ADAPTI VE BEACONPERI OD | N A DI STRI BUTED NETWORK [ 0001]

This application clainms priority to U S. Application
w@enisab7ide. 10/ 838,217, filed May 5, 2004, ent PCiraBR2005/001162

" Adapti ve Beacon Period in Distributed Network," of

which the entire specification is incorporated herein

by reference. FIELD OF THE | NVENTI ON [ 0002] The
ADPAPTANE BEACION RERKDBINSA DISTRIBUIIED NEHWORBK! i ons.

More particularly, the present invention relates to

the allocation of resources in wireless comruni cations
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[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 JEEE 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
Slots (MAS). Each MAS can be used for data communication. Thus, the length of each
MAS is 256 microseconds.

[0006] According to this initial MAC version, the first eight MASs of the
superframe are always reserved for the transmission of beacons. The time period

covering these eight slots is called a Beacon Period (BP). During the Beacon Period,
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superfrane are always reserved for the transm ssion of
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[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.

SUMMARY OF THE INVENTION

[0011] The present invention provides a wireless communications network. This

network includes one or more wireless communications devices and a wireless
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[(0mder Of In addition, the present invention provides a method 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] The present invention allows for the efficient utilization of
communications resources and reduces power consumption in communications devices.
Further features and advantages of the present invention will become apparent from the

following description, claims, and accompanying drawings.



beacon slots to the group. [0016] The present
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
L Operational Environment

[0023] Before describing the invention in detail, it is helpful to first describe an
environment in which the present invention may be used. Accordingly, FIG. 1 is a
diagram of an exemplary operational environment in which the present invention may be
employed. In this environment, a plurality of wireless communications devices (DEVs)
102 may exchange information with each other across a wireless personal area network
(WPAN) 100. This exchange of information may occur through various communications

paths or “hops” 104 that exist between DEVs 102,

[0024] Network 100 includes a plurality of beaconing groups 106. Each
beaconing group 106 includes a set of DEVs 102 that are within radio range of each other

during a beaconing period. For instance, a beaconing group 106a includes DEVs 102a,



pat hs or "hops" 104 that exi st between DEVs 102.

[ 0024] Network 100 includes a plurality of beaconing
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channel (make “reservations™) for use according to specific access methods. Two such

methods are the contention free period (CFP) and the contention access period (CAP).

[0029] With the CFP access method, a reservation is coordinated to clear the
channel between the transmitter and all intended receivers. This avoids collisions with
other transmitters during the period of access. However, with the CAP access method, a
reservation is coordinated to clear the channel around all devices within a group that is
identified to be within radio range of each other. This allows for the devices of the group
to exclusively contend for the channel and also to avoid collisions also with devices that

are not within the group.



other transmtters during the period of access.

However, with the CAP access nethod, a reservation is
woaarsdoniat ed to cl ear the channel around all de¢rae®05/001162

within a group that is identified to be within radio

range of each other. This allows for the devices of

the group to exclusively contend for the channel and
[@G03Q] t 0 avdiditionally,itled MO A MACwershomproiitles farlmatoptipeal access

o oo e Purd e LR BPEAY 1ot ot a1 od
enhlanced di stri buted crannel ug@éj)@ss ( EDCA) . [0031] BPs,
kor r e BE8A8* £T5RPRY oGNS BEATIRE FPBR o orpsitance, in FIG.

2Anﬁi’§@@@d aﬂd?OEd) Gre eﬁl%cat@ﬁ) %o 3&4&5"{‘ % PR A5 1k bOkBLEE group.

to devices in a béaconi ng group
bemeresupesﬁmmsf%@nw lﬂﬂﬁ)velﬂayedm tonetol sppolt inultiplebedooning

0 pl bea oni n s. An exanple of this
eioub Ly leein i o pp AR o X agr am
showi ng exenpl ary superframes 200c_and 200d. The
[0Q37%k f r anBIG HRuise wﬁa@aﬁﬁwmg’ée@@@wwr@%@ﬁ%@aé 200d.

Tﬁ&@%ﬁ@%ﬂ%@%’ %ﬁ{ﬁl\gﬁgﬁg M[%g?%i %ﬂﬁﬁﬁ%&f}%eéﬂﬁb r%gl@%%

I ncl respectil y. Accordingly,
HbhvevedASpePitnaf2 0Bt @nd 28 dinpinde BPs 04 baat20didnespeadivply.

AsvaBels. ana 5 ok Rib S ulrbtie bemg Bt P e bR iese

b&fc@fﬁﬂ h@a?fstfﬂngmﬁ%ﬁ&ﬁ f4R0EA PR 2@&5’ al%pﬂ@ba Rhild Mother
T, eacons

0033] To mai ntain coordination between

beasoming igoatpi may dawigelssacomh&ames i BPs MEoanViR4d.er si on
speci fies that devices (such as DEVs 102) transnmit a
beacon nessage. [0034] The transm ssion of beacons in

cluster or separate clusters allows for fast device
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[(P % 311\10 rk. The transmission of beacons in a cluster or separate clusters allows for fast
device discovery and provides efficient support for mobility. Moreover, beacons provide
the basic timing for the network and may transmit information regarding isochronous
reservations. The employment of beacons alleviates the need for a network infrastructure
by distributing functions across all nodes. Accordingly, the initial MBOA MAC version

does not require an access point or central coordinator for the WPAN network.

[0035] According to the initial MBOA MAC version, devices (e.g., DEVs 102)
that intend to participate in communication with other devices send beacons during
beaconing periods (e.g., BPs 204). Further, these devices scan for beacons transmitted by
other devices during the beaconing period. However, certain devices may enter a
“hibernation” state. When operating in this state, a device refrains from transmitting

beacons. However, the device does not relinquish its particular beacon slot.
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BPOIE sent in the following superframe. Only the information of beacons received

during a superframe is included in the BPOIE sent in the following superframe.

[0040] Devices select their beacon slots among the idle beacon slots. Also, in
subsequent superframes, devices send their beacons in the same beacon slot unless a
collision is detected. If a particular device identifier (DEVID) is missing in the BPOIE
from a neighboring beacon during predetermined number of consecutive superframes,
device(s) receiving the neighboring beacon are instructed by the initial MBOA MAC

version to indicate this beacon slot as an idle slot in the following superframe.



BPO E sent in the foll ow ng superfrane. Only the

i nformati on of beacons received during a superfrane is
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offier il DT cxeatn S TEe GRma e e ﬁﬁ#g ARG nimber of
MARRPI Nng is in the context of the initial
version's superframe format nodified to have a
flexi ble nunber of MASs Table 1 [0043] In the exanple
of Table 1, there are norrrally at least two free
bea unlng th - L—das Hev] ()
j oi ﬁy\’ﬂéer OEP t he T\Jd Ther Oio]?f \Sgbe Aton s §¥y glﬁ%é BeakoH Slots
I ncr eased vvhenever t he cntmhﬂBPof free beacon slots
decfeases—to—a predetermned—rurber—(e g toone free
bealc )gn slot). For exarry}l e, Table 1 shows ?he t ot al

nunper of beacon sl ot g2being increased (g69. . from3
to 6—t06-9—9teo12—eterbasedonthe-rnurber—of

dew%es in the network.2 [0044] hi operati gnal
sitluptions, the exact [munber of devices wsthin two

hops_aa%noi—be-knem—?—eaeh—deW—ee.—he#ver, as
desc?i bed herein, infgrmation providing iﬁ
9

6 3

Table 1

[0043] In the example of Table 1, there are normally at least two free beacon slots
during the BP. However, as new device(s) join the network, the number of beacon slots
is increased whenever the number of free beacon slots decreases to a predetermined
number (e.g., to one free beacon slot). For example, Table 1 shows the total number of
beacon slots being increased (e.g., from 3 to 6, 6 to 9, 9 to 12, etc.) based on the number

of devices in the network.

[0044] In operational situations, the exact number of devices within two hops may
not be known by each device. However, as described herein, information providing an
indication of the number of devices may be communicated. Accordingly, flexibility in

the number of employed MASs may be provided in various ways.
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i ndi cati on of the nunber of devices may be

communi cated. Accordingly, flexibility in the nunber
wohowsnpfieyed MASs nmay be provided in various PCT/IB2005/001162

ways. [ 0045] One such way is in increnental steps,

where the adjacent rows in a mapping table, such as

Table 1, are viewed as an increnent. Accordingly,

[0Bdi5]St NENDSe $uth twi if Etﬂhefemﬁlta% sfebg yettbrdvihSadmeynthewsrade
in single increnments. , in certain situa

t
mypniegitahle, sehras ﬂ?@blellpp@ Hievs ?ﬁk?gl %@g@pt aA§"’r°Pi rlglyla adjustments in
th@ﬁ #?%%#c%ﬁewgyﬁ?ggggﬁl Ta I e 1 | s pr OVI 03%& in certain

snaxmml (suchA avdred nngtiyle netwarks merge) hisogld dijsstmedie tlamumber of
W|th| n the scope of “1 resent i nvention. For
ayRs MASs peayspAp Brlgle LAt s may be kept somewhat
h| gher than in Table 1. Such rrappl ngs offer trade-offs
[0Gi46H ef f i BabdmEis PTVVIdEﬂ)é% &t pemnglooAvordinglypyariations from this table
J [
ST TR RS A0 Gl 08 o BFEPARE ot may
bd lept suie@vhae H@hdr ﬁlliamn;Taﬁle 1 h&uph emppihgs offantdderofEsmpitlogfficiency.
an |E that indicates a particular BP length. This IE
may be inplenmented in various ways. For exanple, in
enbodi nents, the BP length is included in each beacon
Vit hatOpergigeri ce transmits. Accordingly, this |E may be
provi ded by a nodified BPOE that, unlike the BPO E of
the initial version, includes a BP length field. This
d may '
[sz;ﬁ]l cul a\rlgtg%lf\%?%éecgo 1%& hﬁlﬂurrbe 1@;%8&3%! ggﬁgﬁg%o%ncg%ﬁg?gr decrease)
thta hambar & enpdoyedédencon dotgi Fer mshh@et, etnhedidentsod thapresent
. recei i Thu this. field Iect t he. nunber, of
IS pBO s Eotrat PSRBT BT BEHGOH g B BURD) DS
rﬁ%&lte%%n@ﬁs RaGOE)r R¥hpleSin GulddifbntlaMé B 1bAbtRis included in
etwor k det erm nes a beacon period start tinme (BPST).
eath bedrios thdt ardtevtcc trepsitee A¢gosdingleyihielFsmaybe proyidsdrby a modified

TETE e OE A O B Sl 3 B i
mbﬂBS Bh irﬂibati@!( % r 'hhﬁﬂ%mc@ﬁ@htt') Bapartlevheddvsde dfale m@hber of used

e network. ough the exchange of information in
beatert sles&ahwaee v1$1hledeat:@ﬁ e Sherlexicelsan eesRivEer [ this field may

regﬁ&%é? et ercog arac S‘Q%oqﬁfﬂﬁ'ﬂ;ﬁé‘%&’coﬂﬂglﬁ&ﬁ% based

eI'IS I CS.

[0048)] When no piconet exists, a first device in a network determines a beacon
period start time (BPST). At this start time, the first device sends its own beacon
containing BPOIE. This BPOIE may include a BP length field, according to
embodiments of the present invention. Over time, additional device(s) may join the
network. Through the exchange of information in, (for example, in beacon messages)
beacon period lengths are determined and dynamically adjusted based on network

characteristics.

[0049] FIG. 3 is a flowchart illustrating an operation of a wireless
communications device, such as one of DEVs 102, according to an aspect of the present

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



[0049] FIG 3 is a flowhart illustrating an operation

of a wirel ess conmuni cati ons device, such as one of
wOBMS/10084 according to an aspect of the preseRCT/IB2005/001162

invention. This operation includes a step 302 in which

t he device receives one or norebeacon nessages. In

enbodi nents of the present invention, these nessage(s)
baaten messapye dn(ém‘dodgnmtsd)ﬁtgb preseigenyandne, thRabGade(s) are

st.ep, 304, the dev rocesses the one or nore beacon
repgivedy ga1“’fﬂ1%le§F 9 include retrieving information

fromvarious fields in each beacon transm SSI on and .
[65}i ng thleaﬁpmﬁ%thqﬂwmwswthe RFIPTINQNS, beagamgnengages. This

V o .

st%?%a%ﬂﬁ ?1‘;3 Mg gbvﬁwﬁn‘yﬁﬁlﬁbwe@%g At gs ?Eéagﬁ %@aco%%smlssmn
adldr seoripLthe ﬁalde it e acororgr Guakliti¢d)e&h]304 mna@z 1ﬂtle@e aétsmmamg the

beaco sIothga justnment determ atlo In this
nugpigs of dpdce(el nateare BlBHHIthEEW ﬁa 1g¢sgBaype fom
m&ﬁ%ﬁee@e%‘éoﬁgr Eg nunber of beacon slots enployed by its

coni ng p(s) is to occur. Performance of this

[Oaiflgr mixe% i ep%g)ﬁa&%[%gﬁﬁﬁ#@ 3 eepfngﬁﬁﬁ{? tfﬁgéy- h this step,

thd device d getitinad wﬁetaemﬂﬁa@am&a@ereaa’dﬁhsh@mbﬁ ofbssagslots
is based on the beacon nessage( l# ecei ved % step

emplpyedy its Pracaniag Sraupks) as 19-0Ce i aforpaRtedHtit SE}P%P@’ be based
de a d
o %En?ﬁﬁﬁé@niﬁg%@ﬁ%%@%?%ﬂ b AP o Ceach

[ﬁ)ﬁgg ]ﬁ g els My | tn hsg?lﬁafdj glhe (gler\]/ Eﬂa?eg ahbtegéo% r}ﬁ@%ﬁ%&? ®lhis beacon

messh e R bRtk RABO fbe@doﬁtlﬁessa‘gé(‘s) &é’demﬂyn stepi I392 | R60ihs@hde) for a
may be based on an}/l beacon_ sl ot adj ust nen

pqxwdarrhqaaqm@& gionay the gensanted Peacgn mpsg%g@@lwscluﬁ%a device identifier
t
I e

1ngleudesr ifarthation $idi@tiag thd surhsea ra:sﬁ nilddasa. behmrmmtsd lAra:emﬂmgly, this
this |nfor3;at| on is transmtte%’hl n a

inforfRatiPR b3pedRi Ay Berpetleid lgsﬁgalﬁ“zfié %}P@ﬂaﬁ fha i performed
M EAbst NRr RRAMRR HRISBAR4N Mﬁ%ﬁe [EEERRof IBP USRI,

Thi's transm ssion is sent t e device's beaconing
p(s) {e 0 -
SR Bt Lo LS SERBRAR Ot 101 apamied. 1
erfibodiiiektsydhisan prembicmisttasiaited in afupdrams ihasdtaiy fdllveving a

reception of this transm ssion and any ot her received
pqggqﬂélgg]superﬁame dunsng which rﬂe beacon message(s) were receivedei‘n step 302.

This transmission is sent to the device’s beaconing group(s) (e.g., in BP(s) corresponding
to the beaconing group(s)). In turn, each device in the group may likewise perform the
steps of FIG. 3 based on the reception of this transmission and any other received beacon

messages.

[0054] As described above, embodiments of the present invention employ an IE
having a BP length field that allows a device to indicate or announce the number of used
beacon slots that are visible to it. This field may be implemented in various ways. For
example, this data field may be a three bit code, such as the one shown in Table 2, below.
The code of Table 2 is based on the number of used beacon slots visible to the device that

generated and transmitted the code in a beacon.
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nmessages. [0054] As described above, enbodi nents of

the present invention enploy an |E having a BP | ength
woielsdotieat al l ows a device to indicate or annbBdmaEB200H1€01162

nunber of used beacon slots that are visible to it.

This field may be inplenmented in various ways. For

exanple, this data field nay be a three bit code, such

as the one shown in Table 2, below. The code of Table

2 |“ oh +ha nunh d nf neod heoaecnn cl nte U|C|h|a

to fRedeElee that genpNumber of¥isibleBeasan e Useth code
ibn apfeacon. Tabl'e 2 [0D5bdachicaoraet el 1. devide, HhifRual 8, a
eacon sl ot adjustnent| .

on tPE nunber of used 5P Beason shefidesitsed(Bylevipe) vi si bl e
devig¢gs Tn conpari son 94@3@011@%@%@(1 AfaxiiaGH) STots in
t helLbeaconi ng graoup. For jnstance any of the

devi ces in same beaconi ng gl’ahlpﬂannounce (e.qg.,

t hrough the code of Table 2) nore visible used beacon
slots than are currently used in the beaconing group,

(6083 al | gkcdrbm F@e‘!{ﬂ §65308) altRecdieAG e St AR rAFARbN may be

by i'ncreasing o the nunber of allocated beacon slots

miage based padeominpr §f veqs sloth inglicateddeethe gisiaglevjees in comparison to

o 5B i A e SRS P Brgb e e s
sanfe Bdaeuind gtovy ahfoukeb (€ g3 thrdiighsthe wpd edETibdd Ipﬁo@m@émheslsed

a two bit code that indicates rel ative usage
bew:@m #rts thamas sugppisuser inthe bepeoning e8P, tbfn al P%@Stdeﬁces in the

c&’ngé gr&tg by 1ﬂEr%a§iﬁ€ g ¥ nRpLLESAocdRl 'bgac%n sReeiflthe

ase l'ative usages recelved fromt

bdreating groafp. ihéd dilceatd@vinapbe parfaewidda tlmaﬁollnwk% aphefmnmn
sl ot adjustment determination in step 308. As

r I bedAxbake exeinplare freplemestation bheBPllewgh&eld i9khown below
FIG 3, a beacon slot adjustnent determ nation

in'Eablg 3. This amplementabion caloys eriwadit ode s indigaiesael %ﬁe Bﬁage of
ARG 015 0 gk AErRARTSNL B0 PUOHR {JOBFLOE ity dvice)
a hi gh usage of visible beacon slots (i.e., if any of
the visible devices announces "10"), then all of the

dev| cege valud et 0p Vivgbl@Baiepn SBBPt by i ncreasing of

t helhunber ofl all ocated-beacon—slots—i the hnnﬁnnlng

gro U such 3 AoV Heaee 8§€SI%§G%%H ﬂﬁ}ts e %)’r st el

I ncfenment . available)
01 normal usage of visible beacon slots (e.g., 10 devs and 15 slots)
10 high usage of visible beacon slots (e.g., 14 devs and 15 slots)
11 merging of piconets - increase to maximum (e.g., 24 slots)

Table 3
[0057] Based on such relative usages received from the beacons of visible

devices, a device may make a beacon slot adjustment determination in step 308. As
described above with reference to the flowchart of FIG. 3, a beacon slot adjustment
determination may result in an increase or decrease in the allocation of beacon slots for

the beaconing group.
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For exanple, with reference to Table 1, this increnent
fromsix allocated beacon slots to nine allocated
woeasan7shots. [0059] As a further exanple, ifPanyBmh5/001162
the received code val ues indicates a nerging of
networks or piconets (i.e., if any of the visible
devi ces announces " 11"), then all of the devices in
[ Q 01538 lbeac oRomnexagmpbey il adfa}iffth@yacbﬂwed eatsi valnesfindibmesninigk usage of
IIocated beago e. beaconi ng grqup to.a
iR R St S ayBie dsHises mmontr LD n et Hims the
dal@é@é%n E&%Q&&ﬁ&?gs ofo8p aa@gt %&%&b&%g"éﬁh@ﬁﬁmfa& JRAbEASEbeacon
he nunber of beacon slotS in a beacon period, various
slobah thednmmnmg/gﬂ@gpe ppthogrethcraasaimng babye pm@tdwnnetdhecrement

nunber on Sho .beacon riod s be
PR 3 i1k d, B BoRRenb by RGeSl teRrap slots t
nﬁehl/}@ca%m)eﬁé‘dﬂ\ﬂbﬂs. (such as cluster 108) announce a | ow
usage of visible beacon slots, then a device may
[ER¥ @ M neakn heR 3 gfehﬁtai@ oHBR AT Rd dQ)dE @ﬁwey{m%ateef
beacon slots Is to oc an exanpl e
mergieg efvetwors Daploends (id., ifwey ¢f tHevisdde divibésranniences 1 1), then

o R eS80 Ccome e dnasiity doinung pRER hibrEor dlocated
béhump 816tsqh tﬁeq%ae&mﬁg Sfctp td H'n%axﬁ?ﬁﬁm%nﬂféﬂ Bsubl a§legy, easi ng

he nunber of slots by an increment (e.g. from’2 to
n t hey,f f

[Acc rdlng ?ﬁgu 1Btecﬂnlqtés rg%%ﬁ?@@g?hﬁ@g%%ﬂ%ﬁéhonumameﬂw
nuisbéred beavonebes ine macoperiada mamo s edmsyues nmy(bétwmpib'})ed to

all .oth ices_in the network.
IR eSS B SR TR B RO B oL gpreased.

decrease then it na¥ signal its desire to decrease
[4¢l InunbeForgnstprese Hifllskevicss within atWarher aetyyexs (such as cluster 108)

N

oERISIL S REE B OB AP B I SR 05
thahadearende oathe siufrbleoofpeacohsldisds BRdcan ghhart é)eim:ﬁ]e tvhiét reference

t device desires ower its beacon erl i ze.
tO[ﬂ%é@sf Vege feyies W&f’«m& Retwolh ﬁrgl%?ﬁ?eQB f%t FRRPEd,
tr;ﬁlsﬂ‘%suﬁﬁ CReA ﬁfdzs@ﬂéwée% vﬁ'll%‘&aﬁﬁﬁ”de@?e%ﬁ@ of H{e%h%{’ﬂe? 8f Bhcon slots.
i n beaconhs. none of the other devices in
Tbeanoﬁwﬁ@ngbm@pmsamaed@emmﬂwmofﬂnshwmmmmamnmg(a@nﬁmnn12to9)
mgﬂﬁfog@ t, be| n set then the lower BP |l ength has been

3@ng €by pn ? &-0ne or nore devices set this

é in thg ons en the old
[0062] ccor 1ng y, such tec ques require at least one device to receive beacon

transmissions from (“hear’) all other devices in the network. If this device determines
that number of beacon period slots should decrease, then it may signal its desire to
decrease the number of beacon period slots in its next transmitted beacon. This signaling
may be implemented by setting one bit (i.e., a request to change bit) that indicates (along

with the BP length field) that the device desires to lower its beacon period size.

[0063] To determine whether this request is approved, a not accepted bit is also
provided for transmission in beacons. If none of the other devices in the beaconing group
subsequently transmit beacons with this bit being set, then the lower BP length has been
achieved. However, if the one or more devices set this bit in their beacons, then the old

BP length is maintained.
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BP Il ength is maintained.[0064] In enbodinents, the
request to change bit may be propagated (i.e.,
woeb@yet)4 acr oss nul ti pl e hops. If any devi cesP@IraBions/001162
the nultiple 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
[oloagt h i SreibddahéRe theregasst & &hadge/bﬁ ﬁfay\hetﬂﬂd)phg’ahd (1 e.,
mul ti hop net work approve t he proposed decrease. %ﬁ(eg

re]ﬁsede)rﬁlcmss awitinle beps: df emedeiiess avitian theqapliglehops mJaqséhe
V|ce

o G b LRI U b Al B B s
redMie thedripgial M’\/lleﬁg(ﬁé miabitainédhenléssnd ddeices withinthe waltikhop network

then the nunber of beacon slots is increased to a
appravgdhepieppied degieas (such as 24). Thus, the |one

devi ce conserves power until other devi ces joinits
[0d&tSdor k. lfxs)@re@l}emm@rtq ithepbpye desrpasing tgeliniques a lone device uses a

pr?ﬁ? i?raw(u%einde ?Lﬁ%‘tpq?\?)g %&L i tﬁ]tsu?ﬁlayﬁﬁMacg}?ﬁgg% ﬁ)@ .b@gz:olnﬁ{ég tIrFowever

er devices in

wReARBE d2€ic8(s) i He lodddsvictes ﬂétﬁﬂoﬂﬂ&héﬁﬁhﬂﬁ&mbéﬁifbb@con slots is
made in step 308. As described above, such adjustnents
ingrggseil o 8 Praseiermined valie (Fichas 2Ahc Toas dhe long ﬁ@“ﬁ‘a REASFTViEs power

unkﬁ%ﬁl%pd&llgénjm Qs q%tvg&?ed bl n enbodi nents such

I NCreases y a maxi mum sl ot anount,

PRI R R .

orl BY %Hgltlpﬁeld{s@ P éivelt Wo&ﬁ@ther d@l&ﬁ’ﬂﬁﬂieﬁﬁi&h&nn@g{bﬁp@) This
wi thin a beaconi ng gg oup al ways use the

dq@@ma@mg mayvedshlamede 1 Bers3 ot d%@andoqhogﬁéugh agjpstyents may
1n¥§l gg@le@r%éé{ g agtu?c{r%aso nt['ﬁlfe(rﬁﬁ%-%lf bLRLoR Y Z§Sﬁw Sty

AF M Zes ara eacon perio provi des
erhi®ddiBnte klidhCihefehsel i dyi bedirio of a mammnn clat kmnent, such as 24,
resources. VI, Beacon Period Fjeld

0068
Hefw e RARSPORTINGS AHng ek {hsp %’pbqaeﬁéﬁlﬁtﬁ% gl sSop of the

o an enbodi nent of the present invention.
pl%%%g{eng’lgﬂ'g%%d above, this field nmay be included in a

such o
IS 0 T B A g e o
lofvRBr Iﬁ‘ﬁﬁ'ﬁleﬁfbemeaam D6tk eburltingefrom @iegitdrt bf eapon Pirtcal start time
402a- 402
(BPST%1 ThJseadvantageously minimizes the duration of the beacon period a provides for

an efficient utilization of communications resources.

VL Beacon Period Field

[0068] FIG. 4 is a diagram showing an exemplary BP length field 400 according
to an embodiment of the present invention. As described above, this field may be
included in a IE, such as a BPOIE that is modified from the initial MBOA MAC version.
As shown in FIG. 4, field 400 is represented by an octet (i.e., eight bits). Bits 402a-402e
are reserved for encode a BP field length. Accordingly, these bits may be used to
represent the codes of Tables 2 and 3. Field 400 also includes a request to change bit 404
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are reserved for encode a BP field Iength.
Accordingly, these bits may be used to represent the
woadssooife4 Tabl es 2 and 3. Field 400 al so i ncl uges/1B2005/001162
request to change bit 404and a not accepted bit 406.
As di scussed above, these bits may be used to decrease
the nunber of BP slots. VII. Wreless Comruni cations
arldeynarectpiait 486. das distipsetl aavepthesd bislmasbe used to decrease the
conmuni cati ons devi ces, such as DEVs 102, may enpl oy
nympkerog Bislefses of the present invention. Accordingly,
such devices may be inplenented in hardware, software,
firmvare, or any conbi nation thereof. One such
npl | 0N | in.FIG 5. This inplenmentation
'thc|ﬁg%%%§%%?~%%§%%£8§?6&ﬂg nenory 512, and a user
interface 514. In addition, the inplenentation of FIG
5 includes a UAB transcei ver 524 and an antenna 526.
[0EPN0] AsAsldesunibed abdve, wirelesh\Brimanseatiinsaleviss) such as DEVs 102,
coupl ed to aptenna 6. UWB.transceiver 524 incl ydes
&y GBS L TIRPEHOCATT BIES TR A RO P L AP HCBBI: S detpes may be
nﬁﬁl&ﬁe@c@& 8RAIWAR) stRNa‘%é (ﬂ}ﬁﬂ%f'e Wr raﬁ& e85biMBoS 8RR SOne such
note devi ces, such as ot DEVs™ 102. Accordi ngly,
intplememeliveis s5own mm§1G.rfc ITldmnapltsmamgmn ingludgsa processor 510, a

0 e 5 el AR BHERS 5 o

a ORI msie Rk 308 ind@RslAendd 326l se generator for certain
types of inpulse UMB transm ssions. For the reception

[@‘7 %{W—% Si AB3hSwn HHEIG, 8| BSVE bR VERY24 RGloUHRd to antenna 526.
dul at1ion conponent$ (e.g., OFDM denmpduf ators),
UWBrtmagsceivec 624 ingludandetirdrtiey, whlc[h(nblibﬂ thAde@h@Qm comjufttien with
ver

BB RO GBS TOrS D NEAH LS G By TEh a5 gihesPE Vs 102

AH&ﬁdﬁgly RhREREBE S2U Ml PR OtfardBYitorng hQEIDERS B6Y the
that are each capabl e of executing software

transstissiart ¢I0AW s sighals) sueh pheptymjcssngy infchyy Zl}odVEQWflVOQPQHCmS (e.g.,
OF% %i]r%()r%}?an;pl{ FeGNIR %%%QB{& fi dlj% %@(a)irnetgls f‘%{ﬁl ggfrwléx

tréddehidsfs® For dﬁr@c@ﬂdn $QUIW\B @@ﬁnmh%lﬁc&oﬁlab ﬁﬁy include
referred to herein as nodul es). These software

denaprdation: comnearis € 8-nOF P fiﬁlaﬁéulﬁm%) f@amgb:ércgst@e grdeilters.

by processor 510. Various types of software
[0071] As shown in FIG. 5, processor 510 is coupled to transceiver 524.

U

Processor 510 controls device operation. Processor 510 may be implemented with one or
more microprocessors that are each capable of executing software instructions stored in

memory 512.

[0072] Memory 512 includes random access memory (RAM), read only memory
(ROM), and/or flash memory, and stores information in the form of data and software
components (also referred to herein as modules). These software components include
instructions that can be executed by processor 510. Various types of software
components may be stored in memory 512. For instance, memory 512 may store
software components that control the operations of transceiver 524. Also, memory 512
may store software components that provide for the functionality of a media access

controller (MAC). This controller may perform various features, such as the steps
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conmponents nmay be stored in nmenory 512. For instance,
menory 512 may store software conmponents that contro
woOheosapesat i ons of transceiver 524. Al so, nMenpoPg¢TARR05/001162
may store software conponents that provide for the
functionality of a nedia access controller (MAC). This
controller may performvarious features, such as the
d&LERSIOeRE FifbrfcadotFG: of @rienaportant kd Aate hat tH;e M8.C may be
important to note that the MAC may be jnp nted in
implemoried in kasdworgr B Itwareigavere.ox aah 901eb%tl%t CEReL
thereof. [0073] In addition, nmenory 512 may store
[GBF3war e hmﬂddrpehn@mdmﬁlz orstsire sdfevasg champeeents that control the

’?9?‘@ : nqllﬁﬁgf}lgﬁ%}f ti‘? U Sesél‘lllg LREL ?%F %%ébqwgdmflﬂe}m@ Usdr interface

5 m@%ﬁsésceﬁpléaf@o ?lld@esrsot steriae entbFstefsaaithditiates $hd H®hange of
exchange o ormation with a user. FIG 5 shows that

infleraratipn Méthf aa@ﬁ@r SHUG. Sridhiow dleat asergeﬁerfaeﬂaw lpelilti%qqum gput
cﬁﬁon 316 J géjer%ldgsu‘eﬁo fog lg.l%seH?i tﬂo (15{% 51%01&15 ﬂﬁh?ﬂaqme or

y I'nc de one eVI ces

mofdEvides tioit aRdW Qmseﬁmaﬁj{ﬁﬂteﬁfoﬁﬁatﬁmc fE;dmpleseﬁ" sucicdaviies include
keypads, touch screens, and m crophones, User _out put
keypads, nich sereghs, aus micrgplnes.o User QuitRIE PPFHoB s allows #iser to

reflgél@ |on‘%ﬁ§’§ &&H%ugieés\?dgﬁrgﬁﬁbééﬁns JBSe. 3 [%%Pg%ht portion

evi ces, su
58 mpy mlu@ndnouedmoaspmeh asdidsphyeaidoo®. or Ex@mahdivyspeakers.

E%@@Wﬁa@?ﬁ%@c ool il Bl LR o i Be®

be cougled according to various techni ques.

t echhhe elemenatpshows e Bt 3 may be soruded %P%ln@f@ V&HHUS
te?léﬂgue%r SreXulh te%i]an gﬁ‘g}a[%sé 11n %ﬁk@%«r ﬁ(ﬁe{rfdaﬁ"ﬁ ﬁf%essor

h one or Inte |t|on eat
514, rﬁelmsa Sd:@,rmxdnsaﬁ mtarﬁce ﬁwtmmg@m Op OVeEe bssnmterﬁa,cess Ualaddition,

h bl d/ bl e batt k t
coh G956 G TP s COSHEH L DOTET SRS Gar b Heharebable andlor
nt i nventi on have been
regi(;ggﬁrl beg&i Ek Yﬁlﬁ sROFRE

I't should be understood that they
have been presented by way of exanple only, and not in
limtation. Accordingly, it will be apparent to

Vi&r sgosclssiohl ed in the relevant art that various
changes in formand detail can be nade therein w thout
departing fromthe spirit and scope of the invention.

[J {WJ 5] theghl eavdagilgusa Ql’glbg(? n@gts%ff tﬁehp%egenF lsn%fgrtltlon Va%g‘i)iegnndescribed
above, it should be understood that they have been presented by way of example only,
and not in limitation. 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.

[0076] For instance, the tables contained herein are provided as examples. Thus,
other table values, mappings, code types are within the scope of the present invention.
Also, the present invention may be employed in communications contexts other than ones

based on the MBOA MAC.
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should not be Iimted by any of the above-described
exenpl ary enbodi nents, but should be defined only in
wacoewridawee with the foll owi ng cl ai ms and t hei PCT/IB2005/001162
equi val ents. [0076] For instance, the tables contained
herein are provided as exanples. Thus, other table
val ues, mappi ngs, code types are within the scope of
WHIET I8 esalMBEDNIENt i on. Al so, the present invention may
be enpl oyed in comuni cations contexts other than ones
based on the MBOA MAC. J IS CLALMED IS 1. A
L i r e 8Eeless AmmURieHERIYRs: CUOPYNr i sing: a recei ver
co nfd QuEied: Joﬁﬁgﬁx%ﬁ iy RecRivRla @ity YorPealRAR R SR ISRAE wireless
across a wreless transm ssion rredium a controller
ﬁmmmmﬁgmnndﬁmn,detern1ne a number of beacon slots for a
grou ne or evi ces bas the re
beadbspoirelEsisBEeudo RSTBP ACKTRFRG! RGO PEITRYS Broup of one
orql%feuewe@st HRES ol 816 18651 v Bhasord MBEEHR HRIor& @ HncBdiRthE Qireless
send a generated beacon nessage to allocat e the
coaamenaﬁmmadﬁuwb@ndof beacon slots to the group 2. The

Wi reless co catl evice e
det eartﬁz'arﬁg)at ?ﬂf% fl? ga geleraled ed be con m{s%a%e loc %I‘Eh
af&hhr%dl@ﬁn&r&ﬂpﬁcﬁﬁamm%e drdgp wi rel ess conmuni catl ons
device of claiml1l, wherein the plurality of beacon
nessages are within a two or nore beacon periods. 4.
The r ' ' f i
L R S S C R
of®RECOR s13TD b2 mﬁﬂh@&&aadﬂﬁddmda»faanperﬁemeom ng group; and
beacon sl ots enployed by the one or nore devices. 5.
The mﬁreless connunications device of claiml1, wherein
t he gane
3 boacay Eh eSS SEHP. bUERL STUITRS palapity BFbeacon
medsagds asswithimmuwocatmhaoardedeni peeiods. ¢l aim 1, wherein the
gener at ed beacon nessage indicates a relative usage of
beacon slots that are visible to the device.

4. The wireless communications device of claim 1, wherein each of the plurality of

beacon messages identifies:
one or more devices within a same beaconing group; and

beacon slots employed by the one or more devices.

5. The wireless communications device of claim 1, wherein the generated beacon

message indicates number of used beacon slots that are visible to the device.

6. The wireless communications device of claim 1, wherein the generated beacon

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

7. The wireless communications device of claim 1, wherein the receiver is
configured to receive ultra wideband (UWB) signals, and the transmitter is configured to
transmit UWB signals.

8. A method, comprising:
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7. The wirel ess conmuni cations device of claima1l,

wherein the receiver is configured to receive ultra
woizashand4 ( UAB) signals, and the transmtter i BCT/IB2005/001162

configured to transmt UWB signals. 8. A nethod,

conprising:(a) receiving a plurality of beacon

nmessages across a wireless transm ssion nedium (b)

det e(a)irecdiging arplniakity affbeb@manesssges tasrobos warelpsotrpnspiission

one or nore devices based on the received beacon -

ges, the group including the wirel ess

co [ :
ress i Rt SN oPde QP oRIN BB o BRE Bmore devices
baskd s theretdivedbanom n@ssagbs theegrbaplinciudodgathew8relash eomimunications
the det erm ned nunber of beacon slots are wthin a
deydSFs 8% peri od of a superframe. 10. The nethod of claim
8, WsTRhfinghbeRtdi Bbdshye Bfallbeas Bk (RSBALAT AR M]SJHCGn slots
a two or nore beacon periods. 11. The nethod of claim
toghe groaipei n each of the plurality of beacon nessages
identifies: one or nore devices within a sane
beaconi ng group; and beacon slots enpl oyed by the one
90 MEENIMOIEElaithd, wheRinBkiettrained haieBof BYAEH LSS are within
t he beacon nessage sent in step (c) indicates nunber
a beacgs paripdetosipsiioame.t hat are visible to the device.
13. The nethod of claim8, wherein the sent beacon
nmessage sent in step (c) indicates a relative usage of
1kheacThe sletiod dfRRlima; evhefesi thle@liralitytod besdonagessdebs af within a two
nmet hod, conprising: (a) receiving one or nore beacon
ORGP RFBSOTRIIES. a wirel ess transni ssion nedi um
wherei n each of the one or nore beacon nessages is
received within one or nore correspondi ng beacon
1her i DAsmethod of claim 8, wherein each of the plurality of beacon messages

identifies:
one or more devices within a same beaconing group; and

beacon slots employed by the one or more devices.

12. The method of claim 8, wherein the beacon message sent in step (c) indicates

number of used beacon slots that are visible to the device.

13.  The method of claim 8, wherein the sent beacon message sent in step (c) indicates

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

14. A method, comprising:

(a) receiving one or more beacon messages across a wireless transmission
medium, wherein each of the one or more beacon messages is received within one or
more corresponding beacon periods;

(b) determining a number of beacon slots for one of the one or more beacon
periods based on the one or more received beacon messages; and

(c) sending a beacon message allocating the determined number of beacon slots

to the one beacon period.
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(b) determ ning a nunber of beacon slots for one of

the one or nore beacon periods based on the one or
wouoes/weieei ved beacon nessages; and (c) sendi n§C&IB2005/001162

beacon nessage all ocating the determ ned nunber of

beacon slots to the one beacon period.15. A wreless

communi cati ons network, conprising: one or nore

wi rel ess communi cati ons devices; and a wirel ess

transm ssi on nedi um . wherein the one or nore wrel ess

12 o Vgl eSS SREMEFAI98S PFHEHCPMBESREN messages across

the : 1,.SShQF | - a beacon

por i o GRS AR PO B A Be, A, D 7

supea mimhess franknhisdommedber of beacon slots that is

dynam cal l y adjusted based on the anmount .of the one or

mor SMHFCE) B8 S0E B FGH WREIESROTIBUTIEAONS dvices ey easn
mEQAPRYERE HRNGirBIR bR mPsi ol AE Tk JurivB & tRh &bl f¥Biod, wherein the

transm tted beacon nessages include one or nore ultra
beacolebernal i Wiiiin g isypeaframe and has a number of beacon slots that is

dynamically adjusted based on the amount of the one or more wireless communications

devices.

16. The wireless communications network of claim 15, wherein the transmitted

beacon messages include one or more ultra wideband (UWB) signals.
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