
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
U.S. Application  Serial Number 11/111,869, entitled, "Reducing Beacon
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 invention
relates to wireless communications. More  particularly, the present
invention relates to techniques that enhance network join  operations in
distributed media access control network environments.  BACKGROUND
OF THE INVENTION [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 (PITY) standard is currently being selected for  IEEE
802. 15.3a. The existing IEEE 802.15.3 media access control layer (MAC)
is  supposed to be used as much as possible with the selected PHY.
Currently, there are two  remaining PHY candidates. One of these
candidates is based on frequency hopping  application of orthogonal
frequency division multiplexing (OFDM). The other candidate  is based on
M-ary Binary offset Keying. The OFDM proposal is called Multiband
OFDM (MBO). Moreover, in order to further develop the OFDM proposal
outside of the  IEEE, a new alliance has been formed called the MultiBand
OFDM Alliance (MBOA).  [0004] MBO utilizes OFDM modulation and
frequency hopping. MBO frequency  hopping may involve the
transmission of each of the OFDM symbols at various  



frequencies according to pre-defined codes, such as Time Frequency
Codes (TFCs). 1 WO 2006/111826 PCT/Jh2006/000925  Time Frequency
Codes can be used to spread interleaved information bits across a larger
frequency band. [0005] Presently, there is an interest within the MBOA to
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 involves a group  of wireless communications
devices (referred to as a beaconing group) that are capable of
communicating with each other. The timing of beaconing groups is based
on a repeating  pattern of "superframes" in which the devices may be
allocated communications  resources. [0006] MAC layers govern the
exchange among devices of transmissions called  frames, A MAC frame
may have various portions. Examples of such portions include  frame
headers and frame bodies. A frame body includes a payload containing
data  associated with higher protocol layers, such as user applications.
Examples of such user  applications include web browsers, e-mail
applications, messaging applications, and the  like. [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 distributed control approach allows for devices a certain
degree of  autonomy in joining MBOA networks. While this may be
efficient in certain 2 circumstances, it may cause contention and
inaccessibility in certain high demand  scenarios. Accordingly. an
improvement to the existing solution is needed. SUMMARY OF THE
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
interval; (b) selecting a first beacon slot in the  repeating time interval 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 (c) 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.  [IHl9b] In
accordance with a second 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 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; (e) transmitting  beacons of the wireless
communications device during the first beacon slot; (d)  determining
whether a collision has occurred in the first beacon slot; (e) 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. [009c] 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  i 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 a transceiver configured to  transmit
beacons of the apparatus 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. [009d1 In
accordance with a fourth 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, 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 a transceiver configured to  transmit beacons
of the apparatus during the first beacon slot; wherein the controller is
further configured to: (i) determine whether a collision has occurred in the
first beacon  slot; and (ii) if a collision in the first beacon slot is detected,
select a second beacon  slot within the repeating time interval; and
wherein the transceiver is further  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. 1009e] 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. 3a [009f] In accordance with a sixth 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; 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. [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. 100111 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 100121 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  ;b present invention will be described with reference to the
accompanying drawings,  wherein: 100131 FIG. I 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  



[0017] FIGs. 5 and 6 are diagrams of exemplary beacon acquisition
scenarios  according to embodiments of the present invention; [0018] FIG.
7 is a flowchart of a beacon acquisition process employing contention
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;
and [0020] FIG. 9 is a diagram of an exemplary wireless communications
device  implementation, according to an embodiment of the present
invention. DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS  1. Operational Environment [0021] Before describing
the invention in detail, it is first helpful to describe an  environment in
which the present invention may be employed. Accordingly, FIG. 1 is a
diagram of an exemplary operational environment in which the principles
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 1.01a, each
of DEVs I02a-d may communicate with  DEV 1.02e across a
corresponding link 120, For instance, FIG I shows DEV 102a
communicating with DEV 102e across a link 120a. In addition, in
beaconing group 101 a,  each of devices 102a-e may communicate with
each other directly. For instance, FIG. I  shows DEVs 102c and 102d
communicating via a direct link 122a. [0023] hi beaconing group 101b,
each of DEV s 102f and 102g, may communicate  with DEV 102h across
a corresponding link 120. For instance, DEV 102f communicates  with
DEV 102h across a link 120f, while DEV 102a communicates with DEV
102h  across a link 120g. DEVs 102f and 102g in beaconing group IOl.b
may also 



4 WO 2006/111826 PCTIIB2006/00925  communicate with each other.
For example, FIG. I shows DEVs 102f and 1028  communicating across a
link 122b. [0024] Each of links 122 and 120 may employ various
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
frequency hopping pattern. These patterns may either be the same or
different.  [0025] In addition, FIG. I also shows devices 1021 and 102j,
which do not belong  to either of the beacon groups. Instead, both devices
102i and 102j may be willing to join  to beacon group 101b
simultaneously. For example, if these devices, when joining  beacon
group 101b transmit their beacon transmissions during the same beacon
slot, a  collision may occur, This may lead to unnecessary delays for the
devices 102i and 102j  to join the beacon group 101b. The present
invention provides improvements to network  joining operations in such
events. [0026] Transmissions of beaconing groups 101 a and 101b are
each based on a  repeating pattern called a superframe. Accordingly, FIG.
2 is a diagram showing an  exemplary MBOA superframe format. In
particular, FIG. 2 shows a frame format having  superframes 202a, 202b,
and 202c. As shown in FIG. 2, superframe 202b immediately  follows
superframe 202a, and superframe 202c immediately follows superframe
202b.  [0027] 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 2122, a device 3 in slot 2124,
a device 2 in slot 2126, a device  5 in slot 2127, a device 8 in slot 2128,
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
PCT/IB2006/000925  length. Accordingly, in certain situations, devices
occupying the highest beacon slots  may repeat their beacon
transmissions in these slots. This repetition of beacon transmissions is
performed in the same beacon period or in the same superframe.  [0030]
Beacons may contain various overhead or networking information. For
instance, beacons may contain information regarding resource allocations
and beaconing  group configuration. Such information may be in the form
of various information  elements (IP.s). One such IE is the beacon period
occupancy IE (BPOIE). Devices  transmit BPOIEs in their beacons to
provide information regarding the beacon period that  they observe. FIG. 3
is diagram of an exemplary BPOIE 300, according to an  embodiment of
the present invention. As shown in FIG. 3, BPOIE 300 includes various
fields. These fields include an element fl) field 302, a length field 304, a
BP length field  306, a beacon slot information field 308, and device
address fields 310. [00311 Element ID field 302 identifies this information
element as a BPOIE.  Length field 304 indicates the length of BPOIE 300.
BP length field 306 conveys the  length of the beacon period in the
number of beacon slots from the transmitting device's  perspective.
Beacon slot information field. 308 consists of multiple 2-bit elements to
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 linlcs 120 and 122.
In addition, devices (e.g., DEVs 102a-e) may  use data transfer periods
206 to transmit control information, such as request messages to  other
devices. To facilitate the transmission of traffic, each DEV may be
assigned a  particular time slot within each data transfer period 206. In the
context of the MBOA  MAC specification, these time slots are referred to
as media access slots (MASs).  [0033] A MAS is a period of time within a
data transfer period 206 in which two  or more devices are protected from
contention access by devices acknowledging the  reservation, MASs may
be allocated by a distributed protocol, such as the distributed  reservation
protocol. (DRP). Alternatively, resources may be allocated by the
prioritized 6 WO 2006/111826 PCT/IB2006/000925  contention access
(PCA) protocol. Unlike DRP, PCA isn't constrained to reserving one  or
more entire MASs. Instead, PCA can be used to allocate any part of the
superframe  that is not reserved for beaconing or DRP reservations. it.
BEACON SLOT ACQUISITION [00-041 FIG. 4 is a flowchart of an
operational sequence according to embodiments  of the present invention-
This sequence involves the acquisition of a beacon slot by a  device. As
shown in FIG. 4, this sequence includes a step 402, in which the device
scans  for beacons over a predetermined number (e.g., one or more)
superframes. [0035] As indicated by a step 404, operation proceeds to a
step 405 if the device  receives no beacon frames in step 402. Otherwise
operation proceeds to a step 406 in  which the device selects a beacon
slot. This selected slot is any beacon slot after the  highest numbered
unavailable beacon slot the device observed in step 402 and within the
maximum beacon period length announced by any of the neighboring
devices in the  beaconing group. Accordingly, in a step 408, the device
transmits a beacon in the shot  



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
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 siot that it randomly chooses. [00371 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. 7 WO 2006/111826 PCT/1132006/000925  [0039] In the
operational sequence of FIG. 4, the device changes its selected  beacon
slot if a collision occurs. However, a device may not always be able to
detect  such a collision. This inability may be attributed to various reasons,
such as device  coverage areas that do not completely overlap. [0040]
FIG. 5 is a diagram of an exemplary scenario in which two devices
contend for the same beacon slot. This scenario involves four devices
(DEV A. DEV B,  DEV C, and DEV D) and five beacon slots (slots 5021,
5022, 5023, 5024, and 5025). FIG.  5 shows that, in this scenario, DEV A
occupies beacon slot 5023, and DEV B occupies  beacon slot 5024. Slot
5024 is also the highest numbered beacon slot that is unavailable.  Thus,
devices attempting to acquire a beacon slot will select slot 5025. [0041]
Accordingly, DEV C and DEV D attempt to acquire beacon slot 5025  



during the same superframe. Due to these simultaneous attempts, the
beacon  transmissions collide. As a result, neither DEV A nor DEV B will
be able to receive  these beacon transmissions. Also, neither DEV A nor
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 I) 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. b WO 2006/111826
PCTI1B2006/000925  [0043] To overcome such problematic events, the
present invention provides a  mechanism for handling and resolving
beacon slot contention. FIG. 6 is a diagram of an  exemplary scenario
according to an embodiment. of the present invention. In this  scenario,
the contention described with reference to FIG. 5 is resolved. For
instance,  either or both of DEV C and DEV D may assume that a collision
has occurred after a  predetermined number of superframes without being
announced in a BPOIE.  



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
instance, DEV C selects a slot  5021o and DEV D selects a slot 5028 .
[0044] 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
these devices randomly select the signaling  slot, there is a chance that
the signaling slot beacons may also collide. However, the  current MBOA
MAC specification requires that the BP length become extended by a
predetermined number of slots (by the mBPErrorExtension parameter of 8
slots) when an  attempt of a beacon (an invalid checksum) is detected in a
signaling slot. [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 arc 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. 9 WO
2006/111826 PCT/1&2006/000925  [0048] If such an announcement has
been made, operation proceeds to step 408 in  



which the device continues to transmit beacons in its previously selected
beacon slot.  However, if such an announcement has not been made, the
device may select a different  beacon slot or discontinue its attempts to
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
superframes) that it has not  received an announcement of its presence.
[0049] Accordingly, as indicated by a step 704, the device determines the
consecutive number of times that it has failed to receive such an
announcement. If this  consecutive number of times falls short of a
predetermined range.. then operation returns  to step 408 in which the
device continues to transmit beacons in its previously selected  beacon
slot or selects a free beacon slot after the previously selected beacon slot
within  last announced beacon period length in situations where the
previously selected beacon is  reserved., Alternatively, if this consecutive
number of times is within a predetermined  range, then the device
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,
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  



mBPErrorFxtension). [0051] As described above, the device may stop
trying to acquire a beacon slot.  For instance, FIG. 7 shows that the device
may perfonn a step 708 if it determines in step  10 WO 2006/111826
PCT/IB2006/000925  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
its attempts to acquire a beacon slot. Moreover, in this step, the device
may  communicate to its upper protocol layers that communications are
not currently possible,  [0052] As an alternative to step 708, a step 710
may be performed. In this step,  the device may apply a collision detection
scheme and try to select another slot from the  available slots. If
successful, then operation proceeds to step 408. M. DEVICE
IMPLEMENTATION [0053] FIG. 8 is a. block. diagram of a wireless
communications device 800 with  MBOA capabilities. As shown in FIG. 8,
device 800 includes a physical layer (PHY)  controller 802, a media
access controller (MAC) 803, an OFDM transceiver 804. and  upper
protocol layer(s) 805. In addition, device 800 includes an antenna 810.
[0054] MAC controller 803 generates frames (data transmissions) and
beacons for  wireless transmission. In addition, MAC controller 803
receives and processes frames  and beacon transmissions that are
originated from remote devices. MAC controller 803  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.  8 shows that OFDM transceiver
804 includes a receiver portion 850 and a transmitter  portion 860.
Transmitter portion 860 includes an inverse fast fourier transform (IFFT)  



module 814, a zero padding module 816, an upconverter 818, and a
transmit amplifier  820. IFFT module 814 receives frames for transmission
from PITY controller 802. For  each of these frames, IFFT module 814
generates an OFDM modulated signal. This  generation involves
performing one or more inverse fast fourier transform operations. As  a
result, this OFDM modulated signal includes one or more OFDM symbols.
This signal  is sent to zero padding module 816, which appends one or
more "zero samples" to the  beginning of each OFDM symbol to produce
a padded modulated signal. Upconverter  11 WO 2006/111826
PCT/1S2006/000925  818 receives this padded signal and employs
carrier-based techniques to place it into one  or more frequency bands.
These one or more frequency bands are determined according  to a
frequency hopping pattern, such as one or more of the TFCs. As a result,
upconverter  818 produces a frequency hopping signal, which is amplified
by transmit amplifier 820  and transmitted through antenna 810. [0056]
FIG. 8 shows that receiver portion 850 includes a downconverter 822, a
receive amplifier 824, and a fast fourier transform (FFT) module 826.
These components  (also referred to as a receiver) are employed in the
reception of wireless signals from  remote devices. In particular, antenna
810 receives wireless signals from remote devices  that may employ
frequency hopping patterns, such as one or more of the TFCs. These
signals are sent to amplifier 824, which generates amplified signals.
Amplifier 824 sends  the amplified signals to downconverter 822. Upon
receipt, downconverter 822 employs  carrier-based techniques to convert
these signals from its one or more frequency hopping  bands (e.g.,TFC
bands) into a predetermined lower frequency range. This results in
modulated signals, which are received by FFT module 826, which
performs OFDM  demodulation on these signals. This demodulation
involves performing a fast fourier  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 PITY 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 PITY 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 PITY 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  12 WO 2006/111826 PCT/182006/000925  may
include electronics, such as amplifiers, mixers, and filters. Moreover,
implementations of device 800 may include digital signal processor(s)
(DSPs) to  implement various modules, such as scanning module 806,
IFFT module 814, zero  padding module 816, and FFT module 826.
Moreover, in embodiments of the present  invention, processor(s), such as
microprocessors, executing instructions (i.e., software)  that are stored in
memory (not shown) may be used to control the operation of various
components in these devices. For instance, components, such as P1fY
controller 802 and  MAC controller 803, may be primarily implemented
through software operating on one  or more processors. [0060] One such
implementation of device 900 is shown in FIG. 9. As shown in  FIG. 9, this
implementation includes a processor 910, a memory 912, and a user
interface  914. In addition, the implementation of FIG. 9 includes OFDM
transceiver 804 and  



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
wireless technologies. [0061] Processor 910 controls device operation. As
shown in FIG. 9, processor  910 is coupled to transceiver 804. Processor
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. [0062] 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'PT-TY controller 802,  MAC controller 803,
and upper protocol layer(s) 805. [0063] In addition, memory 912 may store
software components that control the  exchange of information through
user interface 914. As shown in FIG. 9, user interface  914 is also coupled
to processor 910. User interface 914 facilitates the exchange of  13 WO
2006/1.11826 PCT/1B2006/000925  information with a 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
include keypads, touch screens, and  microphones. User output portion
918 allows a user to receive information from the  device. Thus, user
output portion 918 may include various devices, such as a display, and
one or more audio speakers (e.g., stereo speakers) and a audio processor
and/or amplifier  



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,
and user interface 914 through one or more bus interfaces. In addition,
each  of these components is coupled to a power source, such as a
removable and/or  rechargeable battery pack (not shown). 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.  [01.00] 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. 14 WHAT IS CLAIMED IS: 1. A 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 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 (c) 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. 2. The method of claim 1, wherein the predefined number of beacon
slots beyond  the last detected beacon is defined by a mBPErrorExtension
parameter. I. 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:  15 (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; (c) transmitting beacons of the wireless
communications device during the first  beacon slot: (d) determining
whether a collision has occurred in the first beacon slot; (e) 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
communicati ons 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. 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. 16 



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
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
beacon and  within a maximum number of beacon slots within the
repeating time interval; and a transceiver configured to transmit beacons
of the apparatus 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. 10. The apparatus of claim 9,
wherein the signaling slots are within two first  occurring beacon slots of
the repeating time interval. 11. 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 beacon and within a maximum number of
beacon slots within the repeating time interval; and  a transceiver
configured to transmit beacons of the apparatus during the first beacon
slot; wherein the controller is further configured to: (i) determine whether a
collision has occurred in the first beacon slot: and (ii) if a collision in the
first beacon slot is detected, select a second beacon slot  within the
repeating time interval; and wherein the transceiver is further 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. 12. The apparatus of claim
1 t, 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. 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 1.8
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 o f
beacon  slots within the repeating time interval and during the first beacon
slot. 14. 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 maximum number of
beacon slots within the repeating time  interval; program code for
transmitting beacons of the wireless communications device during  the
first beacon slot: program code for determining whether a collision has
occurred in the first beacon  



slot: 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. 19 15. The computer program product of claim 14, wherein the
signaling slots  dedicated for indicating change in the number of beacon
slots within [lie repeating time  interval comprise two first occurring beacon
slots of 'the repeating time interval. 20 


