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A Comparisonof IP mobility protocols
PierreReinboldandOlivier Bonaventure

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,PassiveConnectivity and Pagingsupport, Scalability, Robustness,
Quality of Service and Security. Basedon this framework, weexaminein a
first stepMobile IP asa Macro-mobility protocol. In a secondstep,wecom-
pare four well-known IP Micr o-mobility protocols: Cellular IP, HAWAII,
TeleMIP and EMA.

Keywords— Mobile IP, Wirelessnetworks, Cellular IP, Hawaii, EMA,
TeleMIP

INTRODUCTION�
BROADBAND WIRELESSNETWORKSarequicklyevolv-
ing towardsall-IP networks.Intensiveresearchis currently

carriedout to enhanceIP to allow thesenetworks to re-usethe
well-known IP mechanisms.In this process,many proposals
have beenmadeto enrichIP with the functionalitiesnecessary
to managethemobility of users.

The mostwidely known of theseproposalsis certainlyMo-
bile IP [1] which is also the oldestone. Mobile IP offers a
mechanismallowing usersto changetheir point of attachment
in an IP network. Unfortunately, this protocolsuffersfor many
weaknessesandthat is the reasonwhy the mobility problemis
oftendividedin two parts:macro-mobilityandmicro-mobility.
Thedistinctionbetweenthetwo dependsonthescaleof stations
movements. The Mobile IP propertiesallow it to be usedas
macro-mobilitymanagementprotocol.

Micro-mobility coversthe managementof usersmovements
at a local level, inside a given wirelessnetwork. Many solu-
tionshavebeenproposedto managethis typeof mobility within
IP networks,they areoftencalledIP Micro-mobility protocols.
Sometimesdesignedfor veryspecificissues,theirheterogenous
characteristicsandpropertiesdo not allow to easily obtain an
accuratepictureof theIP mobility managementproblems.

This paperpresentsa detailedcomparison,in a comprehen-
sive framework, 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-mobilityprotocol. In a secondstep,we
comparefour well-known IP Micro-mobility protocols:Cellu-
lar IP [2], HAWAII [3], [4], TeleMIP [5] andEMA [6], [7].

Finally, wepresentourconclusions.
Dueto sizelimitations,wecannotaddressall theissuesin this

paper. A moredetailedcomparisonis availablein [8].

I . A GLOBAL I P MOBILITY FRAMEWORK

This sectionwill focuson thepresentationof a globalmobil-
ity landscapeandthemajorissuesfor IP mobility to beinvesti-
gatedwithin this landscape.
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A. Themobility landscape

Thispaperdealswith all-IP networks.Thesearetheexpected
futuremobilewirelessnetworks,relyingentirelyon IP: from the
mobilestationto thegateway towardstheInternet.

Wecall adomaina largewirelessaccessnetwork underasin-
gleadministrationauthority. Suchanetwork is composedof two
kindsof machines.Wecall basestation(BS) anequipmentable
to communicatedirectlywith themobilenodesvia theradioin-
terface. In the caseof a CDMA basednetwork, the so-called
RadioAccessNetwork(RAN) 1 canbeseenasasingleBSsince
the mobility insidethe RAN is managedat the radio layerand
is transparentto upperlayers.We simply call stationany other
network machine.A stationperformingspecialtasksin themo-
bility managementwill benamedMobility Agent(MA ).

We alsoassumethat eachMN hasa HomeNetwork(HN),
a domainfrom which it hasobtaineda static2 IP address:its
HomeAddress(HA ). We call ForeignNetwork(FN) any other
domainwheretheMN canconnect.

In suchacontext, wecanreasonablyproposeamodelof what
will bethefuturemobility landscape,this is illustratedin figure
1.
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Figure1: Expectedmobility landscapemodel

B. Major mobility issues

We definenow threemajor issuesfor the mobility manage-
mentin our mobility landscape.Thesewill bethebasisfor our
comparison.�

Handover management: Thehandoverconcernstheman-
agementof the changesof point of attachmentof the mobiles
during their moves. This can be seenfrom a macro-mobility�

a group of transceivers underthe control of a dedicatedstation(the Base
StationController)�

Staticmeaningthattheaddressvalidity is verymuchlongerthantheduration
of amobilemovement.
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pointof view (theMN changesof networkor subnet)oramicro-
mobility point of view (the MN changesof basestation). The
handover managementis obviously a major issuein mobility
managementsinceaMN cantriggerseveralhandoversduringa
singlesessionasin currentGSM networks.�

Passive connectivity and paging : Themobileshave very
limited power capacity. Hence, their batteriesmust thus be
sparedby reducingthe mobile transmissions,it is a common
problemin classicalmobiletelephony. An idealsolutionwould
be that the MN transmitsnothing except when actively con-
nectedto the network (when in active state). But in order to
allow the network to forward efficiently the incomingpackets
destinedfor it, aMN mustperiodicallytransmitabeaconpacket
to inform thenetwork of its currentlocation.Thismustbedone
even whennot in active stateandcanbe very power consum-
ing. A standardsolution adoptedin GSM networks is to di-
vide thenetwork in geographicalareascalledpaging areas. In
the idle state(not active), the mobile transmitsa beacononly
when changingof pagingarea. this implies that the network
only knows its approximative location(its currentpagingarea).
An incomingpacketdestinedfor anidle mobiletriggersthenet-
work to performa paging (a mechanismto find theexact loca-
tion of this MN within its pagingarea)in orderto deliver it.

Wewill alsoinvestigatesomeotherlessimportanttopicssuch
assupportfor Quality of Serviceandlocal traffic management
insidea domain.

Thecomparisonwill bemadewith respectto thesetopicson
thebaseof performancecriteria suchas, robustnessandscala-
bility.

C. Mobile IP andthemicro-mobility

In orderto introducethecomparison,wepresenthereaquick
review of Mobile IP and its majorsdrawbackswhich hasled
to thedefinitionof themicro-mobility approach.It implies the
division of the mobility managementinto two different parts:
mobility managementat a largescale,betweenthedifferentdo-
mains(macro-mobility),and,on theotherhand,ata localscale,
inside thesedomains(micro-mobility). Eachtype of mobility
is then managedby specificmechanismsandprotocols. This
approachhasmany advantagessharedby all themicro-mobility
protocols.

C.1 Mobile IP

Mobile IP is the oldestand probably the the most widely
known mobility managementproposalwithin 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 describedin a IETF RFC: RFC2002[1]. All therelatedpro-
tocolsaredescribedin RFC2003to RFC2006[9], [10], [11],
[12]. SeveralInternetdraftsarecurrentlypublishedto proposed
variousimprovementfor Mobile IP andits counterpartdesigned
for IPv6,Mobile IPv6 [13]. Its basicprincipleis thatMobile IP
usesa coupleof addressesto manageuser’s movements.Each
time theMN connectsto a foreignnetwork, it obtainsa tempo-
rary addresscalledCare-of-Address(COA) from a MA in the
local network called the foreign agent (FA). This addressre-
mainsvalid only while theMN staysconnectedto thisnetwork.

The MN must inform its HA of this new addressby the reg-
istration process. Whenthe HA knows the MN ’s currentFA,
it is able to re-tunneltowardsthe mobile the packetsdestined
for it. Indeed,thesepackets,normally routed,will obviously
arrive at the HN wherethe HA will interceptandencapsulate
themtowardstheFA. On thebasisof this principle,theMobile
IP IETF working grouphasdefinedseveral improvementsand
optimizations[14].

C.2 Themicro-mobility problems

Mobile IP suffers from severalwell-known weaknessesthat
have led to thedefinitionof themacro/micro-mobilityarchitec-
ture. In this section,we review someof theseweaknessesto
show the advantagesof this paradigmand introducethe com-
parisonby pointing out several importantpropertiessharedby
all micro-mobilityproposals.�

latency and control traffic : in Mobile IP, the basicmo-
bility managementprocedureis theregistrationto theHA each
time the mobile changesof network. This processcan take a
very long time in thetoday’s Internetandevenbeenimpossible
to achieve. In thecaseof aquickly movingmobilewhichrapidly
changesof network, theregistrationprocesswill becometotally
inefficient. Moreover, this mechanismproducea lot of control
traffic.
The micro-mobility approachseemsto be a good solution to
this problem. The MN obtainsa local COA whenit connects
to a domain.This COA remainsvalid while it staysin this do-
mainandthemobilewill thusmake only oneregistrationat the
momentit connectsto thedomain.Theusersmovementsinside
thedomainaremanagedby amicro-mobilityprotocolinsidethe
domainandtransparentto the HA andthe restof the Internet.
Latency and control traffic acrossthe whole network are thus
extremelyreduced.�

Addr essspace: Mobile IP requiresthe availability of an
entirepool of valid addressesto serve asCOA in eachdomain.
Unfortunately, the IPv4 addressspacehasnow reachedits lim-
its andthe fastgrow of the Internetrequiresa largeamountof
IP addresses.Thishaspartly led to thedefinitionof IPv6 which
shouldresolve the problemby using128 bits addressesbut its
deploymentis very slow andwe canexpect that IPv4 will re-
mainusedfor many years.
The useof a micro-mobility protocol is transparentto the net-
work outsideadomainandcanthusbedonewith asetof private
addresseswhichrepresentsaneconomicandrealisticsolutionto
this problem.�

Quality of Service : frequentchangesof pointof attachment
and of COA make difficult to supportQuality of Servicefor
mobile users.With RSVP, for example,the reservationsmust
be doneagaineachtime the MN changesof COA, along the
entirepath,even if the largestpart of this path is unchanged!
Thisprocessimpliesaheavy loadin termsof controltraffic and
introducesadditionaldelaysincompatiblewith the Quality of
Servicesupport.
With a micro-mobility protocol,thenetwork is not awareof the
movementsof the usersinsidea particulardomain. The reser-
vationarethusto bedoneagainonly whenthemobilechanges
of domain.This is only possibleif themicro-mobility protocol
supporttheuseof RSVP or otherQoSmechanisms.
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I I . SHORT DESCRIPTION OF THE DIFFERENT PROTOCOLS

This sectionpresentsa shortdescriptionof the basicprinci-
plesof thedifferentmicro-mobilityproposals.Mobile IP is not
assumedto bea micro-mobility proposalbut constitutesa gen-
eral framework sincethe otherproposalsassumesit asmacro-
mobility managementprotocol.

A. Cellular IP

Cellular IP [2], [15], [16] is a micro-mobility protocolrely-
ing on Mobile IP for themacro-mobilitymanagement.A very
specializedMA actsasa gateway towardstheInternetandasa
Mobile IP FA. Cellular IP aimsto replaceIP insidethewire-
lessaccessnetwork. Cellular IP routing is basedon routeses-
tablishedandupdatedby the MN during its connectionto the
network. All theseroutesbind a mobile connectedto the net-
work andthe gateway. Eachstationmaintainsa routing cache
that allows it to forward packets from the gateway to the MN
or from theMN to thegateway. Theroutesareestablishedand
maintainedby the hop-by-hoptransmissionof specialcontrol
packetsthattriggerthestationson thepathto updatetheir rout-
ing cache. A beaconis periodically sentby the gateway and
floodsthenetwork. Thismechanismallowseachstationto know
which of its interfacesmustbeusedto forwardpacketstowards
thegateway: it is theonefrom which thebeaconwasreceived.
On the other hand,the MN sendsroute updatepacketswhen
it connectsto thenetwork andeachtime it changesof point of
attachment(handover). Thesepackets, forwardedhop-by-hop
towardsthe gateway trigger the stationson their pathsto up-
datetheir routingcachefor theconcernedMN . Thehandoveris
managedby two differentmechanisms:hardhandoff andsemi-
softhandoff. Thehardhandoff providesnoguaranteeswhile the
semi-softhandoff ensuresthatthepacket losseswill bevery re-
duced.Moreover, Cellular IP presentsa native supportfor the
passive connectivity with a classicalpagingmechanism:some
stationsmaintainpaging cachesthatareusedin caseof paging
requests.

B. HAWAII

Like Cellular IP, HAWAII [3], [4] is a micro-mobility pro-
tocol relying on Mobile IP for the macro-mobilitybut, unlike
Cellular IP, HAWAII doesnot replaceIP but worksabove IP.
Eachstationin thenetwork mustthusactasaclassicalIP router
but alsohave specificHAWAII features.Thebasicworking of
HAWAII is very similar to the Cellular IP principles. Each
stationmaintainsa routing cacheto managethe mobility. The
hop-by-hoptransmissionof specialpacketson thenetwork trig-
gers the stationsto updatestheir caches. As in Cellular IP,
the network is supposedto be organizedasa treeanda single
gateway is locatedat theroot of this tree.HAWAII definestwo
differenthandovermechanismsadaptedto differentradioaccess
technologies.Thesetwo mechanismspresentdifferentproper-
ties andcanbechosento optimizethe network with respectto
packetslosses,handoff latency or packet reordering.Like Cel-
lular IP, HAWAII supportsthepassiveconnectivity with apag-
ing mechanism.Thegeographicpagingareasarecomposedof
stationsbelongingto thesameIP multicastgroup. Thepaging
messagesarethustransferredto the stationsby usingthe clas-

sical multicastmechanismsof IP. To supportefficiently Qual-
ity of Service,HAWAII definesa native integrationof RSVP
adaptedto the user’s mobility. In a naturalway, HAWAII en-
suresthat theresourcereservationsdueto pathchangeswill be
reduce.At handoff, assumingthattheMN is a receiver, nothing
will bemadein theunchangedpartof thepath3 andthenetwork
will make a reservation only on the changedpart of the path
(roughlythepathfrom thecross-overrouterto thenew basesta-
tion currentlyservingtheMN ). This is possiblewith HAWAII
for two reasons:�

theCOA of theMN remainsunchangedaslongasthemobile
staysin thesamedomain,�

HAWAII is working over IP; this allows thedeploymentof
RSVP in HAWAII networks.

C. TeleMIP

TeleMIP [5] is a very simple protocol, well adaptedto
CDMA networks with RAN. TeleMIP relies on Mobile IP
for the macro-mobility managementand definesa new type
of mobility agent: the TeleMIP Mobility Agent (TMA ). The
TeleMIP network is composedof a setof subnetsanda setof
TMA machines.Eachsubnethasa centralmachineactingasa
Mobile IP FA andseveralbasestations aredirectly connected
to it4. ThedifferentFA areconnectedto oneor moreTMA of
thewirelessdomain.Whena mobileconnectsto thenetwork, it
connectsto a subnetandobtainstwo temporaryaddressesfrom
thelocal FA: its local COA, which remainsvalid aslong asthe
mobilestaysin thedomain,anda temporaryaddressonly valid
for thetimeit staysconnectedto thestationsof thissubnets. The
first of theseaddressesis registeredto a TMA of thenetwork 5

and this TMA will act as gateway and Mobile IP FA to the
global Internetfor this mobile. Eachtime the mobile changes
of subnet,it obtainsonly a new local addressfrom thenew FA
which will warn the TMA of the new locationof the MN . On
this basis,the working of TeleMIP is very simple. When an
incomingpacket arrivesfor a mobile locatedin thedomain,its
destinationaddressis the COA of this mobile. The concerned
TMA interceptsit andforwardsit to theFA of thesubnetwhere
the mobile is currentlyconnected.On the basisof a mapping
betweenCOA and local addresses,the FA canfinally deliver
thepacket to its destination.

D. EMA

EMA [6], [7] aimsto defineagenericframework for themo-
bility managementwithin a wirelessdomain. The authorsdis-
cussthe possibility of usingthe TORA [17], [18] ad-hocnet-
work routingprotocolwith EMA . This choiceseemsto ensure
a goodscalabilityto thesystemwhile theEMA architectureal-
lows to adaptTORA to the managementof standardwireless
accessnetwork which have specificpropertieswith respectto
ad-hocnetworks. Without any assumptionon the radio access
technology, EMA definesa handover mechanismcompletely
transparentto theupperlayers.EMA aimsto allow two typesof
routing: prefix routing (asin classicalwired IP networks) and�

Thelatterbeinghopefullythemainpartof thepathsincehandoff is managed
locally.�

soasubnetcanbeseenasCDMA RAN.�
TheFA canchoosethisTMA on thebaseof loadbalancingalgorithms.
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hostspecificrouting. Whenits connectsto the EMA domain,
the mobile� obtainsa COA from to the local subnet. In sucha
way, thetraffic destinedfor this mobilecanberoutedbasedon
its prefix while it remainsin thesubnet.WhentheMN changes
of subnet,specificroutesareinjectedin thenetwork to reachit.
TORA is verywell adaptedto work this way.

I I I . A COMPARISON OF IP MOBILITY PROTOCOLS

In this section,we review the differentmicro-mobility pro-
posalsandcomparethemwith respectto thecontext described
in theprevioussection.

A. Handoff

We investigatethe handoff managementon the baseof the
simple network model shown in figure 2with respectto three
parameters:�

handoff latency: the time neededto completethe handoff
insidethenetwork,�

packet losses:theamountof possiblylostpacketsdueto the
handoff process,�

updates: theamountof updatesto beprocessedby thenet-
work stationsto performthehandoff.

We assumeherethat �
	���
�� is the averagehop distancebe-
tweena MN and the gateway. The delay betweenthesetwo
hostsis ��	���
���������� . Similarly, ������� � is thenumberof hopsbe-
tweena MN andits previousbasestation(delay: �!�������"������� ).�$#%��&(' ' is the averagedelay in ������� betweenthe MN and the
so-calledcrossover basestationfor agivenhandoff value.

In general,we canassumethat � 	)�)
��+* � ����� �,* � #%��&�' ' . We
call � TORA the averagenumberof updatesrequiredin a TORA
network for routingto convergeaftera modification(this num-
ber dependson the network topology [17]). We assumethat
this convergenceis done in � TORA �-�.��� . � /10 is the average
timeneededto reachtheHA in classicalMobile IP registration
mechanism.2 is themeanthroughputfor aMN .

Global Internet

Gateway 

New
Base Station

Mobile’s movement

Crossover Base Station

t
prev

t
gatet

cross

Previous
Base Station

Figure2: A simplemodelfor handoff parametercomparison

With Cellular IP, the handoff mechanismtriggersthe MN
to generatea packet that is forwardedhop-by-hoptowardsthe
gateway which mustacknowledgeit. Thelatency is thus 34� 	���
��
(time to reachthe gateway andto receive its acknowledgment)
with �
	���
�� updatesin the network stations(in eachstationon
thepathto thegateway). We canexpectthatno losswill occur
with semi-softhandoff sincetheMN waitsto receivethepackets

from thebothbasestationsbeforeeffectively triggeringthehan-
dover6. Hardhandoff generates25� #%��&�' ' lossessincepacketsare
lost from themomentthemobilechangesof stationto moment
therouteupdatemessagereachesthecrossoverbasestation.

HAWAII handoff mechanismsare both exchangesbetween
the old and the new basestations. Their total latency is thus34� ������� . The forwardingschemegenerates25� ������� lossessince
packetsare lost until the updatemessagereachesthe old base
station. Thenon forwardingschemeis fastersincethepackets
arecorrectlyforwardedassoonasthecrossoverstationis aware
of the handoff (this is similar to the hardhandoff in Cellular
IP). In HAWAII , only thestationson thepathbetweenthetwo
concernedbasestations perform a routing update. This very
”local” handoff managementgeneratesthus ��������� updatesin the
network.

TeleMIP handoff mechanismssimply consistin sendingan
updatemessageto theTMA in thecaseof anhandoff between
subnetsandperformingaclassicalMobile IP registrationin the
caseof an handoff betweenTMA 7. We assumeherethat the
TMA is asfarfrom theMN asthegateway. Thehandoff latency
is thus 34� 	���
�� or 36� /10 sinceupdatesmessagesmustbeacknowl-
edged.In thecaseof the subnethandoff, the lossesonly occur
duringthetimeneededto reachtheTMA : 25��	���
�� . In thecaseof
a changeof TMA , thepacketsarelost until theHA is reached:25� /70 .

From a theoreticalpoint of view, EMA definesmechanisms
sufficientto avoid packetlossesif thehandoff canbeanticipated
(asit will bethecasein CDMA networks).Thehandoff latency
is thetimeneededto performthethreewayhandshakefollowed
by the network routingconvergencetime. Indeed,TORA will
build new routesto the MN eachtime it changesits point of
attachmentsincethe threeway handshake is finishedwhenthe
MN injectsits new TORA heightin thenetwork. Many stations
will beawareof thehandoff andperformroutingupdatesin ad-
dition to thatlocatedbetweentheconcernedbasestationandthe
MN itself.

ThetableI summarizesthisdiscussion.

TABLE I

COMPARATIVE CHART FOR HANDOFF PARAMETERS

Protocol Handoff
type

Latency Losses Updates

Cellular IP
semi-soft
handoff 8�9;:$<)=?> @ AB:$<)=?>
hardhandoff 8�9;:$<)=?> C�9;D%E�F$G%G AB:$<)=?>

HAWAII

forwarding
scheme 8�9IH�E >%J C�9IH)E >%J AKH�E >%J
non-
forwarding
scheme

8�9 H�E >%J C�9 D%E�F$G%G A H�E >%J
TeleMIP

between
subnets 8�9;:$<)=?> C�9;:$<)=?> 8 (TMA ,

FA)
between
TMA 8�9�LNM C�9�LNM O (TMA ,

FA, HA )

EMA (using
soft-state
tunnels)

Make Be-
foreBreak O�9IH�E >%J P9 TORA @ AKH�E >%J PA TORA

Break Be-
foreMake O�9 H�E >%J P9 TORA @ A H�E >%J PA TORA

Q
Assumingthatthedelaydevice definedin Cellular IP is efficientR
whenthenew FA is notconnectedto thecurrentTMA .
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B. PassiveconnectivityandPaging

Only two proposalsinclude explicitly the supportfor these
features:Cellular IP andHAWAII . It seemsto be ignoredby
TeleMIP andEMA . Cellular IP andHAWAII usetheclassical
cellular telephony conceptsof locationareaandpaging. As in
GSM networks,thestationsaregroupedin paging areasanda
routermustperforma paging to find the actuallocationof the
MN in thenetwork (i.e. its currentpoint of attachment).

A majordifferencebetweenCellular IP andHAWAII is the
pagingalgorithm. In Cellular IP, the arrival of a packet des-
tinedfor anidle MN triggersthepagingfrom thegateway. This
pagingrequestis propagatedinsidethenetwork by stationswith
paging cachesin chargeof theconcernedpagingarea.Thesta-
tions that are to perform the pagingrequestsare thus defined
by thenetwork managerandonly thesemachineswill maintain
paginginformation. HAWAII definesanalgorithmto dynami-
cally balancethe loadof pagingamongthe stationsof the net-
work. Basedon thecurrentloadof eachrouter, a particularsta-
tion is chosento performthepagingeachtime it is needed.The
paginginformationis thusdistributedthroughoutthenetwork to
ensurethatany stationcanperformapaging.

C. Intra-networktraffic

In this sectionwe focuson thetraffic betweentheMNs con-
nectedto thesamewirelessnetwork. This kind of communica-
tion is a largepartof today’s GSM communicationandwe can
expectthat it will remainan importantclassof traffic in future
wirelessnetworks. The effective supportof this type of traffic
seemsthusanimportantconcern.

With Cellular IP all thetraffic comingfrom aMN mustpass
through the gateway, even if the MN is communicatingwith
anotherhostin thesamewirelessnetwork! Far from anoptimal
path,thiskind of routingincreasesundulytheprocessingloadof
thegatewayandtheneighboringstations.HAWAII worksover
IP andthis traffic will hopefullybenefitfrom classicalrouting.
TORA allowsEMA networksto forwardin anefficientwaythis
traffic to theconcernedhostsif thenetwork implementsall the
TORA features8. In thecaseof TeleMIP, all thetraffic coming
from a MN must passthroughthe MA currently servingthis
MN . Exceptfor very simpletopologies,this canhave thesame
effectsastheCellular IP routing.

D. Scalabilityandrobustness

CurrentGSM networks supportmillions of connectedusers
communicatingatthesametime. Wecanexpectthatfuturelarge
wirelessaccessnetworkswill havethesameconstrainsin terms
of usersload. TheCISCO 7206GPRSrouteractingasGGSN
is ableto manage90,000simultaneoususercontexts[19]. These
factsareto berelatedto the increasingloadof today’s Internet
routers:routing tablescontaininga few hundredsof thousands
entrieshavebecomeacritical managementproblem.

Cellular IP andHAWAII usea tree-like architecturewithin
thewirelessaccessnetwork. A dedicatedmachineactsasagate-
way9 andis therootof thisstructure.All routing/pagingupdatesS

Thatis theassumptionwehavemadein this reportbut theEMA draft is not
very clearaboutthis.. .T

theGatewaywith Cellular IP andtheDomainRootRouterwith HAWAII

arriveto it10. A directconsequenceis thatthecloserto thegate-
way a stationis, the moreloadedit is. This increasingload is
dueto traffic processingandsoft tablehandlingin memory. The
gatewayis thusthemoreloadedstationin thenetwork, process-
ing all updatesandmaintainingtablesentriesfor all the MNs
within the network! This table may thus containmillions of
entries,makingits handlingby a singlemachinealmostimpos-
sible.Cellular IP definesstationsworkingwith advancedlayer
two switch capabilities,HAWAII assumesclassicalIP routers
with extendedfeatures.HAWAII stationsmusthenceactasIP
routers(includingmaintaininga routingtableandactuallyrout-
ing the traffic) in addition to the managementof the mobility.
Finally, in the caseof semi-softhandoff, Cellular IP basesta-
tionsmustsupportdelaydevice mechanisms.Suchdevicescan
be difficult to implementefficiently and,with this last feature,
Cellular IP basestationsbecomeactuallycloserto routersthan
switches.

Thesearchitecturesare weak since they rely on specific
routerssuchas the gateway and the surroundingstations. In
the caseof Cellular IP, the pagingmechanismaggravatesthis
weaknesssinceonly a few stationsmaintainthe paginginfor-
mation,makingthenetwork extremelyvulnerableto a crashof
thesestations.HAWAII distributesthe paginginformationin-
sidethenetwork andassignsdynamicallythepagingprocessing.
This increasesits robustnessin comparisonto Cellular IP but
at thecostof a far greaterloadon theroutersmemory. Further-
more,Cellular IP basicallymanageslink failureor stationcrash
with two kindsof refreshmechanisms:thebeaconperiodically
transmittedby thegatewayandtheroutingrefreshessentby the
MN . On the otherhand,HAWAII works over IP andbenefits
from theexisting IP recoverymechanisms.

TeleMIP doesnot defineexactly a routing systembut the
multiplicity of TMA and their interactionwith the FA allows
to distribute the load acrossthe network so that eachmachine
maintainsa reducedforwarding table only. With very simple
topologies,theTMA andFA canactasadvancedswitchesand
remainquitesimple. On theotherhand,TeleMIP doesnot de-
fine anything if the network becomesmorecomplex thana set
of wirelessradio networks directly connectedto the different
TMA s.

EMA relieson TORA to managethemobility but aimsalso
atprovidingaclassicalprefix-basedroutingby establishingboth
subnetanddestinationspecificroutes.This seemsto bea good
compromisewith respectto 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 respectto this des-
tination). In largenetworks,theroutemultiplicity maybecome
a problembecausemany nodeswill maintainredundantinfor-
mationsaboutMNs or subnets.Moreover, this informationwill
mainly beuselesssincethegreatestpartof thenetwork is fixed
and wired in contrastwith ad-hocwirelessnetwork wherethe
availability of morethanonerouteis anextremelyvaluablefea-
ture. On this basis,thetablesto bemaintainedwithin eachsta-��U

HAWAII seemsto be slightly better than Cellular IP since handoff is
treatedlocally. With Cellular IP a routeupdateis senthop-by-hopto thegate-
way ateachhandoff!
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TABLE II

COMPA
V

RATIVE CHART FOR THE DIFFERENT STATIONS REQUIREMENTS

Protocol Typeof station Tables sizes
(worst case)

Load balancing

Cellular IP

Advanced
switch with
pagingfunctions
anddelaydevice

At the gateway,
one entry for
each MN cur-
rently connected
to thenetwork

no, tree struc-
turemoreloaded
around the root
(thegateway)

HAWAII
IP router with
mobility func-
tionalities

Similar to Mo-
bile IP

yes

TeleMIP

Advanced
switch with
mobility capa-
bilities (FA and
TMA )

At a TMA , one
entry for each
MN it serves
currently

yes,betweenthe
differentTMA

EMA

Ad-hocrouter Same as Cel-
lular IP with
redundant
routing informa-
tions within all
stations

yes,all theinfor-
mationsare dis-
tributed and du-
plicated

tion maybecomebiggerthanwith otherproposals(especiallyat
thegateways)andmostof this loadwill beunnecessarybecause
of thespecificityof thewirelessaccessnetwork.

The table II summarizesthe differentstationsrequirements
for eachprotocol.

CONCLUSION

We caneasilysee,at theendof this comparison,thatall pro-
posalshave their strengthsandweaknesseswith respectto the
importantpointsdescribedin our framework. Wecannow make
someconclusionson the micro-mobility managementfrom a
moregeneralpoint of view. We make thensomegeneralcon-
cludingremarks.

First of all, thehandovermanagementwill obviously remain
themostimportantpoint for themicro-mobility. It mustbefast,
efficientandaffectonly theveryconcernedstations.Thecontrol
traffic mustbe reduced.The passive connectivity is extremely
valuableunlessthe mobile devices have infinite capacitybat-
tery. The pagingis an improvedandvery efficient solution to
this problem. A micro-mobility proposalmust thus includea
pagingsupport.Thefuturebroadbandwirelessnetworksareex-
pectedto supportmillions of customers.Robustnessandscal-
ability will be a major concernfor suchnetworks. The micro-
mobility proposalsmustbecapableto handlesucha load with
appropriatemechanisms.Finally, the traffic betweentwo mo-
bilesinsidethesamedomainconstitutestodayanimportantpart
of thewirelesscommunications.This traffic mustbeefficiently
supportedby the micro-mobility proposals.All thesefeatures
mustbeoptimizedto preservethecostlybandwidthof theradio
interfacebut alsoof thewired partof thewirelessdomain.

Oneof the biggestremainingquestionis the “technological
integration”. The radio interface is now clearly orientedto-
wardsCDMA andits variants.But theresearchis intensiveand
CDMA seemsto beableto providemany moreservicesat layer
two than thoseexpectedinitially. The servicesthat this layer
will providearethusstill to bedefinedandit is clearthatwecan
not conceive theupperlayer (IP) without taking theseservices

capabilitiesin account.GPRS is beingdeployedby mobileop-
eratorsandUMTS, which is its naturalcontinuation,will soon
arrive on the market. Futureall-IP wirelessnetworks will be
evolutionsof thesesystems.Their architecturemustbedefined
in that way. Finally, it is now clear that the lack of numerical
dataandrealisticsimulationsis amajorweaknessof thecurrent
Micro-mobility approaches.It is importantto beableto evaluate
theseproposalsin a standardandrealisticnetwork modelwith
intensive simulations.To our knowledge,suchanalysishasnot
yetbeendone.
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