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More particularly, the present invention relates to

techni ques that enhance network join operations in
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tele [ i tworks, and the Internet. [0003
nghéﬁ%ﬁelm&ig | ayer (PHY) standard is current%y
bei ng selected for EEEE 802. 15.3a. The existing | EEE
802.15. 3 nedi a access _control layer (MAC) is supposed
[0081be usélaleavgewfclﬁvggloaé@%eﬁlt%www ¢HRIERIcHIANS g
R e
P S IR B B TRL TR el 6
opappbhCiatdiatibntd aretilagosalcofitradqmeanoy edvivorsnants.
mul tiplexing (OFDM . The other candidate is based on
Mary Binary offset Keying. The OFDM proposal is
call ed Mul ti band OFDM B%BO . Moreover, in order to
BAGKGRO UMY &)1H PHEEN E thposal outsi de of the I EEE,
a new al liance has been forned called the MiltiBand
OFDM Al I'i ance (MBQOA). [0004] MBO utilizes OFDM
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have a communications range of one hundred meters or less. To provide communications

ot

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.

[0003] A high rate physical layer (PHY) standard is currently being selected for
IEEE 802.15.3a. The existing IEEE 802.15.3 media access control layer (MAC) is
supposed to be used as much as possible with the selected PHY. Currently, there are two
remaining PHY candidates. One of these candidates is based on frequency hopping
application of orthogonal frequency division multiplexing (OFDM). The other candidate
is based on M-ary Binary offset Keying. The OFDM proposal is called Multiband
OFDM (MBO). Moreover, in order to further develop the OFDM proposal outside of the
. IEEE, a new alliance has been formed called the MultiBand OFDM Alliance (MBOA).

[0004] MBO utilizes OFDM modulation and frequency hopping. MBO frequency
hopping may involve the transmission of each of the OFDM symbols at various

frequencies according to pre-defined codes, such as Time Frequency Codes (TFCs).
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hoppi ng may invol ve the transm ssion of each of the

OFDM synbol s at various frequencies according to
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beaconi ng group is assigned a portion of bandwi dth to
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MAC to operate according to a distributed control
caelppevdeciequires antillobatediporitiph ef thewaveidabls ermaunnaimiaadwidth to
trarngr% t Pa%eg.i . teicgrsrént MBOA MAC proposal provides for the allocation of
resources to be performed through communications referred to as beacons. Beacons are
transmissions that devices use to convey non-payload information. Each device in a

beaconing group is assigned a portion of bandwidth to transmit beacons.

[0008] Such transmissions allow the MBOA MAC to operate according to a
distributed control approach, in which multiple devices share MAC layer responsibilities.
Accordingly, the current MBOA MAC Specification (version 0.95, April 11, 2005)
provides various channel access mechanisms that allow devices to allocate portions of the
transmission medium for communications traffic. These mechanisms include a protocol
called the distributed reservation protocol (DRP), and a protocol called prioritized

contention access (PCA).

[0009] This distributed control approach allows for devices a certain degree of

autonomy in joining MBOA networks. While this may be efficient in certain



Accordingly, the current MBOA MAC Specification

(version 0.95, April 11, 2005) provides various
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all ocate portions of the transm ssion nediumfor

communi cations traffic. These nechani sns include a

prot ocol called the di st ri buted reservation protocol
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fuwlona ly sumlar, and/or structurally similar elements. The drawing in which an
element first appears is indicated by the leftmost digit(s) in the reference number. The
present invention will be described with reference to the accompanying drawings,

wherein:

[0013] FIG. 1 is a diagram of an exemplary operational environment in which the

principles of the present invention may be employed;
[0014] FIG. 2 is a diagram showing an exemplary MBOA superframe format,

[0015] FIG. 3 is a diagram of a beacon period occupancy information element

according to an embodiment of the present invention;

[0016] FIG. 4 is a flowchart of a typical beacon acquisition process according to

embodiments of the present invention;



[0013] FIG 1 is a diagramof an exenplary operationa
environnent in which the principles of the present
w0 pooentisem may be enpl oyed; [0014] FIG 2 is arpdi/mpoen0092s
showi ng an exenpl ary MBOA superfrane format; [0015]
FIG 3 is a diagramof a beacon period occupancy
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1. PrirgepliRfaldinvilb@nRh€sent invention may be enpl oyed.
" This ‘envi ronment includes multiple beaconing groups

101, each having a plurality of devices 102
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each having a plurality of devices 102. For instance, FIG. 1 shows a beaconing group

101a, which includes member devices (DEVs) 102a-e. FIG. 1 also shows a beaconing
group 101b, which includes DEVs 102f, 102g, 102h, and 102k (device 102k is operating

in a hibernating mode).

[0022] In beaconing group 101a, each of DEVs 102a-d may communicate with
DEV 102e across a corresponding link 120. For instance, FIG 1 shows DEV 102a
communicating with DEV 102e across a link 120a. In addition, in beaconing grbup 101a,
each of devices 102a-e may communicate with each other directly. For instance, FIG. 1

shows DEVs 102c¢ and 102d communicating via a direct link 122a.

[0023] In beaconing group 101b, each of DEVs 102f and 102g may communicate
with DEV 102h across a corresponding link 120. For instance, DEV 102f communicates
with DEV 102h across a link 120f, while DEV 102g communicates with DEV 102h
across a link 120g. DEVs 102f and 102g in beaconing group 101b may also



DEV 102e across a corresponding |ink 120. For
i nstance, FIG 1 shows DEV 102a communi cating with DEV
wa e/ 1ae®ss a | ink 120a. In addition, in beacPel/mBR006/000925
group 10l1a, each of devices 102a-e may conmuni cate
with each other directly. For instance, FIG 1 shows
DEVs 102c and 102d conmunicating via a direct |ink
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[Opmm at aﬁpﬁirsyf&gq? e Qé% gl":?"]’(gﬁﬁ %g%r?%.rp%ggd %84% Snd a data transfer

period 206. Beacon periods 204 convey transmissions from each of the active devices in
the beaconing group. As shown in FIG. 2, beacon period 204a has an announced length
208, which is less than or equal to a maximum beacon period length 210 (also referred to

as mMaxBPLength 210).

[0028] Multiple beacon slots 212 exist during beacon period. During these slots,
devices may transmit their respective beacons. Accordingly, each of these slots may
correspond to a particular device in the beaconing group. For instance, FIG. 2 shows a
device 7 transmitting in slot 2125, a device 3 in slot 2124, a device 2 in slot 212¢, a device

5 in slot 2124, a device 8 in slot 212g, and a device 6 in slot 212,

[0029] The first two beacon slots (i.e., slots 2121 and 212,) are referred to as

signaling slots. These slots are used, for example, to indicate changes in beacon period
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[0027] Each superfrane 202 includes a beacon period

204 and a data transfer period 206. Beacon periods 204
W@ oiveaY1826 ansm ssi ons from each of the active PEWIB066/000925

in the beaconing group. As shown in FIG 2, beacon

peri od 204a has an announced | ength 208, which is |ess

than or equal to a maxi num beacon period | ength 210
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e
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corBYfi¥ate Hﬁg according to, for example, frequency hopping techniques that employ

OFDM and/or TFCs. For instance, data transfer periods 206 may support data
communications across links 120 and 122. In addition, devices (e.g., DEVs 102a-e) may
use data transfer periods 206 to transmit control information, such as request messages to
other devices. To facilitate the transmission of traffic, each DEV may be assigned a
particular time slot within each data transfer period 206. In the context of the MBOA

MAC specification, these time slots are referred to as media access slots (MASs).

[0033] A MAS is a period of time within a data transfer period 206 in which two
or more devices are protected from contention access by devices acknowledging the
reservation. MASs may be allocated by a distributed protocol, such as the distributed
reservation protocol (DRP). Alternatively, resources may be allocated by the prioritized
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| ength of the beacon period in the nunber of beacon
slots fromthe transmtting device's perspective.
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SLOT ACQUISITION [0034] FIG 4 is a flowhart
Se@ﬂﬁéﬁlﬂﬁ@ﬂ%ﬁlonal sequence according to enbodi nents of
the present invention. This sequence involves the
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Ice SC eacons OVG a pre ter
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i ndi cated by t 404,
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[0037]  Asshownin FIG. 4, a step 412 is performed in which the device
determines whether a collision occurred in the transmission of its beacon. If so, then a
step 414 is performed in which the device randomly chooses a different beacon slot for its
subsequent beacon transmissions. This different beacon slot is located after the highest
numbered unavailable beacon slot observed in step 402. Upon completion of steps 412

and/or 414, operation returns to step 408 for the continued transmission of beacons.

[0038] As described above, operation proceeds to step 405 if the device does not
receive any beacon transmissions in step 402. In step 405, the device creates a new

beacon period and sends a beacon in the first beacon slot that follows the signaling slots.
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beacon slot if a collision occurs. However, a_device

Havegyen ot thig neaysDB¥ GareDEY dedet Kiqp Whsiheb FollisigR occurred or
whseumcea tﬂaegggé\lléets%l X’ fQ ?eda%tréée%ttﬁﬁa%ga gﬁ”ﬁ'aﬁé{ﬁlsglg n e?fyrtunately,

ice c verage areas 0 not conp
thie ¢eifitetfon fiede mby 63nt51ules Iahighalgmand sxftuaamnemnb/llm many
scenari o jn which tmo devi ces caqnt.end LC
depieaTHRIALSE O IHN & PERORIS O VTHE %gla¥1alaﬁ00& Gigde CE“ESEQPOH
boﬁb DgY B, DEV C, and DEV D) and five beacon slots
'ots 502i, 5022, 5023, 5024, and 5025) . FIG

[0042] In events where either or both of DEV A and DEV B is able to detect some
transmission in the available beacon slot, the device(s) may announce on their subsequent
BPOIE’s that the slot is reserved, by using a dedicated broadcast ID (also referred to as
BsctAddr). In such circumstances, the announcing device reserves one or more beacon
slots as available beacon slots after the beacon slot reserved for the broadcast ID.
However, it should be noted that in order to optimize the communication throughput and
energy consumption of the devices within a beacon group, it is desirable to keep the
number of available beacon slots small generally. Therefore, DEV C and DEV D will
again have to make the same competition for the one or more available beacon slots. This

once more presents a possibility that their subsequent beacon transmissions will collide.



5 shows that, in this scenario, DEV A occupi es beacon

sl ot 5023, nd DEV B occupi es beacon slot 5024. Sl ot
woeORd/112@l so t he hi ghest nunbered beacon sl ot P€TYER2006000925

unavai l abl e. Thus, devices attenpting to acquire a

beacon slot will select slot 502 . [0041] Accordingly,

DEV C and DEV D attenpt to acquire beacon slot 5025

ng t

(0831 10; o119, FRp R Rsh bRl e PRFS Rl ar AR o
mechatidrh forrteint!eg aldE¥sdlvingrbeDitu sBtwohtenthen. ailiGe 6t1©a diagram of an

recei ve these beacon tra SSi 0 Al th
eXQpIgTy SSERALES AGOPTIIEO 4519 rﬁog}fa% SuftieareR! ﬁ?gtﬁ@ﬂﬁ dn gfw
scddimdo & %‘19 Eor@eﬁtfbnt &Ze‘é‘éﬁbe@%}lzl%féwﬁderlg Fihes ﬁ%l-i‘gﬁﬁ\%éle 'Hor instance,

superframe. However, at th poi nt DEV C and DEV D do
eithator bntvo MPIBY IﬁféandaDENI D mymssmtlnm eeplbsionhes ¢rsprredalier a

psdElengiiee Sl o SeoR el (ind MEhedTRaErOE.
Acebidisll i, AthERY: oRmbf DEY. C bild DEEhDdﬁa’SBdéﬂecs {d. &l pghk @3B a random

i nvol ving many devices attenpting to join a beaconing
plcgqesﬁ)@ besensiplalitharas gisaisr twniskpt é%atF@r é@ﬁtﬂéﬁt%ﬁ C selects™a slot

t | 04 ts wh th bot h of
50%@9 andkéﬁﬁk% ﬁé&égpéergnd:tecfrgoﬁ; t?gnga1sg}onoin
[ Oh 223 ﬁ\é Ialr llg kég@gb 5ag %é%eﬁ detvﬂ'teeﬁ g yciu%@ (rasr?donagele%ﬂgwgn%mit their

beﬁé‘b%@ OYiR8 si ghmmgssm@ 5@29@@ 38t e dThiy 9@deatDED A @ﬂl(‘SDEV B that the
referred to as Bsct Addr I n such circunstances,

beagnnaghies &ﬁglg&erécrpwér nghese sleviget Bneeraloslest %l?élgééhﬂg
Il.a
squﬁll t erteﬁg L glg%ggc aag {1’?’6 n%pggeﬂ béJES??Bﬁg Qllgo %éﬁh% gltqixg A d[he
cutrBntQVIBEYA MAO ppddifiicagioh hequdresthanthe iR ngthirecugh pxlbn@uld)y a
e et B a2 g en o
att%ﬁ%?ﬁqa 52055 (Eﬁl Hllcgﬁl!%@ﬁs%H)XS atbeEEinO GendREY sfetand DEV
D agal n hav

e to make the sane conpetition for the
or |
0833127, 28 B GARIAGERERY hhu, 10, RAEE G Srtion
not haigtlaﬁbna sAomdmgM 1tcshb1h1ddi>e npd4B4t aiﬁmrd:mg te gaouseokbodiments
robl emati c events, resen i nventio i d )
s G ST Rl P s RACPB S5 o 5 R g gcoreing o an

alEARLSOE BBt h@the@e hy Ao AU QLo RN oRXE BRY BfK. In any case, the
scenario according to an embodi ment of the present

préeseweinyéergion frovitles means for reducing beacon slot acquisition time whenever

there are two or more colliding beacon transmissions on available beacon slots.

[0046] Consistent with the above technique, FIG. 7 is a flowchart of an
operational sequence of a device involving the acquisition of a beacon slot. This
sequence is similar to the sequence of FIG. 4. However, in FIG. 7, steps 412 and 414

have been replaced by a contention management process 700.

[0047] As shown in FIG. 7, contention management process includes a step 702.
In this step, the device determines whether any neighboring devices have announced the
presence of the device. Such announcements may be in the form of BPOIEs indicating

the device’s use of a particular beacon slot.



scenario, the contention described with reference to

FIG 5 is resolved. For instance, either or both of
wokMeimael DEV D nmay assunme that a collisi on hBST/IB2006/000925

occurred after a predeterm ned nunber of superfranes

wi t hout being announced in a BPO E. Accordingly,

either or both of DEV C and DEV D nay sel ect (e.g.

ugh Sk S t 408 i

08 FEPUIN B ACRIPTRLACER Lk ?%2?13?&51%at‘(’?%’f;’%éézfstzp in
wh&ithhe 862ddcanidu Y thnselt bed®naisitopreGioady selp@6dd¢achn slot.

addi ti on, each of thes devi.ces ran

Hogen el 11 S5FY a3 pIIOYAFYmT, %n%é’ﬁ%ﬁééﬁé?%gevé‘ieg‘ﬁ@f fehggt a different
be&logtsf%t épgjbccﬁﬁﬂuégggtterﬂ_ 5 $o ﬁqﬁﬁ@la%eﬁdbn@@{ BudngtiE M nBions may

eacon period | ength has increased. Wen
be bired @nderipee@ciosmn dinnlgstmbsctemmélrmngm e d@glogld@termmes the

consP NN TBES FBser P RE TRy T e A0 IndlR hes ot
receR@8 lah hRAIUNOBMERWHits PFesbirl the BP Iengt h becone
extended by a predetéerm ned nunber of slots (by the

[0OFE r or E&r&gieg@% R REORLELy Qgteﬁ 7§Jl Qﬁéalev\i‘&edbt@finnes the

attenpt o (an invalid checksum is detected
consecwtivei e n@tlmbsnthﬂt it bastfjled eresgipn schanghngyncgmest. If this

coquewt?vg?qrugr}psey 0}2@161?% a|]118 F@(?r?sf Sglﬁzgat:exlarllﬁg Fa%t I gﬂ?rﬁg&rﬁ%ﬁl returns
to ﬁﬁfa’ 20 NOhicR thMAddvRiéoiTRRM itdBAfisinit b@b@ngmyts Qﬁeﬂi@ls@y selected
t han one avail abl e beacon slot at any tine. Fur

beapopstadionseleass afreabeasonslot perdhe Bmv%?élﬁky seleqisr! @e?ﬁ&v SH& within
las@eﬁiﬁo{gﬁ?&!deoeg&ﬂf ﬁeg‘lo%ll lg%%%/h sﬁﬂﬁoﬁg \gﬁere b e@@%oﬁs@? eledt@®beacon is

i NVén es neans ucl ng” beacon
res&fvl@lﬁ . &L &ti el Y if tmisrm)nx{dwﬁea/ﬁ\nmbdlejf Enees ¢ Withingr predatermined
col | iding beacon transm ssions on avail ahl e beaco
rar@eo@@n theglsaep %Séh%w\ﬁfsm Rag @C%w@nﬁgewa{a groceeds to a
teblfge. 7 is a flowchart of an operational sequence of a
evice involving the acquisition of a beacon slot.

[Oélowivzeq Y& g&:ﬁ |7g§, tgl;: Hé%lg%ssél%igzg] few %gélé A&kt 9{ ¢ il k@yoﬁfd the last

and 4 have been
anﬁ@pica@eehcbu paricdlehgtht i niesaitegeibend, sprioleeghs 709 be announced in

o Oe b A5 SRR Fh Syt TSRS ER g i
th%ﬁén\)g%e'r% egﬁm‘é‘@@%@ﬁon%ﬂng HORAY kOBt EYE£ES sIBBVE this case, the
device will also (according to step 410) transmit its beacon in a signaling slot because the
slot chosen in step 706 was beyond the last announced beacon length. As described
previously in connection with FIG. 3, the BPOIE includes beacon slot information. This
information indicates to other devices that the beacon period length has been extended as
the new beacon slot is beyond the last announced beacon period length. Further, as
indicated previously, even in situations where there is a collision between beacon
transmissions in signaling slots, any device that detects an attempt of beacon transmission

in signaling slots shall listen for a maximum time (also referred to as

mBPErrorExtension).

[0051] As described above, the device may stop trying to acquire a beacon slot.

For instance, FIG. 7 shows that the device may perform a step 708 if it determines in step
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presence of the device. Such announcenents may be in

the formof BPO Es indicating the device's use of a
w@arbilcisk@r beacon slot.[0048] If such an annoRC/EBReeH/000925

has been nade, operation proceeds to step 408 in which

t he device continues to transmt beacons in its

previously sel ected beacon slot. However, if such an

708 ﬂ{d]x? #?:CC%H&Q o? BE1Rs TR IEnouhBEMEIR F &€ f@é(nc%fhla@ bt been

erent eacon sl ot or discontinue its attenpts to
1ecﬂm@d iy greatebthan dre bdeer nﬁuﬂﬂradm eAcmonanghynm stapy’7 (8 the device
ed on vari ous factor%8 For

isg GBI EIEh > HOUTE 8 PRIt BLTEHE: JB RS igey g dovice may

coﬁ%ﬁrflteoct) ifsiy BF& p(lbtogol’1a§éi'§th‘é@&§§1%\dﬁ1‘céﬁﬁ)d§ WiPEdt cAfrently possible.
superf r anes) It has not received an announcenent

(06 % 2 Lt ?O P r/\%s@rh‘ftgrna OO e 00 L ARG 1B om e' SREE dTDNisdtep,

evi ce dettermnes the c cuti ve nunber
theodevidemasy dfipdy a collikias db@cti@dscheme end tlyeo SQ]CL‘I’Q amagther slot from the

announce consecutive nunber, gf tines
a"?lli'ﬂbfesﬂ%tﬁg‘ffnsuﬁ?esgutz hléf‘ﬂ‘éllpéﬁthoﬂ SEPFEHIR SEPHER: oper at i on
returns to step 408 in which the device continues to
transmt beacons in its previously sel ected beacon
slot or selects a free beacon slot after the
Mpr e\RBYKIE/IMBLEMEBNI AEKN sl ot within | ast announced
beacon period length in situations where the

[OQ\F?!' Ous'l:}’fGS§|1§ gtb?%hléjcﬁggrgﬂl J)isa LERfsY EGmmuni ]gltlons device 800 with

_ rnatively onsecuti ve nunber o 'S
MBO® b:{paaﬂmegd eﬁtsesfmsmmeﬁh Fliahde detioe 800 Hacldéssi phm@ﬂj feer (PHY)

cogtgﬁ‘ipl'gﬁOégla%%éig Faggfgg]cggt%o { gg/h%g 88}&(;%1&@% @oaggezgffsr 804, and
upgeél’;;%o%&lﬁfé}g% kos. fnh@fchticfn peMaNgh nebiesin ARGHRUBIEd

con per I'ength. As described above, such |engths

be
[Ogﬁga\m wg]&sﬂoh%} Z%g&?’ée:s ?%‘V\n,%g \s({iéeig ?ra% X %&% Iaﬁ@ beacons for

witdi€ss deansm&sioma nBlnaddstmﬂ, MAEacmroter SOﬂg rachivememl processes frames
sel ected beacon s th| case t he, devic il
ang e QLR HISHYS e paopd S ST REE Fea BB Pl 803
ex§1'1291 al fhagk ﬁérﬁés DRORUSS: &R 1SdsRIns GhOSENYIBn&bIER 3006 INAEn, PHY
nd the last announced beacon |ength. As described
coptrel\l@rcﬁﬁ)QI grchange® frames jand bedcoh tRNEisgions HathgPEPH! transceiver 804.

e 150, AR P T B B L e, i
entaghént agAeRnteNéresvdataydserform steps of FIG. 4 and 7.

[0055] OFDM transceiver is used to send and receive MBOA transmissions. FIG.
8 shows that OFDM transceiver 804 includes a receiver portion 850 and a transmitter
portion 860. Transmitter portion 860 includes an inverse fast fourier transform (IFFT)
module 814, a zero padding module 816, an upconverter 818, and a transmit amplifier
820. IFFT module 814 receives frames for transmission from PHY controller 802. For
each of these frames, IFFT module 814 generates an OFDM modulated signal. This
generation involves performing one or more inverse fast fourier transform operations. As
a result, this OFDM modulated signal includes one or more OFDM symbols: This signal
is sent to zero padding module 816, which appends one or more "zero samples" to the

beginning of each OFDM symbol to produce a padded modulated signal. Upconverter
11



the new beacon slot is beyond the | ast announced
beacon period |l ength. Further, as indicated

w@e@vilolssé y, even in situations where there i SPEI/IB2006/000925
col l'i sion between beacon transm ssions in signaling
slots, any device that detects an attenpt of beacon
transm ssion in signaling slots shall listen for a

81?88&[31?7]@mkﬁé gﬁid@&” al ﬁfdeérﬁ[ﬁ%st EurAS-BHREE I RAIG SIS QR)it into one

Cri d above he device may stop trying
or torafregieney hatiaddnessbwt or Hore fregpenasiceandslac deterghpggsaccording

at the device rforma ste
 HREBIRAST 1S SERPORH Rt RS ERL BB e R basaptgpconverte
818 pRBcANa RRACLHIG Qﬁﬁﬁitnﬁcﬁgdal ,SvilEle senaplifias by elandigi@amplifier 820
received i s greater than the predeterm ned range.

andAumtsndttwglhyouglhrﬂnﬁnepS?Q)S t he device discontinues its
attenpts to acquire a beacon slot. Mreover, in this
[0856€D, th&IGeyishewsthat ceneingnipodion 8% 1m§1dap@edovpm@nm@l 822, a

1ec{ea6§lr§}s’ph§§ag%éf %E‘ﬂsj?&glifge? r&gﬁgﬂ?ﬁ%@u& gtg %6 pi‘gé co%ponents

(algﬂe 169@1ﬁécpfd7§§'a rb&eitdl GreSéfployédien &%We@@tfﬁﬁ)/ofawnjebéss’imgnals from
ol l'ision detection schene and try to sel ect another

lersd)totdef’lp@ﬂn Intrtasrddn) aernasy 19tsceives winelewssignals fremgpmote devices
per at i roceed t 8
ef R R R SRSt ERe oy Al s of the TGS, These

sighhls leesnt Qﬂdﬂiibl[ﬂi@&n onBich gendated @mplméd'lsxyﬁﬂ)i\ Amphfler 824 sends

capabilities shown FIG_ 8, d 800
theaafﬁhlyféqdc%gﬂqlsa%ﬁiov(’wefléf‘grﬁzpolW@n {S09P" JoHBAP A Sk L ermploys

caﬁﬁpgﬁﬁhltgghn{ci}ﬁa‘g? s rtQHesg:%fs RS GEIoNE br &R fI@@lﬁjency hopping

rot oc I'n additi on, device 8
bamm(d@ﬁabammu aniaa $>mlete[u®ﬁﬁad] loMaC fregnemcyl tagge. Sdléhls results in

gener tes fra data .tr i on acons .f or

ifrE a8t o RBIT SFoireo i B30T | IR MR EoRTTgh P g3 OFDM

de&%@@l‘aﬂ@nq ofNfeddr Q%&?@ eghid M&@ﬁ%nbﬁﬁﬁﬁzﬁs tpeAOERingSd @438 fourier
that are originated fromrenote devices. MAC

traggfntm &1 cach 8NBbebd dheyeydteindhe pmpelicdsigndeacon
transm ssions with PHY controller 802. In turn, PHY
[OOSﬁiﬂ rol | exs Swukt)ocfhhilsgbmcxﬂulam Bl ntodalso$R6 produces one or more

trans S| ons 04. Furthe
framesy YVEC?IGBII‘G S tﬁ_algﬂggcg %?lier{%) ’}c‘fﬂﬁng r3es may S? Veg N%rmatlon
suétPhs SRRl Rita And REREEI HERAES). M@@n@&féﬁﬂt OPHETCoBR3114TER02 processes
performsteps of FIG 4 and
these frames. This may involve removing certaln PHY layer header fields, and passing

the remaining portions of the frames to MAC controller 803.

[0058] As shown in FIG. 8, device 800 further includes one or more upper
protocol layers 805. These layers may involve, for example, user applications.
Accordingly, upper layers 805 may exchange information with remote devices. This
involves layer(s) 805 exchanging protocol data units with MAC controller 803. In turn,
MAC controller 803 operates with PHY controller 802 and transceiver 804 to transmit

and receive corresponding wireless signals.

[0059] The device of FIG. 8 may be implemented in hardware, software,
firmware, or any combination thereof. For instance, within OFDM transceiver 804,
upconverter 818, transmit amplifier 820, receive amplifier 824, and downconverter 822
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[ 0055] OFDM transceiver is used to send and receive

MBOA transm ssions. FIG 8 shows that OFDM transcei ver
w@ebsitnskaides a recei ver portion 850 and a tr aPGSTB20@7000925

portion 860. Transmitter portion 860 includes an

inverse fast fourier transform (I FFT) nodule 814, a

zero paddi ng nodul e 816, an upconverter 818, and a

ma;yr %Ha[{hé aRlrbdiber 8a0- a% FEhpREU! endlds r eg@i i@igers. Moreover,

rames for transm ssion from PHY control'ler 802. For
implameniafionsh e eddvi@m@8) inFFTinpludel &gigdl4sigenle peicessorp) (DSPs) to

. OFDM noduyl at ed _sj gnal ., This generat.ion,linv. S

implepegt _Pff‘rﬁ‘gusoﬂjé’dﬂﬂ"g’nﬂiﬁ@ "f‘srﬁ('ee?ngg’gf Q?fju]%o%(:lﬁ? e]%lF :freglr?g}l I§; §14 zero

pa&ﬁﬁ% AMdaanrss 16 sind FrESHlckuletddss MokdveRdhleateditd@nal the present
I ncl udes one or nore OFDM synbols. This signal is_sent

invietize rpogEasiiggsurbdusl WiBUBOCAABITENEXEEPERE ENsHHElIQNs (rps software)

“zerg s les" to, t beqi nni a .
ot o peme bt BR4P%e EPEuEE R S Sfvarions
comBERINYLH th&desdeprdg eHosingamde, andp&isatsy yschcarFH € rcotasited 802 and

techniques to place it into one or_ nore frequenc

MAGresiroieRds. oMy o PRG Y FeTeHise BRpRED sefgvare Gberating on one

Or%%}%ﬁllgc&ggmaccor ding to a frequency hoppi ng pattern,

such*as one or nore of the TFCs. As a result,

nverter 818.produc a tr e . ' ~gpaly, :
OB BB % R BER SRRk LY 3908 1560 s sown i
FIGT ansi¥ ifdpRandnfdtdmdhciaddsensracddidl. 91000 pemdr 612 Gandlhwowsr interface
recei ver portion 850 includes a downconverter

h
91823In eidicars the TeRISFIORIn FEAF Ch it s MAES (OGNS Fapsceiver 804 and
an{regl Q%i(? r 1&]6::':0-5}11&)%991% ﬁl&?%}@'iﬂl}ﬂﬁﬁ&lt{t@ﬁ@%ﬁ&?ﬁeﬁ 4RYVE Yith reference
r ry a

eferred to as ecei v e enployed in the
to FEGEP! Howeobr, the mbdememhipmadSFIG. Onmag e neodiidiad eigclude different

particul ar, antenna 810 recei ves W reless signals from
trangqehicss %W%’@%rttoﬁ‘ﬂ Wﬁ‘&i}s%ﬁﬁh%ij%l%quency hoppi ng

patterns, such as one or nore of the TFCs. Thes
[08pdhal s drecesenitd Worompls davise @emticRhith St i I 9. processor
A . . i f] _ e
o g LB PBARRL S A ot Sn 38 SRS EmaRl ik o v
midmpne@ssces tteat B22ecahplapablec af rexecutings suftware hmsiguptions gtored in
convert these signals fromits one or nore frequency

mT{B‘bté{i%rf&’ | FEETPIE, 35,2 cRE h%’{r?é@?m'r nto a predeternined
[080gRal 5. MAFeR AFonEEist oBAREr TRUDLEoE) T ey memory
(Rg%d%%%r%%rﬁmu b %t%?bsqmérﬂﬁﬁgn $h gRaform dihdda and software

vol ves performng a fast fourier )
components (also referred to herein as modules). These software components include

instructions that can be executed by processor 910. Various types of software
components may be stored in memory 912. For instance, memory 912 may store
software components that control the operation of transceiver 804. Also, memory 912
may store software components that provide for the functionality of PHY controller 802,

MAC controller 803, and upper protocol layer(s) 805.

[0063] In addition, memory 912 may store software components that control the
exchange of information through user interface 914. As shown in FIG. 9, user interface

914 is also coupled to processor 910. User interface 914 facilitates the exchange of
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transform for each synbol that is conveyed in the
anplified signals. [0057] As a result of this
walesodulsad i on, FFT nodul e 826 produces one or POT/EB2006/000925
frames, which are sent to PHY controller 802. These
frames may convey information, such as payl oad data
and protocol header(s). Upon receipt, PHY controller
infSQtBh O B SeSset NEE;. for MRE: thhh uSer"Bierfaby Ol ¥ EnélQAEYVA R@er input
certain PHY |ayer header fields, and passing the
pontien®il fiand) a peartoutpus poftion9d8f r anes to MAC control | er
803. [0058] As shown in FIG 8, device 800 further
[0064] udes Usaeinput potien Opperay pndudcale draperesie8Ss thpheBew a user
| ayers.  may_ invgl ve, for. exanple, user | ications, .
to Kb ifioRgRen. u%&sémpleaﬁ rECBEEVITES ! s aRge T B g and
mic‘ﬁ‘o% de€MOU & ARYhE gﬁrtioﬂw% YRS iessel 3y 86deBie B@Srmation from the
exchangi ng protocol data units with MAC control ler
deds. Thus, ter optphADrEon Pt daginded: wperatedces sushppiy display, and

controller 802 and transcejver 804.to transm.dt . . o
on§ Srispireah SRERERAT ho S ePLOery i & B P or amplifier
to 88Yd aR PhalkhG EeiMriPeispla BRALed]drNigoat cyetkdisplays (LCDs),

software, firmware, or any conbination thereof. For
and pelomvideo displatis.n OFDM t r anscei ver 804, upconverter

818, transmt anplifier 820, receive anplifier 824, )

[0868] downdbavaements Fhowayini FEF.uflemay det eawplags acooydipg 48 various
lifiers, mxers,.and filters. .Mregver. .
tecﬁ%P%Sms o3¢ SHYR Teshnish; yolgd RipHLE, TpSEtver G0fyprocessor 910,
meth@P all 2 PinAGRESAter e § ASASIugh@nk P hiebis ivaifacess In addition, each

nmodul es, such as scanni ng nodul e 806, |FFT nodul e 814,
of Zbess pRBIEPRRIIOH OBDIZA 60 ANBOWHT SARIE| &108285 avprragYAble and/or

rmﬁgrgggg%%ﬂgpéadgImkgﬁwﬂbgsent i nvention, processor(s),
ilen pro

as mec essors, executing instructions (i.e.,
software) that are stored in nmenory (not shown) may be
used to control the operation of various conmponents in

t hese ' For instance, conponents, such as PHY
IVconﬁﬁaﬁﬁép%§§§ and MAC controller 803, may be
primarily inplenmented through software operating on

[0066]0" NOWRIIPKAGRESHBodiheIS0f tHNGresu mvienbie et iideh @lescribed
of device 900 is shown in FIG 9. As shown in FIG

aboys, st shgyild he pndersioad itk Itheyekavs brep quessated gyoway Ofrﬁmg?’ﬁl?)e only,
ang 11120’t i ﬁ‘%ﬁ%ﬁ%ﬁe errrﬁlﬁgugc%? glthough examples have been described involving
MBOA communications, other short-range and longer-range communications
technologies are within the scope of the present invention. Moreover, the techniques of

the present invention may be used with signal transmission techniques other than OFDM.

[0100] Accordingly, it will be apparent to persons skilled in the relevant art that

various changes in form and detail can be made therein without departing from the spirit
and scope of the invention. Thus, the breadth and scope of the present invention should
not be limited by any of the above-described exemplary embodiments, but should be

defined only in accordance with the following claims and their equivalents.
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914. In addition, the inplenentation of FIG 9
i ncl udes OFDM transcei ver 804 and antenna 810. These
w@omponseé s may be i npl enented as descri bed abPOEIB200641000925
reference to FIG 8. However, the inplenentation of
FIG 9 may be nodified to include different
transcei vers that support other wrel ess technol ogies.
1P r 910 controls device operation. As
VV% 3@%‘?ﬁ&@%§?ﬁg; processor 910 is coupled to
transcei ver 804. Processor 910 may be inplenmented with
one10r nuy getlibé ilpvieksseosmsmuhiabti@selce@erongpabige of
executing software instructions stored in nmenory 912,

for exanpl)getc@fn@ofOsRHb R beddtht $iTh rd 2% e MMEyaD 12
i ncl udes random access nenory (RAM, read only nenory

(ROV), and/or. f| , i Af i 00 ¢
T e
referred to herein

a dul es) . ese software
slog srastshieA o PG DR raRG of e SR 9hTes f getected
by processor 910. Various types of software conponents
beargy abé vt e maxinyre pempenalbeagnsy slpts Syt e repeaig tiggjnterval;
may store software conmponents that control the
andperation of transceiver 804. Al so, nenory 912 may
store software conponents that provide for the
f uncti ongd) thans@ittiffkNeeond s0ht 8lireR82 covidnizatidnsalelee during one
803, and upper protocol layer(s) 805. [0063] In
of RPIbE b8 si %ﬁﬁ?gﬂo%l&dﬁl/ed%ﬂnﬁiﬁﬁﬁé WHnBe GOAMROMBEL ST beacon slots

that contr e exchange of infornmation through user

A,nterface .914. As s k1. . | hterface 914
Wlhgn ed5PEER HEY 1?t8w%%\@de%@6 |“DJ tgi § ?St Bg%‘r%isk{ﬂ'e rface 914

facilitates the exchange ofinformation with a user.

FIG 9 shows that user interface 914 includes a user

i nput portion 916 and a user output portjon 918.

[00€4] USde methed ofydain briviteren thereppriingdenoier gl ingr MBOA

devices that allow a user to input information.
supefiaplees of such devi ces include keypads, touch

screens, and m crophones. User output portion 918

allows a user to receive information fromthe devi ce.

Thus, user output portion 918 may include various

devi ies » FilGhetRSq 8 dhsPl ,Wheréiﬂ%@ﬁ%al&ﬁneﬂ@uﬁlb%ﬂ 8f §eacon slots

speakers (e.g., stereo speakers) and a audi o processor

be?fgrgc{ e lzzlis[c‘racletlec];tIec(ie Beacon is defined by a mBPErrorExtension parameter.

4. The method of claim 1, wherein the predefined number of beacon slots

beyond the last detected beacon is eight beacon slots.

5. The method of claim 1, wherein the signaling slots are within two first

occurring beacon slots of the repeating time interval.

6. A method in a wireless communications device, comprising:
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to drive the speakers. Exenplary displays include

color liquid crystal displays (LCDs), and col or video
wale@phagse [ 0065] The el ements shown in FI G OPOHIB20G/000925

coupl ed according to various techni ques. One such

techni que invol ves coupling transceiver 804, processor

910 menory 912, and user interface 914 through one or

k&‘é&cﬁﬂg 6t AGRSre telc R § tQRatiRAGRe theﬁvb]les e

nents S coup ed to a power source, such as a

f e TR SR bR AN SRR TRl s RREH ol Wierein the i

enbodlnents of the present én ntion E _ d alast
beages slot Beglegisgfeom ‘rllelog&a@rfiﬁle e prabe o gaaCPHéfOt% praygnd a las

have been presented by way of exanple only, and not in
deteétril bedcooand Rithin s sRaweEn nambpoeidieaestesipis 84thimihe repeatng time

descri bed invol vi ng MBOA contuni cati ons, ot her
intél@rt - range and | onger-range comuni cations

technol ogies are within the scope of the present

| NV en i Abmitfybs 3&1‘6%5 oftthe whieERNtsH@snRhtidRelepicegarihg the first
i nvention may be used with signal transm ssion

ques other than OFDM [0100] Accordingly, it
bE&%ﬁgﬂbe apparent to persons skilled in the rel evant

art var.i ou n forn1an . det al
éé)[%éfi-"é]inﬂn%m iﬁ&’ﬁf ag@ﬁaﬁ"{iu%‘:’?"ﬂl&% 1g“a’slﬁlﬁrbl EOt and

scope of the invention. Thus, the brﬁgﬁih and sco e s

t he (priba epHlisionyi e tit aaeRn Hotsdetsatefli sHiecpg Bf/ecé’ﬂg B?COH slot

t he above-descri bed exenpl ary enbodi nents, but shoul d
withén defrepetng tilng inter@tcor dance with the follomﬁng

clainms and their equivalents. WHAT IS CLAIMED IS: 1. A

method in a wirel ess comuni cati ons devi ce,

conprising: (a) detecting one or nore beacons in a

repeat i Ngrylei @b NbEEYiR 6, WikeihithSfepbRRGAUMSInGrvalis ANBIBOA
repeatlng time interval, wherein tﬁe first beacon sl ot

su rf?lelected from anong a predefined nunber of beacon
3? S beyond a |l ast detected beacon and within a
maxi mum nunber of beacon slots within the repeating
time interval; and

8. The method of claim 6, wherein the predefined number of beacon slots
from among the first beacon slot is selected is defined by a mBPErrorExtension

parameter.

0. The method of claim 6, wherein the predefined number of beacon slots

from among the first beacon slot is selected is eight beacon slots.

10.  The method of claim 6, further comprising transmitting beacons of the
wireless communications device also during one of two or more signaling slots dedicated

for indicating change in a number of beacon slots within the repeating time interval.
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(c) transmtting beacons of the wreless

communi cati ons device during one of two or nore
wa@aealiseg sl ot s dedi cated for indicating chanper/iBRoes/000925

nunber of beacon slots within the repeating tine

interval and during the first beacon slot. 2. The

met hod of claim 1, wherein the repeating tine interva

i's f : ; laBa;
whelBi n TherBr e or Phcs 'Sy bacie fRtuly Sl act o

. the last detected,beacon is defi.ne g RTEI

inciiges e fb e rgmUgas sirdewt s10 iR uibte atng fimg interya)
wherein the predefined nuanr of beacgn sl ots. beyond

corppiase| tyoIgacepiriag baasiot of W grealRa s 1UFBPs. 5. The
met hod of claim1, wherein the signaling slots are
wthin two first occurring beacon slots of the
repeating tinme interval. 6. A nmethod in a wirel ess
COMENI Cahi @paratieVéddeprist@ypr i si ng: (a) detecting one or
nore beacons in a repeating tinme interval; (b)

sel gebiRgied coifi theLRARART ShOSr threlREc IS REAkdRAtidd tie interval,
interval, wherein the first beacon slot is sel ected

om.a r L .of . \
and [ GIGER R BB SEL LTRR ATIRE iRtk iRERREISIN regOicon sot
. beacaon slots within_.the repeating ti i nterval ;. (¢
s SRR PG BeAEREOf PEREE A PortalS PR aats dHEded
device during the first beacon SlOt;’éﬁg determnini.ng . _
beagh e i CH MAK SR DHECHR SRS Iots Wit I TeaeaBag i interval:
slot; and (e) if a collision in the first beacon sl ot
and s detected, selecting a second beacon slot within the
repeating tinme interval. 7. The method of claim 6,
whe gk giafsdeher Eeiaaidd @ ttdndmitiveheiny af tHesapparatd8@Aring one of two or
superfrane. 8. The nethod of claim6, wherein the
mdpé ?i%ﬁéﬁﬂs %‘qujotg HORELte PTorBEASRR g%lh% & ihaGnAEP BHbdaaen ElotsSwithin
eacon ot

I's selected is defined by a

thengggfl:zartirng rtii;nxet B3 nd during the first beacon slot.

13. The apparatus of claim 12, wherein the repeating time interval is an
MBOA superframe.
14. The apparatus of claim 12, wherein the signaling slots are within two first

occurring beacon slots of the repeating time interval.

15. An apparatus, comprising:
a controller configured to detect one or more beacons in a repeating time interval,
and to select a first beacon slot in the repeating time interval, wherein the first beacon slot

is selected from among a predefined number of beacon slots beyond a last detected
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paranmeter. 9. The nethod of claim6, wherein the
predefi ned nunber of beacon slots fromanong the first
whemecomsss ot i s selected is ei ght beacon sl ot SPCB200d®0925
met hod of claim®6, further conprising transmtting
beacons of the w reless conmunications device al so
during one of two or nore signaling slots dedicated
beafc81¥ ﬁﬁ&‘@%tﬁﬁtd REGRANEEmbE F bRt OlvitRBARE RepthiiStime interval;
Wt hin e repeating time interval.11. The nethod of
flain110, wherein the signaling slots dedicated for
MG ndi cati ng change in the nunber of beacon slots within
the repeating time jinterval conpri tmo_firat. ot
oc c&FPRY§IVBEERIGIEUEddP drapsmit Rgaco ft)%gt?‘F AP Rt A gthg dirs
12. An apparatus, conprising: a controller configured
beacon diet;ect one or nore beacons in a repeating tine
interval, and to select a first beacon slot in the
I epeatieigthticoRtrolidr ¢y fuather odnéipeied to:he first beacon sl ot
is selected fromanong a predefined nunber of beacon
sl ot's beyongidmiRSyhdRiracdonmheaeVicand inwithdiftt Beacon slot; and

maxi mum nunber of beacon slots within the repeating

time int %@%?gboﬁﬁgg q‘{)%ﬂeﬁgféaé{&{ slsﬁgﬁétgé’t@&,dsefe@t a second beacon

transnmit ‘Beacons or the apparatus during one of two or

nore, si gnaling slots.dedicated for indicating change

in élohwgtgg}tﬁlggepg@%%mgprg%’a ithin the repeating tine

interval and during the first beacon slot. 13. The

apparatus of claim 12, wherein the repeating tine i

i nt é6val The apparvBoOAf daiged §rvarscin te transeeispspa fuihgs copfigured to

claim 12, wherein the signaling slots are within two
trafiérhis beawoasiof thagpeeano nlss dotisg ofe dfiteorepeat siggaliigwots dedicated

interval. 15. An apparatus, conprising: a controller
forGRMhY @fnbQindehigaber @ Beon RDLLwRBIAGRApEating time interval.

repeating tinme interval, and to select a first beacon

slot in the repeating tine interval, wherein the first

beacon slot is selected fromanong a predefined nunber

of acon.sl ots beyond. a,lLas{ det . .
o o SR b Bl REL BRI B o
indrigaeien%tclhgigget iln r\%\e rlupr%l?err\g? Ibéacon slots within the repeating time interval

comprise two first occurring beacon slots of the repeating time interval.

18. A computer program product comprising a computer useable medium
having computer program logic recorded thereon for enabling a processor in a computer
system to control a wireless communications device, the computer program logic
comprising:

program code for detecting one or more beacons in a repeating time interval;

program code for selecting a first beacon slot in the repeating time interval,

wherein the first beacon slot is selected from among a predefined number of beacon slots

18



and a transceiver configured to transmt beacons of
the apparatus during the first beacon slot; wherein

wo b@caorseé ol l er is further configured to: (i) PE/EB200a®0925
whet her a collision has occurred in the first beacon
slot; and (ii) if a collision in the first beacon sl ot
is detected, select a second beacon slot within the

be}"fgﬂ %%ét R&etiiBedddh GhY VithinPmalirR BRAba dheféonCdldts Mithin the

ereln the transceiver is further configured to
_transmt. bea on%lof t he apparatus al so during one of
reppRBE ML BYEE Vet §Kal i ng sl ots dedicated for indicating
change in a_nunber qf~bﬁecon sl.ats wi.thin the. Hons devi
r e pBREFaT CRdenier [TARSENIE begepns pf e irelpsscQmIypcatigns fevice
16, wherein the signaling slots dedicated for
dusiingidreanfitwg o¢ g sighalingrsoth dediestebfor pshieabing $hags ipampmber of
the repeating time interval conprise two first
bed20£ Wlots wghibeReepesingtitnoihidrive ané dedog thg firsirhsacant dotval .
18. A conputer program product conprising a conputer
useabl e nmedi um havi ng conputer program | ogic recorded
thereon for enabling a processor in a conmputer system
to ggntral . g Wl rg%rﬁm‘iﬂ%{:‘@ b&ﬁ%ﬁﬁﬂ%a g@fﬁgﬁt%r udeliBle medium
am’l oyl g:

conpUt er ~ progr C ‘conpri si rogram code for

det ect i one or, nore bheacons in a r ' '
haYife SURIE BPaGTRIREoe T esraar sigCaTeT pREehiR computer
slot in the ne?eating time interval, wherein the L%%st
SY$$RMA O FOHI0b A WiETless CRBIWAICA R, g5 CPBHET PIREF M thiber
of beacon sl otsbeyond a | ast detected beacon and
comptiking: a nmaxi nrum nunber of beacon slots within the
repeating tinme interval; and program code for
t r apssprithictde hre de@bsndnet drenove bedess icorapeaingaino ngerval;
devi ce during one of two or nore signaling slots

dedigdited HE fdrRdic&itd NrsEHRRBE slohircthd wHeatingfimb daewal,
slogg W thin the repeating tinme interval and during

W}%ageﬁ%ﬁe;f?r%tglpegé&{)ﬂotsik Ujectdd frgﬁeé}x?%%ﬁt A8 RAAMbRE 8CliGEon slots

a conputer usea

beyond a last detected beacon and within maximum number of beacon slots within the
repeating time interval;

program code for transmitting beacons of the wireless communications device
during the first beacon slot;

program code for determining whether a collision has occurred in the first beacon
slot; and

program code for, if a collision in the first beacon slot is detected, selecting a

second beacon slot within the repeating time interval.

20.  The computer program product of claim 19, further comprising program

code for transmitting beacons of the wireless communications device also during one of
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havi ng conputer program |l ogic recorded thereon for

enabling a processor in a conputer systemto control a
WOWRooel1es36 comuni cati ons devi ce, the conputer PCDIB2a0G/000925

| ogi ¢ conprising: program code for detecting one or

nore beacons in a repeating tinme interval; program

code for selecting a first beacon slot in the

peat. ! | 18 ' BesdoBlslots

tvd G thalih ol UeBINRl fol AGHCE Il e I EhurBR L Redl

'ﬁﬁﬁ%s beyond.a | ast detected beacon and w thin nmaxi num
Wit B FePSRUEB 3 s within the repeating tine

interval ; program code for transmtting beacons of the

Wi rel ess comruni cati ons device during the first beacon

sl ot; program code for determ ning whether a collision
21.hasThe compwer pmgtaheptoinetof bl 8, wherein the gigpilatgdefs dedicated

code for, if .a collision.in the fi - i
roratigpehain B gh & L bbb SRRy BF RGP Bhe ferval
coripR@aNE st d BBrrinBtHREMA slote Of thehepsannpuierineragr am

product of claim19, further conprising program code

for transmtting beacons of the wrel ess

comuni cations device al so during one oftwo or nore

signaling slots dedicated for indicating change in a

nunber of beacon slots within the repeating tine

interval. 2 1. The conputer program product of claim

20, wherein the signaling slots dedicated for

i ndi cati ng change in the nunber of beacon slots within

the repeating tinme interval conprise two first

occurring beacon slots of the repeating tinme interval.



