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on medi \Hmaless personal area networks (WPANs) communicate among contending
nodes that are closer to one another than in a typical wireless local area network
(WLAN). WPANs may have a need for a zero infrastructure environment.
The MultiBand OFDM Alliance (MBOA) is also defining a MAC protocol for
WPANSs, see MBOA Wireless Medium Access Control (MAC) Specification For
High Rate Wireless Personal Area Networks (WPANs), Technical Specification,
Draft 0.5, April 2004, which is hereby incorporated by reference in its entirety. The
MBOA MAC protocol is distributed, i.e., peer devices have the same protocol
behavior and hardware/software capabilities. The MBOA MAC is based on medium

reservations by the devices, thus eliminating sensing and collisions times on the



reservations by the devices, thus elimnating sensing
and collisions tinmes on thenmedium Further, the MBOA
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infrastructure by distributing functions across all
nodes (devices) of a wireless personal area network
(WPAN), and is based on enhanc€d distributed channel
access (EDCA) node of operation of IEEE 802.1 le. In
the MBOA distributed MAC protocol there is no access
poi nt or central coordinator for a WPAN net wor k.
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Referring now to FIG. 1, thé present invention provides a distributed MAC
protocol comprising a superframe structure 102, and procedures for using this
superframe structure 102 that, among other advantages, enhances power management
and synchronization in ad-hoc networks. According to the present invention, the
MAC superframe structure provided includes a slotted Beaconing Period BP 104
comprising a plurality of MAS slots 107, and a data transfer period 103. All ad-hoc

network devices participate in sending Beacons. Medium access in a MAS of the data



conprising a plurality of MAS slots 107, and a data
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A Cluster is a set of devices within the radio range of a device and includes all
devices within a Beacon Group. A Cluster may also include devices within the radio
range that belong to another Beacon Group.

Thus, the BP length 106 may be fixed or variable. If it is fixed, the

corresponding fixed number of Beacon slots 105 determines the maximum number of



range that belong to another Beacon G oup. Thus, the
BP | ength 106 may be fixed or variable. If it is
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invention and the scope of the appended claims. Unnecessary detail of known
functions and operations may be omitted from the current description so as not to
obscure the present invention.

The present invention relates to ad-hoc networks in which the channel time is
divided into superframes, with each superframe beginning with a BP. The BP is used
for sending Beacons. FIG. 1 illustrates a MAC superframe structure 100 according to
the present invention. In an ad-hoc network all devices participate in sending

Beacons. Each MAC superframe structure 100 comprises a sequence of at least one



di vided into superframes, wth each superfrane
beginning with a BP. The BP is used for sending
wBBeasons43 FI G 1 illustrates a MAC superfrane BCT/IB008/E0441
100 according to the present invention. In an ad-hoc
network all devices participate in sendi ng Beacons.
Each MAC superfrane structure 900 conprises a sequence
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Start Tinme (BPST) 101 and continues for a slotted BP
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For each Beacon Period, preferably eight consecutive
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Before communication can be established, a device must create its own

Beacon group or join an existing Beacon group. For each Beacon Period, preferably
eight consecutive MAS slots 107 are utilized as Beacon slots 105, where all the
devices, which belong to the Beacon group, transmit Beacons. The start time of the
superframe is determined by the beginning of the Beacon Period and defined as the
Target Beacon Transmission Time (TBTT) in IEEE 802.11 and Beacon Period Start
Time (BPST) in MBOA distributed MAC.



operate sinmultaneously in the sane |ocation and
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superfrane 102 of the present invention further
includes a data transfer period 103 conprising the
remai ning MAS slots 107 of thé& superfrane 102, i.e.,
the MAS slots of the superframe not in the BP 104.
During the data transfer period 103 of the superfrane
102, devices send and receive data either through a
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can al so @9ptaordRE6Rupancy field;
(4) Related Mesh networks; and

(5) Distributed reservations of the medium.
This information can be transmitted in the form of information elements in the
Beacon as specified in the IEEE 802.11 or IEEE 802.15 standards.

The uses of the Beaconing of the present invention include, but are not limited

to:

(1) Power management;

(2) Device discovery via fast association;

(3) Multi-hop message routing; and

(4) Synchronization of multiple peer-to-peer pairs

(5) Distributed reservation of the medium.
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collision detection and resolution mechanism (BCRP) is needed. Devices transmit a

“Beacon slot occupancy” field (BPOIE) in their own Beacons:
(1) the “Beacon slot occupancy” field includes information about the slot
numbers and the device IDs (DevIDs) of the Beacon received;
(2) if either a given Beacon slot in a received Beacon is detected as idle or
a Beacon frame is received incorrectly for at least a predetermined
number of times, the “Beacon slot occupancy” field is considered to be

empty or does not include information for the given slot;



recei ve this announcenent upon reception of the Beacon

and, therefore, becone aware of the tine reservation.
w®ensoas43sl0 not transmt during the reserved tPOBIB2005/050441

nei ghbori ng devi ces. The system and net hod of the

present invention can be used for wrel ess personal

area networks (WPANs) and | ocdl area networks (W.ANSs)

300 in which wireless devices 301 conprise a MAC

nodul e nodified according to the present invention.
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et B Afe transmitter 401 and the receiver 404 are coupled to an antenna 405. The

slotted Beacon processing component 403 provides adaptive programming such that,
for example, the Beaconing Period length is adapted to various communication
protocols including IEEE 802.11, Bluetooth, and any other protocol supporting ad-
hoc wireless networks known in the art. By way of example only, in IEEE 802.11 an

IBSS is an ad-hoc network to which the present invention is applicable. An ad-hoc



network name, the STA will issue Beacons itself to
establish an ad-hoc network having the configured
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(FSD) is illustrated for a synchronization
functionality of the slotted Beacon processing
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and/ or performs checking for Beacon(s) 502. Either at
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hasff%'ég]@ r5efé‘é|e§‘élﬂ'5'?9fj an ﬁé1h96d@edwq>rh (P®e e fsgyBhoriEad itpan
existing ad-hoc network (506). The BCRP FSD starts with a device choosing an

empty slot 601 in the Beaconing Period. The device waits for the TBTT or BPST 602
and sends a Beacon in the chosen idle slot, including the BPOIE calculated from the
previous superframe 603. During the Beaconing Period, the device receives Beacons,
if any, from other devices in the Beaconing group (BG) 604 and saves the DEVID of
the Beacon transmitters 605. These DEVIDs, together with the slot numbers, are



mar ked as busy. Slots that were marked as busy are
changed to idle if a Beacon has not been received in
wo b@ssbasus duri ng a predeterm ned nunber N of  PCT/IB2005/050441

consecutive superfranmes and the slot information has

not been included in BPO Es received from any device

in the same Beaconing group diffing a predetermn ned

nunber N of consecutive superframes. The BCRP

conti nues by exam ning the received BPOEs. If the
device's own DEVID has been included in all received
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Beaconing Period may different from the example start of a superframe. Therefore, it
is intended that the present invention not be limited to the particular embodiments
disclosed as the best mode contemplated for carrying out the present invention, but

that the present invention include all embodiments falling with the scope of the

appended claims.



superfranme (102) beginning at a given start tinme (101)
and having a next superfrane of the periodic sequence
w@rooanyespoi nt in tine; b. partitioning the supecT/IENE/050441

(102) into a slotted beaconing period (106) having a
plurality of contiguous beacon slots (105) foll owed by

a data transfer period (103) ;Y'c. perform ng at | east

one of starting a new ad hoc network by perform ng

steps (a) - (f), occupying an idle beacon slot of the
plurality of contiguous beacon slots, and sl eeping
untwedthe start of the next beaconing period and then

waki n almp and repeating step (c); d. beaconing an own
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of |nfor tion sel egte t gmgro p. consi sting of
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traf ficeirgeiring dafagransinisyirnrisg tperathigy deviges Wi 6‘ﬁ daiy tigpsfer period;
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reservations of the nedium and wherein the beaconing
step further conFrlses |ncluding in the own beacon
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dentification nmap eacon sl occupancy
f i iTB: 3 bepcap elpf "ﬁ’é‘gar‘i‘cynfé‘i fied At SEYETES 36111 distgifygpd reservations of
r eservegdiumons of the nmedium 4. The nethod of claim3,
further conprising the step of discovering the other

devi ces durin t he ne syperframe (102) once
the othér b @mﬁéV%“ngﬁ”fﬁﬁﬁf@%&SmeEThe net hod of

claim 3, further conprising the steps of:
receiving other beacons from other devices during the slotted beaconing period (104)

of a superframe (102), said other beacons comprising at least one set of information selected
from the group consisting of device identification information and capabilities, a traffic
identification map (TIM), a beacon slot occupancy field, related mesh network, and
distributed reservations of the medium; and

wherein the beaconing step further comprises including in the own beacon
information comprising at least one set of information selected from the group consisting of
device identification information and capabilities, a traffic identification map (TIM), a beacon

slot occupancy field, related mesh network information, and reservations of the medium.



waki ng up at the start (101) of the next superfrane;

if a TIMof any of the received other beacons is
wa@odasessesl to the device, perform ng the stepspof/IB2005/050441

remai ni ng awake during the data transfer period (103)

of the superframe (102) ifthe TIMis not clear, ii.

going to sleep during the dat d2t r ansf er period (103)

of the superframe (102) when the TIMis clear; and

iii. going to sleep if a data franme is received during

the data transfer period (103) of the superfranme with
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(104) if thelBpbbofMskotclal05) is one of idle and

recei veg i nG@ing %Qtela;ydunhgf the &aRtra@feP pSio @B LiMh &FerMMTRBO)
of consecutl% ﬁuﬂgﬂ Lames, t he beacon sl ot (105)
occupi ed by THe"devi'te™ & “det ermi ned to be one of

i dl e, récei \eeis fonlearrifadat fryme intsebivedshvping the daig trepsfer period (103)
i nfornati on e APer@iR&Vith HONIrCBart BieRt @z&H! | 1 sion is
deened to have occurred in the beacon slot (105)
occupi ed by the device and the device perforns step
(c) to PesolNpemethnd ofddim p.Jirtser congerisingibe stips od of cl ai m
3, wher ekdiingtiti@mbtfor mSiher bedcH regdr@fl; thelheigkv@io@NE deSies and
transfe

(103) C(l! lll'ges nto tlogll“l'uelggi r%@%m?%%{:ngﬂb%m?cfde&’f t@%‘é\é&%qo find a
t r alffayH! StS‘P'éEf‘hi bﬁsesﬁ" & fitterB addictsh from Hig serecopstrestiifyegst Sers prd
f uriedaebst.conpri ses retaining the reservation of the
mediumuntil the data transfer is conpleted.9. The

met hod of claim 8, wherein the reservatign of medi um
access duri rige PHEYgLsam ¢ e raprriges PP °f03) of a
super f r &ore the 5029ccipgnch drd@dation inghere@fved bracon.el@rmigitg foneach

MECRABH $681098k SRRy PP ddSus B QM Blo 00HifShd vagtofior ADS) is

enhanceﬂ dlstrlguted channel access
one of idle and received incorrectly;

if, for a pre-determined number of consecutive superframes, the beacon slot (105)
occupied by the device is determined to be one of idle, received incorrectly, and comprising
an information of an other device then a collision is deemed to have occurred in the beacon

slot (105) occupied by the device and the device performs step (c) to resolve the collision.

8. The method of claim 3, wherein:

the transferring step further comprises transferring data during the data transfer period
(103) corresponding to a reservation of the medium transmitted in an own beacon; and

the beaconing step further comprises retaining the reservation of the medium until the

data transfer is completed.



(EDCA) nechanism and a distributed reservation
mechani sm 10. The nmethod of claim 1, wherein: the
wanpsniesasre (102) conprises a first pre-deter nP@BB2005/050441
nunber of medi um access slots (107)having a first
pre-determ ned I ength; said slotted beaconi ng period
(104) conprises a second pre-déterm ned nunber of
medi um access sl ots such that each nedi um access sl ot
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nunber of beacon slots (105) followed by a space (203)
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superfranme has a |l ength of 65 nsec; said second

pre-det gfm nﬁgmg%g‘gp{fr#s“azk in:Sai d third pre-determ ned

nunber is 3; sal ourth pre-determ ned nunber is
equal t &esurgrframed erropprise ad FFbli"”f dsteppiardnHabre O SIYNB 2t )
( 203)7hadids a i predadrhiadl Idedconi ng apparatus for an ad

hoc net wor m@loeyea&ﬁng A0dd (1045 angeﬁ Iaragmdaprx mmrnuﬁ]é&%}

for recel vi ng}g eacons and data transfers
v

o BV BEVEEAS: IR PG A Deapt ATy il Wi
t r ansderetrbinad gurabanof tewinclots i a)doivee dibyth stiat @03)areg¢r@ltat1 eﬂmnh

beagon ik SseN thaconponent (403) t hat processes
recei ved pea recei ved data transfers an

con
beacons % ‘lﬁtaéfﬂmgb"é’i’% COPRINE f ETEE PUPFTS g‘?ﬁ“‘é“sﬂ‘:%eﬁs 5"’5 e
c on gl differen¢e4@@penchrefirsttpreydeteymined phlesdl andgkeaeebnd protdeterghined
beagBrpr ocessi ng conponent (403) and configured to
di vide the nmediuminto a sequence of at |east one
superframe (102) conprising a slotted beaconi ng peri od
(104) and a Tdamghod phalpys ks wWhsesi: od (103), to process
beacons sad¥ist ridld@ermined number is 256;

said first pre-determined length is 256usec such that the superframe has a length of 65
msec;

said second pre-determined number is 24;

said third pre-determined number is 3; and

said fourth pre-determined number is equal to the length of a short interframe space

(SIFS) (203).

12. An slotted beaconing apparatus for an ad hoc network device (301),
comprising:

a receiver (404) for receiving beacons and data transfers from other ad hoc network
devices (301);

a transmitter (401) for transmitting own device beacons and data;

a slotted beacon processing component (403) that processes received beacons and
received data transfers and own beacons and own data transfers for transmission;

a controller (402) operatively coupled to



recei ved respectively therein, and format and contro
own beacons and own data to be transmtted

WO e®poudsty/el y therein; said receiver (404) andpPCT/IB2005/050441
transmtter (401) and configured to respectively
control receipt and transn133|on of beacons thereby
during said slotted beaconing'period (104) and to
respectively control receipt and transm ssion of data
during said data transfer period (103) . 13. The
apparatus of claim 12, wherein: the at |east one

superframe (; ég%gne&? BARhL lpr% sm rﬂj’oéeq'lt (%3?and qgl‘%‘?ﬂé@t@@&‘de the

nunber of medi um access s avi n firs

pre- det BFHIHELP P ATHYTFF tfmésast %.Sﬂ’@f“&% {189 BerEbaiantpted
peri od bamping seisd @04 ecianisa pansferdheti@ (i3 @craaessrbe@ronodnd data

medi Um ACLRS RspdiPhPihSHE thalfiiRkt aRABR BN LGS ERBHS dd 1O be
(107) consists of .an identical third pre determ ned

nunber BIBEIGFCLrEREP105) fol | owed by a space (203)
gr eat er - t harsaid rfcgver t(494pand tohedmitreni49&)dand isndfigured @Espectivedy

da:rg tr%ﬁélescelwna @6hsidsR)of GQBIAL | |th%x%§/ QurihLORI smnagbeaconmg
ot ween e RBOPD AEL S SRR PR ASE AU tar sy e LB S
pre det éatntianda penphth@). 14. The apparatus of claim 13,

wherein: said first pre- determ' ned nunber is 256; said
first prg- det er rr;rqu(esg)fclal h |s .256usec such that the

superfrare (10Z¥"has 2T eng {“Qh of 65 nsec; said second
pr e- det ¢ mlﬁédn%mﬁreme (192 mlpr@afi' ﬁstwr?rqetﬂmmcé Dberef mpdinay
nur@&ﬁssloﬁhafmgamﬂtp‘ﬁ@dednﬁl&ulehgih @oey- det er mi ned nunber is

equal oali'?‘; h beac%% erlod Qor Plg)es secal %%fcﬁt\%}g"a’neé R&%S o& %!:(F §)

(203). Fat us rern a beacon
COrRSTerssHEs %‘Fh rh@aegeth BHRamsastesotiot| (h°f7b POt efrPnsiganticak tigd pre-
f r cddtetntired Guintefbf BRAKRS kISt (m:g fabwedey h efacel (tbengréafet atal f@ifth pre-

| nfcg{mehglmbgngdcapabl lities, atraffic identification
ma f TI'M beacon sl ot occupancy field, related nesh

P
net wor Kk Sﬁ'&rﬂa‘é frensfen roEpd (BRkPoRPrEes i Bt neg nprehereRf (i FrEes ot
t heeqmick the differencehi@tvapp ik dftrati preadeteaiined muthber awh @ edeqond e-
CONfeleXidc@bunivsy. further configured to: wakes up at the
start of the next superfrane ( 102);

14. The apparatus of claim 13, wherein:

said first pre-determined number is 256;

said first pre-determined length is 256usec such that the superframe (102) has a
length of 65 msec;

said second pre-determined number is 24;

said third pre-determined number is 3; and

said fourth pre-determined number is equal to the length of a short interframe space

(SIFS) (203).

15. The apparatus of claim 12, wherein a beacon comprises at least one set of
information selected from the group consisting of device identification information and
capabilities, a traffic identification map (TIM), a beacon slot occupancy field, related mesh

network information, and distributed reservations of the medium.



if a TIMof any received beacons is addressed to the
device: 1. remain awake during the data transfer
w@eisots¢d103) of the superframe (102) if the TPOA/IBER00RMES0441
clear, ii. goes to sleep during the data transfer
perlod (103) of the superframe (102) when the TIMis
clear; and iii. goes to sleep'f a data frame is
recei ved during the data transfer period (103) of the
superfranme (102) with a "More Data" bit set to zero.
17. The apparatus of claim 12, wherein other devices
are discovered during the tine of one superfrane (102)
once at | east one other beacon has been received. 18.
The appaf-at ude ppargiysgf dain 75, whigied s gontrqlpFigfrat opfigurpdto:
r ecei vedakeniupat fiesttartbedecersudedgad @izng t he nei ghborh ood
of the dawingsianfllildieackRLAFRLE AheldBhe] ved I egar ding

t he nei ghbor hood of the device is Us ¥
control Fer (aveks dﬂr ing dhedaty ypasferperiod Fﬁ°§)§ 6?15“6?’“"6’5{ W2y it

via a path bskdisontcgacriteria sel ected fromthe group

consi st |n ng %es t@\ﬂ@eﬁ tduxhlg e d&h q'arlsﬁla&tnocp@@t) of t%gsupén?ﬁne (102)

apparatus of claim 12, wherein the controller (402)

further conPY@%*%Hwﬁigmﬁﬁvern1ne fromthe slot
occupandly i ribonaddep BR ditnfrdmiaéds receicd duard tivalate ansfenplaiiad103)

beaga sekRink ((okPmih 23516 D8 Wfsetkdte®. and recei ved
incorrectly; if, for a pre-determ ned nunber of

consecutive superfranes (102), the beacon sl ot
occupi ed’-by Thherpefevs o elaims] 2dwitepsinrrithaedtvieas atyalisesesedgfuring the
| dl fne of 6 QUp¥@Ehd (MRAINELE fedstone AR bBRRPLs ib&h Fecdhiad.
i nformati on of an other device, deemthat a collision

has occurred in the beacon slot (105) occupied by the
devi ce, 'and T trewsttusiohedaing [ bvhesin: beacon pr ocessi ng
conpPoNeiforhAOB3) rdc@ved @B &hey BeatoReregadilgl thd RAMBMGET 61 thQieti;

a plg-determned collision resolution mechani sm
the information received regarding the neighborhood of the device is used by the
controller (402) to direct the transmission of data via a path based on a criteria selected from

the group consisting of fewest hops and least cost.

19. The apparatus of claim 12, wherein the controller (402) is further configured
to:
determine from the slot occupancy information in the received beacon, which beacon
slots (105) are one of idle and received incorrectly;
if, for a pre-determined number of consecutive superframes (102), the beacon slot
occupied by the device is determined to be one of idle, received incorrectly, and comprises an
information of an other device,
deem that a collision has occurred in the beacon slot (105) occupied by the
device, and
- direct the slotted beacon processing component (403) to resolve the collision

according to a pre-determined collision resolution mechanism.



