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DI STRI BUTED BEACONI NG PERI ODS FOR AD- HOC NETWORKS The
present invention relates to a system and net hod for

network (WPAN). The Mil ti Bahd OFDM Al | i ance (MBOA) has
defined a MAC protocol for ultra -wi de band (UNB), see
MBOA W rel ess Medi um Access Control (MAC)
Specification For H gh Rate Wrel ess Personal Area

Net wor ks (WPANs), Technical Specification, Draft 0.5,
April 2004, which is hereby incorporated by reference
as if T col

el i mi nlglg Jgféﬁégﬁfﬁ ﬁ%egto? 6&8%@%&%1&%' nfra és\% ilﬁ(g by

di stributing functlons across all nodes (devices) of"
a W I ahefitsed @Faidtalclatts B sHRdniil knetiMPION)istribblell BeEbedAing @Sa

s‘%]qj p at o |f|c slot in a slotted Beacon
erelecs)sg) ‘?@’%g“ 0. orﬁ] MBOA UMB MAC protocol, time is

di vi déée Mhltl%an%%wfﬁf“@ﬁ@él@@é) hag defingd) ad\éfw prplag! forv i -wgdy
Aband (UaVE) Gt MBOAQV Délese B lius Wpetsf Coat@ (MheY Bedificativon 36181@1@}0

P§:{té %ﬁés?ggrsoﬂa@ﬂreg %elcvs%m QW?XNQ 'Pe@ﬁnﬁ:alt %QJH%&%B it b 9 %prll

rises a plural di um access
3?0(911 iy s 'é"é?%‘“‘f‘?ﬁ?ﬂ“ﬁ"g‘ ltyHFfé‘énCBé%llf(fﬂlys‘Ftoff"g’ begy
CHACheot@blt diainatési acgcheat fov ametavbikeinfrastricer gy sk ®ating | fimctidng
d?ct'o@s il RS (0@\[‘1069 OF L Qfteleds BBkl Gfe? RetWorle Wﬁ%@ll%@&ces send a
defi ne cess nmechanismis cal
" Byag A %Sa%cga Sl‘ﬁé‘s‘f‘esﬂ‘ifté‘f PareBrse 2%% * (DRP) . USI ng DRP,
devi cés theadyiBOra eV B NS erorgtli dme fiodivided: ot sipanfragh 100, as

- ﬂ@sﬁrht&fjm @fG i h’@thg @EQnrﬁrfg%@ §Jcl$£up§§£rﬂeQﬂere]19§BeaIclEQ’erxod (BP) 104
r iS_ne t etween a s t%r

ERETB 3 & oL obl G B ARG CLFOR o P s s
n&yoach aﬂmne three Beagdnt sty 108 gFhe B8 dandxg eithign fixgd @t evetiableindabeth 106.
SinGieathth ﬂﬁsft}@ardflaak@cces%eqhimhqk Grt tdfidedDy ng l'uding the
reser ti.0 nr or t.ion n r v.e
poacorts iahee RS, lod I Y R ARG S DR
r BsjrerRRR: dewipps Fon mafranipiesepAtionis £ casiain saietifed the frta triesfBeaied n
ofo3t e ReRERh ibegtBiitd BEwdha seRBEEICS (Sdivet(F) EURS Ylanned

t
Sﬁ:RS{II SL?Q Mehis heéonM‘An i AIE calr 2 ‘8ut‘4>2 'dQJica e§ sx§rL Lllg haffiakd/ ¢

n order
deplictlys Yo‘fwl‘tdlﬁ‘é thg dRyEptiog ﬁ%fOrPé*tOél 1y éhF G%’feré‘B EFPe“teHQ eacons.

eRucs tthengsetvebe isvatablished, Mo retdgion Gevnaion hest i@deindifded in the
SRR R schfr AWk UEHle [iRRG TS erly RpeFRA, W tﬁe'?&ewauon

beginning of a reserved period. in order to mak
e‘IsfS filbiclyft s dgecestanuipedyt Ry PR o5pE freess ol de ST“\% and
t sppdsr(D hbontgleristng iraarsatian. Nodgkt deeicke besidd the wmddr() &ratlowed to

r &%&J MRS thd tﬁgﬂm§%f)fta LS pr‘éﬁ('id' Ao RSk Rile OHOGK fusage of
devi ges can access

e G R th By T LR B GPUR: FBAMEHeperacons.
dlenaj sefe wseavaiéon perioy othkr dgvierd cangic@esdessediumarfteraidertam idlf time on
the medium. In a hard reservation other devices are only allowed to access the medium after
the sender and receiver(s) have signaled the end of their transmission(s) by a NAK-RTS /
NAK-CTS signaling handshake.
The second access method is the Enhanced Distributed Coordination Function

(EDCA) of IEEE 802.11e, which is based on Carrier Sense Multiple Access (CSMA) with

back-off protocol. This random access method is only allowed in non-reserved parts of the
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the sender and receiver(s) have signaled the end of
their transm ssion(s) by a NAK -RTS / NAK-CTS

Enhanced Di stri buted Coordi hati on Function (EDCA) of

| EEE 802. lie, which is based on Carrier Sense

Mul tiple Access (CSMA) with back-off protocol. This

random access nethod is only allowed in non-reserved

parts of thedata transfer period or in unused

reservation peri ods. Reservati ons have to be respect ed

)éata !ransfg grlog %r ih ullusedtrégerv 't\i/c% erlo gsrrlvt%ons erg ec{ ?o]lg: all
acons are transmtted of 't he of

Bé%i’é?éhl ng Period as di scl osed i n provi SI onal

appl i cathe smBoantistribhteiMA BaacoBeagnsRrataniiled i 0fic oflle HALOT

N?Je%@{ {ﬁ‘& Ptallﬂ)ﬁ &h&ﬁrxﬁg%lsloﬁhrﬁ%ﬁ)cg{ o@l ﬁtglfpgﬁeicgrkg%?o%gg &S
ereln aconi ng
PéW{eanr& i ETgoR CoRARSA PY Efereti s Sy o GErn| Bt
t lige ofete\Bodckning| Fericariktyrmbiacth:Boato of degcd ek @djOiIlSheabt{le\leﬁ
t '81% gne\@eechnl&@elﬁ&n?all%@ltl@glvjlll Ge%orhe! Jaal;bﬁlw IanJ\/M&%&/\éP fer

one Beacon Perjod is allowed, when new
déW e*eﬁea%‘feﬁgd ialgred ahantY felﬂceseeﬁ%a fifftrgt B g ingg range
exf slsingdedies] desPs tchbtoBRge-niged ad sipehrangedainiogme singenBiP,
SYRGRE Piind@A st 1h8k nP @au?&' | o cenﬁﬁ’matfoﬁ QRLddg @ transition
state that rra}/ gause X nmuni ¢ t%‘n{’] di sruptian.

One pot&rtIea" &B1et i ‘Stpé" eﬂ‘u tﬁbf P B8 HREA Re
beatoirs tasil ngreEDURoutahT ot ehtorieninh Akl dekcas te s singluisibtrdut

t I@eacm@dpe%d quees CE[ftg\ altrbdu&e%em dtelgysam Sthd génenlekoqtctfed
%aconl i nt roduces ra

G811 B B R Go F tomn Bl e et Mo
|1sm‘etmqs Hhet iskiepfte teesive fhe Bengdns fasneighliorsgdopenaractiniaeragesntint
S BBREE Sre gdikkAb bd sSnt, HEMEEGS nebd B temB K Rakid Por Ex&nﬂe&ﬁﬁhéﬂ@eﬁoﬁ €
B%Pt?ng’e”ﬁorfeév%’r[f}f%ﬁbﬂ E‘sbu%éagthergl% 209k SXBEh ng KROW wh co‘ﬁg {wuﬁ
Beacons arée and thererore ne
r 81| }?Fa%i\‘ﬁaleé aPYo Pt %irframwe%rwﬁ risepfqse rrpcgriion f Bpagews is not
Matizeanal In hdditibD@R defdetdss @€ BeadcdE)edol ot @etCadY FeddbAck from the

p‘}eQQ@eRL)l Anﬁ )ﬂqe;el%?etth&;eeigﬁg) Q)l l'ol‘ %9 se&wr(gn)f gng B%&:o g?%cdgtné

or any transm SS fore, t1on
O]t atsgeg&ﬁﬁgns hgveﬁe}{ldeﬁlﬁglilawe tae bchHnsmsqdltwnoquq éeservatlons
senderajumofif Beaeens( e)liddaderiat dgedot daymé e@@ethat keifibom

t BBerdaB&S ¥ BhdrTore thapgl Lier &hiQsE d&rﬁ € ddthe 2PQST DI ity
f or the sender t he Beacon t o, detect that

their BOXE tﬁ§‘”§|‘§v“€t %SF isagegiasen, |pfefeah‘§YeP'§P“ Poides 3MeGns
apretoerd davingonultipieolistriveted Beenning Periodssacofsed heingriieeddcessn mdtifod

t Bcdeas podsical abﬂlgﬁxon e eeeacogmg nf%cobefﬁmocafwo@ns%atk
nei v rerore erels arils
fs hC gtiylmco ora%ed% <’ilereﬁce ats H’ éuﬁasgt[ tIgrrtL

Ohs T &ff'od as well. In order
t o ci rihemeesnt mtehfe)semellp}ealobmrftaag stgiciutgehayirees dotted Beaconing

| PRIt eGP N O\A ceiR@Engdto MAGresent invention, a MAC superframe structure is
provided that includes slotted Beaconing Periods (BPs) 101 comprising a plurality of MAS
slots 107 and a data transfer period 103.  All ad-hoc network devices participate in sending
Beacons. Medium access in a contention period of the data transfer period 103 is based on an

enhanced distributed channel access or EDCA -like mechanism.
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protocol having nultiple distributed Beaconi ng Peri ods
accessed using the access nethod disclosed in

for Ad -Hoc Networks" that 3s hereby incorporated by
reference as if fully set forth herein. The present

i nvention enploys a superfrane structure having a

sl otted Beaconing Period, see FIG 1. According to the
present invention, a MAC superfrane structure is
provided that includes slotted Beaconing Periods (BPs)
E'E);ng?‘gfge}lcgi?cn%am}igj ur%l Béélc nhlcs)('\:/ﬁenéshnpgsela]ge]\)@QQO mamtaf?it a
pé‘f’ofqlf@F“p‘dJF‘é’ean‘fo@@mﬂ?ﬁﬁg d%@ﬁe@ﬁs&d hogdiverin 2acotiing 4o ‘Multigand

C @FDBENAiliafte Yafele® M@ fumt Restl @lofrol I(MHS)‘ Secifi@iidnO@r HRB RS

b%%\g s%rsgrﬁl gx'g'pﬁcgvgo%g Aqlngf\Ig)l gﬁ(ﬁ? g ans &%lcat% %ea?lso 50 E&pril

nechani sm erio SSI1 on
peYH Ji rSélerfﬂhar@C?r PysEreatept bipbuset Brinisieitt Bpagons provide the
C bsicdiimiag if® rthdd Stwule ficl CadMENufokeafib R@ardlV is@BSnduf) ra@&vadéhs.
h %vx&?‘h\é\m&n 0 %&9£lgaker}xgjsttbglon% IthteI gacg:%ﬂrlsét %p&\%c fs

Wrel ess I um Access ContT ol Specificatlon

Hlﬂﬁﬁ‘ﬁr%‘fhé‘ e aree s gpet deyifind Iéeﬁ*e%?am fufiey tk%sa@wm)?md
MB®\ MAC Specification Draft 0.5, April 2004, that is

her ebyIn offeOb Qé?l[lc@ttl%qlulhyer Bﬁgeggoﬁ raéﬁlg tl@§b)} rfese;vytlol'lycoﬁ@igns e&flt h
hg‘f"\‘/ﬁﬁr}i‘? Beacons provide the basic ti'mn 1h

°PF FEN T8I gBeinfr gr WﬁtSF%%BFaé‘@‘a?l‘al *ﬁgqﬂ%@h F‘@ﬁgﬂ%"'s
r Ssreundiizidoyiss, tBean edve tha Beacon, larkttips Baasrmsing as atcepiqiu Etch

balpe gelJcQ ith B&%coﬁ Qigt&roﬁeﬁigl%r}heqh%&pﬁﬁ B&&h slgtg ofja%/ela&ﬁ fserlt)(h at
ven devi ce and

a i Qr
B e h e 8 Ao B afl o P BT et ing 5 o
r evdilesethe mumben pfiye pwroBea®@e alob nThe atats pirveleadoy sioeis elravgt ifrom)

c @&cbﬂn&ﬂ 9 Gﬂioo@@ﬁ%ﬁ WHBMECR BeRBP fas SERAUchGd iif e BERFONsIdt Bor hhe
Surgee uen@ peg”ras eso\tNhell‘erlll ISSaLI!)beSCF grl“rlnelrggi lIl% p er f rames.

Surraun device ffat Can recei ve the Beacon, mark
this Bé &cfeﬁﬁ G@P‘éitmeetsn%@@ﬂﬁﬂn@uregmth@éwqye of ethas dpvises i s
Bepaeains/Baicof. r om anong the un-occupi ed Beacon slots of
a Bea [ tain one

addi t ﬁgﬁaer &g e%dlm%@ﬁlggrgb%whty%ﬁa coﬁﬁswn 1?3 rg ﬁ1(c: )r(} of Beacon

sl ot s Be&ripg|npw @rﬂemrm%b@rtra&%mt{rfcgweo%mcoaeéfeymﬁ depigypte a
Thme périat WS a GiperfranBea @Mradh @triod S0 hainig) @ty rresei QACHOURda@H

t qamls%%me&ammﬁ@y €ch ﬁ&cﬁ%&oqraaM%xeG% Plhidi R0 ghorfdp i N
the respective slot for n subsequent S,{l%gf ramss

WGP P 5 Bescha o] HRAGB . 1 1 piggon Group
errbleficdndlly with raspeftos Agivenodeviceeg arseli afi gevichethdBaacionsze dieir
ob&e&n %Mﬁlgs.% \Mﬁhmrﬂ%%ﬁé ﬁédldnnac@esﬁﬁagfmg L @at s&&g,nﬁ{ese
eE\T/B\% elr EBP As dlEC osed in provxslc}lllal appllcatlon entl‘cle%I }gcgl cén?ng rP?otolc':lol ?or
Ad-Hoc Networks” a BP is defined by a pre-determined number of contiguous MAS
designated by the Beacons of one or more devices, as a BP (also known hereinafter at a
slotted Beaconing Period) 104,
A Cluster is a set of devices within the radio range of a device and includes all
devices within a Beacon Group. A Cluster may also include devices within the radio range

that belong to another Beacon Group.
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Referring nowto FIG 1, in order to transmt/receive
Beacons, devices designate a tine period of a

reserved for Beacon transm $sion and reception.

Furt her, each Beacon Period can be fixed or variable.
The group of devices that share this Beacon airtine is
termed a Beacon Group. That is, a Beacon Goup is
defined locally with respect to a given device as a
set of devices that synchroni ze their Beacon

t( R/}igs IB&I%Z fe?tﬁr%s[ an,dt Iav Fta%es o{ ﬁna gresemgverliltlryn acl? ges gbé%usottﬁ)én the
df@@wts%vlnghanﬁ)#%f\ﬂp%de@n@tion afdlsl inverdied- on ent | tled

" Beac qing.n gluﬁfasai DAQC sifperfranfyhiridace AWM EdiBe preSenBivehtfon.

defi n%i? pr.e-detarm ned ngnber of contiguous NMAS
ill str SAS % eaconing perio
desi gna % tThé BeaCons “of one or more devices, as a

BP (al®® ’k ﬁbmtemMéuS rshfctugsr of aMAL Wipesiiams doomiding éh%gesent
Pekdngh) 104. A Cluster is a set of devices within the
radio [ d e

Wit h Fﬁ@nigglé{%%tﬁsa &f gr\éfllggtgg%?usvﬂ%lre& I’T(g))ﬁ/l gl:xlg:lggxl %%/Lt g«lhereto
dé‘%oélé‘ém%/ﬁffhﬁi’r??e‘tt H’éenfl%f’oﬁredo PesRjied-t hat bel ong to anot her
BeacorFI@ ouusihdses sfrgpifiddr Bisckadicrad\vant agess abvidehe the
Y Eo%%gltzatlbﬂys?em df gfb F\daJcJ)rdlpgeto leé{ﬂbgchlrﬁenf de %hltegﬁ nIerJtl!)nOWI ng

dr aw ﬁs and det a| description e | nventi on.
FI G 13 Yetstieiy Smé‘aérﬁbé‘?’far %{Wémgli‘aﬁl?.fbf”{lﬁ‘@‘al“y of the
abowibwédByactoprdchreingroape@ntt. | nvention. FIG 2a

| '] UStFrI@-E ﬁﬁstx@tessé ﬁﬁlfe%gte%@&q rﬂ)rnagpeﬁﬁﬂcl s@gmmé: kuﬁ:tlo%hty of the

b trdatesa MAS str uctur(ﬁ ? per nFP
8‘61 YFRGP PP AP FER I & FHTEAEY B’Ff PGP "??“?al‘“l &l es
arxiingrkietvaionsandgesolve epllisiopse| ess conmmuni cati on system

wher etlpls ems@ mdsrastltdlsbyo{erssda &f RIBSS r;rﬂu Inmhe rahltm tharfalomg be
ustra r am

?ep crlptxons %rle é>rov1de glgpo(g?s ci Elglst&at %nﬁlngt tlf)eg 1tagonS t 6
Fv@rst@lda@@ éhemar?gn@b vaipticonthes dip mrishie the fpinitipéthp rneesléqntand the
[ gbw@rbtfiheappen@d@amé Uhdebbssra@a&aﬁ)fanoﬁuh Rinét@nsehddperatidhALyae

B%%lgegc‘inf%)éphoe élérgé}ldﬁsgxtipltlgp sofaé'I IQ) &o olg)sré.lar‘%'h%[){esianlt 1nvehtr?og,tD| e:t ;I but ed

finit&hepaee iperign arﬁrCfows *ée pieriyapiagee o5 Bk Beagoning scheme
f distDdsédabat, iby providing diestrbuted BehdonihgtkiBe aBIOPBmPHaERaBhsNEthe

CQJE&QH%?H& al Eﬂsc%?etd%? broR@YHaBhRickdn QJnﬂ&ir“BEéZ J@'Pﬁhﬁl MortAYE

st at exi sting reservations and resolve collisions.
| Hog¥eogShe understood by persons of ordinary skill in
the arBp Setret he f ol | ow ng

The channel time is divided into superframes, with each superframe beginning with a
BP. The BP is used to send Beacons. FIG. 1 illustrates a MAC superframe structure 101
according to the present invention. In an ad-hoc network all devices participate in sending
Beacons. Each MAC superframe structure 102 comprises a sequence of at least one
superframe 102 that begins at TBTT or BPST (Beaconing Period Start Time) 101 and
continues for a slotted BP Length 106 and followed by a data transfer period 103. The BP
Length 106 may be fixed or variable.
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descriptions are provided for purposes of illustration
and not for limtation. An artisan understands that

of the invention and the scdpe of the appended cl ai ns.
Unnecessary detail of known functions and operations
may be omtted fromthe current description so as not
to obscure the present invention. The present

i nventi on overcones the di sadvantages of EDCA
Beaconi ng schene di scussed above, by providing a
dlstrlékmmel“mwaconlng nmet hod with sonme nodifications
to the access method as disclosed in provi si ona

appl i darifsy eebrdimepterp infepatienn eardiny Be Beeens phethendevicepls
Nedpwd K a 'Beddbh. Stiieliudésethel i haNB@tond inBhel GmelibAtty G€ the

i %Eagonﬁl#%?oqcfcgl%gﬁ ﬁcantyyl tI—Ew@@P I%v dtﬁ P& rafs&ﬁfl}? Bg%gﬁ %r“sfargs ng&th

I'S used to sén eacons.
i PEots oy hidders statiogsesnarion & fheapt inderpatiop iy Banyrgjted adyotodfhirery
t @cighb@s (I @stxa tndinbru@thd detghborst ficighbora Mhsta@Ef dveitimpdubh sithakions
dgyi:C fﬁ§y Rak il fiks BRfoBimkd o8 %&%oﬁlgmﬁ%ﬁwﬁer G e Wred . A

superframe structure 102 conprises a sequence o

| é%Yé,"F H5h 8oty et isiginibeaasss T’h"'é?ecﬁ% gragen Srmisgprangpungspde

( Beatwrof thg cdB@ioh gdts Beaort by Tacivging e MASND oftbdelvickuie 8 cdligsion a
S Im@(;r&agignl ggd Lx_?_ VHQJQ] 5 PtilQ Qet%dthzgt- 3L6 h\/g\\@e@ lp}ﬁ?lﬁdeg g'lt Aothdr %m;fe’@ r

ri o e ma i xe

v g?ﬁc%{’b PIE%eh i ?F°“ﬁ?8iité°§g f]’ﬁ SYbspqupr SUPEHTRSY ‘hé‘?‘?f‘,al ffgn the

i Beagrm At us@into raggpancd i anfyrilicheinBdaom gosiipn diafeerin digviubegerts
r @B@frﬁrﬁﬁdTﬁlﬂs fqRedm Qﬂler td moﬁf tlfe%glgl%@ﬁn tda@cesstb gl?tlng.flshtbgﬁeen

Beacons an ot oco|

he Beacgonin r
ST Poeke 115 AR P i, Sfoss® 85T PE Ao o
c Gbdcinscolbigians. ningwpr to evoidrthat epnitingepdlisios efAeicon, is easnthsting st!wr as
Bea e Retbdaf DEIMRIH, 0dachl &vitd ?dﬂi&matbt edndN by Béa&ncyoflﬁﬁtafter m
ne| bn%g swhgrf a ad re-ée& .and not to the neighbors'
ner g or’s. st'dad avor di ng such situations before
t hey de chonq ‘ﬁnbeﬂm@t FtFER FHSINS e @Ot @tided §9mpteislyg by their
I etbMGs safplyeréduted 8y ch@ing the Beaddnl pdgkion A ct@Vth € Gipdrit@de, where
dﬁtlgacpg§ Angsliisi on (because an expected Beacon is
m ssin announces the detection of the collision in
its Bégé‘iﬂhl’ﬁy’dﬁ EBY Initif¥grtiome MAC I D of the device in a
col | i divep dévivk tntriméndon piriidatd in Amehentata, with biadr deMdreeeiids a

t B@atconi tv%e%g\\evlcpls |tL§neH Glﬂt HQI%Qhé rﬁEdﬁBQ&r&ﬁgtm ﬁéﬁho@l@e&)ds The
Beacon, |ts Beacon %OSItI on in the subsequent

n
st F’i‘ya‘iﬁe‘ge t °§1|6‘é Efistie Jiaton Profn | tesaeghPeRen ifsainope of
arhn oupic gotaofftipr ivge Meaep BealLong foictorad s dilvarrgdn provisidng

s %ﬁﬁ%%ﬁtle@ UR&Echi R PRtocol HbrSAd-Boc 19 6k thd mGHi€ prdidRol

aexpgmedta e nei ghboring devices to distinguish between

Each device scans the medium for beacons. If no beacon is received, the device sets
its own Target Beacon Transmission Time (TBTT) or Beacon Period Start Time (BPST) and
transmits a first Beacon. If, however, a beacon is received, the device looks for an empty slot
in the Beacon Period and selects one, if one is available. Once a slot is chosen unless a
collision is detected, the Beacon is always sent by the device in the same slot. If more than

one Beacon is received, then the device synchronizes to the fastest clock.

lie wthin thePepilBi0D5/050965
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changes and m ssi ng Beacons due to Beacon colli sions.
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in case that no other device detects a collision, each
devi ce periodically changes its Beacon position after
m superfranes, where mis a pre-determned value. In a
second enbodi ment, Beacon collisions are not avoi ded
conpletely, but their probability is sinply reduced by
changi ng the Beacon position in every mth superfrane
wher e eCIt%rmned v n_Peri

g
(BPs i on EVery eveacé’rém% IF? Pheame & % oate &

pa‘?’“t &’é‘ﬁ% all.ueer ﬁre@@h&mmv BBt @rmt wieatdd vpless etrls ety eesssee s
aeBagie aie to\WIeR ofentlBVdIdEin leGstihdIBPEe AThe Bewl BP GRS cdlitR with

”@Q&tlggrblts%d/&)&&&% Bep ?@Q’&aﬁ&s Pﬁlrdth%1d§ dsTal% 895%! lnglg ﬁ%}{s to

deci ol n ah exl sting Beacon Pefio
c&sde 2 aeVB@Ja%hergd gahbe thaf tbﬁqelsavg Brreondipndy as| aéfﬁaéy &y
t beueadi 5 BP ngy Beatdiare®Pally oxdupies i) birhiie: Br @tad @@tla fasb eacon
d'sl§t9 Iarg %@xgplled’] 1%9%{ Feja&)ﬂ @fot ﬁ&}pde r‘e’\sgltVEdoigr &)Q&iji Auﬁ)gﬁs (like the

"Beaconi ng Protoco
°fa?“é‘o°fﬁF‘6td6’¢°65| toéyfp‘fda}?"ﬁ éﬁw%{’b 6’(/@" a@ﬁﬁ‘ﬁe"&@\ﬁfé’g‘ers%%?%
t Reiodsedi um f or beacons. If no beacon is received, the
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Bgo?n(%nouglca?e% w1tgctii \)wes that beacon in multiple (different) BPs, the transmitter device

de.v ce m QJS

beacons in said multiple BPs. If communicating devices originally beacon in different BPs,
two solutions are possible: either a communicating device stops beaconing in its current B P
and starts beaconing in the BPs of the communication partners, or a device continues to
beacon in its current BP and additionally starts beaconing in the BPs of the communication
partners. The former solution comprises a switch of Beacon Periods. Which devices switch
their beacon periods and which devices remain in their current BPs, may e.g. be based on the

identifier (ID) of the devices, the number of occupied beacon slots in the BPs of the devices,
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Co-existence of Multiple BPs If a device decides to
create a new BP, it announces the creation of the new

Beacon in the existing BPs and marks the tinme used by
the new BP as a hard DRP reservation with priority =
BP. Devices receiving Beacons that include a DRP
reservation with priority BP include a duplicate of
the reservation in their own Beacons. The devi ce keeps
Beaconing in the existi ng BPs until a duplicate of its
I‘ es ?tr %c@%ﬂag% ;t}gs;i%t%’le e dev1{;fi,] w{uc es[‘tayalcr;:tg Bps r{lay-lc;gr[elfeq}grvgey ice
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it by SwiclinghifBBs & DRP reservation of type BP inits
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(dlffe t r devi ce

(o1 el gp %P‘éatﬁﬁé‘g bkt BE RGeS egrt g ¢
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bear«Bhadg I N the BPs of the communication partners.

The f gfh@;{ﬂﬂﬁ%ha\%& Egﬁ)d%?ﬂpémks%ﬁanvaﬁjgh\/\éaﬁ gnxs%ffoﬁ)?%?egsﬂ)arsonan g

devi ces eacon peri
wmeac PF“‘CPéK? i(WBANY anfelpda! 9rep netyarks (WfHYse 0 ipphich Wﬁe&%degwes be
basiedmphie 4 MAC imdéunt ddified ac(drdd)g t@the prisent theantiee SFIGE hiblustrates
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devi.ces, or _the trafflc managed by BP devi ce,
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devices incorporating the present invention.

Referring now to FIG. 4, each device 301 within an ad-hoc network, as illustrated in
FIG. 3 may, include a MAC module 400 with an architecture that is illustrated in the block
diagram of FIG. 4. Each device 301 may include a MAC module 400 having controller 402
coupled to at least a transmitter 401, a distributed Beacon Peri od processing component 403
according to the present invention, and a receiver 404. The transmitter 401 and the receiver

404 are coupled to an antenna 405. The distributed Beacon Period processing component 403

The new devi ceCTaBIISS/@50965



requires that all devices periodically listen to all
BPs in the network. Switching of BPs When two or nore

wWaR805mo400Xi st, devi ces nmay optionally sw tch teCcameiobh&050965
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BP. If a device switches tosanother BP, the sw tching
devi ce continues Beaconing in the original BP during
"x" superframes in order to announce that it's
switching BP, where "x" is a predeterm ned integer.
This is done through a special sw tching announcenent
field i ncluded in the Beacon. The device al so includes
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If existing DRP reservations collide with a BP, the BP has the highest priority, and

therefore other DRP reservations are renegotiated and moved 604, If two or more BPs collide,
devices with colliding beacons search for empty non-colliding slots or start a new BP in other
idle slots 607.

When two or more BPs exist, devices optionally switch to another BP. If a device
leaves the current BP(s), it keeps beaconing in the current BP(s) 605 during N predetermined
number of superframes in order to announce that it’s leaving the BP(s). The beacon sent in the
current BP(s) includes a switching BP announcement 606. If the new BP is not protected in

current BP, the device also includes a DRP of type BP.,



according to the present invention, and a receiver
404. The transmtter 401 and the receiver 404 are
woampledhor o an ant enna 405. The di stributed BeRCOMB2005/050965
Peri od processi ng conponent9403provi des adaptive
progranmm ng such that, for exanple, nmultiple BPs can
coexi st where a BP can be "native", i.e., according to
the present invention, as well as an "alien" BP, i.e.,
according to anot her protocol such as | EEE 802.1 1
Referring nowto FIG 5, when a device is turned on
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Beacon and setting t FeePcan hoose
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start a new BP 5 he new I's chosen so oes
ndte Egimady é"“\tﬁ“f"ﬁ%%f §frfYH’§ °B‘F’§e afﬁ%is‘tdf*vemm Pt dhst {PaPreeAs .

| finvermien iodudprgll enbBRgenuillog el beLee otthapprgdetl BiBims canni ng
process, the device decodes nei ghbors' Beacons and
makes sure that the BP is already protected in the

nei ghboring BP(s) via a DRP reservation. | f its own
BP is not protected in the neighbor BP(s), the device
sends a Beacon in the neighbor BP(s), during N
predet er mi ned nunber of superframes, in order to
announce and protect its own BP 506. The Beacon al so
includes a DRP information elenment (IE) indicating a
DRP reservation of type BP. If the new BP is already
protected, the device directly starts normal operation
507. Referring nowto FIG 6, devices periodically scan
to detect new BPs 601 in order to maintain the state
of existing reservations, and potentially resolve
collisions. If a neighbor BP is detected, the device
includes a DRP of type BP in its own beacon 602.

Devi ces that receive a beacon that includes a DRP
reservation of type BP or a sw.tching announcenent,
scan for nei ghbor BPs 603. If, during the scanning
process, a neighbor BP is detected, a DRP reservation
of type BP is included in its own beacon 602. If
existing DRP reservations collide with a BP, the BP
has the highest priority, and therefore other DRP
reservations are renegotiated and noved 604. If two or
nore BPs collide, devices with colliding beacons
search for enpty non -colliding slots or start a new
BP in other



idle slots 607. Wen two or nore BPs exist, devices
optionally swtch to another BP. If a device | eaves
woheosmasaoent BP(s), it keeps beaconing in the eATABWDS/050965
BP(s) 605 during N predeteri® ned nunber of superfranes

in order to announce that it's leaving the BP(s). The
beacon sent in the current BP(s) includes a swtching

BP announcenent 606. If the new BP is not protected in
current BP, the device also includes a DRP of type

BP VM|Ie t he preferred enbodi nents of the present

011|lon have been illustrated and described, it wll
be under st ood by those skilled in the art that the
enbodi nents as described herein are illustrative and
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parti Cll%l-tﬁgmr%ltﬁelé efﬁgﬁle be) Iih%slog&&@gtc{)ﬁ S dgdogi’ #1545 having a

centra scope Is Inten

pP b PGB OB bl berflaie s RePepied ¥ cul ar
enbodi s@nitidig ditls gllas et ofis dkistiag gt namoalieBR(605) @nphtat e tbw

f Qb nde@bhdtk BB (503 Ls hd¥8p REESSNRE. I nvention, but that the
present invention include all embodi nent s falling with
the scope of the appended clains. W claim 1. A nethod
for a di st Thoutthed ofpbae b firthey cqerisimdhepreptofcol for a

deVI c €if k19 BRIbE 8 dBAE iRk Woledted (i Bl0)astQne HEMLGRE BE3Ddcting

jsSin er ormng the steps of:
dl VI % “npr?tﬁ%fg%P "ht}{e a?E?fgonﬁ‘i’eég]c‘bog"é% ¥"e into a sequence
of at ‘I’“e@é‘tBPmﬁ the dayite Is guistisl werpive irrmatly (0DA0)-begi nni ng
at a Beacon Period Start Tine (101); partitioning the
?%82; f.{ ﬁ‘ge T‘e]h(i-)e%)od an cﬁamr w%ergx% t%e prot%Bc? Iagus er comdmses f fteSD
( PHSluding gf erWéB/aw foy thy a’fwaBt &5 SR peagsa iof fbﬂdewawa the at least
assOeightbting®PW t h at | east one of an existing ad hoc
net work BP(505) or creating a new ad hoc network BP
(503) as the BP of the device. 2. The nethod of claim
1, further Teoriior 85 Gajn f-reereip th eesegtionji a PRipregpyatiqm of fype
d®Piagipripgy nBP. protected in at | east one nei ghboring
BP, protecting (506) the unprotected BP in the at
| east one nei %$ ng BP; and once the BP of the
devi ce™is Ei’eof?% S8 de ity e Aiaraige TRotHhey wapjses
3theFhmofret hod of claim 2, wherein the protecting step
f ur t heghoingRlcn$® §1oit(kte) SR BP Offthe d@metwia ng a first
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6. The method of claim 5, further comprising the step of including information

regarding the beacons of other devices in the own beacon of the device.

7. The method of claim 6, wherein the protecting step further comprises the step
of including a second reservation in the own beacon of the device to announce the BP of said

other devices.



one nei ghboring BP. 4. The nethod of claim 3, wherein
the reservation is a DRP reservation of type BP and
wonrbwrootp7= BP. 5. The nethod of claim 3, wher eCWiB1ve5/050965

first associating step furtiher conprises the steps of:
choosi ng an enpty slot (505) of the BP of the device;
and beaconi ng (505) an own beacon of the device in the
chosen enpty slot. 6. The method of claimb5, further
conprising the step of including information regarding
t he beacons of other devices in the own beacon of the
device. 7. The nmethod of claim®6, wherein the
protecting step further conprises the step of
i ncl ud¥:ng dhsBedaf 18 &rvhaein Gis seopnduprervasiain's B BB srergion
t hetyskBP adpriottyampounce t he BP of said ot her devices. 8.
The nethod of claim 7, wherein the second reservation
is a DRP reservation of type BP and priority = BP. 9.
The net-hod T8f mgod phfiagn 3. mﬁ?feﬁlﬁ%%ow@maggbcewwﬁw sispseh
conpr i geing e ngtliepso dfert £ GannieBP duieg e di kb dno sgetract
a%ogeast one BP during the at |east one superfrane

% if at least one BP is not detected, starting a
new BP‘f gs'ephene BB bt fftedisbinee v BP Beliv B opdr fayie o o
Sheagot peripdrgariGiale cadulteéd aipre-daterpingd deherani ned nmanner; and

it at jrgask e ISBPteeu,si &a&ﬁgqs sedfomdcﬁ@bfdme@gps o8 perform
one of, the, st

| east ‘one df’é‘l‘%gaf 58“ °£‘§é f ﬁe§‘°‘t 8%5‘18[8?tedt "%eas&}?\ﬁ%& %’rtk%‘gl‘a‘ﬁe
and ii. stdmflawd a new BP as the BP of the device at a

beacon; per is@nSh 3t BE b Be BELEIHIIBEM & B tRacon period start time
pre-determ &ye net hod of cl aim

9, mherelndgrgn5§§%@33%“mm%nﬁgwr? Pt her conprises the
steps of: choosing an enpty slot of the BP of the

deVi CelO( 505h¢ mand ob e@GON whgkifiihe QAGTiaRAED Tur@fr blfiRises the
técg in the chosen enpty slot (505). 11. The nethod

cl’ai m 10, furt her conprising the step of including
| nf or n&Pesiya an empty slot of the BP of the device (505); and

beaconing an own beacon of the device in the chosen empty slot (505).

11. The method of claim 10, further comprising the step of including information

regarding the beacons of other devices in the own beacon of the device.

12. The method of claim 8, wherein the protecting step further comprises the step
of including a third reservation in the own beacon of the device in the neighboring BPs to

announce the BP.

13. The method of claim 12, wherein the third reservation is a DRP reservation of

type BP and priority = BP.



regardi ng the beacons of other devices in the own
beacon of the device. 12. The nmethod of claim 8,
wohers@o#ot he protecting step further conpri sesPCIEBBIEE0965
of including a third reserviation in the own beacon of
the device in the neighboring BPs to announce the BP
13. The method of claim 12, wherein the third
reservation is a DRP reservation of type BP and
priority = BP.14. The nmethod of claim3, wherein the
step of operating nornally C conprises the steps of
[)Zgglox 42 gl’fpb[?]? mgc{l]osd Ver éh eherseglgf\l/ea %g c%% tlnﬁ normalghpg comprlses
r desienped perforn1ng t he steps ofscannlng for a new BP
(603) , receivGhg\bbredns &leﬂﬁélmdaﬁml(&)lﬁﬁfdect ed, protecting the
new BP ﬂeﬁg%la'con]ém Iﬂ? Hﬁﬁ g?eg/at?qn 09 y% lél' r%celv\é\éﬂ ?&%l’nﬂng the
protecting steps her conprise’the s
i fePs9di ng a fourth reservation in the omn beacon of
t he devi ce steoniggrfata@et B (8e3),BRI 16. The nmethod of claim
15, wherei t P
reservatio nmh%ﬁte% %g s dge&e@ 3’?‘%\5‘?‘% IFhlg GV} }% (EOPZP(RGOZ) 17.
The net hod of cIa|n114, mherein the step of operating
nor mal 15y (30« ethddQD klaifnuidt WigreinCtonpbtecESstdph urtbdr epnpaife the
d %féb G@ncglgﬁl%e@ﬁ%hl rééerséM)J ifr (he B\Gh R0k & 1 WRicOFo p%ﬁhe%s co
-exl st (60 606) (607). 18. The nethod of claim17,
wherein the step of switching BP by the device further
conpri ¥es tThemghodpEclaph 15, whatiudie fogriteressp@ion @la DRRirdsavationg
anp forityL9pdsobyy @ beacon to announce a new BP
(602;; andﬂbegcon?ngﬁfor at | east a predeterm ned
announcenent nunber of consecutive superfranmes wth
t he belleon ThnottediohgaimAé whgreie iha btersakioperatingnigprmally (507) (600)
 anneuneapRatthd delofla §RROIptionky switing B iDOE 0P fho IBRE 8-k

' beaconi ng step further conprises one of
rﬂéﬁg%&%g elected fromthe group consisting of: (a)

performng the steps of -
18. The method of claim 17, wherein the step of switching BP by the device

further comprises the steps of:

including a special switching announcement field in a beacon to announce a new BP
(606); and .

beaconing for at least a predetermined announcement number of consecutive

superframes with the beacon including the special switching announcement field (605).

19. The method of claim 18, wherein the beaconing step further comprises one of
the steps selected from the group consisting of:
(a) performing the steps of —
- including a DRP reservation of type BP to protect the new BP, if the
new BP is not already protected (607), and
- stopping transmission of the beacon, if the new BP is already
protected; and

b transmitting a beacon in the new BP.



including a DRP reservation of type BP to protect the
new BP, if the new BP is not already protected (607),

wanwsgaveppi ng transm ssion of the beacon, if tReTABRWOBH50965
is already protected; and (IB) transmtting a beacon in
the new BP.20. The nethod of claim 18, wherein the
step of operating normally (507) (600) further
conprises the steps of: when a beacon conprising a BP
swi t chi ng announcenent of another device is received,
perforning the steps of - scanning for a new BP (603),
agg ZWhﬁp 'J$ oFc>1 o‘flsl?j\mel%i W trem the ét{elg) ct>feoget ratm% ncirlﬂa ly (S%W (E)P 0)
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cl el le operating normally step (507)
(é%Je %Rr e% goﬁ%??ses the step of clearing a DRP BP

reservatloﬁ“ﬁ?nﬁﬁﬁ?qﬂég?ﬁﬁamm%n no beacons are received
duri ng- t he BB 4 ietv BR ipktectdgir@dciigiedecBE@o)ng nunber of
consecutive superfranes. 23. The nethod of claim 14,
wherein the ste of operating normally (507) (600)
furthefl conpf P&Bd ¢fifdaing Lephegsin i ensratine nomnpdly ster\GOBIHI0)
cd%ﬂkd@mmunmwbmph@ﬁmmamgmmnpIonger any col liding BPs,
repeatedly perforning at | east one of the steps

selected fr t he consistin a performnn
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e fothgtromprptsythdten ©Oeleaghent ISRPf B retehetiod @Y ihe dyicovheamo bdatves
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BP to a non -coII i di ng beacon period start tinme (604);

and (b) perform ng the substeps of - searching the
super f ¥anme Themeterdofigtimd fpthyreih tha stemofopattiag fogally (HE7)d6A)
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con51stmg of

(a) performing the substeps of:

- searching each colliding BP for enough empty beacon slots for the devices of
an other colliding BP (608), and

- moving at least one colliding BP to a non-colliding beacon period start time
(604); and

(b) performing the substeps of —

- searching the superframe for enough empty beacon slots for the own BP, and

- and moving the BP to the empty slots in the superframe (608).

24, The method of claim 23, wherein the step of operating normally (507) (600)
further comprises the step of when an existing DRP reservation collides with a BP, moving

the colliding DRP reservation to a non-colliding time (608).

25. The method of claim 23, wherein the step of operating normally (507) (600)
further comprises the step of when an existing DRP reservation collides with a BP, moving

the BP to a non-colliding time (604).



further conprises the step of when an existing DRP
reservation collides with a BP, noving the colliding
wORRsres®rvati on to a non-colliding tinme (608) PCRAB20051€50965
met hod of claim 23, wherein4the step of operating
normal Iy (507) (600) further conprises the step of
when an existing DRP reservation collides with a BP,
noving the BP to a non-colliding tine (604).26. The
met hod of claim11, further conprising the step of each
device (301) of the ad hoc network of devices (300)
beaconing in the same BP, by performng one of the
substeps selected fromthe group consisting of:
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Ofthe S@ih6k fe6toADsdeddes (380)IbERSINE IO B} sanRIBP, Sybekirhing GnaddT tRWN
' ) As ot her devices (301) of
salb%:fgpﬁg‘?év\%?gmﬁﬁ %e@?{;:%‘étﬁgﬁ 27. The nethod of claim
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devi ce (BOTSM?rh%deﬂ‘ﬁégo%ot have to switch its BP is
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of sai.d netwo es g . he neth ﬁg
I‘%Pﬁw‘sz%mewlfb? ‘FtHb“Zf d"é\’/ (43 é"s"@f ent I“?ét’ fif&‘b%ev‘ﬁ%?o gy o

switvghofidewceBB0d)s chosen in a distributed way based on
the size of the portion of the superframe (102) that
is resgrve a devi

of Sadk nen PP aRd e termByes A i pahsty e
c it Ryis thoseatiep distributed why hﬂw pretie B0 of esfupisd badcon elpiportiic BFf
d@Vda@RBviéeISN) of TBYncRRACDRevicl (BoMi f ferent BP.31. A

di stri but ed beaconi ng apparatus for an ad hoc network
devi ce, rising. a receiver (404) for receiving
beacor- (13@9 meghed Oﬁcé\aﬂnazft R Besics GYnihatdprs pot dee pgwitch
NBBRAY dho@e Wl aCidFib(tedvay ;basad i tBd S ot th€port(od Oflthe suffframe (102)

[ | a
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that processes received beacons and own beacons of the
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OpRbAH A ¥l it PHR &SR 0 said distributed beacon
processi ng



conmponent (403) and configured to direct said
processi ng conponent to - i. divide the nediuminto a
weoeemimee7 of superfranes (102) conprising at | easaABINE050965

sl otted beaconing period (BP) (104) and including a
certai n nunber of beacon slots each having a pre
-determ ned beacon slot length (202), said slotted BP
(104) being followed by a data transfer period (103) ,
and ii. associate with at |east one of an existing ad
network BP and a new ad hoc network BP as the BPs of
t he device . . The a atus, of claim31, ..
wher ei \r%ll's aj éggtg}%ﬁtefi %%f%ﬂng ¢ %65?%%%1@ (?Jl}otc ﬁe(tevFOﬂ%:%ﬁlf % GiPddre; o
di rect aggPier @t for Fatidep tsesansdhOsp prsicdeis smrsdismpaiive ad hoc
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di stributed BP plrioeetds(2fR) eidrsptsicBit (104 bfing foliered by a data

configured to i pelseRridatiay Rt i on regarding the
beacons of ot her deyic&sﬂin thefown.b%%ﬁon o% %he
devi ce. 36. “The APPEratlist 6 et Af 9%inesh 87 e Bt A @ new
control | er (402)dlkogndiyrk BRees the®if ¢fghedevite (38cont rol t he
distributed BP to: scan the nediumto detect at |east

one BP.duri t he at. ] east .one superfr . c L f
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33. The apparatus of claim 32, wherein the controller is further configured to:

choose an empty slot of the BP of the device; and

beacon an own beacon of the device in the chosen empty slot.

34. The apparatus of claim 32, wherein the distributed BP processing component
protects the BP of the device by including a DRP reservation of type BP and priority = BP in

the own beacon of the device to announce the BP to neighboring devices.

35, The apparatus of claim 34, wherein the distributed BP processing component
is further configured to include information regarding the beacons of other devices in the own

beacon of the device.



(505), and ii. start a new BP as the BP of the device

at a BP start tine determned in a pre-determ ned
woams@400303) . 37. The apparatus of claim 36, ROEABINS/050965

for normal operation (507) 16600) the controller (402)

is further configured to: when a received beacon

i ncludes at | east one of a DRP reservation of type BP

and a BP swi tchi ng announcenent for an other device

scan for a new BP (603), and when a new BP is

detected, protect the new BP (602); when a beacon of a

nei ghb IS recejve roLeg the. n 60
when t%{e dew@le BT Che 0 s sg aﬁlﬁgﬁngggon o} gﬁ)‘z{m %Aﬁer
béa‘é,ftSPfe‘btf’C‘tnﬁ%lﬂﬁéwlé'é?d?rpd? a predeterni ned announcenent
nunber - of ceansecitiuve &Rl E&PAESE diikddhe ithast 9%l Sahs
s% Chl ng BP (606); optionally switch BPs if two or

m)re "BPs co-exist (608); termnate the BP, clear a DRP
BP reser vati] % ashpneBRés ngeyeded (RPetrricion BR eTHeBRA! e device
I @@otavacperthd st gmd dakulBE i Opre-aetdphieedd@bf; Badned cl eari ng

number _ of Q&@ﬁ%‘?&h%h#%d&yo?eﬁrd% @a%rfor}mg&f gl €8st two

BPs col lide, until there are no |onger at%: collldlng
BPs repeat édly {58 Pber‘?ﬁt%ﬂat llegsh Spe ‘Bﬁ@edf%"n&st ORF skthedvisy
from t @es)gnoup consi sting of search each colliding BP

for enouqh ienpt ¥arp§rﬁ=9/qﬁ’ as {hgﬁﬁ oif tﬂerde%aeat gﬁ}y Lt&@tﬁneQifeteﬂmied
ot her colliding. BP, and ng)ve at_| east one colliding BP

to a non-col | i d"AG BESEERIBEPT &8st art time (608): and
when an existing DRP reservation collides with a BP,

movi ngsi he 1@9 laﬂ»ph&ldungf &Bﬁ’ 36 SR ¥ 8 R Qpe?an&mo@w& 1600) the

cgrlltrloher (48% #url;L%r conﬁgurec? to: data transfer pert od

when a received beacon includes at least one of a DRP reservation of type BP and a
BP switching announcement for an other device

- scan for a new BP (603), and

- when a new BP is detected, protect the new BP (602);

when a beacon of a neighbor is received, protect the neighbor BP (602);

when the device switches BPs announce in the own beacon of the device, for a
predetermined announcement number of consecutive superframes, that the device is switching
BP (606);

optionally switch BPs if two or more BPs co-exist (608);

terminate the BP;

clear a DRP BP reservation of the device when no beacons are received during the BP
for a pre-determined clearing number of consecutive superframes.

when at least two BPs collide, until there are no longer any colliding BPs repeatedly
perform at least one function selected from the group consisting of search each colliding BP
for enough empty beacon slots for the devices of an other colliding BP; and move at least one
colliding BP to a non-colliding beacon period start time (608); and

when an existing DRP reservation collides with a BP, moving the colliding DRP

reservation to a non-colliding time of the data transfer period (604).



