WO 2006/111826 PCT/IB2006/000925 REDUCING BEACON SLOT
ACQUISITION TIME IN A DISTRIBUTED MEDIA ACCESS CONTROL
NETWORK This international application is based on and claims priority to
WP20kAMZAtion Serial Number 11/111,869, entitled, "ReduREBAAeE925
Slot Acquisition Time in a Distributed Media Access Control Network."

filed April 22, 2005, of which the entire contents is incorporated herein by

reference., FIELD OF THE INVENTION [0001] The present inventi
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invention relates to techQigEsSs HaNTROACKIEWAQRIOIN operations in
distributed media access control network environments. BACKGROUND
OF THE INVENTION [0002] Short-range wireless proximity networks
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rate physical layer (PITY) standard is currently being selected for IEEE

802. 15.3a. The existing IEEE 802.15.3 media access control layer (MAC)

BSEBEppeseHoIte gseriasymuch as possible with the selected PHY.
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OFDM Alliance (MBOA). [0004] MBO utilizes OFDM modulation and
frequency hopping. MBO frequency hopping may involve the
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[0002] Short-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.

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

[06004] MBO utilizes OFDM modulation and frequency hopping. MBO frequency
hopping may involve the transmission of each of the OFDM symbols at various

frequencies according to pre-defined codes, such as Time Frequency Codes (TFCs).



frequencies according to pre-defined codes, such as Time Frequency
Codes (TFCs). 1 WO 2006/111826 PCT/Jh2006/000925 Time Frequency
Codes can be used to spread interleaved information bits across a larger
WEEHIEREFBand. [0005] Presently, there is an interest withinth&/ TABESAY2S
create a Medium Access Control (MAC) layer that would be used with the
OFDM physical layer instead of the IEEE 802.15.3 MAC layer. A current
version of the MBOA MAC inyolves a.group of wireless communicati
T R OGS DS 01 G LT e A B ere  Higer
fré@iemaymigating with each other. The timing of beaconing groups is based
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[@0iBBated cd?mmmlmaﬂii)@rﬁsiSr@sbmt@éW@@@GP@\M@Q&X@§Y§%§@&H¥ g

ABXENANGE AeNcCdeee el YaNSMSRIans SREJOIFNESh i MNay BiaiMeead of

may have various portions. Examples of such portions include frame

thed BEE SEntP e B bts. A aRTS Bodgtiiedd B bal EoiartiAgro P

ofata. assosinted:with hicker by ploeaklayess asaboamusesapnlisadienapable of
Examples of such user applications inc#I

)IES : . d bb -mail ,
CABRIEATEING HIBLRHoN AL Apph e HEHRE AhaHE 00071 st oo "8

phAG Hayesgaveithe aliatatiedof cesoarcesafenindtanteusagivdevice
rre uires an allocated portion of the available communication bandwidth to
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[0007] In addition, MAC layers govern the allocation of resources. For instance,
each device requires an allocated portion of the available communication bandwidth to
transmit frames. The current MBOA MAC proposal provides for the allocation of
resources to be performed through communications referred to as beacons. Beacons are
transmissions that devices use to convey non-payload information. Each device in a

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

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

contention access (PCA).

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

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



provides various channel access mechanisms that allow devices to
allocate portions of the transmission medium for communications traffic.
These mechanisms include a protocol called the distributed reservation
protocol (DRP), and a protocol called prioritized contention access (PCA).
[0009] This distributed control approach allows for devices a certain
degree of autonomy in joining MBOA networks. While this may be
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inaccessibility in certain high demand. scenarios. @gyﬁ\%rdin ly. an
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INVENTION 1009a] In accordance with a first aspect of the present
invention, there is provided a method in a wireless communications
device. comprising: (a) detecting one or more beacons in a repeating time
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among a predefined number of beacon slots beyond a last detected
beacon and within a maximum number of beacon slots within the
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communications device unn&t e first beacon slot; (d) determining
whether a collision has occurred in the first beacon slot; (e) if a collision in
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proxrl)ided ag method in a wireless communications device, comprising: (a) detecting
one.or more beacons in a repeating time interval; (b) selecting a first beacon slot in the
repeating time interval, wherein the first beacon slot is selected from among a
predefined number of beacon slots beyond a last detected beacon and within a
maximum number of beacon slots within the repeating time interval; (¢) transmitting
beacons of the wireless communications device during the first beacon slot; (d)
determining whether a collision has occurred in the first beacon slot; (¢) if a collision
in the first beacon slot is detected, selecting a second beacon slot within the repeating
time interval; and (f) transmitting beacons of the wireless communications device also
during one of two or more signaling slots dedicated for indicating change in a number

of beacon slots within the repeating time interval.

[009¢] In accordance with a third aspect of the present invention, there is
provided an apparatus, comprising: a controller configured to detect one or more

beacons in a repeating time interval, and to select a first beacon slot in the repeating



time interval; and (f) transmitting beacons of the wireless communications
device also during one of two or more signaling slots dedicated for
indicating change in a number of beacon slots within the repeating time
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repeating time interval and during the first beacon slot. [009d1 In
accordance with a fourth aspect of the present invention, there is
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there is
configured to transmit beacons of the apparatus also during one of two or more
signaling slots dedicated for indicating change in a number of beacon slots within the

repeating time interval.

[009e] In accordance with a fifth aspect of the present invention, there is
provided a computer program product comprising a computer useable medium having
computer program logic recorded thereon for enabling a processor in a computer
system to control a wireless communications device, the computer program logic
comprising: program code for detecting one or more beacons in a repeating time
interval; program code for selecting a first beacon slot in the repeating time interval,
wherein the first beacon slot is selected from among a predefined number of beacon
slots beyond a last detected beacon and within a maximum number of beacon slots
within the repeating time interval; and program code for transmitting beacons of the
wireless communications device during one of two or more signaling slots dedicated
for indicating change in a number of beacon slots within the repeating time interval

and during the first beacon slot.
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provided a computer program product comprising a computer useable
medium having computer program logic recorded thereon for enabling a
processor in a computer system to control a wireless communications
device, the computer program logic comprising: program code for
detecting one or more beacons in_ a repeating time interval; program code
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device also during one of two or more signaling slots dedicated for
indicating change in a number of beacon slots within the repeating time

[0010] Embodiments of the present invention provide a method, apparatus, and
computer program product that selects a first beacon slot in a repeating time interval, and
transmits beacons of the wireless communications device during the first beacon slot.
However, when an announcement of the first beacon slot selection of step is not received
from a remote device within a predetermined amount of time, a second beacon slot is
selected. Upon this selection, beacons of the wireless communications device are

transmitted during the second beacon slot instead of the first beacon slot.

[0011] Example embodiments may allow for devices to efficiently join a network.
Further features an advantages will become apparent from the following description and

accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[0012] In the drawings, like reference numbers generally indicate identical,
functionally similar, and/or structurally similar elements. The drawing in which an

element first appears is indicated by the leftmost digit(s) in the reference number. The
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interval. [0010] Embodiments of the present invention provide a method,

apparatus, and computer program product that selects a first beacon slot

in a repeating time interval, and transmits beacons of the wireless
pRREMHRGRHANS AP e AU NG ASHABRGED Stn I QUEHRENVAEN Bihvings.

announcement of the first beacon slot selection of step is not received
w6t remote device within a predetermined amount of time, a second
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communications device are transmitted during the second beacon slot

P?i‘ﬁ&ﬁ@&éf of %pﬁ@s@{ﬁéa@ﬁmamnm@m%ple embodiments may allow
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will become apparent from the following description and accompanying
[¢Hings. BRIEFSDESCRIFNICN OFquqE ISREVINEBIE)ONPIAitae clement
2AAWIRGS, likerBiRIense AURasERaensaivipdicate identical, functionally

similar, and/or structurally similar elements. The drawing in which an
|¥dflent first&pptars Banaheated bivirealeraacos: HigHeyoR Mecsfereseding to

PRl (R BresaniiiueREen will be described with reference to the
accompanying drawings, wherein: 100131 FIG. | is a diagram of an
exemplary operational environment in which the principles of the present
invention may be employed; [00141 FIG. 2 is a diagram showing an
exemplary NIBGA superframe format; [00151 FIG. 3 is a diagram of a
beacon period occupancy information element according to an
embodiment of the present invention; 100161 FIG. 4 is a flowchart of a
typical beacon acquisition process according to embodiments of the
present invention; 3c WO 2006/111826 PCT/IB2006/000925
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[0017] FIGs. 5 and 6 are diagrams of exemplary beacon acquisition

scenarios according to embodiments of the present invention; [0018] FIG.
wohisdsfleysshart of a beacon acquisition process employing G@AteR4RB/000925

management according to an embodiment of the present invention; [0019]

FIG. 8 is a block diagram of an exemplary wireless communications

device architecture, according to embodiments of the present invention;
[y [0020] FiGs.$ ima 6liagrinyafanexemplary Wiretess qoisifionrsications

devjce implementation, according to an.embodiment of the present
RIS BEFATED DEE AT HON B THE PREFERRED
(BPOIMENTS 1. AReiations Sdkonent [HIRH Eelee drsgipihienton

vention in detall, it is first helpful to describe an environment in

makiigtitbie preayditdivEntar pEDME s ByEanABEERERYly, FIG. 1is a

diagram of an exemplary operational environment in which the rjncigles
[0 8 preseRICiarBATN AT BB RHBIAETHE SHUTSHRERE BRI
asidtiplenheacening Gmups dhosachmbaving prptenalitycafideyicels 102.

For instance, FIG. 1 shows a beaconing group 101a, which includes
[@etber deviteso(B kEVskiORafenriGnblalsovstudens cobeasopihgnyieise
. 101b, which in - . « vice 102k is
1%015% Fﬁ%h?ﬁ’é‘% géﬁ}%%%ﬁ}gﬁf%%?%%%%8%%%&%%%&23%&%& 1.01a, each

of DEVs 102a-d may communicate with DEV 1.02e across a

corresponding link 120, For instance, FIG | shows DEV 102a
TASPNTLRBINNS NP PIOANIOR eramnasR EFTR R DEE MBOBIENTS
beaconing group 101 a, each of devices 102a-e may communicate with

each (()thpqr dire?\%. For instance, FIG. | shows DEVs 102c and 102d
L commurTERIAG Vi A &i8&link 122a. [0023] hi beaconing group 101b,

each of DEV s 102f and 102g, may communicate with DEV 102h across
[8 &tesponBislghrlescrhiromision DS 4021 co R BRIESEE FiFFibe an
PN RSN Ackesshanink LRl iwhila JAEM I O2aasRnicalesinily DRV, 1 is a

102h across a link 120g. DEVs 102f and 102gvg1 l?e%con.inccl roup_lOI.b
dﬁa}gxf]agg an exemplary operational environment in Which the prin pQGS of the present
invention may be employed. This environment includes multiple beaconing groups 101,
each having a plurality of devices 102. For instance, FIG. 1 shows a beaconing group
101a, which includes member devices (DEVs) 102a-e. FIG. 1 also shows a beaconing
group 101b, which includes DEVs 102f, 102g, 102h, and 102k (device 102k is operating

in a hibernating mode).

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

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

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



4 WO 2006/111826 PCTIIB2006/00925 communicate with each other.
For example, FIG. | shows DEVs 102f and 1028 communicating across a

wiBkedeAR142024] Each of links 122 and 120 may employ variQus,e-ao6/000925
frequency hopping patterns. These patterns may include, for example,
one or more Time Frequency Codes (TFCs). In embodiments of the
present invention, each beaconing group 101 employs a particular

chiegiency-hoppngIatiernFINesepaite1ts Mayeitharhethe samexy
different. [0025] In aldditio%% FIG. | also shows devices 1021 and 102j,
COMTRRPYE it Hatshg LHokel Bt of the beacon groups. Instead, both devices

2i,and 102j may.he willing ta jojp to beacon group 101b :
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devices 102i and 102j to join the beacon group 101b. The present
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nts. [0026] Transmissions of beaconing groups 101 a and 101b are
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data transter period 206."Beacon periods 204 convey transmissions from
lRIRIA BERAGRTITEOUR VDS IRheHEchuE dBIRE Wrainyides BRRTEReRIEonetwork

jbeacospereds2f4achasamannounced length 208, which is less than or
equal to a maximum beacon period length 210 (also referred to as

[r2&%BP Lennin240})i{R028) didtiple heasonsiotn@1Q1exist eitingsed on a

053600 pstiod Burina hese, slots, devices maytraasmit el 'eoReelve
acofis. Accordingly, each of these slots“may

exemplary MBOA superframe format. In particular, FIG. 2 shows a frame format having

superframes 202a, 202b, and 202¢. As shown in FIG. 2, superframe 202b immediately

follows superframe 202a, and superframe 202¢ immediately follows superframe 202b.

(00627} Each superframe 202 includes a beacon period 204 and a data transfer
period 206. Beacon periods 204 convey transmissions from each of the active devices in
the beaconing group. As shown in FIG. 2, beacon period 204a has an announced length
208, which is less than or equal to a maximum beacon period length 210 (also referred to

as mMaxBPLength 210).

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

5in slot 2124, a device 8 in slot 2125, and a device 6 in slot 212,,.

[0629] The first two beacon slots (i.e., slots 212 and 212,) are referred to as

signaling slots. These slots are used, for example, to indicate changes in beacon period
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correspond to a particular device in the beaconing group. For instance,
FIG. 2 shows a device 7 transmitting in slot 2122, a device 3 in slot 2124,

v@odz%%?ﬁl%ilﬂ slot 2126, a device 5 in slot 2127, a device 8 ipS|As2dzH00925

and a device 6 in slot 212k. [0029] The first two beacon slots (i.e., slots
2121 and 2120 arc referred to as signaling slots. These slots are used,
for example, to indicate changes in beacon period 5 WO 2006/111826
1B60/1B200640092  dansthiierrdngliteineariain situatipnest denioasiots
occupying the highest beacon slots _may repeat their beaco
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Beacons may contain various overhead or networking information. For
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of various information elements (IP.s). One such IE is the beacon period
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1
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number of beacon slots from the transmitting device's perspective.

Ao slot infgrmationdigid 308 Gensistaofmipe 2hihRIgMentSHOTE.

dicate the b lot d bility withi iod,
Ielica RN S0 CTAEhORDIS Bhbcth SHENIEL AL AR 2

RE A pie i dietd 388in hpattitidass teasenfiddsiprovite davingting device’s
addresses for each of the occupied on slots. 10032] Referri '
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indicate the beacon slot occupancy and movability within beacon period. Device address
fields 310 correspond to beacon slots that are encoded as occupied by field 308. In

particular, these fields provide device addresses for each of the occupied beacon slots.

[0032] Referring again to FIG. 2, data transfer periods 206 are used for devices to
communicate data according to, for example, frequency hopping techniques that employ
OFDM and/or TFCs. For instance, data transfer periods 206 may support data
communications across links 120 and 122. In addition, devices (e.g., DEVs 102a-¢) may
use data transfer periods 206 to transmit control information, such as request messages to
other devices. To facilitate the transmission of traffic, each DEV may be assigned a
particular time slot within each data transfer period 206. In the context of the MBOA

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

[0033] A MAS is a period of time within a data transfer period 206 in which two
or more devices are protected from contention access by devices acknowledging the
reservation. MASs may be allocated by a distributed protocol, such as the distributed
reservation protocol (DRP). Alternatively, resources may be allocated by the prioritized
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communicate data according to, for example, frequency hopping
techniques that employ OFDM and/or TFCs. For instance, data transfer

WE@%BQ& may support data communications across Iinlci,fe,g/%%g/&%g%
In a .

dition, devices (e.g., DEVs 102a-e) may use data transfer periods
206 to transmit control information, such as request messages to other
devices. To facilitate the transmission of traffic, each DEV may be
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[00306] As indicated by a step 409, if the selected beacon slot is located beyond
the beacon period length of any of the device’s neighbors, then a step 410 is performed.
In this step, the device also transmits the beacon (except for a beacon slot number field)

in a signaling beacon slot that it randomly chooses.

[0037] . As shown in FIG. 4, a step 412 is performed in which the device
determines whether a collision occurred in the transmission of its beacon. If so, then a
step 414 is performed in which the device randomly chooses a different beacon slot for its
subsequent beacon transmissions. This different beacon slot is located after the highest
numbered unavailable beacon slot observed in step 402. Upon completion of steps 412

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

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

beacon period and sends a beacon in the first beacon slot that follows the signaling slots.



selected in step 406 [0036] As indicated by a step 409, if the selected
beacon slot is located beyond the beacon period length of any of the

g&(&g}ﬁﬁ&i@hbors, then a step 410 is performed. In this stelpb,ft ﬁz%éﬂ)ﬁ%zs
also transmits the beacon (except for a beacon slot number field) ina

signaling beacon siot that it randomly chooses. [00371 As shown in FIG.
4, a step 412 is performed in which the device determines whether a

[684i5ion occyried indhedranspissian efits beacamsenthess assacdld -

Is pefformed in which the device randomly chooses a different beacon slot
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operational sequence of FIG. 4, the device changes its selected beacon
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wstestistsna anllision, Thisdnabilibheseybe.altibuied:tolvatious wasanmle.
such as device coverage areas that do ??Ot c,?m letel O%/ rlap. [0040]
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5024 is also the highest numbered beacon slot that is unavailable. Thus,

thesriGsscandiparigsienacdqtie acHBECBR 16t willdelat i BoPue faeagpunce
heerdingly:PEV € and RENPritempticircaidtaheacan slgtS02%.

However, at this point DEV C and DEV D do not know whether a collision occurred or
whether these devices simply failed to receive their beacon transmissions. Unfortunately,
this contention situation may continue. In high demand situations involving many
devices attempting to join a beaconing group, such situations could create contention

bottlenecks.

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

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



during the same superframe. Due to these simultaneous attempts, the
beacon transmissions collide. As a result, neither DEV A nor DEV B will

Vpgﬁgg%%ggcelve these beacon transmissions. Also, nelth &ﬁ%{ 0%3)(%925

DEV B will be able to announce the presence of DEV C or D in their
BPOIEs during the subsequent superframe. However, at this point DEV C
and DEV 1) do not know whether a collision occurred or whether these
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the contention described with reference to FIG. 5 is resolved. For
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hempcetined aftieka ipradetpsnined) nunsherafisupsgiiameswithout being
announced in a BPOIE.

[0045] The scenario of FIGs. 5 and 6 are shown for purposes of illustration and
not limitation. Accordingly, it should be noted that according to various embodiments
there may be more than one available beacon slot at any time. Further, according to an
alternative embodiment, there may no available beacon slots at any time. In any case, the
present invention provides means for reducing beacon slot acquisition time whenever

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

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

have been replaced by a contention management process 700.

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

the device’s use of a particular beacon slot.



Accordingly, either or both of DEV C and DEV D may select (e.g., through
a random process) a beacon slot that is greater than slot 502s. For

%&%’IBEV C selects a slot 50210 and DEV D selects a ﬁ@/ﬁgg&momzs

In addition, each of these devices (through random selection)
transmit their beacons using signaling slots 5021 and 5022. This signals
to DEV A and DEV B that the beacon period length has increased. When
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. 7. contention management process includes a step 702. In this step,
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BPOIEs indicating the device's use of a particular beacon slot. 9 WO
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fgerograde, operation proceeds to step 408 in

10050] A In step 706, the device selects a new beacon slot that is beyond _the last
announced beacon period length. As described above, such lengths may be announced in
neighboring devices” BPOIEs. As shown in FIG. 7, step 408 follows step 706 in which
the device transmits its beacon during the newly selected beacon slot. In this case, the
device will also (according to step 410) transmit its beacon in a signaling slot because the
slot chosen in step 706 was beyond the last announced beacon length. As described
previously in connection with FIG. 3, the BPOIE includes beacon slot information. This
information indicates to other devices that the beacon period length has been extended as
the new beacon slot is beyond the last announced beacon period length. Further, as
indicated previously, even in situations where there is a collision between beacon
transmissions in signaling slots, any device that detects an attempt of beacon transmission
in signaling slots shall listen for a maximum time (also referred to as

mBPErrorExtension).

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

For instance, FIG. 7 shows that the device may perform a step 708 if it determines in step
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which the device continues to transmit beacons in its previously selected
beacon slot. However, if such an announcement has not been made, the

Vgg\ém/mﬂ%oselect a different beacon slot or discontinue its gg%mﬁt{%é%omz;

acquire a beacon slot. Such determinations may be based on various
factors. For instance, in embodiments, the device determines the
consecutive number of times (i.e., the consecutive number of
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[0049] Accordingly, as indicated by a step 704, the device determines the
I
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assumes that a collision has occurred and operation proceeds to a step
706. [0050] In step 706, the device selects a new beacon slot that is
beyond the last announced beacon period length. As described above,
ISuch |BAgtRSEABAPDEMBENIUVKEEINN neighboring devices' BPOIEs. As
shown in FIG. 7, step 408 follows step 706 in which the device transmits

[iépBeqacon dytingghe Newly. selesiad HepcarisiotdmiisicagsndhRvIBMIOE with
will also (according to step 410) transmit its beacon in a signaling slot

Cor , ! . |
MEO M SERHEIERT ch SUATH dfep 706 whe BB dRR s capmsificdgyer (PHY)
‘deaacasrigogth. Asdiesctibedqpreionsi ACCRMeaoONDI kilsasckitlae 804, and
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evices tha eacon periodleng as peen ex enaled as the
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Furthér, as indicated previously, even in situations where there is a
wonistoriBetRiseRbedtdd difans MASior P BRI EStOIes ARy BEGRSthAtames
Aereets analempsiofdeacan LaRsmissebn nsignralisg lotsshall disigblier 803
for a maximum time (also referred to as. i
exchanges these frames and beacon transmissions with PHY controller 802. In turn, PHY
controller 802 exchanges frames and beacon transmissions with OFDM transceiver 804.
Further, MAC controller 803 may operate to acquire beacon slots. For example, in

embodiments, MAC controller 803 may perform steps of FIG. 4 and 7.

[0055] OFDM transceiver is used to send and receive MBOA transmissions. FIG.
& shows that OFDM transceiver 804 includes a receiver portion 850 and a transmitter
portion 860. Transmitter portion 860 includes an inverse fast fourier transform (IFFT)
module 814, a zero padding module 816, an upconverter 818, and a transmit amplifier
820. IFFT module 8§14 receives frames for transmission from PHY controller 802. For
each of these frames, IFFT module 814 generates an OFDM modulated signal. This
generation involves performing one or more inverse fast fourier transform operations. As
a result, this OFDM modulated signal includes one or more OFDM symbols: This signal
is sent to zero padding module 816, which appends one or more "zero samples” to the

beginning of each OFDM symbol to produce a padded modulated signal. Upconverter
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mBPErrorFxtension). [0051] As described above, the device may stop
trying to acquire a beacon slot. For instance, FIG. 7 shows that the device

Vg&gzvf)}gl){gggé}g/a step 708 if it determines in step 10 WO 2006&}%@%6/000925

000925 704 that the consecutive number of times an
announcement of its presence has not been received is greater than the
predetermined range. Accordingly, in step 708, the device discontinues
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communications device 800 with MBOA capabilities. As shown in FIG. 8
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and receive MBOA transmissions. FIG. 8 shows that OFDM transceiver
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transform for each symbol that is conveyed in the amplified signals.

[0057] As a result of this demodulation, FFT module 826 produces one or more
frames, which are sent to PHY controller 802. These frames may convey information,
such as payload data and protocol header(s). Upon receipt, PHY controller 802 processes
these frames. This may involve removing certain PHY layer header fields, and passing

the remaining portions of the frames to MAC controller 803.

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

and receive corresponding wireless signals.

[0059] The device of FIG. 8 may be implemented in hardware, software,
firmware, or any combination thereof. For instance, within OFDM transceiver 804,
upconverter 818, transmit amplifier 820, receive amplifier 824, and downconverter 822
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module 814, a zero padding module 816, an upconverter 818, and a
transmit amplifier 820. IFFT module 814 receives frames for transmission

wiemeE g £ontroller 802. For each of these frames, IFFT Wgﬂﬁﬁaﬁ/oomz‘s
generates an OFDM modulated signal. This generation involves i

performing one or more inverse fast fourier transform operations. As a
result, this OFDM modulated signal includes one or more OFDM symbols.
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These components (also referred to as a receiver) are employed in the
OFdBRIStIIRGFWireless signals from remote devices. In particular, antenna
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modulated signals, which are received by FFT module 826, which
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FFTsmoagute 826 pradiveeS@heloparmre 910 may be implemented with one or more
microprocessors that are each capable of executing software instructions stored in

memory 912, for example, as a computer system.

[00662] Memory 912 includes random access memory (RAM), read only memory
(ROM), and/or flash memory, and stores information in the form of data and software
components (also referred to herein as modules). These software components include
instructions that can be executed by processor 910. Various types of software
components may be stored in memory 912. For instance, memory 912 may store
software components that control the operation of transceiver 804. Also, memory 912
may store software components that provide for the functionality of PHY controller 802,

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

[00663] In addition, memory 912 may store software components that control the
exchange of information through user interface 914. As shown in FIG. 9, user interface

914 is also coupled to processor 910. User interface 914 facilitates the exchange of
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frames, which are sent to PITY controller 802. These frames may convey
information, such as payload data and protocol header(s). Upon receipt,

vg’étrléq%p]gﬁ‘%ger 802 processes these frames. This may involi;%fﬁﬂ}%/%go”s

layer header fields, and passing the remaining portions o0
the frames to MAC controller 803. [0058] As shown in FIG. 8, device 800
further includes one or more upper protocol layers 805. These layers may
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may exchan@ge information with remote devices. This involves layer(s)

PBEBRAASAGIAYSHFOHIRBI BREPEAHE with MAC controller 803. In turn, MAC
troller 803 operates with PITY contraller 802 and transceive
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afFchbinodads 8ikfiazero padding module 816, and FFT module 826.

Moreover, in embodiments of the present invention, processor(s), such as
[derBprocesdiis chxeautingonstrictioits (9.enaofiwae)plthreverdtegel iarious
£ llqil ourgs_(noblslg Oéll\llgﬂ ?%Xn?g%é"%%&&o '&H&ﬁﬁ'ﬁ% Q&%@g%rogé@riﬁi‘&essor 910,
comﬁonents In these devices. For instance, components, such as P1fY
oominl| 8t BeRdwT MECEIco At ikiose Orfay BsrinaHIFiffieniaatklfion, each
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implementation of device 900 is shown in FIG. 9. As shown in FIG. 9, this
TRREsREH et N BRAIEEY HiR¥BSsor 910, a memory 912, and a user

interface 914. In addition, the implementation of FIG. 9 includes OFDM
transceiver 804 and

IV.  CONCLUSION

[0066] 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. For instance, although examples have been described involving
MBOA communications, other short-range and longer-range communications
technologies are within the scope of the present invention. Moreover, the techniques of

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

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

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

defined only in accordance with the following claims and their equivalents.
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antenna 810. These components may he implemented as described
above with reference to FIG. 8. However, the implementation of FIG. 9
may be modified to include different transceivers that support other
WHA [g ﬁss technologles [0061] Processor 910 controls device operation. As
processor 910 is coupled to transceiver 804. Processor
910 may be |mplemented with one or more microprocessors that are

each capablelef ExesWiRgesotwanguinstucHioassteredpryigpiory 912,
for example, as a computer system. [0062] Memory 912 includes random

access mgmaec{RAM): seatbiydvamary (ROVhoandonflashimemory,

and stores information in the form of data and software components (also

referred () Rereiimsamed weshnl16sm SREVWALRERMRAR RS VACIHSR among a

instructions that can be executed by processor 910. Various types of

prede SAENMAIR b BIRACHIS BRI O sk sIeRA Y Aien B WRAAGEnaximum
memory 912 may store software components that control the operation of

numb#aTIeever 804 Wistn Memeen Bl i mehiiera saiftware components that
provide for the functionality of' PT-TY controller 802, MAC controller 803,

and uppey)preioceltlayers)os0 %1 (B0 eakin-additionumemeny 3 Mayraleéne of
software components that control the exchange of information through

two otserdnigracesldisAsdbavnttt MiGeAingsarintefraadikivalsacapled
to processor 910. User interface 914 facilitates the exchange of 13 WO

withir?@eeEbdal B2GiRE ThildsN06000925Hibforsmatignowillb@ user. FIG. 9 shows
that user interface 914 includes a user input portion 916 and a user
output portion 918. [0064] User input portion 916 may include one or more
devices that allow a user to input information. Examples of such devices

inzlude Ketypadshdowchiatreenshéaeh tCHeRRONRE. JUSHPUIBHABORIMAS beyond
918 allows a user to receive information from the device. Thus, user

the lauipetportiarn iy dunsddydenyBPBLHS dBNIsS forsUehmstardisplay, and
one or more audio speakers (e.g., stereo speakers) and a audio processor
and/or amplifier

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

the last detected beacon is eight beacon slots.

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

occurring beacon slots of the repeating time interval.

5. A method in a wireless communications device, comprising:
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to drive the speakers. Exemplary displays include color liquid crystal
displays (LCDs), and color video displays. [0065] The elements shown in
FIG. 9 may be coupled according to various techniques. One such

technique involves coupling transceiver 804, processor 910, memory 912,
ar(&? E@%ﬁmgﬁBﬁ@@T&rﬁwﬁ’Sm%H’eaorFPﬁBPé‘%Hg’ﬁiBWéY?éé. In addition,

each of these components is coupled to a power source, such as a
re%??o%?i%ﬁ@%?d%&?t rgé?éﬁa’f‘g%%%t%%ﬁ%?%&é@(ﬂ%ﬂ%fﬁ&ﬁh)w}\??‘em the first beacon
: C%NC@ESION [0066] While various embodiments of the present

slot ISifgeRton A ATDYE RISHRBRE BUBVE! RISMIGRI BL brkfi 8 ddamAdsird
hav be?n presented by way of example only, .and not in limitation. For

beacof 0 R GG R HRTR S Al BBEEH RSB HRRRE MBI merval:
communications, other short-range and longer-range communications
telCHABTSETES Bre GREATT tHe SeBe 67 Hre prRstRRs ot avBrE e fiit

b techniques of the present invention may be used with signal transmission
cacop¥ftiques other than OFDM. [01.00] Accordingly, it will be apparent to

persons skilled in the relevant art that various.changes in form and detail
O BB YL Sl B UG SRR B S SRt the
ing(i?gon. hus, the breadth and sgope f the present invention should

e b TiSHILE By R oF e H0c HbSe Bt ek AR A BERAE et

hirs ould be . defined onlzﬁg accordance with the following claims and their
WL G ERERTD Y BT S B1SAIMED IS: 1. A method in a wireless

communications device, comprising: (a) detecting one or more beacons
itk FERERHHY BrRE HR LI Gy Helexting A HRICBHABD ASSiise i A& vrng one of two
repeating time interval from among a predefined number of beacon slots
o o A B 4 L CARH DR ORI B WA OIES L, RS BracoAn he
slots. within the repeating time interval; and (c) transmitting beacons of the
repeaiihe e WhRunications device during one of

6. The method of claim 5, wherein the predefined number of beacon slots from

among the first beacon slot is selected is defined by a mBPErrorExtension parameter.

7. The method of claim 5, wherein the predefined number of beacon slots from

among the first beacon slot is selected is eight beacon slots.
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two or more signaling slots dedicated for indicating change in a number of
beacon slots within the repeating time interval and during the first beacon
slot 2. The method of claim 1 Wherein the predefined number of beacon

ts be nd the etec is defined b BPErrorExtensi
ramet ﬁ@&%ﬁﬁ ci‘é{ ‘11 ere H@ﬁy«gﬁg @Faﬂné
bea ots beyond the last d tec ed beacon is eight beacon slots 4.
Cha“gerHéCPFf %foc?[ gﬁ‘ﬁcin\ﬁ)ﬂ&%& # %?dﬁﬁﬁﬁ%l 6@%@%‘{% SAmBHstwo first

occ rr|n acon. slots of the repeating time interval. 5. A method in a
Occurg\ﬂ?etqjggg &)‘ﬁ? L?rﬁL ﬂ@ﬁgaﬂ@%é NEHRRing: 15 (a) detecting one or
more beacons in a repeating tlme interval; (b) selecting a first beacon slot
in the repeating time interval, wherein the first beacon slot is selected
from amqgng a predeflned number of beacon slots beyond a last detected

beacon fﬁ K r%%&??ﬁlﬁmgnumber of beacon slots within the
eatln tlme terv ransmlttln ons of the wireless .
é) Il i 018 A Be BERTP L ety e o

osifl g@gg%%fmz Z‘%é’%%éﬁgé'é%%eeﬁé%b RS
e e R B gon n
i dedicated for in catl chan {na er of beacon slots within the
W & SRRy e el %a“*?H SrEHE “65 TR T HFR e e 8B fined
def.n%?.%%v%?aﬁﬁ@wsﬁéxﬁgrﬁg%ﬁ° it f'?%e?‘é’@a’%%‘%éﬁrﬁ&?&%étwe

con slots fro the first

the f bea
more gég% 6 in 1({[ 8%1,[(3 4 I(r);ruéln F?tg‘i‘)%ﬁ %ﬁnsg%gl al%umg]er 0 ea on slots within the

repeating time interval and during the first beacon slot.

10. The apparatus of claim 9, wherein the signaling slots are within two first

occurring beacon slots of the repeating time interval.

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

selected from among a predefined number of beacon slots beyond a last detected

17



8. The method of claim 5, wherein the signaling slots dedicated for
indicating change in the number of beacon slots within the repeating time
interval comprise two first occurring beacon slots of the repeating time

interval. 9. An apparatus, comprising: a controller configured to detect one,
beaco B TR RS TR BHELRG R PRIV, 2t SR A S BiE ol and

slot in the repeating time interval, wherein the first beacon slot is, selected
O AGr A CHUHAER TOTEA BPREER Sh DR tO BRI 4 R e acon
beacon and within a maximum number of beacon slots within the

repeating time interval; and a transceiver configured to transmit beacons

of tﬁue a %?ratu gﬂélrng an of two.or mare signaling slots dedicated for

in‘alléaa{ﬁlng c%%onnglé I a2 humper %(frg%é%%%n slots within the repeating time

interval and dturin the, first beacon slot. 10. The a(PPa at ?f claim 9
. %ﬁ de erm%e Wl}efﬁer a co?pnsmr% has.occurred 1. he%isrs beacqn slot: and
wherein the signaling slots are within two first “occurring beacon slots of

the r.epegc}i&% zycr:?%ﬁi'%%r}/rﬂh%%ré apparglys, campf '”s%'{e%tcé’.sf‘e{é?)'r'l rbeacgn slot
configured to déetect one or more béacons in‘a repeating time interval, an

tos Iec{ a first heacon slot[ in the r%peating time interval. wherein the first
within the {e ca llil 1 md: fm erval; an .
beacon slot'iS selécted from among a predefined number of beacon slots

b(;:%ond ahast detected.17 beacon q,nd within a maximum nun%b%r of
eremf ?trar% cel\{ﬁr i3 further cogn 1gured to transmt ef‘acons of the apparatus also
beacon slots within the repeating time interval; and a transceiver
duri config{ed to transmit beaco $O the ap ?ratu .d rinog he first beacog :
urll’l%P c W0 .01 IROI'C Sll‘%n 1Ng. S P s dedica ? or1 catl manr%e ma Ulftrh er of

ot; wherein the cortrollersis further configured to: Sﬂe ermine whether a
beacoc%ﬁlci%ovr\}i as | %%%rre?]jl@ %Ilnegilrsttepea%con slot: and (ii) if a collision in the

first beacon siot 1€ 8aefe6tegl, sélect & second beacon slot within the
repeating time interval; and wherein the transceiver is further configured to
tr?gsmltﬂ?fta%:é)ps?%ﬁgst ?}% § ) r%tus ae'%&r#ﬁe”&ér?ar}%ms}%g (?g#;%g{eed for indicating
ots'dedicated for | mber 0

127 W,
S|gnallngs o narcating changein a

slot;

change in the number of beacon slots within the repeating time interval comprise two first

occurring beacon slots of the repeating time interval.

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

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

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

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

18



beacon slots within the repeating time interval. 12. The apparatus of claim
1t, wherein the signaling slots dedicated for indicating change in the
number of beacon slots within the repeating time interval comprise two

first_occurri eacon slots.of. the repeating time interval. 13. A computer
by RO G G B0fan CLBAIEST BEmiA agilg s che

computer pro ramdlogic recorded thereon for enabling a processor in a
repeating {rme mterv 'ant . L .
cogmpu er systemto control a wireless communications device, the

computer program logic.comprising: program code for detecting one or .
tbabaliahyie i owi e et s sk o
irst beacon slot jn the repeating time interval, wherein . the first beacon

one o B HAMEATA G S A KT B G de s oeseon
bevond a last detected. beacon within a maximum number of beacon

slots V%@ég r\%\%%hﬁ??ﬁ%m %ﬁlggt}lﬁtgelﬁlr%?ea??ld;ég}l\;gf ,gap%% tg’i]%& RS for transmitting
beacons of the wireless communications device during one of two or

more signaling slots dedicated for indicating change in a number o f

beacon slots within the repeating time interval and during the first beacqn .

o 1 R ISP BT G BB e e B Paving

comp g S e TN (o SR R
P pro@es%or n é’compu er system to con rOl R e L ESHOMRA O AZS e to
contro?%‘(zivcfeélys]g SORUIRL RIogr er\rflié%g{.ﬁecgom n%le?%rg r?a% 0 Cog Ot sing:

detecting one or more beacons ih a repegﬂng ime' nterAf: 8%@?&%&0%

19 SEISEI00E (IShOEaTON SR e IERRARg Iime Aeral, ihorein, the
fifst beacon slot is sefected from among a predefin AURREEP o Baddon

slots be ongeaf last detecte% bs?%con an %’\ﬂg%n maximum_.number o

bbacon slots within ]t%cél?épaea g Time. interval programecays faFvat wherein.

last de?g&gcrlrggaic%}lhaeng r\%t%?r? Fimum number of beacon slots within the repeating time
interval;

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

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

program code for, if a collision in the first beacon slot is detected, selecting a second
beacon slot within the repeating time interval; and

program code for transmitting beacons of the wireless communications device also

during one of two or more signaling slots dedicated for indicating change in a number of

beacon slots within the repeating time interval.
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slot: program code for, if a collision in the first beacon slot is detected,
selecting a second beacon slot within the repeating time interval; and
program code for transmitting beacons of the wireless communications
ice o durin on?oof two ormore th S ts d é:glted o Jots
|n icating changpe in & namber fi eacon s o s within the repgaf1 ggnme

dedicatetefvalnd@dheldiemgenip tte nprognaoi mwumlotmmamewhpﬁmghﬁne

ﬁgnalln {ots edicated fo%lndlcatl1 e in tpe number, of beacon
mterva rt% 1St oci:um{l%_' cac ?s atl e mterval.
In'[lie repeating timeé " interva comprls occurnng beacon

slots of 'the repeating time interval. 20



