WD 2005/ 099196 PCT/ US2005/ 009791 1 ROUTI NG COVMUNI CATI ONS I N AN AD HOC
NETWORK Field of Invention [0001] The present disclosure rel ates
generally to wireless comuni cations, and nore specifically, to various

systens apd hRfpbdibglues for routing communications in g RG5080674Et Wor K.
Background of Invention [0002] In conventional wreless conmmunications,

an access network is generally enpldyed to support communi cations for
any nunber of popbile devices. The access__networks are typically ‘
i mpl ement ed Wi WNF&QMW@&%%&Q%%A&%EWQ Wﬂgpé‘g t hr oughout
a geographic region. The geographic region is generally subdivided into
smal | er regions known as cells. Each base station may be configured to
serve all nobile devices in its respective cell. As a result, the access
network may not be easily reconfigured to account for varying traffic

demands ﬁﬁﬁﬁﬁilﬂ%ﬁ&5H€Hn cellular regions. [0003] In contrast to the
conventional access network, ad-hoc networks are dynam c. An ad-hoc

net wor k be far i i I i ces,
often reltobtg (el Bt afles Jeniif” o Nirel 8 UENh iR, U

net wor k. mSienspecifienlhy, nalvarious systeine endzrhmiqhes fapentiig cemmuaichtibigsih anand
routers, ‘LQe network may be easily reconfigured to neet existing traffic
demands #479%¢ NG8VE™ effi ci ent fashi on. Moreover, ad-hoc networks do not
require the infrastructure required by conventional access networks,
maki ng apad@foulRd WPInsendibnattracti ve choice for the future. [0004] A
conpl etely ad-hoc topol ogy consisting of peer-to-peer connections within

a networ jpoggner ahl onv@iiehiiswirdledeéommmeédiosd, Gt aceBTHRWOAL is0Bsherally
Accordingly, an efficient and robust topologgmls needed to coordinate

communi ceitplayed {0 suppert sprEmicgtions fet giryiumbst abmphiS detipaso UdigsuaccespO
2005/ 099&&@0&9&9%%& Ql%Zl%l}lent%d m%l\ﬁple fixed site base stations dispersed

throughouat a geographic region. The geographic region is gemerally subdivided into
smaller regions known as cells. Each base station may be configured to serve all mobile
devices in its respective cell. As a result, the access network may not be easily

reconfigured to account for varying traffic demands across different cellular regions.

[0003] In contrast to the conventional access network, ad-hoc networks are
dynamic. An ad-hoc network may be formed when a number of wireless
communication devices, often referred to as terminals, decide to join together to form a
network. Since terminals in ad-hoc networks operate as bothy hosts and routers, the
network may be easily reconfigured to meet existing traffic demands 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.



[ 0005] In one aspect of the present invention, a server termnal is
configured to operate in a cluster on a network backbone. The server
terminal includes a user interface configured to transmt and receive
comuni cations during a call with a first termnal connected to the

net wor k a@RWSOWI196aNnd a processor configured to SuppoPCTAN2005/009891- cl ust er
call between second and third term nal s-by establishing a route on the
net wor k backbone for each comuni cation packet transmtted fromthe
second termnal to the third teggyvigAryl 0006] I n another aspect of the
present invention, a method of communications is perforned by a server
term nal (oged}f | Ol &R 4sPe QRSB Bresbht AndentSt, & s@PerteEhiIOk K:ontﬁga}sh%e- The
server termnal transimts and receives conmunications during a call wth
a first aperatd ik destereet ednetworkheackkongor Rhe sarkéroteaminah ihchwigsor mseran

I nter-cl; ' . . hird.termnals est abl i shing a
route o nﬂﬁﬁg&n‘é’ﬁ ?‘\%'%I l%g) g‘?ﬂ@ﬁﬁ%ﬁggﬁf%gelgé;g%ﬁ% gr%’?ﬁﬂ? %% ?W%%a SQ‘X ygi[?h ¢ g&ﬁs mtted
f rom t hetesgigsindnicetedito dhe ticdwbrkebatitonel antl @rprodesdor chRRFdd fonsuppbrtanot her
aspect of the present invention, a server termnal_ is configured to
operat e IPWr'éluﬁtE‘ijgﬁlsBeWﬁe%_s?FéP&GPﬁ_@5@%’6‘?‘\’@&5 %és"%@}s_b@ﬁ % Bl hencl udes
means f Oferork B&bohOfoP 8hdH Chfiftintcatibn fackd tanWhitdd Frobd ha ' éoﬁ[?%ﬁﬁhal
connected to the network backbone, and neans for establ s Ing a route on
t he net viorthe this¢ teboinel.f or each conmuni cation packet transnmitted froma
second termnal to a third termnal during an inter-cluster call. [0008]
I n a furl0Red] ashmemiothef asieet pff the @resert nwentiom ra, methne tolfi cdmmimgda@tinomiscat i ons
i ncludes_a.prijmary server termn configured to serve a plurality of
tor mt na R B, SEh ier el P01 BBERE o7 acThiie e 2 etk

t er m nal bdcEbons € arte GseBidP RéHilinad trafdnifsodnidt iécéiVesi ddhhmBdatishs dukiag lascaflor a
nunber of the term.mnnals in the cluster by establishin a route on the

net wor k YR RSB derinal cqrpecktl te fee RRWRRERaEkhonerAndaRRRYS a1y iHemsletied by
each of %alﬂq)efvs‘fae%ﬁrb%%@ 4 8mimA1sMY e stblidh} aﬂrﬂﬁt‘@roh]&ﬂél urcgrliclzdci(ﬁone-rh.e

met hod al so 1 ncludes detecting a server term nal esi ghati ng
one of tfoe eagr pommusicationt packel transsritteds fram Kwc kespnd dermanal tter thentbird and

pr ocessi _aw%ﬂnessage received fromthe network backbone at the backup

server tel al, the nessage being addressed to the primary server
it ﬁ\r/(rann[l ?LWO PPQ%@@l %ﬁ%&he‘%%&%ﬁ (Efo tlcm)éj prteshe%% in%n '%1ra, ae sfgjr\?e?' Itermma nilga? isogo&{%%re%r esent

to operate in a cluster on a network backbone. The server terminal includes maeans for a
user to participate in a call with a first terminal connected to the network baclkkbone, and
meaps for establishing a route on the network backbone for each communication packet

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

[0008] In a further aspect of the present invention, a method of commxunications
includes a primary 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 networkc backbone
at the backup server terminal, the message being addressed to the primary server

terminal.

[0009] Tt is understood that other embodiments of the present invention will become

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



readily apparent to those skilled in the art fromthe foll ow ng detail ed
description, WD 2005/099196 PCT/ US2005/009791 3 wherein vari ous

enbodi ments of the invention are shown and descri bed by way of

i LT ustraky@®sos9si | | be realized, the invention is C@@ﬁ foddoo Ry her and
different ~embodi ments and its several .details are ca FE 5? b

nodi fication in various ot her respécts all w thout departl ng fromthe

t d f th t A he d d
ot af | e HERE PRERRCTRRIREE GO Uecirioh e hPLERy Acvhed by St dre ana

not as riggstbiicd i VAs wWHIRl eF rddER@RHIRT lifthi{dn THEafaBRVbGINGE .l Rd Qjiffdsmect s of
the present invention are i | |ustrated of exanple, and not by way
of |1 i teERbogients,and, gs é@&%ﬁpﬁﬁ?ﬂ%@red?%glﬁg#y mgfidicatiop i yaras ¢hes, 1 is a
concept F‘fﬁ’%ﬁﬁ’ fzIr e i [ nFlG 21is
a conceg?4 a égigggﬁgﬁr#“i ust%a?f&lr}gﬂg%ﬁexa g &B%?I ?ﬁ@%?ég%n%éggélﬁ ormng a
pi conet Adcostingty, thda8ingFhfd dSailesl chsq:muonpteualbedleygdminasi illbdrstiveaini ng an
exanpl e 0 net h VI g a peer- t o- peer connection with an isol ated
t er m nal™ %ﬁ@ Y% "a conceptual diagramillustrating an exanple
of two piconets haV| ng a peer-to-peer connection; [0015] FIG 5 is a
conceptual block diagramillustrating an exanple of multiple clusters
operating in a comunications netvvork [0016] FIG 6 is a graphical

representation ill um backbone t opol ogy
map for the conmuni ; ok ’ o—1o017] FIG 7 is a

conceptual block dia of a term nal apabl of operating as an ALR
server ilf0L con@rﬂ’ﬁ?tégf e%%ﬁ%mon%%ﬁ?imyﬁ P&W%G@‘?B@Q?Ql 4
DETAI L ERyyRESIRiRHabh, {PRL 8cohfan iRl @lalviiths dgggEihPt i on set forth below in

connection wWwth the appended "drawings i's intended as a description of

various gefaQdi MRy, $ if] cdrd€puifi ARER BMERhE 9 example of a piconet;

[0012] FIG. 2 is a conceptual diagram illustrating an example of two piconets

forming a piconet cluster;

[0013]  FIG. 3 is a conceptual diagram illustrating an example of a piconet having a

peer-to-peer connection with an isolated terminal;

[0014] FIG. 4 is a conceptual diagram illustrating an example of two piconets
having a peer-to-peer connection;
[0015] FIG. 5 is a conceptual block diagram illustrating an example of multiple

clusters operating 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.



and is not intended to represent the only enbodi nents in which the
present invention nay be practiced. Each enbodi nent described in this
di sclosure is provided nerely as an exanple or illustration of the
present iviyeskiotiss and shoul d not necessarily be congkirigshossoopyief erred
or advant ageous over other enbodi nenfs. The detailed description

I ncl udes specific details for the purpose of providing a thorough

under st andi ng of the prese t - (X]‘\e{r, it will be apparent to
those'skilled in the art @Egggigﬁlbggggﬁ —Aenti on may be practiced

wi t hout e specific details. In 0, I nstances, well-known structures
and devi @Egﬁar e E%gm?qdn‘?%Fwnoﬁeﬁ&’g‘r#ﬁWﬂiCWneﬁ?%Wlt¥&h%9Pﬁe&d§Sscyri ng
the conc@piing®is inkQddd £S5 MsclipheaNfivaReus ANt LHkhO pRREnt itRaG bhPt | Ve
term nol ogy may be used nerely for convenience and clarity and are not

i nt endedendgs pphintendedbtostepissend the: ondy embedimensn in piirhahe presert dnveatilopwi ng

detaile Lot l.on; ' : . L 0 | y be
doseri ety ot plaBhiel PalffbbpbiinaRReBePln HBRISHEY riER by 47
comruni cat exangpls s tikustratibiB of elod prssery Vineantipmr sl slioghl apeactessariiyubecat | ons
over an extrenely wi de bandwi dth at very | ow powey. Wile these

i nvent i v?é’néhs"ﬁgpf‘% R?%He‘beorl YaptagﬁﬂuﬁeavqroPthﬁ‘:s éﬁ&\gﬁw P shﬁ’p[S‘F'i:a@t‘ffii on,
those skidstrftiohNirlchRedr dpeditit | ddtARidrY tRPPuBfLAL S prdding NESBorb @t | Ve
aspects are |ikew se applicable for use in‘various other conmunication
envi r onnaierstandias of Hierpgesgnt inyeptionf Heweaves, it wilhbemmareohiothossakilledsin syst em

B A T

under st andi'n such T nvent
appl i cat sonresinstaridf GelFtnGwnstrindthtes tndidevicea areaskowp lirebloék diagratnwork inopol ogy

for a picqnet in. W reless co nj cati ons system A "picopet" is a
col | oct i TP TIPS R ORGPEAY L6 prepah MRERG: o ORTosEPE dnd, Sitag

W 1 el essidsegitivelteeindlfgy@mad e hR6d fdfdly - cohvenfénet @A tlafifleandesrB @dbinent ,
each piconet has one naster term nal ‘and any nunber of nmenber termnals

sl aved t @tenfed tedinitthe seapgiofitie inveptig. G 1, a piconet 102 is shown with a

. - o . rerh
I R e S S e
each of inhe btendesdritedr i Nt sconld6 ofh ahh@ltpd CWiddt . Bahle (FBfH)e witekess nal s

106 may al so he able to directl comuni cat.e Wi th one anot.her. The
mast er twwa?ahfmsw-bﬁ%%ﬁﬂ@?@f SPpoys high spead; CORMMEICEHRAS A ¥t ai ni ng

al | conngeLinRRSIRRIWBRIWIME at GidAbswad il thél® iePREispects may be
well suited for use with this application, those skilled in the art will readily appreciate
that these inventive aspects are likewise applicable for use in various other
communication environments. Accordingly, any reference to a UWB communications
system is intended only to illustrate the inventive aspects, with the understanding thaat

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 memb>er
terminals slaved to the master terminal. In FIG. 1, a piconet 102 is shown with a master
terminal 104 supporting communications between several member terminals 106. T he
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 directkly
communicate with one another. The master terminal 104 may be responsible For

establishing and maintaining all connections between the terminals within the picoraet
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communi cati ons over these connections. Comruni cations between term nals
within a piconet will be referred to as "intra-piconet comunications."”
[0021] Awbeanseéosry be fornmed in a variety of ways. ByriRYen9bpesssanl e,
when a termnal initially powers up, it may search for pilot signals
fromvarious piconet nmaster term ndls. If the terminal is able to detect
a pilot Egnal rom.a,master tegm.nal angt det er m ne t({1at t he .pil ot

si gnal i 92 BcBFL 8% SHhieting, fommunisations veh Hiere csHHonfe GO Ofay
attenpt HewdeRi Rerinaldi wRRIAL DYpics@t!i wilNIbd heefdttddOttoSiagNntafficonet
synchroni zing tg the master termnal. The acquisition of a'pilot signal

i s wel | JOFEMRIERORShe art. [0022] A nmenber ternminal that is able to detect
a pilot signal of sufficient strength fromtwo (or nore) naster

t erm nall80dy aof picepet meay heoformesbinit yarigyrndverys. TR wWagrafienahpleyédsorees an

"intra- ] et l: ) e : i S the two

oi conet S ARG AT iRy celth WiIch HEmbi ol GEBEE Roof b7 3
group oftemrigalar If thenerninat ds ells to dktectea pitatIsignal Homt a hastehermdindsér has a
common iptra-cluster pridge. termnal with at |east one other termnal in
the cl usteboinediss 8ie BitsigR iSreggived e it ARSI B GBN By |

|11 ust r ajreRgt @ jGin4Rd ﬁEon%ng Eéé;%ﬁfﬁfé thVildt WRnRl £83ichrokAngfodnedster he i rst
pi conet 102 of "the cluster 202 is the sarme piconet described in
connect i tomnipalt Fheacguisitionjof i piletssigrakis svellkapwi muthe 204 supporting sever al
menber termnals 106. The second piconet 204 of the cluster 202 includes
a mast 00228r mi Aahen?®s tewingal thapisable tngletwetvapiddt signabefsuffeient stadngth208. The

menber ermnal 1064 i nenber_ of both t.he fi,rst and cond. pi conets
105 ana 555 T T phn O pRERS fnep b oL 8 0t Bleae, ZRCRAERR TP Cher o
I S nore BebemesO e “infidalchuster Usidge térfighde beth@bmeRd twoVPidoinetoNedds theo of them
is chosen to he the primary intra-cluster bridge and the others are

secondarBicosetshgeame msmhers of fheisame chistete &n luster't RETHIL S AOUB ohPNg onhe

ref ert enb fisoncls!whereCatt? btbné MHE Lfidlkt 88Sa coludfinthublidielBAARY O be
described i greater get alt later, a connection may be established

bet ween tarmmipatiygth at daastiona btheO@hminal in ke dlistest pi conet 102 and a nenber
termnal 208a in the second piconet 204. The two nmaster term nals 104 and
206 may [0023] FIG. 2 is an example of a network topology illustrating a cluster 202 formed

by two piconets 102 and 204. The first piconet 102 of the cluster 202 is the same

piconet described in connection with FIG. 1 with its master terminal 104 supporting
several member terminals 106. The second piconet 204 of the cluster 202 includes a
master terminal 206 also supporting several member terminals 208. The member
terminal 106a is a member of both the first and second piconets 102 and 204, and is
therefore an intra-cluster bridge terminal. If there is more than one intra-cluster bridge
between two piconets, one of them is chosen to be the primary 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 comuni cati ons between the two term nals 106b and
208a in a way that mnim zes interference to other termnals in the
vicinity. This process of routing comruni cations across one or nore

pi conet s wg! ferred to as "intra-cluster schedyld

f or war di nvgt.)'?bﬂg\}a?)é?(’reﬁ nal in the cluster maybe able to ?ggﬁmg%(lﬁ)g@?géﬂwith WO
20051099196 PCT/ US20051009791 6 any6 other termnal in the cluster using
sonme form of intra:ciuster schedul i ng and forwarding. [0025] In_ sone

i nst ance®y gherfermel dle plstehapne sewerion of ‘6‘??‘(91“58‘3? grbadulige agdif fi ci ent
strengt higkwa@ng Master termnal on power up. This may result from any
nunber of reasons. By way of exanple, the termnal nay be too far from

t he mast terg . ' I [ i Egﬁgp may be
poor. | nﬁ%)lz?]her mcggﬁej? ]ﬁ%%ﬁéét:lg% Fﬁ\fﬁgﬁ r?aa%egée) u&ﬁggﬁg 1?%& Jggééir?li% ex?ogti ng

pi conet , sufficient hetvergthrfeom mayaste gemingdermpower upas This msy ket droneany nal by

transm tti i .S own | ot s] I 0026]. Ref ' Fl 3, th t
ter 1 nal SR o Seeis; Chis ey R el e GrinaCmgh pe B bf Gamctng gisste” T ©
" pi conet teffikIA]. t BReFhatBel, the Préifag@font dhQirSBARE mayVePodR! Inl&fer casdBe

desi gnation of piconet edge term nals may be based on feedback fromthe

vari ous tepainplanay be Hpabl o Jeloan cxising pisemsicandthgrelore, mpydegio gpewstingle a

rough i ngj ' . . .hal.s.liocated at the edge of the
Oa%agd{'ﬁgd fhmin Eﬁﬁ@rfgre@m £ 111)?5%1&411.

pi conet € pl conet’ edge may be assigned the task of

searchin r phlet .si s,fromisol ated rm nal.s. Wien a .pi conet edge
term nal R’f%@c dgtegeiél?%g @r%br 81&2 inbaﬁ%f' It%’rﬂ é@}fp%:&%%%ate Wrrﬂﬁnﬁl%r t hat
cannot Sthippeér teinfifalsil06 aLrrpidoaciidge tertiials,’r Ak as fieGheralser tdiMiral 006 ed
termnal 302, then the piconet edge termnal 106¢c may establish a

peer -t o- Pedesignghions ek E’lﬁﬂﬁlewd_cgﬁ tGTFRC ; %@P&P%Haﬁeé PﬁifFFé]Iba_ om-fhevatiodpnet edge
term nal ,10Ba RRFPIESI08N The! BEBacHE) B tust hﬂﬁ%vid%rmdagh IndiQtSHRPOT t
comuni cations between the isolated “termnal 302 and any menber term nal
106 in tthespimsobert tepdinalsTheaternst the adge wif thé piconet 1y Bhe psopdredigbl e f or

est abli shi ng i ntai ni.-ng ,t.he,.connection t n.the Lnter- .piconet
or i aoe ¢ SrRRaC o RAY oR BBk RS R RhER e GBS ib0E &k SRl
communi CRimiAR. ONRén b PRSAet GARH Rethinal $06c] d¥eME] a filst sigial fib@chntieslakedal 302

may become the nmaster termnal for a new, )
terminal that cannot support the minimum required data rate, such as the isolated

terminal 302, then the piconet edge terminal 106c may establish a peer-to-peer
connection with the isolated terminal 302. The piconet edge terminal 106a becomes an

22

“inter-piconet bridge terminal” to support communications between the isolated
terminal 302 and any member terminal 106 in the piconet 102. The master terminal 104
may be responsible for establishing and maintaining the connection between the inter-
piconet bﬁdge terminals and the isolated terminals, as well as scheduling

communications over these connections.

[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 commection 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.



piconet. Oher termnals that are able to receive the pilot signal
broadcast fromthe isolated termnal 302 with sufficient strength may
attenpt to acquire that pilot signal and join the piconet of this

i sol at ed wWesgikalos FIG 4 illustrates an exanple of a, ?FH W60 %gpol ogy
of this kind. The first piconet 102 is the sanme picone AN
connection with FIG 1 with its master termnal 104 supporting several
menber term nals 106. The isolated term nal 302 described in connection
with FI d0028lhad ﬁ%%&?éb%éwﬁaa@?éﬁnoqsgmh%temmalsém%%mstsr tegpmel 402. The
master t port

mul ti pl 300 Th 18 scllid pitohel 409 AR kanBO ML of dfore TS 1BGEIE OUPD [0028]
Usi ng f @edbeicedgtrtomindls sugh ias the memberrtemainali 400ks A Besctibeel impgeater t er ni nal

302 in the..secon t 40 | gnat e or re menber termnals
206 e GRUGRETE BubheRE R 407, oF S BikEe N0 ol AR R Bt o
descr i begbre indiitRa t&@minake168 hs pldenee ,edgehfénﬁﬁsltseéuch &k thé)BlembBdtetdinkhe first
pi conet 102 na%}r al so designate one or nore menber termnals 106 as

pi conet 18fgeErdrmicanst edge dmrnahmay prarchelopBilotsignals fram magegderniaaoti c onet

edge ter O
ot conet Schgy Ui RV Gitin tho Ml linBnd By ol BT WP LRS! L
t he pi C@dgdz terranhglelQGdrfrmmtble ﬁl:ﬂ@mbohctd@ﬂtibiect& 'tlres;ﬂlopmgmnhbtoad@ﬁtﬁimﬂm s the

pi |l ot si I rom et ster..term 302 in_.the second

pi conet Hgﬁ% 4 1‘??3?8231 %ISFCSOH é’lcé)g?‘afn@gt ﬁtgf?yvﬁs{;ﬁilmfomﬁﬁ’é’fle‘?ﬂal &‘f‘g\ nal

302. ThQne{Eﬁﬁtteﬁmhﬂr 80202l Th3ORadi®ry tefRinfll 301 midyainamEmi @6dt | fAnecdibn, or
alternatively, assign a piconet edge termnal 406a in the second pi conet
402 to rREPFEEYSY, 28HEn @ BisARst edgntermind 49 vibe seapbricensififthiosmaioBin and 406a
may be . [ terpgnal in
the fi rsﬂt?é g{;%‘geg%t 1(%@l zfl(gﬁ %@ém nanﬁma%%g&s@(@:%n pg‘%gé%%r?e% Zggma be
suppor t égatewaysig Cotimmmiratienschetvebl Gderarinh] #0the first fioomet 102 atd otesminet ween t wo

pi conet s ich are.not the sane re 0 as

Pl oonr apBe Sfvond midr AT BRE v Mot bitaetishs enfuabal B0 84 Mba ¢ of a
net wor k ¢ aIEN R0 Hefweh NGoMbircl Rhichl 48 110t Sn Il Gt eRl@PSwill be

ComTUnl Catlons SySt em Ea.Ch cl ust er |S nade Up Of one or nore pl conets.

A first refered by asspgerrdusescammupipationsée pi conets 504, 506 and 508. Each
pi conet 504, 506 and 508 in the first cluster 502 has a nmaster term nal
510, 512{0@2&] 518IG. 5 illustrates an example of a network topology comprising multiple

clusters in a wireless communications system. Each cluster is made up of one or more
piconets. A first cluster 502 is formed by three piconets 504, 506 and 508. Each
piconet 504, 506 and 508 in the first cluster 502 has a master terminal 510, 512 and 514,
respectively. The master terminals 510, 512 and 514 may used to support intra-piconet
communications. The master terminals 510, 512 and 514 may also cooperate with one
another to provide intra-cluster scheduling and forwarding functions. Intra-cluster
scheduling and forwarding may be supported with a 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
I ntra-pi conet comunications. The master termnals 510, 512 and 514 nmay
al so cooperate with one another to provide intra-cluster scheduling and
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communi cati ons between the piconets 804 and 506, a second intra-cluster
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S
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communi CalthiQRs rRBEMRRDIdoR&, Pi conets 502 and 504. [0030] The wireless
communi cations systemshown in FIG 5 also includes three additional
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535 | i nkEPPes @uyBEBsAiiony he ey thely respective dlestars andpr Peartodpe. seach of
these gaj, s/ inks may be used to support communications between their
respective clusters and/or peer-to-peer sub- networks. [0032] Wthin each

rout e (AT cr JEin) GHE ARG, SR oF e REmiR ey M5 1R AL S5 15
desi gnat Becatisn tahé RAuR @AIR)eservenr It FEG.f5, filsd indhehisRf bHAZe teBmingl MRl 538 is
desi gnat ggsiglgtezi relgthe ALR server for the first cluster 502, a terminal 538 is designated as the

ALR server for the second cluster 522, the first gateway 536 is designated as the ALR

server for the third cluster 524, and a terminal 547 is designated as the ALR server for

the fourth cluster 525. The peer-to-peer sub-network 541 may use the ALR server 516

in the first cluster 502. Altemnatively, the peer-to-peer sub-network 541 may designate

its own ALR server.

[0033] The ALR server may use one 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 third cluster 524, and a term nal
547 is designated as the ALR server for the fourth cluster 525. The
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pi conet frst ¥ivstat B0 sShéwwbélew. t hrough one or nore intra-cluster bridge
terminals within its piconet. Accordingly, the ALR server communi cates
through an intra-cluster bridge termnal wth the appropriate naster
termnal for routing communications within the cluster. The cluster
menbership table may be used to npggggch registered termnal to its
master termnal. In addition, the bridge termnal to registered term nal

may al § ethor Ronbt \asedr U Oer§igeet abl € Tpr three
TABLE | L¥5AelE514 B 1 9U€  OTeMninal 520

Terminal 551 Terminal 510

Terminal 553 Terminal 512

[0035]  The cluster membership table may also include registered terminals in a
peer-to-peer sub-network. The registered terminals may be mapped to the gateway and
the master terminal for the gateway. An example of a cluster membership table for the
first cluster 502 with three peer-to-peer sub-network terminals 555, 557 and 559 is

shown below.
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[0036]
the network backbone.

Communications between terminals in different clusters may be made over
The network backbone may be represented by a network
backbone topology map showing all logical links connecting the ALR servers. A
logical link exists between two ALR servers, if the two clusters are directly connected
through gateways, one in each cluster. FIG. 6 is an example of a topology map for the
network backbone shown in FIG. 5. The network backbone topology map includes four
links: 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
a local backbone connectivity table. The “local backbone” includes the links for all
adjacent clusters. An example of a local backbone connectivity table for the ALR

server 538 in the second cluster 522 is illustrated in Table 3 below.
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table to be the next-hop on the primary route to a destination terminal in another cluster.

The primary route between two adjacent clusters may be selected using a modified

shortest-path routing scheme based on the current network backbone topology map.

Link weights may be computed by the ALR server based on the cost of using multiple

hops on the network backbone enroute to the destination terminal in another cluster.

The cost may be computed as a function of hop-count, as well as the energy required to

communicate on each hop. Additional adjacent clusters may be listed as secondary

routes to the destination terminal. Thus, between any two adjacent clusters, there may

be a unique primary route and possibly many different secondary routes.

[0039]

for the second cluster 522 is

illustrated in Table 4 below.

An example of a network backbone routing table at the ALR terminal 538
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hops on the network backbone enroute to the destination termnal in

anot her cluster. The cost may be conputed as a function of hop-count, as
well as the energy required to comunicate on each hop. Additional

adj acent GloghsbsasiopRy be listed as secondary routes tQ-{f@ogRsdbation
term nal. Thus, between any two adjacent clusters, there may be a unique
primary route and possi bly many di f f elent secondary routes. [0039] An
exanpl e of a network backbone rout% % le at the ALR term nal 538 for
the second cluster 522 is illustrati&Pk TabI e 4 bel ow. WD 2005/ 099196
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may include |ocation requests and responses. A |location request may be
based on the MAC ID, the user nane, or any other type of information

that ident00ffles Referring taiTahle 4, epALRBS et cnmapiisplegtitbe AdRatsrver S1Bjn way of
exanpl e, | _
ori gi nat e@ggﬂ“aﬂfs&tsgtgl% egltgi n&{ Ig'gﬂﬁ%ogé ?r?ﬁﬁ{aéﬁuﬁﬁp@ﬁfeg Fhi rg&{g Ihgét% grth%24, it
pronpts |pmﬁyﬁostenuerde§it&tibmrtennﬂnﬂ imdtonthird cckthred. dFhet AERGever 528 i on
term nal . t nal t be found ip.th cl ust er nbeyrship
table. t Heaheeiet e AT s Rer S0"8 i BoubEter s2sq fis et oSin £ FopREY AL R
servers opyutdhs tialcemiakopaekh@ane. Wen the ALR server 536 in the third
cluster 524 receives the |location request, it nmay respond by providing

the net worggafddr @eturdifg to FIG. 5, the ALR servers may use any protocol to propagate

messages on the network backbone. The messages may include location requests and

responses. A location request may be based on the MAC ID, the user name, or any
other type of information that identifies the terminal to be located within the network.
By way of example, when an originating terminal in the second cluster 522 originates a
call to a destination terminal in the third cluster 524, it prompts its ALR server 538 for
the network address of the destination terminal. If this terminal cannot be found in the
cluster membership table, the ALR server 538 may broadcast a location request to the
AIR servers on the network backbone. When the ALR server 536 in the third cluster
524 receives the location request, it may respond by providing the network address for
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
comnection-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.



the destination termnal fromits cluster nmenbership table to the ALR
server 538 in the second cluster 522. [00421 The ALR server nay be
configured to support connectionless and connection-oriented
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[0045] Each cluster may designate one or more terminals as backup ALR servers.
In case of ALR server failure, one of the backup ALR servers may be promoted to
primary ALR server for the cluster. This procedure may be implemented entirely in the
cluster without effecting the other clusters in the network. The new ALR server may
then start broadcasting topology updates on the network backbone announcing the
failure of the previous ALR server and the identity and location of the of the new ALR
servex. For a period of time, the identifier for either the failed ALR server and the new
AIR server may be recognized as the network identifier for the cluster. That is, umtil
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



cluster without effecting the other clusters in the network. The new ALR
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[0047] The term.nal may be i enented with a transceiver 702 coupled to
an  ant et shoyp) hatsepiesasppla e%nwa@ms‘é%@‘%@aawsotﬁ%@lwaﬁ > 702.
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or another type of architecture. The software based architecture may be
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signal praocessor (DSP) (not shown) with an enbedded communi cati ons
sof t war e TPgRpRYOCessOr.

[0048] The terminal may also include various user interface 708 coupled to the

processor 706. The user interface 708 may include various devices such as a keypad,
mouse, touch screen, display, ringer, vibrator, audio speaker, microphone, camera
and/or the like. The devices allow a user on the terminal to place and receive calls with

other terminals connected to the network backbone.

[0049] The processor 706 may provide various signal processing functions such as
pilot signal acquisition, time synchronization, frequency tracking, spread-spectrum
processing, modulation 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 an 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



whi ch runs application specific algorithnms to reduce the processing
demands on the mcroprocessor. [0048] The termnal nmay al so include
various user interface 708 coupled to the processor 706. The user

I nt er f acew@dQsmi9é Ncl ude vari ous devi ces such as a keypagoosowase, touch
screen, display, ringer, vibrator, alfgi 0 speaker, m crophone, canera
and/or the |like. The devices allow a 'user on the termnal to place and
receive calls .wth ther termnals.c ct t he t wor k kbone.

[ 0049] Tﬁlgyﬁ’lgo’%ﬁseé%ﬁ?ggyn%t@mp?}gaﬁﬁgwgl% %o%gg‘si%grr?a?ong océé{s%’gi rfli%g1 fict i ons
such as cqufigotation, goiwate qonfiguidtion, ort dnyecompiration iiczaf, witichfis eapablecyl

tracki ng, spread-spectru rogessj ng, nodul ati on and denodul ati on

functi onB ,QW%P%JE)@P?‘&%PE‘E}%“@@?*B etag“eﬁeé’&'ket i zi ng and depacketi zi ng
comuni cati_ons, and/ or ané 8t her si gne(all processor functj ons, appropri ate
to suppofl0Sth | ShepreresiondPo mey ereata and TeAinfaiRong of Bofafe R ta9%e$ckbone.

These si gyyabvilé feSarioll ATHEdr & HindiBiYs. b% bapbeemitipte dd Wl radrRiTRRgdCd

software l'ayer in a DSP, or alternative any other neans. [0050] The
pr ocessomaiitsn megustaxr vsnibershipetiblecthatpinclades 2k registoreRtesmyinads within thee

sof twar e sed jnpl.enentation of. the.prgce F t.he ALR servyer
function® 6\9:. be t?ﬁlﬂi}gr%ayp FS%?tsrm“Pﬁnﬁ?engé’%‘ﬁ”f&g""Hﬁ%r%br%‘%@ag‘ %r(?f
However , rastratieit@essiictd et praniphehedprbeesstr 1706 ke adignya wappo£icadiress té e ALR
server function js. not limted to this enbodi ment, and WO 2005/ 099196
PCT/ US20tsmnisbang pdd 1o e © éteTWBP’B?FélHPé?E’I%y other neans, including a
hardware configuration, firmvare _configuration, software configuration,
or any cHP5Rhat iThp R¥Rsewser 70Gnmay, bes fpthsn sorfiggred [ tragswmit gnd HECEI i ous

functi ong,dasar LiPaf B@{vﬁdﬁa ‘babiRnd] THEEMBIRES SR8 infRiGe HNwEACBIRbARI

mai ntain one or nore configuration tables "to provide the various ALR
server f tapologyprisforBytiomy e poegspire]06t mey AR theenstwprinbackbont fopologya

cluster ership table that .includes all registered term.nals. within
Che " of L SRR pd R eV atk phOEan e ape B iy ol dsdivopd Riskadici
exchange t@pblogy &g $id R bé asedd Stagemdindbtairtisiotaltbacktone e e tivitPfabled
assign a network address to the termnal and add it to the cluster

menber shif thspetwork acibpng putige gabks stheseemtigarptiontaples mawt becussd Py theed t o

transm t ,aREsELR WE establish routes on the network backbone for each communication

packet transmittect by a terminal within the cluster to a terminal outside the cluster.

[0053] The messages transmitted or received on the network backbone by the
processor 706 may also include location requests and responses. Location requests may
be transmitted onn the network backbone by the processor 706 in response to a call
origination request from a terminal within the cluster. The processor 706 may transmit
a location request to locate and obtain the network address for the destination terminal,
or provide the network address from a stored entry in 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 amy combination thereof designed to perform the functions described

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



nmessages on the network backbone. The nessages may incl ude network
backbone topology information. The processor 706 may use the network
backbone topology information to construct the network backbone topol ogy
map. The pet backbone topology map may be used t

mai nt ai n‘?ﬁé&‘?{g%é?‘sabackbone connectivity table and t ggﬁg?‘ﬁ?@qﬂackbone
routing table. These configuration tl@bles may be used by the processor
706 to establish routes on the network backbone for each conmmunication
packet tP@AesHe may beyany cenveitinmal wrochssert RRNtONIGS t micreeengollasy o rsidte out si de

the cl us!"n%hi;{l% h%é@ésso?%g?ﬁ%g%ngleﬁ& %Etcglqlggfal:i&?(a?&%ﬁ%}iﬂg dbWiGesnet Wor K

backbone € = process y also inclu ocat | eguest s’ and

r esponses.g., keombination efcpuBSP sndraynicrbproicessns @i lemstityorf miveopnesessorsk oleackbone
by the processor.706 in response to a call j gi nation reguest f.rom a
Ler mi nal Wit HiE ARG et CHBERRe cBh® 78 gt PR P Sefhat i on
request téhfighfaib® and obtain the network address for the destination
termnal, or provide the network address froma stored entry in cache

708. I {du8s] ocahi ekiiiods e Slgorithnst deBabadt inCsbnBbttioR Swilte teodibdaasiipone, the
network address of the destination termnal received in the |ocation

r espons e diselpsed heredt may beembedieddirastly 08 haydgesy n Fiseftwereingndyle gxeemed at i ve
d inele dcireuits d . ; o b
erod ey 8 Dhtepiep Shly Feonihah 6P e b of BELIAREE rdducORSEHE BRI the

gener al piempos eflpho aesnoy,, ROM I memeady, SEBREAM pmemesys OEEPRSH) , mamnory,
application, specific integrated cj i ASI O, a.field programmable
Gate ar r HPIERERT G o D15 Al AR P 5 grEbtaetions of Sotet i e or
transi st @howP8 fhe ot SAMRrSochABAUAIBay HRMIEPIEA LS thePprodE¥oiC IR I tRatthON

t hereof designed to performthe functions described herein. A

gener al - pracpssetecap repdasorpatipm frore, adyidicopfosmatianto, thyttorage mgdium. In

al ter nat jpyeq. 1| GVQG%%Q%?I?MP@@% gﬁ%&%{o%@él% essﬁG. eﬂe‘}ﬁ@&%&éé@y be

any conventli onal proces con m crocontro or s
machi ne. tha storegeemedinmmeay @$id® inben ARSI, e MhatARICasayresnietin rtist teoninalf or

conputing, devices, , e.g., .a conbination aof . a DSP and.a m cropr.ocessor, a

pl ural i tglsﬁﬁﬁ'cﬁ%&%@m& t%SrPéoce?fPI thfiis %%@%F@yirgﬁ BAf uncti on
with a DaRceRcBmpriendyli tHelthiedin WilkisewPifel gur ati on. [00551 The net hods or

al gorithns described in connection with the enbodi nents

[0056]  The previous description of the disclosed embodiments is provided to enable
any person skilled in the art to make or use the present invention. Various modifications
to these embodiments will be readily apparent to those skilled in the art, and the generic
principles defined herein may be applied to other embodiments without departing from
the spirit or scope of the invention. Thus, the present invention is not intended to be
limited to the embodiments shown herein but is to be accorded the widest scope

consistent with the principles and novel features disclosed herein.



di scl osed herein maybe enbodied directly in hardware, in a software
nodul e executed by a processor, or in a conbination of the twd. A
software nodule nmay reside in RAM nenory, flash nenory, ROM nenory,
EPROM nmenory, EEPROM nenory, registers, hard disk, a renovable disk, a
CD-ROM or any other form of storag%rredi um known in the art. A storage
medi um may be coupled to the processor such that the processor can read
information from and wite information to, the storage nedium In the
alternative, the storage medi um ngyspssi ntegral to the processor. The
processor and the storage nediummy reside in an ASIC. The ASI C may
reside in the termnal, or elsewhere. In the alternative, the processor
and the stoprage i resi LSGr et e id.t

term nal, gr elésggmﬂlgyggr Oacl)ggfﬁg"ﬁee@?ﬁ gg%%%sﬁdgs?gfrg%ﬁﬁo%ﬁ %? }{bﬁe&g‘?’%ﬂél osed
enbodbavkbdre df en pd bed wrdotkocan@ivig: any person skilled in the art to nake
or use the presen inérﬁnti on. Varil.gus nodi fi cati ons. tgi t.hesel nbgdi ment s
will be reaa‘éﬁeHP%{Eaﬁ%F {2 PABEUNE A9 1Y VT FopRANiGRons dEng B E‘éfﬁ fi ¢

pri ncfigt Rem@erl dongettdian @h Ad WBY n&foadRkkiRfhet shdot her enbodi ment's wi t hout
departing from the sgi rit or scope of the invention. Thus, the present

i nventi on 3 Prefeesor rroarged tte syaport japi ng-cluster Halleb@yaereercad stidwiider ei n
but i a . i de cope ' t M t i.ncipl es
and noubfteB oy GRRTaR by 8l A0 B ARG RS e Wil R

conf i patkedrahomivgee fidtrethe Becdnd tausiral toahe thirdagtntieut, net wor k  backbone of an

ad hoc network, conprising: a user interface configured to transmt and
recei ve confRifiN¢ke 390 ngFark GompEses (v lisiens, each Félﬁtef EXRRHANE B HFREeCed t o

an adm'%ﬁ’i%eﬂ‘f%%ﬂ’l\fﬂﬁllks@f)&lktlaoa{‘ hastef! E’ena%ir%% g&tﬁﬁ&oirnte?-(%ﬁfs{eg qirniﬁdfo%rﬁedslﬂ RATihtrAN

inter-cluster call between secon ird termnals by establishing a
r out eclostert irislga terimowl thet iwamkentze kbbotk clusterseach cormuni cati on  packet
transmtted fromthe second termnal to the third term nal, wherein the
ad hoc network conprises two clusters, each cluster conprising at |east
one nenbe?. terHienstvesltavaohl tod chaimmels tvberetnethmipnadessoans fuather nerdrgucddust er
link for

med by an intra- clu r bridge termnpal .that.is _.a nber qf both
cl Ut EVETSh heyiesadB? eiirir coPmEnaRAPRGs SERTTHES SPBLBeaeros
furt h@kmmanbitedshed tdrfhinal during the inter-cluster call for a first type of call, and to establish
a different route for at least two of the communication packets transmitted from the second

terminal to the third terminal during the inter-cluster call for a second type of call.

3. The server terminal of claim 1 wherein the processor is further configured to
establish the route 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.

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

route for such transmission.



establish the sanme route for each of the conmunication packets
transmtted fromthe second termnal to the third termnal during the
inter-cluster call for a first type of call, and to establish a
different route for at |east two of the comuni cation packets transmtted
fromthe second termnal to the thijd termnal during the inter-cluster
call for a second type of call. 3. The server termnal of claim1l wherein
the processor is further configured to establish the route for each of
the comunkcati 9Re PRG&kaLENhABISThilE §WHFRMHNGosQeANd kN Bafigurt®id he
third termnal during the inter-cluster call constructing a network
backbeelecttthgrstabljshed rayse dorceaste PeibE cogmuhisatéant mﬁﬁ:ts trenbmited Somadbestcond

informati.on.in the,netwo backbone +t aopol LA, e server. term nal
of of TSR id felfia MRS SuBRCHRNE-c L RBOLToN MRyt o PE ey S sbei o

est abliasdigissisrout e for each of the communi cati on packets transnitted from
the second termnal to the third termnal during the inter-cluster cal
as a function of the nunber of internediary clusters between the second

and third serm Ma¢ SeradrolnihicoS@hiar1 echeRsh a hrob@dor i Fuittieer fRhfiguted to
transm ssion. 18 5. The server termnal of claim4 wherein the processor

i s furesthishdimopigfpeench of thelcommunigation pagkpts sgpunitted {remsthe sesapdhtesninghe

communj Gat i ket s . Sttt r 0, . ] t . hird
For i naiecnd (RS SaE B RRer LA g b InRL o f ghfiind

such routans nhessl looe. nebworklacks®ng es atfestrdjaadnt @fustek andr lsesulngsrgiroutt loa the
processor is further configured, tq establish the route far each of the
Eommurf 4| r&hW(ﬁ%ch@efé@r@ 8178 <P APl tisT aoTRECHBE i ATMAHo rQUHfa O hi 1 o
term nalondyy ket he inter-cluster call by mapping the third termnal to a
primary route on the ad hoc network backbone to a first adjacent cluster
and a secondary route on the ad hoc network backbone to a second

adj acent chust efpe @&deﬁtﬁrﬁﬁﬁgli SY9c1hift 6 RIHCPES Yhéﬁ‘d&&s&ris_fﬁﬁl?&’k? gguré@%ﬁ e. 7

The server term nal of alm 6 erein the processor is fur

conf i gelegdh¢ primaryirett dutieg pfirsraype of dnterecldsien aaf, andf setest eithgpthegfrimary or
inter-cluster call, and select either th ri or seconda route

dur | ng eERGE Cytind o5 Hecla s B oR Phar gL S oL EBtar y
rout e peP@ibagdRAIRMoadMing BEthe @aUbOBetRbrit Bk NOC net wor k backbone. 8. The
server termnal of claim6 wherein the processor is further configured to

8. The server terminal of claim 6 wherein the processor is further configured to
establish the route for each of the 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 gateway, and mapping the
secondary route to a second transmitting gateway and a master terminal for the second

transmitting gateway.

9. The server terminal of claim 8 wherein the processor is further configured to
establish the route 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 terminal
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 communication packet from

the second terminal to the transmitting gateway mapped to such corresponding adjacent cluster.



establish the route for each of the communi cation packets transmtted
fromthe second termnal to the third termnal during the inter-cluster
call by mapping the first adjacent cluster to a first transmtting
gateway and a master termnal for the first transmtting gateway, and
mappi ng the secondary route to a s%ond transmtting gateway and a
master termnal for the second transmtting gateway. 9. The server
termnal of claim8 wherein the processor is further configured to
establish {die rpgtt @rfRhieBasd Rfcidifier %@Mih%%b&@so?% gt Chanapad fed
fromthe second terminal to the third termnal during the inter-cluster
cal | psabtishthenpaatormgelndt the coromumisatéon pagkets mansmitiebived theoseconsl tadjiagent

I d h d, f th .
Ll e

comMugdr@inhal, and Raciked frbhane ndtWerkSRekbvde irefesfoned totet)loéd’!ﬁ)ntrécfué&m tting
gat eway mapped to such correspondi ng adjacent cluster. 19 10, The server

termnal of claim1 wherein the processor is further configured to

establish the roiet &ri@rie@ass &f clhife oo mAHRL @@Ihioﬁﬂng)%ﬁéﬂét snd ke tHeed
fromthe second termnpal to the third termnal during the inter-cluster

cal | pecesgorals futhas rden ferded & eakdisly fredrouts fonicpeh of e rropanunicghen pagksisy ed
from S
cerver i B BEGEERT el EREIAR kB Ral AERE ARG et A0
pr ocessoork &ldfdss dsned mnthird wrmdhat, Qnestbaddlmﬂiedabie:.route for each of the
communi cati on packets transmtted fromthe second termnal to the third
terminal during the inter-cluster call using a network address assigned
to third term nalmethodl of tah@dnicitidnb @ncagdieer tdithind dvafifwdd @ operate in a
cormuni cations on a server termnal configured to operate in a cluster
on anCRgenit a’f‘\égmﬁ'm@t‘ﬁ%khﬁ nes(f@ﬁ%’ﬂ?’élghg transmitting and receiving
conmmuni cat fr%ﬁmﬁh LRE rSEMIES cdrBhHiBR onghltrbfh@% @epéhjnn‘ﬁ’l biid a EAIl Rth a
termnal connected to an ad hoc networ Bone of 'an ad thoc net t wor k;
and sipperminabcanedtedt ®rancld st eetwodt backkeineedan sébongetend; afd rd t er mi nal s
by establishin route on t d hoc ne wor k. .backbone f or ch.
communt cat BROSAE B PEFENSHT EE AT RHEY B CRA BRI CLETERBE Ghi r
term Rake oNARr &1 Rod A@wakk PRRbORL fOP lekchCOIMRNhIS &fioh Wackdt UfhGhiited rEN tel USt er
conprising at |east one nenber termnal slaved to a nmaster term nal, and
an i nsesendlegrinakto|thayiire garmielby an intra- cluster bridge ternminal that is

a member O&h&%ﬁh@ Jﬂcﬁ?&c Hetwork comprises two clusters, each cluster comprising at least one

member terminal slaved to a master terminal, and an inter-cluster link formed by an intra-

cluster bridge terminal that is a member of both clusters.

13. The method of claim 12 wherein the same route is established for each of the
communication packets transmitted from the second terminal to the third terminal during the

inter-cluster call.

14.  The method of claim 12 wherein a different route is established for at least two
of the communication packets transmitted from the second terminal to the third terminal during

the inter-cluster call.

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



13. The method of claim 12 wherein the same route is established for each
of the communication packets transmtted fromthe second termnal to the
third termnal during the inter-cluster call. 14. The nethod of claim 12
wherein a different route is established for at |east two of the

comuni cati on packets transmtted fr,gmthe second termnal to the third
termnal during the inter-cluster call. 15. The nethod of claim 12
wherein the route is established for each of the comunication packets

transpt ek &m %Qec&%ﬁ%’[ﬂl ter ek backbbse tdidichyt efdp ARd <At tﬁehe 20
inter-cluster call "by constructlng a networ k backbone topol ogy map and

sel ecestply)ish¢rbrouedrasgsl dnsihbdmeaiden is theretworbatidiooe fapolagy nhap- t he net wor k
backbone topol ogy nmap. 16. The nethod of claim 15 wherein the established
route is selected for each of the comunication packets transmtted from
t he secondlﬁernThame@deﬁéammﬂidmﬁﬁnmhﬁaﬁﬂduhﬂhgm&heSdﬂﬁ@bﬁwcwmsﬁéﬁ=caH

as a functlo internedi econd
and ebp R @ TG ol Pt Bechufi NG AR HATRD e

t r ansmit&sdi@ler chil .as }iffammbhhﬁdh@ﬁurﬁﬁealomrit&mddahetmstbﬂ@aaeaséeabhé §d@6@ﬂ suUte is
sel ected for, each of th communi cati on, packets transmtted fromthe
secon@nﬂbmﬁmﬁﬁﬁa@agﬂﬁéekﬁﬁﬁGﬁﬂﬂﬁhﬂh@Pwdh?$ﬁbUﬁ%%nm$%ter-cIuster call as a
function of the energy of such transm ssion. 18. The nethod of claim 12
wherein the route is established for each of the comunication packets

transm tted’f r ofhe methed ebeldim &6 mihargin the esteidisherd ogtetie selpdied fod grahrnd thene
'nterg&hHﬁBEE(ﬁgﬁﬁkg%dﬁﬁﬁghe 1%99&%@E&ﬂdﬁgnﬂhﬂ4§t -m%dﬁ&hﬂﬁ Xh&ﬁgﬁﬁson

t he ad hoc ne rst a acen condary
routenﬁﬁwﬂh&x&dﬂh@@ﬁnehmmbkhbamk@pabummuawnﬁeﬁﬁmd adjacent cluster and
selecting the primary route or secondary route. 19. The net hod of cIaim
18 wherein the primary route is selected for each of the conmunication

packet s tragsm Thedndticanof k&g et mhetedrt Mhanaduté ds teb@blidhied dot @tgh BAlthedur i ng
the inter-cluster call. 20. The nethod of claim18 wherei.n the sel ection

of t h&OPPMURisAoropackels sianspilied digmethersgeond Jenmipgl tp ke thidrigrminalidusing tiscket s
t ransnﬁtgﬁ L G6ktdr am wl J’E@Egﬂ &ﬁf%égafnai % 555% n%i}}' rgute e h@é’ﬁit%rkt he

inter-cluster on t oadi n he a oCc net wor
backbaekboid to aTiFmst apdcentccludterandiansedoddady eowe on theeadriogtretwerk dstkbbhé ®heed f or

each of the
second adjacent cluster, and selecting the primary route or secondary route.

19.  The method of claim 18 wherein the primary route is selected for each of the
communication packets transmitted from the second terminal to the third terminal during the

inter-cluster call.

20.  The method of claim 18 wherein the selection of the primary or secondary route
for each of the communication packets transmitted from the second terminal to the third

terminal during the inter-cluster call is based on the loading of the ad hoc network backbone.

21.  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 mapping the first adjacent cluster to a first transmitting gateway and a
master terminal for the first transmitting gateway, and mapping the secondary route to a second

transmitting gateway and a master terminal for the second transmitting gateway.



comuni cati on packets transmtted fromthe second termnal to the third
termnal during the inter-cluster call by mapping the first adjacent
cluster to a first transmtting gateway and a naster termnal for the
first transmtting gateway, and mapping the secondary route to a second
transmtting gateway and a master tg{m' nal for the second transmtting
gateway. 21 22. The nethod of claim 18 wherein the route is established
for each of the comunication packets transmtted fromthe second
termnal to therdehinetholi &5MEAR 1QUKKEGInt 18 robf! RN e GABIREES f&abdchbYf the
comuni cating with the master termnal mapped to the adjacent cluster

cor r egpanitiicegion packets saiseciteskdironahofecond tepminah toy thartbiird earmirgh dyringiees t o

support intra- ster schedul i.ng,and forwarding of such co ni.cation
ek il s B3 BRI pE BihsleP FRRE MhoPhe R SETRMERY 1o
such emfesgsmangdd nige sulljcaeiadie oflthiSprihary 28d sddoadaretrb@ds @f supbéd Mtchclidpegr ei n
the route is established for each of the comunication packets

t r anstehedwding fand forrasdias i rigch spmmyaicatien parket Apmdthessependatermingl igthehe
inter: : i t : I dtothird termnal,
Ithe rrté%iﬁglzﬁlﬁ %gftﬁ\géy H%%‘%grt?g%gcwé g?@ﬁ%géjta %%§§lg%%rk addrless fromthe ad

hoc networ k backbone in response to a |ocation request. 24. The net hod
of claim wh [ [ | hsh far h

comuni catzé23 on (Sgh%kgltefsh%? rélf(r)lgl%r]i t%d% %r%}rﬁn th%el%gteecgsnaﬁ%bgg}rlnggng}r ?aght%fethtehi rd
t er m eahmahltatiog pablests iradsatittal fisheahe sabhd tgmirgl @ thettivod kermdtdht dasnggei gned

to thjrd termnal, . the nethod further, conprisjng retrievin he networ k
addr_egléersciwéc?alnuseagcﬁ_eneéw@héjdé%ﬁswéﬁlgﬁ%#Fﬁ fird minah, iy piod dupstal
conf | %ﬁgiﬂg(}e%ﬁgtﬂ% Atk GRS EfrofANhd hd RSk @éiwbﬂ@bd&lﬁwﬁfiﬁ resB?lfsléQQ Re,

conprising: neans for a user to participate in a call wth a first

t er m lvadtionoeqestt ed to [] an ad hoc network backbone of an ad hoc
network; and neans for establishing a route on the ad hoc network
backbone for each conmuni cati on packet transmtted froma second
term nal t2ta tHier chethed nofnalhind 23i wheraim thet mutec isusstahlishbad for easheofeihe t he

R A O e P T e

i nk fredr @Rl YeaBNudid} banetGbikS h®freR' dssighed & MiRAker@l, ihe AciBAtBAhG both
clusters. 26. A nethod of communications on a primary server term nal
conf i eumpsEingoeksieying the network address stored in cache at the server terminal.

25. A server terminal configured to operate in a cluster on [] an ad hoc network
backbone, comprising:

means for a user to participate in a call with a first terminal connected to [] an ad hoc
network backbone of an ad hoc network; and

means for establishing a route on the ad hoc network backbone for each communication
packet transmitted from a second terminal to a third terminal during an inter-cluster call,

wherein the ad hoc network comprises two clusters, each cluster comprising at least one
member terminal slaved to a master terminal, and an inter-cluster link formed by an intra-

cluster bridge terminal that is a member of both clusters.

26. A method of communications on a primary server terminal configured to serve a
plurality of terminals in a cluster on an ad hoc 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 an ad hoc network backbone



plurality of terminals in a cluster on an ad hoc network backbone, the
met hod conprising: wusing the primary server termnal to support a
plurality of inter-cluster calls for a nunber of the termnals in the
cluster by establishing a route on an ad hoc network backbone 22 for
each of the conmunication packets t Qnsnitted by each of the term nals
engaged in one of the inter-cluster®calls; dynam cally designating one
of the termnals in the cluster as a backup server terminal in

accor ety , ter : e;
L S R S ORI A TR B L T A
backuthes@endnstertaatlsti nal , t he nessage bei ng addressed to the primary

server term nal, er.ein the ad_ hoc netwdrk c ri se wo cl uster.s,, each
oF et er - oty AEh Endlint he Ao tSmR e DuleE R & £Daikup sSutnkatR
ter m padecordftteddan A4 Béc srbisssler 1ink formed by an intra- cluster bridge

termnal that is a nmenber of both clusters.
detecting a server terminal failure; and

processing a message received from the ad hoc network backbone at the backup server
terminal, the message being addressed to the primary server terminal,
wherein the ad hoc network comprises two clusters, each cluster comprising at least one
member terminal slaved to a master terminal, and an inter-cluster link formed by an intra-

cluster bridge terminal that is a member of both clusters.



