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Abstract:
The IETF Mobile IPv6 protocolhasbeendeveloppedto manageglobal (macro)mobility. It is

not adaptedto local (micro) mobility sinceit doesnot supportany kind of hierarchy.
This reportpresentsa hierarchicalprotocol, built on top of Mobile IPv6, that separateslocal

mobility (within asite)from globalmobility (acrosssites)management.Localhandoffsaremanaged
locally andtransparentlyto a mobile node’correspondenthostswhile global mobility is managed
with Mobile IPv6. Our schemeis flexible (several levels canbe used),scalable,interworks with
Mobile IPv6 andcanbedeployedgradually.
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Mobile IPv6 Hi érarchique

Résuḿe :
Le protocoleMobile IPv6 de l’IETF permetde gérer la mobilité globaledesutilisateursdans

l’Internet. Ceprotocoleestmaladapt́eà la gestiondela micro-mobilitécargéǹereunesignalisation
importante.Cerapportprésenteunprotocoledegestiondela mobilitéhiérarchique,baśesurMobile
IPv6, pour l’Internet de demain.Ce protocoleséparela gestionde la mobilité locale(à l’int érieur
d’un site)decelledela mobilité globale(entresites).La mobilité localeestgéréelocalementalors
quela mobilité globaleestgéré parMobile IPv6. Notreapprocheesttrèsflexible, compatibleavec
la solutionMobile IPv6 del’IETF et peutêtredéployéedansl’Internet progressivement.

Mots-clé : Mobilit é,Mobile IP, IPv6, Internet
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1 Intr oduction

InternetMobile usersrequirespecialsupportto maintainconnectivity asthey changetheir point-of-
attachment.This supportshouldprovide performancetransparency to mobileusersandshouldbe
scalable.Providingperformancetransparency meansthathigherlevelprotocolsshouldbeunaffected
by theadditionof mobility support.Issuesthatmayaffect performancetransparency areoptimum
routing of packetsto andfrom mobile nodesandefficient network transitionprocedures[5]. The
mobility supportshouldbescalablein thesensethat it shouldkeepproviding goodperformanceto
mobile usersandshouldkeepthe network load low asthe network grows andthe numberof mo-
bile nodeincreases.This scalabilityissueis a very importantonein the context of a still growing
worldwidenetwork suchastheInternet.TheIETF Mobile IPv6 proposal,which providesa mobi-
lity managementschemefor theInternet,doesnot completelymeetthesedesigngoals.Whereasit
providesperformancetransparency, we arguethat Mobile IPv6 is not scalable.In Mobile IPv6, a
mobilenodesendsa locationupdateto eachof its correspondentnodesperiodicallyandat any time
it changesits point-of-attachment.The resultingsignalingandprocessingload may becomevery
significantasthenumberof mobilenodesincreases.This limitation is theresultof thelack of hie-
rarchyin themobility managementproceduresof Mobile IPv6. In fact,Mobile IPv6 handlesglobal
areamobility andlocal areamobility identically. Since69%of a user’s mobility is local [4] 1, we
believe thata hierarchicalschemethatseparatesmicro-mobility from macro-mobilityis preferable.

In this paper, we presenta hierarchicalmobility managementarchitecturefor IPv6. The pro-
posedscheme,which is fully compatiblewith the IETF solution,differentiatesglobal (inter-site)
mobility managementfrom local (intra-site)mobility management.Correspondenthostsareonly
awareof inter-sitemovesof mobilehosts.Local mobility, i.e. within a site,is managedlocally and
transparentlyto thesite’sexternalhosts.

This paperis structuredasfollows. Section2 presentsMobile IPv6 very briefly. Section3 des-
cribesourhierarchicalmobility managementproposal.It first providesanoverview of theproposed
schemeandthengoesinto moredetail of the protocol. Section4 comparesandanalysesthe per-
formanceof Mobile IPv6 andour proposal. Routing, transitionandscalabilityperformancesare
considered.Section5 presentstherelatedwork. Section6 concludesthepaper.

2 The IETF Mobile IPv6

TheMobile IPv6 protocolis currentlybeingspecifiedby theIETF IP Routingfor Wireless/Mobile
hostsworkinggroup[3]. With Mobile IPv6,eachtimethemobilehost(MH) movesfrom onesubnet
to another, it getsa new care-ofaddress(CoA). It thenregistersits Binding (associationbetweena
mobile node’s homeaddressandits care-ofaddress)with a router in its homesubnet,requesting
this routerto actasthehomeagent(HA) for themobilehost.This routerrecordsthis bindingin its
Binding Cache.At this point, the HA servesasa proxy for the MH until the MH’s binding entry
expires. The HA interceptsany packetsaddressedto the MH’s homeaddressandtunnelsthemto
theMH’s care-ofaddressusingIPv6 encapsulation.TheMH sendsalsoa Binding Update(BU) to

1This study examinedthe mobility patternsof professionalsregardlessof whetherthey were equippedwith portable
devicesor not.
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4 C. Castelluccia

its correspondenthosts(CHs),which canthensendpacketsdirectly to theMH. While this protocol
optimizestheroutingof packetsto MHs, it is not scalable.As thenumberof MHs increasesin the
Internet,thenumberof BUsincreasesproportionallyandaddsasignificantextraloadto thenetwork.

3 A Hierar chical Mobility ManagementAr chitecture

Mobile IPv6 handleslocal mobility of a host(i.e. within a site or a network) in the sameway as
it handlesglobalmobility (inter-siteor inter-network mobility). In Mobile IP, a mobilehostsends
binding updatesto its homeagentand its correspondentnodeseachtime it changesits point-of-
attachmentregardlessof the locality andamplitudeof its movement.As a consequence,the same
level of signalingload is introducedin the Internetindependentlyof the user’s mobility pattern.
We argue that this approachis not scalablesincethe generatedsignalingload canbecomequite
overwhelmingasthenumberof mobilehostsincreasesin theInternet.

We believe thata hierarchicalschemethatdifferentiateslocal mobility from globalmobility is
moreappropriateto the Internet. Using sucha hierarchicalapproachhasat leasttwo advantages.
First, it improveshandoff performance,sincelocal handoffs areperformedlocally. This increases
the handoff speedandminimizesthe lossof packets that may occurduring transitions. Second,
it significantlyreducesthemobility managementsignalingloadon the Internetsincethesignaling
messagescorrespondingto local movesdo not crossthe whole Internetbut stay confinedto the
site. This hierarchyis furthermoremotivatedby thesignificantgeographiclocality in usermobility
patterns.Accordingto the studypresentedin [4], 69% of a user’s mobility is within its homesite
(within its building andcampus).We believethatthis resultcanbeextrapolatedby statingthatmost
of a user’s mobility is local i.e. within its homesiteor the foreignsite it is visiting. It is therefore
importantto designa mobility managementarchitecturethatoptimizeslocalmobility.

We proposea hierarchicalarchitecturethat separateslocal mobility (within a site) from global
mobility.

3.1 Protocol Overview

Our proposaldifferentiatesthe intra-sitemobility from the inter-site mobility. As a result,a host
communicatingwith a mobilehostis only awareof its inter-sitemobility. Themobilehost’s intra-
site mobility is completelyhidden. In this paper, we definea site as the the highestlevel of our
hierarchicalarchitecture.A siteis actuallyanarbitrarystructure.It canbeanISPnetwork, acampus
network, a company network, asetof LANs or evenasingleLAN. A siteis connectedto therestof
theInternetvia oneor severalinterconnectionroutersthatwecall BorderRouters (BR) in therestof
thisdocument.

Our proposalis basedon thedeploymentof Mobility Networks(MN). A MN of a site is a LAN
that definesan addressspacefor the mobile hostsroamingwithin this site. A Mobility Network
containsone or several Mobility Agents. A Mobility Agent 2 (MA) is a router of the Mobility
Network thatmaintainsa bindingpermobilehostscurrentlyvisiting thesite. Note that thereis no

2TheMobility Agentconceptis very similar to theHomeAgentconcept.
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6 C. Castelluccia

constrainton the physicallocationof the Mobility Network. However for efficiency reasons,it is
preferableto connectit to theborder routerof thenetwork that it is serving.Themobility Network
canactuallybe any sub-network of the site. It doesnot have to be dedicatedto mobile hostsbut
insteadcansupportordinary(fixed)hosts.

Deploying a Mobility Agent in a separateMobility Network insteadof implementingit on the
BR hastwo mainadvantages.First, it doesnot requireany modificationto the routersandis the-
reforeeasierto deploy. Second,it is morescalablesince(1) it doesnot addadditionalprocessing
constraintson the BR and(2), aswe will describein Section3.3, severalMAs couldbe deployed
for scalabilityand/orrobustnessmotivations.However theMA canbeimplementedwithin theBR
if this is desirable.

The main operationsof the proposedprotocolarethe following (all abbreviationsusedin this
descriptionarerecalledin table1 for clarity.):� Inter-sitemobility: Whena mobilehostentersinto a new site,it getstwo CoAs: a Private(or

Physical)Care-ofAddress(PCoA),which is a CoA on thelink it is attachedto, anda Virtual
Care-ofAddress(VCoA), which is a CoA in the Mobility Network of the site (notethat in
Mobile IPv6 only thePCoAis required.).

ThemobilehostthensendssomeBUs. It sends:

– a BU 3 thatspecifiesthebindingbetweenits VCoAandits PCoAto thesiteMA. Upon
receptionof this BU, the MA performsadmissioncontrol suchasauthenticationand
charging. If the requestis accepted,an acknowledgementis sentbackto the MH. The
issuesof authenticationandbilling arebeyondthescopeof this report.

– a BU that specifiesthe binding betweenits homeaddressandits VCoA to its HA and
eachof its externalCHs(i.e. CHsthatareoutsideof thesite).

– a BU that specifiesthe binding betweenits homeaddressandits PCoA to eachof its
localCHs(i.e. CHsthatarewithin thesite).

As a result,

– An externalhostthat sendspacketsto the mobilehostusesits VCoA. Packetsarethen
routedto theMobility Network of thevisitedsite,interceptedby theMobility Agentand
forwarded(tunneled)to thecurrentPCoAof theMH.

– A localhostthatsendspacketsto themobilehostusesits PCoA. Packetsarethendirectly
deliveredto themobilehost.� Intra-sitemobility: Whena mobilehostmoveswithin thesite,it getsa new PCoAon its new

point-ofattachment.TheVCoAremainsconstantaslongasthemobilehostis roaminglocally.
Themobilehostthensendsthefollowing BU:

– a BU thatspecifiesthebindingbetweenits homeaddressandits new PCoAto eachof
its localCHs(i.e. CHsthatarewithin thesite).

3The’Acknowledge’bit (’A’ bit) mustbeset.
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A Hierarchical Mobile IPv6 Proposal 7

���
Mobile Host� �

CorrespondentHost���
Mobility Agent�
	
Binding Update��� �
Careof Address
 ��� �

Virtual Careof Address� ��� �
PhysicalCareof Address���

Mobility Network

Table1: Abbreviations

– a BU thatspecifiesthebindingbetweenits VCoAandits new PCoAto thesiteMobility
Agent.

Note that during intra-sitemobility, no BU is senton the Internetand that transitionsare
performedlocally. Figures1 and2 illustratetheInter-siteandIntra-sitemobility operations.

3.2 Protocol Details

Ourproposalcanactuallybeextendedto useseverallevelsof hierarchypersite. In fact,if necessary,
a sitecanbesplit into several levelsof hierarchywhich maythemselvesbesub-dividedandsoon.
A Mobility Networkis thendeployed in eachlevel of the hierarchy. This Mobility Networks are
structuredfollowing the samehierarchyof the site, i.e. the Mobility Network that managesthe
wholesite is at thetop of the tree,followedby theMobility Networksof the lower hierarchylevel
andsoon until thelowestlevels.

A mobilehostroamingwithin a Sitegetsa VCoAin eachMN of theMNs’ treefrom its current
point-of attachmentto thetop MN. EachMA of theseMNs keepsa bindingbetweenthe


 ��� �
of

theMH in its MN andtheMH’sVCoA in thenext-lowerMN. WhenanexternalCH sendsa packet
to the MH, it usesits


 ��� �
in the top MN, i.e.


 ��� ���
. The packet is thendeliveredto the top

MN, interceptedby the MA, encapsulatedto theMH’s

 ��� ���

. TheMA of the secondnodeMN
interceptsthepacket,decapsulatesit to theMH’s


 ��� ���
...

In theexampleof Figure3, thesite is decomposedinto 2 sub-sites� � and � � . ��� � manages
local mobility of hostsbetween� � and � � . ��� � manageslocal mobility within � � while

��� �
manageslocalmobility within � � .

In the restof this section,we detail the proposedmobility managementprotocolwith several
levelsof hierarchy. This descriptionis dividedinto threeparts:(1) theregistration, (2) theMN and
Mobility AgentsDiscovery, and(3) thepacketdeliveryphases.
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3.2.1 Registration Phase

In ourproposal,aMH getsseveral(V)CoAs(insteadof onesingleCoAasin Mobile IP) andregisters
eachof themwith its mobility agents,andpossiblywith its CHsandHA4. This registrationphase
differsin local (intra-site)andglobal(inter-site)mobility.� Intra-site Mobility

Whenthemobilehostmoveslocally (i.e. within thesite), it needsto find out the lowestMN
in thebranchfrom its currentlocationto thetop MN thathaschanged.This is performedby
comparingeachMN of thebranchconnectingthetop MN to its previouspoint-of attachment
with the MNs advertisedin the Mobility Agent InformationOption of the routeradvertise-
ments.If � is therankof thelowestnode(therankof thetopMN is one)and � thenumberof
MNs on thenew branch,theMobile hostperformsthefollowing operations:

– it getsa new VCoA in eachMN from ����� to ���
� (we note ����� , theMN of rank �
in thebranchfrom thetopMN to themobilehost’spoint-ofattachmentwith ���! being
thetop MN),

– it getsa new PCoAon thelink,

4As with the regular Mobile IPv6, a mobile host requiresthe serviceof a homeagentin its homenetwork. This HA
interceptspacketsaddressedto theMH andforwardsthemtowardtheMH’s current "$#&%('*) .
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– it registersthe (

 ��� ��+-,.�

,

 ��� ��+

) binding with
����+-,.�

, for i going from / to
�

(we
note

���10
themobility agentof

����0
and


 ��� �20
the(Virtual) Care-ofAddressof the

MH in
���30

),

– it registersthe(

 ��� �54

,
� ��� �

) bindingwith
����4

,

– it registersthe(
� �7698 ��:;:=< 8?>7>

,
� ��� �

) bindingwith its localCHs5.

TheMobility Agentsmust,astheHomeAgentin Mobile IPv6,acknowledgethereceptionof
theBindingscomingfrom theMH. Consequently, theBUs sentby theMHs to theMAs must
have the’acknowledge’bit setto 1.� Inter -siteMobility

Whenthemobilehostmovesglobally (i.e. it entersinto anew site),theMobile hostperforms
thefollowing operations:

– it getsa new VCoA in eachMN from
���
�

to
����4

,

– it getsa new PCoA,

– it registersthe(

 ��� ��+@,A�

,

 ��� ��+

) bindingwith
����+@,A�

for i goingfrom B to
�

,

– it registersthe(

 ��� � 4

,
� ��� �

) bindingwith
��� 4

,

– it registersthe(
� �7698 ��:C:C< 8?>D>

,
� ��� �

) bindingwith its localCHs(i.e. within thesite),

– it registersthe (
� �7698 ��:;:=< 8?>7>

,

 ��� � �

) bindingwith its distantCHs(i.e. externalto
thesite)andHomeAgent.

Note that Binding Updatesare only sentoutsideof the site (to the HomeAgent and distant
CorrespondentHosts),whenthemobilehostmovesfrom onesite to another. Asa result,the local
signalingload (i.e.within thesite)is reducedsinceBUsareonlysentlocally whena MH is roaming
within a site.

3.2.2 Mobility Networks and Mobility AgentsDiscovery

To performthepreviousregistrationoperations,a mobilehostgetsthefollowing information:� theprefixof thesite(this informationis usedby themobilehostto definethesiteboundary),� thedepthof thehierarchy i.e. thenumberof Mobility Networksonthebranchfrom its current
point-of attachmentto thetop MN,� andfor eachMN on the branchto the top MN, its networkprefix and the IP addressof the
mobility agent.

5TheMH usestheSitePrefixfield in thenew Mobility InformationOptionto differentiatethelocal CHsfrom thedistant
ones(i.e. within thesite)

RT n ˚ 0226



10 C. Castelluccia

This informationis advertisedby a new option usedin the RouterAdvertisementmessagesof
theIPv6NeighborDiscovery[6]. Theformatof thisoption,calledtheMobility InformationOption,
is presentedin AppendixA.

A mechanismsimilar to thedynamichomeagentaddressDiscoverymechanismof Mobile IPv6
couldbedefinedinstead.In this case,theMobile Hostwould senda Binding requestto theanycast
addressof theMN andgetbacktheaddressof themobility agent.

3.2.3 Packet Delivery

Whena distantcorrespondenthostsendsa packet to a mobilehost,it usesits

 ��� �5�

. Packetsare
thendeliveredto theMN of thelevel 1 hierarchy, interceptedby theMobile hostmobility serverand
encapsulatedto theMH’s


 ��� � �
. Themobility agentof theMH in thelevel 2’sMN interceptsthe

packet, decapsulatesit andencapsulatesto

 ��� � �

. The packet is thenforwardeddown until the
currentPCoAof themobilehost6.

Whena local CH sendsa packetsto a MH, it usesits
� ��� �

. Packetsaredirectly deliveredto
themobilehost.

Whensendinga packet, a mobile hostsetsthe sourcefield of the IP headerto its
� ��� �

re-
gardlesswhetherits correspondenthostis local, site-localor distantandincludesanHomeAddress
Option (asin Mobile IP) specifyingits HomeAddress.Theuseof the


 ��� �
is avoidedto bypass

ingressfiltering.

3.3 Deploying Several Mobility Agentsper MN

Theproblemwith hierarchicalschemes[7, 2] is thatthey usuallyusea tree-basedstructure.In these
proposals,the mobility agentof the sitemustkeeponeentrypermobilehostroaminglocally. We
believe that this structureis not scalableand that this mobility agentcanbecomea performance
bottleneckasthesitegrowsand/orthenumberof mobilehostsincreases.

In our proposal,severalMAs canbe deployed in a MN transparentlyto the CHs or the higher
MNs in thetreehierarchy. Whena packet addressedto a MH’sVCoA getsto theMN, thepacket is
interceptedby theMH’sMA. TheactualMA identity is notrevealedto thesourceof thepacket. As a
result,MAs candynamicallybeduplicatedor exchangedtransparentlyto theCHs.An administrator
wishingto reducetheMA processingloadof a MN canalsodeploy severalMAs in this MN. Each
of theseMAs would thenbein chargeof someof thelowernetworksin theMN hierarchybased,for
example,on a geographicalpartioningof thesite.TheseMAs would thenbeadvertisedthroughthe
new Mobility InformationOptionin thelowernetworks...

Theduplicationof MAs is very usefulto sharethe loadat themobility agents(BU processing,
packet forwardingandbindings’storage).This techniqueis alsousefulto improvetherobustnessof
thesystem(if onemobility server fails,only onepartof thesitewill becomeunreachable).

6Notethatinsteadof encapsulatinganddecapsulatingpackets,mobility agents(exceptfor thefirst one)canmerelychange
thesourceanddestinationIP addressesof theencapsulatingIP header.

INRIA



A Hierarchical Mobile IPv6 Proposal 11

3.4 The Multiple Border Routers Case

Weproposein ourschemeto deploy aMobility Network persiteandconnectit directly(if possible)
to theBorderRouter. If asiteis connectedto theInternetthroughseveralBorderRoutersthenseveral
Mobility Networksshouldbedeployedotherwisetheroutingof thepacketsreachingthesitethrough
a borderrouterthat is far from themobility network would besuboptimal.Figure4 illustratesthis
problem.All packetsthatreachthesitethrough

��E �
arefirst routedto

���
andthenredirectedto

theMH’scurrentPCoA.We suggestthefollowing algorithm:� ThesitedeploysoneMobility Network perBorderRouter.� Eachof theseMNs,
����F

is definedby two network prefixes:
�

and
�GF

. The prefix
�

is
commonto all MNs and

�GF
is specificto eachof them.� A mobilehostroamingwithin thesiteconfiguresits


 ��� �
usingtheprefix

�
andregistersits

Binding(
� ��� �

,

 ��� �

) with aMobility agentof eachmobility network (theaddressesof the
mobility agents,which prefix is

�HF
, areobtainedvia theMobility InformationOptionwhich

hasto beextendedfor this purpose.SeeAppendixB for moredetailaboutthis new option.).� Eachborderrouteris configuredto routepacketswith a destinationaddressbelongingto the
sub-network definedby theprefix

�
to theMN directlyattached.

As a resultof this algorithm,whena packet addressedto a mobile hostwith address

 ��� �

reachesa borderrouterof the site, it is routedto the closestMobility Network, interceptedby the
mobility agentandforwardedto thecurrent

� ��� �
of themobilehost(seeFigure5).

Note that if a site containsseveral levelsof hierarchywhich eachhasseveral borderrouters,a
mobilehostroamingin thesitemustregisteraBindingUpdatewith borderroutersof eachhierarchy
level from its currentpoint of attachmentto thehierarchytop level. This hastwo consequencesfor
highly connectedsitesthatcontainmany levelsof hierarchy:(1) thesizeof therouteradvertisement
messageswhich containsthe list of MAs the mobilehostmustregisterwith canbe large (the size
of an ExtendedInformationOption, S, is (28 + (12 + 16*n)*m) byteswheren is the numberof
BR per level andn thenumberof levels. If n=2 andm=2 thenS=116bytes,if n=4 andm=10then
S=788bytes),and(2) the local (i.e. within the site) signalingload, generatedby the emissionof
the BUs canbe significant. As a result,we proposeto make this multi-BR registrationextension
optionalfor theselargesites. Routersonly advertiseoneMA per level usingthe regularMobility
InformationOption. However if necessarya mobile hostmay obtainthe completelist of MAs by
sendinga solicitationmessageto the local router. Uponreceptionof this solicitationmessage,the
routerreturnsa routeradvertisementwith anExtendedMobility Informationoptioncontainingthe
list of all MAs theMH shouldregisterwith.

4 Comparisonand Evaluation

In this sectionwe comparethe performanceof our proposalandMobile IPv6. Whencomparing
the performanceof differentmobility managementschemes,several factorshave to be taken into

RT n˚ 0226
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A Hierarchical Mobile IPv6 Proposal 13

consideration.Amongthesefactors,threeareparticularlyimportant[5]:(1) Theroutingperformance
of theschemes,i.e. what is theextra latency introducedby eachof theschemes.(2) Thetransition
performanceof the schemes,i.e. how fastarethe transitionphasesperformed.(3) The scalability
propertyof theschemes,i.e. how do theschemesbehave asthenetwork grows andthenumberof
mobilehostsincreases.

4.1 Routing and Transition Performance

Theroutingandtransitionperformancesof bothschemesarequitesimilar.
With mobileIP, theroutingis optimum,i.e packetsfollow theshortestpathfrom theCHsto the

MH, exceptfor thefirst packetswhich have to go throughthemobilehost’s homeagent.With our
hierarchicalMobile IP, anextra indirectionthroughtheMA is required.We believe that thecostof
this indirectionis smallespeciallyif themobility agentis closeto theborderrouterassuggested.

Handoffs areperformedlocally in bothproposals.In our proposal,local handoffs aremanaged
within the site. In Mobile IPv6, while locationupdateshave to crossthe whole Internetto reach
the mobile host correspondentnodes,a mechanismis provided to smoothout transitions. After
switchingto a new default router, a mobilenodemaysenda Binding Updateto its previousdefault
router, askinghim to redirectall incomingpacketsto its new Care-ofAddress.

4.2 Scalability Performance

Themainperformancedifferencebetweenthecomparedapproachesresidesin their scalabilitypro-
perty. Thescalabilitypropertyof a protocolcanbeevaluatedin termsof its overheadgrowth on the
Internetwith thesizeof theInternet,thenumberof mobilehostsandthenumberof correspondent
nodes.

Oneof themostimportantcriteriathataffectsthescalabilitypropertyof amobility management
schemeis its signalingload, i.e. thebandwidthusedby thecontrolmessages,suchastheBinding
Updates,to supportmobility.

In thissection,wecomparethesignalingloadof Mobile IPv6with thesignalingloadintroduced
with our proposalon the Internetbackbone(we do not considerthe local signalingloadsincethey
arecomparablefor bothschemesandwearguethatlocal resourceis not themostcritical).

We evaluate,for eachof theseschemes,theaggregatedsignalingloadbandwidthconsumedon
the Internet. This aggregatedbandwidthis independentof the numberof nodesthat the Binding
Updateshave to crossuntil their destinations,but rathercorrespondsto thesignalingbandwidthon
onelink. In this evaluation,we differentiatethreetypesof mobility: (1) local mobility of a host
within its homesite,(2) localmobility of ahostwithin a foreignsite,and(3) inter-sitemobility of a
host.We thenevaluatetheaveragesignalingloadover thesethreemobility patterns.

Binding UpdateEmissionFrequency

Thesignalingloadof a schemedependsdirectly on theBinding UpdateEmissionFrequency. Ac-
cordingto [3], amobilehostsendsa BindingUpdateto:

RT n˚ 0226



14 C. Castelluccia
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` its HomeAgent, eachtime it changesits point-of attachment(theHA mustacknowledgethis

BU). We denote I J$L the Binding Updateemissionfrequency from the mobile host to its
HomeAgent.` eachof its correspondenthosts, eachtime it changesits point-of attachmentand thenper-
iodically to refreshthe correspondingcacheentries. After sendinga consecutive Binding
Updatesat a frequency of IKb to a particularnodewith the samecare-ofaddress,the mo-
bile nodeshouldreduceits frequency of sendingBinding Updatesto thatnodeto I V.WYX . We
denoteIKNYJ theaverageBinding Updateemissionfrequency from themobilehostto its Cor-
respondentHosts.

The emissionfrequenciesof a Binding Update, I JML and I NYJ , aredependenton the mobility
frequency of a host, IKc!dGe , andtherefreshfrequenciesIKV.WHX and I b . They aredefinedasfollows:

I J$L R fSgDh I V.WYX ]=I c!dHe*ikj [?lMm9I c
dGe if I V.WYXon I c
dGeT
mpI c!dHe if I c!dHerq I V.WYX
I NHJ Rtsu v gDh I V.WYX ]KI c
dGe&ikj g axwr[7lyl2m9I c!dGe if I V.WHXzn I c!dHea{mpIKc!dHe if [?]|a}m9I b q IKc!dHe q IKV.WHXgDh I b ]KI=c
dGe i lkm9I=c
dGe if

g IKc!dHe q [7]~a{mpI b q I=V.WYX�l
Figure6 displaysI J$L and I NYJ asafunctionof I c!dGe with IKbzR�[ , I V.WHX R�[7]K^=_ and atR�� .
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A Hierarchical Mobile IPv6 Proposal 15

Local Mobility within the Home Site

Whena mobilehost,usingMobile IPv6, is moving within its homesite,it sendsa Binding Update
to eachof its externalcorrespondentnodesat a frequency of �K�H� . If our hierarchicalproposalis
used,two casesarepossible:

1. the Virtual Care-of Addressof theMH is advertisedin theDomainNameServer(insteadof
its homeaddress). As a result,no bindinghasto besenton theInternetaslong asthemobile
homeis roamingwithin its homesite.

2. the homeaddressof themobilehostis advertisedin theDNS(as in Mobile IP). As a result,
themobilehosthasto senda Binding Updateto eachof its externalcorrespondentnodesat a
frequency of �K�.�H� .

We recommendusing the first solutionsinceit is morescalableandhasthe nice propertyof
hidingmobility of usersthatareroamingwithin theirhomesite.Weconsiderthissolutionin therest
of thisanalysis.

ThesignalingbandwidthrespectivelygeneratedbyMobile IP ontheInternet,
�
���C��� �
���k��� �7698

andby ourproposal,
�
���C��� � �
���1��� �7698 , whenaMH is roamingwithin its homesite,aredefined

asfollows:

���Z�C�(� �
����� �7���1�2� �G��� 8?�� �¡ �K�H� ¡p¢
� �
��� �C�(� � �����£� �7�y�1� ��¤�¥

where �G��� 8?��  7 is thesizeof aBindingUpdateand
¢
� �

is thenumberof correspondenthosts
thatarenot in thehomesite.

Local Mobility within a ForeignSite

Whena mobilehost,usingMobile IPv6, is moving within a foreignsite,it sendsa Binding Update
to eachof its correspondentnodesandto its homeagentat a frequency equalto �K�Y� and �K�$¦ . If
ourproposalis used,themobilehostonly sendsaBindingUpdateto eachof its correspondentnodes
andto its homeagentata frequency respectively equalto therefreshfrequency, � < 87§ �.�H� .

As a result,
���Z�=��� �
�(�£� ¨7��©��ª+¬«�­

and
�
���C��� � �
���£� ¨D��©(�ª+®«�­ aredefinedasfollows:��� �C�(� �
����� ¨7��©���+®«�­ � �&�ª� 8 �*  ¡°¯ � �Y� ¡°¯ª¢�� �²± B7³ ± � �M¦ ³

��� �=��� � �
���£� ¨7�y©(�ª+¬«(­ � �G��� 8 ��  ¡ � �.�H� ¡�¯´¢
� �²± B7³
7Thesizeof a BU is equalto thesizeof anIPv6 header(40 bytes)+ thesizeof a Binding UpdateExtensionHeader(28

bytes),so68bytes.A BindingUpdatecansometimesbeappendedto anoutgoingpacket. Thesizeof theBU is thenreduced
to thesizeof aBindingUpdateExtensionHeader.
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16 C. Castelluccia

µ �7���1�
1.0µ ¨7��©���+®«�­ ¯ª¢�� � ¡�¯ �=�Y�·¶¸�K�.�Y��³ ± ¯ �K�$¦°¶¸�K�.�Y��³�³y¹ ¯ �K�Y� ¡p¢
� �º± �K�$¦$³µ5» ©(¼�­=½�+ »
0µ ¦Y¾ ¤�¥ ¿=ÀÁ±o¤�¥ Â BDÃ ¡°¯ª¢
� � ¡°¯ �K�Y�·¶¸�K�.�H��³ ± ¯ �K�M¦Ä¶¸�K�.�Y��³�³y¹ ¯ �K�H� ¡p¢
� �²± �K�M¦$³

Table2: Gainsof HMIP overMIP

Inter -SiteMobility

Thesignalingbandwidthintroducedon theInternetwhena mobilenodeis transitingfrom onesite
to anotheris thesamein bothschemes.Themobilehostsendsa Binding Updateto its homeagent
(andreceivesan acknowledgment)and

�
Binding Updatesto eachof its externalcorrespondent

hosts.Therefore,
��� �=���*� » ©�¼�­C½ª+ »

is definedasfollows:�
���C���&� » ©(¼�­=½ª+ » � �G��� 87�� Z¡°¯ � ¡Å¢
� �²±oÆ ³
where

¢
� �
is thenumberof externalcorrespondenthostsof themobilehost.

Analysisof the Results

In thissection,weevaluate,for eachof themobility patterns,thegainachievedby ourproposalover
Mobile IPv6. We note

µ �7�y�1�
thegainwhenthehostis roamingwithin its homesite,

µ ¨7��©��ª+¬«�­
the

gainwhenthehostis roamingwithin a foreignsite,and
µ5» ©(¼�­=½ª+ »

thegainwhenthehostis transiting
from onesiteto another.

µ F
(with Y= homeor foreign),and

µ5» ©(¼�­=½ª+ »
aredefinedasfollows:

µ3Ç � ¯ ���Z�C��� �
���£� Ç ¶ �
���C��� � �
���£� Ç ³�¹ �
���C��� �
���£� Çµ5» ©(¼�­=½�+ » � ¯ ���Z�=��� �
����� » ©(¼�­=½�+ » ¶ �
���C��� � �
���£� » ©�¼�­C½ª+ » ³y¹ �
���C��� �����£� » ©(¼�­=½ª+ »
We alsoevaluate

µ ¦Y¾ theponderedaverageof
µ �D���1�

,
µ ¨D��©(�ª+®«�­

and
µ » ©(¼�­=½�+ »

. By makinguse
of theresultsestablishedin [4] that69%of a host’smobility is local,

µ ¦Y¾ is definedasfollows:µ ¦Y¾ �È¤£¥ ¿CÀ ¡pµ �7�y�1�*±o¤�¥ Â B ¡°¯ Ã ¡pµ ¨7�y©(�ª+¬«(­É±zÊ ¡9µ5» ©(¼�­=½�+ » ³
where Ã ±ËÊÈ� B , Ã � ¯ � ¶UB7³�¹ � and

Ê�� B7¹ � ,
�

beingthe averagenumberof different
points-ofattachmentthatamobilehostgetswithin a sitebeforemoving to anothersite.Ã and

Ê
characterizesthemobility patternof amobilehostoutsideof its homesite. Ã definesthe

intra-siteversusinter-sitemobility ratioof amobilehost.A large
Ê

meansthatthehostis frequently
changingsites. A large Ã meansthat the host is mainly roamingwithin a site andbarelychanges
sites.For example,an Ã of 0.9meansthatthemobilehostchanges,in average,10 timesits point-of
attachmentwithin asitebeforemoving to anothersite.

The gainscomputedfrom thepreviousresultsarepresentedin the table2. Theseresultsshow
that:
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A Hierarchical Mobile IPv6 Proposal 17

� Thegainof ourhierarchicalMobile IP overMobile IP whenaMobile Hostis roamingwithin
its homesiteis 100%sinceourproposaldoesnot sentany BU over theInternet.� Thegainof ourschemeis 0%duringinter-sitemobility. In fact,duringinter-sitemobility our
proposalbehavesexactly asMobile IP.� The gain of our proposalduring local mobility within a foreign site is a function of

¢�� �
,�K�Y� , �K�M¦ and �K�.�Y� . Figure 8 plots the gain

µ ¨7�y©(�ª+¬«(­
as � �!Ì ¾ varies from 0 to 0.4

moves/secondfor severalvaluesof �K�.�Y� (1/600,1/60and1/10).Theseplotsshow that:

– thegain,
µ ¨7��©��ª+¬«�­

, getslargeras � < 87§ �!Ì ¾ increases(it actuallyconvergesto 100%as� �
Ì ¾ getscloseto 100%).Ourproposalavoidstheemissionof BU ontheInternetwhen
the mobile host is roaminglocally but doesnot avoid the emissionof the refreshBUs
sentperiodically. As a result,whena mobilehostis not moving frequently( � < 87§ �!Ì ¾
is low), mostof the signalingload is generatedby the refreshbindingupdatesandthe
gainof ourproposalis low. As � < 87§ �
Ì ¾ increases,thenumberof BUsgeneratedby the
MH’smobility increasesandconsequentlythegainachievedby oursolutiongetslarger.

– the gain,
µ ¨7�y©(�ª+¬«(­

, is larger for smallervaluesof � �.�Y� . The gain increasesquickly
for � �!Ì ¾ between0 and �K�.�H� andthenstabilizesaround1.0. This behavior is better
explainedby analyzingthesignalingbandwidthgeneratedby Mobile IP (seeFigure7).
The bandwidthincreaseswith a rate of Í-�=�.�Y��¹K� �
Ì ¾GÎ when � �!Ì ¾ is smaller than�=�.�Y� . �K�.�H� beingfixed,this rategetslargeras � �!Ì ¾ getscloserto 0. When � �!Ì ¾ is
largerthan �K�.�Y� but smallerthan B7¹ � ¡ � � (0.2packets/sec.),thebandwidthincreases
linearlywith a rateof

�
(5 packets).Finally when � �!Ì ¾ is largerthan B7¹ � ¡ � � , the

bandwidthis moreor lessconstantandequalsto � � (1 packet/sec.).� Theaveragegainis alwayslargerthan69%andconvergesto 1.0as � �!Ì ¾ getslarger. Figure9
displays

µ ¦Y¾ for several valuesof Ã (1.0, 0.5, 0.1). When Ã � B ¥ ¤ , the gainconvergesto
100%sincethereis no costdueto intra-sitemobility. When Ã �Ï¤�¥ÑÐ , thegainconvergesto
85% while when Ã �Ò¤�¥ B , the gainconvergesto 72%. The averagegain is larger for largerÃ . In fact for large Ã , therelativecostof theinter-sitemobility is smallcomparedto thegain
achievedduringlocalmobility.

5 RelatedWork

Caceresandal. have proposeda hierarchicalmobility schemebasedon Mobile IPv4 thatseparates
threecases: local mobility, mobility within anadministrativedomainandglobalmobility [2]. This
proposalhasbeenmadein thecontext of Mobile IPv4whichusesforeignagents;agentsthatmobile
hostsconnectto whenthey visit a foreignnetwork. [2] definesa hierarchyof foreignagents.In this
proposal,eachsubnetthata mobilenodecouldvisit hasoneor moresubnetforeignagents,which
managelocal mobility. On top of thosesubnetforeign agents,a domainforeign agentmanages
mobility acrossthe differentsubnetsof an administrative domain. The mobile node’s homeagent

RT n˚ 0226
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µ ¦Y¾ for differentvaluesof Ã

only keepstrackof themovementof themobilenodeacrossadministrativedomainboundaries.As
a result,themobilenode’smotionwithin anadministrativedomainis transparentto thehomeagent
andits correspondentnodes.CharlesPerkinsdefinesanarchitecturethatusesahierarchyof Foreign
Agentsto reducethesignalingload[7]. This proposalin very similar to the Caceres’s onebut the
authorgoesinto muchmoredetail in the protocolspecification.In this solution,FAs arearranged
hierarchically, asa tree, in the site topology, and the mobile nodeis thenallowed to move from
onelocal areaof thesitetopologyto anotheronewithout requiringapproval by or re-bindingat the
homeagent(or correspondenthosts).A siteis decomposedin sub-networksthatmaythemselvesbe
decomposedandso on. Whena mobile nodemovesto a new point of attachment,it searchesthe
lowestlevel of thehierarchyin thenew list of FAs (this list is advertisedby the lowestFA through
AgentAdvertisements),which hasa differentcare-ofaddressof its previouslist of FAs, andthenit
notifiestheforeignagentat thenext-higherlevel of thehierarchyaboutthedifferentcare-ofaddress.
This is doneby the new RegistrationRequestmessage,called the Regional RegistrationRequest
message.This requestis then forwardedto the next-higher level of hierarchyanda Registration
Reply is returnedto the MH. Whenthe foreign agentreceivesthe Requestfrom the mobile node,
it mustpassthe Requestalong to its next nearestancestorin the hierarchyalong the way to the
agentlistedastheHomeAgent. In thisway, eachforeignagentin thehierarchybetweenthemobile
nodeandthe homeagentwill be ableto maintaina binding for the mobile node. Similarly, Site
RegistrationRepliesarepasseddown from onelevel of the hierarchyto the next alongthe way to
the mobile node,so that eachforeign agentcandeterminethe statusof the correspondingmobile
node.Packetsarriving at thetop of thehierarchywill beforwardeddown to thecurrentlocationof
themobilenode.
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20 C. Castelluccia

Our proposalhasa lot of similaritieswith thesolutionsdescribedabove. Howeverour proposal
takesadvantageof the IPv6 new functionalitiesto provide a solutionthat is morerobust,scalable
andflexible. TheCaceres’sandPerkins’sapproachesusetheagentadvertisementat thelowestlevel
to advertisetheFA hierarchyto themobilehost.This imposesthataFA bedeployedin eachsubnet
thathostsmobilenodes.We believe this is a very strongdesignconstraint.By usingtheNeighbor
Discoverymechanisms,wedo not imposeany constrainton thelocationof theMobility Agent.We
arguethatourproposalis:� easierto deploy: The proposedsolutioncanbe implementedwith the currentMobile IPv6

protocolwithout modifications.It only requiresthedefinitionof a new routeradvertisement
optionandsomeminormodificationsat themobilehosts.� moreflexible : A mobilehostcandecideto bypasssomelevelsof hierarchyif appropriate.For
example,a mobilehostthatdoesnot move too frequentlyand/orwantsto save bandwidthon
the lasthop(thatmaybewireless)by limiting thenumberof emittedBUs mayonly register
with thetop mobility agent.As a result,this mobilehostwill not suffer from thecostof the
indirectionsandintermediarymobility agentprocessing.� more scalable: Caceres’s andPerkins’s proposalsimposethat theFAs bearrangedasa tree.
TheFA thatis atthetopof thetreemustkeeponeentryfor eachmobilehostin theregion. This
canbecomea problemasthenumberof mobilehostsincreases.In contrast,in our proposal,
several MAs canbe deployed at any level of the hierarchyresultingin a distribution of the
Mobility Agentprocessingload.

6 Conclusionsand Futur e Work

This paperpresentsa solutionthat makesuseof IPv6 new functionalities,suchasa large address
spaceandthe NeighborDiscovery mechanism,to proposea mobility managementschemethat is
hierarchical,flexible andscalable.We proposea hierarchicalarchitecturethat separateslocal mo-
bility (within a site) from global mobility (acrosssites). Local handoffs aremanagedlocally and
transparentlyto a mobilenode’correspondenthosts.Our schemereducesthesignalingbandwidth
on the backbonefrom 69%to 100%by hiding local mobility while still providing optimal routing
andfasttransitionperformance.A solutionthathideslocalmobility to correspondenthostsprovides
several benefits. First, it reducesthe signalingload sincelessBinding Updatesaresentover the
Internet. As a result,the global load on the Internet,the BUs’lossesandconsequentlythe mobile
hosts’connectivity lossesarereduced.Second,it improvespartially mobility confidentialitysince
thecorrespondenthostsdo not know theexactlocationof mobilehosts.

Our proposalis built on top of andis fully compatiblewith the IETF Mobile IPv6 protocol. It
doesnot requireinstallationeverywhereto beusefulbut insteadcanbedeployedgradually.

Our currentwork include:� Simulation:We arecurrentlyworking on thesimulationof ourproposalusingNS [1] andare
hoppingto getsomesimulationresultssoon.
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� An AdaptativeHierarchical Mobile IPv6. We arealsostudyingan adaptive versionof our
hierarchicalMobile IPv6. As illustratedin this report,our proposalis mainly advantageous
for fastmoving hostscommunicatingwith distanthosts.For thesemobilehosts,our solution
reducesthesignalingloadsignificantly, but alsoimprovestheir handoff performanceandre-
ducesthe Binding Updates’losses.However, thesebenefitsdo not comefor free. Thereis
a slight latency cost,dueto the mobility agentindirection,andan additionalcomplexity to
the architectureto bepaid. We believe that this costis acceptableespeciallywhena mobile
hostis moving quickly andcommunicatingwith a hostwhich is far from its location.Howe-
ver for slow moving hostsandlocal communications,a hierarchicalschemeis probablynot
necessary. An Adaptive HierarchicalMobile IPv6 which usesdifferentlevelsof hierarchies
accordingto themobility patternsandtheneedsof eachhostseemspreferable.� HeaderCompression:Within a site, thepacketsareencapsulatedfrom theMA to theMH’s
currentPCoA.Thisencapsulationhasacostin termof bandwidthutilization. Wearestudying
how headercompressiontechniquescouldbeusedto reducethis overhead.� DNSDynamicUpdates: The signalingload reductionof our proposalcould be further im-
provedby usingthe DNS dynamicupdatemechanisms[8]. If fact, if the mobilehostcould
dynamicallyupdatetheaddressof its DNSentrywith its currenttop-level


 ��� �
, nomobility

managementprotocolwould benecessaryfor communicationsinitiatedandterminatedwhile
themobilehostis roamingwithin thesamesite. UpdatingtheDNS entrieswith thetop-level
 ��� � >

seemsreasonablesincethese
��� � >

, asopposedto theMobile IPv6
��� � >

, change
very rarely. We arecurrentlystudyingthisextension.
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A Mobility Inf ormation Option Format

0 1 2 3
0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
| Type | Length | SitePrefi. Le.| # of MNs |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
| Valid Lifetime |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
| Preferred Lifetime |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
| |
+ +
| |
+ Site Prefix +
| |
+ +
| |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
| Lenght Prefix | Reserved |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
| |
+ +
| |
+ MN1’s Mobility Agent Address +
| |
+ +
| |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
| Prefix Length | Reserved |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
| |
+ +
| |
+ MN2’s Mobility Agent Address +
| |
+ ....

Figure10: Mobility InformationOption

Theformatof thenew Mobility InformationOptionusedby routersin their advertisementmes-
sagesis displayedin Figure10. This new optionis usedby themobilehoststo get theinformation
aboutthesitehierarchysuchastheactiveMNs andmobility agents.

Thefieldsof thisoptionarethefollowing:� Type: ?� Length: lengthof theoptionin unitsof 8 octets= 3.5+ 2.5* numberof levels
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� Site-Prefix Length: numberof leadingbits of the SitePrefix field that definesthe site. This
informationis usedby theMHs to differentiatethelocalCHsfrom thedistantones.� # of MNs : numberof MNs in thehierarchyfrom theMH to thetop MN.� SitePrefix: prefix of theSiteIP address.Usedby theMHs to identify thesite’sboundary.� PrefixLength: numberof leadingbits of theMN’sMobility AgentAddressto definetheMN
prefix. ThisMN prefix is usedby aMH to geta VCoA in theMN addressspace.� ����+ Mobility AgentAddress: TheIP addressof the

���
of
����+

B ExtendedMobility Inf ormation Option Format

0 1 2 3
0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
| Type | Length | SitePrefi. Le.| # of levels |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
| Valid Lifetime |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
| Preferred Lifetime |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
| |
+ +
| |
+ Site Prefix +
| |
+ +
| |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
| level # | # MAs | Reserved |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
| |
+ Common Prefix +
| |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
| |
+ MA1’s Address +
| |
+ +
| |
+ +
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
| |
+ +
| |
+ MA2’s Address +
| |
+ ....

Figure11: ExtendedMobility InformationOption

Theformatof thenew ExtendedMobility InformationOptionusedby routersin their advertise-
mentmessagesis displayedin Figure11. In additionto the informationcontainedin theMobility
InformationOption it alsocontains,for eachlevel thehierarchy, thecommunPrefix, to beusedby
MHs to configuretheirVCoA andthelist of MAs of eachborderrouter.

Thefieldsof thisoptionarethefollowing:
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24 C. Castelluccia

� Type: ?� Length: lengthof theoptionin unitsof 8 octets= 3.5+ (1.5+ 2* #MAs)* #levels� Site-PrefixLength: numberof theleadingbitsof theSitePrefixfield thatdefinesthesite.This
informationis usedby theMHs to differentiatethelocalCHsfrom thedistantones.� # of levels: numberof levelsin thehierarchyfrom theMH to thetopMN.� SitePrefix: prefix of theSiteIP address.Usedby theMHs to identify thesite’sboundary.� level # : level in thehierarchy� #MAs: numberof MAs in this level� CommunPrefix: Prefixusedby theMHs to configuretheirVCoA� ��� + Address: TheIP addressof

��� +
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