ADAPTI VE BEACON PERI OD IN A DI STRI BUTED NETWORK CROSS
REFERENCE TO RELATEDAPPLI CATI ONS [ 0001] This
wappisioatss on clains priority to U S. Applicati eaT/ao0a001165
No. 10/847,876, filed May 19, 2004, entitled "Adaptive
Beacon Period in Distributed Network," which is a
continuation in part of U S. Application Serial No.
ADNIBEY RBEACONRERIOBHN A DISIRIBENEDINETWARADt | ve
Beacon Period in a Distributed Network," which is
I ncorporated herein by reference in its entirety.

cRefy Bl TRy Seel IR ORI LoV Toul ar y,

the present invention relates to the allocation of

resources in wreless conmmunications networks.
[ (EAHGROUNDhioRprlidEtipniviakms php1i00 3. S.Sheplicatiemerial No. 10/847,876,

Wi hel e Xi m.ty.pet wor typicall.y di.nvol v vices ... .
AT 2P0P b SRR e oS B B et i
a 8dntin@&iSon ThPalf TU.JEASPIERIGH SBtidl NS 10X38,219Eled on May 5, 2004,

di stances, these Er oxi m té' networ ks often interface
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enfithefl “Odppitverieagen Reriod-tra Riskihwtesd Nettorls,” whidels ircomnrted herein
Lnt arf W ith cellular networks, wreline
b e %%%ﬁﬁ%ﬁ?%g?l ns networks, and the Internet. [0004]
| EEE 802. 15.3 defines an ad hoc wirel ess short-range
network (referred to as a piconet) in which a
plurality of devices may comuni cate with each ot her
FIEED tOTHE PNVENDIONS i S based on a repeating pattern
of "superframes” in which the network devices nay be
al | ocat ed_conmuni cati ogns resources. Currentl t he

[MAA2]i BandTespiopsat (ivaRten Telmessy Wiselens CPmnHELGAtiRaY| More

GRS TR ihfon b il o SRR g WHRess
canwhonivaidnemetnaks. Mul ti band OFDM can be found from
http://ww. nul ti bandofdm org/. [0005] The first
version of the MAC specifies a superfrane that is
BASIGGROEND@E AHIE INVENTEONON. Thi s superfrane
contai ns 256 equally spaced Medi a AccessSl ots (MAS).

ch MAS ¢an be used for data co nication, Thus, the
[(ﬁ)gﬁ)gt h of §lé(g&-ﬁange welreless prox?m%y networks ty]glcal?y volve devices that

have a communications range of one hundred meters or less. To provide communications
over long distances, these proximity networks often interface with other networks. For
example, short-range networks may interface with cellular networks, wireline

telecommunications networks, and the Internet.

[0004] IEEE 802.15.3 defines an ad hoc wireless short-range network (referred to
as a piconet) in which a plurality of devices may communicate with each other. The
timing of piconets is based on a repeating pattern of “superframes” in which the network
devices may be allocated communications resources. Currently, the MultiBand OFDM
Alliance (MBOA) is defining a media access control (MAC) layer for Ultra Wide Band
(UWB) radios in relation with the IEEE 802.15.3. More information about Multiband
OFDM can be found from http://www.multibandofdm.org/.

[0005] The first version of the MAC specifies a superframe that is 65536

microseconds in duration. This superframe contains 256 equally spaced Media Access
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MAS is 256 m croseconds. [0006] According to this
initial MAC version, the first eight MASs of the
weupsrhriase are al ways reserved for the transnPeTiBWON01165
beacons. The tinme period covering these eight slots is
call ed a Beacon Period (BP). During the Beacon Peri od,
each MAS contains three beacon slots. Therefore, the
Stos MASUnBach MfA Saceaiblealsédfdrdapmonshwtisativer Thugeahd feagih of each

[ s, t f Dur i b | ot I i ngl
V@%gﬁ%ﬁwr%éé + 10007] Unfortunai ef"y‘, beCZ'uQE the
init is inflexible_in the nung of beaco
LY Q)ﬂs i t Acgondmgép yhip H&ElalfMA%YF?iSI@P VB¢ fiest eight Mﬁ:ﬁs of the
]%J%ac amc'ae alxpgysﬁ'bge?@éd foPheTRRY rﬁﬁﬁloh%? bfefc‘fyné\'fl:g}é% ﬁlg]p%enod

slots I nstance, e maxi mum nu
coweeing thdse eighbdlatsds caledtasBenpee Péii@b(BR). Theinignhd Badcol¥eriod,

et Bt BT A erb BT s beais g eacon
s%gféf ﬁfémgefsaf%ﬁtytfhe qmﬁ@w&cmﬂg@ om a/glﬂgl@ bQXcotnh;%n be

al layer "(PHY) is “snul , a greater
smmnber of beacon sl ots nay sonetlnes be needed Thi s
could be the case in scenarios involving, for exanple,
[006T] hour Unfatumatey, bbeimes the[ifitiaBM AWivviafledble,in the number of
situations y QccC where there are togQ nan
beeqn slotspis [Ty RE Lor o iven SHERBY rélerqurlhla%§1¥l}ea 90 ey or too

fe‘é\eéﬁ}a‘flﬁble%hé’o LWs. bFﬁQﬁﬁaﬁ’éeo{h% ngéé T gﬁﬁﬁgﬁ%& ﬁf tﬂ)ﬁ%ﬂtg tﬁ%uté :B‘é‘acon

hese sl ots s for
slps Spcmﬁahby tiEnnIﬂlalleA& geivwacoforkeioes thaf ave hecatedewvithin two hops
in a

ﬂﬁc%ﬁ{e ? i g}ﬁi’lﬁioﬁ%‘:t deVI es fgﬁeﬁéggaj}gtg thepneeating range
Mﬂieﬁ'b@ﬂﬁé UWB 9 1§J1 P&Iyef"(lﬁ-h{/&i?: sfrﬁﬁe ‘H(ﬁ#jevfep fa Bedl&Uumber of

devi ce. ini'tial versi on spécities that
beagen ylodsenasc @m@em@thengecﬂqd drhisenild be thedesarnsscenarios érvolving, for
eto everéagea onS%J ué n a BP. Therefore, in the above
S G4 ?HVOIV|ng two devices, the initial
ires the two deV|ﬁes to nonitor

[ C%f:ﬁsl ORGSR LS ST P OHeK TR togrg Beacon stots.
Félei%kthﬁ@e 'w‘BeﬁJ a REGRIR HctudRO WRE ot PAS WA twb VeadohGsldt¥are
nec%;/sla%? gunng the BP. One of these slots is for beaconing and the other is for another
device's beacon when it joins the network. Similarly, if two devices are present in a
network, then only two slots during the BP are in use. Additionally, one slot must be

reserved for a new device.

[0009] The initial MAC version specifies that every device operating in an active
mode must listen to every beacon slot in a BP. Therefore, in the above mentioned
situation involving two devices, the initial MAC version requires the two devices to
monitor (or “listen to”) twenty two empty beacon slots. This results in unnecessary

power consumption for the two devices.

[0010] Accordingly, the current inflexibility in the number of beacon slots can
have the unfortunate effect of increasing device power consumption and/or decreasing
available communications capacity. These effects are highly likely given the general

nature of ad hoc networks, in which situations vary greatly.



[0010] Accordingly, the current inflexibility in the

nunber of beacon slots can have the unfortunate effect
wofhoisnoreasi ng devi ce power consunpti on and/ or PCT/IB2005/001165

decreasi ng avai |l abl e comruni cati ons capacity. These

effects are highly likely given the general nature of

ad hoc networks, in which situations vary
SYMMARY SUNVWARY INVENHOMNVENTI ON [ 0011] The present

i nvention provides a wrel ess connunications net wor k.

i s, net ncl.udes
(1R cathe A g Reon R odtin B ded o fthuricatiops petwork. This
nERAHRACIUERS 0RNEr Bbre ik eddichRInAHScatiONTHER6Rtah@ ASwireless
devi ces transmt beacon nessages across the wreless

trapsaHsHOR Bicdhe Bhaencou miaig War aé@lﬁnw@rqab@nq drvices gransmit
b é’é{;‘] on{]nes%g%%@ & %)%]sr ﬁe ereicr?rs]sﬁ tée?nnesc go for hl%g‘lt (E]u Sngflaanl?eégggne f)enofd that is

Wﬁﬁﬂ@id}ﬁfﬁ&ﬂﬂﬁﬂ%é@é@ﬁﬁ@ﬂ(fdﬂfas amﬂiﬂeﬁof pacthgloRUnRes d@famically
Wi rel ess communi cati ons devices in the network. [0012]

advﬁﬁ%r Eaigpdivstmeh ey hedried. B s rgels, en erwnes of wireless
c&ﬁfmﬂf&bﬁ&{s' RORHRVIE GefBULNY a receiver, a

ransmtter, and a contro Ter. The recelver recei ves

mnre sni SSion dium .
‘E!?TQ“@S T Bl HnT e alth RVEES sk BN R i fevice
h&lehes Eﬁo@ﬁﬁer a truhsi@ter tind e A& aths ré@ived réiefiéd bedcof Meessages
or more devices (mhlch i ncl udes the wrel ess

ag@ewrAIYirelass ansdrsianaagdiumo Bapedernthe receveddcaean mesgages, the

c glz;gl%f d@cérgﬂﬁ?s&?ﬁaﬁ% 1 azgh&ﬁé Isgfs%éclsgfé)? ld%a%l%gff c{ﬁrglzg? $0:L h&ices (which

indRides therveigel ens baimaiicabieacdsvic).oTs attayatdthewletdiinihed number of
beacon perj od of sup erfrane However ., the received
bgasar éﬁt%ﬁeéé%@f@gpﬁ% rASTRif eI ORCS yBeTSFaL b PRACHR AREEFHEC,
erlods I n aspects of the present invention, each of
M3k ecei Fhedeiemeinnd mesbegddeicearsiats mey bervethin 2 pescen period of

TTERNOT N

bgreoepaticat. e aqeotsivf drageseibivertiting aich of tiendbeiiedbeddse @hessages
be on slots that are visible to the device. Also,_ the
FSANEPT BROKE SAViRsTuishyB 2SAAP beceaing Fravmend earenglotpemployed

B
are visible to the device. [0015] In
bggﬁ%‘ﬁ@ otk ﬁdé\n@és [ ]

ition, e present invention provides a nethod and
ut er
[(ﬁPﬂP] The generated beacon message may indicate a number of used beacon

slots that are visible to the device. Also, the generated beacon message indicates a

relative usage of beacon slots that are visible to the device.

[0015] In addition, the present invention provides a method and computer
program product in which a plurality of beacon messages are received across a wireless
transmission medium; a number of beacon slots is determined for a group of one or more
devices based on the received beacon messages; and a beacon message is sent to allocate

the determined number of beacon slots to the group.

[0016] In aspects of the present invention, a beacon slot in a beacon period may
be reserved for communications involving the configuration of superframes. For
instance, the present invention provides a system including multiple nodes

communicating wirelessly using repeating patterns of superframes. Each of the

3



program product in which a plurality of beacon

nmessages are received across a wireless transm ssion
waoraisuetiea nunber of beacon slots is determ ne#CTaB2085/001165

group of one or nore devices based on the received

beacon nessages; and a beacon nessage is sent to

all ocate the determ ned nunber of beacon slots to the
supeofiymes[ 20 dblcastronabpawhperidd.t The podes eedervenat dtist @, bedcon slot in

o BBl & A0 5h 15 VBE Sy CCHES B PGBIPAIESH (Bt at es3t one beacon
P BB TAL 0PSB, RARDLS NG M spestame
cadiguationaFonmsience Ithis sloy isust adjustmgahe nmybeaifitke NBASfreserved
fs§perfrane%. Each. of thesuperfranmes has at |east one

P ERHmedRithsT Bdes reserve at | east one beacon

slot in a Li rst Media Access Slot (MAS) that occurs in
(47 Ihegi nhhnpressnt imentien plios fos the laeamtpEationof Thi s

¥ | . .

oREAADE el Sk S AU 01 U LTS LORF v
Fettlotr featurboandaatjvastagemgofithe preser évenfion hvill Mi&Sene @pareveftom the

for .beaconing in.the superfranmes., [0017] The present
ol Sl o 2] OB R G 0| 2t 1 o of
commruni cati ons resources and reduces power consunption
i n conmuni cations devices. Further features and
BRIKFT @ﬁl?ﬁ%fﬁrﬁﬂm gon wll becone
apparen romthe tollowmng description, clains, and
acconpanyi ng draw ngs. BRI EF DESCRI PTI ON OF THE
[ORSBY NGS [r0ibé 8tavringy, hike defenahcegsimbark gerreedlbriadicete identical,
nupber.s gener al indicate.identical, functionally.
ey PR G s DL Y SR A ERY G Tbich an
elefaNY st dp?eéﬂ@ i CRdRAtB S TBNMebd kBigARP 8RS rbirdnBEh&ERD&Y The
by the leftnost digit(S) in the reference nunber. The
presass envention will bodesaiibéd with dferen¢diedheviedompehging deavings,
WEQE.acconpanying drawi ngs, wherein: [0019] FIG 1 is a
?36?an1of an exenpl ary operational environnent;
0020] qii? 2A and 2B are di agrans of. e englary
[ rfranb$- [[1@s3ereEn ol as exempjaty| GRGEAtePe! SOVITQRIPY; | ng
an operation of a wreless comunications device

[ di ngFYE- 24 and gare diagiams Qfrexs@plary puRsHETBeS;

[0021] FIG. 3 is a flowchart illustrating an operation of a wireless

communications device according to an aspect of the present invention;

[0022] FIG. 4 is a diagram of a field that may be transmitted by devices according

to an embodiment of the present invention;

[0023] FIG. 5 is a diagram of a wireless communications device according to an

embodiment of the present invention;

[0024] FIG. 6A and 6B are exemplary diagrams of beaconing group parameters

according to an embodiment of the present invention;

[0025] FIGs. 7 and 8 are diagrams showing the use of a reserved beacon slot to
adjust the number of slots in a beacon period according to an embodiment of the present

invention; and



[0022] FIG 4 is a diagramof a field that may be
transmtted by devices according to an enbodi nent of
woheospwesent i nvention; [0023] FIG 5 is a di agcanBmhs/en1165
wi rel ess comruni cati ons device according to an
enbodi nent of the present invention; [0024] FIG 6A
and 6B are exenpl ary di agrans of beaconlng gr oup
[@@2 &hret er FlGckiradlisgrameian csepliimestiods tophloggmeseding to an
7 and 8 are di agrans show ng

0
GPE ntl?%?hgpﬁﬁgtﬂgwgﬁB%acon slot to adjust the number

of slots in a beacon period according to an enbodi nent
of the present invention; and[0026] FIG 9 is a
di agram of an exenpl ary net wor k t opol ogy according to

DT AT DESERIPTION OF $$A0 PRETIER EDEMBODIMER TS
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS | .
Oper ational Environment [0027] Before describing the
Li nvePpewtional Bgeireimnenti t i s hel pful to first describe
an environnment in which the present invention may be

A |
[082RY P on RSt e hyb{lidh A PRI St K BER Ao on
efivaonbRneipyiyie the présehhtinSerdivn haybeided. Adebtdiadly,tBIGOT is a

W reless co ni cati ons_devi ces (DEVs) 102 may
diaganpigd $XSIBIRE FPFALRA B E R wahlab rﬂafs@re@mmv(@n@@smay be

elﬁﬁff' 29&‘ afn RlRAVRGINHKa élh A Q8e1e G GUERANGE d%(’lCCS (DEVs)
| rough

rmation may occur various conmuni catl
1@Pathy emhai’lg@mst‘d)mihﬂén whtht eaek olter babsseewirBleMspel@ihal area network

00 cludes. a plurality of beaconing
@%ﬁg o'@ﬁ&‘ﬁ"s 3? BHPTRAtQn AN AqsET theualigesioys Seitigpications

A?Eé/&%ﬁs’ti‘(ﬁltthatre%uéeﬂbtemeenmsoldzange of each other
during a beaconing period. For instance, a beaconing

(P, 00Kk R NS 12 0B Esc 30 38 1 S0
baaconihg gf‘oupﬁl@éondudnglays,et GHYEYO28? et aregsitltio rindid hange of each other

beaconi n r ou a and 106b. [0029] The enV|ronnen
dygfngg '@‘acgmg Oda %fd%%t@}”e»l%)%eac 18 lgf‘?]r%’c]l O6a dacludes yEYoy 102a,

l(g?y tﬁrlldé-%é:tr U@Eo %rlﬁeac‘%lﬁﬁg Qoﬁg Eﬁgicﬁld'ééﬁ@ﬁfsolfmﬁ 1024, 102e, and
102f. Accordingly, DEV 102a belongs to both beacomng groups 106a and 106b.

[0029] The environment of FIG. 1 shows a cluster 108, which includes a set of
DEVs 102 that are within the radio range of a particular DEV 102 (i.e., DEV 102a).
Accordingly, cluster 108 includes DEVs 102a-f of beaconing groups 106a and 106b.

II. Superframe

[0030] Transmissions according to the current MBOA MAC version are based on
a repeating pattern called a superframe. FIG. 2A is a diagram showing an exemplary
superframe format. In particular, FIG. 2A shows consecutive exemplary superframes

200a and 200b.

[0031] Superframe 200a includes a plurality of media access slots (MASs) 202a-
n. As shown in FIG. 2A, multiple MASs 202 in each superframe 200 are grouped into
beaconing periods (BP) 204. For instance, FIG. 2A shows that superframe 200a has a BP



Accordingly, cluster 108 includes DEVs 102a-f of

beaconi ng groups 106a and 106b. 11. Superframe [0030]
wOnressTssi ons according to the current MBOA MACI/IB2005/001165

version are based on a repeating pattern called a

superfrane. FIG 2A is a diagram show ng an exenpl ary

superfrane format. In particular, FIG 2A shows
2¢trmecupeniemedip has y BRAOdbf Hanksuge@dabavg) tlik()i@j:nal MBOA MAC

viROR SO G Griet ¢ hisefingstt hRE A Radth s Thsae s itend
adPdbd di t%o%ug%SQ ‘BlRGSrosdlRelch ﬁﬁﬂﬁn?eg%d%gorgfn%ﬁ%%% Xersion,

I nt o beaconing periods (BP) 204. For instance

earhdVid St292tthatipwithina® 200 centhias thicBP@odmslatsd super f r ame

200b has a BP 204b. As discussed above, the initial

[0 MAC veraidomg tp tievinited MRBOAMBEacasivnondebéaedn frames may be
havi ng, 24 beacon slots. These sI

d
tfe‘iséfﬁitg‘i‘: BOr B ifs? Rasedn perrd Rrpcel @m@?ﬁﬁ%ﬁ@%@%@r during
offEF r@ibﬂeoftsepsmaﬁleg%@&olceegfefauwi%%d%&?es& kcftﬁ)ng‘”ofﬁfe'kl?

04 contains three ‘beacon slots cordi ng
chamneli(makn ‘tasetvati@Eh) Mﬂﬁswmcsrdmg tooapbg/iﬁb GiS]mfGﬂE)ﬂESTWO such
be t ans tte accor beacon
s s BT B o0 (OB g G B oS period (CAP).
ortions of superfranes 200, devices, are allowed t
[QQ33) e pg\llf}} %iggl:‘gf aceess npgthed, gﬁ‘ﬁ@ﬂﬁéﬁlﬁﬁ jpcoordinated. to clear the

chaﬁlﬁﬁlecfaa Y@LdnOfS trhn [teﬁlcﬁﬁ dﬁﬁ‘ﬁﬁ%ﬁé(ﬂfbc&%ﬁp%ﬁf dv%%cﬁ%%ﬁﬁf‘ons with

Two suc are the contention fre
other irmdnﬁ‘(tﬁﬁ’)ima’mgjthelpenod) nf &wesso Hawoessvifiethiedth R 62Ai'e’3is method, a

0033] Wth th CFP, acges hod, .a..reservat
SR A oo TR A1t TG DRI 1o BHER cp Bithin b group that i
1d‘éﬁﬁ‘ﬁ§m0tﬂeaﬁlﬂﬁﬂ gacﬁé) kan@@ beBARGIESC %Yseilﬁ)ws-lfﬁf §16 %l\é@i'cgssof the group
lisions with other transmtters during the period

towxchbwbsconmdéveﬂl,e charmie] arvkal @ avotkbedlisiensadeh, with devices that
re t@ gln is coordinated to clear the channel around
arSlni0 §EMPhin a group that is identified to be

1Y o " ofaifBge s METES MPACisign vl o ophppal acces

m%ﬁl%ﬁ%ﬁile@&ﬂlaﬁ‘éeﬁ%ﬂtﬁblﬁg@ bl Adc@ésgﬁﬁ)@i o with devices
hat are not with he gr oup dditional |y,

SR PENet Ll A0 5y 5,1

2AEBPAY04a and 204b are allocated to dev1ces (e.g., DEVs 102) in a beaconing group.
However, superframes 200 may be overlayed in time to support multiple beaconing

groups. An example of this is shown in FIG. 2B.

[0036] FIG. 2B is a diagram showing exemplary superframes 200c and 200d.
These superframes share the same MASs 202 with superframes 200a and 200b.
However, superframes 200c and 200d include BPs 204c¢ and 204d, respectively.
Accordingly, the MASs 202 of FIG. 2B support two beaconing groups. One of these
beaconing groups may transmit beacon frames in BPs 204a and 204b, while the other

beaconing group may transmit beacon frames in BPs 204c and 204d.



[ 0035] BPs 204 correspond to particul ar beaconi ng

groups. For instance, in FIG 2A, BPs 204a and 204b
waneosabfiesat ed to devices (e.g., DEVs 102) in &CT/IB2005/001165

beaconi ng group. However, superfranes 200 nay be

overlayed in time to support nultiple beaconing

groups. An exanple of this is showmn in FIG 2B. [0036]
IIElI G B2®ons a di agram showi ng exenpl ary superfranes

200c and 20Qd. These superfranes share the sane MASs

202 wi th superfranmes 200a and 200b. However,

rframes _200c. and 20 i.ncl ude BPs_ 204c and. 204d,. ...
(GGt Pvap kg e s e Sy i et e nita
MB PR N CHsi e 85eRiTl o8 $hA HeVIBSs (s&deasdDEVE @62) BRB&AH hdcon
groups may transmt beacon franmes in BPs 204a and

mpgape- while the ot her beaconing group may transmt
beacon frames in BPs 204c and 204d.111. Beacons [0037]
[0103 §ai nt aThe trawsmdssien oOreabertsvie arclwstenon séppaate olysters allows for fast

devi ces, the .init.ial MAC versian.. ifies that .
a5y3 S vty o vt o ot pont i S BB ibico i begans provide
thb ®Qa8imihe foripnadtivo i A Rhy RERGEANTfdihatios rék@hg Mochronous

separate clusters allows for fast device dlscoverg_and

1

repergatiaies Tae enplasmens appencons dleviatisithe nged b aetwerk infrastructure
beacon rovi.de the basic timng,.f he ne .
S R RERAEDR P hac 3l AR O s Fp AL OA 3BC version

déeR 210t heatiire BS accEBep@EMPdreRaltcoofdifRacion thealVIPAN AdteorK. he
need for a network infrastructure by distributing

[dw&t | ONS AREHrARS t ke INAREMBAS MAL NBivn, dhRet (.41 BEVs 102)
VB MAC versi on does not require an access polnt or

theieintand|to pardicipiateein sombymication Wik thestdewioks s¢rddBegons during

e T L R —

otbenaBvies dtitifNthaleAcolinieperibay HiRFeves Rertdia A6 Pidss MUY biter a
beaconi ng periods (e.qg., BPs 204). Further, these

“esrnation” st Woen peerabng in thigrstaie. vy deyiogyelsring fromdiansmiting
bEUEAN G108 P IAE RO OGRS 1P yin B YE oG] Alaaf 8K] 000

ernation noperating In
S statg, ,a device refrai.ns.fromtransmitti
(4R FitBrerih T f bR o ab D st AT Bkt fENAG address and
the pldck o8 HRbeRERE Aor ek hple| BB4Qctil e dshedstin a MY irF6rm that
provi des in the beacon rres_sa%e its MAC address and )
they use beacon slots 1, 3 and 4 of 6 available beacon slots (according to the flexible
allocation techniques of the present invention). Generally, slots 2, 5 and 6 would be
available. However, when an additional hibernating device belongs to the same group, at
least one of the active devices informs that slot one of these slots (e.g., slot 6) is reserved
for the hibernating device Therefore, a new device joining the network would have slots

2 and 5 available.

[0041] Beacons may include one or more information elements (IEs) containing
information pertaining to the DEVs and/or the network. One such IE specified by the
initial MBOA MAC version is called a Beacon Period Occupancy IE (BPOIE). The
BPOIE is used to provide a list of devices in the same beaconing group and the beacon

slots that those devices employ during the beaconing period. This information can be



the place of the beacon. For exanple, three active
devices in a group may informthat they use beacon
welkoiss01653 and 4 of 6 avail abl e beacon sl ots PCT/IB2005/001165
(according to the flexible allocation techni ques of
the present invention). Generally, slots 2, 5 and 6
woul d be avail abl e. However, when an additi onal
usridde detatt begcahesdllgsonre | Bregaitiab MBR@A sarseorgipecifics #tat Hedsds shall
. one, of active devj inforns that slot one of
mtc‘@ﬁél I@]&"n Ll.bﬁ??o@?{%%i?%ytf@s}nétser ved for the
hi bernati ng device Therefaore, a new devijce 11oi ni ng the
O

(M or k. whiie BPRAE sortpls yatiousjgfoymatian.| Ahisdnfofpaiion includes a
. i-ncl ree ' el .

bR D (RO SoPIngl 14 B QAL if i hing roup
(sacld Avond dfdbeamivg groun QU EhcH & thpedidldsidclided HiBeacon slot
injtial MBOA MAC versjon is cal, ,Beacon Peri od
R TR BREEEe T e BT Lo pr ovi de a

| ist of devices in the sanme beaconing group and the

Hbton s| Hpan faesptiath@fsicbanen Bameahftvase saues thg REAED of the sender

[
HERE g NS ETE Oy e
BBOEE isérit éxs thelfall owli@gisopa-fratn@l [0nly tetigdforaattiiChfbdatorslrbeeived

beacons that the ransmt. [0042] The BPQ E contai ns
dyrs %%}@elf%m%f d 11?@%13?9&%?%&4 llpyngsypetrame.
beacon sl ot information ("Beacon slot info") field for
[ devi Pevices sehrst thelidwacancslefs emong shecledsaenesles. Also, in
' S : e fi | nel
SBSARRN S0 ol B0 BEa U el R G
collidod isfdessctdd. DEVDaHirulal 864 idelpdiicr (BERNDI) i mbking in the BPOIE
beacon frame, a device saves the DEVID of the sender
fromp qepghberiae beanes&iurifg erelctormingd auBider of Gosseuiiveisupprirames,
0 o . |. .
R e 1 MR R on A R e i BmOM MAC
versior itoyimdicdterthisdpeacaupatras mandle skt imthe foléwlving stpefrBREN E
sent in the follow ng superfranme. [0044] Devices
sel ect their beacon slots anong the idle beacon slots.
Also, in sub_s(ilg ent_.superfranes, devices send their
IheacBereop Fetip t“éﬂs’éhtﬂeacon slot unless a collision is
detected. If a particular device identifier (DEVID) is
m ssing in the BPOE froma nei ghboring beacon duri ng
[0U£et er MyneshJIIBRE 0PTheGRARRCIHYENMRNSRALILRPESslots during the
device(s) receiving the neighboring beacon are
beapen perotdas nisle flewiblai This flexiBidity mag be based on, for example, the

number of devices in the network. This feature provides various advantages, such as

increased communications capacity and reduced power consumption in devices.

[0046] Accordingly, in aspects of the present invention, a mapping may be
provided between the number of devices in a network (e.g., devices within two hops from
each other) and the length of the beacon period (i.e., the number of MASs in the BP).
Table 1, below, provides an example of such a mapping. This mapping is in the context
of the initial MBOA version’s superframe format modified to have a flexible number of

MASs



version to indicate this beacon slot as an idle slot

in the follow ng superfrane. |1V. Beacon Period
weoheositoriesty [ 0045] hi enbodi nents of the presear/i1B2005/001165

i nvention, the nunber of slots during the beacon

period is made flexible. This flexibility nmay be based

on, for exanple, the nunber of devices in the network.

Thi sNimdbeuefDqricevi des \Numberf MASsinages,| ssuilliblaBeacon Slots
i nclreased connunicatioqe %%gg%ity and reduced power
consunption in devi ces. T Accordi nglly, in aspects
of the present inventi0h, a mappi ng nay te prOV|ded
bet en—thenunber—of VHees—tHHi—a het-wor G-
devﬁges within two hopgffron1each ot her) gnd the
| engsh of the beacon pexiod (i.e., the number of MASs
i n He-BR)—Fable—1—Hel-ow—provides—an-exanple of
4 k . .
such™a mapping. This neEpping is in the coﬁtext of the
inifsal MBOA version' § superframe fornat (godified to
hav ' 1 [0047] 1n the
exappl e of Table 1, thete are nornally at 9 east two
free beacon sTots during TRHgHRP; HOWEVET, as New
devi ce(s) join the network, the nunber of beacon slots
is increased whenever the nunber of free beacon slots

[@Z@Qgﬁs gf@:tﬁ a’ﬁ%}lﬁ gﬁf}wg I]e ?ﬂuagg ?}(r)gqg%bgatgwéo ° ninge beacon slots
durighies BPf }Rﬁ@ﬁf@f‘ a$ hé’dﬂ/ Yebie @ijoﬁr{‘%%ﬁﬁ&k(tﬁe Gumbby &F’Be§con slots

to' 6, 6 to 9, to 12, etc based on the number of
is mwe@,vvhnnqmethnemmﬁkof fr ton slotsplecmasasnah predetermined

nug I btelrJ ?t I opo OOI}G & l%a% of slgté n‘Eg{r:ﬁ(O Hg@e g[léq%{sqs_b%/mgé)tvv&tﬂe {9 number of

beae@csnml@ eam@eﬁ@eaged (5 OfoBL 3 6,510\, Jith 92 aftc.) baked 8h kiR number
of the nunber of devices may be communi cat ed.

OfﬂéﬁlﬁﬁﬁﬂnrféP}}et“@IﬂéX| bility in the nunber of enployed
MASs may be provided in various ways. [0049] One such
[(}\M)S]l s i ninj qm@raélnmltsmlatm;)téle et mnbmeoﬁtqva:cemthnm hops may

kB PuRBY Bl A R B B o o

1n@1@ﬁﬁdil)’(ﬁ&hé4‘h§§bé’lﬁ)f degicepsiay b coinfiinfatedC @ﬁ%@fﬂ‘iﬁgl?r ﬂex1b1hty in
However, in certain situations (such as when multiple

theyawbenaf cmplepey MASE mgydeaupyide ariops WBES-nunber of

[0049] One such way is in incremental steps, where the adjacent rows in a
mapping table, such as Table 1, are viewed as an increment. Accordingly, adjustments in
the number of employed MASs may be made in single increments. However, in certain
situations (such as when multiple networks merge) a single adjustment in the number of

employed MASs may span multiple increments.

[0050] Table 1 is provided as an example. Accordingly, variations from this table
are within the scope of the present invention. For example, the number of free slots may

be kept somewhat higher than in Table 1. Such mappings offer trade-offs with efficiency.



enpl oyed MASs may span nultiple increnments. [0050]
Table 1 is provided as an exanple. Accordingly,
woanisaniiens fromthis table are within the scopeTmB200iien1165
present invention. For exanple, the nunmber of free
slots may be kept somewhat higher than in Table 1.
Such mappings offer trade-offs with efficiency. V.
VOper @pemtiof0051] Vari ous mechani sns may be enpl oyed to
adjust (i.e., increase or decrease) the nunber of
enpl oyed beacon slots. For instance, enbodinents of

0P o b B R R N A o B e 4R or decrease)

thé ainhdes of@isloy&dDbea¥@iptse Fot thseiiioe) @rﬂ‘ﬂbﬂhﬁenti &EthBPBresent
length is included in each beacon that a devi ce

wm&mm@oymé 8o that inghisptestarpastiquiar 3R 1opgthp s Bemape a

QRBAHGEF PO IS AU PRl Ry B4 g

emh bleﬁtdmcthatl a)dbv(aertranamrt@ uAceoTemicly) thiy Iamag bk ipeaslidéd by a modified
i ce of used beacon si ts that are

f
BEPL B Sk Pfhe(PPP‘BIE ot gttt eaug duclede B kgiyfield. This field
P St R 0] ) DR B
beacamslets thatias¢ gisibde f0| it Gte.,dkatitieddviceacan etonively. @bt this field may
beacon r art tj BP At this start tine,

oo iRt pupBi ReeT bt oS il Bredobiiiiing

BPO E. This BPO E may include a BP |ength field,

(Ht%lr di ng ks né&?ﬂ&%ﬂﬁ%?ﬁlétsa&f nSh@eV&eé@@metW?fMetmﬁws a beacon

] e (BHST] | Aks S8YHER(R) ATV AL QoG G RE K,
chifieg i e

exchange o or matron in, or exa
comammg(ad%i’(nﬁ SHgeBPOIE angnndede o @BPI lemgh thielda aecordmg to

et erm ned and dypam cal | y adj.usted.. has et wor k
© d‘ﬁ%ﬁ%‘@@é@ ths Egsg‘FWS@}OnFlQX“ e a‘gdl’FlP‘&f’mﬁ‘&P‘f n) may join the

nét%bﬂ@ tFiabh élgth@ Rx RREE LT RiforRatiBn W, (B @2 8mpR n?ﬂ'-%h&ﬁ‘lt h@R8ges)
devi ce, such as one~of DEVs 102, ‘dccordihg to an

bmcpmp@nqﬁ lengtbs pregistammined\aad diyoamicaky gdjogted hasedon network
|ncludgs a step 302 in which the device receives one
RSt ECheacon nmessages. I n enbodi ments of the present

ntion Se are receiyved urj a
l%%| es uBIéf* Ao w%e*%alﬁ Mralidal eRFraiEn 0 e ce
cRABERL A dRFicENRcR bs TR & IDERE 02, RERBFET0 ad Béct of the present

invention. This operation includes a step 302 in which the device receives one or more

beacon messages. In embodiments of the present invention, these message(s) are

received during a single superframe.

[0054] In a step 304, the device processes the one or more beacon messages. This
step may include retrieving information from various fields in each beacon transmission
and storing the fields in a memory. In addition, step 304 may include determining the
number of device(s) that are within its view. This number of devices may be from

multiple beacon groups.

[0055] In a step 308, a beacon slot adjustment determination is made. In this step,

the device determines whether an increase or a decrease in the number of beacon slots

10



step may include retrieving information from various
fields in each beacon transm ssion and storing the
woiaelsde7ien a nmenory. In addition, step 304 nayPCHAB2A&001165
determ ni ng the nunber of device(s) that are within
its view This nunber of devices may be fromnmultiple
beacon groups. [0055] In a step 308, a beacon sl ot
eraploysd beits bekebemgigrap(sns tsocvad ePerfornahesoShmpteptthay be based
devi.ce determ nes r.an increasge or a decrease in
Oli‘ﬁ‘@ ﬂ%’ﬁ‘ﬁé‘i‘orb?enbeé’ﬁéaﬂg}gf g‘?tQ%WBP Petiey?4 t s beaconi ng
roup(s) is to occur. Performance of this step may be
[BISRl on Inestens B-iae feyics Everakrccbeasen BFsaae.oFiF Heepon
me&agé %%a?&ﬂo%{hg%égéonlrﬂeﬁ g%é(g_?(ﬁg&\oeb 15'31.% Q.‘i%%' %ﬁr mstance fora
tes a beacon nessa eacon nessa 'S
pehﬁSlﬂﬁir Ivacoing gﬂmppﬂne Eessagd (bsacolneﬁ@sa@dna}nmshﬁa a3@¥ice identifier

For_ instance, r a cul ar beaconi ng .group, .t he
angembsrager oblélg%ﬁerr@%ga&éé{em it theieeHp. Andéditeg tis message
in AR inffélﬁ{atleﬁ%cﬁcz{%ﬁl%cﬂ?@ &Jgﬂér dfqm%dt{] l?erac&f’gloﬁa%cordlngly, this

evice 1 n the group. tion I'S nessag
inferclatide mayr’dedxaaal oroanyi bﬂiuccmslphq;ijushmemﬁdmmmn‘hon that is performed

o SRR i o e ™

determ natlon that |s, perforned |n st ep.308.

[9050r mat | Bh2 #6883 be thebsasan flt?ﬁffﬁgsfge%@rﬁpd iFER 519 1Séraasm1tted In
oS8 AR LISERRENRY IRSREAE RIAIA bl
pnené(bmgmtperﬁamcsdmrl@mlmhtﬂmjbdanomsqage(‘s) ware recanedi iatsteb)302.

ThS e ige é&ﬁggs%d%ﬂévﬁgga%%{?ggﬁg%éﬁ% (462 50 PR corresponding

totthé‘ﬂ%ﬁﬁ%r%?oﬁp?s)? e tuhif chdlEd AR iR %S ﬁ}?ﬁfﬁ?'lfkgwme perform the
grou in BP(s) correspondi hg

stepadfdiiGng bgmdmd@(tby yecepimort efithis temethisdioniapé any othkeregeigepbeacon
ng% | i kewi se performthe steps of FIG 3 based on the
ion of this transm ssion and any other received
con ne 0058] escCri ed abov
di menhs dBtorbg alE)‘?"@s%‘%f’ ‘%ﬁ\?@ﬁt &?@ﬁiﬂ%wvaﬁﬁqr@mploy an IE
Oé D8paeBih herahl dclloes}sc!i dehak taidaRuee & AEYiEe tﬁ@number of used
cate or announce the nunber of used beacon slots
betaham slatsghatiasé pisible  if.t ThiFHickl maseb@llmldymb@ted mpVaioen wexys. For

d
exniE P R AT it 2TRE Bl S, M R ghé ol BV b £ betow.
TRELSNY.of TRAB1eCO™ B agd otAthk furbbSoRs@HeR0n k1ogs VsiBRAab 18 device that

used beacon slots visible to the device that
generated and transmitted the code in a beacon.

Code value Number of Visible Beacon Slots Used
000 3 beacon slot are used (1 device, minimum)
011 9 beacon slot are used (<5 devices)
111 24 beacon slots used (maximum)
Table 2
[0059] Accordingly, in step 308, a beacon slot adjustment determination may be

made based on the number of used slots indicated by the visible devices in comparison to

the number of used slots in the beaconing group. For instance, if any of the devices in

11



generated and transmtted the code in a beacon. Table

2 [0059] Accordingly, in step 308, a beacon sl ot
wadpussoment det erm nati on may be made based onPCIA&B2005/001165

nunber of used slots indicated by the visible devices

In conparison to the nunber of used slots in the

beaconi ng group. For instance, if any of the devices
sdnmssmmiaggmdpwgngmrmeme gntioongletheeode of Tdbi@ﬂplknotdmsible used

vi.si.bl.e used beaco

oGBS sl AR P GlreT ool et g B oS ERaR i Evisps i the
bédasm@ig\g!r&ﬁﬁad pt Bmc&ﬁﬁﬁg BF 1 rﬂhfblépoﬁﬁﬁﬁhteé%eédﬂ)ﬁrsﬁﬁ§ lte
of theé nunber of allocafed beacon slots in th
b@@a@l@g igneypg ridupalloratien miay be atifomeddin tb@afqblewmg snpdrfiame.
the follow ng superfrane. [0060] A further exenplary
[00pd enent aAt ﬁmthema‘xempBﬁ?y Iimpkgtﬂ@nfa’tieh df & 8Pdbhgth fisk] iewhdwn below
Table_3,. This inplenmentation empl wo_.bit code
in TR TRl R T SNRE oISt it ige wsage of
V1@ib1@bea05ﬁ‘ @10{%(({ E | B ‘Fﬁ i (l)foaql%Ea?cgd Vistibb&che @%%rhséﬁ By Aevices).
used by devi ces] bl e 0061] Based on such
rel ati ve usages recei ved fron1the beacons of visible
devices, a device nay nake a beacon sl ot adjustnent
det e Cotlaredluon Nlrmbdrexmvwﬂe Béscol SRty i bed above Wi t h
ref erence—to 7 eac ot
adJJggnent delt %Wﬁﬁﬁsﬁfgﬂb%%§“?%§ﬁ {e$ﬁfgﬁs ?@%@% or
decrease in thﬁma%kmcatlon of beacon slots for the
bea'\nninn ar Adun Far Aoy ny aof tho

recePbed codd TWHP jé‘§agF hﬁYlélh]teégacﬁﬁ ﬁlP@ ﬁe %5 g‘&"%?ndvll%}%ﬂ) e
beatcom slots (nghﬁlsagel Jf vamnye Kbﬁcdnrsﬁ)tsv(e $l, bl gedaya I?félots)

annedhces— 19 then all of he devices in-th

beatbhi ng grg uﬁer&a&aﬁpweﬁsrwew&a%q GBS 2n af‘rsle@ of

al | ocated beacon sTots 1 n thggbgaconing group. Such an
i ncrease nay be by a predeterm ned increnent. For
exanple, with reference to Table 1, this increnent

Si X I cate con slots to ne .al.l ocate
detin' 51 Beaed RsBen FEAS G fark s Ralli o ooty vible
dém@srae@@laeeﬂay ffiRe ¥ BbalRS slAdifsinesnt detBRAAAINCh Bfstep 308. As
net wor ks or piconets (i.e i T an¥lof the visible

desexibeckaboxnmaliretssence 1 the fiowrbart of F1G 3, arhsaehmsletediustment
dét%?n P?tﬁ)%oxfl NGt P ﬁglae%e &ydec&(ﬁge 1%%1@911 cfati(tn{] §r lg]e%%)ne {lots for

the beaconing group.

£

[0062] For example, if any of the received code values indicates a high usage of
visible beacon slots (i.e., if any of the visible devices announces “10”), then all of the
devices in the beaconing group adapt by increasing of the number of allocated beacon
slots in the beaconing group. Such an increase may be by a predetermined increment.
For example, with reference to Table 1, this increment from six allocated beacon slots to

nine allocated beacon slots.

[0063] As a further example, if any of the received code values indicates a
merging of networks or piconets (i.e., if any of the visible devices announces “11”), then
all of the devices in the beaconing group adapt by increasing of the number of allocated

beacon slots in the beaconing group to a maximum number (such as 24).
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beacon slots in the beaconing group to a maxi mum

nunmber (such as 24).[0064] In addition to the above
woeoaisnoges for determ ning whether to increaseCrhB2005/001165

nunber of beacon slots in a beacon period, various

techni ques maybe enpl oyed to determ ne whether the

nunmber of beacon slots in a beacon period shoul d be

[oe64 Jeas edIn §dHiE&] toRhe abovettesharyucs foralletendﬁﬂhg:ﬁzﬁeﬁﬂelt tdiifcrease the
a two-hop network (such as cluster 8 annoynce a | ow
nypheof feacensials i Hercon P ¥ariQysdRCIIGHsY May hegployed to

%&ﬁﬁ%@t&e@tﬁ%ﬁ&b@p 8¢ ﬁé&@(‘ﬁk@oﬂ qih %@éc%ln éﬁrﬁ)ﬁ' @%M@Bg He&gased.

eacon I's to occur

LSS YR PR g 109

alhi@aﬁcd PRSEuSQY | bﬁeﬁlbm bdacalslpts, thyn delevieasiaydletdrmilain step 308
nunber of beacon slots. This nma be done by decreasin

thatederyeasein e nybes obkeagon slatsns uy. eAgan gxaspple,ovitlpreierence
to9Pabld'3 i gYeer ldk\%@% a?(h utB@ LEERATE aMauﬁ@% @)be iy thtuag%@gclon

Accordin ques require at
trai&mmeoﬂsptheﬁ cledsy de\be@mﬂi atdapmﬁyrdaﬁaasmg of t}mmfm’ﬂme af bgacon slots.
If this devic

aII ot her devices i.n the network.
erfL%‘ iwékcwaﬂ%r hegunhen ebiiots byisgdnapyent @igoﬁp’éll 12 to 9)
langf(q n k érhegygng.gtgpal its desire to decrease

f beacon period slots in its next

P -

trﬁrh;ﬁhsﬁdﬁil feaah €helud)) alih gthet ﬂd%m&d@&n Bie deewgikh If théd dhvidendtermines
t he devi c% desires_to Iégwer its beacon period size
theteysmerpé bgracadRfipd s Aeld depreases dgnatpay sigagpissipaiss to
Si .
dé?:r ée g%oqmns e‘f"gf ﬁéoa%gﬁ g?ﬁécﬁsgotgtﬁ My Hﬁg \ﬁaggérrslfttlreg %%%@oﬁ. T signaling
mbye ae onplemegtediny sstilngeqe bltt(i §, 4 requssmtdt clemge dbitsthat indicates (along

wiR b denefi REgBihi e Sepiee diured o Traite i Boitonecaed Sem <
bit in their beacons, then the old BP length is

[0 ai nedio dptsoie Whethsrtaeiraquet és anpﬁ%vefiea pelsiccened bit is also
plﬁb@@? g(l)lb&:#sfﬁ?s)él GnBERRAY Sk b ﬁaﬁ’otﬁe? v 1nQH(f Qéaﬁomng group

any devices wthin the nulti
subs¢qently trendmit beﬁaeogs withyhis kit being stththendhe h)&@eBPelelngth has been

enth evices that relayed this_bit also
achi it HOpevar TLhE g Rmorelvises S s b IBHGieRcars, then the old
BARMRisnRMntae@ss all devices within the nultihop
net wor kK approve the proposed decrease.

[0068] In embodiments, the request to change bit may be propagated (i.e.,
relayed) across multiple hops. If any devices within the multiple hops reject the bit (e.g.,
by setting the not accepted bit), then the devices that relayed this bit also reject it. As a
result, the original BP length is maintained unless all devices within the multihop network

approve the proposed decrease.

[0069] As an alternative to the above decreasing technique, a lone device uses a
predetermined number of BP slots (such as three beacon slots) for beaconing. However,
when other device(s) join the lone device’s network, then the number of beacon slots is
increased to a predetermined value (such as 24). Thus, the lone device conserves power

until other devices join its network.
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[0069] As an alternative to the above decreasing

techni que, a | one device uses a predeterm ned nunber
wofR0BRo%66t s (such as three beacon slots) for PCT/IB2005/001165

beaconi ng. However, when other device(s) join the |one

device's network, then the nunber of beacon slots is

i ncreased to a predeterm ned val ue (such as 24). Thus,
[0620] one devordmgtyriseicuemap alse deterihine adichenm detvddpestment based

wor k Acc rdin evi ce
ohBedenath 6 Iasaretroh o etreie hathedtesely. nis
détbﬁﬁﬂﬁt%)n 8¢ 8lsy € n{arde ﬁ'% Qttsp 803.dRY U6RPibbd ab IR §uch adjustments may
beaconi ng group(s). This determ nation may al so be

invatie 4 dccmas@omancmssedesﬂmmmdmbr afthpaeon dotsHonal gmlpnﬁnt S
a decreas crease in.the nu i f
oS it e TERE iR bS SR TE RS g Rl 36k as'aa.
HoRet§aB&zoAPYritE Halvifigt @ehtE¥thah MRYEATBADEOdre #ABUMhe scope of the
such as 24. However, beacon periods having greater

preRend imgnfiecon slots are wthin the scope of the
present invention. [0071] Further, in enbodi nents,
[mm kes wFttiher, i dpghacloments dgvicaqowf&himeaﬁseau@éng gg>upca1\‘vwa.3ts use the

Slb| beac n sl ots coun he st
sConeis FetpaEa for it i oot ofRtasr ageslans time
(E‘PST)mTZIﬁsSa(ivlaﬁtagéHu@I Ahidzes AR (ﬁ%ﬁ‘ﬁrbf@l% lbé%t@@)n b&sse Mereby
providing for an efficient utilization of

prouidingfor aniedigient asibuatva! commuBécations Rseurees. Fi el d
[0072] FIG 4 is a diagram show ng an exenplary BP
Iength field 400 according to an enbodi nent of the

VEres g)ven oq As described above, this field may

E08dd oA TP E such as a BPOE that is nodified
fromthe initial MBOA MAC version. As shovvn in FIG 4,
field 400 is represented by an octet (i.e., eight

[®013) . Bi FEGADRa HAZemahewingsarexehpl#y Berendh figlddBRccording
fleld | engt h. Accordingly, these blts may be used to

tor aypprelkaskimentiod thopresens inveatgne sAvdesadbel abIDWéaI thisfodd miay be
GEAAEE 1 O bp e AERIR B 0% ADRaGROA psc vesion
Abgheiseth FIG. de fieldakdo it hepraseiitbé by ah oBRt @leqtedght Witd). Bits 402a-4026

Wrel ess. Co ni catiqns Devjce [00:. scrib
AFHBFEVCA{PT B1edS A déalﬁgt% ca%ém@l&é Aﬂc’f@a bits ey %E%ed to
re:bg%ent the codes of Tables 2 and 3. Field 400 also includes a request to change bit 404
and a not accepted bit 406. As discussed above, these bits may be used to decrease the

number of BP slots.

VII.  Wireless Communications Device

[0073] As described above, wireless communications devices, such as DEVs 102,
may employ the techniques of the present invention. Accordingly, such devices may be
implemented in hardware, software, firmware, or any combination thereof. One such
implementation is shown in FIG. 5. This implementation includes a processor 510, a
memory 512, and a user interface 514. In addition, the implementation of FIG. 5 includes

a UWB transceiver 524 and an antenna 526.
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may enpl oy the techni ques of the present invention.
Accordi ngly, such devices nmay be inplenented in
woardwares software, firmmare, or any conbi nat POWIB2005/001165
thereof. One such inplenentation is shown in FIG 5.
This inpl enentation includes a processor 510, a nenory
512, and a user interface 514. In addition, the
[00p4 enent Akishowowin FIGES, HWRdtanstesvea SLMB doupled de awvtenna 526.

U%-éﬁlggg%egfgf a&%@eg égg#%ggssf &'}Qﬁ‘t aiﬁ?y the ﬂgw%ﬁg conJunUc\:/ﬁ\ls()n with
géﬁ{bsf%? Y&éxcﬁ%fgu'xﬁ‘fél&‘éwﬁ 8EANORITRe dIE &k a ﬁWﬂfeP BEVs 102.

evice (In conjunction wth antenna 526) to exchange
Awcardingls tiak\Betviey Hizd may awbide adeanspetter asd ahecaasvanl Rer the

DEVs 102. r.d nsce er.5 ncl de a
wpsmsion ouf M HeaP sl HeRTORS MY indfits Telditpiogponents (e.g.
OFWR1 SA R BhGs) AHArd? a g:u?s%tg’eﬁaiafb? oy talicH frfﬁguiseUWB

conponents (‘e.g DM nodul at ors) and/ or a pul se
trg@nasmnﬁr Foo thedefrelpapm of Y/yéB smalsmhgbcmcs may include

cﬂ@%&oﬁf@%&%ﬁv ot oRECRE B B BRI, ¢3! flers

deno tors imng cir '.tr dfllters
lﬁ%fs SHBO LI & 78y eﬁ%ﬁﬁi}é&%ﬁ@i&q EnSBERER4 o
Pfo%@s%@f':?i O/ &nirefievideQpeaaeh. PAe&BNs 1®hdy 88 thﬁl%mented with one or
operation. Processor 510 nay be i npl errent ed Wwth one
more migrepmess@p ot essark carfabie ofreseatinl seAipats iastofctions (program

executing soft i nstructions (program code) stored
C(?‘ﬁ?ﬁ\gﬁtslr TEepRory W%gg7 Menory 512 is a corrputer

G T ‘r’x‘&%?” ﬁwo"“ RSBl G ARG rindorn

a&@& ALALRRANID R 404 niefhoﬂﬂ FR(f)M) %ﬁ/oﬁ%ﬁ n?e%jory, and stores

sof twar e “conpofients (also referréd to herein as
1nlﬁqnmﬁtlea)n thErfeme ofddts ard softwarp ovmpms:nlt&n(calsu deferred to herein as

g3l dte S S parap @t ngBReeiRGs ¥ Eotistl il qan ve

BNl By Tr&de8sdr 510."WERbYs 9pes offisBftwaitSdodifoRentd BIR S stoked in

may store software conmponents that control the
m@m@naﬁl% r@ronstame@pwlmaw stmesi@ftwmmypcmmsm control the

ogsetaﬁ So?];.rt cel 61? P o/Q ntrﬁeﬂh'&? 51%85,/ s%rftv&;(amgnpoiqﬁnts that

|ona |a access CO

po@iderfot the Ifuﬁﬁﬂﬁbnﬂﬁyf)ﬁﬁ Medid A0S cbﬁablwrQMA(Sp CTm@sOﬁtﬂﬂsler may
steps described wth reference to FIG 3.

It
PerHRBY Yaaious fogtaes, sughrisithe FrepaviReciikgd widh rqfiwwetﬁtFé@ Pnltis
in%rm{o%otéﬁfaf e 'i\/?ACfrhe{}W@ﬁr?plelﬁénted in hardware, software, firmware, or

any combination thereof.

[0077] In addition, memory 512 may store software components that control the
exchange of information through user interface 514. As shown in FIG. 5, user interface
514 is also coupled to processor 510. User interface 514 facilitates the exchange of
information with a user. FIG. 5 shows that user interface 514 includes a user input
portion 516 and a user output portion 518. User input portion 516 may include one or
more devices that allow a user to input information. Examples of such devices include
keypads, touch screens, and microphones. User output portion 518 allows a user to

receive information from the wireless communications device. Thus, user output portion
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any conbi nation thereof. [0077] In addition, nmenory
512 may store software conponents that control the
wexaisanges of i nformati on through user i nterfaceChlIB003801165
shown in FIG 5, user interface 514 is also coupled to
processor 510. User interface 514 facilitates the
exchange of information with a user. FIG 5 shows that
58 srayiimdleds wrious devicesciustias aaliap%/s andhpugt omnmtei andiosp6akers.
and .er. out put. port.ion Us n ti,on 516
ERdyelint e onlie ﬁ%adgr@éﬁ pU5§ RLEDRF g, Pt cbpiays
mpl es of sugh devi ces |nclude

;
l%@%aén AhB elemsgiscbng fran I REG 11 B B apraed asserdieg topgerious
t&ﬁm{l&n Glah Ité?:‘ﬁﬁlrg‘lﬁe HRBTvek 9% e@&g'ty&sé@v&rsa@ re&sé&%mo

W rel ess comruni cati ons Thus r out put
meorory 605 b8d megr intecthest®l 4vchrdugh sndevinveshussintehfaess. dn addition, each

ofinEf S ot FUPISgIF & RoRyEIAroh e By LeeREBRp e Her

ré{ﬁdi@gleqiaagﬂyq}ﬁ@k 1RQi§In)The el enents shown in FIG 5
be coupled accordl ng to various techni ques. One

such t echni que invol ves coupling transceiver 524,
processor 510, nmenory 512, and user interface 514

Viltir oBgerostieBarconBice bus interfaces. In addition, each
of these conponents is coupled to a power source, such
as a rechargeabl e and/ or renovabl e battery pack (not

EPRE) - | b PR e TRRET RO BPAR et shotifes o

fikéd€ige Béag6n p&mﬁhvﬁﬁgs BAD élh&tsr(ﬂe 82A/B§ac§h @Io‘és)( Alé%) thedftea of
beacon slots). Also, the ea of |eavi ng | asf

legwise de laptdreagan ot (i.¢. h@eﬁdh‘§lq§} freq hasdema lsmsged The purpose of
th% 1%1%5’ ﬁsstg %11 \E{E)%sﬁll)‘lre %8(21?108;1 dtew[cés {oda%%ouﬁc'ce tﬁeh gsltzlib?%ment of new

|'é a nal evices 1o announce

b@&bﬂbém@ﬂﬂﬁnhu@ﬁgmﬂwwba&QQﬂl edehase) occurring
el sewhere in the superfrane. [0080] Enbodi nents of the

[COSEENt | RYARHInRMiPOIRe pRSEH: Vi cAtibe AI86 Resehveta UeAcdh slot in a
particul ar beacon period. However, instead of just

partigdpvbasgon heriass (v evehipsieadsr juinvsdeiog themstabBetynent pénew

of. LS i nvent ion
e B P RS R Bhadth AT RO SR R TR 8% Moty oe
reb@aed for ReminfithiGitioss ﬂa@hﬂdﬁtgﬂiﬁﬁt:@l pAlBGizd 4l wanedtasAlse) fohcontrast

t he above i dea, enbodi nents of the present invention
with thepgbove idsay embodiments of theqresent invention do not reserve the last beacon

slot for such communications. Instead, in embodiments of the present invention, other

beacon slots (such as a beacon slot in the first MAS) may be reserved.

[0081] Reserving the last slot for such communications may be disadvantageous
when flexible beacon periods are employed. This is because the location of last beacon
slot in the corresponding superframe will not remain constant. Accordingly, problems
may arise by reserving the last slot. For example, if one device uses a beacon period
differing in length from beacon periods employed by other devices, these devices may not

be able to coordinate communications involving beacon period size adjustments.

[0082] Reserving a beacon slot during the first MAS slot of a beacon period

avoids this problem because the first MAS (and its internal beacon slots) will always exist
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slot for such comuni cations. Instead, in enbodi nents
of the present invention, other beacon slots (such as
wa bsaonwessl ot in the first MAS) may be reser vedT/iB2005/001165
[0081] Reserving the last slot for such conmunications
may be di sadvant ageous when fl exi bl e beacon peri ods
are enployed. This is because the | ocation of | ast
inthacamespbading bedcoa perod.espandingly, suhaefereatondalvanilously free

r in constant. Accordingly, problens y arise by
ne %%@rﬁwe%%o g thegeme %P@F“Pgﬁ‘é‘ﬁ@-devi ce
uses a beacon period differing in [ength from beacon

n
[F3lods eAplescaifedgbaiehthe inidiol MBOA M&ggé’eﬂ%% gesifieapeacon

. . ab . | _nat e-.C ni i ons J nyol vi n
b B ARl SR e SR AL P Sty B e prsent
inpe@iaNmil @bnehyrihfigmhhien fudicdtinde intHer 6f ugdtRacNklots. An
peri od_avoi ds_this problem because the first MAS (and
cxaple ot Bich ap [Bévt BIRdEied O 11 agdifigndo efprmationiehaments, the
inftfll W@Qx"ﬂ'}\@vﬁﬁgﬁ ggeo?ﬁés'tﬁfgt b ‘g&ﬁ%ﬂ{a&geh%/d 1n§fﬁ?E information called
reservations advantageously Ftee nodes Tromthe
beaeoning gromptpacimetasnin érhbodimests o€ deqsreseat inventicr) tHdbeaconing
0083] As descri he ave, the initial MBOA MAC .
P BigmelpReh e gut ROl Madraersipanagbs meditisitp dslude
in%rﬁﬁﬁ@ﬁ?eg(afﬂ%B%Bnggﬁ&@feﬂgtﬂg to enbodi nents of the
y conve

present ihvention, y information indicating
nunbe / Sh. f _such an
[4RIC 2 AR HEBEERT B0 8K A FHATELEachl pBHT o Bimeters
608l ewerding totaheniboidirhalt olBebradda: meemionn Boecdsf sueb at DEVs 102
beacon frames al so i nclude .information call ed

MR FEFIABEPEIFE ik aiethora. in Gebpmmes $0gmastaclude a MAC
adRL &S ERld 602V EEAD fidiR %o@,%emmeg ﬁ%}@%@amh&&ﬁeﬁf MASs
QA A e nodifred to

the initial M3 C ver’si on may
fi¢ld 6D8.dEicldsfadR ndd4, and Heq aredpegfibeby the ipitial MBOAMAL. version.

0084] . A di ngl y,,.. Fl Ais di agr am of . nodi.fi ed i
HRRRNSH P00 Fapliianal ted sesesied P ni caHpe nfortnaton relating
toQ@RORhPE Y MAS Mes RIBS BEHcoh P¥SSY 4.0 byldBY ’cr&%%;ittﬁl!é%vﬁ:%.

DEVs 102 may transmt paraneters 600" As shown i'n FIG

ara f j i
(83T B PG TN POl M ROdERSs il P
tramgmiited thé ilSsationell anG0.8 As Bheld in BIUR 66 @k]ld 60dis @0t actets in
specifj t ini.ti OA MAC. ver.si.on. However,
1epRES P o G o Shrd Sreat it be Bpveninabiranemited the
infRARHGH SRMeRY THIE AEINBE WADo&ek 8 18! B16NRmBETRARId U6 identifies
MAS slots in the beacon period used by the

the beavonistot phthedesdaneng group in which the beaconing frame is transmitted. This

field is one octet in length.

[0086] Field 608 identifies the beacon period length (i.e., the number of MAS
slots) of the beacon period used by the transmitting device. This field may be one octet in
length. An exemplary format of field 608 is shown in FIG. 6B. In this format, a three-bit
subfield 610 is used to indicate the number of MASs employed by the transmitting device
and may be encoded in various ways. Adjacent to subfield 610 is a five-bit subfield 612,
which is reserved for various uses. Accordingly, subfield 612 may be used to convey

information, such as change request and not accepted bits, as described above.
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[0085] MAC address field 602 identifies the MAC
address of the device that transmtted the information
welermantics As shown in FIG 6A, field 602 is ei gar/iB2005/001165
octets in length. DEVID field 604 provides the device
I D of the device that transmtted the information
element. This field is two octets in length. Slot
[0@8Der fi Asdedibed deome, fspests ol thelrressohingbmtionobsdriea beacon slot

b i he b
(o BrePR Bl PRe 0 MRS S R AC a0 ol BifEna oot
uﬁm%édloﬁoémsqgmefdl s@& th43EproORIC Qi D&Y fe¥lrdse FgF Bxdnhp 1@ 1f a device is

he nunmber of MAS slots) of the beacon period use
umabée tor Eneksvacentibsgcatieatcis camrhrarsnit @ demand/duringshe rezscltved slot for

in | t An f t of

apfleseipedoaldh SHPTD AitaithORacthagtif fndfh A e Jhg fserved
béaot BB alsd Be Ql@écﬁtotra?dwﬂiﬁﬁfn afibn Mhse deViREPHRICLRY suP& frame
transmtting device and may be encoded in various

copfiggratingjreleled putngsesy dnicaibgdauants of the pregentiinvensignfsueh d
oS0 B Gl YO U85e A A3ona beacon

péasodohiliig ehe @@Hﬁ@&neﬁﬁd)th@hnﬁﬁﬁﬁﬁﬁlﬂﬂa@ff&ts tBs cateat bk bedequent
above. [ 0087] As descri bed above, aspects of the
SUype S-invention reserve a beacon slot (e.g., a

beacon slot in the first MAS of the beacon perl od) for
[&03F] ng n&fithotukh ifponation; & devithingy degersedbe smroberméMASs ina

bgacg%lpg %{ou r III? élbogl% g{ e§UChF(%cre(FloetsnPe }?érforme Wgﬁ\é alg

vacan eacon can

cdﬁlﬁt&ﬁfds)did&ﬂlrn g\ﬂ heniphsef suel asbaditibals wWeat @&évmd‘oﬂlfbmelghbonng
beacon group_to_increase the beacon period | ength
dw%eé (sqep fpmy BB@JEBWB Sgtisselypd anyrRsAconsEsEI ring the hlghest

s LR L e Tl
pedesamned nmabxtrlrmy besaugystann panmeter haviagalndmiensichde, f o r

e le, infgrmation relating to initiating a second
IB@%%EH“BEW"BH ‘wWithin the superfrane or other

i nformation that affects the current or subsequent
[0Q}Y f r andsadditpmdgs thaghorye Septwres. dewichBinpD Also ysejhgiressrved beacon

SIPP%GCE%?%E ?chﬁ"in %e %hé}{pd%‘?la% b, & d@f@g %éf%\,\}%g‘r Ad¥pecify an

Creases

adpgnitainombendai NMASk f&)a mbeacoﬂng@mamol e of such a
condition is when a device or its neighboring devices

[deEEn fr opicRPDakd 8hsy @iaf@inssB6Ringale 850 BRERNE beacon slot to
transmtted during the highest

adjust the number of slots in a beacon period according to an embodiment of the present

invention. These diagrams indicate MAS slots, in which vacant slots are indicated by

shading. FIG. 7 is a diagram showing a reserved beacon slot being used to increase the

number of beacon slots in a beaconing period. In particular, FIG. 7 shows a beacon

period 702a having six beacon slots 704; - 704s.

[0091] Beacon slot 704, is reserved for communications involving beacon period
adjustments. Accordingly, during slot 7044, a device transmits a new MAS request 706.
In response to this request, a following beacon period 702b in the next superframe
includes nine beacon slots 704, — 7049. Of these, slots 704g and 704 are vacant.
However, slot 704, in beacon period 702b is reserved by the new device that transmitted

new MAS request 706.
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MAS of the beacon period for a predeterm ned nunber of
superfranes. This predeterm ned nunber may be a system
woan@netes havi ng a name, such as "mVaxLost BeaomgB2005/001165
[0089] In addition to the above features, devices may
al so use the reserved beacon slot to create new
beaconi ng groups. Wen doing so, a device nmay sel ect
[E0BR Jspeci fnyeraboditients af thenuedeat ingéntiaSslofsarthea tievelot 704, may be

beaconi n roup.. [0090] .FI.Gs. 7 an are di agrans
reSsd 195 COREE tighs Pl VoL REEAURH _ﬁeﬁ Fepple, slots
764}%’79@%@9@re%é&&&fdrﬂh@tpﬁ gReON period according to an

nbodi ment” of the present invention. These di agrams

cate t Y I
OEHES: M5 540 AU RSN 0L RBES ot ocon st o
suceaaefv\t%aqumﬁndel Intpaftéoulg, EKEGR sthows Abeeaming egiod 80Re having
of beacon ots in a bezconl ns%ﬁggrl od, In particul ar,

nipp beaconing s 804eatn P4 these O4rav Mg a%§ Yachdadisiotdingly, a
fo?llg%ﬁg H&8n gerYQQl%Q)Zb i@ Mex?ﬁﬁ%ﬁ?arﬁé Ris &%%x'b@aéo%%%té’ 864, —

conmuni tat 1 ons i nvol vi ng "beacon
8] U‘htm«hmmonmaymodum@tqughotomrmgnedtmn(ﬂ Gdhsnaitteld dindme beacon slot
8¢£ansm'ts a new MAS request 706. In response to this
quest a follow ng beacon period 702b in the next
rframe i hcl udes ni ne beacon sl ots_ 704i

s| 0f shompue iy S7bregom slets aidaAnd 8%\195%%00%4659«1 802b are

7
B Re T ST
Hewbwxt] memmge of the hembeestduviden vsahineoes,samllyaé@nmﬂ Hfer a tlmnge in the
sl ot 0%8 be reserved for communi cations
YRS 1) PRFOBELEDI 9561 od adj ust ments. For exanpl e,
slots 7042 or 7043 may be reserved fqor thjs _purpose.

WHd3]) FI &8 describedhabpvggiessrvagafisdgonslaidathatst MAS pea
S USREEpl PRSIl M ERSERAR RERR TR At

Abardinglyn Fi@ %Bacd‘iﬂg'ralg of hokeseBpldiy add@4tk topblophasehich different
sl.ots 8046-8049 e vacant cordingly foll gw ng

deydege Z?Pdﬁé)r‘? OB LIS DPELery %‘iPﬁéT‘?‘ a(#ﬁl&gonoﬁwoeqlﬂgy

111*&9@&9@%% PBebeacBAWMéis a@%&r@&ﬁ%?%'d@ﬁc%he&ﬁﬁ&gs and the

hrough communi cation(s) transmtted during Beacon
nsg}ch:ors%mlghbors

[0096] Various operations may employ the reserved beacon slot that is provided
in embodiments of the present invention. For instance, the operation of FIG. 3 may be
performed in such embodiments. However, in such performances, steps 310 and 312
involve generating and transmitting a message in the reserved beacon slot. This message
may direct an increase or a decrease in the number of beacon slots (e.g., the number of

MASs) allocated to the corresponding beacon group.

[0097] Accordingly, a device (such as the device of FIG. 5) may receive a
plurality of beacon messages across a wireless transmission medium; determine a number
of beacon slots for a group of one or more devices based on the received beacon
messages; and send a message to allocate the determined number of beacon slots to the
group. This message is sent during a reserved beacon slot in a first Media Access Slot

(MAS) occurring in the beginning of a beacon period. Further, this message may direct
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[0094] As shown in FIG 8, beacon slots 8045 and 8046
of beacon period 802b are vacant. Accordingly, the
wauni3an7ies devi ces occupyi ng the beacon peri odPO@agB2005/001165
changed. However, a change in the nunber of devices
isn'"t necessarily required for a change in the nunber
of beacon slots to occur. [0095] As described above,
an Bserane op dednesae tmthemombenof heacdi slets. WS deferrmined number of

beacani ng period.allows different devices t e
bghors AP iTey B Ba i FrRlr g HEMeat Ytk (5 e hog network)

is a diagram of an exenplary network topol ogy in which

di fferent devices (nodes) enploy different nunbers of
eaceg,ghgbs. |'n addition, the topology illustrates

that particul ar beacon slots are reserved for a

devi ce's nei ghbors and the nei ghbors' nei ghbors.

0096] Various operations may enploy the reserved
[ lon s| Yéhilehariopsembaediingsats of thegproesuf invantsondiave heen described

08 L on, ' h i f FILG
o8 Hhoun L UE PAdRlod o 2R b Sep mee BT g sl Sxpol only,
a6l i Bt smNAesordidbBP & Willbeapdarddoipemdhy Skilled in the relevant

m%enerating and transmtting a nessage in the reserved
et variags ghanges i formsag glst dhe thereinwithons depsrting from

' t . h . .
R TN T —
sttt bt Acagroditigdtyye-dlesteibed exébplaty asbddi@ents, but should

device of FIG 5) may receive a plurality of beacon
b«?@%fglgg @gIYazeraeg%rd%mm Wigh @géolécrvalﬁg (Hades apd ﬁ@aieamvalents.
determ ne_a nunber of beacon slots for a group of one
[H9%Hor e dBei inetgnipathedaldps edidainedlrdiadropysied ae sxmades. Thus,
0 o - rmened nunper .
oBPP IR TR TERSARS, s LbaSR! S4B B TR B S cion
Athoy ihe @rexeritcif edntior nigea0ssibdd inrcotmminii&dtiolve Sorte: A€ 6@86than ones
Sl ot N%Sbﬁ?ccurring in the beginning of a beacon
based ppéhe MBAMMAC: hi's nessage may directan increase or
a decrease in the nunber of beacon slots. The
det ermi ned nunber of beacon slots may be based on the
nunber of devices in the network (the ad hoc networKk).
| X. Conclusion [0098] Wile various enbodi nents of the
present invention have been described above, it should
be understood that they have been presented by way of
exanpl e only,
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and not in limtation. Accordingly, it will be

apparent to persons skilled in the relevant art that
woanisansieshanges in formand detail can be nadecrheroeson1i6s

wi t hout departing fromthe spirit and scope of the

i nvention. Thus, the breadth and scope of the present

i nvention should not be imted by any of the

Wahavds ddsxiMEiRdSexenpl ary enbodi nents, but shoul d be
defined only in accordance with the follow ng clains
and éreir equi val.ents. [0099] For instance, the tables
cont 2 NEECHETBPISEL:e provi ded as exanpl es. Thus, ot her
t abl ' : : i1, b
S aop e Sy s b g pifrns of

supe dsoeachmy thessupendtanyes dnélnding anleait oat beavsn perivdxt s
ot her,than ones based on the MB C. T 1S CLAIMVED |
s ARy R BT R s ek g e Oyt SdBe TXt Media
AGORTBI QANIS) BcirfiRk 85 GleYbepinig dﬁﬂ@&tleﬁeowfﬁéa%ﬁ?erﬁi‘d, said at
superframes, each of the superfranmes including a
leps 98¢ bearen sloa éurroperumseatingtinfosinaticraiethtipk do i superffame
Co%ggsﬁdﬁrgserve at | east one beacon slot in a first
ra Access Sl ot (MAS) occurring in the begi nning of

the at | east one beacon period, said at |east one
beacon sl ot for communicating information relating to

2.t he Shprupternpdeclaiaht wWesrainithnat loast gpebengen slat isfresareadrfor
. ' | ot .] d
s HHELE oo AASL 5 ARG B A

beaconing in the superfranes. 3. The systemof claim
1, erein the at {e st .one beacon slot is reserved
3for THcPEEE tliimel.nrhsen the atdeast one teagenslphisgpsrved for
ingiRGAE IR Mifbef of g&%oﬁﬂ%%s@ﬁ‘tﬁsu@k@h?ﬂe&: _Wherein the at
| east one beacon slot 1s reserve or increasing the
nunber of beacon slots in the at | east one beacon
perind. 5 The.systemof. claim1l erein the at |east
4one easé’Btr?H%(ir’}gctlalh{’r A ?tg%as_ﬁ‘é‘&er_ Phot K &esstpader
in@xfeaiiﬁ?th@%ﬁ]b@f bOERESH sTbRin BRAR WHsNEhd BrabfEperiod.
superfranes. 6. The systemof claim1l, wherein the at
| east one beacon slot is reserved for decreasing the

5.nu nbﬁ{e s?rfstegqeo%cc?ﬂmsi ,%hseréirnl t}tlehzﬁ 1834 (%ef beatot slot is reserved for

decreasing the number of the MASs allocated for beaconing in the superframes.

1

6. The system of claim 1, wherein the at least one beacon slot is reserved for

decreasing the number of beacon slots in the superframes.

7. The system of claim 1, wherein the at least one beacon slot is reserved for

decreasing the number of beacon slots in the at least one beacon period.

8. The system of claim 1, wherein the plurality of nodes communicate using wireless
ultra wideband (UWB) signals.
9. The system of claim 1, wherein the beacon slot is for dynamically adjusting the

number of beacon slots in the superframes based on the quantity of the plurality of nodes.
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7. The systemof claim1, wherein the at |east one

beacon slot is reserved for decreasing the nunber of
woeasan7ssots in the at | east one beacon peri o#CT@B20051€01165

systemof claim1l, wherein the plurality of nodes

comuni cate using wireless ultra w deband (UWB)

signals. 9. The systemof claim1l, wherein the beacon

slot is for dynam cally adjusting the nunber of beacon

lots. in the erfra . b d on the ntit. f fhe,
1§ or 3he Pirtelt of R 11 GReinae percdm it Fioh AmamibelRabysing the
niiBeTARARS §ﬂl&§atéid|3fof BEacHi2Hh aRl Mem_g?bh%%ﬁ é)'hhcﬁe quantity of the

nunber of MASs all ocated for beaconing in
pkugldy bf nodss. based on the quantity of the plurality of
nodes. 11. The systemof claim1l, wherein the
plurality of nodes forman ad-hoc network. 12. A
1M I elTRE Syt BT Bl ll | WAsreHEMNE GRirala BP hbddsTorm 8n hERSE ¥8Kvork.
configured to receive a plurality of beacon nessages
across a wireless transm ssion nmedium a controller
12001 WY 88 B SHALIRAE 08,04 TG Peacon sl ots for a
group of “one or nore devices base h the received
beac o feceBes e@fpurdde roseditda placdlivg bﬂ@ea‘c&@nﬁéﬁsfa?ésﬁ&?oss a wireless
comuni cations device; and a transmtter configured to
trapsgsoy@sdivEb ed message to al l ocate the deternined
nunb S - he ; [ :
gencs soeptE BETA b kil AR HIRE LRE 3 group of one
osinote dewicas based ton Meclteacified b obhodssdgh e groap induating the wireless
t he begi, nni ng. of beacon period. 13. The wreless
CEBRHEY t&‘%{’csidg%@eb@é’@i ce of claim12, wherein the

genep 3hedniBSSAGRuRRGE sEAES %ﬁﬁre{t&fht%%%g% {oalodste T BRErmined

of beacon slots currently assigned e group. 14.
ndihkerwif bedws slatotothaigoaip; ons devi ce of claim 12,

the Hhfebl B REREAE S TGRIEE: TBTH | S8R hdBoh STt o
MBRURccedPSIof IMAR) beh @SSz FOREBBLIAAIL QRS befbhGRried. Cl ai m

12, wherein the receiver is configured to receive
ultra wi deband (UMB) signals, and the transmitter is

150 nf Jl"ﬂé‘l %?rglegs() cgnql%ﬂﬁi%tgong\ﬁ%vﬁzie 9F glla'fc’m 12, wherein the generated message

- specifies an increase in the number of beacon slots currently assigned to the group.

14.  The wireless communications device of claim 12, wherein the generated message

specifies an decrease in the number of beacon slots currently assigned to the group.

15. The wireless communications device of claim 12, wherein the receiver is
configured to receive ultra wideband (UWB) signals, and the transmitter is configured to
transmit UWB signals.

16. A method, comprising:

(a) receiving a plurality of beacon messages across a wireless transmission
medium,

(b) determining a number of beacon slots for a group of one or more devices

based on the received beacon messages; and
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16. A nmethod, conprising: (a) receiving a plurality of

beacon nessages across a wireless transm ssion nmedi um
wohyosdetes mi ni ng a nunber of beacon slots for BCEABUPS/001165

of one or nore devices based on the received beacon

nmessages; and(c) sending a nessage to allocate the

det erm ned nunber of beacon slots to the group,

wher &) rsehtiimgrmaassagge tb allsedit tlrd:tﬂetangﬁmadrmﬂrev efibdaeat slots to the

SRHB. WP IR GEOTES T eab G R oo ed Beachn gopth b Media Access
Skt @A@S}%ccﬂiﬂﬁé &l thetblin ADeaRRGHd18S an increase in

the number of “beacon sl of’s currently assigned to the
group. 18. The nethod of claim 16, wherein the nessage

pecifies, a e nunber of .pbeacon sl ots

VEEr T Dbt P0G 5o MRS PG gl =AES sDiei S peease in the number
ofeR8sRSTbRIAL Ry SRIHAEA & hE gloupnPut er useabl e medi um

having | ogic recorded thereon for enabling a processor

in a wreless connunlcatlons devi ce, the Ioglc

onp pr-0Qk e for receivin urality.
1§ caoohS Rliod S SREB Tho8hGel e ST siitirDu sfraimeinhy momber
oﬂ]je@gdrﬁsib@@dﬁeﬁtgrasg@leammblggo@ nunber of beacon slots
for a group of one or nore devices based on the

recei ved beacon nessages, the group including the

9 ARG A02 S91ho FRS BB e

logierberrded theaador Glablisg & prdchgogincaiwireless communications device, the

logic comprising:

program code for receiving a plurality of beacon messages across a wireless
transmission medium,

program code for determining a number of beacon slots for a group of one or
more devices based on the received beacon messages, the group including the wireless
communications device; and

program code for generating a beacon message to allocate the determined number

of beacon slots to the group.
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