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superframe contains 256 equally space
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BACKGROUND OF THE INVENTION

[06003] Shott-range wireless proximity networks typically involve 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 o
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:/fwrww.multibandofdm.org/.

[0005] The first version of the MAC specifies a superﬂame 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 YIAS is 256 microseconds. [0006] According to this initial
WIRB0GESIeA, the first eight MASS of the superframe are always esReed 65
for the transmission of beacons. The time period covering these eight

slots is called a Beacon Period (BP). During the Beacon Period, each

M@é@@g ing threg beacon slots, Therefore, the tot Inur:%%er of available
beacon sgi?)ts_ per supgr ggrgzqgc?wfjeéﬁ%a%ﬁ?%?fﬁédgl%lea I <iot Rt cach
Mgteedoniredsaadsent. [0007] Unfortunately, because the initial MAC

is inflexible in the number of beacon slots, it is likely that for any given
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too many beacon slots. For instance, when a network includes just one
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example, rush hour trains or buses.

{0008] Conversely, situations may occur where there are too many beacon slots.
For instance, when a network includes just one device, only two beacon slots are
necessary during 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 presentin a
network, then only two slots during the BP are in use. Additionally, one slot must be

reserved for a new device.

[00609] 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. -

[6010] 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 hoe networks, in which situations vary greatly.



[-00101 Accordingly, the current inflexibility in the number of beacon s_lots
can have the unfortunate effect of increasing device power consumption

WRdBSdeti€asing available communications capacity. TheseeHeats @115
highly likely given the general nature of ad hoc networks, in which
situations vary greatly. 2 WO 2005/107165 PC S/111 2 0 0 510 0 8(65
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wireless communications network. Thus network includes one or more
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generated beacon message may Indicate a-number
[had age ViSibﬁx&%ﬁﬂ@tﬁﬁi@@%uﬁ@’c;f'ﬁeg&ﬁﬁgﬁ)tgqn%?/%%ﬁimgfg rB‘gﬂe«:on Qeriod of
indicales a relative usage of beacon slots that are Visible to the device.
a superirame. ﬁowever, the'received beacon messages may be within two or more
beacon periods. In aspects of the present invention, each of the received beacon messages
identifies one or more devices within a same beaconing group, and beacon slots employed

by the one or more devices.

[0014] 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 mvolving the configuration of superframes. For
instance, the present invention provides a system including multiple nodes

communicating wirelessly using repeating patterns of superframes. Bach of the
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[0015] In addition, the present invention provides a method and computer

rogram product in which a plurality ofbeacon messages are received
MErd¥s/AWiteless transmission medium; a number of beacorPstotsisos/ 01165
determined for a group of one or more devices based on the received
beacon messages; and a beacon message is sent to allocate the

armiRed nYmoesPhhessen the, 9104R; [0016] In aspects of the
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slating; ' configuration. For instance, this slot is for '
%djustinlg%tﬁgeﬁ?ﬁ%%g?%ﬁ?\de?%%g Fesened torBEAEHRG RHgations devices.
SFuisAtEs ouh T vrnesreuithe ipresativralicis fotl thesefficigtrent from the
fatibzatieni el eammenicalions gg%ﬂﬁ%%ﬁg%ra%g%gs power consumption

in communications devices. Further features and advantages of the
present invention will become apparent from the following description,

Q@W .u, g drawings. BRIEF DESCRIPTION OF TILE
DR. m h the drawitye HES fterence numbers generally

indicate identical, functionally similar, and/or structurally similar elements.
[913d Etawing T ihskrvaneeibkeanfoliescappearssgindicased divatbedeftragst

wigitsyny brediefetenes: MRk Uesentnventian ik be desgribed
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P28 anteiagiams:dfexemplary SUpedralaRs o the accompanying drawings,

wherein:

[6019] FIG. 1 is a diagram of an exemplary operational environment;
160207 FIGs. 2A and 2B are diagrams of exemplary superframes;
{00211 FIG. 3 is a flowchart illustrating an operation of a wireless

communications device according to an aspect of the present invention;

[06022] 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;

10025] 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

mnvention; and



[0021 ] FIG. 3 is a flowchart illustrating an operation of a wireless
communications device according to an aspect of the present invention;
WODXPA7IG. 4 is a diagram of a field that maybe transmittedpeyrGemie€801165
according to an embodiment of the present invention; [0023] FIG. 5 is a
diagram of a wireless communications device according to an

gm@qg:!iment | Qn; 4] FIG. 6A and 6B are X
exemplary dia@f‘gag (%‘%gé%r%?)r?g Bg%(b){l%quéar %%ﬁa?g{%) é)(??&%ﬁcf&lﬁlﬁ“g to an

’%?fd?‘?rigﬁf’é‘é@ﬁ‘f%tion; [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 WO 2005/107165 PCI/11320051001165 [00261 FIG. 9 is a diagram
Bdr\dk&RgMr S CRENSHIOB DR Y ACEREGRR ED EMBoimentofthe
present invention. DETAILED DESCRIPTION OF THE PREFERRED

EMBODWWWEbLhIBrAvitdpgiational Environment 100271 Before describing
the invention in detail, it is helpful to first describe an environment in

igh.the pr t inventian be used. Accordingly, FIG. 1is a diagram
l\cgqﬁ‘Bzal@l?éxemplqa%%/g 5%%?3 fona Z%ﬁ%//il OFFFHERY Q%Fﬁﬂhleﬁ%}ﬁ@@@ﬁ? i dhemibe an

FREyonEsiployed e tissenitoartientnayiheradity. of vioeless'y, FIG. 1 is a
&elhrvpieations, dey ay exchange information with

ea%]h other aC(osg%%?égg }éé)rg%ﬁg?%?egﬁﬁgtm%r t&ﬁ/ﬁrﬁ\?’i"s eHgRLnay be
BIRIRHFe Bt sriaBER hiay bieak thedughelas cuscominatinieationses (DEVs)

IpﬁthﬁjﬂEib@éﬁﬁéé%%ﬂﬁl@ﬁ@%i\%ﬁﬂﬂ%ﬁ%@lﬁ&!ﬁ)é@@ﬁ/ﬁ%&%&l Ie\:lr%vr\xlﬁr%(ré'aq Q ork
M}g\g@sl ODI rality of beaconing groups 106. Each beaconing group "118%’V
includes § Se%%lf BEben s tHiPEpativR Yo Abige Bf sattuotermunications

retiring ghbesitbivnbaperioth fraeinstance | gbeaconing group 106a includes
DEVs 102a, 102b, and 102c. Also, a beaconing group 106b includes

| BRI 1024, Werdrk026,ineiddd0fldatiordifigyc iy A2 Hedenasia
b@%@l@@@%ﬂg & M&d%g 9@6‘?@91%8@% 102 that are within radio range of each other
during a beaconing period. For instance, a beaconing group 106a includes DEVs 102a,
102b, and 102¢c. Also, a beaconing group 106b includes DEVs 102a, 1024, 102e, and
102f. Accordingly, DEV 102a belongs to both beaconing 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.

IL Superframe

[0030] Transmissions according to the current MBOA MAC version are based on
a repeating pattern called a superframe. FIG. 2Ais a diagram showing an exemplary
superframe format. In particular, FIG. 2A shows consecutive exemplary superframes
200a and 200b.

[6031] Superframe 200a includes a plurality of media access slots (MASs) 202a-
1. 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
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[00291 The environment of FIG. | shows a cluster 108, vv_hich includes a
set of DEVs 102 that are within the radio range of a particular DEV 102

W) BEV1IG2a). Accordingly, cluster 108 includes DEVS 102a&-¢%:005/001165
beaconing groups 106a and 106b. IT, Superframe (00301 Transmissions

according to the current MBOA MAC version are based on a repeating

pattern.called.a su mc. is,a diagram showing an exemplary
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i Ss)202a- a. As shown in FIG. 2A,.multiple. )
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@skyS08 208 thastanceir el 20¢ showissHbtesUpedvaniet200a has a BP 5
WO 2005/107165 PO'T/1B2005/001165 204a and superfrmmee 200h
895 4 18P 204erondingde bedetipl B ARSNHITAY MBOI Ml Geamrsionnes may be

tpovidesdfescarldenconing peHeRMayineBdPeasap siaisolhess slals dyring
tend acros eri)%h conti us MASS. 'Therefore, when |mpl_emenie
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diwee beaderi siots/at0082 oAcserdiog dmthe H%B@EM &Qﬁ%ﬁ@a&%@hﬁt{jﬁe such
f s.may be tra itted according to a beacon perio
e Oa R A S e
[ rti f the RE channel (magke
precti gt e SR Su I DRI A
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coordinated,to clear the channel between the transmitter and all intended”
PR F‘xﬁlé)r%.‘sﬁ%’u%r%\?&fﬁé oMb e wRH SR trshalrsieey i therpepitut is
idntidoEds. td ovikhue ratiithaifye CARRCHBSS Meth @ﬂ@@s_ ﬂ§§ Y @E%é% ro]f tfhe group
' to clear.the channel around all devices within a group that is
e o L R AR A T h SRl oicovions tha
Apfeigt B5thitHe group. to exclusively contend for the channel and also to

avoid collisions also with devices that .
0034} Additionally, the MBOA MAC version provides for an optional access

method called enhanced distributed channel access (EDCA).

[0035] BPs 204 correspond to particular beaconing groups. For instance, in FIG.
2A, BPs 204a and 204b are allocated to devices (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 200¢ and 200d.
These superframes share the same MASs 202 with superframes 200a and 200b.
However, superframes 200c and 200d include BPs 204¢ 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 204¢ and 204d.



are not within the group. [0034] Additionally, the MBOA MAC version
provides for an optional access method called enhanced distributed
Uhhtieltitedss (EDCA). [0035] BPs 204 correspond to particedas iz 2005001165
beaconing groups. For instance, in FIG= 2A, BPs 204a and 2041) are
allocated to devices (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
ypsHtames share.the same MASs 202 with superframes 200a and 200b.
owe\ger, su p%?rl}arlnéasng ARG S HET F BPS Y BARR t§ eesethe initial
MEREE A veisorsingifictbavikSs20Ruof R RB: SURPAH WS 4 beacon
Qgg)sg%gjng groups. One of these beaconing groups may transmit beacon
frames in Bps 204a and 204b, while the other beaconing group may

rev it beacn amesRRT BOAGAN 204d:8 NQ 2005/107165 .
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atigns, 8%?5% Fﬁef@rﬁl‘ﬁ{&ﬁ?ﬁ@@r"r‘ﬁ@bﬁﬂfﬁ mMbregvarrastructure
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oivsidd@rtint nicrekoopartionalrincanmynicaton wih ofhsrdevices,
g n,ddbeapogs durH;ng beaconing periods (e.g., BPs 204). Further, these

EE‘T\’}i Cos SE e‘iaéSﬁ%O{Fé}%Jfﬁﬂf@d ﬁpwever, 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.

[0040] In short, each device provides in the beacon message its MAC address and
the place of the beacon. For example, three active devices in a group may inform that
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 TE (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



other devices during the beaconing period. However, certain devices may
enter a "hibernation" state. When operating in this state, a device refrains
QAP aASMtting beacons. However, the device does not relirouighods oot iss
particular beacon slot. [00401 In short, each device provides in the

beacon message its MAC address and the place of the beacon. For
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HoR BRI A PANFESEPl n frame, a device saves the
DEVID ogf)rthe s%grlllder and t%%%%%%%ﬁ%%}%atﬁe RS PR Enes,

deYiREiRkGPRTAYIBA RaReituinehraceP OEnsencindthe fiodlinidingMBOA MAC
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superframe is included in the BPOIE sent in the following superframe,

(0044) Devices select their beacon slots among the idle beacon slots.
TS0, #acon Period Flexibility

[06045] In embodiments of the present invention, the number of slots during the
beacon period is made flexible. This flexibility may 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



subsequent superframes, devices send their beacons in the same beacon
slot unless a collision is detected. If a particular device identifier (DEVID)
ehilgsiing instheBPOIE from a neighboring beacon during predeiesmized:iss
number of consecutive superfames, device(s) receiving the neighboring
beacon are instructed by the initial MBOA MAC version to indicate this

beaconginhas#hdie.stotin-the fuiiﬁw&ﬂpmgemame.‘%aeaconﬁedodw
Flexibility [OO4§1 In embodiments of the presant inventioh? tHaH Bspesrotiots
slots during the beacon periog & #fa8EXlexible. "T"his flexibility maybe

based on, for example, the number of devices in the negvork:fhis-feature—
i inrcreased-communications

provic -Stich-as—inereased
capacity and reduced power consumption in devices. 00461 Accordingly,
in aspécts of the present invention, a mapping may be |provided between
the number of devices in a network (€.g-, devices withiirjwo-hops-from
each jotherjand-the-length-of ."Be beacon-period (i.e..-the number of MASs

in the BP). Table 1, below, provides an example of such’a mapping. This
mappifig is in the context of thé initial MBOA version's|superframe format
modified to have a flexible number Ol“a'% S-02005/167165
PCTI02005/00165 Number of Devices Jvxxxnha s of M Ss an Available
Beacon 91 currentmP ~2 26 -s 6 Table T (004-11 In the example of
[Dakle]1, thermane aeimiad\ ativast }\ff&@%%@&aﬂﬂ%%angggﬁtgequ@m <los
dl—llgwe\ﬁerB S hew dewce@ join the network, the number of beacon slots

IS hEressed WhaRAEr TR UIRBSPG! frér the aebroso theiasnbhased boamon slots
Hﬁ)re@e@e@miﬂme:mmh@m(m}ger o) ﬁ@el:flléeéb%%ﬁﬁg _ERRsds 35 (gﬁmgism&ﬁ%e
Lhws.theto er of heacan slots being increased. (e.g., from 3 to
"6, 6 t0 %% t%’ El’?éer}eii%g based 8?3 'theoﬁﬁ}r(‘ﬁg’é’(je’o% Gitshamatecrietermber of
beacon slots being increased (e.g,from3106,6t09, 9to 12, etc.) based on the number

of devices in the network.

[0048] 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.

16049] 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.




[0048] In operational situations, the exact number of devices within two
hops may not be known by each device. However, as described herein,

widowestionsproviding an indication of the number of devices FayR8oos/001165
communicated. Accordingly, flexibility in the number of employed MASs
may be provided in various ways. [0049] One such way is in incremental

steps, Hhe,ref»(ghe adjacent rows in a mapping table, such as Table I., are
v cralion . . .
viewed gs an increment. Accordingly, adjustments in the number of

employed MASs maybe made in single increments. However, in certain
#Hgg ns (sugh as when multiple networks merge) a single adjustment. in
f e humber o gﬁ‘bﬁ@%’%‘%ﬂ@%@ﬁﬁ?‘%ﬁ@ﬁl st hesbthentscionsor decrease)
fﬁab&aﬂﬁ_sm;ﬁnﬂdﬁdyaé fmexambe : me@g&s@y@mm&@aﬁsfaam%%@ﬂef

ithin the sco the present inventjo r example, the number o
' r(e%gg 8olg%se r#%;‘? ggﬁ%%f%c%%% e ﬁ%@?ﬁ?ﬂ%ﬁﬁ%@mﬁ?@%ﬁlﬁﬁﬁpings
ofdetrertedsffy withiseffisienty: «:Mve2 B0 1O AE6RCTAOZOS{0031 6R1uded in
Y4 rai : i mechanisms,may. be_.employed tq adjust o
g;'-:., iné%ggsﬁé[%r)%ggg\égl[se f?#?]% r?g?% 1?}%13@%?0%131%}6%%8}:9gga(fgsg}g&modmed
_ Q&ﬁé@%ﬁ%ﬁi%ﬁ@@ﬁﬁ@%@s&fd avonicnosmipioyBhléBgihatteld. This field
indicates adauticHlay Bﬁnl)%ﬁﬂg%ﬂq-gp‘s) -{),Er %@%Bﬁla{ﬁ&@g{:@eoqtﬁg VRO Pused

ways. For example, in embodiments, the BP length Is included ineach
b&ég%%ﬁl%@“at' SieEiblg fa i idec Akab Harisyicaran Ecasieh e Ty idedfisidanay
wibdified nBREYFthatdbYiedheBROFESIRadMiAVssIoR.pcludes a

BP length field. This field may be an indication (or "announecment”) by a
[9&dizlilar deViBeohthgicuneteif, uske: heacom slatswhat aseMigiRledgdcon
Le-athatthe davi an receive). Thus, this field may reflect the number
}%f Sse_d beaco?%%?rsﬁ frg‘r{w%%ﬁsu?ttﬁ gfélﬁéaé%n%é é%ﬁcﬁs.e[gééﬁlow}w@%?&
riaHBRS RiISROE rdhteR el maystwhide det@rhnings fichbacandpgriod
sHatdime (BRI AL IS IS fiEst deyigs sends lis.own beacon
contajning a BF}O%E. This BPC{)JE mg%/?lg%ﬁ e8 g@%ﬁi@@fﬁ? 3 én e&’c@é?(ﬁ’neg
%%}Weﬁfb&g}mgﬁ%s% hehpresainiartiing iovéetivnemativitdrarde vies(aes)
bRy Qieribelengths are determined and dynamically adjusted based on network

characteristics.

[6053] 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
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 2 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



network. Through the exchange of information in, (for example, in beacon
messages) beacon period lengths are determined and dynamically

“agjeyethbmsed on network characteristics. [00531 FIG. 3 is adloywehaiboriss
illustrating an operation of a wireless communications device, such as

one of DEVs 102, according to an aspect of the present invention. This

ion includes a step 302 in which the device receives one or more
LA D S R BaE GGG S tigsgiy b besed
b agels)dine Teneirsthudiingacsinglelsuperiacie. [0054] In a step
304, the device processes the one or more beacon messages. This step
8y Hclude Fatislsing ifiohadeid actasnengioussfictdsinseash Hadcbemcon
fanspyssioRe@psl iorna dhe fislds ; ifiop, step 304 ma
incl,ucigg determjning the numbéegkgqo%éége)sﬁi%&ig%gth%atgg%'ggv?%h?ﬁ?fs%%\?f.angﬁSX

L S ARONOBSHRAE- BRCHESRET M thSRe Hemes EP auRISITOBBE1 dov mstégntifier
B8y behaacon dehadisunenitdetorsainationisunade  diHihis Giemedhe

deyvice determines.whether- an increase or a decrease in the number o
1gglagon s%?gli%bo %@ﬁ@ﬂ%@fﬁﬁ?%@?’d@fi% skofiployeerdigats, this

ib’éaumhimgrgm|bpQs)smitonxﬁqub.ei@fﬁoﬂmaﬁﬁﬁt%{dﬁﬂﬁ&@%ﬁﬁ{gh&ﬁ%ﬁﬁ%ﬂbmw
AN thesinformation retrieved anal/or determined in ste . na
i tEQ; BHorAtQR, [eiTieVve may b ! e form zg _‘@f%ﬁ@ gl o

step 310, the device genera a beacon m

$83a0e is has e received in step 302. For.
e, o e A DT g Fited. 1n

edipenthdlisiefonaation idenssriing indruneease muintdiediiffel daring a
reciiideweniihe aioug: UhRAGHION s MESSage) NGuAesNipimation,

ndicating the number of allocated beacon slots. Accordingly, this
informa %ﬁ*’ﬁ%&%&rﬁ A8 S AfS DRSO SoEaHR e et Heditminatiomonding
totthe ibepewfmlt[gwgdu]b{@)e mﬁﬁlﬁn,'l'émiﬁqi ﬂ@mmaﬂ%%ﬂ%ﬂaﬁ%@ﬁg@ 2R the

' 057] Ing step 312, t eacon message generated in ste
e e R L BT RO I e boscon
lagRsesfitame immediately following a

[0058] 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.

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
00597 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



preceding superfraane during which the beacon message_(s) were _
received in step 302. This transmission is sent to thg device's beaqonlng
Yroupesyerasy., in BP(s) corresponding to the beaconing group(s)ksifédid ics
each device in the group may likewise perform the steps of FIG. 3 based

on the reception of this transmission and any gther recelv;]ad beac?]rtl

messag 1 9 Ro | 1fWSe prese
mvennogéenr%?ﬁlog%a@ﬁ%ﬁﬁ(fggg éi%ﬁ oI‘(]D ﬁl% 2 Bl tde used

harcate e gf*ﬂ%’cﬂiﬁé@fﬁ@hﬁﬁ%@ﬁdﬁ@l beccdreng grosiotththalllese tisiades in the
ledthisldompuhgpRMERIS PuBRS WAy, Fon xampls s daja

field may be a three bit code, such as the one shown In
HREe e BPab iy Mlpsiion siirke narfereskinsbd kgamﬁmsm?hf
vice that generated and transmitted the code in a beacon. Code
Ko mper e i S AR O eR 006 BFenEbrTeIdt arbaosaiclon

i1 Taeldch, HinimuremekiBbeapiysiotasey a@a&ﬁﬁaﬁaiea& dhdhied usage of
rdlng in step 308, a

£00) Mmaxununz 005

ﬁggcon g{cg)?a jusc{r%e’%?dg?enn?n% (oJalad g '(’rﬁ’élgé“’ briese bivieiges).
of used slots indicated by the visible deV|ces in comparlson to the number
of used-slots in thebeacaning group. For instance, if any of the devices in

11 WG 98erits7 1 68umber af oibdsReadussosame beaconing group

annoudee (e.g., throughdhecodpeTahg dotSerg, VigRiE Hes  fgacon
slots than are cur %@EY ysed in the beaconing group, then all of the
deviges-inthe heaconing group adapt by increasing of the number of

allocafd beacon [sIrE e bEuEHH mgagroujpisThis difotatiand may)hg?
perfaried in the 1@“@1«\&@@&6?@1@@@@@&@1&’%&{& “M'&%%%‘a'i'ﬁ’é%t%)

implementationo u.-n.cb] u| ..\,.u IS-S z?nwr; below_in Tahle 3
implementation employs a t oS TR (IR v ﬁ]é)ésé;e of

visible beacon slots (i.e., the portlonWGCated visible beacon slots used
by devices).
10061} 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.

[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.

[00663] 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 “1 1", then
all of the devices in the beaconing group adapt by increasing of the number of allocated

beacon sjots in the beaconing group to a maximum number (such as 24).

12



rCode value Number of Visible Beacon Slots 00 low usage of visible

beacon slots (e.g., 4 deal and 12 slots available) 01 normal usage o.f.
Wigilsks veaedn slots (e.g., 10 dews and 15 slots) 10 high usageiaipdisibifi 16
beacon slots (c g., i4 dew and 15 slots) 11 merging ofpiconets i_ncrease to
maximum (e.g., 24 slots) Table 3 1,00611 Based on such relative usages

ived f th ons of visible devices, a device may make a
L lox A et oG 6 SOMC A M etevecrease the
withbrefetbemectbie ftoniohahgf-Fla, &@b@@@ﬁﬁ%&fﬂﬁﬁm@iow? to

inati result in an increase or decrease in the allocation o ,

e Ry b o iy b

ed cod indi Dl visible beacon slots (i.e.,
oy bf o v ovisee e haa A e ol SRR TSl 100
BEREBHIRY Yot St inbracesimtptst thenmudeireohademtedivsacoep 308

tﬁk@@d@d‘&@s@%@ﬂ%ﬂﬁﬂ@@ﬁb@é@ﬂ Q@tlmgri‘%%ﬁ%}ﬁg.?eﬁhge&t%y%a Ilg, 1w1't Igeference
redetermined increment, For example, wi nce to Ta :
%f%’iﬁéﬂf%gﬁ%&eﬁiﬁ?c‘é{’t@ﬂinﬁ@%l%‘?i"gﬁgté%mfﬂﬁ%ga@@cd@é@%@éﬁﬁmrslots.

{o063kRng fusthereaxample, WinnyQh hedaseivact: CAleVAINES IBHILAES sots.

A i f netwarks or. pi ts (i.e., if any of the visible devices
B e A DY S AR e HAVRE 7 e e AR ARG i adigt 5 to 0

indretdinyokthepmdmiperbofaliotaied beacon slots in the beaconing
roup to a maximum number (such as 24). 12 WO 2005/107165
i% &6/%1 B200300FIER{D el tethmaestcentirthe dssventedtuiiguesdative beacon

teRIRAINNIAG e FaE e Nerease dbq Lunher pfbeaco flf%?st%épl%% Gones
eriod, varigus techniques may be employed to determine whether the

CRIRSEP B YRS ROSRSTAoR SIqth Shawdf drstitrs s Hbend ieadeizaslgtiicfooes|
dearinstanceyiball cbéaes Wihin alouahRPRAMMAFSHEN B NS08 aling

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.

[0067] 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.

[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. Asa
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.

13



announce a low usage of visible beacon slots, then a device may
determine in step 308 that a decrease in the number of beacon slots is to

WOECUPSALTHF example, with reference to Table 3, if every deviger it Hoess
network announces "00" in their beacon transmissions, then these
devices will adapt by decreasing of the number of beacon slots. This may

e by decreasing the number of slots by an ingrement (e.g. from 12
Fg %ﬂ} the fo%gv%%%{%%g’eg?yéﬁg %%%"s%ﬁ. Béé‘%ﬁ%%%?&ilﬁﬁfﬁl%ﬁ&?‘?m based
pachRitfueth réejdire rsetdenst Goe dvicdddaeceiviecheaoomitig RSRISSIO MEhis
frapihaatn) .l omerdeyiges,| twork. If this device determines
that number of eacon perioo?%rléét e?s,g%'u Src?gé?é%;gég%%\ﬁe’its%af GHECRE may
tshe thderEesentethin FiErD & Blesuadn Porechsiolginatsimestp. In

transanitiemksheacait:0is slapaingnmanps | ing one bit
l.e., a request to ch ngg bit) that indicz&ggl g%gr%m Qﬁﬁ%ﬁ%h%*@%%ﬁ%ﬁ% 5 28

Sy tRar e GRTEe GG rE e faire hite B Rearrpeinse ar & ithdosw Tope of the
geterminenvether this request is approved, a not accepted bit is also
provided for transmission in beacons. if none of the other devices in the

BHBEbhing grbughsubseybedidystrandenitbeaitbiis avith dhisnpibheip A1%8kis use the
theny I t een achieved. However, if the one or
e A R e st e

(RBtdinEs pobestegerepibmdmments, teelrediresofohemngmbitriody thereby

Prapagated dhemiiavad AAmssIRIE A0Rs, fan,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
\I/eingthésa mc%ir}tgrii%%qéu?éess all devices within the multihop network
approve he propos tFfecrease. [00691 As an alternative to the above
decreasing technique, a lone device uses a predetermined number of BP

I uch as three beacon slots) br beaconing. However, when other
@ﬁ%ﬁs(s) jo.rf IF?e oné tastems hiwmsrRY (e itarr R berash el #v)sloterding

tisainaréasadee af pregetermineshiaieAsuaaseddboloUsiihel?ngy ve
S@%@eed‘%%%%["s%% é)sV\alr.eéPﬁqgl ﬁtag?sr 1%% % 1%3 ‘l:?(l)?nltt en%\é\{glr&égfx MAC version.
As shown in FIG. 4, field 400 is represented by an octet (i.e., eight bits). Bits 402a-402e
are reserved for encoding 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
and a not accepted bit 406, As discussed above, these bits may be used to decrease the

number of BP slots.

VI  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 UWDB transceiver 524 and an antenna 526.
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WO 2005/407965 PCT/TS2005/001165 [00701 Accordingly, device, may
also determine a beacon slot adjusmrent based on :BP length field(s)
Yeeewadofrd other devices in their beaconing groups). This peT/1B2005/601165
determination may also be made in step 308. As described above, s_uch
adjustments may involve a decrease or an increase in the number if

slots f U € jments such increases. may be limited
E@ngﬁ?axmun}? gs %%n@u#bs ué’ncﬁ%9 25" 8%%%22 BeEeHedIaRgma 526.
i‘ﬁér @?W@Pﬁhaﬁ 12@%@%3@@&@%&%&3@05&@ @ﬁﬁ;@f}@ﬁ@ﬂ@n with

%Y&H@@@QQZ%M&%M&?W@%@E Xk%%%w'th'“ angeac er ey 102.

g{oup always use the lowest possible eacon otS edur

%“i%fde%@a%ﬁﬁé‘fféé%‘tamﬁm@l(mmpsm@:am:mgwm|yror the
minimizasiihe @V@tﬁ)@l%t@ﬁcﬁ%%@%fﬂﬁrﬁ% A 9&%‘% foran neas (.,

atlo ommunlcatlons resources. VI. Beacon r|o
W é’ ﬂ‘?és @?éﬁ“&%&ﬂ%ﬁﬂéﬁé&%ﬁmﬁmmgﬁwmmm@
‘aorondisignto AoreirabadifrientooliveEDsRSRAN, MEnion:As-desaribef i
a |IE, such as a BPOIE that is

I
N B O A TN R oIS S TP Aeilters
res t e., eight.bits). Bits, 402aF402e are
ﬁﬁfe’?ﬁéipfor ek %%%ﬂ%& S e e e
Lrosertsr @ﬁré@@?ﬂlﬂﬁ%‘éé@i enviiTublds2ane 31 Field/ 460rajsenieatudesia one or

HRALestiRbaRagLit40% and a; QBI@C&F&I&:%Q{ 4 ot dlisﬁrgfo’t ans (program

ve, th se bits may be used to decrease the &F Of
‘iﬂ%?& §§§e GhRfiidations Device [00731 As descrlbed above, wireless
such as DEVs 102, may employ the techniques

d
e ek ) i e b promdetegom
aﬁpp@rawmgyéafm&egmmmmemmmmpm@@nﬂmm@@easﬂ%ms
b R A S A A

processor 510, a memory a user
TR nAfE ORI, Sinetudets ndiBiransoeer 524 @0pa can bo

ABRRNBL9Pocessor 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 described with reference to FIG. 3. Itis
important to note that the MAC may be implemented in hardware, software, firmware, or

any combination thereof.

16077} 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

recetve information from the wireless communications device. Thus, user output portion
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14 W O 2005/107165 PCT/1n120051001165 [0074] As shown in FIG. 5,
UWB transceiver 524 is coupled to antenna. 526. ITY z transceiver 524

Withud#soglettronics, which allow the device (in conjunction Witfiy g8465iNR 1165
526) to exchange wireless UWB signals remote devices, such as other
DEVs 102. Accordingly, transceiver 524 may include a transmitter and a

kggejver; Far; smission of, 1JWB,signals; such electronics may
g m D g S U, B aoranies

beepatsy fobertdiviyireliot dronatsbdi@liBs Faidmjssionsicbandpiays.

reception of UW-B signals, such electronics may include demodulation

Bt fdnents &g clesmsm Fééﬁ%ﬁufé%fé)mmhﬂf@lmlﬁﬂry,cqmdiwmszaﬁous

{O0BEuAS Shewidn Fe SRRSO iR ompier,Lp 5@?@%@&&%&5%@
e

Processg)lr 510.controls device operation. Processor 510 ma

TSP ehte dRTHH BB ROk ANTO g SBE SEGRO TR A aipl eiisiesc alpatsidionn, cach
eXbestinggoftuare insipiedan s (RFOEF 3t e e ISR cein RPN 2 8r

1[893 eMma 512 is a computer readable medium that may include
rand%lrtr)\%agcé’[g% a%ﬁ%%‘}%?ﬁ , read only memory (ROM), and/or flash

mnemory, and stores information in the form of data and software
components (also referred to herein as modules). These software
%gkp&%ﬁfg%a%‘@%@%ctions (e.g., logic) that can be executed by
processor 510. Various types of software components maybe stored in
memory 512. For instance, memory 512 may store software components
[T 8bntrol the dsgerdtidnbokithnsoerver MBO A\ Memasy 552 Bd¥ifies a

HIOI&SL MRS CRIRPR vide for the functionality of a medi
access controller (MAC%KFH%%K?Sﬁck(f)xrﬁgr r% %reghcé’y%ste)? orm Ei?g%réi ’u&"eoa%ﬁéé%a of

letiinsbelesthepeoneieribed WrRderdobriestonr IGeit discirmpartaictounpies of

HROIAREMA G S THIRRATIRINA IR DA AT S, SRR S LTNAIE, O
combig&hi;)n thereof. [00771 In addition, mgmor)\ll%%%gtr%%%%%%t Ofnew

bgeg%)v{/lé’reen ORIV EAFTHiFD FHBe SRHEREE of information through

e cesor ERAC R Rt S AR She ReRArgereton S0t s
particular beacon period. However, instead of just involving the establishment of new
beacon periods, the reserved beacon slot of the present invention may alternatively be
reserved for communications regarding beacon period size adjustments. Also, in contrast
with the above idea, embodiments of the present 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.

{60821 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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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
BoetEiviefude one or more devices that allow a user to iNpeitT/182005/001165
information. Examples of such devices include keypads, touch screens,

and microphones. User output portion 518 allows a user to receive

| | ireless communications device Thus, user ‘
a0 L Ly s UL 6 18 igecoustyfre
frelerciéora flsusdevioestsifoliag haisplaycandoneiat more audio

speakers. Exemplary displays include liquid crystal displgys (LCDs), and
U?&é;&hisplayﬁ%s e8] crHd etentenis GHOWA GAFIGA S majobesaifledeacon
&ﬁﬁ@ﬁdﬂ%ﬁﬂ@ ﬂﬁﬁﬁﬂ&léﬁ@l%(l@ﬂﬁaﬁ?%&?&%%%ﬂﬂa\(’)%\{eg’n Soﬁg\g%resent

fransceiver 524, Erocessor 510, memory 512, and user interface

YU oY SPSPe B Ritdemindicating dbpisrmbachf Bfahéseon slots. An
compnehtsclseolibled t0odiFeWEP oI, SHERASE ﬁ%ﬁ%ﬁ%‘aﬁ%ﬁg% ’;?'Ehe

b k (not shown). VIIl. Reserved Beacon Slot 100/
D R i R hccriereionran spewesation cale

ibasaniiaectaacomgreciot havingh8ditAS t§kxﬁ$h@.9rc?e4ﬁﬁ?@§9f{’ibﬁ!%@b§é!§&ing
- i5q ea-0f ' last n slot (i.e., the 24°h slot) free has been
%}gﬁcussed.e#%%e\eéqugr%ggne 0 l\?f%g?fgévggt‘(g)e%m%ﬂﬂ@é%f@%ﬁ?ﬁ&ﬁé?@é@f‘ces
iurrEanEeemees biskonmendlengi. beacon period(s) occurring _
Isewhere in the superfrane. [0080] Embodiments of the present !nventlon
@Iégﬁ'{;serve A95eulpE &difh 42paridisrpeaton igkddertowpvsod parameters

dosteadrohigiss dnvelvingtheestallisRrasnt.obRgw, bB@&f%@sP%ﬂ; A% %0875 102
Teserved beacon slot é he present invention may alternatively be
rederved tor ComFRIR i% iohsS FEERPHHG I&&WW S s dnehedits. MAC
ffeessifiddiibase mmmaeiamw,idaa)temheelﬂrﬁ@m%ﬁg,taedwm%{_ of MASs

A i esgyve t é st beaco ot for such communications.
el e e A el
HetrekcasislB ©A8m Ficidditioad r@@lm&)‘méyfdﬂresmaﬂtﬁ@ht_ﬂ;@}&ohnaﬁon relating
@S BE 1AASIRHOh SHEBEOMPHRLANRAS PR, be disadvantageous
[0085] MAC address field 602 identifies the MAC address of the device that
transmitted the information element. As shown in FIG. 6A, field 602 is eight octets in
length. DEVID field 604 provides the device ID of the device that transmitted the
information element. This field is two octets in length. Slot number field 606 identifies
the beacon slot of the beaconing 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 aceepted bits, as described above.

17



when flexible beacon periods are employed. This is because the location
of last beacon slot in the corresponding superfram.e will not remain
o Aecordingly, problems may arise by reserving the lastigipiod=afo 1165
example, if one device uses a beacon period. differing in -length from
beacon periods employed by other devices, these devices may not be
coordi yoratsalaclilallocll inyolving beacon period size
gg}ﬁgstﬁhents. }[%QO%Z] Res;ér?/ﬁ%%t’ §° gg%g%ﬁ% é%gtp dunng Be‘3 TP 53R Shsgen slot
Eiedcbparidet BubiddrthMAfonidhe beeeusectivallifet MArS anthitsc

intermalioe Ao skatsy il aiways,exislc 1YY 07485 f 2 device i
PCT/1B2 F%2/0013 5 in the c,orrggq%gnding tl%a%%@[érigdr. R by device is
SUENER RS Wﬂﬁédbg‘w fgéﬁsrﬂﬁdég’%ﬁﬁl theiredbiresmemtoflot for

dsing e tsamadragoneraeiengthe 83 fééféﬁ%@ﬁ@cﬁd RV cerved
g)r%glc;z%lnl\/glﬁpA XI\,/IAI\SC ,gg{l&grcg specifies. beacon frames having information
S (Y that RS EShBEaTm#HE abeHbdsraeermnd watismerframe

elemen al, accC

vAel somiey irftrdnatipnsisditating ot e bE kRS MEeshDRAEARNHI Ol AN

XM f, IE is a modified. BPOIE. In addijtion to information
elemear%gégfr?gﬁlfr}%ﬁ\%l b%Wk Versis a%BBSﬁF%%%&} PGB A5e8d beacon
R it thifsvanafiome atlothep émomintipy thupapiaeasmBtais it or subsequent

gdipents of the present invention, the beaconing group parameters
of the initial NIBOA MAC version may be modified to include information

regasding beavan periodianatin]0084k ASeaUling!Y. &' Ge %ﬁ%ﬁr m ina
boef ng%grllfledobeg%(})r%{ge?r;:gd parameters 600 according to an em odimen
OF e PRSP inVeARBA I BEauch Haysasemye pEoR rmesl whensritain

e 110022 PV Mol 04 ot et ity 05 g Ao

' pih [k e slot number field 606, and a )

sty sgﬁ?é%%g?ﬁ%ﬁa%Cé’(Yfa,ﬂéax,Qsﬁ%%m%&ﬁwsm@ghm

MeapMBORamAQvmdion 2 prodatwenifiel di6ABdscanpdditianal figld
erved ol semupunicating i jon relating. to the number of MAS

fé%c?ts in the beacon pe%dggﬁgé?%%]ﬁgg%ﬁg%ﬁ%ﬁg 4&HES: Tﬁgéés MAC

idpelesiSRreUs identifies the MAC address of the device that

aagmitted the iéHormatio element. As shown in FIG. 6A, field 602 is
[ oi g%trg ctets iy adaition to the above features, devices may also use the reserved beacon

slot to create new beaconing groups. When doing so, a device may select and specity an

adequate number of MASs for a new beaconing group.

[0090] FIGs. 7 and 8 are diagrams showing the use of a reserved beacon siot to
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; - 704,

{6691} Beacon slot 704, is reserved for communications involving beacon period
adjustments. Accordingly, during slot 704, 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, — 704¢. Of these, slots 7045 and 704, are vacant.
However, slot 704, in beacon period 702b is reserved by the new device that transmiited
new MAS request 706.
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length. DEVID field 604 provides the device ID of the device that
transmitted the information element. This field is two octets in length. Slot

YWarlgér digkes 606 identifies the beacon slot of the beaconing grau@ites/ 01165
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

lots) of the.beacon period used by the transmitting device. This
weq‘d%m}say beog%g%%ﬂieltnfﬁnﬁeﬁ& X 1??%)?2#‘6%%?%%&? 8 e fGwonak 7041 may be
ERGWAIFPFrGIIBBL At forniaina threeabiersubiibidiGikats Weedtomple, slots

?0%@@(}!&%@%@%@@% ed,by the transmitting device and

may be encoded in various ways. Adjacent to subfield 610 is a five-bit

suisfiejd 61.2p1ehich isdieserved JanyaroLeHsesSHACCardingly, subfield . o -
612 may be used to convey information, such as change request and not

HEREPHEA B FgB A TGV FIWS FOUS29Pa@Bing period 502a having
REHBRONF0N 654{0087) Ao tesesbgsiabove. aspesisabiRe eSS Hingly, 2
fi()rly{%{’]glo reserve a %%%Egn slgt (e.?;‘, ab acor} slot in the first VIAS of the
beacon period) or Sharing NERRSTR IRtBIAHGH MR re Serl Bt elbtiftag 041
ProvidaivaribusiseataressdEottenaghplenifrandenteis) tnablarta MadMasation siot

dpgacon slot, it can transmit a demand during the reserved slot for devices
in the beacon group to increase the beacon period length. Also, this

[epeayed beagansioteN RS0, 8 HEEHhI0 §6RUES! | fJB‘%%‘%QE‘oﬁ%%H%d 802b are
devices and other superframe configuration related purposes. In
VBRIBbiNREM b th dhp reerbiriA ERtiSAS SaerPiBhratrsactoitdddiasiehfoged.

Hxaenple; infangitionerelaiing &9 Riliaiing & secendReacaR-REAR, WIthDe iy me
the su%§ggg£ne gég]ther information that affects the current or subsequent

nélﬂrg)eefrframes.ofb fiY'4uch information, a device may decrease the

r of MA:Ss.n: oning group. |n embadiments, such decreases
O ormenhoon S C COHAKIC) BERH AR GS A8 oY AR

begsarrshPRIR eHoav s dififeecnt deyivsigsbarintjfidevicles géeendoan BBGI E)

A&Mﬂiﬁ@ﬁmﬂﬁﬁﬁlgﬁ%p%ﬁm&% %{x&?&ﬁ*@@%@#g o v\si{lﬁélsd? ferent
the beacon period for a predetermined number of superiranes. This

devices amdes) employ different numbers of beacon slots. In addition, the topology

illustrates that particular beacon slots are reserved for a device’s neighbors and the

neighbors’ neighbors.

[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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predeternined number maybe a system parameter having a name, such
as "triNlaxLostB eacons". [0089] In addition to the above features, devices
ey ®EY tisé the reserved beacon slot to create new beaconip@@EesRi1 165
When doing so, a device may select and specify an adequate number of
MASS for a new beaconing group. [00901 PIGS. 7 and 8 are diagrams

ing it ved beacop. slot to adjust the number of slots in
o acaeraim e e o e B ASHH RoARBIS oF
PRESE dilgranismbreateomms mioteeiin ivichosdoant stoteoaice ticigated fywork).
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
particutasnfilsiod shows a beacon period 702a having six beacon slots
704, - 7046 '00911 Beacon slot 7041 is reserved for communications
involving beacon period adjustments. Accordingly, during slot 7041, a

gpyins; transmitsig RANCNMAR EBAHESHY 0 1, IESHQ TR0 B e B cribed

f%IIowing‘bea n period 702b in the next superirame’ includes nine

BERCoH Mg‘% A Fdorsiepdhehibey hetved raveressd 7049 ary vicantiple only,

kowever lishita 047 hnannpanad BO2h s EasR) vie
%@btransmitte new MAS request 706. I8 WO 20(;65?/%6‘1%/31%?(5%1%8%%6 tefevant

O BOEEb T Re 8T dB S AL iBBHiRTR RS Rt dlisreisewithar iorrintpfsom
Bherithanddatr0fthmay beisesaned ﬁw&eaam%@é&@éso&‘lmw%%em invention

bease r justments. For example, slofs 7042 or 7043 may be
reserv%%qf%cér?%%ggjgr 0s .O?(B%egéﬁqyleé%‘i@f‘é%@?ﬁ%%ﬁﬁ&@ﬂ@éré&%@wm
b deEnadrmbliisfabecrdencelptstdre stidcessivadieaaan PeHQS: Hlents.

articular, FIG. 8 shows a beaconing period 802a having nine beaconing

8i8%d04, - sb¥onesriRedBe 16l8:80aGInG D avaantdatroeginghesa Thus,
deitowibig beaseniapiag 3038k the nextsReiame hasRDly six beaco

ots t18104i~' 8046. This reduction may occur through commu |cat|or'ltflsv)‘en ron.
A gﬂ,s m?t%’e%s%ﬁ%eﬁté% 8%?&‘6‘? %&y&d in communications contexts other than ones
based on the MBOA MAC.
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[00941 As shown in FIG. 8, beacon slots 8045 and 8046 of beacon period

802b are vacant. Accordingly, the number of devices occupying the LLOYD WiSE
beacon period has changed. However, a change in the number of o :
devices isn't necessarily required for a change in the number of beacon

slots to occur. [00951 As described above, reserving a beacon slot in the

first MAS of a beaconing period allows different devices to use different

WA be@ioniparinds.: Accordingly, FIG. 9 is a diagram of an exemplary
network topology in which different devices (nodes) employ different

numbers of beacon slots. In addition, the topology illustrates that

particular beacon slots are reserved for a device's neighbors and the
helghisossi, neigbhisisg {86k arislisopefationg mawapudydig saserved
beacon slot that is provided in embodiments of the present invention. For
costangecdtisgopardtiolyofsil Grep sndychatpariasmegdrisuady, each of the
embodiments. However, in such performances, steps 310 and 3i 2
snpatimgenerdtidogandltansmitieg enpessaderin ghehiesengdof@acohirality of
slot. "This message may direct an increase or a decrease in the number
nddesasonrdigtsde ig. irtmemitrmbencod thekdugs Jadlodaigd teetloen period length
corresponding beacon group. [00971 Accordingly, a device (such as the
tvicedtEiQ: &)lnsayaeveiveraftenaditysbfeaconmebragesacipds a node
wireless transmission medium; determine a number of beacon slots for a
spslipeohoheasomiore devites aseth@imttrdueitien Ixsacen thegdsadies of nodes
and send a message to allocate the determined number of beacon slots to
iméhegzonyp, Mhigahbsgagelisisdniniingapdsenspddbizaoresiotdntddistone
Media Access Slot (M_AS) occurring in the beginning of a’beacon period.
Raapieslehis theetiagbamaybdacat 191WIORE0SH 81dgourdity of nodes forming
T/11320051001165 an increase or a decrease in the number of beacon
SomoTherddtetmine higmedtofesserron sists map e bakbednahdibeginning of
number of devices in the network (the ad. hoc network). Conclusion
tloogopasthire\Rerews Ratibodimeé atdeobtivaeresemt Hntdrtiog dralicatsaldior so that

described .
any of the plurality of nodes in the group is capable of sending a beacon transmission

within said at least one reserved beacon slot; wherein said plurality of nodes are further
configured to reserve at least one beacon slot in a first Media Access Slot (MAS)
occurring in the beginning of the at least one beacon period, and wherein the at least one
beacon slot is reserved for increasing the number of the beacon slots announced for

beaconing in the superframes.

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

the number of beacon slots in the superframes.

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

the number of beacon slots in the at least one beacon period.
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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 LLOYD WISE
persons skilled in the _relevant air that various changes in form and detalil

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. [00991 For instance, the tables contained herein are provided
asltearyypbes of blasin dthelidaibeivaliidmsmarpiegso cole kypssraed Yithiscreasing
the scope of the present invention. Also, the present invention may be
thaployeet bf donbeacoicationscontexis fotHenthaingrieshbaspe-Hmibe

MBOA. MAC. 20 LLOYD WISE WHAT IS CLAIMED IS: 1. A system,
comprising: a plurality of nodes forming a group and configured for
communicating wirelessly using repeating patterns of superframes, each

bf'the & siepeofifalaies Incihding dideddtashensdaconmpdnos cskngdvhichecreasing
each of the plurality of nodes is configured to transmit a beacon message
thedirgaob basompéris dnléngshpudtaméndicating at least a number of

beacon slots announced to the group by a node sending the beacon
transmission to maintain coordination between the plurality of nodes in

the group by enabling each node in the group to respectively reserve at
feddteoetan peeledn dlovhentie Hiclebkrsmmbdasormpéeiod reshorefaaldereasing
plurality of nodes forming the group are further configured to reserve at
bastorheddenasiclots thieivegittaisipod htrsen lerstdne beacon period,

said at least one beacon slot being dedicated for so that any of the

plurality of nodes in the group is capable of sending a beacon

transmission within said at least one reserved beacon slot; wherein said
pldiisy semorfedaane furtheicsteo nflgaliéy @b redeyveranivaisaisnes vgarbaless
slot in a first Media Access Slot (MAS) occurring in the beginning of the at
VaaryAebped cbiVdbrivanamd wherein the at least one beacon slot is

reserved for increasing the number of the beacon slots announced for

8. 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.

9. The system of claim 1, wherein the beacon slot is for dynamically adjusting the
number of beacon slots announced for beaconing in the superframes based on the
quantity of the plurality of nodes.

10. The system of claim 1, wherein the plurality of nodes form an ad-hoc network.

11. A wireless communications device, comprising: a receiver configured to receive a
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beaconing in the superframes. 20 2. The system of claim 1, wherein the at
least one beacon slot is reserved for increasing the number of beacorg‘ OYD WIS
slots in the superframes. 3. The system of claim 1, wherein the atleast ™~ ~ """
one beacon slot is reserved for increasing the number of beacon slots in

the at least one beacon period. 21 LLOYD VV SE 4. The system of claim

1, wherein the at least one beacon slot is reserved for decreasing the

plurabier of thecbeacon sletsanrounseddar hereainehimtag suaeH aBRSip of
5 5. The system of claim 1, wherein the at least one beacon slot is

resayveniodcacks asinfis el Tunbeioiieaces etk ihesBipRftamespatterns
6. The system of claim 1, wherein the at least one beacon slot is reserved

tdsdeateasig el ofithbeieibeacomslotip Hecatileasteneheacod during
period. 10 7. The system of claim 1, wherein the plurality of nodes
shinnemicatethising wirslessdelitasvidebdindddwiB) Signils. t3addiemessage
system of claim 1, wherein the beacon slot is for dynamically adjusting the
s Indimp e bohdreapenios] dtagdth thd suipditraing atlassch anrthe quaintiyoafslots
the plurality of nodes. 9. The system of claim 1, wherein the beacon slot
amionuyathinitellyrauljusting thieesandieg tiebeacon stotsrdassionrssed feacons
beaconing in the superframes based on the 20 quantity of the plurality of
medésinlily Jtwediystem biteledmtlic vieceinithbqimoality vemddes: ferch device in
ad-hoc network. 11. A wireless communications device, comprising: a
tecgivep tconfigueed ¢ty receive @ 1231 0nONBIW & iplihatitycaft@acbeacon
messages across a wireless transmission medium from a. group of two or
paviel de vivsstenfiguiied ol oolateromicat mywieled Sisacsing asdeatimggroup of
atterns
gevices based on the received beacon messages, the group including the wireless

communications device; and a transmitter configured to send a generated message to
announce the determined number of beacon slots to the group; wherein the generated
message is sent during a reserved beacon slot in the beginning of a beacon period, said
reserved beacon slot being dedicated for requesting changes in said beacon slot
reservations by each of said devices of the group of devices so that any of the two or
more devices in the group is capable of sending a beacon transmission within said

reserved beacon slot.

12. The wireless communications device of claim 11, wherein the generated message

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

13. The wireless communications device of claim 11, wherein the generated message

specifies an decrease in the number of beacon slots currently assigned to the group.
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of superframes, each of the superframes including at least one beacon
period during which each of the two or more devices is configured to LLOYD WISE
transmit a beacon message 5 including a beacon period length value ==~ *'2
indicating at least a number of beacon slots announced to the group by a

device sending the beacon transmission, said beacons maintaining

coordination between the devices in the group by enabling each device in

the DrewaiadRsResHieliciasps\R atieastiang PeacRarsiotie theAldeRlonfigured
one beacon period; a controller configured to determine a number of

heacevsidisaforidebaoupwhlpsdevire sidasedranstir Ee e PRRAAB transmit
messages, the group including the wireless communications device; and

Dwanhsinitigy, configured to send a generated message to announce the
determined number of beacon slots to the group; wherein the generated
message is sent during a reserved beacon slot in the beginning of a

beacon period, said reserved beacon slot being dedicated for requesting
thafiyesynsaidfbbdnohisiohdzirederyahonsbyraciy ol seaidt drviaes ot dhged
group of devices so that any of the two or more devices in the group is
begainlslof seningN dobadendyafBm(d4ind) wittunrigidn nesesediaaodthe beacon
slot. 12. The wireless communications device of claim 11, wherein the
penstated message 20 specifies an increase in the number of beacon

slots currently assigned to the group. 13. The wireless communications

device of claim 11, wherein the generated message specifies an

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

26 ALOM oYY ISEptisinEhéaneetesmgampmuatigatibheadevice shgtainerbis a
wherein the receiver is configured to receive ultra wideband (UWB)

sigalaks, tandhthiestranskiiiten iSworfgnorgdofortrains mior ¢ WHE csig naildi ikl. for
The system of claim 11, wherein the generated message is sent during a
cesenadcdeacondissin eiinstdediadoutssSiot (hbaBineswaiigoftbiee
beginning of the beacon period. 16. A method, comprising: (a) receiving a
plpeafignoishbedodimmaidsasjemabrassmperiod during which each of the two or more

devices is configured to transmit a beacon message including a beacon period length
value indicating at least a number of beacon slots announced to the group by a device
sending the beacon transmission, said beacons maintaining coordination between the
devices in the group by enabling each device in the group to respectively reserve at least
one beacon slot in the at least one beacon period; (b) determining a number of beacon
slots for the group of devices based on the received beacon messages; and (c) sending a
message to announce the determined number of beacon slots to the group, wherein the
message is sent during a reserved beacon slot in the beginning of a beacon period, said
reserved beacon slot being dedicated for requesting changes in said beacon slot
reservations by each of said devices of the group of devices so that any of the two or
more devices in the group is capable of sending a beacon transmission within said

reserved beacon slot.
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10 wireless transmission medium from a group of two or more devices

configured for communicating wirelessly using repeating patterns of LLOYD Wi

superframes, each of the superframes including at least one beacon

period during which each of the two or more devices is configured to

transmit a beacon message including a beacon period length value

indicating at least a number of beacon slots announced to the group by a
device 15 sending the beacon transmission, said beacons maintaining
coordination between the devices in the group by enabling each device in

7e Diiowctbaspetivelys yegenegnahicastsanesheaen shohikdhe ak Bastumber of
one beacon period; (b) determining a number of beacon slots for the
bracymoldevicesnbiassd gmethe Beeivag.beacon messages; and (c)

sending a message to announce the determined number of beacon slots

to the group, wherein the 20 message is sent during a reserved beacon

slot in the beginning of a beacon period, said reserved beacon slot being
tiediteted fordedukstingochdrges ihsaickpacpesits resdsvaioniblie number
each of said devices of the group of devices so that any of the two or
oideceyites ntratlyoup tachpatble gbspnding a beacon transmission

within said reserved beacon slot. 24 LLOYD WISE: 17. The method of

claim 16, wherein the message specifies an increase in the number of

beacon slots currently assigned to the group. 5 18. The method of claim

18, eersiheHeohbgsade, spsrifieslmmussagasesentibmnogrescf dabbewmon slot
slots currently assigned to the group. 19. The method of claim 16, wherein

the finetdégybadseesdilnngvirBsecvadibe actie dloginniadirdttMdatiacAcpessd.
Slot (MAS) occurring in the beginning of the beacon period. 10 20. A

computer readable medium encoded with computer program instructions
capable of being executed by a computer, comprising: a computer
ZeeAlsienmetiuraaiabingishion euodistviib eonpideepaiging anstorsissercapable
in a wireless communications device, the logic comprising: program code

foibeangiving éep byaligpoibéacormmessryesampystaiseable medium having logic

recorded thereon for enabling a processor in a wireless communications device, the
logic comprising: program code for receiving a plurality of beacon messages across a
wireless transmission medium from a group of two or more devices configured for
communicating wirelessly using repeating patterns of superframes, each of the
superframes including at least one beacon period during which each of the two or more
devices is configured to transmit a beacon message including a beacon period length
value indicating at least a number of beacon slots announced to the group by a device
sending the beacon transmission, said beacons maintaining coordination between the
devices in the group by enabling each device in the group to respectively reserve at least
one beacon slot in the at least one beacon period; program code for determining a
number of beacon slots for the group of devices based on the received beacon messages,

the group including the wireless communications device; and program code for
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15 wireless transmission medium from a group of two or more devices
configured for communicating wirelessly using repeating patterns of
superframes, each of the superframes including at least one beacon [L.OYD WISE
period during which each of the two or more devices is configured to

transmit a beacon message including a beacon period length value

indicating at least a number of beacon slots announced to the group by a
gaviegi 20 sendingthe sagaco aitianaeigxeR Gaidhbe aceiisc M BEaktAGlots to the
coordination between the devices in the group by enabling each device in
thengrouptoitespegiiMglyoreserve mbleasyione heacoatstakintdaideasiot in the
one beacon period; program code for determining a number of beacon
Isbpiarforgthéthecu peafideddeadmsediod, Hatdreckeive dhebedmessages,

the group including the wireless communications device; and program

onden fmi 25 1d OMEAH S redainer ading @b acercongisageoin sridesreecd beacon
the determined number of beacon slots to the group; wherein said group
gbobany dndikardd\fivesqessrive didegst mneibdraoonsibitincteey diegbyngich of
of the at least one beacon period, said at least one beacon slot for
sodndauiticating ¢rformpatiodevetating fiemeasypdrtharveccantigusatioivesaidthe group
reserved beacon 5 slot being dedicated for requesting changes in said

beapabl sldtseskngatibeacby eachmiésisniov dkviceslotthey giddgpoohddaices

so that any of the two or more devices in the group is capable of sending

a beacon transmission within said reserved beacon slot. 21. The computer
readable medium of claim 20, wherein the message is sent during a to
1ésé&heeth bpatonsideitearfadumedial Aocegsvdletc{ MAS nassagrngsintidering a

beginning of the beacon period. 26
reserved beacon slot in a first Media Access Slot (MAS) occurring in the beginning of

the beacon period.
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