WO 2005/107164 PCT/1112005/001162 ADAPTIVE BEACON PERIOD
IN A DISTRIBUTED NETWORK [0001] This application claims priority to
U ication Serial No. 10/838,217, filed May 5, 2004, entitled
Wq&@g/ﬁ;&%‘%eawn Period in Distributed Network," of which Thd/Bipe/001162
specification is incorporated herein by reference. FIELD OF THE
INVENTION [0002] The present invention.relates to wireless
ATeaRTHVIE CHie OV Bk pEii diN ok Y BSTERIB S InME ORI es to the
allocation of resources in wireless communications networks.
BACKGROUND OF THE INVENTION [0003] Short-range wireless
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networks, wireline telecommunications networks, and the Internet. [0004]
IEEE 802.15.3 defines an ad hoc wireless short-range network (referred to

FIELD 9@6938 Wﬁ@ﬁ%rality of devices may communicate with each

other. The timing of piconets is based on a repeating pattern of
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COIBEVEIAUVEBReEENHSSIN relation with the IEEE 802.15.3. More information
about MultiBand OFDM can be found from
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sSpecifies a superframe that'1s microseconds in duration. This
superframe contains 256 equally spaced Media. Access Slots (MAS).

[0803h MA STt R BE ebSa Rt EBivaeaks hyriprlly thuolepgayistetich
haMdA3ds2aRisiRsesRdT JAORGIAcsrding de s inilial MAE MBhsi8Rications

the first eight MASs of the superframe are always reserved for the
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telecommunications networks, and the Internet.

[06004] IEEE 802.15.3 defines an ad hoc wireless short—range network (referred to
as a piconet) in which a plurality of devices may communicate with each other. The
timing of piconets is based on a repeating pattern of “superframes” in which the network
devices may be allocated communications resources. Currently, the MultiBand OFDM
Alliance (MBOA) is defining a media access control (MAC) layer for Ultra Wide Band
(UWB) radios in relation with the IEEE 802.15.3. More information about Multiband
OFDM can be found from hitp://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,



WO 2005/107164 1'CT/11I32005/001162 each MAS contains three beacon
slots. Therefore, the total number of available beacon slots per

wosHeehlrae is twenty four. During a beacon slot, only a sinqlﬁlp%%&%ﬁ%pﬁz

be sent. [0007] Unfortunately, because the initial MAC is inflexible in
number of beacon slots, it is likely that for any given situation, there will

be either too many or too few available beacon slots. For instance, the
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number of beacon slots maybe sufficient because the operating range
Sen}Srovided by the UWB physical layer (PHIS.") is small. However, a greater
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Therefore, In the above mentioned situation involving two devices, the
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reserved for new device.

[10009] 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.

[0610] 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




100111 The present invention provides a wireless communications

network. This network includes one or more wireless communications
Wo%y%%ggd a wireless 2 WO 2005/107164 PCT/IB2005/0 /?B 05/ 0 62

transmission medium. The one or more wireless communications devic

transmit beacon messages across the wireless transmission medium

during a beacon period that is within a superfrarne. The beacon period
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across a wireless transmission medium. Based on the received beacon
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number of uged beacon slots that are visible to the device. Also, the
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by hragan Msssagesand a beacon message is sent to allocate the

determlned number of beacon slots to the group. [0016] The present

[odnvgntion akgwsderihe elficientuilizalionPidicate 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.

[06015] 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.




communications resources and reduces power consumption in
communications devices. Further features and advantages of the present
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BRIEF DESCRIPTION OF THE DRAWINGS [0017] In the drawings, like
reference numbers generally indicate identical, functionally similar, and/or

BREFHDIFEIFIRREPN ISR ST PRANEWIGE in which an element first

appears is indicated by the leftmost digit(s) in the reference number. The
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drawings, wherein: [0018] FIG. 1.is a diagram of an exemplary _
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whergimsmitted by devices according to an embodiment of the present
invention; and [0022] FIG_ 5 is a diagram of a wireless communications
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environment, a g[urali_ty of wireless communications devices (DEVs) 102

[083dy exchafl§e thiotiagenn difie Sslh tbtheeyboBemmiiierbby frisenafcording

to A BRBRINHE (MURANLAAGadaisoaxahange of information may occur
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
L Operational Environment

[00623] Before describing the invention in detail, it is helpful to first describe an
environment in which the present invention may be used. Accordingly, FIG, 1is 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,



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
a includes DEVs 102a, 4 WO 2005/107164
W%@%ﬂﬁ@osmonez 1026, and 102c. Also, a beaconing droup robK 01162
includes DEVs 102a, 102d, 102e, and 102f. Accordingly, DEV 102a
belongs to both beaconing group 106a and 1066. [00251 The
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102a). Accordingly, cluster 108 includes DE eaconing
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200b. [0027] Superframe 200a includes a plurality of media access slots
(MASSs) 202a- n. As shown in FIG. 2A, multiple MASs 202 in each

I supegl];r% 290 are grouped into beaconing periods (BP) 204. For
instance, . 2A shows that superframe 200a has a BP 204a and
superframe 200b has a superframe 204b. As discussed above, the initial
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methods. Two such methods are the contention free period
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group that is
[0028] According to the initial MBOA MAC version, only beacon frames may be

transmitted according to a beacon period protocol during BPs 204. However, during
other portions of superframes 200, devices are allowed to reserve portions of the RF
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.




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

waNRig sAlisions also with devices that are not within the group. 5

WO
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version provides for an optional access method called enhanced
distributed channel access (EDCA). 100311 BPs 204 correspond to
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However, superframes 200 may be overlayed in time to support multiple
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transmit beacon frames in BPs 204eand 2 eacons
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by distributing functions across all nodes. Accordingly, the initial MBOA

MAC version does not require an access point or central coordinator for
Mthe R2AMNNetwork. [0035] According to the initial MBOA MAC version,

devices (e.g., DE-Vs 102) that intend to participate in communication with

other devices send beacons during
[0033] To maintain coordination between communicating devices, the initial

MBOA MAC version specifies that devices (such as DEVs 102) transmit a beacon

message.

[0034] 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.




beaconing periods (e.g., BPs 204). Further, these devices scan for

beacons transmitted by other devices during the beaconing period.
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operating in this state, a device refrains from transmitting beacons.

However, the device does net relinquish its particular beacon slot. 6 WO

2005/107164 PCT/182005/001162 [0036] In short, each device provides
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. avail,abla. [00371 Beacons may include one or more information elements
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Beacon Period Occupancy IE (BPOIE). The BPOIE is used to provide a
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(such as one of beaconing groups 106). Each of these fields includes a beacon slot

number and a corresponding device identifier (“DEVID?).

[0039] Upon reception of a beacon frame, a device saves the DEVID of the sender
and the slot number where the beacon is received. This information is included in the
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.




[0040] Devices select their beacon slots among the idle beacon slots.
Also, in. subsequent superframes, devices send their beacons in the
con slot unless a collision is detected. If a particyl gI?Vi
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during predetermined number of consecutive superframes, device(s)

receiving the neighboring beacon are instructed by the initial MBOA IVIAC
IV. verSiesctn Indicdf@l¢hibibgacon slot as an idle slot in the following

superframe. 7 WO 2005/107164 PCT/1B2005/001162 IV. Beacon Period

Flexibility [0 0411 In embodiments of the present invention, the number of
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two hops from each other) and the length of the beacon period (i.e., the
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superframe format modified to have a flexible number of MASs Nixmber
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1, there are normally at least two free beacon slots during the BP.
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MASSs

Number of Devices Number of MASs in Available Beacon Slots
current BP
1 1 3
2 2 6
3 2 6
4 2 6
5 3 9
6 3 9
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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is increased whenever the number of free beacon slots decreases to a
predetermined. number (e.g., to one free beacon slot). For example,
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network. [00441 In operational situations, the exact number of devices
within two hops may not be known by each device. However, as
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trade-offs with efficiency. V. Operation [0047] Various mechanisms may

be employed to adjust (i.e., increase or decrease) the number of
V. empSlegei®eacon slots. For instance, embodiments of the present

invention employ an IE that indicates a particular BP length. This IE

maybe implemented in various ways. For example, in embodiments, the
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Thus, thi fielgﬁm_ay reflect the numbher of used beac%n slots from multiple
each, DL Y A SR S BB A5 905 SPisEay RPRTaxiled by g modiied

BP o#iviark deiesnhio B8P @ 1Betbe initial version, includes a BP length field. This field
may be an indication (or "announcement") by a particular device of the number of used
beacon slots that are visible to it (i.e., that the device can receive). Thus, this field may

reflect the number of used beacon slots from multiple beaconing groups.

[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



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,
ing to embodiments of the present invention. Over time, additional
Wogg{\}/%g@%may join the network. Through the exchange of %%%%?Pg(? Wﬂ@
(for example, in beacon messages) beacon period lengths are
determined and dynamically adjusted based on network characteristics.
bea@DAB}IsHges3 i arflbvdinaritsluSiratmesant opyerdiion thés witelesKs) are

rec%%mﬂ%gggﬂ%ﬂes\afgn- é‘ as one of DEVs 102, according to an aspect

the present ifnven IS operation includes a step 302 in which the

[0 63yjCe recqiveSANeuarOfe 2 MoRA0¢ 07 184 R L %0 ARLIEZs. This

beacon messages. In embodiments of the present invention, these ~
stepRL Rbids s eupgidaTIating BemyrEi S belfsineqdobeicnn &rapapmission
andXMriHiBEHAEILEs PROCASHRS ¥ eroRRI BIoR) RE6p PRAGARY NS08 S ARiSi R
ay include (reiﬂgavin% information from various fields in each beacon
el G ISR A RS HHEHb el BFAEHBRYT i SEERISIEIG) §Wmay
multipladeadetegraipng the number of device(s) that are within its view. This

number of devices may be from multiple beacon groups. [00511 In a step
[00B0Y, a bedsonsttot®a8jsberenn deteadiisttion idetmadieativthissidp, linthis step,

thquvis;@cfé@éﬁﬂmége@wxﬁmg{ A0 LACEEASERERHE RS GUMHE FHIDRSE Aots

beacon. slots employed by its beaconing group(s) is to occur.

empayRst RIS BB RIS S EPUR(EY bEosesEl Beroranpmermitiidrsienriegiebe based
on MRAEEEQIBENRELR SRR3R dRARISRGA10, the device generates

a beacon message. This beacon message is based on the beacon

[00Be$sage (S esep/atlinizidpaeledrerdinstabescdpnaspatictlas bearaning
eacon me?C age ma jncl{udggzd%vic.e identif
rou

lnegléo%pléb{)g%e%%r}lef@t%da% message CeLVed.1 mstance IFr

and a beacon siot idantitier for ach device in thebgrotip. T 2adRiEH This

paritebsdyecinohgdesupfdnmgtizmindicestiog thessagmbbey afctidc atéel beddeantifier
RglY.dhis i TalgN se vy b lot

e L R S

inclpdgpindtepainy pdicating themroparPakestactesgeon slots. Accordingly, this

information may be based on any beacon slot adjustment determination that is performed

in step 308. For instance, this information may be in the form of a BP length field.

[0053] In a step 312, the beacon message generated in step 310 is transmitted. In
embodiments, this information is transmitted in a superframe immediately following a
preceding superframe during which the beacon message(s) were received in 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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[0053] Ina step 312, the beacon message generated instep 310 is
transmitted.. In embodiments, this information is transmitted in a
e immediately following a preceding superframe during which
wf@%@é@gﬁ message(s) were received in step 302. This tr é&%ﬂgmz
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 i ofiygr received beacag, messages, ool As flespribpd abeve,
embodiments of the presentlinvention emDPov an f%naﬁavmq a BP length
field A&t allows a device to ipdliarobilariouedd tidevingmbeinpiised

begagnn slots that are visible [0 HeatBiSHEENRY PS Heplegented invarigus

ways: .l"or example;-this datﬁzfiﬂld marbc a-three-bjit-code;-such-as-the-
: ' eacon §10f ; ’
ond shiown in Table 2. below. > TRE BB BS R sed on the

number of used beacon slots visiblEatd<Be device that generated and

transmitted the code in a beacon. 10 WO 2005/107164

PCTIIB2005/001162 Code value Number of Visible Beacon Slots Used
[006613 beacterareingy seatep1388yiceeassinisnirnd) Bl @iskioorsiooansay be

madSMdRdenicahidlo? 4bearRnialntaees MWy tabie &0958hn to

Accordingly, in step 308, a beacon slot ad#JRsftment determination may be
theumb e AAdesripfs Wuhnseerriseaprs fiensateatwsy iraviefihe deviesdn
smwmpﬁ;i}gcg%d@% H;@@um@r .g;),fﬂw@gﬁlgi@dsd&@fbmemr}%&%ﬁbi(%%ed
instance, jf any of the devices.in . same beaconing group anngunce (e.g.,
e S e BT YD 5 b ISR RO BB s theipates i the
bezumagiyrugeadipthe heacsingg Hioeipyiiten bbb thedevices ivthen the

beg%ﬁg?%n%%gr%@ﬁﬁ%aaxﬁ%:aghgg%ef ihesnumber pf allocated beacon

OrIme oOwWIng super .
slots i beaconing group. ocation maybe pero in‘the

[ofelpwing swﬁ%'&wmp@é@%@)f%&%ﬁ&%mwi 'ﬂ%%i%{b&%ﬁgw

length field is shown below n Table 3. This implementation employs a.

in {able3. (Dhis MW@@@@]ggs&%b&code that indicates relative usage of

visible beacon slots (i.e., the portion of allocated visible beacon slots used by devices).

Code value | Number of Visible Beacon Slots
00 low usage of visible beacon slots (e.g., 4 devs and 12 slots
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)
i1 merging of piconets - increase to maximum (e.g., 24 slots)
Table 3
[06057] 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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visible beacon slots (i.e., the portion of allocated visible beacon slots used
by devices). Code value Number of Visible Beacon Slots 00 low usage of
visihl ?e con slots (eg., 4 devs and 22 slots available) 01 normal usage
Woo#ﬁ\l}llgé?g é(’%eacon slots (e.g., 10 devs and 15 slots) 10 highplg%{b%zwlooq‘62
visible beacon slots (e.g., 14 devs and 1 sslots) 11 merging of piconets -
increase to maximum (e.g., 24 slots) Table 3 [00571 Based on such
[0fsi8five usdipesxecpieet o iiiechecdons wiivisdiie:sdaticass a Beuiagage of
. con. aoqii'i% determination in step.308. As
R A e G Spere PR g gopee
degdpgdtrienibeaisteinsiseaionedray re sutténsang inClieasersh dedrdbsetinl thacon
sllacaianabh Ot8,for NG HRACONINGARYR 11O 2009107164
PCT/IBZOO_S/O%%CJ%% 9058] For example, fany%% ]fgdr%gel\}g égargment.
Foy sxaawlpdiathastereigh iskideds Bisiblerpmsabiantixaboditahesttnesiots to

ning sildeseMicesanednces "10"), then all of the devices in the beaconing
group adapt by increasing of the number of allocated beacon slots in the

[0BBAatoning AseufirBuchkamingrFase ofaybe-byvapredrtesminesdastament.
For example, with reference to Table his increment from six aIIo‘(‘:at’(,ed.
e L 0 o 5,0 Uo7 S PR OREE B ehen
allipihy dtivesriactivbdaconiny glues additite snareamdigingthé AeWerks allocated
bedd i, isi evjces annoynces "11." en all of the

edg\%g@? iﬁlt%lg %@ggﬁlﬁ%‘&gﬁ;ﬁ%@ aa|lot %lygrl%g}lenélf%?ﬁgsofl?haé”)lzf{' ber of

[oedogated beagemiSiOls ks ReALARIRGY 1BH R AR PHEIAMIBE e ase the

(such as 24). [00601 In addition to the above techniques for determining

DU R R S ICHOLSE (h BRI BEH ST asenh i s e Bracorepaliomd to
detentibissieahaighesundy s BOaRiayestd o delRubins-whetashideunbelaf

beacon slots in a beacon period should be decreased. [00611 For
[0%istdnce, iffall detdoes WithideritwoshitpmetworkdsnebwasiolsisiBad O8)ter 108)

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 occur. As an example, with reference
to Table 3, if every device within the network announces “00” in their beacon
transmissions, then these devices will adapt by decreasing of the number of beacon slots.
This may be done by decreasing the number of slots by an increment (e.g. from 12 to 9)

in the following superframe by one step.

[0062] Accordingly, such techniques 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.

[6063] 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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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
. le, with reference to Table 3, if every device within the
wodifidh g An examle, with refe . i
ne?w{)r a4nnounces "00" in their beacon transmissions, theif fHERIR05/001162
devices will adapt by decreasing of the number of beacon slots. This may
be done by decreasing the number of slots by an increment (e.g. from 12

[0064) in thenfellmummaupatsatipdy Rnaaiep biORRIRGEEHd M. BUch
technigues require at least one. device tg receive beacon transmissions
relag oA NPT D ABY YT AR U A AD B iR (-
by sbidihgiheher afepacbinifation hioteshouttal edigadehidien dlsun sy ciginalitsa
ire to _de e the.number. of beacon period slots jn its next. .
res e B e e e D B o ctor
appfioze thapmestdodeb@nagse bit) that indicates (along with the BP length
field) that the device desires to lower its beacon period size. [00631 To

[0 Gfckérmine AvhEtisdiethal vedu i I spteveasaseckianptedopi iiveiepuses a
prof¥RYARRIGRRBSBIBHALIE RRACaNEnNnEM ditPIHEEASYIRRS. Itever,

beaconing group subsequently transmit beacons with this bit being set,

whep Sth slesifers BisiRgdrradesisss aeievedbardiienenbetog ey sebrés

incilewides sptdhischitintheinbeacanss tagn theglchBbhleaatrdiconabiaingsver
t:I%Zt\é\lodz 00 5/1.0.; 1 (%1 PC1/1B20051001162 [ 00641 In embodiments,
U r%ﬁueé%ﬁ%%ﬁ’al ﬁ%e %OH%y be propagated (i..e., relayed) across

iple hops. | [ ithinthe iple hops reject the bit (e.
O i e e A B
on Fdjdersth Aisld(PaengriverblormgivihieBieieerytinit picbetaimocggx il This
detdigMicaRWHNP IRE RA4HReRGLY3ds 2RP &%@Aﬂ@a%ﬂ@?&%%ﬁﬁ@ﬁﬁ&m may

_[00651 As an alternative to the above decreasing technique, a lone device
invplyg 4eciaifte AMIREEITENEP SPIbgBiicasoariats e Bedtofisiots)

emboERLARORINE iftavesahayheRRilRaLYevae shigibelapadaviaes 24,

i network, then the numper of beacon Io{[js is inijreased toap edetermifngld
OVRITE RSEEARREIAS e SHE BB EERsERR & SWEM (it cuerT the

pregiavicesyoimits network.

[6067] Further, in embodiments, devices within a beaconing group always use the

lowest possible free beacon slots counting from the start of beacon period start time

(BPST). This advantageously 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 initia]l 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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[00661 Accordingly, devices may also determine a beacon slot adjustment
based on BP length field(s) received from other devices in their

ing group(s). This determination may also be made in step 308.
WO}zgac/e?g(}:{r%%ed above, such adjustments may involve a decr%%?éléf))?fﬁ%"“

increase in the munber if beacon slots for a group. In embodiments such
increases may be limited by a maximum slot amount, such as 24.

andHowe wecebied tondpericdsitsdng rebiee fiian 24t @asore Il Rradmitald the
thbe SCORS %f %he present invention. [0067] Further, in embodiments,

nu €1 0 g

Slots. : :
evices within a beaconing group always use the lowest possible free

beacon slots counting from the start of beacon period start time (BPST).
This advantageously minimizes the duration of the beacon period a
Vibrovidieslese CrmapfaisationtiPavé of communications resources. VI.

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
[0GEstribed dbalesctifiedfididvmayitstesnctudmdnitaitBs Suclvas adROIEWial 02,
ol (fieff (niti , ion. inFIG. 4, field
B S e i e

implesasnisd feterbnae s B asidisnytic s ooy intiee thircoiagns asdu

imp@nieRARNM: R Gedasah T @biqﬁs%ﬁomiﬁeﬁt@k@rﬂﬂ@la&@ | 8510, a
request to change hit 404 13 WO 2005/107164 PCT/IB2005/001162 and

mempigh-ddedftby BBl ReHidbudsai dbionethn el greniatpnel figy tancludes

a Udpereassctiermanbed of BResleis2¥]l. Wireless Communications Device
[0069] As described above, wireless communications devices, such as

[0DYs 102, AmspemplGiidhé, [E5HBiquescefes pidsentpbubntinrenna 526.

U\fﬁ%@w&aﬁ&%@%ﬁl@%&& igpglamfa %ﬂ@dﬂ%{ggvgf%ogoli%%a%’wﬁh

firmware, or any combination thereof One such implementation is shown

antp G2 6-rHesdhap Ramerrisio R B stk poetsder SB0surh aserfiornDETYs 102.
Acéhdiadisardniesiace iy aadition dhedmrlemeniation R FiG: fie

includes a UWB transceiver 524 and an antenna 526.
transmission of UWB signals, such electronics may include modulation components (e.g.,

OFDM modulators) and/or a pulse generator for certain types of impulse UWB
transmissions. For the reception of UWB signals, such electronics may include

demodulation components (e.g., OFDM demodulators), timing circuitry, and filters.

16671} As shown in FIG. 5, processor 510 is coupled to transceiver 524.
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 sofiware éomponents include
instructions that can be executed by processor 510. Various types of sofiware
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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[0070] As shown in FIG. 5, UWB transceiver 524 is coupled to antenna
526. UWB transceiver 524 includes electronics, which allow the device (in

orysL;nction with antenna 526) to exchange wireless UWB signals remote

c
WQIEViEE "Etich as other DEVs 102. Accordingly, transceivePSAARAY001162

include a transmitter and a receiver. For the transmission of LJVB
signals, such electronics may include modulation components (e.g.,

deSofbVYIwhadefatens) ansior 8 PHIseABBRAI IRTCalRIndYRaTqhippylse

. UWB tr nsTis ions. Far the reception of UWB signals, such electronics
il

MRt RSBt PR RarCIe Y OB BersRitors),

i ircuit d filters. [0Q711 As shown in FIG. 5, processor 510 is
o A SO IR S S eSS 108 o
exhragesyonbitatianyhivevighplementefiorifi Hnésehenar e RICGOfroeesaRisace

i e tions qi |
RN S T S
mfg:mmgp rEEl dHNTMEHLY SIROND etk onftaBlhentéionyderhstereinput
polRfRrBWSia i the pﬁa@f@n@q@.s%%gupgsm&mg%miﬁ&éﬁ{&&g%g%

herein as modules). These software compaonents include InStruction

mOEe (e Eh P By s de dppys tafoumpiéngs disesmiesefiwshedevices include
ke RSNy anap SoReysDenateReEbIThAREN AP béiftPhHREERNC s MBNOVusddo

S R RO et rprovas e
51¢hedynetiodalityiofadmedcia, ascess achsptalen\bAC): Tk caatEjRareAY

jous. feat h as the st 0 2005/107164
b R TS L B I A YR ot o
[0 §9ig that thﬁ%@}ﬁyéﬂ%\x}ﬂlﬂé%ﬁ?@ﬁ'st%%d{%@%%‘ﬁ'ﬁ&%&%%&}%%@rm%%re’

or any combination thereof (00731 In addition, memory 5 ay store
techpiaffie ConTYEH EHEIARE SBYRIGIVSEURIRM HARAS BT T GAA A0S Bdr degtessor

510)SREMUBYRCE Bldhuds BRI Fl Gurdu dshd MeHBR RIS AISR. CoURlgdion,
&c\) fg{%cessor 510. User mter%ce 514 facilitates the exchange of
cach o RS S RPRATIRES CPIBCS Qo P BSE, THER S SheRabigcadior

renuserbinputtqpepieh &b srdva)user output portion 518. User input portion
516 may include one or

VIHI. Conclusion

[0075] While various embodiments of the present invention have been described
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.

[06076] 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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more devices that allow a user to input information. Examples of such

devices include keypads, touch screens, and microphones. User output .

portion 518 allows a user to receive information from the wireless ~ LLOYD WISE

communications device. Thus, user output portion 518 may include

various devices, such as a display, and one or more audio speakers.
c1Exemsplary displays include liquid crystal displays (LCDs), and video

displays. [00741 The elements shown in FIG. 5 maybe coupled according

to various techniques. One such technique involves coupling transceivers

1. 920 and;p2, RIGERSFOG AL IISHIGNY s ARg. user interface 514

through one or more bus interfaces.’In additiorf; each of these

ComQ‘?Q@f’gﬁ%xj%&ﬁ‘i‘ a%l(itfb ?&&W@E%ﬂ%ﬁﬁy }h2%8 xﬁTé‘s@é‘é?%@rﬁllﬁe A0 iity of

removable battery not shown). VIIII."Conclusion [007

ot MANAUS SNPRAIDENS gg@? RGREALINGINaR, AV SR AERAHPE ferein the

above, it should be un ood that they have been presented by way of

beXAMRIE QLY o AT NRL R IRRLRR, AGEOLH BQM&WE‘F@?R@J&@E ﬁg the group,

persons skilled in the relevant ~art that various changes in form and detail

theSRh O HRAS IRESRUIINOM L ARRATHAGMIE RS FRIEE ANCLEGERE 1%55@% number of

invention. Thus, the breadth and scope of the present invention shou

beRREHAMUIEA Y DY Ah NG ARPY @&é«%@%ﬁiﬂ%ﬂﬂ%&%@&@%&@%@%

should be defined only in‘accordance with the following claims and their

be S YRLSOIS. JQ0ARdi Foninstangg hetahies CON@RINGIaIR gk provided

as examplés. Thus, other table values, mappings, code types are within

the scoRgBfitIR BHESERLIMY GRHIRinR S {RE R BEEEY I IORIPAY I he group

employed in communications contexts other than ones based on the

indWBRAMAGrdedsldd R R ChMMIale AONILRIRSS: FAMMURIGALPR: received

device, comprising: a receiver configured to receive a plurality of beacon

beARES SRRSO AR O R Wi RlRs 8 IRYIGES B ABIANPSREFSS@iod for
wireless transmission medium, wherein the beacon messages are for
th%%%ﬁW'BQ&H@fQQQE%&QW‘{ﬁ@ %Mﬁl@%%ﬂ?@?@kﬁhﬁ% @ BHBer of beacon slots
sufficient for the identified devices to transmit beacon messages during the beacon period;
and
a transmitter configured to send a generated beacon message including a beacon

period length value corresponding to the required beacon period length, announcing a

number of beacon slots to the group by the wireless communications device.

2. The wireless communications device of claim 1, wherein the determined number of

beacon slots are within a beacon period of a superframe.
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the beacon messages including a beacon period length value indicating at
least a number of beacon slots announced to the group by a device
sending the beacon message and the beacon messages including device || oy WISE
identifications of all devices in the group; a controller configured to -
determine a required beacon period length for the group including the
3. wirelggs coriRdications delieedasecoo aleashidRimaitop @hilie of beacon
received beacon messages, said required beacon period length being a
m&QmBIaR shiaiied pasiotdoictbenphurplitivas wireless devices in the group
to contain a required number of beacon slots sufficient for the identified
devices to transmit beacon messages during the beacon period; and a
transmitter configured to send a generated beacon message including a
4. beacDie pérédshdengimuvalustioarréspoading dorhe vegriteddbadandgiiedity of
length, announcing a number of beacon slots to the group by the wireless
beaammidiagtioitealefiice. 2. The wireless communications device of claim
1, wherein the determined number of beacon slots are within a beacon
periathebamupedtaias. ibhlit O3 &WGEo@ng heowirelads
communications device of claim 1, wherein the plurality of beacon
mesbagamaietwvitinipl @ divbyahenore draacondpeiteds. 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
5. comfMiunieatitns devicentaliaim dewidesriiine generaiadiegaenated beacon
message indicates number of used beacon slots that are visible to the
maemieanbicites winshess Cosadrivmnicatidos deati eeeofisibliertd thalderede. 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
6. (UWBhsigitalssacuhthetrensmittdviscohfiined, toteasisntie ghniBasidrimision

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

UWRB signals.

8. A method, comprising:

(a) receiving at a first wireless device in a group a plurality of beacon messages
from a plurality of other wireless devices in the group across a wireless transmission
medium, wherein the beacon messages are for maintaining coordination between wireless

devices in the group, the beacon messages including a beacon period length value
17



8. A method, comprising: (a) receiving at a first wireless device in a group
a plurality of beacon messages from a plurality of other wireless devices
in the group across a wireless transmission medium, wherein the beacon LLOYD W|SE
messages are for maintaining coordination between wireless devices in
the group, the beacon messages including a beacon period length value
indiéddn® ¥DMUSRuRdiGas NG Alde aRs R MHHRREA IO BRCER SIOES ANNQURCRG ding the
to the group by a device sending the beacon message and the beacon
beMOESAEES JaClugling Beries identificationsof all dexcasinfbaigawy &b evices in
determining at the first wireless device a required beacon period length for
théh@ogpoup including the wireless communications device based on at least
information of the received beacon messages, said required beacon
perioghjergihhieing a tenmmonlitdbayadvieeiadfonthcHehialitp G WITBIRSS for the
devices in the group to contain a required number of beacon slots
grouffigicntifes the vdesltifiechdeuigasddgoliansmithRseOBrMe s&RYasSMiHItn of the
the beacon period; and (c) sending by the first wireless device a beacon
refBRsgdgadoniding @ Heachrpearthdengtpaadds GoMespeRMING #0tbely shared
required beacon period length, announcing a number of beacon slots to
petheidooule PluFkieyndthoeiefctrivicSs ihkegirotetdetenaiinedequirkenghber of
beacon slots are within a beacon period of a superframe. 10. The method
beat@lailot 8swifierainfralpludalitifiof eares massageshanectitiizadand@ing the
more beacon periods. 11. The method of claim 8, wherein each of the
bepdorapityiofipeaton messages identifies: one or more devices within a
same beaconing group; and beacon slots employed by the one or more
devigepsch8ihf ByYheISEWIR]cEhdaniethodcat claine Sagéierdinl the Hdaaarn period
message sent in step (c) indicates
length value corresponding to the required beacon period length, announcing a number of

beacon slots to the group.

9. The method of claim 8, wherein the determined number of beacon slots are within a

beacon period of a superframe.

10.  The method of claim 8, wherein the plurality of beacon messages are within a two

or more beacon periods.

11. The method 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.
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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. || ovp wisE
14. A method, comprising: (a) receiving at a first wireless device in a
group one or more beacon messages from a plurality of other wireless
12devicagim IR @OUNA6 9SS/ R IBE HERBEMISSaR- i UMW 1O BIM AR
beacon messages are for maintaining coordination between wireless
nubBEEBS iBedhR AL othenheacoN seSEAgRSINGIKdINg a beacon period
length value indicating at least a number of beacon slots announced to
the group by a device sending the beacon message and the beacon
messages including device identifications of all devices in the group,
13whereiz aaghoaf dhelgne FMersPeRCRAIPERIANBS IS PRCRIVES WP Piddicates a
or more corresponding beacon periods; (b) determining at the first
reltirelessdavite R saglitethheaeon sisHagl dengéhiter the group including
the first wireless communications device based on at least information of
the received beacon messages, said required beacon period length being
a commonly shared period for the plurality of wireless devices in the
l4group. m@hotiicvmpegiiped number of beacon slots sufficient for the
identified devices to transmit beacon messages during the beacon period;
and 19 VRIS (e} serdisg dyibeifirsprinpless derioe: dhraaanessages from
message including a beacon period length value corresponding to the
a pealited bedkeon peldsd dengts, ianho yrtipg @i mbercddsbeaconi stais t@edium,
the group. 15. A wireless communications network, comprising: a plurality
wiefviirdhe de:aammenisgéions devicsis i g oogdandic ieess wireless devices in
transmission medium; wherein the plurality of wireless communications
thagnopsthiabsminhaacmgemasiaies Abcassatberivi dtegshransmisdianing at least a
medium during a beacon period, wherein the beacon messages are for
numbdéniafihiewg @osiketination hetiveecthevirelgssyde dingse vethd igr ohpbeacon message

and the beacon messages including device identifications of all devices in the group,
wherein each of the one or more beacon messages is received within one or more
corresponding beacon periods;

(b) determining at the first wireless device a required beacon period length for the
group including the first wireless communications device based on at least information of
the received beacon messages, said required beacon period length being a commonly
shared period for the plurality of wireless devices in the group to contain a required number
of beacon slots sufficient for the identified devices to transmit beacon messages during the

beacon period; and
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the beacon messages including a beacon period length value indicating at

least a number of beacon slots announced to the group by a device LLOYD WISE
sending said beacon message and the beacon messages including I
device identifications of all devices in the group; wherein the beacon
period is within a superframe and has a number of beacon slots that is

dynag)icaliingdivstedibaseddesatitoast irfesoationeighenaagivgda beacon period
beacon messages, which is used by at least one of said devices to

lendetevalinecarresidreithpeache pauioct begitnfpeiel groub, tabsursént inamber of
message announcing a number of beacon slots to the group, said

bedeguiied bearogroperiod length being a commonly shared period for the
plurality of wireless devices in the group to contain a required number of
beacon slots sufficient for the identified devices to transmit beacon
messages during the beacon period. 16. The wireless communications

15 netwarkieflctaicohbywieteinthettrarisitigd ibegcon messages include

one or more ultra wi n WB) si . .
ap urahtyu(;[P WHQE:QSI cgrrgynunlga%glpsa(!lsevi?coes in a group; and
a wireless transmission medium;

wherein the plurality of wireless communications devices transmit beacon
messages across the wireless transmission medium during a beacon period, wherein the
beacon messages are for maintaining coordination between wireless devices in the group,
the beacon messages including a beacon period length value indicating at least a number of
beacon slots announced to the group by a device sending said beacon message and the
beacon messages including device identifications of all devices in the group; wherein the
beacon period is within a superframe and has a number of beacon slots that is dynamically
adjusted based on at least information of the received beacon messages, which is used by at
least one of said devices to determine a required beacon period length for the group, to be
sent in a message announcing a number of beacon slots to the group, said required beacon
period length being écommonly shared period for the plurality of wireless devices in the
group to contain a required number of beacon slots sufficient for the identified devices to

transmit beacon messages during the beacon period.

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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