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Abstract

Mobility supportwasoneof theshortcomming®f RSVPandanumberof proposaliave beenmade
in the pastto improve variousfeatures.

This documentttemptgo determinewhatthe expectedfunctionalityis, how variousproblemscan
be solvedandwhatimplicationsarecausedy certaindesigndecisions.
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1 Intr oduction

The NSISworking groupis currentlyworking on the two-layerarchitecturewith a genericNTLP protocol
andvariousNSLP applicationge.g. QoSandNAT/Firewall traversal). The NSIS Frameavork [1] describes
thefunctionality of theindividual layersin detail.

Mobility supportis one of the itemson a list of desiredfeaturesfor future QoS signalingprotocols.
Unfortunately mobility supportfor a genericsignalingprotocolstill causesa lot of confusion. To start
thediscussiorin the working groupthe expectedfunctionality hasto be discussedndthe implicationsfor
the protocoldesignevaluated.A recentlypublishedMIP QoSrequirementslocumen{2] lists someof the
requirements.

Interactionsof RSVP signalingwith Mobile IP have previously beeninvestigatede.g.,in [3, 4]. In
RSVR assignalingsessionsreidentified by IP addressest becomedifficult to addresshost mobility
networks [5, 6]. Whena mobile node(MN) moves,the stateestablishealongthe previous routeremains
until it timesout after multiples of the soft-stateintenal, typically after more thana minute. With even
modestmobility, large amountsof “obsoleted” statemay causenefficient resourceallocation. In addition,
IP-in-IP encapsulation Mobile IP (MIP) causeRSVP messagesentto the MN alsobe encapsulateds
messagewith anew protocolnumberin its outerheaderthusconcealedo the RSVPnodesalongthe path
andunableto performsignalingtaskscorrectly

This documentattemptso determinewhatthe expectedfunctionality is, how variousproblemscanbe
solvedandwhatimplicationsarecausedy certaindesigndecisionsto dealwith mobility supportin NSIS.

2 Terminology

Thekey words"MUST”, "MUST NOT”, "REQUIRED”, "SHALL”, "SHALL NOT”, "SHOULD"”, "SHOULD
NOT”, "/RECOMMENDED", "MAY"”, and"OPTIONAL" in this documentareto be interpretedas de-
scribedin RFC2119[7].

In additionthisdocumenfrequentlyuseghefollowing termsor abbreiationsmostof which aredefined
in Mobile IP, SEAMOBY andNSISrelateddocuments:

Home Addr ess(HoA)
Home Agent (HA)
Foreign Agent (FA)
Care-of-Address(CoA)
CorrespondentNode (CN)
Mobile Node (MN)

AccessRouter (AR)
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Mobile IP (MIP): Mobile IPv4 (MIPv4) or Mobile IPv6 (MIPv6)
Hierar chical Mobile IPv6 (HMIPv6)

FastHandovers: proposalsfor fasthandeer enhancement® MIP, suchas FastHandwers for Mobile
IPv6 (FMIPv6) andLow lateny Handofs in Mobile IPv4.

Localized Mobility Management(LMM): micro-mobility proposalssuchasHMIPv6 and Mobile IPv4
Regional Registration.

RegionalCare-of-Address(RCoA)
On-Link Care-of-Address(LCoA)
Mobility Anchor Point (MAP)
GatewayForeign Agent (GFA)

Standard routing: standardP pacletswithoutroutingheadeior IP-in-IP encapsulatioareroutedaccord-
ing to thedestinatioraddresdield in the IP header

Normal routing / directrouting: routing datapacletswith routing header(kind of "sourcerouting”) or
standardouting,i.e., withoutusing(mobility related)tunnels.

Routing with Mobile IP tunnels: pacletswith IP-in-IP encapsulatiomreroutedaccordingto the destina-
tion addresdield in theouterheaderThesepacletsareencapsulatedttheentryof aMaobile IP tunnel
anddecapsulatedt the exit of aMobile IP tunnel.

Next Stepsin Signaling (NSIS)

NSIS Entity (NE)

NSIS Transport-Layer Protocol (NTLP)
NSIS Signaling-Layer Protocol (NSLP)
Peer discovery

Cross-wer Router (CR): theNSIS-avarenodewhichis the nearesto theMN but locatesin the common
pathwherenew andold pathscorverge aftera handof.

3 Mobility Supportin NSIS: Problem Statement

Efforts like [8, 9, 10, 3, 1, 11] have beenmadeto analysemobility issuesin this areaandresultin some
interestingdiscussionsWhathasnotemegedis aconsensufor definingwhatproblemswould beexpected,
what functionalitiesneedto be containedin NSIS to tackle mobility supportand how various problems
canbe solved. This sectionattemptsto make a summaryof problemsandnext sectiondiscussepossible
solutions.

In the pastthefollowing issueswith mobility supportin NSIS have beendiscovered:
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Issuel - Indexing stateinformation: If stateinformation, which is storedat routersalongthe path, is
indexed basedon the Careof Address(CoA) thenit is unaccessiblaftermosthandwer procedures.
With thehandwer procedureéhe mobile nodeobtainsa nev Careof Address.

Issue? - Double Resewation: Stateinformationshouldnot be establishedwice betweerthe cross-oer
router(CR) andthe CN.

Issue3 - StateUpdate: Updatingstateinformationalongthe entirepathmightbe necessaryfor example,
dueto the selectionof the flow identifier If anapplicationusesthe IPv6 Flow Label (3-tuple)for the
flow identifierthenendhostmobility requiresupdatingthe flow identitifer alongthe entirepath.

Issue4 - KeepingSignaling Local: End-to-endsignalingis typically expensve. In somecasest might
bedesireabldo keepsignalingmessagemcal. This mightrequireto eitheradda”local only” flag (or
somethindike scoping)or to have the cross-@er router(or the MAP) to decideby itself whetherto
stopsignalingor to forwardthe signalingmessagéo the correspondingnode.

Issueb - Senderlnitiated Resewations: Sendetinitiated reserationsseemto be more efficient in mo-
bile ervironments.Until now, the NSISworking grouphasnotyetdiscusseavhichapproachsender
or recever-initiated reserations; or even both) shouldbe supportedby a future signalingprotocol.
In somecasegeceverinitiated reserationsarebetter(e.g. Firewall/NAT traversal)whereasn other
casedt might evenbe requiredto have morethanoneroundtrip(e.g. whenprice distribution hasto
beconsidered).

Issueb - Partial State Release: It might be desireabldo deletepreviously establishedtateon the “obso-
leted” path(i.e. alongthe pathbetweenthe cross-@er routerandthe old accessouter). In mobility
scenariost is desireabldo deletethesestatesassoonaspossible particularlyfor fastmobility. Soft-
statetimeoutsmightbetoo inefficient.

3.1 Synchronization Issues

Issue? - Synchronziation Problems: Partial statereleasemight causesynchronizatiorproblemsor race
conditionsin somecases. For example,if an MN moves rapidly from one ARO to anotherAR1
afterwardsto a third AR2, local repairmessagemay beinitiated alongAR1 and AR2 subsequently
but the messagalongAR1 may arrive laterthanthatalong AR2. As illustratedin Fig. 1, this may
causethe stateseincorrectlyupdatedstep7 in CR) andreleasedstep8 in AR2).

Anotherexampleof this problemis a ping-pongeffect wherea mobile nodeswitchesbetweentwo
neighboringARSs, possiblycausingstatesbereleasedr updatedncorrectly

3.2 Tunnel Issues

In additionto directrouting betweera mobile node(MN) andthe correspondingnode(CN), Mobile IP and
variouslocal mobility managemenLMM) [12, 13, 14] andfasthandof [15, 16] schemesnayaddoneor
morelP-in-IP encapsulatiotunnel(s)betweerthe homeagent(HA) andthe correspondinghode(CN), as
summarizedn theappendix.Thus,datapacletsmaytake oneof several possibleroutes:

e For datapacletsfrom the MN towardsthe CN:
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Figurel: FastMovementissue:an Example

la)directrouting,or

1b) (in caseof reversetunnel[17, 6]) reversetunnelsegmentfrom the MN to the HA plus a direct
routing segmentfrom the HA to the CN.

e For datapacletsfrom the CN towardsthe MN:
2a)optimizedpathfrom CN to MN (usingroutingheadethroughthe CoA);

2b) non-optimizedpath which consistsof a normal routing sggmentfrom CN to HA and another
tunnelsegmentfrom HA to FA/MN;

2c) for LMM schemesGFA/MAP dividesthe tunnelsegmentfrom HA to FA/MN in 2b) into two
sgmentsatunnelfrom HA to GFA/MAP plusanothettunnelfrom GFA/MAP to FA/IMAP;

2d) for fasthandwer scheme$15, 16], anadditionaltunnelis insertedn 2b): thetunnelbetweerold
andnew accessouters.

For (2c) and(2d) theexit of atunnelis immediatelythe entry of next tunnel.

IP-in-1P encapsulatiorin Mobile IP, for examplein (1b), (2b), (2c) and (2d), causesachsignaling
messageén end-to-endaddressingschemedike RSVP to be encapsulateihside a tunnel message.The
tunnelhidesthe RSVP messagandmake intermediatenodesbetweerthe tunnelentry andthe tunnelexit
invisible.

Thefollowing issuescanbeidentifiedfor the interworking betweerMobile IP andNSIS:

Issue8 - Non-Unaware NSIS Tunnel Endpoints: If the two endpointsof a tunneldo not supportNSIS
thenit is impossibleto provide signalingservicedor any NSISnodeinsidethetunnel.In orderto (for
example)malke a QoSreseration for tunnels,it is necessaryo have thetunnelendpointsto support
NSIS.
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Issue9 - Selective Tunnel Resewations: Whenanapplicationtriggersa perflow QoSreserationthenin
somecasest is desiredto triggera QoSresenation alsofor thetunnel. In somecasest is, however,
not desireablego supporta QoSreseration for a tunnel. It mustthereforebe possiblefor NSIS to
decidewhetheraresenationfor atunnelis desired An end-to-endesenationmustnotautomatically
be extendedo thetunnelsincethetunnelmight alsosene asa meandor aggreagation.

Issuel0- Discovery Procedure: As previously stated\SISsignalingmessagearehiddeninsideatunnel.
It isthereforenecessarto triggeraseparateiscover andsignalingmessagexchangdor thetunneled
region. The signalingmessagesusteitherbe preventedto "enter” the tunnel, needto experience
specialtreatmentafter encapsulatioror require different addressindi.e. addressinghe tunneled
resenationtowardsthetunnelexit).

3.3 NSLP/NTLP Interaction Issue

Issuell- NSLP/NTLP Interworking: The NTLP shouldbe ableto notify the NSLP to updatestate(by
initializing NSLP refresh/teardon messagesppropriately). An openissueis, hovever, how and
whatinformationthe NSLP canexpectfrom NTLP, or directly from theroutinginterface.

3.4 Routing Interface Issue

Issuel2- NSIS/Routing API: Mobility reflectsdifferent route change(due to changesin the binding
cache,for examplein HA, CN, FA/MN, GFA/MAP) or dueto creating,updatingor deletingtun-
nels.An APl is requiredfor the communicatiorbetweerthe operatingsystemandthe NSISdaemon,
uponwhich NSISis ableto triggerthenecessargction.

4 PossibleSolutions

To dealwith theissuessummarizedn Section3, we describesomepossibleapproacheto addresgshem.

4.1 NTLP and Discovery

First,issuesl-2 canberesohedby a uniquesessioridentifierindependentn flow identifier (which reflects
the traffic information), to index the stateinformation. Whenthe MN maoves, the NTLP only changes
the flow identifier of the sessionwithout changingthe sessioridentifier This changeakesplacewhenan
NTLP nodedetectgheintroductionor releasef MIP tunnelsor simply aroutechangen the MN ortheCN.
Thenit triggersthe next-hopdiscozery mechanisno determinghenew next signalingnodeandupdatests
informationin the NTLP stateaccordingo the uniquesessioridentifier

Issue3 — releasingof existing statein the old path, by default, can be achievzed by the statetimer
expiration. However, asthe statetimer is relatively long, keepingstatein thesenodesmay be inefficient.
Alternatively, we proposeto uselocal explicit teardavn messagesA reasonabl@lacefor initiating sucha
teardevn messagés the cross-@er router (CR), i.e., the nodewherethe old andnew pathsmeige aftera
routehaschanged.To helpthereleaseof the obsoletedstatesanddeterminehe behaior of the cross-eer
router we further introducea next-hop branchidentifier Oncea new next NSIS nodeis determinedthe
NTLP statein the currentassociatest with a new next-hop branchidentifier (to representhe new branch).
Thena refreshmessagés sentthroughthe newv branchto establishthe necessargtates,until the cross-
over routerwith a sameNTLP sessiorstateis reached.After that a teardovn messageassignedwith the
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old branchidentifier canbe sentreverselytowardsanotherend point andterminatedby finding a different
branchidentifierfor the samesessiorstate.

To reflectthe changeof flow identifier for NTLP sessionsit is alsonecessaryo refreshthe common
path(e.g.,thepathbetweerthe CR andthe HA, or betweerthe CN andtheHA). This needdo differentiate
from the CN asdatasourceto the MN asdatasource.

e FortheMN asdatasource:theroutechangdn the MN triggersa refreshtowardsthe CN. A refresh
is thensentalongthe newly-discoveredbranchtowardsthe CN; afterthe CR is determinedthe CR
sendsateardevn alongthereversepathof last-recently-usetiranch,andtherefreshis forwardedon
towardtheCN.

e For the CN asdatasource:the route changein the CN (in route optimizationcase) the HA or the
GFA/MAP/... (othercases— typically atunnelseggmentis createdr modifiedandthuscausesroute
changein suchnodesfor the pathfrom the CN to the MN) triggersa refreshtowardsthe MN. The
statein first ssgment(betweerthe route changepoint to the CR) is refreshedwith the updatedfiow
identifier;thenalocal repairtakesplacefrom CR: arefreshis sentalongthe newly-discoveredbranch
andateardavn is sentalongthelast-recently-usetiranch.

Thereareadditionallytwo issueswith this local repairprocessFirst, ateardovn messagearriving at

MN (alongthe obsoletedoranch),if arrivesearlierthanthe refreshmessagéalongthe new branch),
canincorrectlymake a decisionto releasethe statein the MN. Therearetwo possiblesolutions: 1)

only allow the MN to initiate the releaseof statesin the obsoletedoranch,but this solution does
not work if the MN loosesits connectionto the old AR at all; or 2) still let CR to initiate release,
but mandatehe MN not to remove stateuponan earlierarrived teardevn messageor 3) let CR to

initiate releaseaftera periodof time (e.g.,anRTT) afterinitiating therefreshin the new branch.Our

suggestioris 2), asit neitherpotentially remains‘orphan” statesnor introducesadditionalstatesin

therouters.

Secondissueconcernswith delivery of teardevn messagesin caseof peerto-peeraddressingf
NSISsignalingmessageghe abore descriptionworks. However, in caseof end-to-endaddressingf
NSIS signalingmessagesjefault routingin the CR may causethe teardoavn messageso follow the
samepathastherefreshmessagetaverse(i.e., in the new path),however theseteardevn messages
needto be sentthroughthe obsoletedranch.Onesolutionis to specifythelogical outgoinginterface
— logical interfacehandle(LIH), sameasin RSVP[18] — for eachbranchanduseit for message
delivery.

To dealwith issue7 requireseffective sequencingf branches.Our proposalis to let the CR always
assigranext branchid differentfrom thecurrentbranchid. A refreshwith anexisting sessiondentifierwill
causea stateupdate(andaccordinglycauseareleasepnly whenthe branchidentifierin therefreshis larger
thanthatin thecurrentstate.

Issue8 canberesolved by mandatoryNTLP supportin thetunnelendpoints,aswell asthe CN andthe
MN. Whenan NSIS nodedetectghe introductionof an MIP tunnel,if signalinginto the tunnelis desired,
it canissuea discorery towardsthetunnelexit, notto the destinatioraddres®f the end-to-endesenration.
For theNSISnodeinsidethetunnel,it cando thatin the sameway.

Issuell andissuel2 require API functionality within NSIS andthe operatingsystem(notification of
mobility routechangeegtc.).

Issuedsd-6,8-9 and10 arecovered/resoled while presentinghemselesor discussingtherissues Ad-
ditionally, issueb requirego performreversesignalingduringthelocalrepairfor recever-initiated signaling
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In theexamplein Fig. 2, anMN actingasthedatasendelcommunicatesvith a CN. Whenit changests
AR to thatof anew network, it is associateavith anenv CoA (nCoA) andtheflow identifierin thesignaling
messagés changed. The sessiondentifier however, remainsintact so that only a single stateis held in
the NSISnodesalongthe pathfrom the CR to the CN. After the CR is determinedit canissueateardaovn
messageo releasestatesowardsthe MN alongthe reversepaththat former signalingmessagegaverse.
Note the refreshmessagearriving atthe CR will be forwardedon towardsthe signalingtamet, to refresh

existing statego reflectthe changdn flow id

entifier

Fig. 3illustratesanexamplefor CN asadatasource.

+----+ +----+ /\
----|ARO [----] R [--- '\
/ +----+ +----+ \  \teardown
/ \ \(Branch_i d=2)
/ Branch_i d=0 \ N
+----+ +----+ +----+
| MN | (Branch_id=2)|] CR|----- | CN |
+----+ teardown/ +----+ +----+
\ Branch_id=1 v /]
o +----+ +----+ 1 ]
\' ----|ARL |----| R |--- [
\ +-- -+ +-- -+ /
Branch_id\=2 +----+ /
el A e L
+----+
Figure2: Local RepairProposal
+----+ +--- -+ I\
----]ARO |----] R |--- \
/ +----+ +----+ \ \Teardown
/ \' \(Branch_id=1)
/[ Branch_i d=0 o
+----+ +----+ +----+
| M| | CR|----- | oN |
+----+ +----+ +----+
\ Branch_id=1 / <---
\ +----+ +----+ [ Refresh
o[ ARL | ----| RO -
+----+ +----+

Figure3: Local Repaircasewith CN asdatasender
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4.2 NSLP and NTLP/NSLP Interactions

The creation,updateor removal of NTLP statealsotriggersassociatedNSLP entity(ies)to create,update
or releaserelatedNSLP stateaccordingly For example,beforesendingan NTLP refresh,the NTLP en-
tity cantrigger Q0SNSLP andlet the latter to requesta Resere refreshmessagdoward the QQSNSLP
target address.However, not all NSLP functionalitiescan be supported.For example,it may be impos-
sible/unnecessaty requesiNSLP responseiponthe receiptof the NSLP teardavn messagén the NSLP
responderastheNTLP statealongthepathhasbeenalreadyreleasedin generaluponaNTLP notification,
the NSLP shoulddecideby its own which its next behaior is. (Issuell)

4.3 Routing Interface

Thereare two approachedor NSIS to interactwith routing (issuel2). Oneis API, uponwhich NSIS
canquerythe mobility routing status. Anotheris to provide route changenotificationto NSIS whenaer
a mobility route changehappenge.g.,binding cachechanges).As the first approachypically introduces
somedelayin statemanagemergerhandof, we suggesthenotification(active) way. Thiscanalsosimplify
thetriggerdesignwhenthe NTLP refreshtimeris differentfrom thetimer for bindingmanagement.
Thenaturalinterfacefor NSISto accesgoutinginterfacewould bein the NTLP.

4.4 Operation of ProposedMobility Support Mechanisms

Whatwe eventuallyneedto supportmobility in NSISmightbe:

- amobility module(to determinestateindex, decidewhich is the CR anddo local repair) co-located
with NTLP.

- amobility tunnel-avaremoduleco-locatedvith NSIS peerdiscovery.

- amobility object/fieldin NTLP headeto indicatebranch-idand/orscope.

- logicalinterfacehandleqLIH) in additionto PHOPandNHOPIin theNTLP state.

- amobility routechangenotificationinterfacein mobility-awarenodes.

A pseudocodéor proposedsolutionfor mobility supportin NSISis describedn Fig. 4.

5 Security Considerations

The introductionof the sessionidentifier to tackle somemobility relatedissueshassecurityimplications
whicharedescribedn [19]. Somequestiongaisedin this context maydesere discussionsvithin theNSIS
working group.

6 Openlssues
e End-to-endaddressing.s. peerto-peeraddressin@f NSIS signalingmessages;

¢ Messagdormatandroutinginterfacedefinition;

e An Obsoleted _Branch_Removal flag for decidingwhetherto remore actively statesn theobsoleted
branch;

¢ Interworking with Context Transfer

X. Fu, H. SchulzrinneH. Tschofenig ExpiresDecembef003 [Page9]



INTERNET-DRAFT draft-fu-nsis-mobiliy-00.ps June23,2003

| F(a node detects a nobility route change)/*M, CN, HA or FA/ MAP/ GFA/ ... */

flowid = (nCoA, CN, ...);
next _hop = discovery(dest); /* if the node is a tunnel entry or inside
a tunnel, dest is the tunnel exit; otherw se dest is nornmal dest */

| F(next _hop !'= old _next _hop) /* this is a new branch */
branch_id = (branch_id + 1) % MAX_VAL;
creat _state(&state,branch_id,flow.id,session_id,...);

ELSE /*update the existing state with the new flow.id */
updat e(&state(session_id), flow.id);

ENDI F
/* send a refresh, local repair if it is a new branch */
nesg = new nsg (' ’'refresh’’, branch_id, flow.id, session_.id,...);
send_nsg( &resq) ;
ENDI F

/* Determ ne the cross-over router */
| F(a node gets a nsg with t _flag == 0)
| F(session_id(nmsg) == session_id(state))
/* deci de whether to update branch_id */
| F(branch_id(nmsg) >= (branch_id(state)+1) % MAX VAL)
branch_oid = branch_id(state);
updat e( &st at e(session_id), branch_id(msg));

ENDI F
/* then send a teardown nmesg in the old path */
nesg=new _nsg(‘ ‘teardown’’, branch _oid, flow.id, session_id,...);

send_nsg(&resg); /* send the teardown nmesg along old path */
forward_nsg(&msg); /* forward refresh nesg on */
ELSE /* it is not the cross-over router */

| F(session_id(msg) does not exit in |local state)
create(&state(session_id, flow.id(&sq)));

ELSE
updat e( &state(session_id), flow.id(&rsq));

ENDI F

forward _nsg( &nsg) ;
ENDI F
ENDI F

/* Deternmine the end of teardown nsg */
| F(a node gets a teardown nsg)
| F(branch_id(&msg) > branch_id(&state))
renove( &state) ;
forward _nsg(&nsg) ;
ENDIF /*el se stop here, don’t forward on the teardown nsg*/
ENDI F

Figure4: Pseudocodéor proposedmobility supportin NSIS
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Appendix — Data Flows under Different IP Mobility Schemes

We summarizgpossibledataflows underdifferentlPve mobilitiy schemessFigures5-10 (notewe arenot
discussingaboutmobility managemennessagefiows; IPv4is quite similar andnot presentedhere).

They canbefurthersummarizednto two cases:

- Fully IPv6 normalrouting,or

- A normalroutingsegment+ oneor morelP-in-IP tunnel(s)

Theimplicationsis we needto take specialcareto tunnelsegment. If the NSIS NTLP follows similar
conceptin CASR i.e., NTLP messageareaddresseth a peerto-peerway, the concernregardingtunnels
becomes:

1) how to address&delier discorery messagem tunnelentrypoints,

2) whetherto signalinto tunnels(if so,againhow to addressliscorery messages).

Someotherimplicationsbehind:

- For fully IPv6 normalrouting,the cross-eer routercanbelocatedanywherebetweervIN andCN;
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- For routingwith tunnelsegment,thecross-eoer routercanonly belocatedsomevherebetweerthe HA
(atunnelentry) andthe CN (for fast/hierarchicaimobility, could be in a small segmentbetweenHA and
CN). This furtherimplicates,if we wantto do local repairin suchcasewe needto signalinto the tunnel;
also,tunnelendpointsarethereforeneededo supportNSIS.

VN CN

| |
| I Pv6+HomeAdr ess Opt |

Figure5: MIPv6: MN—— >CN, noreversetunnel

VN CN
| I Pv6(tunnel) |
EEEEEEEEEEE > 1 Pv6(normal)

Figure6: MIPv6: MN—— >CN, with reversetunnel

CN VN

I |
| M Pv6(RH) |

Figure7: MIPv6: CN—— >MN, routeoptimization

References

[1] R.Hancocket al., “Next stepsin signaling:Framevork.” InternetDraft, work in progressNov. 2002.
[2] H.Chaskar“Requirement®f aqossolutionfor mobileip,” 2003. Work in progress.

[3] M. Thomas; Analysisof mobileip andrsvpinteractions, InternetDraft, InternetEngineeringraskForce,2002.
Work in progress.

[4] J.Manneret al., “Localized RSVP! InternetDraft, work in progressMay 2002.
[5] C.Perkins,Ip mobility supportfor ipv4,” 2002. Work in progress.

[6] D. JohnsonC. Perkins,andJ. Arkko, “Mobility supportin IPv6;" InternetDraft, InternetEngineeringTask
Force,July 2002. Work in progress.

[7] S.Bradner“Key wordsfor usein RFCsto indicaterequirementevels; RFC 2119, InternetEngineeringrask
Force,Mar. 1997.

X. Fu, H. SchulzrinneH. Tschofenig ExpiresDecembef003 [Pagel2]



INTERNET-DRAFT draft-fu-nsis-mobiliy-00.ps June23,2003

CN HA M Pv6(RH) MN
| R >

Figure8: MIPv6: CN—— >MN, norouteoptimization

CN HA MAP NAR( MN)
I | I |
| IPv6 | I |
|---------- >| I |
| (normal) | I |
I | MPv6 I I
I R >| |
| | (tunnel) | |
| | | HM Pv6 |
I | | -------- >|
| | | (tunnel) |

Figure9: HMIPv6: CN—— >MN, no routeoptimization

[8] C.WestphabndH. Chaskar“Qossignalingframewnork for mobilelP," InternetDraft, InternetEngineeringrask
Force,June2002. Work in progress.

[9] C. Shenet al., “Mobility extensionsto RSVP in an RSVP-mobilelPv6 framework,” InternetDraft, Internet
EngineeringlraskForce,July 2002. Work in progress.

[10] H. SchuzrinneH. Tschofenig,X. Fu, J. Eisl, andR. Hancock,“Casp— cross-applicatiorsignalingprotocol’

CN PAR nAR MN

I | I
| M Pv6(normal - HA-tunnel ) |

R ERRREEEEEEE >
I I

| FM Pv6 |

I

| (tunnel) |

| FM Pv6 (tunnel)
I

I

Figure10: FMIPv6: CN—— >MN, norouteoptimization

X. Fu, H. SchulzrinneH. Tschofenig ExpiresDecembef003 [Pagel3]



INTERNET-DRAFT draft-fu-nsis-mobiliy-00.ps June23,2003

Internetdraft, work in progressSept.2002.
[11] M. Brunnet “Requirementgor QoSsignalingprotocols: InternetDraft, work in progress,July 2002.

[12] C. Williams, “Localized mobility managementequirement$, InternetDraft, InternetEngineeringTask Force,
July 2002. Work in progress.

[13] H. Soliman,C. CastellucciaK. Malki, andL. Bellier, “HierarchicalMIPv6 mobility managemenfHMIPVE),"
InternetDraft, InternetEngineeringraskForce,July 2002. Work in progress.

[14] E. GustafssonA. Jonssonand C. Perkins,“Mobile IPv4 regional registration; InternetDraft, InternetEngi-
neeringTaskForce,Mar. 2002. Work in progress.

[15] G. Dommety A. Yegin, C. Perkins,G. Tsirtsis, K. Malki, and M. Khalil, “Fasthandwersfor mobile IPv6;
InternetDraft, InternetEngineeringraskForce,Mar. 2002. Work in progress.

[16] K. Malki et al., “Low lateny handofs in mobile IPv4," InternetDraft, InternetEngineeringTask Force, July
2002.Work in progress.

[17] G.MontengroandEd,“Reversetunnelingfor mobilelP, revised; RFC3024,InternetEngineeringraskForce,
Jan.2001.

[18] R. Braden,L. Zhang,S. Berson,S. Herzog,and S. Jamin, “Resourceresenation protocol (rsvp) — version1
functionalspecificatiod. RFC 2205,Sept.1997.

[19] H. Tschofenig,H. Schulzrinne et al., “Security implicationsof the sessionidentifier” internetdraft, Internet
EngieeringTaskForce,June2003.work in progress.

X. Fu, H. SchulzrinneH. Tschofenig ExpiresDecembef003 [Pagel4]



