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combination thereof. The devices include a central server 120, which performs a
plurality of functions including coordination of communications between and among
a number “N” of other communication devices 130 also connected to shared
communication medium 110 in a manner well understood by those of ordinary skill
in the art. Moreover, in such a LAN arrangement, central server 120 acts as a
gateway to external networks in addition to managing the LAN access for all
connected devices 130. Generally, communication devices 130, also referred to as
nodes, are computing devices such as computers or printers. While a bus topology
is shown, one of ordinary skill in the art will readily appreciate that other topologies
are also commonly in use, including ring topologies, star topologies, and
combinations of bus, ring, and star topologies.

It is also well understood that two chief goals in the design of networks, or |
any other communications system, are speed and reliability. In other words, it is
important that units of information (“packets™) placed on the network by any of the
devices connected to the network reach their destination quickly and reliably. One

of the principal phenomena interfering with achieving these goals occurs when two
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of the principal phenonena interfering with achieving these goals occurs
when two | 13 JANUARY 2006 WO 03/ 009518 PCTI uS02/ 2321110ANYRY HW8«i ces
connected to the network attenpt to use the network at the same tine. This
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In one embodiment, communication is provided in the context of a LAN

having a central server and a plurality of nodes. In operation, the central server
transmits information in the form of data packets to the nodes via a forward channel
of a communication cycle and one of the nodes transmits data packets to one or
more of the other nodes and/or the central server in a reverse channel. Before
transmitting on the reverse channel, however, each of the nodes listens to (i.e.,
monitors) the network during a clear channel assessment time slot assigned to it by
the central server to ascertain whether any other node is already using the network.
Each node having data to transmit transmits that data only after determining that the
network is free during the clear channel assessment time. The nodes listen in
sequential order, eliminating the probability of collisions caused by simultaneous
transmissions from the nodes.

The arrangement thus efficiently and dynamically aggregates data traffic. A
node that starts transmitting when its channel assessment indicates the network is

not already in use obtains use of the entire reverse channel. If multiple nodes have



not already in use obtains use of the entire reverse channel. If nmultiple
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nodes accor di gﬁmao an enbodi rent of the invention; Fig. 5is a flowhart of
operation of © ctive node according to an enbodi nent of the invention;
and Fig. 6 is a flowhart of operation of an active node according to

anot her enbodi nent of the invention. 3
BRIEF DESCR[PTION OF THE DRAWINGS

For a more complete understanding of the present invention, the objects and

advantages thereof, reference is now made to the following descriptions taken in
connection with the accompanying drawings in which:

Fig. 1 is a diagram of typical topology of a conventional multipoint to
multipoint communication system;

Fig, 2 is a diagram of a communication cycle in accordance with an
embodiment of the invention;

Fig. 3 is a flowchart of a method implemented by an inactive node to gain
access to the network according to an embodiment of the invention;

Fig. 4 is a flowchart of a method implemented by a central server to assign
CCA slots to inactive nodes according to an embodiment of the invention;

Fig. 5 is a flowchart of operation of an active node according to an
embodiment of the invention; and

Fig. 6 is a flowchart of operation of an active node according to another

embodiment of the invention.
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PREFERRED EMBODI MENTS The preferred enbodi ments of thel3iemRYF06 | | now be
described with reference to Figs. 1-6, wherein like reference nunbers

i ndicate |I\§,§ @gﬁﬂts and are discussed herein in the c b2/2h11

i npl enent at | i an Internet Protocol Miltiple Access (IPMA) systemin a

| ocal area network. The invention, however, can be practiced to provide
information (e.g., digital data, digitized voice) for a wi de range of
applications. Mreover, the inventi on can be practiced in other applications
and enbodi neBL4llas RIPEON O FPRUFERREGHEMBOTIMENES y skill in the art.
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time the occftp&aPEIgHcation, d5 incorpor B 1r§qy reily 1efiTei%®ye to t he

occurrence of syrrdfedng 26 Wi, f2, adcoddBunicalibe c§éle 260 m stbwn Ricordi@n@tdh of the
intervals and slots shown in fhe fi gure are exenplary _only and can be
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ass1gned to a partlcular node 130. FC interval 210 is initiated by central server 120

FD

and comprises data packets that are pending transmission to one or more nodes 130
during cycle 200. The total width of FC interval 210 can be varied from cycle to
cycle depending on the volume of data that is pending, Central server 120 transmits
a synchronizing flag 215 at the end of FC interval 210 to synchronize all active
nodes 130 throughout the LAN. Accordingly, nodes 130 time the occurrence of
their assigned CCA slot 235 relative to the occurrence of synchronizing flag 215.
The sizes, i.e., bit length, of the intervals and slots shown in the figure are exemplary
only and can be configured to any size as needed.

QC interval 220 is provided to permit those nodes 130 that have data
pending for transmission, but which do not currently have a CCA slot 235 assigned
to them to notify central server 120 of their presence. As will be described in further
detail, upon receiving notification of an inactive node’s desire to transmit data,

central server 120 can assign a particular CCA slot 235 to that node in order for it to
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comuni cation cycle. The width of QC interval 220 is pYEBNFARN 3006 | xed, but
can neverthel ess be varied fromcycle to cycle if necessary. At a fixed tine

after FC i nggo\c/@&esgslo ends, e.g., upon the expiration of ap(,ff/ffs%g/zng:
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a serial manp&iectBCtd tHeelerRdrk 240 vaGEHEs cabédtly Bobn Fathiosval sehddganth. i s the
period durin whi ch one, of nodes 130 exclusively transmts data. Normally,

the first nobiEnaally, gpgReive” pedeos iong thabhrs begp tippmaiingdatastither damedberes up
first in the; i : i t : L$¢l On on

t he reverse gﬁgﬁdggclgfygﬁhl%sd(?ﬁlee oqc):fénA I n?%leé}vrg?étfg%%ﬂngégﬁéaﬁe? Ii)lﬁit?ﬁ@l??dat ato
transmit) angregions cynless eghtimegimit.nén &t emboditnens ofitlee inpergionbCEAtiherddir at i on of

RC i nterval .. The.duratjon of RC i val an be. varied up to a

pr edefi ned néé?%?u?na‘rﬁ?%q e é’ﬁ"ﬁa%}’ oﬁ(@(%]tsgortﬁlgfgfﬁﬁqﬁlaiﬁ en ﬁﬁ?nédenby a
speci al fl aggdnetad, ¢aehtnodbadh)is djramietigmnesigned 01 OCFs plon 385 Warihglehichfiyi ng t he
special flag,hyte, central server 20 hegihs tyransn tti data during the FC
i nterval of hﬁtg‘?—:s ' JeieBming §'he ﬁpewqbﬁﬁegyd@Slﬂjs|2t3§g%lqw QRO ng nodes
130 listen tg dfegarpygese channel to determine whether a transmtted packet
on the network is addressed to them Only one node 130 is allowed to

transnmit on the rRGeinteevat R4 mspursfaftan ¢Coi iberval odfupndciat therpsriod ylurieg  The
deat nat i one REE i e 10ds, DB EALVEY bbby 26 Nebnblh, T SR8 0 oo ate
flags, the high¢sepeortytuode 13 whdse CICA slotadHdavomes up dirsd imcthe fequentiaharder ski |l in
the'art. Long data. files are.prelerably splid. .0l g.Sianiang dackst sizes

interval 230 itself (if it has data to transmit) and continues through the start time and

possibly the duration of RC interval 240. The duration of RC interval 240 can be

varied up to a predefined maximum time. The end of RC interval 240 is identified

by a special flag byte (not shown). For example, in response to identifying the

special flag byte, central server 20 begins transmitting data during the FC interval of

the following communications cycle.

All non-transmitting nodes 130 listen to the reverse channel to determine

whether a transmitted packet on the network is addressed to them. Only one node

130 is allowed to transmit on the reverse channel of any given communications

cycle. The transmitting node 130 can transmit multiple packets to multiple

destinations. Multiple packets are preferably delineated using appropriate flags, the

implementation of which is apparent to one of ordinary skill in the art. Long data

files are preferably split into standard packet sizes and transmitted over multiple
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invention, there is no acknow edgement rmechani sm at tRIANUARYPEPG& and/ or
network | ayers. A particular feature of the invention is that only active
nodes 130 ted CCA slots 235 by central server 1 fel ess,
t hose node?gvgﬁ)g?&ggie not active, which are generally nodes nl}c\)ét%y/géﬂsl gned a
particul ar CCA slot 235 such as a new or previously unconnected node, or

any node wi sfjcg tanlgg e%toaméént S, t}@eﬁﬁ@iﬁwﬁc"thé&@ isWhb haaialome@%eaﬁwor k, can
be granted an assigned CCA slot 235 by communicating wth central server

120 during Quethaniemedtheaposporiomdier aeiypek layest.erring to Fig. 3, an inactive
node 130 inpleme A?aﬁ’i ﬂ%fﬁ?ﬁré”&ﬁhéé@i&ﬁﬁh?&gt&gtgnﬁg c%{x‘rpﬁgﬁle@iﬁb alalbf&

invention to acquirée an assi gne Icu i nactive node
130 identifCeEA slats 235 Byt Odnttaheerize dROnNagerihblesyCthont nodaalthazafe nobactiveg QC

(D) packet PBch i seapand 8pGes ot syt st LGl el sPEE L0 1D

i dentifying ﬁrbﬁoﬁﬂﬁ&l%n&ddi’@&ﬁ @fanyaiad¢ Rahirigvie 16@dBtot (18] bécdmeertiast i ng
central server 120 to assig CCA slot. In turn the i nacti ve node 130

recei ves (stwhinste I&H”%Kk??é\/\h’eegﬁ’étﬁ%ﬂ@ aﬁsi%‘ﬁﬁi@&ﬁlsm 23 by eprmppisating: | di ng
i denti ficatigfin ednedl &?vetr'l‘iygge @'119591%91 J90A Rt Btantple) rEREridNa i85

Typi cal ly, such an acknow e nt can be sent by céntral “server 120 to
i nactive nolectivgtode tIRP rimplesner(§ & method 300 @gbcariogrieran ¢mbyndithent of the

comuni cati off, Gatish Go Healire bl ol LA 3k Ol GH GGy Tﬂa%ubeap&@er y be

necessary if hentTcati'on and’securi nlques
are enpl oyed:deﬂtif&sl(srni 8b@nthatbeginninf oflQC Mmteraale220p pPuring Q(bmaﬁmldlzo,or di nary

skill in the, art, t 0 assi ceivi g an
assi gned CCA%ngcft’HFn? ?E’Q anBis @@%@Q%aoﬁoﬁgﬁb@e}tlwﬂm @‘ %‘?S‘tra 40) the
occurrence Oferjet $2@SNbABY pdefeds cohptis@Rtholié HY @ienfifingdtht hihé ¥r addhes 6Py
enabling the node to transmt its data when the reverse channel becones

free. It is HuinpHiyeoods Hakisvaquesting cental sever 12040 tapgn a&Edsslomdn dWmwmi sh to
log on to t &ﬁh@h%’ﬁ#& @btrése?&est(ge;fl tysdmakhﬁ)“ng’%%gfepc H khtrdl Qe5eNt 1 @l

server 120. Because t he possi of " man O trying to send
node | D pac kaosmb]@dmgrldemfmztﬁbraof & patticalamessignére OflAoblab2B$ tfyr thét wagle! i si ons,

Rl L T
enpl oyed, t h@dbrmbem&rmh did PO 1@ﬂ‘ervwhoﬂ:dhe nSxtoippeddeané comanieativh cyoledirnary skil |
in the art. E?urre %ér?uqlpulmecation cycle. ’Hle {]ttersrlng;/J Ibte: %ggeosggrly%f lfurﬁ-lere Qon%grrltiorrll 1
authentication and security techniques are employed, the implementation of which
are apparent to one of ordinary skill in the art, prior to assignment of a CCA slot.
Upon receiving an assigned CCA slot 235, the now activated node can identify (step
340) the occurrence of its assigned CCA slot and listen for activity, thereby enabling
the node to transmit its data when the reverse channel becomes free.
It is during QC interval 220 that all inactive nodes, which wish to log on to
the network, attempt to transmit a node ID packet to central server 120. Because of
the possibility of many nodes 130 trying to send node ID packets to server 120 at the
time, the probability of collisions, i.e., garbled transmissions, is high. Accordingly,
in an embodiment of the invention, conventional collision detection and avoidance

methods can be employed, the implementation of which is apparent to one of

ordinary skill in the art. For example, a node might simultaneously listen during
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packet to determ ne when a collision occurs, thereby &tXISYUMMRY2M86node to

i npl enent a random back off algorithmto retransmt the node |D packet.
Referring t ' 4., a method 400 according to an enbodi

i nvention igdl:dr%%f’%?r%nt ed at central server 120 to assi gn%@%%?%?b% for
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230 of the i ala'ely following or a future comunication cycle. During FC
interval 210 of t Refeffiy apFigt4 < amthod 460 badrdiny ¢d en eabddimentsel ther 120

transmts (step 440) .an_acknpgow edgenent incl udin schedy] e. of assigned
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the inventiongoGefiaglto S@mwiinickeD oh ItAN SiBiwosk. AMPaASduNAW, eda®ireRlvet q200nl y
those newly activated nodes and any nodes having their assigned CCA slot 235

changed. Accaddentifies (step 4h0)hdoeiiumente o51QG intervah ¢2tt Puring Bus intesvagrerfrabCA sl ot
235 can ber j | . i rn to
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et work duri %% AR o R RARRE Bt ofvhs s SaisRRY Heho gt gn folifSsr oca
sl ot 235 can chamugiaticddeyicle. dPaghg ¥at dteae 200 de theFappréprarptanmudesivial server

120 can send a data packet during the next FC interval 210 conpyising a
notificationC¥Hatcihe #EME WY ramguts (ise 4R é%sﬁciijéﬂeéﬁ?R‘eélF diclusing a

Accordingly, sghedfi8Wr 236G ot0D36% aff InBEe} Rsigneadd CeA 80034 0 rphdothegMaI Ni NG
active nodes or only those affected by the change in scheduling. If the

deacti vat ed ®odedimgnteef the énvgatien, icentrahisertiersl 20dragisaie ap pcknosviedgementko it
notifies cent ) i ?Eﬁﬂ il . Lpriate QC
i nter-vat Zzghgéh%géﬁ‘gg&ggzg?cgﬁéﬁ%%tﬁ (!) a ﬁgswﬁégﬁqg?%%ﬂ%\g&é}cﬁasgﬁ 28gcon‘i ng
CCA interval cB8@ed.Each node 130 listens for traffic on the network during

Its designated Ccﬁccording to an embodiment of the invention, an assigned CCA slot 235 can

be rescinded from a node, which has not made use of its turn to transmit data during
RC interval 240 in a predetermined time limit. Particularly, if central server 120
determines that a particular node 130 has not availed itself when presented with the
opportunity to use the network during a particular number of cycles 200, the
assignment of CCA slot 235 can be revoked to deactivate the node. For example,
central server 120 can send a data packet during the next FC interval 210 comprising
a notification that the node no longer has an assigned CCA slot 235. Accordingly, a
new schedule of CCA slots 235 can be sent to all remaining active nodes or only
those affected by the change in scheduling. If the deactivated node later has data it
wishes to place on the network, it notifies central server 120 of its presence during
the next appropriate QC interval 220 to request assignment of a new CCA slot 235
in an upcoming CCA interval 230.

Each node 130 listens for traffic on the network during its designated CCA

slot 235 and, if there is no traffic (i.e., if some other node with an earlier CCA slot



slot 235 and, if there is no traffic (i.e., if sone other node with an
earlier CCA slot 7 13 JANUARY 2006 WD 03/009518 PCT/ USGZADYARY 2886 not
already started transmtting), the node can transmt data. Mre

speci ficall ng CCA interval 230, each node 130 wait jit S

assi gned C&OSOF@@HZSSS to listen for traffic on the net\/\orPEjTH%B%/lbrzslt node
130 (i.e., the node 130 to which the central server 120 has assigned the

hi ghest pri ofastyt £HeAdy statdd tlrélﬁltnﬁﬂﬁg)f teShde @Inttﬁ’cﬁisrﬁh%ataemt)feas%b&ﬁcﬂlg' the first
CCA sl ot 235, a second node 3 (i.e., the node 130 to t he central
server 120 rfh@nas%%m@@rwlh@%é@@ﬂwdﬁﬂéﬁmts pafibits aspignesh CSHAbslot R3S i%ens .
Simlarly, t sl y sl ot 235
to listen. al%t n%p q)t%htg{@In gnggaéaﬁ%g&ggﬁgbg{i%é’g&gglt)g%l?y vd;gﬁlc?ﬁgﬁ node has
| i stened t o dehizal saeAOkhad assigngd itheshiglest mrivaitye @CEGRot ligtbns2fRist. aAnfﬁbrI’nlm

oxiste). in eaigouthee: e R ke BRI b beabin R TR m et on

i medi at el y t@é fc@l{tra(ﬂ@éﬁéﬁﬂm g dskighed 1he sb@va TSghestCheoMIgICA A srdt)eﬁdterﬁurl ng its
assigned CCA sl ot. pt her words, transm ssion ogeurs during CCA interval

230. | n anot¥iasl a’é)’rﬁ‘éd‘ﬂn’ia‘iﬁde vepits gl thebegiuingof the s GG ploh 235 Lisiee-
occurrence of n58@1%a§h&tda@§§i QA8 Aot Osd Hfly Wah I%a%%d@ilaé ﬁﬁeﬁeaat@sme ssion. In

anot her enbodi nent the invention, a transmtting node 130 waits for the
occurrence ofetRaEkiduting uaﬂeSi’gnated(C(b@glqﬁ 235 ambhrissistentained thatmoroghee ngde channel .
In the above 1 theflrs S i e node
spends its @Aggﬁ)&%g(lr I’ sat%%airnganél(rglg&lsg i egng {’ g?troglr%gemmgés}} S even if
t he network d siodellB@rbegihhrasatisivn nsdedistigr aﬁbrtd:etdrtrmh&gl thatr fhagrevdrse CCA sl ot

235, and assesse et her or not net wo s cl In this exanple, the
network i-s cf ?bse ey Juring H@aﬁ&%@?ﬁ‘ﬁ’nﬂ% ﬁi; EnYPissian OGRUEF not have

any data anddlﬁi%ﬁ@dl@btmﬂ(i%' I8 anoth&GEhouthdnk) ahﬂ)‘aeh@@'be@%'n%@ﬂss%ﬂ ater

sl ot) has had the opportuni té to transmt yet. If the Second node does not
have data t ctiheaprshirence jof the) GEAstot dasigned to the rewpient of the smmsmijssieuln any
Lransmi ssi OrBiRF dbolififend 3Pl APMB2S ddiEmidifis noBOYR0_ Waits MGMRYeT, (he
second node does have to transmt does sO | mMmedi at e y after the node
assesses thatccmtmlcnef}&ﬁmﬁenvalZﬂloeabegmtramumouhmdbemveﬂseahanacibodl ment of the
i nvention, the secgnd.node w |l a t ta d t ti allotted for
the then " cur rendt SR rabnly a8 Rilapas i Bl fdetd nd e Senf® | he
second CCA sitsoCC2A3dot 133Slistoniigl £, candstesut Wolthnbrais€ibn Shat & the Sit®vork is t urn.

Each will detect that the second ) o
clear. The second node starts to listen during its CCA slot 235, and assesses

whether or not the network is clear. In this example, the network is clear because
the node with the preceding slot 235 did not have any data and no other node (i.e.,
node which has been assigned a later slot) has had the opportunity to transmit yet. If
the second node does not have data to transmit, it listens during its CCA slot 235
without any transmission over in the same fashion as the first node. If, however, the
second node does have data to transmit it does so immediately after the node
assesses that the network is clear. In accordance with an embodiment of the
invention, the second node will transmit data during the time allotted for the then
current occurrence of RC interval 240. Once the time for the second CCA slot 235
has expired, nodes with later slots listen in turn. Each will detect that the second

node is transmitting data. Accordingly, these later nodes determine that the network



node is transmtting data. Accordingly, these |ater nodes determ ne that the
network 8 13 JANUARY 2006 WO 03/009518 PCT/ US02/ 23211 13JANYARYI288r and do
not attenpt to transmt data during the then current comrunication cycle.
I n order t%S'B?/b%ﬁmt hat all nodes have an equal opportuni tyrhRoedzaismt data
on the network, the order of the CCA slot assignnents can be rotated from
cycle to cycle. Otherw se, nodes 130 having slots 235 that cone earlier in
the order (i hdtecleabaué &xaivpl fteniphetof ratdminnidtas dadngl thedeisy setehd al ways
be able to use the network to the exclusion of nodes having slots com ng
later in tinOMBHECHIARCYRHes having later slots would have no opportunity

to use the networlk dpfh ebhsdltd thall A nSRENaFy &l &fal ofpOSLAIRED Fhndm¥ QS 235 can
be rotated in a round robin fashion for each "~ comuni cati on cycle 200. For

exanpl e, t heomibdaetwezk the erdemddhe €CA §lof assignmentmenaibetretaledframeydgt e | i st ens

first in the xt . e I.Se1: i

begi nni ng ofc}{aﬁé %g%wl‘s%t gﬁ%ﬁ%%‘?ﬁ% %&éﬁq@ﬁ%{ﬁgefe %rrh etzglctliﬂlg gﬂie% ﬁ'gttﬁbgt her
nodes are shibove dxampledefirst atisecand nbdespwobyldtabveayd be abledm usef thengwO®A sl ot .
Over severatlp&ﬁ%/cl c?s.thef r taili on glr Vi des ch &onnec d n%de 130 with an
equal  oppor PURT EF T AN £AER 3O PENE AET W UM AY &Bpt}f EhPAE one
skilled in tlaer bt woulBlgivg REBpforfRlly tdiie ERtATREYGIR polentidlBy fof Miany EyelesS| ot s 235
can readily be achieved with other algorithnms other than that of the round

robin schenelisipednehtetobdiie can gReustEE dBst TPEd FPIBARelipPHtiAr i€ahan _

i npor t ant  f eafuiih gl { YRS 260D ORbMRRERYIL NBle nSdsPBRK tididnd® BENH theve traffic
or require sm and consi stent del ays.” Moreover, enbodi nents of the

i nventi on caimnieslitety ipemeeyckallisienshinst ncthe @SR aytlotbesause dts @A slot 233 iexanpl e,
one or nore S > i i hed dqf4 ot. Wth
such enbodi nen ? to%@??%?nr@?ﬁiag{sﬁg?a?Ag@gggg%ohmt @gedc% %{)qs?‘ép?a?@f tﬁ?:)éarti cul ar
appl i cati on sthdeamded arelgdiftedadol cecirdatdninstime byntha dwetitno df oren©CAfsldth©vemvent i on,
buffer sizes of active _nodes, 130 ar nitored. b e al..server 120.

Par ti cul ar | yS¢V§rRk S¥§)f5e thst ref\?ﬂoc?r H’é’t"f‘gﬁ elgg}hr?gﬂ‘?eﬁegdxocﬁag&%é” i et ance when
voi ce transmippoiity ® trakiR AafVixst. OAB SfouldyRegppafentlft Gne skiildd @XBERIE,
information transmtted can be divided into hard and soft information. Hard
i nfor mati on eepReRend thsichangieg of thpardspfar slots B rran redily Sapeiieed vt a such as
i nternal Co;mﬁé}daclgfﬂ{thﬁlgtoﬁfep?ﬁandﬁhaof ke 1%{19(? Fotfif sﬁ{eﬁ'}éeﬂﬁplé’mé}f?&? albdv@m

consi stentl

Equal access to the bandwidth is an important feature for those embodiments that
support time sensitive traffic or require small and consistent delays. Moreover,
embodiments of the invention can be implemented with other CCA slot structures.
For example, one or more nodes can be assigned a predetermined and fixed CCA
slot. With such embodiments, certain nodes can be guaranteed priority if a
particular application makes it desirable to do so.

In an embodiment of the invention, buffer sizes of active nodes 130 are
monitored by central server 120. Particularly, the type of information transmitted
may be of importance when voice transmission is valued over other types of data.
For example, information transmitted can be divided into hard and soft information.
Hard information comprises voice data and soft information comprises data such as
internal commands or internet data. In order to prevent a node from consistently
occupying the reverse channel with soft information, central server 120 monitors at

each active node the size of a buffer containing soft information. If central server



occupying the reverse channel with soft information, central server 120
monitors at each active node the size of a buffer coni%ﬂfﬁ‘ﬁqﬂiﬂ“@@ﬂf
information. |f central server 9 13 JANUARY 2006 WD 03/009518 PCT/ U502/ 23211
120 det ermw%,sq a node's buffer of soft information g }ﬁ,zqgged
(excessive) en t%at node's CCA slot priority is swtched&vﬁﬁ a node
having a | ower priority slot. In other words, higher priority CCA slots

(those occur hhdetedmihdd@nRaG0a8%s r?oﬁff@xf of s@@&nfoﬁflﬁfoﬁaéetsa)%@]}loé‘ééﬁ (BxREFepbl y

assigned to nodes transmtting hard information as opposed to soft

i nf or mat i on. thenKkat nedele £GA élﬁ%hﬁlqrtfy igysveitshed W#flc&rnﬁdplhgwnarﬂeb&@ép@ﬁéﬂ | ower
t CCA t traffi
17 B AR ML o 400 LD Ltslegpndgc o1

on the netvvor ransm ttin If a
first node, WIGJAchntdmﬂ 28Q)taze prefardbdy ssstgned;mnbdbmmmltunglhardddv’rmatloorast he

net wor k, ascertai at. none of odes trapsmttin the first
node. 1 anom PR Bt anisEER e Qhetedhe Firer R RED AR LT Hh el ghe ¢ e

al ' otted andidweeprietydiCA bietsspeci al flag byte signaling the end of RC

i nterval 240. Because each . node listens to all transi ssions originating
fromany other nBYENS &6ey PiGTHer30nGed ’E%’Fék?f@stf?fetr%fgﬁ %gs‘}eBYf’rgfothe first

node and ref G QEASn WldpB (iR HButd hﬂé%a:ﬁn&tm% iTf Ut 86&S whiGP RRIIBAtgat | on
met hod 500 according to an enbodi nent o e invention inplenmented by each

node 130. | npagkeisde sod, to paylethar3tpvice oaitheretwork espertri) thafanone oéthe affier ¢ felnt ral
175 “hode. 1360331k ipnsil 48 £k Baac PR HERins 3Riltls oA BBRRAR (50 5

occurs basedwithirt the titreraBottfd and dlegnt seods thé speainl Symioyte sighalingghé bmgofami‘l t he

R e o, R P
assi gned CCAothst fddeQ 6y Sthe@stR dbBtstBé Ghilni®fon(THEP fibst Abdé hnd RErainet WOrk i s

clear. If the network is not clear, node 130 |listens (step 550) for packets
addr essed t offPR EARSHTIKENG ever se  channel . If the network is cl ear, node 130

determnes (step R0k 1thstrhtEs H38mARhRafi¢h mkﬁl@&l%m accgmnﬁ%oto%oammrﬁ&% reverse
channel. If there I's no data to transmt, node ers l1stening node
(step 550). Atthevinventide implemdntadby coelf hode 13eiIn oprretemcandeild0trecetvsni ssi on of
geﬂ??gl ! Eer 5@5? élg?aat]a Q&Qb?t?enttrrﬁ%r\;erq?@ Hﬁr&ng% i%te?gal 2%ll EJ%!)n Yecelﬁl o?xarrpl e
synchronizing flag 115, node 130 determines (step 520) the time that its assigned

CCA slot 235 occurs based on the time of reception of the synchronizing flag and
the priority of its assigned CCA slot 235. Based on this determined time, node 130
waits (step 530) for its assigned CCA slot 235. When the appropriate assigned CCA
slot occurs, node 130 determines (step 540) if the network is clear. If the network is
not clear, node 130 listens (step 550) for packets addressed to it on the reverse
channel. If the network is clear, node 130 determines (step 560) if it has data to
transmit (step 570) on the reverse channel. If there is no data to transmit, node 130
enters listening mode (step 550).

Active nodes need not confirm their presence via transmission of a node ID
packet as long as they transmit data periodically. For example, central server 120
keeps track of the availability of RC interval 240 and monitors the transmission of
communications between nodes 130. However, if a node has not had data for a

predetermined number of cycles but nonetheless wishes to remain connected, it can
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keeps track of the availability of RC interval 240 and nonitors the

transm ssi on of communi cations between nodes 130. HowEBYNUARY H0hode has
not had data for a predeterm ned nunber of cycles but nonethel ess wi shes to
remai n conn@es @idgoshd can 10 13 JANUARY 2006 WO 03/ 009518 Rfel/ 502483211
transmt a dumry packet, e.g., a packet not addressed to any particul ar node

130. Fig. 6 illustrates a communi cati on nethod 600 according to an

enbodi ment  ofrardshgt a umsvtpaa&tt@gl SphARERSt AAdfbed¥Mo RAY peiticuledABAENi30at i on
met hod 600 is |dent|cal communi cati on _net hod 500 exce or t

addi ti onal sFigp8 illysfptes élfP%‘F}”gﬂcaﬁ?ft wethod 9AR a&@@%f"eﬁ‘ﬁﬁ‘ﬁé@“@é’ﬂ"éﬁ %0) that

there is no ﬁ'ﬁéxi’aotn%st %eﬁt@dﬂﬁﬂ? paSieer @bﬁﬁﬁmw(aﬁ&?ﬂe@é@)mw{déﬁtﬁcal 0

maintain its assig ., Stay connected. If node wi shes to

stay connect @dconilftlultwaélns rnilﬁtt@d(%i()eé;ﬁcmt@r M@M@hﬁ@%a?%@@ﬂaﬂﬁm Wi se,

node 130 |is S120S 0 rﬁﬁ'i@ di ment of
the inventi ofrl\(?d%gll}g) (%f ehﬁn%glséépeg%(ﬁg@%fgfé% o} g%‘??‘ﬂ%‘ a'tt}%ae % dg{% ?

associ at ed wistdp ﬁm)&dlethientosmaihaﬁxehi asyighed @Cbﬁps]lomwe smyodmnnmmbdlfrthmt to

speci fications, of odi nen | ow err r at

D o Syl Bishoate SV qoniedid, O s AR o Mgty bl ket o o
the begi nni OehedWide, 208 PIO st Ekepl IF0PTor PhekdbAddrebsed i€r val 240, and CCA
interval 230. Oher arran enents, however, can be used to acconmmpdate for

the aforenentione® aangmbedimenty@faths. INENHiOR e gUaBRT HeS ¥ke PFAYIEAL fBn can be
practiced, wWd.B %RHhiaYs: deﬁa?r?'a&s%@itaéeﬁ?%th Rl LB erethdShd ghﬂﬁhe%%&l gns. Each
enbodi ment will require the conpensation for propagation delays associ ated
Wi th transmni eebatimertaofspeafidationopf thahembodimartclegheivemnlyt low mmetgye and

del ays assocjated with,the circuitry (hard pr frequency
swi t chi ng of {HE! Zﬁwcfggcmqwza& n%g’ebg%a?pp PEht mﬁgs oh rﬁqgr%gllsyl @gdl mthe art how
to cal cul at ebesyinm@aawghd&iﬂm Bie ligtyrval 2095 RCI 1ﬁte&m¢04(ijand€(mﬁﬂteltrﬂezslonvent| on,

each node deb&r&gi nes whet or not to .transmt data &rtn)nl toring CCA sl ot

235. In this PERYS: GH?rrr%’ttée wed i, accommpdpE ifetha SREPeORe r e t he

central servgld JiRek 8Qay3l OKEhotell HefoRd,i tHE ifeR@stS cdnObdpracticdde il vagidls among t he
vari ous nodes 130, Accordingly, any propagation delay associated with the
brokering i sahpligitioas, topplogies gd tstailon fgaigns. o Fasth smbedimeptamill ssduize 1the shown and
described wi g elh tﬁh%ﬂﬁﬁob&aﬁ&‘{%ﬁ% RIs6LiSkd SAmETesiRont fa WiRhi&Phr 1t Wi ll

be under st oo
the d1stance between the nodes) and delays associated with the circuitry (hardware),

processing, and frequency switching of the nodes. It would be apparent to one
skilled in the art how to calculate or measure such delay times.

In accordance with the invention, each node determines whether or not to
transmit data by monitoring CCA slot 235. In this regard, the embodiments of the
invention do not require the central server 120 to broker or provide access to RC
interval 240 among the various nodes 130. Accordingly, any propagation delay
associated with the brokering is avoided.

Although the invention has been particularly shown and described with
reference to several preferred embodiments thereof, it will be understood by those
skilled in the art that various changes in form and details may be made therein
without departing from the spirit and scope of the invention as defined in the

appended claims.
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skilled in the art that various changes in formand details nmay be nade
therein wthout departing fromthe spirit and scope oﬁ%ﬁ%?ﬁﬁ#kﬂﬁion as
defined in the appended clains. 11 13 JANUARY 2006 CLAIMS What is clainmed
is: 1. Asystem conprising: a shared communications nediun} a server
connected to said shared conmuni cati ons nedi um and capabl e of sending a
forward channel signal on said shared comuni cations nedi umduring a
predet erm nedopAgviwar d channel interval of a communication cycle; and a
plurality of nodes, each of said nodes connected to said shared

communi cati ons neWhamsghdmedisabl e of nonitoring said forward channe
signal, nonitoring a reverse channel on said shared communi cati ons nedi um
for usage durling & sybtemrcoghusimel assessnent slot within a clear channe
assessnent intervgkmgahﬁghg gggﬂgg&&@%jon cycle, and providing a reverse
channel signal when sai node det érm nes as a result of nmoni toring said
shared comuni catsons comditedriofsaid shes@igemdunicaipnsaediure kebrapairarfneldingssessnent

slot that said shafed  comminigatlons mdiymis clear. hergln.ggd cl ear
channel assesSnent 1Rt erRa e Sa ¢ PIIOREE At B°A RaD & BT °cl'8af” channe

assessnent slfetvsrd ceankbl istkwalrof e hanmelicaassesknamdt sl ot excl usively assigned to
one of said nodes. 2. The system.of claiml, wherein said server is capable
of receiving sai P WéPE‘éOdE%S?fﬁé’fsaé‘} PHEY Co%eate%oeﬁagi SH”@%&W‘B]&F@U‘?‘? capabl e
of recei vi ng nkaiuth 2h@cMabIE of BHANARY safd fgfkakd chdnneT §ighag YisohRsringfa rédeem 1, wherein
said forward channel signal and sajd reverse chanpel signal conprise data
packets. 4. THENEPE f%ﬁf@eﬁepww,ﬂomw&ﬁ% giage ?l&%fffa%%alﬂﬁhasgfmm _

i ncludes an sROWHIRSS cle@BEhnBINERsIn®nBiRCHENTGaid cofhHiRBOER cOSRRS &dignd | S
capabl e of accepting _information encoded on said forward channel signal

when said addieSechirned sigep! “het RradefraeTRErs e ehliof BapiPrag GigiewIuni que node
address. 5. ThEmSH&tiens Mddifh Bk Rafs duMABERA OeR cRAHE 22 RAS1dt Trabddid shir€d net
Protocol address. o
communications medium is clear,
wherein said clear channel assessment interval is partitioned into a number of clear
channel assessment slots, each clear channel assessment slot exclusively assigned to one of

said nodes.

2. The system of claim 1, wherein said server is capable of receiving said
reverse channel signal and wherein each node is capable of receiving said forward
channel signal.

3. The system of claim 1, wherein said forward channel signal and said reverse
channel signal comprise data packets.

4, The system of claim 1, wherein said forward channel signal includes an
address, each node is assigned a unique node address and is capable of accepting
information encoded on said forward channel signal when said address of said

forward channel matches said assigned unique node address.

5. The system of claim 4, wherein a node address is an Internet Protocol
address.
6. The system of claim 1, wherein each of said clear channel assessment slots is

of equal duration.
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6. The systemof claim1l, wherein each of said clear channel assessnent
slots is of equal duration. 12 13 JANUARY 2006 WO 03/1338XYSRPAGUS02/ 23211
7. The system of cI aim6, wherein said server dynam cally assigns said clear
channel asggéﬁ sI ots to said nodes. 8. The system of gb@mgazjml\ﬁher ein
assi gnnent sal ®clear channel assessnent slots are rotated in a round
robin fashion. 9. The systemof claim1l, wherein said reverse channel signal

i's provided 7 dur g s3stBh@¥efafh 5] vARSkiH SME bt PerTyaRARhlY ALBRYSd c1d®. The system
of claim9, further Conprising guard times separating said forward channel

interval, s thanmebessessemenhyein & saidmodessal . and said cl ear channel assessnent
i nt erval . 1l Thefh%%?ét&ﬁ‘o?[‘laﬁﬁ &ﬂe?mnm%ﬁ-leﬂt Srishid SGF YnkiSs& fe of

sending a synchroni zing signal’ upon co tion of sending sal ormard
channel si grsidts arei@tateﬁlmeasquﬂmhlmfaslubml m 11, wherein said synchronizing

signal is a g SYN on|2|n fla 13.. T of . clajm 11 erein each of
said nodes i% capaBIS&ER O 8%%?3 Berggn sal feivﬁ’if %ﬁat“EF]\)gégn 1S PLYde \ggn occurrence
of said syncdufiapiprdigtesinioa keveriel cltdineldatetial, ence of its assigned clear
channel assessment slot. 14. The system of claim wherein said server is

capabl e of nidhni t diesysten of claim gy %GHW%Q%%%WW%W g a query

channel i nt §pMald Sharpel ifterysD W NVEAL RBmENRlefval, hRd sl Blegdchhmia of cl ai m 14,
wherein said query channel i'nterval occurs aftér said forward channel

i nterval ancsgessmentigeryali d reverse channel interval. 16. The system of claim

14, fprt hera]tc)lorrprrltfh%l gg%fn%tfc%&??fgﬁpﬁq E:ﬂ@?trbc%/rqs Qag)gﬁe oY"Pe q said i nactive

node i s capable 0 sal uery channel
i nterval, seuyﬂclmmdangﬁigpaioipen c@mpiﬁmnmfmgpdmgﬂr&foﬁunabhme] gigmt.i fyi ng said

nactive nods, 11 ThecRiotam ol LI MHLElS aalserver | capabl o o
system of clsghdéRrdnizitp@lei N said server is capable of rescinding a clear

13.  The system of claim 11, wherein each of said nodes is capable of calculating

a time interval between an occurrence of said synchronizing signal and an

occurrence of its assigned clear channel assessment slot.

14.  The system of claim 9, wherein said server is capable of monitoring said

shared communications medium during a query channel interval of said

communication cycle.

15.  The system of claim 14, wherein said query channel interval occurs after said

forward channel interval and prior to said reverse channel interval.

16.  The system of claim 14, further comprising:

at least one inactive node, wherein said inactive node is capable of sending a

node ID packet during said query channel interval, said node ID packet comprising

identification identifying said inactive node.

17.  The system of claim 16, wherein said server is capable of assigning a clear

channel assessment slot to said inactive node.

18.  The system of claim 1, wherein said server is capable of rescinding a clear

channel assessment slot for a node, if said server determines that the node is

inactive.
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channel assessnment slot for a node, if said server determ nes that the node
is inactive. 13 13 JANUARY 2006 WO 031009518 PCT/ US02B#3DYARYG006A net hod
for a nultipoint to nmultipoint comrunication in a systemhaving a shared
conmuni cat |Vpﬁ2(,%gglgm a server, and a plurality of nodes, pthgsi@iigd
conprising the steps of: transmttl ng fromthe server a forward channel
signal on said shared comunication nmedium nonitoring said shared

comuni cat i ory. Medd tEtHod forSindltibSiaiNe melils; d;kbaxmehmnﬁﬂcgﬂ@i ina sy§te@itha@ihg bhe
plurality of nodes; and nonitgring sai hared conmuni cation nediumfor a

reverse charshaled spigmapication medipmod serves apf aplirality obpodssdbemetipdr ei n each of
the plural ity ptising qlgesstgggw_tors during a clear channel assessnent sl ot

wi thin a cl ear channel sessnent interval, if said reverse channel is clear
during said cl eartrapsmiiting frem $kesssrvery foswvard chamsbsigrel onsaid sharasihe of t he
plurality of nodes and ﬁl .one of the plurality of nodes has information
to send as a reveree channer signal to the server, transmtting a reverse
channel si gnal frmwm&angsndehaaéddohﬁnmidatiaiinbd{iumddesaidﬂimmﬂicharma] d cl ear

channel asse i ﬁfeé a]Iéﬁr (ﬁa éltl oned into a nunber of «clear channel
assessnent s,sll taf ByralBnoimg essnment sl ot exclusively assigned
to one of said nQﬁtﬁﬁtonﬁgsma' BerdiohRtnRatiod AbdudkSor MASERE PhanAdldignalr War d

channel signal wherein each of said clear channel assessnment slots is of

equal dur at i ®gachof themluraliist of @adass wharein epchopf the pluselity of@agesimIAgS he step of

o Ural ity of ERRaSel b AR AERER 208 Mol BhSr e AT "Channel

assessnent sl ot s ifigaid resersé grwdelusmlar dmulrglsardxticam chamkl ospessiiéht sibhe et hod of

claim19, whereln ai.d for n Si ng a
pr edet er ni nét F‘?@V‘&h P ?ﬁ% &W[}%roggf’d ﬁgggaéﬁi 8“? ?glgmiiﬂ'%u esgl gnal is
provi ded durhaagufmmeded sntliaf g ebvery Hadife] Gipanlte the s3iver, Wahsmi®thg aThe met hod of

claim 23, further risi t he, step of providing guard tinmes anong said
f or war d charfﬁ\éﬂrseﬁ]?f’%‘i rsl‘gﬁnﬂsaide%rogéheéwgﬁ]ﬁt@lmfi?ﬂ erval, and said

wherein sa1d clear channel assessment interval is partitioned into a number of

O

clear channel assessment slots, each clear channel assessment slot exclusively
assigned to one of said nodes.

20.  The method of claim 19, wherein said forward channel signal wherein each
of said clear channel assessment slots is of equal duration.

21.  The method of claim 19, further comprising the step of dynamically
assigning clear channel assessment slots to each of the plurality of nodes.

22. The method of claim 21, wherein said clear channel assessment slots are
assigned in a round robin fashion.

23.  The method of claim 19, wherein said forward channel signal is provided
during a predetermined forward channel interval and said reverse channel signal is
provided during a predetermined reverse channel interval.

24.  The method of claim 23, further comprising the step of providing guard
times among said forward channel interval, said reverse channel interval, and said

clear channel assessment interval.
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cl ear channel assessnent interval. 14 13 JANUARY 2006 25. The nethod of
claim19, further conprising the step of synchronizi ngl3NUsRY 285 Wi th the
plurality of nodes through a synchronizing signal transmtted by said
server. 26. The nmethod of claim25, further conprising the step of
calculating a time interval at each of said nodes between an occurrence of
sai d synchroni zing signal and an occurrence of its assigned clear channel
assessnment sl2f.. 2The rhbthodef tlakh OF, fatirk cordisidgiheRep of epiphidizige thee step of

nonitoring said shared commnl cations medi um durjng, a guer nn
interval at sKFrddfhbe plurgdigy ofppdeshrovgh aévm‘chr%maana?lgnﬁﬂr “eggﬂ‘;ﬁ”psi ng

sendi ng a nodgrJep) packet during said query channel interval froman inactive
node, said node ID packet conprising identification identifying said

i nacti ve node26. 2gThemhetha@pheldinnls, @rﬁlemﬁﬂpnﬁmgthhewpﬁnﬁwlgimﬂga time step of
assigning a 30. The
nmet hod of cla CSH% a?%%ﬂ%ﬁga@%g%%ﬁesn&{%%%%ﬁécu}r{?néeadfgmd’l cin ﬁ‘%ggﬁg ear

channel assesamﬂmntocslhménc'éofxtaasmgdai cledr chaind] sse¢sementcsbdter mi nes that the node
is inactive. t|o cle format ,for providing data

communi cat i or% W tﬁfenmﬁt Pgnf”"%/ rﬁ‘BPIPrI‘Sb‘EﬁWFSFB 8’5"?%??% system
conprising a s%%ﬂléﬁhﬁﬂrh&ﬂ%nﬂ%@dlﬂﬂ‘duhﬁé§hﬁ%@ﬁﬁiﬂeﬂﬁté¢aﬂa@§a‘é& sé@Pé. server and
a plurality of nodes, the communications cycle format conprising: a forward
channel inter3fl, Wieanethad efelaint & fither eomaPRENg:i nt er val desi gnates a tine

period for sendin e CHEE%QI] \ -

channel assessrren'?seﬂd% rvapgwmggdggﬁdr@gggagﬁérgr c an%lé?r%alsig%nslsaﬂné%.ﬁﬁ]terval
is partitionedej saidnaieiineketebmpitisag idehtifimatibn akketHinmresaid mhdive, nodach cl ear
channel asse nt..sl ot (ggllu%}%ge assi gned tt?l ope ?f sai.d n ges sai d

cl ear channel sse—g}?ﬁg Hpod phyla [ FOTRPRIng RSB Of PEEN: 2 Yode t o
listen to a r@maes@meblomssﬁuﬁhcﬁ@mﬂbi cations rredl um a query channel
interval, wherein said ﬁ%(gmygcha n interval d SI %es atime eriod for

a node not asd gnekhegmet S ERSE pbreseindge A assi gnnent

of a clear Cdnaawbss%mmsmorﬁh@ae fﬂs@ﬂ&l‘s@ﬁbﬂd&&hﬁﬁé&m@ﬂﬂe Aodegyer se channel
i nterval, V\/nereltn sai d reverse channel interval designates a tine
nactive,

[¢]

31. A communications cycle format for providing data communications within a
multipoint to multipoint communications system comprising a communications medium
interconnecting at least one server and a plurality of nodes, the communications cycle format
comprising: )

a forward channel interval, wherein said forward channel interval designates a time
period for sending a forward channel signal from said server,

a clear channel assessment interval, wherein said clear channel assessment interval is
partitioned into a number of clear channel assessment slots, each clear channel assessment slot
exclusively assigned to one of said nodes, said clear channel assessment slots designating a
time period for a node to listen to a reverse channel on said communications mediuny;

a query channel interval, wherein said query channel interval designates a time
period for a node not assigned a clear channel assessment slot to request an assignment of a
clear channel assessment slot from said server, and

a reverse channel interval, wherein said reverse channel interval designates a time

period for sending a reverse channel signal by one of said nodes.
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period for sending a reverse channel signal by one of said nodes, 15 13
JANUARY 2006 32. The communi cations cycle format of cl&iJANYARYME ei n said
forward channel interval is variable in duration. 33. The comruni cati ons
cycle format of claim 32, further conprising a synchronization period,
wherein said synchroni zati on period designates a tine period when said
server transmts a synchronization signal, said synchronizing signal

desi gnating when said forward channel signal is conpleted during a

comuni cations cycle. 34. The communi cations cycle format of claim 33,
wherein said query channel interval is fixed in duration, said

synchroni zi ng,si gRgl ?Jnicqgor?sac Ple YR bElcl dy?e éihga‘iﬂ?dﬁva&} &ffnghannel
assessnent slot to ca e an ccurrence 0 sdl assi gne ear channel
assessnent shﬂﬂwaEﬁsmﬁﬁﬂeunﬁnﬁumcat|ons cycle format of claim31, wherein

said reverse_ chanpel interv i s variabl tion
communi cat i or%g ﬁﬁg COPHE gns %9@1 ° W‘f&? rﬁg}éﬁrd’oﬁﬁgfvgchannel
interval occurs b@.tsymﬂozﬁ.@dtfénfp@ﬁwwefehaéhﬁw&.yﬂcﬁfoﬂfzﬁﬁbn p&ibdSEsEnsteear channel

assessnent interval.
time penod when said server transmits a synchronization signal, said synchronizing

signal designating when said forward channel signal is completed during a
communications cycle.

34, The communications cycle format of claim 33, wherein said query channel
interval is fixed in duration, said synchronizing signal enabling each of said nodes
assigned a clear channel assessment slot to calculate an occurrence of said assigned
clear channel assessment slot.

3s5. The communications cycle format of claim 31, wherein said reverse channel
interval is variable in duration.

36. The communications cycle format of claim 31, wherein said query channel
interval occurs between said forward channel interval and said clear channel

assessment interval,
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