ROUTI NG COVMUNI CATI ONS | N AN AD HOC NETWORK Fi el d of
I nvention [0001] The present disclosure rel ates
wgensradloy to wi rel ess conmuni cati ons, and nor CT/US2005/009791
specifically, to various systenms and techniques for
routi ng comuni cations in an ad-hoc networKk.
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Wi rel"eéss “conmmuni cations, an access network i's
general ly enpl oyed to support comruni cations for any
nunber of nobil e devices. These access networks are
typically inplenmented with nultiple fixed site base
stations dispersed throughout a geographic region. The

FiclEsdARMkion" €0i on is general ly subdivided into snaller
regi ons known as cells. Each base station may be
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1000 poopie Erespy BlBeidt rolRP SRRy (O oTuel fmmpumications, and
moreGpedHicatlyj toyvareussistgus end tezhaicueufor réwdmgy esmimgications i an
raffic demands across different cellul ar regions.
ad-%‘ offy contrast to the conventional access networ K,
ad- hoc networks are dynam c. An ad-hoc network may be
BadigrdaddW¥raivenduarber of wirel ess comunication
devices, often referred to as termnals, decide to
[OOba' n tﬁg%ﬁ%ﬁg&ﬁl W] QRthRfiKations NG ab&R Mdtydrld 1 %enerally
ad- hoc networks operate as both hosts and routers, the
empleyatb t& sugporbeonmaghicytions donénygoumebertof nmabale doviiessi ridiese access

traffic demands. in a e.efficlent. fashi op. M) N
netif o e BPHGIRGRICTGHC) i FRTGHE T rsle; Pt tPgore dispersed
thréu%ﬁéihf Qg dVpr S @PibR MPle BESLRSFhid 4G K gei®HIIP Gubdivided into

ad-hoc networks an attractive choice for the future. )
smilipoggions kaerph a3 edlls. dach beasetsipionaegy keoesfigureskfogerve all mobile

ger.-t Q- peer negti qns, wit hi r I .
aeBGE | BeRTStrsREIGD: | e AR T SRS RO B A e sty

recOpAIEd K hotouanfoe htyigariffia demandsustost aiffdregtycellalar regions.
needed to coordi nate comuni cations within an ad-hoc

[0008t WOT kg lcoRtrARXi0THES doRvEHRIARU tacsddMIRY 0k 0@&thot Mn&werks are
aspect of the present invention, a server termnal is

dyngowd.i guAed adehasperctwarki may deusemtedovhennat wiber of wireless
con?r%ﬁrﬁtc);% 161 dglx;]i?:ess,’ R rreftel%cmongsl teﬁﬂﬁllafé,d&e%i& tBSJ%En together to form a

network. Since terminals in ad-hoc networks operate as both hosts and routers, the

network may be easily reconfigured to meet existing traffic demxands in a more efficient
fashion. Moreover, ad-hoc networks do not require the infrastructure required by
conventional access networks, making ad-hoc networks an attractive choice for the
future.

[0004] A completely ad-hoc topology consisting of peer-to-peer connections within
a network generally results in very inefficient communications. Accordingly, an
efficient and robust topology is needed to coordinate communications within an ad-hoc

network to maximize throughput.



interface configured to transmt and receive
communi cations during a call with a first term nal
woams@otiwd to t he networ k backbone, and a proceesmis2005/009791

configured to support an injer-cluster call between
second and third term nals by establishing a route on
the network backbone f ogy nmuni cati on packet
transnitted fromthe setTol inal to the third
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on network backbone. The server term.nal transmts and
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1ntdrhlust¢r toell rbeln\aécsn kacord taath | thsditergninals doyt e‘stahhshﬂng a route on the

ne rk: backbone for each co ni cat.ion_pack

ety PRI GO PRSI CP P R DR eh TR Bpigite fipcomd terminal

to th&thifdR&mind10007] 1 n yet another aspect of the present
|nvent| on, a server termnal is configured to operate

a
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perfoamed iyt b serfdrr erminal ronfigured rio egieeate tia ahﬁusmﬁt oOr# network
and neans, for estab)ishjng a route .on

ckbo ,
bacBiios Kb SR GolEnGH HaHER FIVEY COMNpRigetiens &i¥ing a call
vvltﬁ %%mehhﬁﬂl E&BIRRA 36 ﬁ%‘ﬁet&v@f%i&hoﬁé) aﬁd ts{}}? sta%r M tBR¢Tuster
during an inter-cluster call. [0008] urt her
calldwpreesn smomra@dmwnmna}s\mmstabmm% mum@dn tife networlc backbone
conmxuni cat.i ons i ncl.udes ry, server erm
for R RN S08 ERL E Rl (PR oGP G AT 3o the thira
teriingist er on a networ k backbone. The primary server
termnal is used to support a plurality of
[ooont er el &tShthef Mpkst JfQﬁe SrefhiBRen@in, WEreR finial & éc‘}hﬁgured
the clusSter by establishing a route on the network
to omatatcbnrae:hﬁmr e hetwbrkt bwkmmmhecsmntmpmkmcmdes means for a

ansm.tted b thet S, gnga
usel {oPRRbE £ R affrs’ bR bnBisS ROBE AR p &SR, ana
me&BHBCstablisiing Ar¥ee oh Shdthdtworkl @dckt%r% fofl @shAdRirmHcR06h packet
of the termnals in the cluster as a backup server

trans@ittad e aspepndrtersiinalitn g thirdieysiagbdwiganiaier-riusier e pl.
networ k: backbone at the backup server termnal, the
[0008)s s adre ablvither aspdeteafsthd presenhmventiorns raymethodeaf commuunications

incltugésma rf)%fniary server terminal configured to serve a plurality of termuinals in a

cluster on a network backbone. The primary server terminal is used to support a
plurality of inter-cluster calls for a number of the terminals in the cluster by establishing
a route on the network backbone for each of the communication packets transmitted by
each of the terminals engaged in one of the inter-cluster calls. The method also includes
detecting a server terminal failure, designating one of the terminals in the cluster as a
backup server terminal, and processing a message received from the network: backbone
at the backup server terminal, the message being addressed to the primary server

terminal.

[0009] It is understood that other embodiments of the present invention w4ll become

readily apparent to those skilled in the art from the following detailed description,



[0009] It is understood that other enbodi nents of the

present invention will becone readily apparent to
wohos@sies| | ed in the art fromthe foll ow ng decaiusems/009791

descri ption, wherein vari ous, enbodi nents of the

i nvention are shown and descri bed by way of
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as illustrati nnature and not as restrictive.
Ac@RIiEslyDESCRIWPITigORNOReraiiE DrRouplgsaledo 10 regaret esillystrative in

the present .i.nvention are illustrated by way of
nat'érfﬁﬂ'gpgf,sasafﬁﬁn%b‘fe‘ by way of limitation, in the

acconpanyi ng drawi ngs, wherein: [0011]] FIG 1 is a

conceptual diagramillustrating an exanple of a

pi conet; [0012] FIG 2 is a conceptual diagram

illustrating an exanple of two piconets forming a
pi conet ¢l JBRE:F DESCRIPLION OF FHEDRAWINGSa di agr am

illustrating an exanple of a piconet having a
[00p@er - tAsppeie pf thermresent Byyenfiamarg Allpsixgtes sy wer ofexanple, and not

by o Rl o i3 ek BPE S B bR, | JoLT AT RO A
ion; [0015] FEIG i bl ock
roo§ v 3aor T isksemaitive) <tierain iihsPaliap St i bfhte 8 £Fken <

eratjng.in a comunications, netwrk; [0016] FIG 6.
(00887 SR Bt CPRIPORL (Rearsh iR R Rl Gy pisonets
fongfngaahgq]g&yg%jﬁs@ﬁckbone topol ogy map for the _

co ications network of FIG 5; and [0017] FIG 7 is
on t ' : r i : .
(0033 P28 ¥ DS BB A Ml o ApRARAD Bord having o
peened-peericomicEAbh RiYh R SERMET tefiMirfaB018] The detai l ed
description set forth below in connection with the
[o0appeENnddd. dr AW nYScaptual NtigRgadilasraingese ek pinplenofofwo piconets
various enbodi nments of the present invention and is
havigesg a peprderipe’r coangclifResent the only enbodi nents in

whi ch the present invention may be practiced. Each )
[00&5bodiFient ides eorichpigial hlockidéagning cllugftatiagi an prapipleled multiple

rel ] ..
clug{grs eopxra?usl’g in a communications network;

[0016] FIG. 6 is a graphical representation illustrating an example of a network

backbone topology map for the communications network of FIG. 5; and

[0017] FIG. 7 is a conceptual block diagram of a terminal capable of operating as an

ALR server in a communications network.



an exanple or illustration of the present invention,

and shoul d not necessarily >e construed as preferred
wonro@dwaies ageous over ot her enbodi nents. The decaiusems/009791

description includes specifjc details for the purpose

of providing a thorou- h understanding of the present

i nventi on. "'Owevef)E’[',AHWﬂp bE%%I@ﬁﬁ Eﬁ\?t tot hose

skllled |n t he art—tirat ventlon may be

act out t hese det ai |
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concepts of the present invention. Acronyns and otner

andis giof inpended to seprPyeat Bgyordnpmibedinasts Wevbich thf‘opresTn_t inventi on
may ﬁgiégagggég CEAALrRoRlhe d@&%b?ggrig?g O ERE 8 Gidkd gle'iely as

he 1 nventi on
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conmuni cati on envi ronnents. Accordingly, any reference
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descL,111 E uuofog§ %%’ §Qtu Vde puer eﬁ or COnV\\rAeltntc]ré esarﬁiac\:/lgntg Wlddaere ot

mtdildétgtb lﬁﬁlt&ﬂﬂdcbpﬁéﬂth@ﬁwe{ltﬂﬁﬁo] FI G 1l illustrates an
anpl e of a network topology for a piconet in. a
1

IOOWIr el & thedphionmediatarled dessyiptiennvaioesAspenivef the gregent inventi on
o}l e finC [ S t n

mafohe oL lin TR | O i IEE viltel B "IWE) wireless

confirasiications Ispstexh. IIéWSB techncdo gyiupgiorte Ihigh geedh copnomnehtitidSover
one ster term and. an of menb>er

an SEeRa Ele R o VG I ABPRR REPiIF Hgre myRptRfe@spects igay be

we]P bﬁ@é@lefor 102with (R QPPiHkibR, ﬁog@sﬁéﬁéd R%Q]aﬂe\*fﬂl]@ﬁdﬂy appreciaite
upporting comuni cations between several nenb

thait ghesenaventi s . aspédte areslikewiser apiphiaabld Ofbr nase tm amtcmst othier
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systefh 1 ihRated ol UM ERtLthd ihvendRe asgtetshefith A& end@SthRling that
termnal 104 may be responsible for
such inventive aspects have a wide range of applications.

[0020] FIG. 1 illustrates an example of a network topology for a piconet in. a
wireless communications system. A "piconet" is a collection of communication devices
or terminals connected using wireless technology in an ad-hoc fashion. In at least ome
embodiment, each piconet has one master terminal and any number of member
terminals slaved to the master terminal. In FIG. 1, a piconet 102 is shown with a mas&er
terminal 104 supporting communications between several member terminals 106. The
master terminal 104 may be able to communicate with each of the member terminals
106 in the piconet. The member terminals 106 may also be able to direckly
communicate with one another. The master terminal 104 may be responsible For

establishing and maintaining all connections between the terminals within the picoraet



establishing and maintaining all connections between

the termnals within the piconet102, as well as
weehsdadiong conmuni cati ons over these connecti 8as/US2005/009791

Conmruni cat i ons between tern§ nals within a piconet will

be referred to as "intra-pi‘conet [0021] A piconet may
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betwédnOttefhiph| svittiemav gficcnes Piikomet refesicér to eragi rfidts-piconet
If the termnal is able to detect a pilot signal from
CONENWHHEAUORS-{ er ni nal and determine that the pilot signal
is received with sufficient strength, then the
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same cluster. A "cluster” refers to a group of one or
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common intra-cluster, bridge termnal, with at | east one.
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moRecpipRELy, este U BRDPSgn AbG SHUeT i PO ‘RS it bridse

ternlingl WRE Qﬂgas@bﬁé)&?&r t@gﬁ‘mﬁ’lf inttheclgdpst er 202 includes a
mast er term nal a SO supportl ng several nenber
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by twe pidoaets 192 dndt 26 c The tfest ﬂncmmbngﬂeufrlha alusterf202higrthe same
. is retanonelntrac ter .bridge betwe

picofet JResribed o SoBfectiff RCERR CE bt Steﬁi atalﬁ?r supporting

seveﬂat tﬁérrﬁtey srinaly 1 Gl0eTROddohe p‘i’édih%f 504062 ttfeea@gtetazoz includes a

dges. Communi cati ons between the two piconets w ||
maste tesmanal @96t s supponting severalt mpmbotrrmmnrwéﬁt Q@&s The member

hi bed
tempit e s oS RRBOT o i S Sl E P, £, 450 304, ana s
thefBsTE @h ihited-Bluftad bi@BemiindlNaf thers is Moot oﬂé)ﬂmamﬂus?er bridge

menber term nal 208a in the second piconet 204. The
bettvagn fiespiepnateone R fhem 5ohasp t0E thaprimary intra-cluster bridge and

the others are secondary bridges. Communications between the two piconets will be

referred to as “intra-cluster communications.”

[0024] In a manner to be described in greater detail later, a connection may be
established between a member terminal 106b in the first piconet 102 and a member
terminal 208a in the second piconet 204. The two master terminals 104 and 206 may
cooperate to schedule communications between the two terminals 106b and 208a in a
way that minimizes interference to other terminals in the vicinity. This process of
routing communications across one or more piconets will be referred to as “intra-cluster

scheduling and forwarding.” A terminal in the cluster may be able to communicate with



cooperate to schedul e communi cati ons between the two
termnals 106b and 208a in a way that m nim zes
wonv@rbevence to other termnals in the vicini PgT/USH0S/009791
process of routing comunicati ons across one or nore
piconets will be referred to as "intra-cluster
' d.fo ' " t } nal:
any- SIS0 Sl 0 e CEMEET e oy, el BF midiohidr RidihRhy and
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thoss snauied teinsnaladécatdd stethectigegff e pednst 192 gnshes piconeh edge

I SO d termnals. en i conet edge .t erm nal . 106¢
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connection Detween the I nterpiconet bridge termnals

magibe respeonsibhd for estableshingnaldsmaiatainieg theasompedtaniubatween the inter-
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hand

C

[0027] The isolated terminal 302 may become the master terminal for a new
piconet. Other terminals that are able to receive the pilot signal broadcast from the
isolated terminal 302 with sufficient strength may attempt to acquire that pilot signal
and join the piconet of this isolated terminal. FIG. 4 illustrates an example of a network
topology of this kind. The first piconet 102 is the same piconet described in connection
with FIG. 1 with its master terminal 104 supporting several member terminals 106. The
isolated terminal 302 described in connection with FIG. 3 has become the master
terminal for a second piconet 402. The master terminal 302 in the second piconet 402

may be used to support multiple member terminals 406.



pi conet. OQther termnals that are able to receive the
pil ot signal broadcast fromthe isolated term nal 302
Woi2005/00096i ci ent strength may attenpt to acqui PETHISAI05/009791
pilot signal and join the pLconet of this isolated
termnal. FIG 4 illustrates an exanple of a network
pol 0 T | C 2,41 .
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estegpnd é’i"r‘i’Pﬁ‘af&OZS %é“ﬂ?&&%ah@él% BatﬁUQY%E(}ft"{] and 406a.
Coﬁﬁiﬂﬁ&'ﬂ@né Rtweeh ntW%C Pic@ﬂets Qphidh (8L Mt i Ghe sa@e Sélelerdwill be
pi conet edge termnal 406a in the second piconet 402
refércedntaias f ‘miter-dlistercommanidations.The pi conet edge termi nal s
106d and 406a may be referred to as "gateways".
[002OPMMUIHIGAtS fihstrited we examplecsivh matwork tbpelofy cemppsiog metltiple
102 and a termnal .in the seco onet 40 rmt\)/ be
CIH%EﬁBﬁ@HeIFW‘@&ﬂHWﬁ%m&étSWS %félgﬂ USIeH S48 f one or more
p1c JEUN G Elﬁ§telb§62"@§ PorhiéR 1) ARELhR oM 304, 35@6 @ﬁ’& 508. Each
e sanme cluster will be referred to as "inter-cluster
plconxmﬁ@m 50t andrf98"in [1@0RSA clite 503 hab b measten tesmirah S&ﬁgm;d 514,

e S b SRS ST S T B £ bR

corHiuficaftis. OTheMAReteaIRLT 510A5 1 4t 510 8§ Blso 0O@perde with one
formed by three piconets 504, 506 and 508. Each

anqiherotpe providtp, iBOeclaster stsdpling Aed fowerdiag (ynetonso 2Inigecluster
schedﬁﬁ%gt §ld %o%wg}chr?g m%}qye s%f)goﬁéadwﬁﬁda first intra-cluster bridge terminal

516 to route communications between the piconets 504 and 506, a second intra-cluster

bridge terminal 518 to route communications between the piconets 502 and 506, and a
third intra-cluster bridge terminal 520 to route communications between the piconets
502 and 504.

[0030] The wireless communications system shown in FIG. 5 also includes three
additional clusters: a second cluster 522, a third cluster 524 and a fourth cluster 525.
Each of these clusters 522, 524 and 525 are shown with one piconet for simplicity.

Each of these clusters may include a master terminal 526, 528 and 529, respectively,



respectively. The master termnals 510, 512 and 514
may used to support intra-piconet conmunications. The
woastsaomer m nal s 510, 512 and 514 may al SO COBOEMALMS/009791
with one another to provide %ntra-cluster schedul i ng
and formardlng functions. Intra-cluster scheduling and
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ern na conmuni en
vnﬂ@@ﬁ@k@p@ﬁhﬁp&ﬁﬁmand 506 a second |ntra cl uster
bridge term nal 518 to route conmunications between
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suppest lsemmuniiagons betvrenf theist regpagtive reluts jandon quaer-ig-peer sub-
ne#ﬁhrge gateways. The first gateway 530 is linked to a
ReSE gat eway 532 in the second cl uster 522 the

ond ewa 4 is |i to a f r st
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itstofver ADRrsarvel.ust er bridge terminal 516 is designated as
the ALR server for the first cluster 502, a term nal

[06833 | STHe Al R&réd nfy lise®ne or more configuration tables to provide various

services. By way of example, the ALR server may maintain a cluster membership table
that includes all registered terminals within the cluster. Any terminal may register with
the ALR server by sending a registration request along with a terminal identifier, such
as a unique Medium Access Control Identifier (MAC ID). This registration request may
be sent at the time power is first applied to the terminal, or any time thereafter. In
response to the registration request, the ALR server may assign and forward a network
address to the terminal. The network address may include an ALR server identifier
(ALR ID) appended to the MAC ID of the terminal. The registration process may be

performed using intra-cluster scheduling and forwarding.



ALR server for the second cluster 522, the first
gateway 536 is designated as the ALR server for the
wohoosdogivest er 524, and a termnal 547 is desi gaatsenoam09791
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shown below.
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create one or nore configuration tables, such as a
| ocrrmiadlissone connect i Metstidab®i4. Thel "1 ocalerminal 538
backbone” includeg the links for all adjacent

clusters. An exanple of a Tocal backbone connectivity
table for the ALR server 538 in the second cluster 522

003§ i | chbmahRsidl tkahb& éngﬁta%V\{nTﬁﬁEEan?’clﬁ%rsl Iﬁ&f‘be made over

backbone connectivity table maps each adjacent cluster
the tretworls hatkbang. t hhe rpbmrkdb@kbme maykbe gepresented| btstaenetwork
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loglaIMlNERidtshetlédh e ANRS§c@Verk, S fhd o E10stEd Qe airectly connected
establishnment of " a link fron1a termnal in the
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SO use
lmks. a first link 602 between the ALR servers 516 and 538 in the first and second

clusters, a second link 604 between the ALR servers 538 and 547 in the second and
fourth clusters, a third link 606 between the ALR servers 547 and 536 in the fourth and
third clusters, and a fourth link 608 between the ALR servers 536 and 516 in the fourth

and first clusters.

[0037]

also include network backbone topology information. The ALR server may use this

The messages propagated on the network backbone by the ALR servers may

information to create and maintain a network backbone topology map. The network
backbone topology map may be used to create one or more configuration tables, such as
The “local backbone” includes the links for all
An example of a local backbone connectivity table for the ALR

a local backbone connectivity table.
adjacent clusters.

server 538 in the second cluster 522 is illustrated in Table 3 below.



and mai ntain a network backbone routing table. The

net wor k backbone routing table may be used to sel ect
wonesme$1os he adj acent clusters fromthe | ocal backisews009791

connectivity table to be thg next-hop on the primary

route to a destination termnal in another cluster.

The primary route betvveegw dj acent clusters may be

seI ect ed usi ng a nodified’'s ortest path routing schene
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connectivity table as the next hop on the primary

route to a destination termnal in the third cluster
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routed G@ theOdbstiRationItrthinal. NEhiN, BetRdenany 100 ddirenedluddérk, there may

backbone. When the ALR server 536 in the third cluster
be a unique primary route and possibly many different secondary routes.

[0039] An example of a network backbone routing table at the ALR terminal 538
for the second cluster 522 is illustrated in Table 4 below.




524 receives the location request, it may respond by
provi di ng the network address for the destination
woenesigiloef rom its cluster nmenbership tabl e toPCHAS2OR009791
server 538 in the second cluster 522. [0042] The ALR
server may be configured to support connectionless and
connection-oriented co '  @ns. " Connecti onl ess”
connunlcatlons refer to contuni cati on packets t hat may
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or mat | on. orvvar di ng t hese nessages, the
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one or nore termnals as p ALR servers. In case
cluster mdnlsashie tabigithei AR serven$3§ hmyllaokdgast/e) loRa@r vegnest to the
A]f@ )éert\)'grspc{n e negvorﬁ backbone. When the ALR server 536 in the third cluster

524 receives the location request, it may respond by providing the network address for

CD

the destination terminal from its cluster membership table to the ALR server 538 in the

second cluster 522,

[0042] The ALR server may be configured to support connectionless and
connection-oriented communications. “Connectionless” communications refer to
communication packets that may be routed over different paths on the network
backbone depending on the current configuration of the local backbone connectivity
table and the network backbone routing table. In these types of conmections, the
communications may be routed to each cluster on the primary route to the destination

terminal.



primary ALR server for the cluster. This procedure may
be inplenmented entirely in the cluster w thout
wehbwsmwdrng t he other clusters in the network. PO®uUsSews/009791
ALR server may then start brgadcasting topol ogy
updates on the network backbdone announcing the failure
t he. 1,0US er 1 he | i
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on Esomgeiutidizatoms ravit¢ staklitthard iAfcRmetow dlow chesidefdtions.get
routed to the cluster. Eventually, the failed ALR
[004#] Vv erIni tHe nhrdi disesmbuditherttx degceibed thius fai piessddes @ tifa@&se one or
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apahl.e of operating as an ALR server. As 0Se . .

ctogd Prige (HmERE Seeiinriye Bgraled Boeiaa e gpoee dasir own copies of

the B Ik I BHckBEheO kogoléhyt Biafl TR 108 BAkYoAe REMGNFaE the local
the specificapplication and the overall design

backloene canrrclvitydable.ras Wwell gegnaintein g natwesk addess cache. Network

o SRPLRLENERRY HHU L LB BFAPR ARGyl bud tocaton

reqSdste afld f3pGiisesINTEAPAGhhiig/terrhimaEMey alsdUabhd thegrtw ok address of
concepts are |jikew se suitable for use in various

the destpationtsuminala prdrice ¥¢isade avaldsybgangniqusspes aad dus seduice the

loa&ﬁna(héﬁﬁf‘gérﬁé}ec”um UMB terminal is intended only to
iMustrate the various aspects of the present

payentron, wi.th the understandin hat. such ,aspect
003 " ek S B Pha DY e PR S BRREF (LR pervers
In &6 bR AR k@aNfAlraMond of the dasiep WAIR E6RetOomRl et prdmoted to
.an antenna 704. A processor 706 may be coui)I ed to the

primpgndd & seaver fop theiustesy Sbispsenedyognay e pepismprnisreentisely in the
ctulfh ifhoBP b6 08 30fer Aty EERRcRRlc TTRE AEN ALRGcRler may
thex osthit ghivadbawiing) tapologyr opdadesess dhe (medworkhbuekbohb atnnouncing the

.Serv as a pl ormto run sof tware prograns. that,
failup A msvwﬁ’%ﬁr&sﬁer\fﬁravﬁ?@ SRR P FdOEP, o the e new ALR

serfMe! Pt a SYRIISIP IR ABS R AL fidrUBE bitlRR $hé RRfeda8A ] RWetE and the new
termnal” to operate as an ALR server. The processor

ALRO6emwelymay de reengningd ag thi¢ getwark identifier for the cluster. That is, until
the ALR server failover information is propagated through the network, both ALR

server identifiers remain valid. Communications with either ALR server identifier get
routed to the cluster. Eventually, the failed ALR server identifier will expire. This
approach ensures that the failure of an ALR server in any cluster has no impact on on-

going communications. Moreover, no drastic network wide recovery action is required.

[0046] FIG. 7 is a conceptual block diagram illustrating one possible configuration
of a terminal capable of operating as an ALR server. As those skilled in the art will

appreciate, the precise configuration of the terminal may vary depending on the specific
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[0049] The processor 706 may provide various signal processing functions such as
pilot signal acquisition, time synchronization, frequency tracking, spread-spectrum
processing, mrodulation and demodulation functions, forward error correction,
packetizing and depacketizing communications, and/or any other signal processor
functions appropriate to support calls with other terminals connected to the network
backbone. These signal processing functions may be implemented with an embedded

software layer in a DSP, or alternatively, by any other means.

[0050] The processor 706 may be configured to operate as amn ALR server. In the
software based implementation of the processor 706, the ALR server function may be a
software program running on the microprocessor. However, as those skilled in the art

will readily appreciate, the ALR server function is not limited to this embodiment, and
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reg%ﬁhtg?lg{n. &T e proggss r %Sg&%ay transmt- a %@%dt}lko%&ress to the
termiaglresttadd d t kotstodusteranabbeashp tdbde.net wor k addr ess for
the destination termnal, or provide the network
[00521dr e 9% f poovessos t DO Anenbeyfurthet a0hBgudo8. tol fradifit and receive

| ocation request is_transmtted on the network
mes53g48HeHh Ene tIWEW?Fi‘t Wﬁ%ﬁdﬂ%@smsqsasqaén@ém% petvork backbone
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topR{BEE isby g D SPHDRCHERP bt Aty BF eal tekhons CameraTy table
andRHE RESBIPH AR routtiablet Athe§d SIHouREOR ?aﬁﬁé%rmég%@used by the
an application specific integrated circuit (ASIC), a

proggseqrd/Kr g restablish eoges endhe aptworkdapklymeofoheach communication
| 0gi ' dj t t i st
rucRESRRBTRE fk EpRE BT § S Bl

nmbi nati on thereof desi.gned to performthe nctions
10088 e Hrstaben Honsigifiar sy eostiefioan U wetriuk BiSRE by e
profesdrCI08RADG aRdheluls!fochilor REuahd MdNRiJovSes. TRBAFBE 8&HREts may
may be any conventional processor, controller,

be trprsngitieth pRofeenctwork daelthonadyhtheeprogespurod®s Borespapse to a call
ori %Jéa\%/l?)ggrqueg? lgﬁ“ao'rTﬁa gtt‘glg%%@nvgltﬂ?%@ El?e'o q%gtle 0 oefa]ﬁrgg%§ cljlrt 708 may transmit

a lodhifoTORyMEe 36 Adcat@aitl obtaln thy nefwork @d@pEORe #addtingfién Biminal,
re mcroprocessors_in conjunction w

mo ( th a DSP core,
or pEpvide {hedehwiork addressdim gutered epfry n cache 708. If the location request

is transmitted on the network backbone, the network address of the destination terminal

received in the location response may be stored in the cache 708.

[0054] The various illustrative logical blocks, modules, and circuits described in
connection with the embodiments disclosed herein may be implemented or performed
with a general purpose processor, a digital signal processor (DSP), an application
specific integrated circuit (ASIC), a field programmable gate array (FPGA) or other
programmable logic device, discrete gate or transistor logic, discrete hardware
components, or any combination thereof designed to perform the functions described

herein. A general-purpose processor may be a microprocessor, but in the alternative, the



[ 0055] The nethods or algorithnms described in

connection with the enbodi nents discl osed herein nmay
woeowmboids ed directly in hardware, in a softwaPeTmsenwse09791

executed by a processor, or;4n a conbination of the

two. A software nodule may reside in RAM nenory, flash
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congiggdiosor . The processor and the storage nedi um may
reside in an ASIC. The ASIC may reside in the
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discl osed, herein, CLAIMS 1. A server term nal .
elseyiers- o dp dhe plicrgpiareatle prpcgsser Adethe ofiorage apdivie may reside as

dis&@@%@ﬁ{ﬁ@nerﬁ%ﬁnﬁé Rl r USEYHERL er face configured to
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fir o . he, net wor k _backbonge:
o03ef, e REAANa SRS B 2105 BSORHERIERRINGD o pr
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a_route_on the network backbone for each

st abl i shin i ] C )
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consistent with the principles and novel features disclosed herein.




transmtted fromthe second termnal to the third
termnal during the inter-cluster call for a first
woypis/e$19eal |, and to establish a different roRCEUS2005/009791

at | east two of the connunif?tion packets transmitted
fromthe second termnal to the third term nal during

the inter-cluster call f ond type of call. 3.

The server term nal of c%li'"rﬁnn?%cv\her ein the processor

is further configured to establish the route for each

of the cpmuuni cation. packets transmtted fr t he
L Second tar Tl CratehBoehid KRRk 36 4 §Rqet o network

backBé®d, cethpiddi®s: cal |l by constructing a network backbone
topol ogy map and sel ecting the established route based

a uggy Ipteresepeniged fo HRRSIHBARE FRCSCsFERENICHISslyingwsall with a
' ' erein the
ﬁrsﬁ}egg thl 15%0?]5?4@% %ﬁ?ﬁ‘g?@? ggﬁ)iag%@e ’ %‘BdAQeI ect the
a peetailri alndiguredutee stiygporte aah imtbr-tlneter aattubéteatn aecond and third
packets transmtted fromthe second termpal to the .
terﬁpmaﬁdw ¥ ARRBEC oY PHds Retork ﬁ@g]tf SclaF |eagly cgmmunication
pac‘ib(la’ﬂ \edns@ttefrdnh) ﬁlerb%@ﬁgcelgijﬂag %@ﬁl@@ﬁik@}?e‘(mﬁ%aﬂa ers

etween the second an hird termnals along the

sel ected established ioute for such transm ssion. 5.

The ser v t ) nt@{m i m: .ot o
2. is furt hrglée cson¥| gur e@glt %@e ect Vﬂtqﬁ@%éésl?agﬁ ?ﬁ%&@gu{sefuﬁher
corffiguredarh establidhe thorsammi satteoforpaadeted theanemirtunadtibn grackets

the second. termnal to the thicrd termnal.during th
traqsRted o SeoRetomunal 1, e i (S PREOwiRS B Bier-Shister cal
fortd aRsMyps| dAnedll, ahfiCtoS&Y st Qr Siffeddnt Goufel BrMitl1eaierid RF the
the processor is further configured to establish the
compupigationr packets twinsnhded diprntheasdcord germknalsto the third terminal
transmtted from.the second t ;nal to the third
dur{r@, H%f“’g‘tﬁ?rﬁamf ea?eﬁ?%(fr)-t%qeuo cglp' call by mapping the

third termnal to a primary route on the network
backbone.to a first adjagent .cluster and.a secondar)
5. Cout o onTEhaBEl ETRIHA LI - A AEEBn i a iR 1 further
corffgufddero, esabiists he £duitd) Gort BEHP bF AR ¥ornBitinfalbn RGNS Bhadsmitted
route. 7. The server termnal of claim6 wherein the

fropyr dlese serond termhinel Her theo tird uteamineb dwingc thet ftepelustar call by
dur | i t ' - cl |
col e LR, Bt ARSIy bR bRk Bl B by rowe

basgé o firtfoim4nion & thealetwork beckbbeCiopologpindphe primary or
secondary route being based on the |oading of the
net wor k backbone.

4. The server terminal of claim 3 wherein the processor is further

configured to select the established route for each of the communication packets
transmitted from the second terminal to the third terminal during the inter-cluster call as
a function of the number of intermediary clusters between the second and third

terminals along the selected established xoute for such transmission.

5. The server terminal of claim 4 wherein the processor is further
configured to select the established route for each of the communication packets
transmitted from the second terminal to the third terminal during the inter-cluster call as

a function of the energy of such transmission.



8. The server termnal of claim6 wherein the

processor is further configured to establish the route
woanosmagive of t he communi cati on packets transm pCeastwsemm97ol

the second terminal to the {hird term nal during the

inter-cluster call by mapping the first adjacent

6. Cl uster 'h?eor e ﬁ{és frﬁfél?f]%rp Eltahﬂg g\@fl&é\@% t%gdplamesds'c@srseﬁrther

t er m nal transmt
confizpreidnig dskeblisie clon dany foroedch dfotha csemndlchﬁ@npmﬁets tr@nsmitted

at ewa nd a ster termnal for the. second
frm% % §i=ﬁy°f13 'tﬁﬁl"@ajat%\ﬁé%/ﬂ“@ terppiBakdiyripg the gater-chistescall by, |eapping
the $hitRERIMIL {LpRAMIRERIDR od fhe n‘éfvlfd?ﬁ 'Ba&%e‘fﬂegtH eﬁlrs{ 84 rFtcent cluster
establ i sh the rout’e for each of the comruni cati o
andpacieedrslatyr ameriont the fetwork hackbenmo bl at eeeindaidjhcent nduster, and
third termna he inter-cluster call by

seleg mw&OWPhsﬁcﬁ%&%&“é? terninal napped to the

adjacent cluster corresponding to the sel ected one of

the pri and secondary. routes to support .
7 intra- C{CE]%‘%/eSFW% h@HﬁWﬁﬁaﬂ&“? o‘?vﬁﬁ?ﬁ tg‘? BiRepssor 1s further
cor§RFAdNb GalbétQRe PARISS rduld LBt J‘ﬁrsﬁ?ﬁ@ %@ Me’rmlmér chf, ddteselect

transmitting gatewdy napped to su cor respondi ng
elth@dﬁmmmarmqnwmndama'oumrmra/mcomcbtywnaf cadl‘ the sdlentibn of the

.wherein roc ssor t her,. conf. qur ed
pris el sfoh RO RE BRE Y barct drtth Aking R sl Hefock Bagipone.
packets transmnitted fron1the second tern1na| to the

third termnal durin nte uster_call using a
8 network SEVET atgg}l%ﬂ d) dW{lG‘é’P]ﬁ‘, ntQF pIacgssor %5 ®further

conffigaR B CestabBBh He rdifd WG gacna&m@ RBmintrhRHRAAN PEckle® Bansmitted
| ocation request.11. The server termnal of claim1l

from the peoong derprinalite ghe Bieddermainal dwiagdhe imntee-chnster egll by thapping
the f‘tﬁﬁgt aﬁ%aencf %ﬂ%%? IH%% glbsg\c ﬁl?%ﬁlﬁ?’{ pev&ap é%?rtrn(ea}%te P eg%lzngagfo%ghe first

traﬁsﬁﬁuning agatéwayt, Nendt Riapfingethsl fbndiy i10Gtet 6 4 Ndeetd WshShitting
call using a network address assigned to third

SAPERINA masterdempigpldar the spepad deaspittingpzatewit hod of
comuni cations on a server termnal configured to
operate in a cluster on a network backbone,

9. conprisiHep sewvghstgimpingh efaplaing e%eWh@fﬁ@ cdieamprvcesser gasfurther

S d
configutel o bt oL PE rrf i 18t B EBirnuliibilioh bidiRls ransmiteed

fromufposédond minatl &b- theudtivy texalihal béirivgee nthe efnereclasiel call by
a route on the network

third fermnals establ shln
COTpRUKEHIE Wih %@a@ TROHWA L RAPRIY tBR%add acealrdhter eqpresponding
to fHeOBRIEMQ one of the primary and secondary routes to support intra-cluster

scheduling and forwarding of such communication packet from the second terminal to

the transmitting gateway mapped to such corresponding adjacent cluster.

10. The server terminal of claim 1 wherein. the processor is further
configured to establish the route for each of the commurication packets transmitted
from the second terminal to the third terminal during the inter-cluster call using a
network address assigned to third terminal, and received from the network backbone in

response to a location request.



second termnal to the third termnal. 13. The net hod

of claim 12 wherein the sane route is established for
weaals/00$196 he comruni cati on packets transm ttedPETasedoRe09791

second termnal to the thi rlg term nal during the

inter-cluster call. 14. The ’nethod of claim 12 wherein

a different r i-S. est [ f at. | east t f .
1.8 C o sehfa et BT 138 Blopink SBthe 4 figiein the
prote3set Bafurther tdidfignbdd b edblisinahe thuité fig édeR of the communication

inter-cluster call. 15. The nethod qof claim 12 wherein

packefe tragnEtedsireg: tis| sespreyterginak i fhcothifdy iergmshdiring: theninter-
te. tr . _ : .
RS R R AR AR BT o i coce
constructing a network backbone topol ogy map and

| . ; ' - :
120 The. narverat Bt SR R R Cornd RG] operte
in aoflustérainra dbwodkeraekorteheongisiiy: i shed route is sel ected

for each_of the conmmunication tBackets transmtted from,
transpiitiog 2gd deqedyipg sammugiGapens 3 the) Serypr{crgina &W@ 3 gl with a

first fShATalLHREAEd fAhE nBfvdk haRbbALAn®T the number of
Intermedi ary clusters between the second and third
suppeting reall witetchustert dadl Tsatwveant sedord tad lthish éatmircals ébyf establishing a
uch transm.ssign. 17.. The. net hod.of. cl aim 16 wher ei
roufe 65 415 SRR BaNP0T o S FOBETUICH SR RASKH rtpsed Trom the
secSRIMEHAS Pl R thRRGKhigalt r ansm tted from t he second
termnal to the third termnal during the
inter-cluster call as a function of the energy of such

13.t ransxni g @Bthod 3f clhiif 10%iHRRsh @k ﬁﬁllnéir&lté?s_ 1ep184hBd Fdiach of

route is establish for each of the conmunication
the gaukaimscation pepkais transoritied fiom the soenndt terminalalto tthe third terminal
dur} hi é}l. eer[ﬁrilrisqalca uring the inter-cluster call by

%ﬁ%lﬁ% Ne'YHPd terminal to a primary route on the

net wor k backbone to a first adjacent cluster and a

14.56F acent the §lHea Y saE 07 atfRreln USSR rafs, 35 35E8MGhed for a
least @®ONSIAthY doRithihicatdn padRetsBlanQsited Fdndithe dd&coMietedhnthal to the

the primary route is selected for each of the
third dermimdl duting fhegaiekeluster ealhsnitted from the second
termnal o the third term nal

15. The method of claim 12 wherein the route is established for each of the
communication packets transmitted from the second terminal to the third terminal
during the inter-cluster call by constructing a network backbone topology map and
selecting the established route based on information in the network backbone topology

map.

16. The method of claim 15 wherein the established route is selected for each
of the communication packets transmitted from the second terminal to the third terminal
during the inter-cluster call as a function of the number of intermediary clusters between
the second and third terminals along the selected establismed route for such

transmission.



during the inter-cluster call. 20. The nethod of claim
18 wherein the selection of the primary or secondary
woauis®9$es each of the conmuni cati on packets PCT/US2005/009791
transmtted fromthe secondyjtermnal to the third
termnal during the inter- cPuster call is based o n
the | oa C f
17. claim 1? %e‘%&?% gfﬁgﬁ% gﬁ\}ge}?gl ég t8 g[g?lm%%d H)Lpg 19?&1@(%9%?@ each
of thé\eormmumivatictapacRets randagitted fivantheasedoad términml t foeths ddahdrminal
termpal to the third ternjnal dur| the
duringthe nferclystar callpy 2 wcn%g} thg e{l‘ﬁgyf’ %qh P Eeesien.

cluster to a first transmtting gateway and a rraster
termnal_for the first transm.tting gatewa
18. yappi ng Theemeed miagimy b3 iderein éhes i qSF%mﬁlh forjgagh of the
40
ntﬂ?%rﬁcvé@h%tt lé@ta g?%ﬁm%ﬁédgg‘gh?ﬂ{e E&Bﬂ& E@m?iﬁ | g&g r;t]hi third terminal

duringethe iimet-tlasten nale by sngpimgbthesthierd tbmringlaioha efrithiyy route on the
co ni cation ckets trapsmtted from.the second
et PHEPOReD 1S, AT AR TSI a0t FFGREHTA TS on the network
backﬁﬂn%rtocd W&dofll aeﬁdchntbauﬁmmlse@&thrggm\éﬂ primddpe rémét&rsecondary
term nal mapped he adjacent cluster cofrespondi ng
routeo t he sel ected one of the primary and secondary
routes to support intra-cluster scheduling and

forwardi ng of such comuni cati on packet fromthe
19.second tEremnethbd bﬁclahxe 18 mdveam. theeipmignagp reveis selpged fareach of

the ZPRIERaliGR Brcks TRETRS] Bomotnt S Eimighls 10 it B lspminal

durin%&h&ﬁt@?%ﬂ\is@e@fchmn packets transmtted fromthe second
termnal to the third termnal during the

inter-cluster call using a network address assigned to
20.third teryqy aahod ofeciai NG whifeld Ghe GRIEBAS! BE the primary or
recei ving the network address fromthe network
seccbralamr bt fomeach sqfoths eommunidation tpiadkets erqmttedzﬂomme second
laim 12 wherein. the rout t abl
teriget Bt iy ALt ebiod el it BBl SR i< Bting of the
netié@Batkonsecond termnal to the third term nal during
the inter-cluster call using a network address
assigned to third ternnal, the nethod further
21.conpri siTik methol %Y'cﬁﬂntlQQvﬁ@EMQﬁéfrcﬁQ&{seésfabﬁs%& dorl dhch of the

cache at the server term nal.
communication packets transmitted from the second terminal to the third terminal

during the inter-cluster call by mapping the first adjacent cluster to a first transmitting
gateway and a master terminal for the first transmitting gatewazy, and mapping the
secondary route to a second transmitting gateway and a master teraminal for the second

transmitting gateway.

22. The method of claim 18 wherein the route is established for each of the
communication packets transmitted from the second terminal to the third terminal
during the inter-cluster call by communicating with the master tereminal mapped to the
adjacent cluster corresponding to the selected one of the primary and secondary routes
to support intra-cluster scheduling and forwarding of such commumication packet from
the second terminal to the transmitting gateway mapped to such coxresponding adjacent

cluster.



25. A server termnal configured to operate in a
cluster on a network backbone, conprising: neans for a
wagers/oidparticipate in a call with a first teparmakoos009791
connected to the network bagkbone; and neans for
establishing a route on the network backbone for each
conmuni c r
23. t er m nal {l%ﬁlgﬂ-{&ﬁioﬁgﬁat@r%ng%&%ﬁ@? ﬁé‘&g]ﬁgea?‘ﬁ%ﬂgq for eac:h of the
comuabhicattn pdckest tagindfted diromu nhe atdondsteamninal o ithe rtMrd terrmnal
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melfBl foithet %amghﬁPg gecewg]@leh%&k aliftels BGUAL Pét\%pfﬂ B#Rkbone in
to support rality of inter-cluster a
reslvmmbtiralm‘camdnereqmstn nals in the cI uster by establishing
a route on the network backbone for each of the
comuni cation packets transnitted by each of the
24.t er m nal ‘Shemgtgddfi ciaimnm whertinethe mbmie ic bstalflshed for kst of the

cting a,server t. ai |l ur desi gnat] ng .onpe )
corIRURUIGRE ARG SRR T 5o el o b Bl Corminal

durr HeMiRter-cRider R0 aqqe@w&%sa&ﬁﬂ@ssra%&?hy@% ftHlRi"rtehlﬂEnal the
net wor k backbone at the backup server term nal

mefhed Saitfecrronpyisind dezicving the netiworlp addrassystered e cache at the server

terr}n%ra{n nal .

25. A server terminal configured to operate in a cluster on a metwork
backbone, comprising:

means for a user to participate in a call with a first terminal connected to the metwork
backbone; and

means for establishing a route on the network backbone for each communicatiora packet

transmitted from a second terminal to a third terminal during an inter-cluster call .

26. A method of communications on a primary server terminal configured to
serve a plurality of terminals in a cluster on a network backbone, the method
comprising:

using the primary server terminal to support a plurality of inter-cluster calls for a
number of the terminals in the cluster by establishing a route on the network backbone
for each of the communication packets transmitted by each of the terminals engsaged in
one of the inter-cluster calls;

detecting a server terminal failure;

designating one of the terminals in the cluster as a backup server terminal; and
processing a message received from the network backbone at the backup server

terminal, the message being addressed to the primary server terminal.



