1 P100361 METHOD, SYSTEM AND MOBILE HOST FOR MOBILITY PATTERN BASED SELECTION
OF A LOCAL MOBILITY AGENT BACKGROUND 5 [0001] This invention relates to mobility management
of a mobile host in a Mobile IP network. More particularly, this invention relates to the selection of a local
mobility agent (LMA) in a visited network or domain for registration with a home agent in a home network
or domain, wherein the selection is based on a mobility pattern of a mobile hostplrgdeQZ] Mobile
Internet users require special mobility support for their mobile nodes or hosts to maintain connectivity as

they change their logfion sts ROV AEUAGBRRSEI & AXSiaTE R BRI BRPPEHNDEINg integrated

into contemporary networks. With mobility support, regardless of where a mobile host resides physically
in the system, the system igéﬁgl?osﬁrbﬁ &l t%ﬁ) QQ%UW%T%&%Uﬂ'ications with

correspondent nodes on the network for Open Systems Interconnection (OSI) layers above the network
layer. The Intern%légg%\%%w Task Force (IETF) Mobile IP protocol has been proposed to address the
mobility issue in layer protocol, Internet Protocol (IP). With Mobile IP, each time a mobile
host moves awajo201fom Ttshiowendomaia tes aovisibilitgubaetgtreanobile mosileslassigned a care- of

address (Con) b ipb s SHiRClyTRe dRRIANgStIediFioradlf. BR9BSrcamih fiome agentina

home domain of the mobile host. Wi IS registration, the CoA is associated with the mobile host's

home address. SIRFRERAIEBCRARN (5Véfkitatisies ABNETh G afertad fogisedticHias WiYs binding

update. The homenagenhsReeTHS thislinding asAEMDNINASIBHIRE: sachaoAldibaseaint, the home
agent serves as a prox%tzfJ r the mobil%&goleﬁ il the mobile host's binding entry expires. Also at this

point, corresponagr"f}”ﬁ %tg ARG Y Hobile host's new location and will continue to send
packets to tile m@ibil2hostidohimnimiadasesseEhedoraeageat mnbility support for their

mobile nodes or hosts to maintain connectivity as they change their location
or point-of-attachment in a system. This mobility support is being integrated
into contemporary networks. With mobility support, regardless of where a
mobile host resides physically in the system, the system is able to provide

15  transparent support for communications with correspondent nodes on the
network for Open Systems Interconnection (OSlI) layers above the network
layer. The Internet Engineering Task Force (IETF) Mobile IP protocol has
been proposed to address the mobility issue in the network layer protocol,
Internet Protocol (IP). With Mobile IP, each time a mobile host moves away

20 from its home domain to a visited subnet, the mobile host is assigned a care-
of address (CoA) in the visited subnet. The mobile host registers this
assigned CoA with a home agent in a home domain of the mobile host. With
this registration, the CoA is associated with the mobile host’s home address.
Such an association is referred to as a binding and the registration as a

25 binding update. The home agent records this binding as an entry in a binding
cache. At this point, the home agent serves as a proxy for the mobile host
until the mobile host’s binding entry expires. Also at this point, correspondent
nodes are not aware of the mobile host’s new location and will continue to
send packets to the mobile host’s home address. The home agent on

30 receiving these packets redirects or tunnels the packets to the mobile host’s

CoA. The mobile host may send a similar binding update to the



30 receiving these packets redirects or tunnels the packets to the mobile host's CoA. The mobile host
may send a similar binding update to the 2 P100361 correspondent nodes. If such binding updates are
sent to the correspondent nodes, the correspondent nodes can subsequently send packets directly to

the mobile host using the CoA. [0003] Typically, a Local Mobility Agent (LMA) in a visited domain that is 5
serving the mobile host assigns a single CoA for the mobile host. Only one regigiiafign with the home
agent involving this single CoA is necessary. Subsequent movement of the mobile host within the visited

domain wil not kesHlLIR JUEREREBEISUALER ik o Reme ARt A RReteis o fobile host sent

to the home address will be redirected by the home agent to the 10 LMA using the CoA. The CoA
therefore remainsPGRENBIRERI 4RBGKIRN blRsIER Cap thitPoRARNHB FRIA BaSHIE Bedmbility of the mobile
host within the visited ogmmais: Adthgued sush a scheme has the advantage of reducing registration traffic

outside of the vigj omain,.it suffers a disadvantage. T rving .LMA has the responsibility of
tracking the mojﬁnﬁ%ﬁt of?ﬁg L] h8§%l/§@?%ﬁ@5%§n%%i@iﬁ4§d8rﬁ%{fﬁ'tfrqqdwmaﬂe t& see a signaling
apql péodcesgfy_ng Ismdir‘@ﬂmmmﬂQMBtMigegiatsm@a@Mualbembhe mﬂpb@nbffnqeb(jileczj host_s inhthe
visited domain. C - Wi visited domain, the
LMA is informed t rgﬁéﬂgﬁgqggltﬂﬂegg@grﬂeﬂo or(;T‘[??/r?cli|9r|(lplgl§| 3@53@%@@%@“%@%0 -attachment. If there are
a large number ciUREERIINEBXLERGOH S dhe EBQ‘P!B?@%‘&H@@ﬂé@eVﬁﬂﬁﬂ)éi)ar@ﬁfﬁdﬂﬂé‘%sts or frequent

change of point-pdsaiitashineiel et gdiambes afitheanaiiie hgsia, thay lWAsrasobgswaspped. [0004] To
domain can be S0 SR IR SS ST 5o SHERE of W STt GG ome agent tis.
. gent. Itis
desirable td Gelech/ LisiActitad [Scehcorhpromisid defaeer thenseacttta ligat thedwaibeuside
of the visited domain despite local mobility of the mobile host within the visited
domain. Although such a scheme has the advantage of reducing registration
traffic outside of the visited domain, it suffers a disadvantage. The serving
LMA has the responsibility of tracking the movement of the mobile host within
15  the visited domain and will therefore see a signaling and processing load
associated with local registrations equivalent to the number of mobile hosts in
the visited domain. Each time a mobile host changes a point-of-attachment
within the visited domain, the LMA is informed through a local registration or
binding update of its new point-of-attachment. If there are a large number of
20 local registrations due to there being a large number of mobile hosts or
frequent change of point-of-attachment of a number of the mobile hosts, the
LMA may be swamped.
[0004] To reduce the processing load at a LMA, multiple LMAs organized
in a hierarchical configuration in a visited domain can be used. One of the
25 LMAs has to be selected for registration with a home agent. It is desirable to
select a LMA that is a compromise between the need to limit the number of
registrations with the home agent and the processing load demands
associated with local registrations at a LMA.

30 SUMMARY



registrations with the home agent and the processing load demands associated with local registrations at
a LMA. 30 SUMMARY 3 P100361 [0005] According to an aspect of the present invention, there is
provided a method of selecting a local mobility agent (LMA) from a plurality of LMAs in a visited domain,
to serve as a local home agent, for registration with a home agent in a home domain of a mobile host that
has moved into the visited 5 domain. The method includes determining a mobility,p(%?;p of the mobile
host within the visited domain and selecting a LMA from the plurality of LMAs depending on the mobility

pattern of the MggggHost I\%B?&iiﬁ% i9n V0L Lhey 'ﬂ%‘b‘?e%%ﬁmn%ﬂ%kﬁﬁ%?éqg‘&&ié@&@er aspect of the

present invention, there is 10 provided a system for mobility management. The system includes a home

domain that incllidRE eAHY RRIeBat B & §aHbbAE b st M G 8ta Rl wishYiAtkldes B disited domain that

has a means for\ggtesaining s Hebiity Ratesaaphdieragbile fpsbyihiidhewisitedsinenain. The visited
domain also includes, a means for select}n?? aﬁ;[ﬂl_\(whfro . a @#\ralit of LMAS in the visited domain 15
depending on th84R0bE %Wgrﬁol’@na%&s DA ARRIHEFIIAR RYERE "TBOB'A Ak ding to yet another

aspect of thé presenainyvent ometthet énidupesvidéel aisulgsy sternilthataervesfabanigited domain and that

includes the megns %ﬁﬁ;lwm% Cﬂ(gg%ﬁ]dﬁacg%%%%goﬁ?\_ﬂf\zr q%ﬁﬁﬁgﬁ&t&ﬂy Hre invention, there

is 20 provided a mobile host that facilitates select : or registration according to the method
described abovedeMREHishie Hsiagileatiasn shdve aesiribes i angi sBRIEF BIRSTRIPTION OF
DRAWINGS 25 [R8k§batinvention will be better understood with reference to the drawings, in which:

[0006] According to another aspect of the present invention, there is

10 provided a system for mobility management. The system includes a home
domain that includes a home agent serving a mobile host. The system also
includes a visited domain that has a means for determining a mobility pattern
of the mobile host within the visited domain. The visited domain also includes
a means for selecting a LMA from a plurality of LMAs in the visited domain

15  depending on the mobility pattern for registration with the home agent.
[0007] According to yet another aspect of the present invention, there is
provided a subsystem that serves as a visited domain and that includes the
means described above.
[0008] According to a further aspect of the present invention, there is

20 provided a mobile host that facilitates selection of a LMA for registration
according to the method described above. The mobile host includes the

above-described means.

BRIEF DESCRIPTION OF DRAWINGS
25 [0009] The invention will be better understood with reference to the
drawings, in which:

Figure 1 is a schematic diagram of an exemplary system having
domains in which an embodiment of the present invention may be
implemented;

30 Figure 2 is a schematic diagram of a system similar to that in Figure 1

further showing a home agent in a home domain, a correspondent node in a



Figure 1 is a schematic diagram of an exemplary system having domains in which an embodiment of the
present invention may be implemented; 30 Figure 2 is a schematic diagram of a system similar to that in
Figure 1 further showing a home agent in a home domain, a correspondent node in a 4 P100361
correspondent domain and multiple LMASs in a visited domain, wherein the LMAs facilitates intra-domain
mobility of a mobile host in the visited domain; Figure 3 is a schematic diagram %@ééq that in Figure 2
showing paths from each access router to a gateway LMA of the visited domain; 5 Figure 4 is a

schematic diagrap), SARWIE ALBAEHISEMADHEIEITARS iHﬁe\ﬁéﬁeﬁ‘Soﬁ}@ﬁmv%FéWﬁ& for atomatically

discovering the paths; rij'ure 5is a flowchart of a sc—;-azuence_o steps, accqrdinf%to an embodiment of the
present inventioh MOE J8fIEBIRF ANRAURTEhGRINY Ph@tHROILMIRSTH Higurs o PEistration with the
home agent; and 10 Figiye® isadlevvehastiolmgesrencanfisters orFyocessngig advertisement
message of Figure 4. DETAILED DESCRIPTION [0010] Figure 1 illustrates an exemplary wireless system
5 in which an 1A AT e BHCULAR R B s BB R GO AChown. the system 2
includes a nbimber of neiguoeks israderhamstid, dagtamadboiviggpapladaktyissfrsabnetseekse or subnets 6.
Each subnet 6 ingluges m(gc 3lity, af ﬁ%}?e%%Y%[ﬁ(?rRXt{%@etﬁgx&}éﬁﬁs siations10. A mobile host 12

(Figure 2) may transition across a nuniber of boundaries between cells’8 and subnets 6 20 to change its
location or point-of-attdcBH{ErR ih A $gSRHPD2 RIABBNEHIEIEDS i SECRIPEIESS @Bvice such as a mobile

phone, a digital paipenmhasststMal pBEAN.iRvBAtER eoPSESORRISaMPMieI @ ihe like. The mobile host 12
includes a data processing unit (not shown), such as a m'crﬂgrocessor. 0011] The transition of a mobile
host 12 from a CE”J [ J)ezﬂ@ﬁ‘?ep e 2 for’registration with the home ageht; an

10 Figure 6 is a flowchart of a sequence of steps for processing the

advertisement message of Figure 4.

DETAILED DESCRIPTION
[0010] Figure 1 illustrates an exemplary wireless system 2, in which an

15 embodiment of the present invention may be implemented. As shown, the
system 2 includes a number of networks or domains 4, each including a
plurality of subnetworks or subnets 6. Each subnet 6 includes a plurality of
cells 8 covered by respective base stations 10. A mobile host 12 (Figure 2)
may transition across a number of boundaries between cells 8 and subnets 6

20 to change its location or point-of-attachment in the system 2. A mobile host 12
is a wireless device such as a mobile phone, a digital personal assistant
(PDA), a portable personal computer or the like. The mobile host 12 includes
a data processing unit (not shown), such as a microprocessor.
[0011] The transition of a mobile host 12 from a cell 8 to another cell 8

25  within the same subnet 6 is managed using a data link layer (OSI layer-2)
protocol. The transition of a mobile host 12 from one subnet 6 to another
subnet 6 within the same domain 4 is referred to as intra-domain mobility.
Finally, a mobile host 12 may also transition from one domain 4 to another
domain 4. This movement is referred to as inter-domain mobility. Such

30 subnet-crossing and domain-crossing mobility may be handled using layer-3



25 within the same subnet 6 is managed using a data link layer (OSI layer-2) protocol. The transition of a
mobile host 12 from one subnet 6 to another subnet 6 within the same domain 4 is referred to as
intra-domain mobility. Finally, a mobile host 12 may also transition from one domain 4 to another domain
4. This movement is referred to as inter-domain mobility. Such 30 subnet-crossing and domain-crossing
mobility may be handled using layer-3 5 P100361 pr%tocols, such as the Mobile II_-PmBEB@ing application
layer protocols, such as Session Initiation Protocol (SIP) involving a SIP proxy (not shown). [0012] Figure

2 llustrates a SVEFe%'EHc%QsT%E}FH@alH@%B i?éqpﬁb?iﬂs’m@%%mig‘éfti%rmé?sbé'rep'?&%tci'a%, igugﬁegrdance with an

embodiment of the present 5 invention. The s(g/stem 2 s a home network or domain 22, a
correspondent nefFSYK'dr iaHeAIT LA oapld Al Foreigiviia Asietd RERYOrROEWBRAIN 26, all connected via a

network, such aggbeanterpr{u?8 2Tingshamse adgiain 28 mes it sreamaindm wiishidhe mobile host
12 is given a long;: term Internet Pratocol (IP) address. The visited domain 26 may include any 10 domain
BUESRS 3 B BF R B

other than the m fb?lént? 3’d8r‘ﬂ%ﬁ rg .nﬁ}la’o\fyét Bgc?fi% ',W’fet'ﬂteo in 22 includes more

than one subnetjraafsited Twraisid6 Ataycindexle Soleetstothérdhdortizénr@dbide host's home subnet.
The correspond j ' - S ' H%]’II,I,S: mobile host 12
communicates. %@Ff%gﬁaiﬂﬂ%}%}&?rﬂg?ﬁgﬂgffu%%a;gaq g%@ﬁ@%%%ﬁ%&;b e r@éﬁt}gction agent, home
agent 32 or SIP PeeXS et AARRANES R \darreiftl vt sHCThisrHatibie BrheSmdIfIeBst 12. This location

information inC'U@'&%é&rﬂ@ﬁlaﬁ%@hﬁﬁeﬁg@@ﬁﬁi(ﬁ@r@v}aiaﬁ)ﬂ\'@(ﬁmﬁl@,HB@t hQ’TLegﬂ&fPﬂé %Qlay include a
table associating the home dressboﬁfgach mobilﬁa host 12 W'[th a,ﬁ: bal CoA 20 received for the mobile

host 12. Using t %radggr% ,r?rtl%Cﬂ 389?%%2 Hﬁa;v/'?gﬁﬁ RRAHEHLAS EMobile host 12. The
home addré8s otitimeaimotiibr faoeti? rerbidensoatchangedo regarzite $4oof S oifalaile, hosts current

home domain 22 includes more than one subnet, a visited domain 26 may
include subnets other than the mobile host’'s home subnet. The correspondent
domain 24 may include a correspondent node 30 with which the mobile host
12 communicates.

15 [0013] The home domain 22 includes a globally accessible redirection
agent, home agent 32 or SIP proxy that maintains the current location
information of the mobile host 12. This location information includes a global
care-of-address (CoA). For example, the home agent 32 may include a table
associating the home address of each mobile host 12 with a global CoA

20 received for the mobile host 12. Using the global CoA, the home agent 32
may forward communications to a mobile host 12. The home address of the
mobile node 12 remains unchanged, regardless of the mobile host's current
location in the system 20. A communication with the mobile host 12 may
include information in one or more packets.

25 [0014] The correspondent domain 24 may include a correspondent node
30 with which the mobile host 12 may communicate. The correspondent node
30 may be either mobile or stationary. The visited domain 26 may include a
number of subnets (groups of which are referenced in Figure 2 as subnet
groups 6A, 6B and 6C). The visited domain 26 also includes several access

30 routers 40 (two of which are shown in Figure 3 but not shown in Figure 2 for

simplicity) and several local mobility agents (LMAs) 14A-14E. Each of the



location in the system 20. A communication with the mobile host 12 may include information in one or
more packets. 25 [0014] The correspondent domain 24 may include a correspondent node 30 with which
the mobile host 12 may communicate. The correspondent node 30 may be either mobile or stationary.
The visited domain 26 may include a number of subnets (groups of which are referenced in Figure 2 as
subnet groups 6A, 6B and 6C). The visited domain 26 also includes several acclgféo’%%{outers 40 (two of
which are shown in Figure 3 but not shown in Figure 2 for simplicity) and several local mobility agents

(LMAs) 14A-14E, b-aeh Qf 13565 HO05 e BREERSRUIB I e fanRsgdda ligiiome agent 32 via a

respective transmission path. One or more LMAs 14A-14E Tie along each transmission path. One of the
LMAs 14A-14E HaiySpHsviae Baifiqte yrRpamerebbhabid dribdPcare bR asi FERs (@59 Tor the mobile host

%;2 andr:nayl irtl)telfﬁﬁﬁ.t @r@éﬁ%@%lﬂﬂ%‘(ﬂ&f@mﬂ&mdpt@ﬁm @th!ﬁj@%ﬂéﬂl%%ﬁ?@l@rowdﬁd global

0A. The global CoA can be assigned using. any metho an LMA 14A- 14E as long as the LMA
L4145 can acPUDR SRS HRERSY to BRSOV b S AR BB Goa. One method
is to providebeacteceMA datAel<l B mitince g totiod omuigile rglebdl yseartiedhteayiokdl (arss, for 10 example,

from an Internet é&[\w%géqgg%rcgg%)ag%gof%ﬂﬂgg%gﬁatlﬁ ﬁ)@@’fgg@#ﬁ@ﬁg Anethod is to assign

to the mobile host 12 the | ress itse MA 14 > as a global CoA. Such a method
allows more thatnesrifsisilashiasts 2 tHéhAtE SR heSAGBAKC DA IMtBEEMAJIAIN- 14E whose IP

address is used gsclag slpbakrgAnvikEangrRiiiy @ pArtcyanbhaokile pesiifer dapwarding a packet
using the mobile host home address carried in the packet. [0015] According to an embodiment of the
present inventiorl'r,'\%%éA(ﬁ'ﬂfg:i A8 Rﬁ%r\-‘iﬁlén|9L&i@%@&%%@ﬁ\%gfsgi%%g?ﬂg&é%gent for the mobile
host 12 defiendmauoplthéromaititinfEatiers efvihe Rrobite hgSPL2 hetere@pithe host 12
assignment. Another method is to assign to the mobile host 12 the IP address
itself of an LMA 14A-14E for use as a global CoA. Such a method allows
more than one mobile hosts 12 to share the same global CoA. The LMA 14A-
14E whose IP address is used as the global CoA will then identify a particular
15 mobile host for forwarding a packet using the mobile host home address
carried in the packet.
[0015] According to an embodiment of the present invention, one of the
LMAs 14A-14E is selected to serve as a local home agent for the mobile host
12 depending on the mobility pattern of the mobile host 12 between the
20 subnet groups 6A-6C of the visited domain 26 during a given time interval.
For example, if a mobile host 12 remains within a single subnet group 6A, 6B
or 6C during the time interval, a respective LMA 14C-14E lower in a hierarchy
of the LMAs 14A-14E will be selected to serve the mobile host 12. If the
mobile host 12 moves between subnet group 6A and 6B during the time
25 interval, the intermediate LMA 14B will be selected to serve the mobile host
12. If, however, the mobile host 12 moves between all subnet groups 6A-6C
of the visited domain 26 during the time interval, the LMA 14A that is highest
in the hierarchy will be selected to serve the mobile host 12. The LMA 14A is
termed a gateway LMA since it also plays the role of a conventional domain
30 gateway for connecting the other LMAs 14B-14E to the home agent 32. If

there are more than one LMAs acting as conventional gateways



20 subnet groups 6A-6C of the visited domain 26 during a given time interval. For example, if a mobile
host 12 remains within a single subnet group 6A, 6B or 6C during the time interval, a respective LMA
14C-14E lower in a hierarchy of the LMAs 14A-14E will be selected to serve the mobile host 12. If the
mobile host 12 moves between subnet group 6A and 6B during the time 25 interval, the intermediate LMA
14B will be selected to serve the mobile host 12. If, Bowever, the mobile host 1%%‘51 between all
subnet groups 6A-6C of the visited domain 26 during the time interval, the LMA 14A that is highest in the

hierarchy will beﬁﬂ&l‘%&%@&ﬁsﬁ?%ﬁé%‘? Mol &‘é’ﬁﬁ?‘%\/e;dr %’%@Fﬁé‘ﬁ?ﬁ f[mdté‘iﬂ'ﬁ’itﬁ\é’%y LMA since it

also plays the role of a conventional domain 30 he other LMAs 14B-14E to the

home agent 32. M&‘é%m&’@%ﬁﬁ'Bﬁ%e!_\l\ﬁ,&gdaéﬂH&'ﬁ@@on%ﬁ@??d\sg‘%itéiﬁ/ﬁ?‘éeﬂ@lomm
simultaneously, ppgefihenuis @aaf@ws@ﬁln@méh%gm@wméwtomt@t@ea/éMﬁacsbﬁéovery process in

the visited d 26. Th ils of di LMAs 14A- 14E h.of the LMA
141\/'12; to ggr]v ne?H@bWi' ) Q%Si(g Wﬁlﬁ? ﬁ%\%grgc%‘b%%%%@nﬁ% Lﬁ&l% goat#ﬁ 58.%: is a flfnctlon 5
that can be perfdnatezh by amerouterdby((Eigueu8)rifghEigisitet) dotmaivi2ey therlaviAR6oes not need to
reside on & maciieq MRS SCRAFIS IO AIOUIS: SR-HHRIINIATS SEJaElows 2 hatperior he

function of a LMA are given a reference numeral 14 oba CoA assigned by a
selected LMA 148-14E¢ iketare afohileidigst 3 halse BBtalns s EAPC oAF astes Fouter 40
communicating t.@éengé Jmeggphal CoA is used outside of the visited domain 26 for addressing the

scheme alows OHIRY ouREEESY e JRTELAAER 2 o e HOEEEHENE ol e AEILS location of he
mobile host 12 witbinld¢heyisited slootamnzt dowéveh, famy anameeentcafehd@obile host 12 across the
subnet bounda%g\mwﬁﬁw&iiﬂ&therewith. The global CoA is used outside of the visited
domain 26 for addressing the mobile host 12 while the local CoA is used
within the visited domain 26. The use of such an addressing scheme allows
routing outside of the visited domain 26 to be independent of the actual
15  location of the mobile host 12 within the visited domain 26. However, any
movement of the mobile host 12 across the subnet boundary will result in a
local registration with the selected LMA to provide the LMA with a new local
care-of-address of the mobile host 12. Hereinafter, provision of a global CoA
by a selected LMA 14A-14E to the home agent 32 is referred to as a
20 registration of the selected LMA 14A-14E with the home agent 32 for ease of
description.
[0017] A method for periodically selecting a LMA from the LMAs 14A-14E
in a visited domain 26 for a mobile host 12 for registration with the home
agent 32 is next described. According to a generic embodiment, the method
25 involves determining a mobility pattern of the mobile host 12 during a given
time interval. A LMA 14A-14E is selected based on the mobility pattern. The
selected LMA 14A-14E is registered with the home agent 32 if it is determined
that the selected LMA 14A-14E is different from a LMA 14A-14E currently
registered with the home agent 32.
30 [0018] Preferably, determining the mobility pattern of the mobile host 12
according to the generic embodiment involves determining at least one LMA



local registration with the selected LMA to provide the LMA with a new local care-of-address of the
mobile host 12. Hereinafter, provision of a global CoA by a selected LMA 14A-14E to the home agent 32
is referred to as a 20 registration of the selected LMA 14A-14E with the home agent 32 for ease of
description. [0017] A method for periodically selecting a LMA from the LMAs 14A-14E in a visited domain
26 for a mobile host 12 for registration with the home8 agent 32 is next described, ding to a generic
embodiment, the method 25 involves determining a mobility pattern of the mobile host 12 during a given

time interval. A LMA 144 44Fis seleciaghased pn bR amabiifycnaliem. The. selgsied LMA L4A-L4E is

registered with the home agent 32 If it is determined_that the selected LMA 14A-14E is different from a
LMA 14A-14E cGRERIYNIFsdRstere dRitRAPEe HOTidH a3 lige [oterspir retéianhsqefermining the mobility

pattern of the mohils hoat-1i2 espding tieraeraiissinRrginentinrpbiescleter BliRidgeat least one
LMA 8 P100361 14A-14E Iongtﬂa%tra smissioq?%?gtgcgf one.or more Ecc ss routers 40 that communicate

with the mobile FGSEGTARY The Tmei Yé%‘é/ésf.siﬁ eﬁegiﬁiﬁ\ﬂ%izl g ﬁ@%léfrrﬁﬁgﬁn@%e transmission
paths of each of tMAcHE\et4harboaectssnoatersidéerivolireddseselovted focesgistiaton4Preferably, a

common 5 LMA LA A whase.dilange 5 cIpaest 2 (06 905 05 BIOM8,ARRRSH YRI5 4O is selected.

The selected LMA 14A-14E can be registered with one or more “correspondent no 0 that is

communicating WRHaRROREHIRESE £ ihids serdateaicNIAdYHEiseererbiftRabie! Rdhiéeagent 32. Such

registrations withyclaete@reepeNdRiBRAERIBOHS NEHhBaRRen nstanianeishabstdakensome 10 time to
complete. During, this time, pa ketspzjent b%éhe correspondent nodes 30 to thﬁ%greviously registered LMA
RALBROS t

may be in transi "R ROFFRRP LB RiBA &H?ﬁ%@”&ﬁ@%%fét%é’&l #itA%he correspondent
nodes 30 tdOalsdimregistentimeselcbtetht M witle thadketA grevipusly cegistpredientmtuzs

30 to the previously registered LMA may be in transit. It is thus preferable in
addition to registering the selected LMA with the correspondent nodes 30 to
also register the selected LMA with the LMA previously registered with the
home agent 32. By doing so, the previously registered LMA may redirect any

15 in-transit packets destined for the mobile host 12 to the selected LMA. As it
takes only a short duration, approximately equal to the round trip transmission
delay of a packet from the mobile host 12 to a correspondent node 30, for
completion of registration of the selected LMA with the correspondent nodes
30, the registration with the previously registered LMA may last only

20 temporarily, such as for a few seconds.
[0019] A specific embodiment for selecting a LMA 14 will be described with
the aid of Figures 3-5. According to this top-down embodiment, the mobility
host 12 determines its mobility pattern and selects a LMA 14 based on the
mobility pattern for registration with the home agent 32. Figure 5 shows a

25 selection sequence 50 performed by the mobile host 12 for periodically
selecting a LMA 14 for registration. The selection sequence 50 starts in a
SELECT GATEWAY LMA step 52 when the mobile host 12 moves into the
visited domain 26. In this initial step 52, the mobile host 12 receives a LMA
list 54 (Figure 3) from an access router 40 communicating therewith. The

30 LMA list 54 of an access router 40 includes one or more LMAs 14 on a

transmission path of the access router 40 to the home agent 32. From the



home agent 32. By doing so, the previously registered LMA may redirect any 15 in-transit packets
destined for the mobile host 12 to the selected LMA. As it takes only a short duration, approximately
equal to the round trip transmission delay of a packet from the mobile host 12 to a correspondent node
30, for completion of registration of the selected LMA with the correspondent nodes 30, the registration
with the previously registered LMA may last only 20 tgmporarily, such as for a few16%%%qu. [0019] A
specific embodiment for selecting a LMA 14 will be described with the aid of Figures 3-5. According to

this top-down enipdiaess, he mQRil@YmoQﬁbjs%l@‘érf]?r Bisrdis BaRilinepatgnand, spiects a LMA 14

based on the mobility pattern for registration with the home agent 32. Figure 5 shows a 25 selection
sequence 50 pef@rfad B iRy rdbile 6 forl peiteibaiy Nseibchifg"R TRACEANSE @fistration. The

shelection Zeguewiggaﬁmﬁﬁ@@ ?ﬁk&gfgn@f&ﬁms\l‘é%m%m@@@ whan mﬁléﬁfbﬂ%iét%t 12 n;;)}/% into
the visited domain IS.jpitjal step 52, ohile host 12 receives a LMA list 54 (Figure 3) from an
access router 4@88%@?&&%&&’“’?@5\%@/ MAEO ﬁjﬁ}ﬁﬁ?f?‘éﬁ) Blsgﬂlée&ceeslgwgﬁfgr 40 includes one or
more LMAs 34 qvmcetemisstmiasﬁdiﬂﬁﬁﬂﬁlNﬁﬁesmpcééswbate'rmmemtbbilbmusi agegtaBQOFrom the 9
P100361 LMA ligh 54, he mahile d) &&iéﬁ'ﬁﬂér?s&?%%sé %Mﬁ!ﬁﬁﬁ I‘FM'& T30 wfse a gateway

LMAL in Figure 3, for registration with the home agent 32 and optionally with any correspondent node 30.
The mobile hosta Pa4ISORIAERS S SPRSEET OBA WithvRle JatrscliMpEIrRe&eiELiitinsequence 50 next 5

proceeds to a ShREcHMER BIAPrIOWirRreinthesmebile hoglid thetaitbits Hdsksoifafs internal selection

timer, such as a countdown ti[ner initjialized with a value denotin(\gg%srgecific tigle interval. The selection
sequence 50 the‘:r‘itkﬁrogé@o%a BHWATCESR ARRFY 8{&?%?\% it 40€ MEBiIR 1ot ' waits either for
a selectionttimerexpirgsexeni diisnbdVienhvehere Heesehbdethndd12 10 receives a LMA list 54 from a new

access router 40[0020] The selection sequence 50 proceeds to a RECEIVE LMA LIST step

60 when the mobile host 12 receives a LMA list 54 from a new access router
40. The selection sequence 50 then proceeds to a CURRENTLY
REGISTERED LMA IS IN LMA LIST? decision step 62, wherein the mobile

15  host 12 determines if the currently registered LMA 14 appears in the received
LMA list 54. If it is determined in this decision step 62 that the currently
registered LMA 14 appears in the LMA list 54, no action is taken by the mobile
host 12 and the selection sequence 50 returns to the WAIT FOR EVENT step
58 where the mobile host 12 waits for another event to occur. If however, it is

20 determined in the CURRENTLY REGISTERED LMA IS IN LMA LIST?
decision step 62 that the currently registered LMA does not appear in the
received LMA list 54, the selection sequence 50 proceeds to a FIRST LMA
SELECTION step 64. Such will be the case when the mobile host 12 moves
out of a coverage area of a currently registered LMA 14. In this step 64, the

25 mobile host 12 selects a LMA from the received LMA list 54, that is a LMA 14
on the transmission path of the new access router 40. Preferably, the mobile
host 12 selects a LMA 14 whose distance from the gateway LMA 14A is about
the same as the distance of a currently registered LMA from the gateway LMA
14A. Selection of such a LMA takes into account the previous scope of

30 mobility of the mobile host 12. The selection sequence 50 then proceeds to a
REGISTER SELECTED LMA step 66, wherein the mobile host 12 registers



[0020] The selection sequence 50 proceeds to a RECEIVE LMA LIST step 60 when the mobile host 12
receives a LMA list 54 from a new access router 40. The selection sequence 50 then proceeds to a
CURRENTLY REGISTERED LMA IS IN LMA LIST? decision step 62, wherein the mobile 15 host 12
determines if the currently registered LMA 14 appears in the received LMA list 54. If it is determined in
this decision step 62 that the currently registered LM§ 14 appears in the LMA "‘ﬂ@’ﬁ@ action is taken
by the mobile host 12 and the selection sequence 50 returns to the WAIT FOR EV step 58 where

the mobile host 1wt fof ARMNET GHRTHLOBREVEJEACIENES IBdS KO dRLeRIng ity fne CURRENTLY
REGISTERED LMA IS IN LMA LIST? decision step 62 that the currently registered LMA does not appear

in the received G9A Y1éh5he thRledrettibif\skiuéhe s Bagsiteaa<aers EIRRNI'RIANSEL EETION step 64.

Such will be the casgwhentresrelile hosird? mevashhetaiconaagerrea e auirritly registered
LMA 14. In this stes%%ds(,IB e 25 mobﬂ&ggst 12 selects a LMA from the received LMA list 54, that is a LMA

14 on the transrji% TR RS ’@&'E&%E} er 40. Preferably, the mobile host 12 selects a LMA
14 whose distanf#tin thngateaetioh g ddices dbputcehdssaiome ths v\ distaie&gEal Eurrently

o 30 oD 4008 PHAE e 85 BPATAT RS B e IR ool e P

scope of 30 mobility of ost 12. The selection sequence 50 t oceeds to a REGISTER
SELECTED LMASIGSHBBShisresh et trass1 @ gister b PAD S8 FhE 98l&deRd LMA 14 with the

home agent 32 i jaatyiredisterne ik ieaal sciebiyvith the welasteshiih 18 rhhsrselgstion sequence 50
then returns to the. START TIMER step 56, wherein the mobile Iéostg}ézbreesegs, tk:Esel ction timer to

delay the expiry BT HAECHRAPACE 0821 7Ry S4B S Bide EdFbIf the WAIT FOR
EVENT step 58dorad tMERLEXRIR Yirste & rvalhentiey isegtims diihed eXpivesaTeey EBIAction sequence

50 then pfoceed%‘?n%?@ecs%léaéd\%&‘ﬁhESElﬂh'esﬁ?&oimy of the mobile host 12 during

the time interval. After a common LMA 14 is selected, the selection sequence
50 proceeds to a DIFFERENT LMA SELECTED? step 69, wherein the mobile
host 12 determines if the selected LMA is different from the LMA 14 currently

15  registered with the home agent 32. If it is determined that the selected LMA
14 is the same as the one currently registered, the selection sequence 50
returns to the START TIMER step 56. If, however, the selected LMA is
different from the one currently registered with the home agent 32, the
selection sequence 50 proceeds to the REGISTER SELECTED LMA step 66,

20 where the mobile host 12 registers the selected LMA 14 with the home agent
32 and its local CoA with the selected LMA 14. The selection sequence 50
finally returns to the START TIMER step 56, where the mobile host 12 resets
the selection timer to start another time interval for LMA selection. This
method therefore allows the mobile host 12 to periodically select an

25 appropriate LMA 14 to serve as its local home agent based on its mobility
pattern.
[0022] For the mobile host 12 to be able to determine its mobility pattern
as described above, each of the access routers 40 communicating with the
mobile host 12 is provided with a list 54 of LMAs 14 on its transmission path

30 for forwarding to the mobile host 12 when communicating therewith. Each

access router 40 may be provided with a respective list 54 of LMAs 14 by



68, where the mobile host 12 selects a LMA that is common to transmission paths of access routers 40
that have communicated with the mobile host 12 10 during the preceding time interval as previously
described. Thus, a new LMA 14 may be selected depending on the mobility of the mobile host 12 during
the time interval. After a common LMA 14 is selected, the selection sequence 50 proceeds to a
DIFFERENT LMA SELECTED? step 69, wherein thg ynobile host 12 determines.if {ggselected LMA is
different from the LMA 14 currently 15 registered with the home agent 32. If it is determined that the

selected LMA 14 s tF J selacti 50 returns to the
AR TIMER S B e B S registere with

the home agent 82¢&he "d¢iRicfiBn sequence 50 proceeds to the REGISTER SELECTED LMA step 66, 20

where the mobilegoesy 12 pegisiafisdhie selecteditMA Ahwvib e e paenliss adhits local CoA with
th lected LMA 14. lecti 50, finally ret to the START TIMER step 56, wh th
mobile nost 12 rEUHE! 10 CHUGHER Aerer b S A (RSP R BRIEEon. T method

therefore allbws diezonebidedostriZdmpghbdically lgéle dtdaso 2baapprdviate | UMA A2k to Berve as its local

home agent basggd.aadis mokility RafterB. 19922) Eardbe mobileioshd2 e @ble da determine its
Eﬂ abo the

mobility pattern as describe ve, each o access routers 40 communicating with the mobile host

12 is provided with '#%iReB¥ SPENAR 12 6ATS ASPIEMBsiGMBaTe BOYdNferak 6 ttfeignobile host 12

when communicg[(j@gmﬁg@w}g}.igamgm@mg [Wgrmfgm},yr}p@pg@ﬂgﬁ_@w\gm a respective list 54 of LMAs
14 by 11 P100361 inPuttin%the LMA list 54 on the access grouter 40 dgjﬂng d%%%m%rof the access

router 40. [OOZBFﬂﬁ%HﬁfﬁU W,Wéiﬁﬂ%?%%@\ﬁﬂtsgt ﬂﬁ‘é%f’b?%n 56 functioning as

a LMA 14 inGthe wiiiées goopaiga26 i bite arhtecalyment message. The single
advertisement message is forwarded to neighboring LMAs 14 of the gateway
LMA1. Each LMA 14 that receives the advertisement message adds its
respective LMA information to the advertisement message to form a new
advertisement message. The new advertisement message is in turn

15 forwarded to other LMAs 14. This fanning out of advertisement messages
throughout the visited domain 26 results in multiple advertisement messages
reaching the LMAs 14 adjacent the access routers 40. From these
advertisement messages, the LMAs 14 adjacent the access routers 40 are
able to obtain respective list 54 of LMAs for the access routers 40.

20 [0024] Atthe gateway LMA1, the advertisement message contains a
“lifetime” field and a single LMA entry. The LMA entry includes a “distance”
field and an “IP address” field. The “distance” field indicates the distance, in
number of hops, from a LMA 14 to the gateway LMA1. In the initial
advertisement message, the “distance field” is initialized to the value of one.

25 The “IP Address” field indicates the IP address of a LMA 14. The “lifetime”
field indicates the validity duration of a particular LMA 14. An LMA sends an
advertisement message periodically so that its neighbors are regularly
informed of its availability or reachability. This sending of an advertisement
message is independent of a process for processing a received advertisement

30 message that is shown in Figure 6. Figure 4 shows the format of an

advertisement message propagated by a downstream LMA 14.



5 discover one or more neighboring LMAs 14 so that the LMAs 14 adjacent the access routers 40 may
provide the access routers 40 with a LMA list 54 along its respective path to the home agent 32. One
method by which a LMA 14 is able to discover its neighboring LMAs 14 is by propagation of an
advertisement message through the visited domain 26. The gateway LMA1 10 initiates propagation of
the advertisement message. The single advertisemept message is forwarded tcc)l:qea@@gpring LMAs 14 of
the gateway LMAL. Each LMA 14 that receives the advertisement message adds its respective LMA

information to thﬁ)aggjartisgm@tmg rggéggncg B¢ @%\besr}'

- F SERGILLTRSSYe The new
advertisement message is in turn 15 forwa to other LMAS 14. This fanning out of advertisement

messages throltfHSUHIREGEifBasIaafaM 2638IBS T Iawaple fatdsarREHRARIEE88H8S reaching the
LMAs 14 adjacepithe aeceseradteieadssdosntbens sadiarisermert imessages, the LMAs 14 adjacent

the access routefs 4 f@%ﬁ obtain respective list 54 MAs for the access routers 40. 20 [0024] At
the aatoway LMAD (EE LN It 2o Ut MLk ST B ST BSSFRET a amtry. The
LMA entry includesssddestaiicetiifmideandanuéliRadlress’chelsl (ol ad Edistamid'Liiddd indicates the

distance, in nunﬁﬂqeﬂwﬂg,sg%?ﬁélv\%%é%@m(gagg\ﬁ%wr@s ilfrhtD%.ﬁiﬂ% _gp{egtisement message,

the "distance field" is Initialize alue of one. 25 The "IP Address" icates the IP address of

a LMA 14. The "Riéfiprieedieldisdietesthe Valigigetriralicd 81 herfievlar dhMRauN2in LMA sends an
advertisement messaee theriofisallycsa thanitsaeighhess aig walane nfgsreskatits awailability or

received advertLOr BNt LS LADEInAITE SHolReirELgUre s PG W SRRt the format of an -~
advertisemtht niegsagesp fapag ateocbydaavvemstrgametddheldnd B RIDO3Bc[0pA&]d8igure 6 shows a
sequence 70 of ﬁ%t@érﬂ&?%@@g&é Mits neighboring routers 56 in a FORWARD
ADVERTISEMENT step 78. If, however, it is determined in the PERFORM
LMA FUNCTION? step 74 that the router 56 performs the function of a LMA,
the discovery sequence 70 proceeds to a LMA LIST EXIST? decision step 80.
15 Hereafter, the router 56 that performs the function of an LMA is simply
referred to as an LMA 14. In the decision step 80, the LMA 14 determines if a
LMA list 54 exists on the LMA 14. If it is determined in this step 80 that no
LMA list 54 exists on the LMA 14, the discovery sequence 70 proceeds to an
UPDATE LMA LIST step 82, where the LMA 14 creates a LMA list 54 using
20 the information contained in the received advertisement message. The
discovery sequence 70 next proceeds to a GENERATE NEW
ADVERTISEMENT MESSAGE step 84, where the LMA 14 increases all the
“distance” fields in the received advertisement message, appends its own
information and sends it out as a new advertisement message. The discovery
25 sequence 70 ends in a DISCARD RECEIVED LMA ADVERTISEMENT step
86, where the LMA 14 discards the received advertisement message.
[0026] If, however, it is determined in the LMA LIST EXIST? decision step
80 that a LMA list 54 exists on the LMA 14, the discovery sequence 70
proceeds to a DISTANCE IN ADVERTISEMENT MESSAGE IS SHORTER?
30 decision step 88. In this decision step 88, the LMA 14 compares the distance
to the gateway LMA1 recorded in its local LMA list 54 with that in the received



advertisement message at a router 56 (Figure 3) for discovering neighboring LMAs 14. The discovery
sequence 70 starts in a RECEIVE ADVERTISEMENT step 72, where the router 56 receives an
advertisement 5 message. The discovery sequence 70 proceeds to a PERFORM LMA FUNCTION? step
74, where the router 56 determines if a LMA function is performed by the router 56. If it is determined that
the router 56 does not perform the function of a LM,Q\gM, the discovery sequenc§1@%qceeds to an
INCREASE DISTANCE step 76, wherein the router 56 increases the 10 "distance" fields in the

advertisement megsage-and fonwatdsdhg ypdated AANE HSRLSRLIDERSAEE &3 fsfaighboring routers 56
ina FORWARD ADVERTISEMENT step 78. If, however, it is determined in the PERFORM LMA

FUNCTION? stefistangraianiecreaiersp pdAdrindhh auactianena I RFA20% & didedseR&equence 70
proceeds to a LMALKHENIRBTR desisionisier 80std 2 Heseaiteatthediautes B6ishad petferms the function

of an LMA is simply referred to as an LMA 14. In the decision step 80, th termines if a LMA
et 54 oxiats o BREGA LI I AN I (L G D RTRCE SHB on e LMA 14,
the discovery segifhseg@prdocaeesitpdd?, URDAFEIEMA s Biidstiep 82 capgre tie LMA 14 creates a

LA list 54 Using g dhe KBrRRAR coniaiarr il tReelued avaisemRTiessage. The discovery
sequence 70 next proceeds to a GENERATE NEW ADVERTISEMENT MESSAGE step 84, where the

LMA 14 increaséSsaR\ReY samstanee 7ficlgstinare peedr et daubiiBérheim¥ssage, appends its own

information and agndsAtregE BE=R NANE8dyaLiseae BUMessRAS iHEMISEaVREY22sequence 70 ends in a
DISCARD RECEIVED LMA ADVE TISEMEN'%@E&?%, where the LMA 14 discards the received

advertisement m‘ggﬁﬂ‘é?”[a@ 'ﬁ,t 8\5?&%Y?ﬂ RTIREY TREFREYR ARRRFESG ST decision step 80
that a LMATlist Shiexistgion the EdAs1E otiieadiscare gdsedisentan? O gasarge dsHe A DISEANCE IN

ADVERTISEMENT, MEeSARR LS mHRTDISERRY AeEEREHMRACAVEISHEERIER FIEREFS: the LMA 14

compares the distance
86, where the LMA 14 discards the received advertisement message.

[0027] If, however, it is determined in the DISTANCE IN
ADVERTISEMENT MESSAGE IS SHORTER? decision step 88 that the

15 distance to the gateway LMA1 recorded in the local LMA list is shorter than
that in the received advertisement message, the LMA 14 retains its LMA list
54. The discovery sequence 70 next proceeds to an ADVERTISEMENT
MESSAGE SAME AS LMA LIST? decision step 90, wherein the LMA 14
determines if the LMAs 14 in the received advertisement message is the

20 same as that in its LMA list 54. If it is determined in the decision step 90 that
the LMAs 14 in the received advertisement message and the LMA 54 are not
the same, the discovery sequence 70 proceeds to the DISCARD RECEIVED
ADVERTISEMENT MESSAGE step 86, where the LMA 14 discards the
received advertisement message.

25 [0028] If, however, it is determined in the ADVERTISEMENT MESSAGE
SAME AS LMA LIST? step 90 that the LMAs 14 in the advertisement
message and the LMA list 54 are the same, the discovery sequence 70
proceeds to an UPDATE WATCHDOG TIMER step 92, wherein the LMA 14
updates or refreshes a watchdog timer according to the lifetime field in the

30 received advertisement message. The discovery sequence 70 finally ends in



to the gateway LMAL recorded in its local LMA list 54 with that in the received 13 P100361 advertisement
message. If it is determined in this decision step 88 that the distance to the gateway LMAL1 in the
advertisement message is shorter than that in the LMA list 54, i.e. there exists a shorter path from the
LMA 14 to the gateway LMAL, the discovery sequence 70 proceeds to the UPDATE LMA 5 LIST step 82.
In the step 82, the LMA list 54 is updated by copying,the contents of the received, @% rtisement
message into the LMA list 54. The discovery sequence 70 next proceeds to the G RATE NEW

ADVERTISEMEN M%éﬁﬁ@%é@ﬁl%ﬂ%ﬁ@@ﬁhé%ﬂﬁf&%@%@é Slbigs "WskAaGHRe fields in the

received advertisement message, appends its own 10 information and sends it out as a new
advertisement me¥8att SRaHREWEIGe ¥ AHEE PO BANSTIF $RBISISCARD RECEIVED LMA

ADVERTISEME [$b:zgp &ehwhgr@mpm.ag sliscandsrtheraeaivegead atisemant message. [0027] If,
however, it is determined in th TANCE IN A VERTLlSEMEN% MESSAGE IS%EI@)RTER’P decision

step 88 that the 78" ﬁ’gt%?@éetro SIS 1IXE’ REEIPdEE YWAIRE BQAHT‘RAA%%F@ Pfer than that in the
received adﬁerﬂ%mevvﬂlheawagemmeelxMA( bdAthetaing itsdgViA bisin8idaTase lths doseryssequence 70 next

proceeds to an ABVERTISEMENT, MFSSAGE SANRAS bYAHISE2 dsciign sifR 99, wherein the LA

14 determines MAs 14 int e received advertisement message | e 20 same as that in its LMA
list 54. If it is det&IAhipRId IHQWY%BWQE%@@QE@@W@LM%rlaﬁfﬁwfﬁ'iédré’ééh%ﬁ BdVePisement message

and the LMA 54 @tmmatsm&@ar@@maetﬁasgweww J&éﬂ@%ésﬁﬁémmﬁbsﬁARD RECEIVED
ADVERTISEMENT MESSAGE ste 86, where QP%EIIMA 1@3 gthe received advertisement

message. 25 [00%875F K&iGa988 | H%’E@Hﬁﬁn@ FRIESIRER SAME AS LMA
LIST? step190 thaththrd MM Asdtindine didveHiseeett anessagetbedstheteMA Nigt Bet 8de the same, the

discovery sequew‘&aj) Over time, advertisement messages will propagate the entire visited

domain 26 to reach the LMAs 14 adjacent the access routers 40. The number
of entries in the advertisement messages will grow as the initial advertisement
message gets fanned out throughout the visited domain 26 to reach these

15 LMAs 14. If none of the advertisement messages are lost during propagation,
every LMA 14 will be discovered to allow the routers 56 performing the LMA
function to build a LMA list 54 that includes LMAs 14 on a shortest path to the
gateway LMA1. Although the access router 40 does not perform the function
of a LMA 14, each access router 40 is also provided with a LMA list 54 by its

20 adjacent LMA 14. The LMA list 54 at the access router 40 therefore also
includes one or more LMAs 14 on a shortest path to the gateway LMA1. The
access routers 40 periodically send out their respective list of LMAs, together
with router advertisement, to the mobile host 12. In this manner, with each
LMA 14 maintaining a list of LMAs, an LMA tree structure is built as shown in

25 Figure 3.
[0031] To perform the above described method of selecting an LMA 14
from multiple LMAs 14 in the generic embodiment, the system 20 includes a
subsystem, such as the visited domain 26. The subsystem includes a means
for determining a mobility pattern of a mobile host 12 within the visited domain

30 26 during a given time interval. The subsystem also includes a means for

selecting a LMA 14 from the many LMAs 14 at the end of the time interval



proceeds to an UPDATE WATCHDOG TIMER step 92, wherein the LMA 14 updates or refreshes a
watchdog timer according to the lifetime field in the 30 received advertisement message. The discovery
sequence 70 finally ends in 14 P100361 the DISCARD RECEIVED ADVERTISEMENT MESSAGE step
86, where the LMA 14 discards the received advertisement message. [0029] When a corresponding

advertisement message is absent for a period greateg than the time interval set mhg‘{%é\ﬁatchdog timer,
the watchdog 5 timer will expire. This expiry of the watchdog timer indicates that there is a change in

router status in el SO 26, L atamBIRae A 14 it seRt s advaisement message

earlier may have failed or there m nk disruption so that the LMA 14 becomes unreachable. The

LMAs 14 whose-WAtdHd6E timeBRmeSS iR aEeaPiR il fst Haeeiestart kb Wstehito 10 other LMA
advertisement mggsagasriarobtainanothershnriestddiéulist: B4 (003 SLjert ime, advertisement

ill te the entire visited domain 26 t h the LMAs 14 adjacent th t
40, The number 01 Erhred AT SHOGHHESHISRE LE RGBS SrORTAL PR R Wivertisement message

gets fgnnedi)ut ﬂam:@riouw@viséwt_k cﬂmmmmﬁrf[tmgeﬂdbaheﬂm]lEMA\AﬂsamgﬂMne of the
advertisement MessaaRs Aelo Lo groRROalions YRR L MR wilhe discarered to allow the

routers 56 performing the LMA function to build a LMA list 54 that includes LMAs 14 on a shortest path to

the gateway LMAS HEUMFtHE Secosstiedtercdotenes nbtpersih beskifetioh 2adfMAMA 14, each

access router 40yig ialsodeoMidecmdtiy aseMAilist SN Ha 20afiasenthdiidnEar kMAist 54 at the
access router 40 hereforg also includes one or more LMAs g%%r%%\l;hor%%@ath to the gateway LMAL.

The access rou rgaﬂj‘ﬁ m?d?&ﬂﬁrs@%e(ﬁﬁcﬁ‘?eﬁf ?é"g?féc‘m/e J ASS &r with router
advertisement, todmenmobiiéhosirk2udedhislenanpercantmeadiVANKAth4t isailutsasing a list of LMAS, an

LMA tree structuj iz AR SRRV ISR BIFWE Fouters 40.

[0033] According to the specific embodiment, a mobile host also includes
the above-described means.
[0034] Advantageously, the method of selecting a LMA for registration with

15 ahome agent as described above allows local registration with a selected
LMA to be completed much quicker than a local registration with a gateway
LMA since the distance from an access router to a selected LMA may be
shorter than the distance to the gateway LMA. Unlike in the prior art where
the local registration load is concentrated in a gateway LMA, the method

20 allows the local registration load to be spread amongst several LMAs.
[0035] Although the present invention is described as implemented in the
above-described embodiment, it is not to be construed to be limited as such.
For example, what is described above is a top down approach, wherein a
mobile host selects an LMA for registration. Although not as elegant a

25 solution, it is possible that a bottom up approach be taken. In such a bottom
up approach, the LMAs along paths of access routers communicating with
mobile host during a time interval determine amongst themselves which of the
LMAs is to be registered with the home agent.
[0036] As another example, the access routers are described to forward

30 the LMA lists to mobile hosts. If the mechanism of link layer handoff

notification to an IP layer is present, the mobile host can also request the list



[0031] To perform the above described method of selecting an LMA 14 from multiple LMAS 14 in the
generic embodiment, the system 20 includes a subsystem, such as the visited domain 26. The
subsystem includes a means for determining a mobility pattern of a mobile host 12 within the visited
domain 30 26 during a given time interval. The subsystem also includes a means for selecting a LMA 14
from the many LMAs 14 at the end of the time intervak 15 P100361 depending org,{la% @bility pattern and
a means for registering the selected LMA 14 with a home agent 32 of mobile host 12 if the selected LMA

1415 different figrm pAMM 1 e (ROISIRIRANMIADE DOMEAdEL Tor RRRL AS previously

described, the means for determining a mobility 5 pattern includes means for determining at least one
LMA 14 along th&ega#aissibAREASSERE!B ndlredadeedsabiMerisio that communicate with the mobile
host 12 during the time interval. The means for selecting a LMA 14 includes a means for selecting a LMA
14 common to the transmission path of each of the one or more access routers 40. Preferably, selecting
a 10 common LMA 14 includes selecting a common LMA 14 that is closest in distance to the one or more
access routers 40. [0033] According to the specific embodiment, a mobile host also includes the
above-described means. [0034] Advantageously, the method of selecting a LMA for registration with 15 a
home agent as described above allows local registration with a selected LMA to be completed much
quicker than a local registration with a gateway LMA since the distance from an access router to a
selected LMA may be shorter than the distance to the gateway LMA. Unlike in the prior art where the
local registration load is concentrated in a gateway LMA, the method 20 allows the local registration load
to be spread amongst several LMAs. [0035] Although the present invention is described as implemented
in the above-described embodiment, it is not to be construed to be limited as such.



For example, what is described above is a top down approach, wherein a mobile host selects an LMA for
registration. Although not as elegant a 25 solution, it is possible that a bottom up approach be taken. In
such a bottom up approach, the LMAs along paths of access routers communicating with mobile host
during a time interval determine amongst themselves which of the LMAs is to be registered with the
home agent. [0036] As another example, the access;routers are described to forwgig,3p the LMA lists to
mobile hosts. If the mechanism of link layer handoff notification to an IP layer is present, the mobile host
can also requestihglist 16 P100361 of LMAs from an access router without having to wait for an
unsolicited message from an access router that carries the LMA list. 17 P100361 CLAIMS We claim: 5 1.
A method of selecting a local mobility agent (LMA) from a plurality of LMASs in a visited domain, to serve
as a local home agent,\igs gegistration with a home agent in a home domain of a mobile host that has
moved into the visited domain, the method comprising: determining a mobility pattern of the mobile host
within the 10 visited domain; and selecting a LMA from the plurality of LMAs depending on the mobility
pattern of the mdbile hésteihcegi$tsatamt vgith [tealhonieliggegen? (L Aetiod agdaaitygofo Claim 1, wherein

o of the m theetstsatating . m 1,
Cotranty Qi W o DA R Rethol SEL O 8 Ll 3 JaHAy miiting regitering

the selected LMARRHIEtRGENMA pRATBUIRTFistered With esiHbridagyErRviethetodselected LMA is
registered with thesiame ageNtihe method comprising:

determining a mobility pattern of the mobile host within the
10 visited domain; and
selecting a LMA from the plurality of LMAs depending on the

mobility pattern of the mobile host for registration with the home agent.

2. A method according to Claim 1, wherein registration with the home
15 agent is carried out only if the selected LMA is different from a LMA currently

registered with the home agent.

3. A method according to Claim 2, further including registering the
selected LMA with the LMA previously registered with the home agent if the
20 selected LMA is registered with the home agent.

4, A method according to Claim 3, further including registering the
selected LMA with one or more correspondent nodes communicating with the
mobile host if the selected LMA is registered with the home agent.

25
5. A method according to Claim 1, wherein the visited domain includes a
plurality of access routers, one or more of which communicate with the mobile
host, and wherein determining a mobility pattern and selecting a LMA
includes:

30 determining at least one LMA along a transmission path of one

or more access routers that communicate with the mobile host, wherein



4. A method according to Claim 3, further including registering the selected LMA with one or more
correspondent nodes communicating with the mobile host if the selected LMA is registered with the home
agent. 25 5. A method according to Claim 1, wherein the visited domain includes a plurality of access
routers, one or more of which communicate with the mobile host, and wherein determining a mobility
pattern and selecting a LMA includes: 30 determining at least one LMA along aly%@@iission path of one
or more access routers that communicate with the mobile host, wherein 18 P100361 the transmission

path connects a resDe?Hﬁ‘?rQﬁ‘s‘ﬁ&fBH%tFPc%]%@%% r@gﬁé‘&i%%&f‘é%%&d& kMAcasARRon to the

transmission path of each of the one or more access routers. 5 6. A method according to Claim 5,
wherein selecting a LM#EIFIES selecting a common LMA that is closest in distance to the one or more

access routers. 10 7. A methadeagrgrdingtocslainb B urberdnsiidingreneatng:datermiaing at least
one LMA and selecting a common LMA to periodically select a LMA for registration with the home agent.

8. A method according%ecﬂé%of frsad ?é?mining a mobility pattern 15 and selecting a LMA are
performed by the mobile host. 9. A method according to Claim 8, further including: determining, when a

new access rougr comamaifRIea NN SRR Boshd e sHenbreANEIEAANMA s on 2

transmission path of 20 the new access Touter; and selecting a LMA on the transmission path of the new
access selecting a common LMA that is closest in distance to the one or more access

routers.

10 7. A method according to Claim 5, further including repeating determining
at least one LMA and selecting a common LMA to periodically select a LMA

for registration with the home agent.

8. A method according to Claim 1, wherein determining a mobility pattern

15 and selecting a LMA are performed by the mobile host.

9. A method according to Claim 8, further including:
determining, when a new access router communicates with the
mobile host, if the currently registered LMA is on a transmission path of
20 the new access router; and
selecting a LMA on the transmission path of the new access
router if the currently registered LMA is determined not to be on the

transmission path for registration with the home agent.

25 10. A method according to Claim 9, wherein selecting a LMA on the
transmission path includes selecting a LMA on the transmission path whose
distance from a gateway LMA is about the same as the distance of the
currently registered LMA from the gateway LMA.

30 11. A method according to Claim 8, further including:



router if the currently registered LMA is determined not to be on the transmission path for registration
with the home agent. 25 10. A method according to Claim 9, wherein selecting a LMA on the
transmission path includes selecting a LMA on the transmission path whose distance from a gateway
LMA is about the same as the distance of the currently registered LMA from the gateway LMA. 30 11. A
method according to Claim 8, further including: 19 P190361 providing each accq§§d@ﬁéqr with a list of
LMAs on its respective path for forwarding to the mobile host when communicating therewith. 5 12. A

method according to Claim 1&%@@&9\9%&@%&9&@3 Tgy@rl_m&g gist of LMAs includes

providing each access router with a respective list of LMAs by inputting the list of LMAs on the access
router during deployméﬁ?W@%W%&&éq&ﬁ@.nﬂdqmemEﬂﬁdd)ﬁcwg%@W@I@iﬁﬁtm, wherein
providing each access #tgtitwith a list of LMAS includes allowing each access router to discover one or
more LMAs on its respective path to build the list of LMAs. 14. A method according to Claim 13, wherein
allowing each access router 15 to discover one or more LMAs includes: propagating an advertisement
message frdm a gatewayridihadaony gngpadation pathemeiardsthdraceass eootasovtbreach LMA

along a pfopagagi@ﬂ R BACIRALL LRRRR %e“‘hmﬁé%?{%&g }8&&&? v@\ﬁysf!agi@&waﬁns&age to

generate a new advertisement message; 20 wher e LMA information includes an IP address of the
LMA and a dista¢d/drthe INmAtRerD titspatdivias 100 X161 BcoRsAEtber et riRRPeYONaith 14, wherein
each LMA maintginsanlist@fs& MAgPN a shortest path from the LMA to the gateway LMA and generates a
25 new advertisement message only when a received advertisement message

10 13. A method according to Claim 11, wherein providing each access router
with a list of LMAs includes allowing each access router to discover one or

more LMAs on its respective path to build the list of LMAs.

14. A method according to Claim 13, wherein allowing each access router
15  to discover one or more LMAs includes:
propagating an advertisement message from a gateway LMA
along propagation paths towards the access routers, with each LMA
along a propagation path adding its respective LMA information to the
advertisement message to generate a new advertisement message;
20 wherein the LMA information includes an IP address of the LMA

and a distance of the LMA from the gateway LMA.

15. A method according to Claim 14, wherein each LMA maintains a list of
LMAs on a shortest path from the LMA to the gateway LMA and generates a

25 new advertisement message only when a received advertisement message
includes a shorter path from the LMA to the gateway LMA.

16. A method according to Claim 1, further including registering a gateway
LMA from amongst the plurality of LMAs with the home agent when the

30 mobile host first moves into the visited domain.



includes a shorter path from the LMA to the gateway LMA. 16. A method according to Claim 1, further
including registering a gateway LMA from amongst the plurality of LMAs with the home agent when the
30 mobile host first moves into the visited domain. 20 P100361 5 10 17. A system for mobility
management comprising: a home domain that includes a home agent serving a mobile host; and a
visited domain including: means for determining a m%g)ility pattern of the mobile I{ggq%é/éqhin the visited
domain; and means for selecting a LMA from a plurality of LMAs within the visited domain depending on

the mobility pattgrp for Argg'gs(gﬁtigp Wg&lmﬂMSﬁgﬁwC&%FﬁfH tem according to Claim 17, wherein
y If the selecte

registration with the home™ agent is carried out on LMA is different from a LMA currently
registered with the home ageft1a5 e 9oRa)dterhi Beedrdifg eI a0 1A RNPRR Kisited domain
includes a plurality of ageesseputers, one or more of which communicate with the mobile host, and
wherein the means for determinin, obility. pattern and the means for selecting a LMA includes: means
for determining at least one &Mﬁ?@@%ﬁﬁ'ﬁfﬂ [5h 20 path of one or more access routers that
communicate with the mobile host, wirereiiothietzansinigsionobéity catinecty theespédive access router to

the home agent; and means Wé&%ﬁ%&g%%&gmﬂp 5915he transmission path of each of the one or
more access routers. ’
means for selecting a LMA from a plurality of LMAs within

the visited domain depending on the mobility pattern for
registration with the home agent.
10
18. A system according to Claim 17, wherein registration with the home
agent is carried out only if the selected LMA is different from a LMA currently

registered with the home agent.

15 19. A system according to Claim 17, wherein the visited domain includes a
plurality of access routers, one or more of which communicate with the mobile
host, and wherein the means for determining a mobility pattern and the means
for selecting a LMA includes:

means for determining at least one LMA along a transmission
20 path of one or more access routers that communicate with the mobile
host, wherein the transmission path connects a respective access
router to the home agent; and
means for selecting a LMA common to the transmission path of
each of the one or more access routers.

25
20. A system according to Claim 19, wherein the means for selecting a
LMA includes means for selecting a common LMA that is closest in distance

to the one or more access routers.



25 20. A system according to Claim 19, wherein the means for selecting a LMA includes means for
selecting a common LMA that is closest in distance to the one or more access routers. 21 P100361 21. A
subsystem that serves as a visited domain for mobility management of a mobile host registered with a
home agent in a home domain, the subsystem comprising: means for determining a mobility pattern of
the mobile host 5 within the visited domain; means for selecting a LMA from a phygliysof LMAs in the
visited domain depending on the mobility pattern for registration with the home agent. 10 22. A

subsystem accoging ta Gl L. st SINEIIEUANIBINE RIS SR R:Faisd ot only if the

selected LMA is different from a LMA currently registered with the home agent. 23. A subsystem
according to Clafth@2T RS 1861518 Mot TS iRdfidds A MTTaIf9BRAcEs routers, one or more
of which commusigaiesewitbmefiladiost depending on movement of the mobile host within the visited

domain and wherein the means for dete r?inin%}la mobilit _Eattern an(iiFe mgﬁm%for selecting a LMA
includes: means for determinmﬁazﬂsl AstORET Qgﬁéﬂﬁ%{' ¥a9‘?§Pﬁf§s? 62618 fi ?%tne or more access
routers that sommunicatéhivitinehesiresbdentaast, wherein the transmission path connects a respective

access router to the home agﬁéﬁhg%lr @Q@Eﬁ@ﬁi%?%%aaﬂ%ﬁ%ﬂ% g_m%g%{gassion path of

each of the one or more access routers. 25 24.” A subsystem to Claim 23, wherein the means
for selecting a domain depending on the mobility pattern for registration with the home

agent.

10 22. A subsystem according to Claim 21, wherein registration with the home
agent is carried out only if the selected LMA is different from a LMA currently

registered with the home agent.

23. A subsystem according to Claim 21, wherein the visited domain
15 includes a plurality of access routers, one or more of which communicates
with mobile host depending on movement of the mobile host within the visited
domain and wherein the means for determining a mobility pattern and the
means for selecting a LMA includes:
means for determining at least one LMA along a transmission
20 path of one or more access routers that communicate with the mobile
host, wherein the transmission path connects a respective access
router to the home agent; and
means for selecting a LMA common to the transmission path of
each of the one or more access routers.
25
24. A subsystem according to Claim 23, wherein the means for selecting a
LMA includes means for selecting a common LMA that is closest in distance

to the one or more access routers.

30 25. A mobile host for use in a visited domain having a plurality of LMAs,

the mobile host being able to select an LMA from the plurality of LMAs for



LMA includes means for selecting a common LMA that is closest in distance to the one or more access
routers. 30 25. A mobile host for use in a visited domain having a plurality of LMAs, the mobile host being
able to select an LMA from the plurality of LMAs for 22 P100361 5 registration with a home agent in a
home domain of the mobile host, the mobile host comprising: means for determining a mobility pattern of
the mobile host within the visited domain; means fopselecting a LMA from the pM@H%?f LMAs
depending on the mobility pattern for registration with the home agent. 26. A mobile host according to

Claim 25, Where'}gd@%ﬁﬁ@p%pﬂg%% Qg@iiﬂ%%ﬁecé‘éﬁ%qn%ﬁﬂ@%%ﬁn@ ﬁ&ﬁqﬁeéj LMA is different

from a LMA 10 currently registered with ome agent. 27. A mobile host according to Claim 26,
wherein the visitEPBi6hIA FRENRIER'E: plurality of access routers, one or more of which communicate with

the mobile host and wherein thedne Qe deieryiRiRGIE MOkl palters AdbikdHhg means for selecting
a LMA includes: means for determining at least one LMA along a transmission path of one or more
access routers that coer’%’ﬁi §'té"§\'ﬁ tﬂ%n?ﬁgbile host, wherein the transmission path connects a
respective agcess router to theehosrferagpetiand 20/méanstfor seleditingfa MWAcgrandomgto the

transmission path of egﬁqh%fﬁ%mvﬁ%tg}ﬂ%p ﬁgg&%h%ﬁeﬁwggn&q_st according to Claim 27,

wherein the means for selecting a includes means for selecting a common LMA that is closest in

distance 25 to the one or more access routers.
26. A mobile host according to Claim 25, wherein registration with the

home agent is carried out only if the selected LMA is different from a LMA

10  currently registered with the home agent.

27. A mobile host according to Claim 26, wherein the visited domain
includes a plurality of access routers, one or more of which communicate with
the mobile host and wherein the means for determining a mobility pattern and
15  the means for selecting a LMA includes:
means for determining at least one LMA along a transmission
path of one or more access routers that communicate with the mobile
host, wherein the transmission path connects a respective access
router to the home agent; and
20 means for selecting a LMA common to the transmission path of

each of the one or more access routers.

28. A mobile host according to Claim 27, wherein the means for selecting a
LMA includes means for selecting a common LMA that is closest in distance

25 to the one or more access routers.



