurately quantify the savings in signaling overhead ob-
tained when TeleMIP is usedin environmentswhere mobiles change
subnetsrelatively rapidly.

I. INTRODUCTION

In recenttimes, muchinteresthasbeengeneratedn de-
veloping efficient IP-basedmobility managemenschemes
to handleusermobility in cellularnetworks. Suchschemes
are necessanto achieve seamlessntegration of cellular
networks with existing IP-baseddatanetworks. The stan-
dardIP-basednobility managemergachemeMobile IP [1],
was primarily designedor transparensupportof non-real
time dataapplications Moreover, basicMobile IP hasbeen
shawvn [2], [3] to be inappropriatefor supportingreal-time
traffic, suchasvoice andvideo, which is expectedto be an
importantcomponenin next-generatiorcellular networks.
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Variousenhancementsave beenproposedo overcomethe
shortcoming®f basicMobile IP, e.g.,[2], [4], [3] [5], [6].

TelecommunicatioEnhancedviobile IP (TeleMIP)[4] is
a scalableand hierarchicallP-basedarchitecturethat pro-
vides lower handof lateng and signaling overheadcom-
paredto Mobile IP. TeleMIP is also designedto address
additionalconsiderationsuchasaddresspaceimitations
in IPv4 and dynamicload balancing. The Intra-Domain
Mobility ManagementProtocol (IDMP) [7] has recently
beenproposedisa stand-alongrotocolfor supportingsev-
eral mobility features suchasminimally interruptedhand-
off and paging, within the mobility domain. This sep-
aration of intra-domainmobility from interdomain mo-
bility allows IDMP to coexist with multiple alternatves
for global mobility managementncluding Mobile IP and
SIP[8]. TeleMIP combinesIDMP and Mobile IP respec-
tively for intra-domainandinter-domainmobility manage-
mentto provide anattractve andscalablemobility manage-
mentsolutionfor IP-basecdtellularnetworks.

In this paper we discussour currentimplementationof
TeleMIP and compareits signalingload with that of ba-
sic Mobile IP. We presentdetailsof our implementatiorof
IDMP, basedon enhancementt the StanfordUniversity
MosquitoNet[9] basicLinux Mobile IP code. We provide
illustrative examplesto demonstratehe successfutleploy-
mentof TeleMIPin ourlaboratorytest-bedandalsotakulate
someinitial performanceesults.

The rest of the paperis organizedas follows. Section
Il briefly describeshe dravbacksof cornventionalMobile
IP and presentsan overview of the TeleMIP architecture.
While Sectionlll presentsthe implementationdetails of
TeleMIP alongwith the experimentaltest-bedresults,Sec-
tion IV compareghe signalingoverheadof TeleMIP with



thatof basicMobile IP. Finally, SectionV concludeghe pa-
per.

Il. IPMOBILITY SOLUTIONS AND TELEMIP

Mobile IP [1] provides application-transparerP-based
mobility supportoy maintainingnetwork connectvity while
allowing amobilenode(MN) to retainits permanentP ad-
dresses.This is essentiallyachieved by providing the MN
anadditionaltopologicallyconsistentP addresscalledthe
care-ofaddressin theforeignnetwork. Thecare-ofaddress
thusobtainedprovidesthe MN a temporarybinding when-
everit roamsinto aforeignnetwork. TheMN is responsible
for registeringthis bindingwith its HomeAgent(HA), asta-
ble pointof attachmenin its homenetwork. TheHA is then
responsibldor forwardinglP datagramsentby correspon-
dentnode(s)CN) to the MN’s permanenhomeaddresdy
tunnelingit to the MN’stemporarycare-ofaddress.

Variousextensionsand modificationsto the basicMobile
IP standardsuchascorresponderdgentbindingin Mobile
IPv6 [10] androute-optimizatior{11] have beenproposed.
All theseschemesmploy a flat mobility architectureand
consequenthsuffer from several dravbacks;reference4]
providesa detaileddiscussiorof the shortcomingof such
schemedn commerciakellularnetworks.

Varioushierarchicaschemes$ave beenrecentlyproposed
to improve IP-basedsupportfor macro-mobilityin cellular
ervironments. For example,both HAWAII [2] and Cellu-
lar IP [3] reducethe frequeng of high-lateng global up-
datesby allowing an MN to maintaina single care-ofad-
dresswhile moving within anentiredomain.However, both
HAWAII and Cellular IP requirethe establishmenof dy-
namic source-specificoutesand operatebestin networks
with a tree-like topology Hierarchicalextensionsof Mo-
bile IP have also beenproposed,e.g., [6], [12]. These
schemeglearly reducethe frequeng of high-lateng loca-
tion updatessincethe updatesarepropagateanly upto the
nearesnodein the hierarchy However, the establishment
of multiple levels of hierarchyin a commercialmulti-level
provider ervironmentintroducessignificantnetwork man-
agementand security issues. TeleMIP tries to achieve a
balancebetweenthe problemsof high updatelateng and
complex managemerarchitecturedy usinga two-level hi-
erarchy

The TeleMIP architectureis illustratedin Figure 1. It
specifiesa new operationahode,the Mobility Agent(MA),
whichresidesatahigherlevel in thenetwork hierarchythan
thesubnet-baseHoreignAgents(FAs) andprovidesanMN
with aglobalcare-ofaddresshatis valid throughoutheen-
tire domain. Unlike [2] and[3], TeleMIP doesnot manage
intra-domainmobility by using source-specificoutes,but
usesa secondlocally-scopedcare-of addressthat is valid
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Fig. 1. FunctionalTeleMIP Architecture

only with the domain. This local addresss assignedy
the SubnetAgent (SA) (or relevant DHCP [13] sener in
the caseof co-locatedcare-ofaddressingpn a subnetand
changesvheneer a mobile attachego a new subnet;the
MN is responsibldor updatingthe MA wheneerit obtains
anew local addressSinceinformationaboutthe (frequent)
subnetchangess transmittedonly locally (up to the MA),
theseupdateshave much lower latengy and henceenable
much fasterintra-domainhandofs. Although TeleMIP’s
mobility managemenand paclet forwarding mechanisms
are similar to [5], we believe that the TeleMIP architec-
ture offers a betterload-balancingapproachtandsupportsa
cleanersecuritymodel. A more comprehensie discussion
of the TeleMIP architecturas availablein [4].

I1l1. PROTOCOL IMPLEMENTATION AND TESTING

Several implementationf Mobile IP have beendevel-
opedin recentpast,e.qg.,[9], [12], [14], [15]. The Linux
Mobile IP codeof StanfordUniversityMosquitoNetproject
[9] is usedasa basisfor TeleMIPimplementationThe mo-
bility agentdaemorof TeleMIPis a modifiedversionof the
homeagenidaemonywhile themobilehostdaemorhasbeen
upgradedo supportTeleMIP. The linux kernelat the MA
also neededmodificationsto supportadditional TeleMIP
featuresjncluding the establishmenof forwardingtunnels
betweenthe MA andthe MN andalsothe maintenancef
thelist of locally registeredVIN’s.

A. IDMP Padket Formats

Mobile nodesunderTeleMIP uselDMP to registertheir
local care-ofaddressvith thedesignatedMA. While IDMP



paclet formatsandlocationupdatemessageare basedon
Mobile IP, they have beenmodified to supportadditional
intra-domainmobility features. Figures2 and 3 shav the
IDMP paclet formatsfor intra-domainregistrationrequest
andreply messagesespectiely. Our currentimplementa-
tion supportonly the co-locatednodefor local addressing.
An MN thususesDHCP to obtaina local care-ofaddress;
subnet-lgel registrations(betweernthe MN andan SA) are
consequentlypeyondthe scopeof this paper For additional
detailson theindividual messagdields, pleasereferto [7].
Sincesupportfor pagingandfasthandof is notavailablein
our currentiIDMP implementationthe correspondindlags
(P andO hits) aresetto 0.
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Fig. 2. IDMP Intra-domainLocationUpdatePaclket Format

Becauséviobile IP is usedastheglobalmobility manage-
mentprotocol,thepermanenhomel P addresss assumedo
betheuniqueidentifierfor theMN. The MN useshelP ad-
dressof its HA in theremoteagentaddresdield in its loca-
tion updatemessagel.ik e[9], we have providedtimestamp-
basedeplay-protectionn thelocationupdateprocessyith
two distincttimestampdor thelocal (MN-MA) andglobal
(MN-HA) registrations. Similarly, the securityassociation
betweenthe HA andthe MN is distinct from the security
associatioetweertheMN andMA; currentlytheonly au-
thenticatiormethodsupporteeingkeyed-MD5.

B. FunctionalEnhancements

The Mobility Agent (MA) handleslocal registrationre-
guestsfrom MNs thatarecurrentlyin its domain,andpro-
vides temporarybindingsto the MNs aslong asthey re-
main in the domain. As far asthe handlingof suchreg-
istration (or location update)requestsis concernedthere
is little functionaldifferencebetweerHA andMA. Unlike
theHA, which hasa permanenlist of mobility bindingsfor
eachMN associatetb its homenetwork, the MA maintains
adynamiclist of mobility bindingsfor currentlyregistered
MNs. ThemajorfunctionaldifferencebetweerHA andMA
is in termsof paclet forwardingto the MN. Whenthe MN
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Fig. 3. IDMP intra-domainRegistrationReply Packet Format

is away from the homenetwork, the HA is responsibleor
collecting all the paclets directedat the MN’s permanent
IP addressandtunnelingthe pacletsto the global care-of
addresgwhich is alsothe IP addresof the MA interface).
Thetaskof the MA is simpler;it recevesthe pacletsauto-
matically, andafter decapsulatinghe paclets,redirectsthe
inner IP pacletto the MN'’s local care-ofaddressSothere
aretwo levels of tunnelinginvolvedin TeleMIR, onefrom
theHA to the MA, andthe secondrom the MA to the MN.

Oncethe MN entersinto a foreign network, it receves
alocal care-ofaddressandthe addresf its MA interface
(whichisagloballyvalid IP addressjrom theDHCPsener.
After the two addresseare obtainedsuccessfullythe MN
first attemptsa local registrationwith the MA usingthe lo-
cal care-ofaddressThis local care-ofaddresss valid only
within the domainandmaythusbe privately scoped.After
asuccessfulocal registration,the MN thenattemptgo reg-
isterwith the HA with theIP addresof MA asits globally
valid care-ofaddressThe MN is consideredo beregistered
only afterit hassuccessfullyperformedboth the local and
globalregistrations.Subsequentlyasthe MN changesub-
netswhile remainingin thesamedomain,the MN performs
only alocal registrationwith the new local care-ofaddress.
Sincethe MA addressemainsunchangedihereis no need
to performa new global registration. Only whenthe MN
changeglomainswhich s reflectedby possiblya new MA
addressit performsbothregistrationsagain.

TeleMIP doesnot requireany changein the functionality
of theHA. In fact,the HA is potentiallyunavareof theuse
of IDMP andthe presenceof the MA. As in corventional
Mobile IP, it simply hasto interceptall pacletsintended
for the MN from the homenetwork, encapsulat¢themand
forward themto the care-ofaddressspecifiedin the MN-
HA registrationmessageTheregistrationrequesandreply
messagdormatsfor globalregistrationsare,in fact,identi-
calto Mobile IP with a singleexception:theresenedbit in
flagsfield in [9] is now usedto indicatewhetherthe MN is



operatingn aTeleMIP-basedhetwork.
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C. ExperimentaMalidation

Figure4 shavsourexperimentahetwork test-bedisedfor
evaluatingTeleMIP. We considereda singleMN sened by
its HA (Durga=192.4.20314) in its homenetwork 10.10.5.0,
with home IP address10.10.5.10. The home interface
addressof Durga is 10.10.5.1. Two MAs, viz., M A;
(Lakshmi=192.4.20.48and M A, (Saraswati=192.4.20.45)
are connectedto routers serving subnets10.10.1.0and
10.10.2.0respectiely. We assumehatour mobility domain
comprisesboth subnets10.10.1.0and 10.10.2.0. Accord-
ingly, both Lakshmiand Saraswati can sene as mobility
agentdor our MN aslong asit stayswithin thisdomain.

As the MN entersinto the subnet10.10.1.0,t recevesa
locally scopedco-locatedaddressl0.10.1.6andthe IP ad-
dressof M A; (192.4.20.43)sits global care-ofaddress.
The MN accordinglyfirst informs M A; of its local care-
of addresg10.10.1.6)and subsequentlyegisterswith the
HA using 192.4.20.43asits care-ofaddress. Afterwards,
the MN roamsinto the subnet10.10.2.0andgetsa new lo-
cal care-ofaddressl0.10.2.6. Since M A4, is still its MA,
the MN simply performsan intra-domainlocation update,
informing M A; of its new local care-ofaddress.

To testthecaseof inter-domainmobility, we subsequently
configurecthe DHCP senerto provide a nev MA address,
M A, (Saraswati=192.4.20.45)to the MN. In this case,
the MN performsboth the intra-domainand global regis-

trations. Figure 5 illustratesthe mobility bindingsin the
HA (Durga) andthe M A; (Lakshmi)whenthe MN (with
homeaddressl0.10.5.10)s attachedo the 10.10.1.0sub-
net(with alocal addres<0.10.1.6)with an MA addressf
192.4.20.43.

Home Addr MA Addf
1010510  192.4.20.43
1010511  192.4.20.43
1010520  192.4.20.45
Home Addr LCOA
Home 1010510  10.10.16
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(Durga)\ .......
M'&)b"ity MA Addr
gent 192.4.20.43
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Fig. 5. Statusof Binding Tablesin HA andMA in a Typical Scenario

D. ExperimentaForwarding Latency

TheTeleMIParchitecturentroducesanadditionallayerof
decapsulatioandencapsulatiofattheMA) in theforward-
ing path. Sinceit would beinterestingo ascertairthe effect
of this additionalprocessingn the forwardinglateng, we
collectedstatisticaldataby pingingthe MN usingits home
IP addressl0.10.5.10asit roamedin the varioussubnets
with differentMAs. The correspondemiode(CN) in each
casewastheHA (Durga). Resultsfor theaverageround-trip
lateng areprovidedin Tablel; thefirst row correspondso
thecasewhenthe MN wasusingcorventionalMobile IP (in
the co-locatedmode). Clearly, the additionalprocessingat
theMA increasedheround-triplateng with TeleMIR. This
delaywasof the orderof 2 — 3 msecsandis probablydue
to therelatively slow speed(90Mhz) of our hosts. The ta-
ble also shawvs how intra-domaintriangularrouting (when
the MA is noton the optimal pathfrom HA to MN) canin-
creasdheround-triplateng. Thedifferencen delayfor the
samenumberof hopscan probablybe attributedto differ-
encesn theprocessingapabilityof theindividual MA and
routers.

It is worthwhile to mentionherethatin our preliminary
experimentson forwarding lateng, we collectedthe ping
statisticsfor a mobile nodein a simple network testbed.
The indication of a significantchangein averageround-
trip delaywhenthe mobile nodemovesinto thejurisdiction



TABLE |
PING STATISTICSFOR THE MOBILE NODE

LocalCOA | CurrentMA | Averageround-tripdelay
(msec)

10.10.5.10 None 0.4

10.10.1.6 Lakshmi 3.8

10.10.2.6 Lakshmi 7.3

10.10.2.6 Saraswti 15

10.10.1.6 Saras\wati 8.4

of a mobility agentmay resultin performancedegradation
of real-timemultimediatraffic. This delaycanbe primar

ily attributedto the additionalprocessingatthe MA. In [7]

and[16], we have introducedsereraladditionalfeaturesor

intra-domainmobility managemensuchaspagingandfast
handof supportto improve the performanceor real time
traffic, suchasvoiceandvideo.

IV. ANALYSIS OF SIGNALING OVERHEAD

In this section,we comparethe signalingoverheadasso-
ciatedwith TeleMIP with that of basicMobile IP. We use
thefollowing parameterso expressthe signalingoverhead
of bothTeleMIPandMobile IP:

« L, = 46: Sizeof globalregistrationpaclet (in bytes).

« L; = 50: Sizeof local registrationpaclet (in bytes).
(Notethat L, < L;, sincethe global registrationre-
guestdoesnot containthelocal care-ofaddressield.)

o T,: Averagedurationfor which MN remainsin a sub-
net(secs/subnet).

o Ty: Averagedurationfor which MN remainsin a do-
main(secs/domain).

« N: Averagenumberof subnetsn adomain.

o N4 = 2: Averagenumberof hopsfrom MN to MA
whentheMN is in foreignnetwork.

e Nya = 5: Averagenumberof hopsfrom MN to HA
whentheMN is in foreignnetwork.
(2 and>5 arearbitrarynumbers)

Clearly, T, andT,; dependon the network topology and
themobility patternof theMN. For thesale of simplicity, in
our analysiswe assumély = NT;. In Tablell, theexpres-
sionsfor signalingoverheadn basicMobile IP andTeleMIP
areoutlinedin termsof the parametertistedabove. In each
expression the factorof 2 is dueto the fact eachregistra-
tion attemptinvolvesexchangeof a registrationrequestand
acorrespondingeply message.

The global and local signaling overheadper hop in
TeleMIP againstT; for differentvaluesof N is plottedin
figure6. As expectedglobalsignalingoverheadn TeleMIP
is significantlylessthanlocal overheadn TeleMIR Also the
signalingoverheadgyoesdown asthe MN stayslongerin a

TABLE I
EXPRESSIONSFOR SIGNALING OVERHEAD

Architecture SignalingOverhead
(bytes/sec)
Local Global Total
perhop perhop in Network
Mobile IP 0 2L, /T, 2NgaLy/T,
TeleMIP 2L,/Ts | 2Ly/Tq | 2NuaLy/Ta + 2NasaLi/Ts

subnefanddomain).As thenumberof subnetsn adomain
increasesthe global signaling overheadreduceswhereas
the local signalingoverheadremainsunchanged.In other
words,globalsignalingoverheadn basicMobile IP andlo-
cal overheadn TeleMIP doesnot depencbn N.
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Fig. 6. GlobalandLocal SignalingOverheadn TeleMIP

Sinceglobalsignalingmessagetravel overalargernum-
berof hops(andhenceconsumea largerportionof network
resources)ewouldalsoliketo compareTeleMIPandMo-
bile IP in termsof the total network capacity(aggrejated
over all hops)used. Figure 7 shows this total network sig-
nalingoverheador both TeleMIPandMobile IP as

(&) N is variedkeepingNg 4 = 5andNy4 = 2, and
(b) Ny 4 isvariedkeepingNV = 10 andNs4 = 2.

Fromthe plots (Figure7), it is clearthat TeleMIP results
in asignificantreductionin thenetwork signalingoverhead,
especiallywhen mobiles changesubnetsmore frequently
andwhenlarger numberof subnetdorm a single domain.
As Ny 4 increasesthe reductionin signalingoverheadin
TeleMIP becomesnoresignificant.

V. CONCLUSION

In this paper we discussedur prototypedesignandim-
plementatiorof the TeleMIP architecturefor IP-basedno-
bility management. Our implementationof the MA and
MN are basedon modificationsto Stanford University’s
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MosquitoNetProjectLinux code.We demonstratethe ba-
sic operatiorof TeleMIPin ourtest-bedandpresentegome
experimentalresults. We also used standardpaclet for-
matsto quantitatvely compareTeleMIP’s signaling over-
headwith thatof Mobile IP.

We have recentlydevelopedfasthandof andpagingsup-
port and also a framework [17] for supportingQoS guar
anteesn the TeleMIP infrastructure. We expectto incor-
poratetheseadditionalfeaturesin our future implementa-
tion and studytheir performancen our test-bedin greater
detail. Currently the prototype operatesonly in the co-
locatedmode, and hencerequiresDHCP support. Work
is in progressto incorporatesubnetagent(SA) supportas
well. A more comprehensie analysisand comparisonof
TeleMIP with other existing protocolswith respectto up-
datelateny andfastintra-handof for applicationssuchas
realtime traffic, voiceandvideo,areour next goals.
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