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Abstract— This paper presentsa detailed comparison,in a comprehen-
sive framework, of Mobile IP and four of the main IP Micr o-mobility pro-
tocols. Wefirst describethe global mobility landscapeand point out the im-
portant problemsthat must be addressed.Theseare mainly Handoff man-
agement,Passive Connectvity and Pagingsupport, Scalability, Robustness,
Quality of Sewice and Security. Basedon this framework, we examinein a
first stepMobile IP asa Macro-mobility protocol. In a secondstep,we com-
pare four well-known IP Micr o-mobility protocols: Cellular IP, HAWAII,
TeleMIP and EMA.
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INTRODUCTION

A. Themobility landscape

This paperdealswith all-1P networks. Thesearetheexpected

futuremobilewirelessnetworks,relyingentirelyonIP: fromthe

mobile stationto the gatevay towardsthe Internet.

We calladomainalargewirelessaccessietwork underasin-
gleadministratiorauthority Suchanetwork is composeaf two
kindsof machinesWe call basestation(BS) anequipmentble
to communicatalirectly with the mobile nodesvia theradioin-
terface. In the caseof a CDMA basednetwork, the so-called
RadioAccesdNetwork(RAN) ! canbeseerasasingleBSsince
the mobility insidethe RAN is managedht the radio layer and

BROADBAND WIRELESSNETWORKS arequickly evolv-is transparento upperlayers. We simply call stationary other

ing towardsall-IP networks. Intensiveresearclis currently
carriedout to enhancdP to allow thesenetworksto re-usethe
well-known IP mechanisms.In this processmary proposals
have beenmadeto enrichIP with the functionalitiesnecessary
to managehe mobility of users.
The mostwidely known of theseproposalds certainly Mo-
bile IP [1] which is alsothe oldestone. Mobile IP offers a

network machine A stationperformingspecialtasksin themo-
bility managemenwill be namedMobility Agent(MA).

We also assumethat eachMN hasa HomeNetwork (HN),
a domainfrom which it hasobtaineda stati@ IP address:its
HomeAddress(HA). We call Foreign Network(FN) arny other
domainwherethe MN canconnect.

In suchacontext, we canreasonablyroposea modelof what

mechanismallowing usersto changetheir point of attachment will bethefuturemobility landscapethisis illustratedin figure

in anlP network. Unfortunately this protocolsuffersfor mary

weaknesseandthatis the reasorwhy the mobility problemis

oftendividedin two parts: macro-mobilityandmicro-mobility.

Thedistinctionbetweerthetwo depend®nthescaleof stations
movements. The Mobile IP propertiesallow it to be usedas
macro-mobilitymanagementrotocol.

Micro-mobility coversthe managementf usersmovements
at a local level, inside a given wirelessnetwork. Many solu-
tionshave beenproposedo managehis type of mobility within
IP networks,they areoftencalledIP Micro-mobility protocols.
Sometimeslesignedor very specificissuestheir heterogenous
characteristicand propertiesdo not allow to easily obtainan
accuratepictureof thelP mobility managemerproblems.

This paperpresentsa detailedcomparisonjn a comprehen-
sive framawork, of Mobile IP andfour of the main IP Micro-
mobility protocols. We first describethe global mobility land-
scapeand point out the importantproblemsthat must be ad-
dressed.Basedon this framework, we examinein a first step
Mobile IP asa Macro-mobility protocol. In a secondstep,we
comparefour well-known IP Micro-mobility protocols:Cellu-
lar IP [2], HAWAII [3], [4], TeleMIP [5] andEMA [6], [7].

Finally, we presenbur conclusions.

Dueto sizelimitations,we cannotaddressill theissuesn this
paper A moredetailedcomparisoris availablein [8].

I. A GLOBAL |P MOBILITY FRAMEWORK

This sectionwill focuson the presentatiormf a globalmobil-
ity landscapendthe majorissuedfor IP mobility to beinvesti-
gatedwithin this landscape.
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Figurel: Expectednobilitylandscapemodel

B. Major mobility issues

We definenow threemajor issuesfor the mobility manage-
mentin our mobility landscapeThesewill bethe basisfor our
comparison.

« Handover management Thehandwerconcernghe man-
agemenibf the changeof point of attachmenbf the mobiles
during their moves. This canbe seenfrom a macro-mobility

la group of transceiers underthe control of a dedicatedstation (the Base
StationContmller)

2 Staticmeaninghattheaddreswalidity is very muchlongerthantheduration
of amobilemovement.



pointof view (theMN change®f network or subnetpramicro-

mobility point of view (the MN changef basestation). The
handwer managemenis obviously a major issuein mobility

managemerginceaMN cantriggerseveralhandwersduringa
singlesessiorasin currentGSM networks.

« Passive connectiity and paging: Themobileshave very
limited power capacity Hence, their batteriesmust thus be
sparedby reducingthe mobile transmissionsit is a common
problemin classicaimobiletelepholy. An ideal solutionwould

be that the MN transmitsnothing except when actively con-
nectedto the network (whenin active statg. But in orderto

allow the network to forward efficiently the incoming paclets
destinedor it, aMN mustperiodicallytransmitabeacompaclet
to inform thenetwork of its currentlocation. This mustbe done
evenwhennot in active stateand canbe very power consum-
ing. A standardsolution adoptedin GSM networks is to di-

vide the network in geographicahreascalledpaging areas In

the idle state (not active), the mobile transmitsa beacononly

when changingof pagingarea. this implies that the network

only knows its approximatve location(its currentpagingarea).
An incomingpacletdestinedor anidle mobiletriggersthenet-
work to performa paging (a mechanismo find the exactloca-
tion of this MN within its pagingarea)in orderto deliverit.

Wewill alsoinvestigatesomeotherlessimportanttopicssuch

The MN mustinform its HA of this new addresshy the reg-
istration process Whenthe HA knows the MN's currentFA,
it is ableto re-tunneltowardsthe mobile the paclets destined
for it. Indeed,thesepaclets, normally routed, will obviously
arrive at the HN wherethe HA will interceptand encapsulate
themtowardsthe FA. Onthe basisof this principle,the Mobile
IP IETF working grouphasdefinedseveralimprovementsand
optimizationg14].

C.2 Themicro-mobility problems

Mobile IP suffersfrom several well-known weaknessethat

have led to the definition of the macro/micro-mobilityarchitec-
ture. In this section,we review someof theseweaknesseto
shav the advantagef this paradigmand introducethe com-
parisonby pointing out several importantpropertiessharedby
all micro-mobility proposals.
« latency and control traffic : in Mobile IP, the basicmo-
bility managemenprocedurds theregistrationto the HA each
time the mobile change=f network. This processcantake a
verylongtime in thetoday’s Internetandevenbeenimpossible
to achieve. In thecaseof aquickly moving mobilewhichrapidly
change®f network, theregistrationprocesawill becomeotally
inefficient. Moreover, this mechanisnproducea lot of control
traffic.

assupportfor Quality of Serviceandlocal traffic management The micro-mobility approachseemsto be a good solution to

insidea domain.

The comparisorwill be madewith respecto thesetopicson
the baseof performancecriteria suchas, robustnessandscala-
bility.

C. Mobile P andthe micro-mobility

In orderto introducethe comparisonyve presenterea quick
review of Mobile IP andits majorsdravbackswhich hasled
to the definition of the micro-mobility approach.It impliesthe
division of the mobility managemeninto two different parts:
mobility managemerdt a large scale betweerthedifferentdo-
mains(macro-mobility),and,on theotherhand,atalocal scale,
inside thesedomains(micro-mobility). Eachtype of mobility
is then managedy specificmechanismsand protocols. This
approacthasmary advantagesharedy all the micro-mobility
protocols.

C.1 Mobile IP

Mobile IP is the oldestand probablythe the most widely
known mobility managemenproposalwithin IP. It's simplic-
ity and scalability give it a growing successwithin the IETF
andit is now the matterof a entireworking group. Mobile IP
is describedn alETF RFC: RFC2002[1]. All therelatedpro-
tocolsare describedn RFC2003to RFC2006[9], [10], [11],
[12]. Severallnternetdraftsarecurrentlypublishedo proposed
variousimprovementor Mobile IP andits counterpartiesigned
for IPv6, Mobile IPv6 [13]. Its basicprincipleis thatMobile IP
usesa coupleof addresseto manageusers movements.Each
timethe MN connectgo a foreign network, it obtainsa tempo-
rary addres<alled Care-of-Addess(COA) from a MA in the
local network called the foreign agent (FA). This addresse-
mainsvalid only while the MN staysconnectedo this network.

this problem. The MN obtainsa local COA whenit connects
to a domain. This COA remainsvalid while it staysin this do-
mainandthe mobilewill thusmalke only oneregistrationatthe
momentit connectgo thedomain.Theusersmovementsnside
thedomainaremanagedby a micro-mobility protocolinsidethe
domainandtransparento the HA andtherestof the Internet.
Latengy and control traffic acrossthe whole network are thus
extremelyreduced.

« Addressspace: Mobile IP requiresthe availability of an
entirepool of valid addresse® sene asCOA in eachdomain.
Unfortunately the IPv4 addresspacehasnow reachedts lim-
its andthe fastgrow of the Internetrequiresa large amountof
IP addressesThis haspartly led to the definitionof IPv6 which
shouldresole the problemby using 128 bits addressebut its
deploymentis very slow andwe canexpectthat IPv4 will re-
mainusedfor mary years.

The useof a micro-mobility protocolis transparento the net-
work outsidea domainandcanthusbedonewith asetof private
addressewhichrepresentaneconomicandrealisticsolutionto
this problem.

« Quality of Sewice: frequentchange®f pointof attachment
and of COA male difficult to supportQuality of Servicefor
mobile users. With RSVP, for example,the resenationsmust
be doneagaineachtime the MN changesf COA, alongthe
entire path, evenif the largestpart of this pathis unchanged!
This processmpliesa heary loadin termsof controltraffic and
introducesadditional delaysincompatiblewith the Quality of
Servicesupport.

With a micro-mobility protocol,the network is not awareof the
movementsof the usersinside a particulardomain. The reser
vationarethusto be doneagainonly whenthe mobile changes
of domain. Thisis only possibleif the micro-mobility protocol
supportthe useof RSVP or otherQoS mechanisms.



Il. SHORT DESCRIPTION OF THE DIFFERENT PROTOCOLS

This sectionpresentsa shortdescriptionof the basicprinci-
plesof the differentmicro-mobility proposalsMobile IP is not
assumedo be a micro-mobility proposalbut constitutesa gen-
eral framavork sincethe otherproposalsassumedt asmacro-
mobility managementrotocol.

A. Cellular IP

Cellular IP [2], [15], [16] is a micro-mobility protocolrely-
ing on Mobile IP for the macro-mobilitymanagementA very
specializedVA actsasa gatavay towardsthe Internetandasa
Mobile IP FA. Cellular IP aimsto replacelP insidethe wire-
lessaccessetwork. Cellular IP routingis basedon routeses-
tablishedand updatedby the MN during its connectionto the
network. All theseroutesbind a mobile connectedo the net-
work andthe gatevay. Eachstationmaintainsa routing cache
that allows it to forward paclketsfrom the gatevay to the MN
or fromthe MN to the gatevay. Theroutesareestablishednd
maintainedby the hop-by-hoptransmissiorof specialcontrol
pacletsthattriggerthe stationson the pathto updatetheir rout-
ing cache. A beaconis periodically sentby the gatavay and
floodsthenetwork. Thismechanisnallows eachstationto know
which of its interfacesmustbe usedto forward pacletstowards
the gatavay: it is the onefrom which the beaconwasreceved.
On the other hand,the MN sendsroute updatepadkets when
it connectgo the network andeachtime it change®f point of
attachmeni{handwer). Thesepaclets,forwardedhop-by-hop
towardsthe gatevay trigger the stationson their pathsto up-
datetheir routingcachefor theconcernedN. Thehandweris
managedy two differentmechanismshardhandof andsemi-
softhandof. Thehardhandof providesno guaranteewhile the
semi-softhandof ensureghatthe pacletlosseswill beveryre-
duced.Moreover, Cellular IP presentsa native supportfor the
passve connectvity with a classicalpagingmechanism:some
stationsmaintainpaging cachesthatareusedin caseof paging
requests.

B. HAWAII

Like Cellular 1P, HAWAII [3], [4] is a micro-mobility pro-
tocol relying on Mobile IP for the macro-mobilitybut, unlike
Cellular 1P, HAWAII doesnotreplacelP but worksabove IP.
Eachstationin the network mustthusactasa classicalP router
but alsohave specificHAWAII features.The basicworking of
HAWAII is very similar to the Cellular IP principles. Each
stationmaintainsa routing cacheto managethe mobility. The
hop-by-hoptransmissiorof specialpacketson the network trig-
gersthe stationsto updatestheir caches. As in Cellular IP,
the network is supposedo be organizedasa treeanda single
gatevay is locatedat theroot of this tree. HAWAII definestwo
differenthandowermechanismadaptedo differentradioaccess
technologies.Thesetwo mechanismgresentdifferentproper
tiesandcanbe chosento optimizethe network with respecto
pacletslosseshandof lateng or paclet reordering.Like Cel-
lular IP, HAWAII supportghepassve connectvity with apag-
ing mechanism.The geographigagingareasare composef
stationsbelongingto the samelP multicastgroup. The paging
messagearethustransferredo the stationsby usingthe clas-

sical multicastmechanism®f IP. To supportefficiently Qual-
ity of Service,HAWAIIl definesa native integrationof RSVP
adaptedo the users mobility. In a naturalway, HAWAII en-
suresthatthe resourceesenationsdueto pathchangeswill be
reduce At handof, assuminghatthe MN is arecever, nothing
will bemadein theunchangegartof thepath® andthenetwork
will make a resenation only on the changedpart of the path
(roughlythe pathfrom the cross-aerrouterto the new basesta-
tion currentlyservingthe MN). This is possiblewith HAWAII
for two reasons:

« theCOA of theMN remainaunchange@slongasthemobile
staysin the samedomain,

« HAWAII is working over IP; this allows the deploymentof
RSVPin HAWAII networks.

C. TdeMIP

TeleMIP [5] is a very simple protocol, well adaptedto
CDMA networks with RAN. TeleMIP relies on Mobile 1P
for the macro-mobility managementind definesa new type
of mobility agent: the TeleMIP Mobility Agent (TMA). The
TeleMIP network is composedf a setof subnetsanda setof
TMA machines Eachsubnethasa centralmachineactingasa
Mobile IP FA andseveral basestatiors aredirectly connected
to it*. ThedifferentFA areconnectedo oneor more TMA of
thewirelessdomain.Whena mobile connectgo the network, it
connectgo a subnetandobtainstwo temporaryaddressefom
thelocal FA: its local COA, which remainsvalid aslong asthe
mobile staysin thedomain,andatemporaryaddres®nly valid
for thetimeit staysconnectedo thestationsof thissubnetsThe
first of theseaddresses registeredto a TMA of the network °
andthis TMA will act as gatevay and Mobile IP FA to the
global Internetfor this mobile Eachtime the mobile changes
of subnetjt obtainsonly a new local addresdrom the new FA
which will warnthe TMA of the new locationof the MN. On
this basis,the working of TeleMIP is very simple. Whenan
incomingpaclet arrivesfor a mobilelocatedin the domain,its
destinationaddresss the COA of this mobile. The concerned
TMA interceptst andforwardsit to the FA of thesubnetwvhere
the mobile is currently connected.On the basisof a mapping
betweenCOA andlocal addresseshe FA canfinally deliver
thepacletto its destination.

D. EMA

EMA [6], [7] aimsto definea genericframework for themo-
bility managementithin a wirelessdomain. The authorsdis-
cussthe possibility of usingthe TORA [17], [18] ad-hocnet-
work routing protocolwith EMA . This choiceseemdo ensure
agoodscalabilityto the systemwhile the EMA architectureal-
lows to adaptTORA to the managemenof standardwireless
accesqetwork which have specificpropertieswith respectto
ad-hocnetworks. Without any assumptioron the radio access
technology EMA definesa handwer mechanismcompletely
transparento theupperlayers.EMA aimsto allow two typesof
routing: prefix routing (asin classicalwired IP networks)and

3Thelatterbeinghopefullythe mainpartof the pathsincehandof is managed
locally.

4soasubnettanbeseerasCDMA RAN.

5TheFA canchoosethis TMA onthe baseof load balancingalgorithms.



hostspecificrouting. Whenits connectgo the EMA domain,
the mobile obtainsa COA from to the local subnet.In sucha
way, thetraffic destinedfor this mobile canbe routedbasedon
its prefix while it remainsin the subnet Whenthe MN changes
of subnetspecificroutesareinjectedin the network to reachit.
TORA is verywell adaptedo work this way.

I1l. A COMPARISON OF |P MOBILITY PROTOCOLS

In this section,we review the different micro-mobility pro-
posalsandcomparethemwith respecto the context described
in the previoussection.

A. Handof

We investigatethe handof managemenon the baseof the
simple network model shown in figure 2with respectto three
parameters:

« handoff latency: the time neededto completethe handof
insidethenetwork,

« packet losses:theamountof possiblylost pacletsdueto the
handof process,

« updates: theamountof updatego be processedby the net-
work stationgto performthe handof.

We assumeherethat ngq. is the averagehop distancebe-
tweena MN andthe gatevay. The delay betweenthesetwo
hostsis 44t msec. Similarly, npre, is the numberof hopsbe-
tweena MN andits previous basestation(delay: ¢,,¢, msec).
teross 1S the averagedelay in msec betweenthe MN and the
so-calledcrosswer basestationfor agivenhandof value.

In generalwe canassumeéhattgeie > tprev = teross. We
call nrora the averagenumberof updatesequiredin a TORA
network for routingto corverge aftera modification(this num-
ber dependson the network topology [17]). We assumethat
this corvergenceis donein troeamsec. tga iS the average
time neededo reachthe HA in classicaMobile IP registration
mechanismyz is the meanthroughputfor aMN.

Figure2: A simplemodelfor handof parametercomparison

With Cellular 1P, the handof mechanisntriggersthe MN
to generatea paclet thatis forwardedhop-by-hoptowardsthe
gatavay which mustacknavledgeit. Thelateng is thus2tyq¢.
(time to reachthe gatevay andto receve its acknavledgment)
with ng.¢ updatesin the network stations(in eachstationon
the pathto the gatavay). We canexpectthatno losswill occur
with semi-softhandof sincethe MN waitsto recevethepaclets

from thebothbasestatiors beforeeffectively triggeringthehan-
dover®. Hardhandof generatest..,.s, lossesincepacketsare
lost from the momentthe mobile change®f stationto moment
therouteupdatemessageeacheshe crossoerbasestation

HAWAII handof mechanismsare both exchangedetween
the old andthe new basestatiors. Their total lateng is thus
2tprev. The forwarding schemegeneratest,,., lossessince
pacletsarelost until the updatemessageeachedhe old base
station The nonforwardingschemes fastersincethe paclets
arecorrectlyforwardedassoonasthecrosseer stationis aware
of the handof (this is similar to the hard handof in Cellular
IP). In HAWAII , only the stationson the pathbetweerthe two
concernecdbasestatiors perform a routing update. This very
"local” handof managemerdeneratethusn,., updatesn the
network.

TeleMIP handof mechanismsimply consistin sendingan
updatemessagédo the TMA in the caseof anhandof between
subnetandperformingaclassicaMobile IP registrationin the
caseof an handof betweenTMA 7. We assumeherethat the
TMA isasfarfromtheMN asthegataevay. Thehandof lateng
isthus2t 44 OF 2t 4 Sinceupdatesnessagesiustbeacknavl-
edged.In the caseof the subnethandof, thelossesonly occur
duringthetime neededo reachthe TMA : 7t 444, . In thecaseof
achangeof TMA , the pacletsarelost until the HA is reached:
TtHA.

From a theoreticalpoint of view, EMA definesmechanisms
sufficientto avoid pacletlossesf thehandof canbeanticipated
(asit will bethecaseén CDMA networks). Thehandof lateny
is thetime neededo performthethreeway handshakfollowed
by the network routing corvergencetime. Indeed, TORA wiill
build new routesto the MN eachtime it changests point of
attachmensincethe threeway handshak is finishedwhenthe
MN injectsits new TORA heightin thenetwork. Many stations
will be awareof the handof andperformroutingupdatesn ad-
dition to thatlocatedbetweertheconcernedbasestationandthe
MN itself.

Thetablel summarizeshis discussion.

TABLE |
COMPARATIVE CHART FOR HANDOFF PARAMETERS

Protocol Handoff Latency Losses | Updates
type
semi-soft 2tgate 0 Ngate
Cellular IP handof
hardhandof thate Tleross Ngate
forwarding 2tprev Ttprev Nprev
scheme
HAWAII non- 2tprev Tleross Nprev
forwarding
scheme
between 2tgate Ttgate | 2 (TMA,
subnets FA)
TeleMIP between 2t a Tt A 3 (TMA,
TMA FA, HA)

. Make Be- 3tprev + 0 Nprev +
Egﬂt’?\st(al‘ltsemg fore Break tTorA T TORA
tunnels) Break Be- 3tprev + 0 Nprev +

fore Make tTorA T TORA

6 Assumingthatthe delaydevice definedin Cellular IP is efficient
"whenthenew FA is notconnectedo the currentTMA .



B. Passiveconnectivityand Paging

Only two proposalsinclude explicitly the supportfor these
features:Cellular IP andHAWAII . It seemdo be ignoredby
TeleMIP andEMA . Cellular IP andHAWAII usetheclassical
cellulartelephoty conceptof location areaandpaging. As in
GSM networks, the stationsaregroupedin paging areasanda
routermustperforma paging to find the actuallocationof the
MN in thenetwork (i.e. its currentpoint of attachment).

A majordifferencebetweerCellular IP andHAWAII is the
pagingalgorithm. In Cellular IP, the arrival of a paclet des-
tinedfor anidle MN triggersthe pagingfrom thegatevay. This
pagingrequesis propagatedhsidethe network by stationswith
paging cachesin chage of the concernegagingarea.The sta-
tions that are to perform the pagingrequestsare thus defined
by the network managemandonly thesemachineswill maintain
paginginformation. HAWAII definesanalgorithmto dynami-
cally balancethe load of pagingamongthe stationsof the net-
work. Basedon the currentload of eachrouter, a particularsta-
tion is chosento performthe pagingeachtimeit is neededThe
paginginformationis thusdistributedthroughouthe network to
ensurehatary stationcanperformapaging.

C. Intra-networktraffic

In this sectionwe focuson the traffic betweerthe MN s con-
nectedto the samewirelessnetwork. This kind of communica-
tion is alarge partof today’s GSM communicatiorandwe can
expectthatit will remainanimportantclassof traffic in future
wirelessnetworks. The effective supportof this type of traffic
seemghusanimportantconcern.

With Cellular IP all thetraffic comingfrom aMN mustpass
throughthe gatevay, even if the MN is communicatingwith
anotherhostin the samewirelessnetwork! Far from anoptimal
path,thiskind of routingincreasesindulytheprocessindoadof
the gatevay andthe neighboringstations. HAWAII works over
IP andthis traffic will hopefully benefitfrom classicalrouting.
TORA allowsEMA networksto forwardin anefficientwaythis
traffic to the concernechostsif the network implementsall the
TORA featured. In the caseof TeleMIP, all thetraffic coming
from a MN must passthroughthe MA currently servingthis
MN . Exceptfor very simpletopologiesthis canhave the same
effectsasthe Cellular IP routing.

D. Scalabilityandrobustness

CurrentGSM networks supportmillions of connectedusers
communicatin@tthesametime. We canexpectthatfuturelarge
wirelessaccessietworkswill havethe sameconstrainsn terms
of userdoad. The CISCO 7206 GPRSrouteractingasGGSN
is ableto manage0,000simultaneousisercontexts[19]. These
factsareto berelatedto theincreasingoad of today’s Internet
routers:routing tablescontaininga few hundredsf thousands
entrieshave becomea critical managemenroblem.

Cellular IP andHAWAII usea tree-like architecturewithin
thewirelessaccessetwork. A dedicatednachineactsasagate-
way® andis therootof this structure All routing/pagingupdates

8Thatis the assumptiorwe have madein this reportbut the EMA draftis not
very clearaboutthis...
9the Gatevaywith Cellular IP andthe DomainRootRouterwith HAWAII

arriveto it'%. A directconsequencis thatthecloserto the gate-
way a stationis, the moreloadedit is. This increasingload is
dueto traffic processingndsofttablehandlingin memory The
gatevayis thusthemoreloadedstationin the network, process-
ing all updatesand maintainingtablesentriesfor all the MNs
within the network! This table may thus containmillions of
entries,makingits handlingby a singlemachinealmostimpos-
sible. Cellular IP definesstationsworking with advancedayer
two switch capabilities,HAWAII assumeglassicallP routers
with extendedfeatures HAWAII stationsmusthenceactasIP
routers(includingmaintaininga routingtableandactuallyrout-
ing the traffic) in additionto the managementf the mobility.
Finally, in the caseof semi-softhandof, Cellular IP basesta-
tionsmustsupportdelaydevice mechanismsSuchdevicescan
be difficult to implementefficiently and, with this last feature,
Cellular IP basestatiors becomeactuallycloserto routersthan
switches.

These architecturesare weak since they rely on specific
routerssuch as the gatavay and the surroundingstations. In
the caseof Cellular IP, the pagingmechanismaggraatesthis
weaknessinceonly a few stationsmaintainthe paginginfor-
mation, makingthe network extremelyvulnerableto a crashof
thesestations. HAWAII distributesthe paginginformationin-
sidethenetwork andassignglynamicallythe pagingprocessing.
This increasests robustnessn comparisorto Cellular 1P but
atthecostof afar greatedoad on theroutersmemory Further
more,Cellular IP basicallymanagetink failureor stationcrash
with two kinds of refreshmechanismsthe beacorperiodically
transmittecby the gatavay andtheroutingrefreshesentby the
MN. On the otherhand,HAWAII works over IP andbenefits
from the existing IP recosery mechanisms.

TeleMIP doesnot define exactly a routing systembut the
multiplicity of TMA andtheir interactionwith the FA allows
to distribute the load acrossthe network so that eachmachine
maintainsa reducedforwardingtable only. With very simple
topologiesthe TMA andFA canactasadwancedswitchesand
remainquite simple. On the otherhand, TeleMIP doesnot de-
fine anything if the network becomesnore complex thana set
of wirelessradio networks directly connectedo the different
TMA s.

EMA relieson TORA to managehe mobility but aimsalso
atproviding aclassicaprefix-basedoutingby establishindoth
subnetanddestinationspecificroutes. This seemgo be a good
compromiseawith respecto thesizeof thetablesin eachstation.
However, TORA is designedto be an ad-hocnetwork proto-
col andprovidesmorethanonerouteto eachdestination.Each
nodesituatedon a routetowardsa givenhostmustmaintainin-
formationaboutthis route(its “height” with respecto this des-
tination). In large networks, the route multiplicity may become
a problembecauseanary nodeswill maintainredundaninfor-
mationsaboutMN s or subnetsMoreover, this informationwill
mainly be uselessincethe greatespart of the network is fixed
and wired in contrastwith ad-hocwirelessnetwork wherethe
availability of morethanonerouteis anextremelyvaluablefea-
ture. On this basis the tablesto be maintainedwithin eachsta-

LOHAWAII seemsto be slightly betterthan Cellular 1P since handof is
treatedocally. With Cellular IP arouteupdateis senthop-by-hopto the gate-
way ateachhandof!



TABLE Il
COMPARATIVE CHART FOR THE DIFFERENT STATIONS REQUIREMENTS

capabilitiesin account.GPRSis beingdeployed by mobile op-
eratorsandUMTS, which is its naturalcontinuationwill soon
arrive on the market. Futureall-IP wirelessnetworks will be
evolutionsof thesesystems.Their architecturenustbe defined
in thatway. Finally, it is now clearthatthe lack of numerical
dataandrealisticsimulationss a majorweaknes®sf the current
Micro-mobility approachedt isimportantto beableto evaluate
theseproposalsn a standardandrealisticnetwork modelwith

intensive simulations.To our knowledge,suchanalysishasnot
yetbeendone.
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Protocol Type of station Tables sizes | Load balancing
(worst case)
Advanced At the gatevay, | no, tree struc-
switch with | one entry for | turemoreloaded
Cellular IP pagingfunctions | each MN cur | around the root
anddelaydevice | rently connected| (thegatevay)
to the network
IP router with | Similar to Mo- | yes
HAWAII mobility func- | bile IP
tionalities
Advanced At a TMA, one | yes,betweerthe
switch with | entry for each | differentTMA
TeleMIP mobility capa-| MN it senes
bilities (FA and | currently
TMA)
Ad-hocrouter Same as Cel- | yes,all theinfor-
lular 1P with | mationsare dis-
EMA redgndant tri_buted and du-
routing informa- | plicated
tions within all
stations

tion maybecomebiggerthanwith otherproposalgespeciallyat
the gatevays)andmostof thisloadwill beunnecessarigecause
of thespecificityof thewirelessaccessetwork.

The table Il summarizeghe different stationsrequirements
for eachprotocol.

CONCLUSION

We caneasilysee,atthe endof this comparisonthatall pro-
posalshave their strengthsand weaknessewith respecto the
importantpointsdescribedn ourframework. We cannow make
some conclusionson the micro-mobility managemenfrom a
more generalpoint of view. We make thensomegeneralcon-
cludingremarks.

First of all, the handwer managemenuill obviously remain
themostimportantpointfor the micro-mobility. It mustbefast,
efficientandaffectonly thevery concernedtations.Thecontrol
traffic mustbe reduced.The passie connectvity is extremely
valuableunlessthe mobile devices have infinite capacitybat-
tery. The pagingis animproved and very efficient solutionto
this problem. A micro-mobility proposalmustthusinclude a
pagingsupport.Thefuturebroadbandvirelessnetworksareex-
pectedto supportmillions of customers.Rolustnessaandscal-
ability will be a major concernfor suchnetworks. The micro-
mobility proposalanustbe capableto handlesucha load with
appropriatemechanisms Finally, the traffic betweentwo mo-
bilesinsidethe samedomainconstitutegodayanimportantpart
of thewirelesscommunicationsThis traffic mustbe efficiently
supportedoy the micro-mobility proposals.All thesefeatures
mustbe optimizedto presere the costly bandwidthof theradio
interfacebut alsoof thewired partof thewirelessdomain.

One of the biggestremainingquestionis the “technological
integration”. The radio interfaceis now clearly orientedto-
wardsCDMA andits variants.But theresearchs intensve and
CDMA seemgo beableto provide mary moreservicesatlayer
two thanthoseexpectedinitially. The servicesthat this layer
will providearethusstill to bedefinedandit is clearthatwe can
not conceve the upperlayer (IP) without taking theseservices
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