WD 2007/ 121285 PCT/ US2007/ 066492 1 DETECTI ON OF
STATIONS FOR W RELESS COVMUNI CATI ON [ 0001] The

w@e@gan2sappl i cation clains priority to provi SPOREE2007/066492

U S. Application Serial No. 60/792,027, entitled
"POVNER SAVI NG FOR PEER- TO- PEER SYNCHRONI ZATI ON
BETWEEN M MO STATIONS, " filed April 4, 2006, assigned
to the assignee hereof and incorlorated herein by
reference. BACKGROUND 1. Field [0002] The present

di scl osure rel ates generally to conmunication, and
nore specifically to techniques for detecting

stations for w reDETEOTION QFISSTATIONSackgr ound
[0003] Wrele j ' I 1 dely
depl oyed to pii%ﬁggﬁ@gﬁigﬁgg?ggﬁhﬂﬂbéggiéﬁjgggvices
such as voice, video, packet data, nessaging, and so

on. These networks may be capabl e of supporting
H9thiini cldtei poesehioapphodtianpll amy peiositybtp sorasiong W.ReApplication Serial

RHE1 uB P2 eccenbEL POV ERer voh REVEve ARDH, " PHESD-PEER
Wiy N FESO N, A1 BN SE NG ERS KEMOMANTY ONSNOFi Mk 148IrB 9IS 2006, assigned
netropolitan area networks (WANs). [0004] | EEE

Bohe assigngp peicoEandiaceperatdddiwran badcthsacai r el ess
networks. When a station is powered on or nobves into
a new area, the station listens for a beacon

transmtted by an acCeBAPKUGROWUNINe station
recei ves the beacon, then the station may send a

pr obeFriegguest to the access point. The station may
t hen perform synchroni zati on and associate with the
HW88ks pldienpresiiedisgloswe, raldfes eaeraby tengompenigetiens and more

BRI TPl s AT 00, SAREA 0, KRy |

station may becone an access point and start
transmtting a beacon periodically, e.g., every 10 to
1bo nBhtkgeunéds (ns). Between beacon transm ssions,

Fd;)brﬁ3fig 2te\ggrgle\s/\§) uolnqm%}/l\{ic%t(i:r}l hé Wﬁﬂ(rsea%givyi elgocge%lﬁ%g tlo ip%\%cri]e various
proones sen y ot ner statrons.

2611k 1283bseRGdd s Q20 BT 16166 490, Backet data, messaging, and so on. These
networks may be capable of supporting communication for multiple users by sharing the
available network resources. Examples of such networks include wireless local area
networks (WLANSs), wireless wide area networks (WWANS), and wireless metropolitan
arca networks (WMANS).

[0004] IEEE 802.11 supports the creation of ad hoc wireless networks. When a
station is powered on or moves into a new arca, the station listens for a beacon
transmitted by an access point. If the station receives the beacon, then the station may
send a probe request to the access point. The station may then perform synchronization
and associate with the access point. Thereafter, the station and the access point may
communicate as specified by IEEE 802.11. If the station does not receive a beacon,
then the station may become an access point and start transmitting a beacon
periodically, e.g., every 10 to 100 milliseconds (ms). Between beacon transmissions,

the station would switch to a receive mode and listen for access probes sent by other

stations.



[0005] A station may thus either (1) turn on its
receiver all the tine to listen for a beacon from an
w@eweas2pdi nt or (2) alternately turn on its PCT/US2007/066492

transmtter and receiver when assumng the role of an

access point. In either case, the station nmay consune

| arge anount of battery power to detect other

stations. There is therefore a reed in the art for

techniques to nore efficiently detect other stations.

SUMVARY [0006] Techni ques for detecting other

Fr085] onsA istatien peiethuetithes i(@nturimeniBreciweer atlehe tintee@ listen for a

er ei In an enbadi nent, a station npy operate in a

GASER O FRACCSHS RPINtQIALL ﬁlt%ﬁ%ly tPED QThids Bé&%m%f Hddeceiver when

Sstgﬁm \%a{h'e%leo@ieﬁﬁta@c%s BEINP! 1ARNther’ @a%@' the rs%tloﬁrm%n% nsume large

receive period In each tine interval. In the sear f ch

amdent of ettty poivonta dedgrs nihcs sthmmsa Theeer iseéleroford 2 aesimintthe art for
i.ods in one.ii interv then receives for one

\%éﬁlé‘ﬂw tﬁgiqr%afftcﬁqlﬁﬁéieteﬁte IS4 Nt erval , and repeats

the transmt/receive cycle. The durations of the tine

interval, the receive period, and the transmt period

may be selected to achi esSUNDMEARAEt ecti on perf or mance

and | ow power consunption. 0007% In_ an enbodi nent of

HW08k 5 h@éﬂ@chroqiﬁt%@ﬁa@t @, statiensi BnaApqwirt ¢iHiciept manner are
- t e, y

g%g{lg%ds ﬁeﬂeﬂl Egatg Seggbﬁ)\lé}leﬂ@?g, 0 Sﬁl@lg{l%‘%%; 519 atgelh dAs Eags% \Je mode or a

sqardhemodd. hr &t&spmssse: atslc dihe istugioh topetat@ s dr m@eire&ﬁvers for one

Station B receives a transmv\t;m on from station

BGFIVRAGCTiPS IR S8eh UBCpBtYY, 18l cRuSh mrpdeh éles%%f%transmlts for a
B8 of tr@ﬂb%@]l%?ﬂﬁls h SR i3S iRbrvhll ARATENRMS JriRre @M period in the

tine interv Station A receives a transm ssion from
s ttinod irBerotal; iand) rep®tsr1éc gianempéedend. cyifie. eThe wrations of the time

tran mSS|onsfro are .c | et ed

PR oHierr Ve apeot ettt dopat GEHGS TRiyabe o Zhlp achiove good
§étéétio%'b%rf6rmﬁﬁ@ aRd TR p&RES @nsardptishr oni zat i on. [ 0008]
In an aspect, an apparatus is pr ovi ded that includes a

ﬂ}ﬂ@abs sdn ghgmbodln@ﬁbroft anT FEanpp lg cdetespn mynqy@ station A initially
ﬁﬁnfl E% e sgargl?%noege a%é St%%l%%t Bom 1 lry;rjln e%tgg ?r tlfleolpasswe mode.

Fansmt perio me I hterva

sndofh (A mﬁai ak&iadloftheashisdoss dhﬁﬁ%l 1tselfanfsﬂ1ﬁt pediod€ CSﬂaﬁ@n B receives
period in a second time interval after the first ti
a iagsispion [y olatiph, Ao dHERS H8 pecet's, Palodethibehes e the &*“ﬁ’é‘,Ch mode,

s@ﬂcﬁoa bs%rl sr %\f't%gmﬁﬁgloﬂp%?to%eaﬁmel ﬁ?e%alongtatlpn A receives a

transmtter e transmt periods in a
trameenissidre fmed stagord Bt durmq@ itatreceinat pd:rBEiSt Adire thieet:remsrmssmns from
afte

Bl RS SRR SR L Bl s5L455 arons A
and B may perform synchronization.

[0008] In an aspect, an apparatus is provided that includes a processor and a
memory. The processor may be configured to operate at least one transmitter for
multiple transmit periods in a first time interval, and to operate at least one receiver for
a receive period in a second time interval after the first time interval.

[0009] In other aspects, a method and means may also be provided to operate at

least one transmitter for multiple transmit periods in a first time interval, and to operate

at least one receiver for a receive period in a second time interval after the first time



interval. The nethod may be enbodied in instructions
stored on a processor readable nedia. [0010] In

wo erovhzrsaspect s, an apparatus i s provi ded thakCT/US2007/066492
i ncludes a processor and a nenory. The processor nay
be configured to operate at | east one receiver, at a
station, for at |east one receive period, to detect
for a transnmission fromanother 3tation during the at
| east one receive period, and to operate at |east one
transmtter, at the station, for nultiple transmt
redrivald sTiaf inethod eia3Chd agbddied i avSHItRSE Gtordd ommatpiecessor readable
station. [0011] In additional aspects, a nethod and
Me8¥s may al so be provided operate at |east one
[RG6] Vern fAth& a%{)@ctté,%ﬂ’apfagﬁatﬂti%‘k%&edoﬂﬂ% n€@kY & processor and a
period, to detect for a transnission fron1anoth£r
sieaorpnThkipiongssohmapbe cedsturah® opeces videpst phodicemd at o station,

erate at |least one transmtter, at the station, for )
I R3O ST Porgh (Do 6P HBPEIY R Yh nothel station during
tHean $dak SR iV OPAdIe asd & bRPate AR aSRINRAhn AN teBait the station, for
enbodied in instructions stored on a processor

medidbirensnudpaiodp afiarxjetogting hesranspeston feom theetationes  of

0. S ALy ) el

Rayd bfd @5&ivee! WoraK statibh) 891 &C CRSS 0RO Btci AN PV kdldRtect for a
stations. [0014] FIG 2 shows a passive npde and a
HanydspierpHams anothss statige dudrg 818 at lgret g)e reredve perehgd to operate
(] ' t : -ner :
PO Elal il SR baRG, 1B HEAGRL nIEEPRSR after dotcting the
treseiivordfroy thy sthgon. TROMEhoFInEy e shimasedain pristmessns wored on a
det ect othﬁf stations in the search node. [0018] FIG
BrosesNsreatrPinmatiat us to detect other stations in the

fRALLh "edRus ag&ggsga]ﬁldﬁtﬁure_z of RS s @o RO Ql%s&sél:t?o&qqg §Giher detail

other stations in the passive node. [0020]

bflows an apparatus to detect other stations in the
passi ve node. [0021] FIG 9 shows a bl ock di agram of
two stations. [0022] FIG 10 illustrates the use of a

single trapiiitk BESCRIPTION IO PAE DRAWINGS

recei vers at another station for detection.

ARA3] 1212851 BRaw ISR 00166 08¢ 8 with RIEIAck 5 i IESTRhRTH N ations.
0023] The detection technjques described herein nmay
14k ed HEr 2 shew vy Bassive anqssand a search mode for peer detection.

[0015] FIG. 3 shows operation of two stations to detect one another.

[0016] FIG. 4 shows plots of average power versus receive duty cycle.

[0017] FIG. 5 shows a process to detect other stations in the search mode.

[0018] FIG. 6 shows an apparatus to detect other stations in the search mode.

[0019] FIG. 7 shows a process to detect other stations in the passive mode.

[0020] FIG. 8 shows an apparatus to detect other stations in the passive mode.
[0021] FIG. 9 shows a block diagram of two stations.

[0022] FIG. 10 illustrates the use of a single transmitter at one station and multiple

recelvers at another station for detection.



comuni cati on networks such as W.ANs, WAMNs, WANSs,
and so on. The terns "network"” and "systen are often

wag@d1enser changeably. A WLAN may i npl ement  onBCT/082007/066492

nore standards in the | EEE 802.11 fam |y of standards.

A WMN may be a Code Division Miltiple Access (CDVA)
network, a Tinme Division Miultiple Access (TDWA)

network, a Frequency Division Mfttiple Access (FDWA)

networ k, an Orthogonal FDVA (OFDVA) network, etc. A

mul ti pl e-access network may support communi cati on for

nul tiple users by BRATATNED'® ESE@RHITROMNet wor k

resources. The techniques may al so be used for nesh

H823br ks heoiqmtﬁelﬂ tahnigodedescapabhaciofmayf be warddiongarious wireless

traffic for oth nodes C Ty, echni ques
iyt hadhaeonth & WERNSRAVANS: YMSNARETY tagay The terms
Fldvork > 9h@VEystent 48 loBeS ufRl iNREha QbW LA WDAM%? $mplement one
point (AP) 110 and nultiple stations (STAs).

giemerastandards inghe S8EIR &OWd it Kamay of siehdadt aAyWﬁMAbTemabbe a Code
BT ARLLS 0 EOMBNTASEe BB A Fromn

Nétdosk, W FeéRRECyTENVI4ON Mlﬂﬁ?lblﬂfbeﬁﬁXFBM:}@) Retwaak,| &6, Orthogonal
contain sone or all of the functionality of,

EBM!?* m(@EPMAh Befveds % ni nAl maltlﬁke?cceﬁserl‘rﬁt‘ﬁ%iflk rgay  support
ERRLGicS t{lcﬁlt T&nmufﬁp Bid:€ ’byashaﬁggttﬁe %@Q{a’b%nnetafoﬂg’ %sgurrces. The

equi pnen a user ‘devi ce ragen a subscri
sthdijass, naysalbs drei besd o meslaﬁ&txsarkomoniposéd‘sltolf omoddRycapable of
e a cellular. phone, a cordless '

h ,.a S ,
werdag Gae et ST npdgsp)F s ebrgy: ¢ the %n$g1ﬁ§%§4%?&§<rqlhes&ﬁlow for

AWEPE 8021 9N.AR. handhel d device, a wirel ess device, a
personal digital assistant (PDA), a |aptop conputer,

H02dhputhlty ldshdvoes varahiss elctsmk nid@ewitlc andiceess meditgd AP) 110 and

deéiﬂig 'st(ag' % n DTVQ?{BB]O rDaX‘girrgllegy Wewa&n&c 51(?6 YRygnumber of

%e%npouﬁ@ aﬁﬁ e %uﬁfBleﬁbf §t8tichsSt Rlia@bn iU PEOWMAREn communicate
access to distribution services via the wreless

withi anathep stagipatviio Asvisgdescnedivn. wit Hatidramagadseske palodt and may
conta%ﬁc PR Bp pt ?ﬂﬁy f ﬁ,l%l '?1(9nak?1(t:3 ¢! | e[?t’nngalﬁd altaccs n{e%mnal a user

sone or a unc a base’'s at 1 on,

Ramthal, tarrasisikedtatin, Slﬁhﬁ)ylstaeﬂan(o%' Shtiord aNBereedBipradid, eS@ser deV1ce a
on. Access poi_nt 110 may couple to a data network 130
Y58 2860 CBPRTTHICE RS OB ER Ui And 82 O A SHEHQROPKY D & cellular

%ﬁcgie L 002Rks ‘809&1%35 SRR In%tg%l]og %%tggdl‘fgi éf)hBﬁea NSPdISssFocal loop

eacon that carries a prea acc
(Wen statien, a ARJIhER] deamel awlrtlets ah&fviq@aa aomsdel $11g1tal assistant (PDA),

SRR GToAsgnDELs. £ STRDUAE dertseat 8 AN TROPRGSED derabdsyte (c.g. an
Aeaes s MOD2AAYEr12 28R P ldS20@ 40864 dmedtder, a webcam, etc.), and
so on. An access point is a station that provides access to distribution services via the
wireless medium for stations associated with that access point. An access point may
also be called, and may contain some or all of the functionality of, a base station, a base
transceiver subsystem (BTS), a Node B, and so on. Access point 110 may couple to a
data network 130 and may communicate with other devices via network 130.

[0025] Access point 110 periodically transmits a beacon that carries a preamble, an
access point identifier (AP ID), and a list of parameters for operation in a network

formed by the access point. Stations 112, 114 and 116 are within the coverage of access



poi nt 110 and can detect the beacon. Stations 112, 114
and 116 may perform synchroni zati on and associ at ed
wowRen/1zic8ess poi nt 110. Thereafter, stations 1HQI/USAA7/066492
and 116 may communicate with access point 110. [0026]
In FIG 1, stations 120 and 122 are not within the
cover age of access point 110 and do not detect the
beacon transmitted by the access’ point. Stations 120
and 122 nrmay operate in a peer-to-peer node and
communi cate directly with each other. However, before
paiet -1t 0- arle carc Alrtadn itha beasonc arstammeenice, lleaaﬂiti gitiat map perform
needs to det ct the other station_ and per J
XPREINEA IO AR Gissoginied pafh apcesypamt 4 &t T Berealy, ftations 112, 114 and
ppeﬂﬁla QofmuflcalTVBPaldBlGdingy area, station 120 is
not aware of the presence of any nearby stations.
B026] on IﬁZUGrrﬂiysthm(mselQOfamd 22beaconwitbm the pevér@@b off access point

acqgn not ive then st 12

LL@E b G Eeqr iR S Bhahites BOBbasgHor 120 and 122

| gebirgal nya SRlcfld- Bébrlglgdg%d tehenfcafe 856885 wihOB&S other.
sent by ot her stations between the beacon
Hpwasger dsfoon peert-io-ReGeommusicatipo rean 2pnjraengiet paoh sthigon needs to
é t%%eilg% s%t aotélt :ifl)nginger %‘%{] g%%ﬂﬁotégza hl%lt}fa acgvhen fPifion 120 is
pc)’\ﬂ@rbdi @Riozahd@P intbQ @ aked, §thtidrn gZ(Hﬁdldﬁtabl@fe @teﬂhb ipR&Biice of any
I nformati on and g&ﬁ t her eaf t er operate in_a npre
PRy statiqnse iSéattonnieNriesy. liftonfeyp bspean fona pogodektie If a beacon is

F&O%@cgi@?c? tI‘BEn WL ARy Hs& tlﬁetg e b DSB8 {i‘”c{jansmlt a beacon

ypi cal I'stens durin entire per ween
pamhxmllgzr Snsioh 20 ony. hsﬁtnatbr measaﬁobemyntvw dther staviogs between the

i me efore .recej v pro rom anot her
25PN JANPRISSI@RAa nln m@fée Stam ?Zi%wﬂﬁ@éé? %V%%gea%fc%@gon 120 and

@&9&? thePeBldnort 2AiBRY 26 OSHARSs 1% H8 12FW pePform synchromzatlon
battery power trying to detect other statlons St at

mz@otanawrbmgeqdlqmlmd)evmeht mfumrmatlphetndnne«nﬂ)asea&mdomgfce in a more
e receivers when listening for

|
P?%ﬂgﬁfgg%ﬂﬂgpefron1other stations. In this case,

1 on SkAHTRY0 GANHEMNIES:DSE bWl ROWRF stddA May appear and
singl e-antenna station in the sanme situation. The

wiptaly ligione dudemihg rvptlreopﬁméwetvawetmwn mmlssmt &tagion 120
%1' { Qv 1‘%"@ I&Q%ﬁ%% bel?ore r%&t fﬁi rel{lsac@& eo‘tgeI ngn nto\ﬁf’e? %}atlglé §r> even

rges Aa calt

%rsé eﬁley vieter rEE2B4n heveaprabpestation 1detnest ¢d'mlu1$16 Iiwge amount of
that nmay be used to detect other stations in a

Bticry inomter e o  dstegl Stler piionth eS@€9%c]t2100ﬂla§c]??eﬁ@1PPed with
ﬂlluitﬂ)‘i\@ I?te a@ta'naﬁTe{;ptuquﬁ %ultlﬁ% t}géel @Whgﬁlﬁs \égfng%of ransmissions

turred on for o ractio e tinme an
ﬁrohm ahe sj;amnhs detles lcas&n stagoil 020rangeondinee dwrebittcon power than a
ene na consunpti on

|f| reduce p
2l eﬁ&tqnﬂé it G SHULRBt hAfC gGT g rrgonsumption may
feleBely RRpRE mﬁﬂ&ym, R@ich may then shorten standby time between battery

recharges and talk time when a call is placed or received.

[0028] In an aspect, a detection scheme that may be used to detect other stations in a
power efficient manner is described. The detection scheme allows a station to detect
other stations while turned on for only a fraction of the time and still achieve good
detection performance. The detection scheme may significantly reduce power

consumption during the time waiting for another station. The detection scheme may be
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equi pped wth a single antenna as well as stations
weowrppess with nultiple antennas. [0029] | n aPCT/US2007/066492

enbodi nent, the detection schene supports two nodes -

a passive npde and a search node. A station may

operate in either the passive node or the search node

at any given nonent and may swi t&h between the two

nodes as described below. A station may use the

passive node to detect for transm ssions from ot her

6dedt fopnsatiofs stjaipped wigy a Userl¢ hﬁteﬁﬁa fag wetbde stabiohdhequiipped with

ot her stations of that station's presence as well as

tyltide @UENRSr transmi ssions from other stations.

[&96]0] Thent 51ﬂﬂ§Jﬂn§§ﬂ o HERBEI SHIRY sk?lg @ﬁsr NJ& I RRE - a passive

Into tinme intervals. The duration R

motleraudla srahemerde.ed\ tsitias rhdyeopyrate 1t1| qrther 'ﬁhiepasswe mode or the

detection schene allo qne ta to detect th
SR B PR Gpritom Pifend g el raBe B mPfue described

HﬁMwbeASﬁht%ﬁi fflybasafe %Bss\{\%r hfoUs tb artdef $or3éﬂ§rﬁnﬁﬁlddﬂefrom other
desired detectlon spee the desired power savin

@tmﬂo@o @mtatmngymusq e soirclapmd@ﬂp rmfoemlyotllersvé@mnd ttation’s

8‘%65?1%08 1> YVSH &%%Oe‘i?%“ rf‘%retfﬁnﬁ‘ingr“on?] gﬂmn‘?‘h?%ttat%%? Q her

0030 i ONMEheMaynslissiorb einisiad 1{1@}; Yehparbiiogedt [ﬂ’f@ tln% lintervals. The
stations may use the sane sync time for go

deretien b @nﬁémeomﬁ%m@lels raforisd g st the $YPG tifse ifba grtcgdon scheme

%lgoqrgsﬁ(% rcﬁbongfo %ig%\é@a e TRagh TRhk s r‘rgé e{lﬁlg . @ﬁ%\éés %eh gﬁﬁl:esync time

I ment, he passi ve
mag ék yelectod badcden mrwmlfactbrmc]n a$ thewlcsinddadevation épeed the desired
receiver on time period a_receive

PRV B O h vwfcﬁmé of @mrpaﬂxaeﬂy H§669?do‘ﬁ@4qg OF Coznparable

PR 4RGRI B tind orl 4 THED stfa%n tS APREI 5 TLBAS: gﬁ@[{@ @%al't‘l%h) Other
stations. The duration of the receive peri

dehbonsaday alsade tukel foedls symedumeat AD rstaalnds n@y dieq Gteedmgssync time
tations are lcal

B a0 BiEoah berRiRbie Rulhes MK R B wi 11 be

fioBipr entid. RoMowk A8 chibdtigen®bf ﬂieﬁﬁﬁsv% AbiON thif@nbodiment, the
start of the receive periods of gi ven station may

pasgiye nagsisangludgs angrierpyer iopdEng @ermdherea@h Hiedntsrval. 00 3ggeiver on

t
FheoBasLanans . S eI At IR B SR TG o one
b ﬁi@ﬁerr'rdcélwe@etbvlat@yﬁlr esinsReibnd fraﬁsmlex/ stedisV ETheCrh@on of the
i ncludes one tine interval with a _series of

TSCEINS FCEIP@S BACEIthi® PethF daseiYolialie atd 1s eamotaders RXpeSince the
ktgﬁ(ﬁ{s a% t;@'}éagx(?@? r%l%ﬁl%llﬁ/z%g t?@ tlttﬁl of Fa{c'h%gatloﬁ will be different from

transmitt erio a tran

thertinmd} off sthar petiorsd E‘ImrsltanQOMB a:drceazeqteabdgmf 4 glaals smansn may thus
to permt

appear at random times to other stations.

[0032] FIG. 2 also shows an embodiment of the search mode. In this embodiment,
the search mode includes a series of transmit/receive cycles. Each transmit/receive
cycle includes one time interval with a series of transmitter on time periods followed by
another time interval with one receiver on time period. A transmitter on time period (or
simply, a transmit period) is a period during which a station transmits to permit
detection of this station by other stations. The duration of the transmit period is referred
to as the transmit duration and is denoted as TX. The receiver on time period in the

search mode may be the same as the receiver on time period in the passive mode.



detection of this station by other stations. The
duration of the transmt period is referred to as the

WO eansmi2es durati on and is denoted as TX. The rRCBUYIH07/066492

on time period in the search node may be the sane as

the receiver on tinme period in the passive node. WO

2007/ 121285 PCT/ US2007/ 066492 7 [0033] The receive
duration may be defined to be |ohger than the transnit
duration, which may not cause excessive battery drain
because power consunption is typically Iless for

[0838pt i Ohetrbesive dh&aﬁcm say 08 defingl forb@risngdr tierthe tan@yit duration,
be. present in each eive period, and the tine

Wﬁwﬁt Mgh NPeEaNR ﬁx?f‘éﬁg% @afttw égﬁlpd%%‘f‘ﬁsﬁ‘ N9afer SaRSURpjiopds typically

RYYRr I'éee@fon B8 dORMiIGRA. T enR! ¥ LA ma ghbeS present in each

ensures that a transm ssion fromone “station in one
taceins rp'et'lo;t,eamcbdlecamebfhlrat&aleb@ﬁe/delbycomoum trgisatii periods may be

one rece:l §lper ‘go 34 FIG .3 shovv?‘ag per ation. off

P! & 8t is5h 86?“6’& AU o f isrensSes fhah ¢ transmission from one
steiidd &l dn¥ tﬁﬁﬁ’flﬁ{p@ﬁod Sant NEc SRy AMRHR: s@NEh & d 1@&‘1&6 period.
initially operates in the passive npde. Station

H¥ddE a HHéieshoys @peaiﬁm twmstatiqr_m fegdgtees Ctneam)ther Station A
nrltéar% dS e‘?fgt%%tﬁl% rr§eatr htmgﬁ e, andiusfaﬁtrll i 1n1tr121engople\{r§tlsg% n tl(lje passive

filodé.t SegioatA kinte al@rictpp Rran@gisdivhnduringeitd tr&REH S&10d0 starting at
fromstation A station B switches to the search node
tirg Blengiationd rpesivesfa frangypsian {ioRs Stden dnduningps receive period

kt%ttlt%% "flltl aﬁ. gﬂ\{ggns fegﬁvéﬂ#ntﬁe E—Igm%%?sgg? %@W?%ozls%oaatwno@swnches
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Anftioren®d.i e ttamsmwdeds ifrom tstlaeom tBaau@mommlctndf rSdsattlQms ak iaoth B may
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%@%r%aél% %agﬂﬁttlgﬁ}l ogg?aé)o?tdééga%lg%]{e? O%@wﬁ Gtiré’qﬁlgr?({?esrgolergg (t; Wir &ocks will

mtfm théfRYinding |aﬂ6|1€‘cet&ﬁn @ﬂ@uﬁty@ﬁ‘ﬁm@f andfer t¥aRt bteflons will be able to
appl i cabl e for peer-to-peer communication. A
ftaGi ORF €81%hn from station Ain FIG 3 may include any

E{l Fe 'A‘fttgﬁﬁﬁltsélgﬁ] oP g?aclie@ ?ﬂt dkaﬁﬁ%%rﬁa'ngm t o892 tibkearch mode

as a timestanp, capab or mat
mdg mttdhﬁdeaaltlloomtypbméf]nfmtnanm amﬂnta‘sle fmpeeﬂ:tmmer communication. A
‘Ereru?srr]ﬂc‘lgs]losns Iflrco)pn gtgt?or?l it hOél f\ rnrraH 1ncJu%18 alng]lcolfut S II?fO?I"I:IE?tEOIno ent in a
beacon in IEEE 802.11 such as a timestamp, capability information, identification
information, and so on. The transmission from station A may also include a station
address, transmit/receive time intervals, sequence number of transmit pulse, station
capacity, supported modes and rates, and so on. A transmission or a packet sent in
response to detecting a transmission from another station may also include various types
of information applicable for peer-to-peer communication. A transmission from station

B in FIG. 3 may include a station address, a timestamp, capability information (e.g.,

supported modes and rates), and so on. The transmission from station B may also
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(e.g., supported nodes and rates), and so on. The
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ool StRLta@Bn %Ealfy!' fi‘ﬁ]% (?rgg‘tﬁl Sl 14816 prb P8 thlafdvely precise

station typi cal util1zes a crystal OSCI|qat0r to

fequendg alébagh wiiley opribagtbsemay risquenailized) tIREEGE020t heaquires the

oscil | ators may also be utilized. | EEE 802.11 requires

OnDleters BRI Breri e By ih D Pt B oR @0 Har tBe crystl

BRI ddRMdt ARBYide BREurGeYtsdlute ARe! | HBAQ! tKlO8ErtN & the transmit

provi de accurate absolute time. Hence, the start of

péreods raadéonithe rqgeive pggodnef te statwnredlednpsapeal janden dimes to other

Hhe stﬁgion mﬁhl appear at random tines to,other lativel

L Pond Visheve WiE ?rﬁéﬂ%rﬁe?el\éeuﬁlg?ﬁl%nn ang gy {ge are relatively

gesiadtd @Ng., REtisY 0008V Borahestaedit | vel y accurate

éﬁ%g., to within 0.00S%%afor the stations. [0038] The . .
bi e embardiment i 5HeS 32 e3dl di exploithdhacseirateerclative timing

%@Jil@f)l'ey? thd gﬂaﬁ%ns. a¥RALe BRL Eraflmit 5}@ i5d fét%ge%“c il RGEr 06 period,

Fansm 1 period is present In e Chor éceive peri od,

sthiad BropBraoipg iathiengssine triode pas sdceie pekmsmassionee®d@n satian A even

thansnission fromstation A even en station B/ urpsl1 :

yhon patipl Ebfuray PRYISHEFCETENPT 2 pRIIC T UFESedCgo, 17yt the time.

Phirtddotd, Mance RtHoREAT Fism$t NGkt @hi SRt HARNSELE! in cach

across an entire time interval in each

transtiiccéive cpelvestetyal B, widlt :ztéinn a Bransinissioe dainy etaion A in at most

ransmi ssi on, fromstation A i t St . two . .receive

FrroHS DesaJBF aYe e et e aofRtinds P g1 8 s
f0v89pyNCrifel e i) 3I8deivkh@uraHIE dnd "PanshBCAIr¥Eor HadtiecOtlected in
and transmt duration may be selected in various

warve meanndye The drssmtt dyiatianinesy beedetdyainst oy thi muginpym amount of
. i NI Num t] tr L. esi e "

A8 AT SRR o BB Rl R i RO famsmicing
tthadis NThe itragsmis [datdtion . mayh ehub rhandeirnibdr gt { afoudsy sttlUsarameters

be determ ned, by vari ous.  system paraneters such as
P68 asyhq BrvicrapriMaEH B chiphiags, fherBinimng necketvian pukieeqn. In one

. ' ' L an. ' Sy .
258, A0 O, S RIS S BTSSR ),
Osiee transralt RiRFatioh@ Mgy dlsclbé abddoNThereyhcadirde nisy bis edectddBased on
sync time nmay be sel ected based on ) )
various factors as”described above and may be approximately 1 second. The receive
duration may be selected as described below.

[0040] The receive duty cycle in the passive and search modes may be expressed as:

Eq (1)

where Trx is the time duration in which the receiver(s) are turned on,

Tsync is the sync time, and



various factors as descri bed above and may be
approximately 1 second. The receive duration nay be
w@elozaeess as descri bed bel ow. [0040] The recei RET/UBL097/066492
cycle in the passive and search nodes nay be expressed
as: Drx = Trx , Eq (1) Tsync where Trx is the tine
duration in which the receiver(;% are turned on,
Tsync is the sync time, and WD 2007/ 121285
PCT/ US2007/ 066492 9 ©Drx is the receive duty cycle.
[0041] The transmt duty cycle in the search node may
be expieiskeraasive By cyclktx Ttx E g Trx Tsync Drx q
(2) where Ttx is the tinme duration in which the
fooampm tiRtpimardant diched tihscathtnodd ay Be &lpedsédars i t
duty cycle. [0042] From equati on (2), the receive
duration may be given as: Trx Ttx / Dtx and is
depengﬁgt_ﬁm_lhe Xansmi t duration as well as the Eq(2)
transmt diky CTygleeDrEdr exanple, if the desired
transmt duty cycle is 1% then the receive duration
may be given as: Trx =100 Ttx . [0043] The average
Wb@r@r th@ﬁ shortirge dwratipe ms‘éhm qumi@mm(% eregumed 98.cthdas:
=1 X eqr S n%u)% cl Prx Drx + Ptx TtXx
Pavg g l(sél)l PIPHSYNE f)rx vvhere Prx is the amount of

L A R R N A
X ARS B dch8édt Son ﬁfeetrﬁﬂbhﬁﬁ quﬁﬂon eh@ dyelPay hd Srahiifit Qfﬁ%r @98c. For
power consuned in the search node. [0044] FIG 4 shows

piaamée off thy desigd tpoweit duty tdyelesisalPehthandiee vepegsduration may be
recelv dut O cle for three different sync tines.
e T é) gé‘nerated for an exanple in which Ttx
Eﬂﬂ@ S eCl"he'%"vérage pORedonkiMéd insthé §0Akeh @BEL Bﬁ?be 400558 \hs:
ation (3) may then be si rrpllfled as follows: Pavg
=1 500 Drx + 1500 0.0001 2 Tsync Drx
Ttx

Pavg :l-(Prx-DrX-i-PtX-DtX) :l- Prx -Drx +Ptx - ——— |, Eq(3)
7 2 Tsync - Drx

where Prx is the amount of power consumed when the receiver(s) are turned on,
Ptx is the amount of power consumed when the transmitter(s) are turned on, and

Pavg is the average power consumed in the search mode.

[0044] FIG. 4 shows plots of average power in the search mode versus receive duty
cycle for three different sync times. The plots are generated for an example in which

Ttx =100 psec, Prx =500 milliWatts (mW), and Ptx =1500 mW. Equation (3) may

then be simplified as follows:

Pavg :%-KSOO-DrX +1500-M] .

Tsync - Drx

[0045] Plot 410 shows the average power versus receive duty cycle (Drx) for the

case in which Tsync =0.2 second. Plot 412 shows the average power versus receive
duty cycle for the case in which Tsync =1 second. Plot 414 shows the average power
versus receive duty cycle for the case in which Tsync =5 second. Table 1 gives the

lowest average power (Min Pavg), the receive duty cycle (Drx), the transmit duty cycle



[0045] Pl ot 410 shows the average power versus receive
duty cycle (Drx) for the <case in which Tsync = 0.2
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receive duty cycle for the case in which Tsync =1

second. Plot 414 shows the average power versus

receive duty cycle for the case in which Tsync = 5

second. Table 1 gives the |owedP average power (Mn

Pavg), the receive duty cycle (Drx), the transmt duty

cycl e WD 2007/121285 PCT/ US2007/066492 10 (Dtx), the

(s the rabgivatduenion TMXy), aﬁi]dletth&lsmlitahﬁmdn @ux afor @Ync times of 0.2
(Ttx) for sync élﬂES 0 ond, 1 second, and 5
&8eBhdk Seepgsi and 5j $54p eg alflﬁalt Ht igitgsothats fhealpaesigaverage power
PQEses ARy ﬁﬂ?&ssﬁgg hinke. | PRGEN a'i%ﬁfhdﬁdaf@ théE%Hé ?ec%lv%l ahd transmit
I ndi cates tha e receive and transmt cycl es
@ayeydb$gmﬁﬂdbeksemﬂoﬁnaibmggeymsymw ﬂhﬁaahwh61WdMaésneﬁnan

ble fo I ich Ptx,is t
by iR 1 hask s S s e ok Btk s bl Topiper P to
p&ra%gg ratios. Table 1 Tsync Drx Dtx Trx Ttx M n Pavg
0.2 second 4.0% 1.25% 8 nsec 100 sec 19.3 mW 1 second
1.8% 0. 56% 18 nsec 100 sec 8.7 nW 5 seconds 0.8%
0.25% 40 nmsec 100 sec 3.9 n¥pled46] In general,
various values nmay be selected for the sync tine,

Zeo_p@jyy,@ gur atj)p,p, ~apd tpapsmit dur@tl on. | nfgne | Min Pavg

|
uc ol yir, LT oy Thiu ll II } O Clu[Jl UI\I IICll CI _y J. SCULUITY, LTI

r@@eﬂev@ddurat i40ioi s appi@i amat eI y8 meeqrs, | ah@d ndve 19.3 mW
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aebTGA"Y vbs d Vacer e Bty cypl dSH< oo hni0btFans ot MW

d%tééc&iéfé' e[ of g I 0435 Bt oecPaShopuRdg aBd mw
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circuitry as possi bIe bet ween |ts transmt periods

6P NRc n%f‘aalp%ﬂl&fisval sn?r%y bbeselpS ot th@n nc time, receive
recei ve duty cycles may [ ow, the station be

dipkgor, ang trassmid dwratiofi.on <3nel &sige, hespentiage apprdmnmeteanb second,
t 0. subst anti al I

B et tusstion i apnré)xa%%t?lar# S ot PG duption irappioximately

Tdo §&e0 'T‘ﬂls dE%?g 'J'Srecels;@ duty cMQoﬁﬁ%’anE %)%ransn:‘lg Qiu{}}Wycle of 1%.
and Ptx =1 nﬁ/ the average power is 10

Hodphr | §0|’mptlathspassn\®rmodfaandrthc eﬂ:awdsmatid: atshzélctmmw powdralown as
conﬁ 500 m\Wy .Q]Irggj&gvsta i on at ts a beaCﬁn Si

F GUFEEY 1y PRRd s %E?%E p ff anshiSRiTRe: »inee
M@u%aasmﬁg% WERIVIRILE &R rRB00d iy, iﬂé%téi%tn%ﬁéy Bable to power down
techni ques nmay thus substantially reduce
for a large percentage of time and may be able to substantially reduce power

consumption. In the design described above with Tsync=1 second, Trx =10 ms,

Ttx =100 usec, Prx =500 mW, and Ptx =1500 mW, the average power is 10 mW. In
comparison, a station that receives all the time would consume 500 mW, and a station
that transmits a beacon periodically and receives between beacon transmissions would
consume more than 500 mW. The detection techniques may thus substantially reduce
power consumption, ¢.g., from 500 mW down to 10 mW.

[0048] FIG. 5 shows a process 500 to detect other stations in the search mode. At
least one transmitter is operated for multiple transmit periods in a first time interval
(block 512). Information for peer-to-peer communication (e.g., such as any of the

information described above) is sent during the multiple transmit periods (block 514).




power consunption, e.g., from500 mMANdown to 10 nmwW

[0048] FIG 5 shows a process 500 to detect other
wer@rianss i n the search node. At | east one treCEOIBIDE066492

is operated for nultiple transmt periods in a first

time interval (block 512). Information for

peer-to-peer communication (e.g., such as any of the
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the receive period (block 520). [O 498 Each transm t
HIQAPbd rkeagh ransmit paoed mydtre a( &a@mn aft (clge st ieasetenttimgsdess than)
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first time interval. Each transmt period may be 100
gapsmippefiadhaay b@ 8P eisgrernd éhermy‘elbfepm%@eﬁ be $8rrascet [peme other
alérag ?I‘\lfglrl]l%% F?sé dl%e ué)eﬁigfeotr l%ﬁﬁ%graﬂ%ml% anﬁ rec‘b \Ee V\%erlods dThe time duration
BARBEC bbrsetutivicanmlinit Rebi afiyRYequel Rasalesd Ma®thd &%ation of the
than the duration of the receive period. [0050] FIG
BeeiveRerieth appar atus 600 for detecting other stations

e t - 0
[BbCP, FARLE sl s, sOPRALS 8D, BERel DG EER: TR0 Pfhe scarch
tioders Apparpeis 600 sndlnded nhdans fortdprating taé tedstl on htaaerkit@l 2gr, multiple
means for sending informatjon fo peer -t 0- peer
EBHMINPLIRGS A adirp tge dM ﬁLﬁ’t“P%‘l &2 s ot pédmgggformation for
ﬁé@r QG- lﬁe&%}nmtﬂﬁ@a@i%nfdgﬁng %%@l‘ﬁbfégtraﬁltsmlltgﬁﬁbd_@@%ck 614), means for
receiver for a receive period in a second tine
opﬂrmn@at laddt @ne trbeivef iforst redeme pantodriv al se(cbﬂlcbtimeﬁm&yyal after the

Ebfiin Qe anipsnr s anceBr o BitecHig iR Rk Bifgheer-o-pecr
BShin@Rich i PEEMOURY staBiBhls MRAIShE RdceivRPetiod (Blok 618) and means for
synchroni zation after detecting a transm ssion from

perérAerg synehianization jiafigr dethelinget Epnsnipuen G@ny prasew station during

il shows a process 700 to detect
91thécre“le 011rQS %16‘?9’?63 passi ve node. At | east one

[008¢] VerFIGs 7Tahethathatiodeas 7@0 to &ast oORE stafedl iMehPpashivd mode. At
](bl ock 712). A transm ssion ) ) o

cast one receiver is operated for at least one receive period (block 712). A transmission
from another station is detected during the at least one receive period (block 714).
Information for peer-to-peer communication is obtained from the detected transmission
(block 716). At least one transmitter is operated for multiple transmit periods after
detecting the transmission from the other station (block 718). Information for peer-to-
peer communication is sent during the multiple transmit periods (block 720).

Synchronization is then performed with the other station after the multiple transmit

periods (block 722).
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and receive interval 1n the search node, e.g., to
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inments,, diffe

flos?Er ot Frdar b haeaPl " digone b E Btpsfe-antonna

&Gﬁor@%seﬁélll Q5 nBERALAHS StalB8BE T IADRRIHAE-RipIt ARNtHIS-oUERE (MIMO)
for single-antenna stations as well as nulti-antenna

ersiisnien MAY gl sehpfremi ensustatian with|reulgplegtansii augnnas to another
gtafl (?18 1’&1S gl ey cglvesa%ténnag OMIA16 % at‘bI rke tg I]ncre%ﬁg throughput

antennas 't o anot

ﬁﬂﬂ@hﬂhﬁoﬁﬁﬁﬁﬂﬂﬁ@antennas M MO nay be used to
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[19586) AL Joshomsis black diekaraioh gradipnod 2& pad .1%%;@ f¥p. 1. Station
T e I L e
(R tdntammhbd. i ok antenna may be a physical antenna or an antenna array.

[0056] At station 120, a transmit (TX) data processor 914 receives traffic data from
a data source 912 and other data (e.g., information for peer-to-peer communication)
from a controller 930. TX data processor 914 processes (e.g., formats, encodes,
interleaves, and symbol maps) the data and generates data symbols. A TX spatial
processor 916 multiplexes pilot symbols with the data symbols, performs transmitter
spatial processing on the multiplexed data symbols and pilot symbols, and provides up
to T output symbol streams for up to T transmitters (TMTR) 918a through 918t. Each
transmitter 918 processes (¢.g., modulates, converts to analog, filters, amplifies, and

upconverts) its output symbol stream and generates a modulated signal. Up to T
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trbited Do RTB e oL 0 S O M Rl signals from

REQSE 30T ar®Gdecivid by P exednyd dPoPkreligh 90D Préceatd by up to T
spatially processed by a TX spati al pr ocessor 966, and

fogeivhisro [9e deeysgle @18ty smﬂgllvmrm:ewealn@hﬂn Re¥ spayighygrocessor 922, and

Vﬂq{h%ﬁ%cgsé b}tl agn%?(? ata%r%cé%@orI 430%) %thg(a Isgﬁ]t%yg%aélro.n 122.

are rans Vi a antennas I'OU

fgossf at I@Uhtrbﬂ@rs/ﬂrdit%smﬂ%(ﬁﬁtﬁﬂ9’£ﬂ @rnados tHeropaatls)hat ktations 120 and
122 are received by T antennas 920a t hrough 920t,
bt oéespsghrehy Msmpaeﬂ%% Hle? Aettare gagand mresiiyh codest for stations 120

ssed by an RX spatial processor 922
%Rguz?térsis CR{VQ rocessed by an RX data processor 924 to

[60)er Ih @ndal, dospetr dotecsdmtangmubihizr of transmitters may be operated
during the transmit periods, and any number of receivers may be operated during the
receive periods. For example, one transmitter may be operated (e.g., at the maximum
transmit power) during the transmit periods, and all receivers may be operated during
the receive periods. The use of a single transmitter reduces power consumption and
avoids unintended beamsteering that may occur with transmission from multiple
antennas. The use of multiple (e.g., all) receivers provides receive diversity, improves
detection performance, and may extend reception range.

[0061] FIG. 10 illustrates the use of a single transmitter at station 120 and all

receivers at station 122 for detection. At station 120, information for peer-to-peer



[0059] Controllers/processors 930 and 970 control the
operation at stations 120 and 122, respectively.

wWORMWDM2I285 932 and 972 store data and program cRUBEESI00T/066492

stations 120 and 122, respectively. [0060] In

general, for peer detection, any nunber of

transmtters may be operated during the transmt

peri ods, and any nunmber of receilfers may be operated

during the receive periods. For exanple, one

transmtter nmay be operated (e.g., at the maxi num
toramanichtiqgpowe pjoceldsed ny TReddts ginsddstor peid, gassed athebughl TX spatial
receivers g§¥ be operated duri t he recei ve periad

.Nng S. .
H‘]}Q@G%gl‘e9].(§f g}qy@ ) Elpaﬁg}ﬁcp@(gpoqeéi&ycté@s%wr%8a, and transmitted
GANSHIRL b, ARAsta@HP1 HS iNLBEARAE %ﬁhﬂ?‘f?@fﬁ% &BhioRY 2b Réfeceived via
may occur with transm ssion from tiple antennas.
difennas 93R twdighpPE2r( eoreressedl by R¥cepiatidr progesor 966, and further
recei ve di Sity, inprov det ecti gn formance,
BRATHEY WG I BT PRnfe oPUBGH]° Rlipimigign for’ peer-to-peer
EdhmahicAi@S sbhte byS8tafibn 180, NakeutiohaMsM hberaldd hat p@R-to-peer
120 and all recéivers at station 122 for” detecti on.
gammppichigm Y208 singfeoramamiiten, fut stplear 12¢ npweticcth the peer-to-peer
2007/ 121285 .PCT/ US2007/ 066492 14 conmmuni cation is
E)? ocgss?eoonrfﬁ/ TXUGar & |8r SCessor 914, passed t hrough TX
FPaR] al Thereesisn tehubnatscsibedierieth MhEbelifplemented by various
conditioned by transmtter 918a, and transmtted via
Bt n 5o owanpla: theseatachriquespmay s ppdemented i hgidaare, firmware,
tat| i Y i :
e S Jomb bl S P Y B Pl SRR ng e processing
amc fsedtthgrerfopnaesson ny RXidplemepted casisnron® 8 rhore application
recover the information for. peer-to-peer . .
SRSHIIMEHTHEH CISHYS 6@81&351 Higsfak signalsprocessars g3 gy digital signal
0o &N VRRE (DS PDPE Blogr AATIMAIIGAL IdeTicHd @13, Al bl
?Jr ans??nl%t t gr , gnd s?)g?ioégrﬁ 120 maygqr eceicveé)t hes§’ #ld programmable
paer atrgrsp€EPGAsh npipeessatsi ogontrio Hemyu [ miicpi-eontdleisy emgeroprocessors,

0062]. The detection techni.ques. descri bed herein ma .
Ry BRErteatisy PR B amiEReASEE befim s MPRATS deseribed
ha@ehnbadesmbBYidaentept enented in hardware, firmare,
software, or a conbination thereof. For a hardware
[096BEmedtostd dimware apd/ot seSivary raplementatien the teelnfigran may be

' . il nt e ithin o or re
SEREARAPE o s D o ol Rl @y pnd so om) tha
pér@irtrathe fugétins Ricaeidbed ticfeif. DIRS Jinstalicddisawhsshgmal be embodied as
rocessi ng deyi ces (DSPDs), programuabl e |ogic devices
?Oélsaftwﬁ@gc‘r%wyebe Yaicd 18 ragEoyHp@Adyemory 932 or 972

PRIRIY, & _
) aed xS BBl /G GR0GEE LR T 9700 The empry mey

banimdcdested nadlirt the perckoonot dxaerhalno thomecaescr i bed

[0064] The previous description of the disclosed embodiments is provided to enable
any person skilled in the art to make or use the disclosure. Various modifications to
these embodiments will be readily apparent to those skilled in the art, and the generic
principles defined herein may be applied to other embodiments without departing from
the spirit or scope of the disclosure. Thus, the disclosure is not intended to be limited to
the embodiments shown herein but is to be accorded the widest scope consistent with

the principles and novel features disclosed herein.

[0065] WHAT IS CLAIMED IS:



herein, or a conbination thereof. [0063] For a
firmvare and/ or software inplenentation, the

W ewinegses may be inplenented with instructiPCBEUS2007/066492

(e.g., procedures, functions, nodules, and so on) that
performthe functions described herein. The
i nstructions, which may be enbodied as firmare
and/ or software codes, may be stléred in a nenory
(e.g., nenory 932 or 972 in FIG 9) and executed by a
processor (e.g., processor 930 or 970). The nenory nay
be inmplemented within the QIQCEH®r or external to the
processor. [0064] The previous description of the
di scl osed enbodi nents is provided to enable any
persog skilled in the art. to make or use the

S

di scl bsur eAMNRPYBYS *HPBIF & at i ons to these

embodj e %anHce%r &b @mﬁm@m fe@sttoRe$@nSkitlel &F multiple

inthe art, and the generic principles defined herein

tmysnbelofapq@s e firs) tondhiakereatbag tn@mt:@twttlmtwnaj@pewn flga receive
the spirit e di sur Thus, the

b B8 mepet e PinaRE et i RS (e

en‘ooda RAlo%y sHPMY Pehehtlcdubnd Srot@she accorded the

wi dest scope consistent with the principles and novel

features disclosed herein. [0065] WHAT IS CLAIMED I S:

W 2007 12438 BTAKSEROR B0 Fnertfl. GRAMSad: oft! processor s

apparatus conp east one processor

carfigugdr &d séral nﬁ@naaltlen dor [peasto-mre comansidatiberdukiap the multiple

multiple transmt periods in a first tine interval,

QWEHPEP Pate at | east one receiver for a receive

period in a second tine interval after the first tine

interval; and a nenory coupled to the at |east one

pr ocedsor. The dapperagppaf atlus df, whaicm e whelcaitnonheratessor is

e t one process nfigured to send. i nformation :
e o B B B B acioF (P T RE T e 1 receive
?&ﬂﬂ§ﬂ]t periods. 3. The apparatus of claim1l, wherein
he at | east one processor is configured to detect
for information for peer t o- peer connunication duri ng

the rgcel V&he PS al%g S of C-[algl JpPaLaL llills tl?e a‘fl eas el%e processor is
wherein the at"PP8dst® Sne procéssor “I's confilgured to

paffigardd t‘@yg&ﬂbmmyﬂatrbmatmnt With espeattotadotBOLBEoN after detecting a

station after detectln%
transmission from the another station during the receive period.

5. The apparatus of claim 1, wherein each transmit period is a fraction of
the receive period, and wherein the receive period is a fraction of the second time

interval.

6. The apparatus of claim 1, wherein a time between consecutive transmit

periods is equal to or less than a time of the receive period.

7. The apparatus of claim 1, wherein each transmit period is at least ten

times less than the receive period.



transm ssion fromthe another station during the
receive period. 5. The apparatus of claim1l, wherein
weao1teshsnit period is a fraction of the reR€&/U2007/066492

peri od, and wherein the receive period is a fraction

of the second tinme interval. 6. The apparatus of

claim1, wherein a tinme between consecutive transmt

periods is equal to or |ess thad®a time of the receive

period. 7. The apparatus of claim1, wherein each

transmt period is at least ten tines |less than the

recei §e peTheoappaMuLO0dAIL? 1 28bcrBRThdIEROR¢/paa6d Hat 143t ten times

8. Lge apparatus of claim11, wherein the receive

[ses thap theseggnd e inte¥dl t i nes 1 ess than the second

time interval. 9. The apparatus of claim1, wherein

each transmt period is 100 mcroseconds and the

recei 9e pelhodappsrah® wif| tlamecbnddicredd. eaThe trapait apard 1s 100

of claiml, erei.n the first tinme interval is equa

PrierpEondsaog B Forsie pritedtipdP millsCCorda appar at us of

claim1l, wherein the at | east one processor is

configured to operate the at | east one transmtter and

t he a% 0.| eashe epparatos ef vlarm flowherpin thepfitst timgristerval anequal to the

Qgcg%yeeq4§£%/, each cycle conprising the first and

LERONhd i interval s, 12, The apparatus of claiml,

wherein the at | east one processor is configured to

operate a single transnmitter for the multiple transmt )

peri odk andh¢ Arpajsasatt §eim ilpl whereweithcerag Ieait eme processor is
' er | . t (.Sl NQg:..0pe i .

FEEERKE BbpOte g ot 1T M ARG e eR A% Rhiver for

muaipderttingel iand scdeiveacyclasy sdchtdyotle ¢omipeisuay the dirst and second time

operﬂting at | east one receiver, of the station, for a

é¢¥# e period in a second tine interval after the

first tine interval. 14. The nethod of claim 13,

further conprising: sending information for

peer - 13- pe&he cappamahisc af | dmmd ur, | wheretne thwulat i lohst one processor is

E:orn%%%urrgdt t? %Ir)!crg{jesa s%{]gqe transmitter for the multiple transmit periods and to

operate multiple receivers for the receive period.

13. A method comprising:

operating at least one transmitter, of a station, for multiple transmit periods in a
first time interval; and

operating at least one receiver, of the station, for a receive period in a second

time interval after the first time interval.

14. The method of claim 13, further comprising:

sending information for peer-to-peer communication during the multiple
transmit periods; and

detecting for information for peer-to-peer communication during the receive

period.

15. The method of claim 13, further comprising:



detecting for information for peer-to-peer

comruni cation during the receive period. 15. The
woreqonozii2ed cl aim 13, further conprising: WO 20B7Y/LU2DRBE66492

PCT/ US2007/ 066492 17 perform ng synchroni zation with

respect to another station after detecting a

transm ssion fromthe another station during the

recei ve period. 16. An apparatusZconprising: nmeans for

operating at |least one transmtter for nmultiple

transmt periods in a first tine interval; and neans

f or opefatiimng sgtichk@dsdtioanwith aegiceero faasthar s@den \agter detecting a

Feriqd-in a second tine interval after Ige first time

rapsgygsien fram therpnothes statign during thejrggegyemsriofyr ¢ her

conprising: neans for sending information for

peer-to-peer communication during the nultiple

transhé.t pdniappsatuagdmpesing: f or detecting i nformation

for peer-tp-peer .co ni cation during the . receive : :

per i oficaglor AREratBE Y 168K0Rt TahsamiHer Br mulfiplegansmit periods in a

R AMcShid8al;iBaNs for performng synchronization with

respect to another station after detecting a

t r ansmica’s on opewgting laeleasiorisarcavetiona reepivanperiddein a second time

receiv riod..19. A gonputer-readabl e nmedi um
Fh%?ﬁdﬁﬁgﬁFéggﬁﬁ% F%r§£3tored thereon that nay be

utilized by one or nore processors, the instructions
conprising: a first instruction set faor operating at
| east 1'6ne” Thamrateesd dagm Hufeiher eonpasiBgi t  peri ods

In a bRt Ef&}dlir:{gte%%%éﬁo%” ‘E‘orapéeer&&;b%eﬂ N3Gl dafBbn Sfifring the
for operating a ast one receiver for a receive
paitippetramymisps®denadt i me i nterval after the first tine
interval. 20. An apparatus conprising: at |east one .

pr oceB¥#s f%n#?t@q}wgdmlfwaepa‘agg PSET-{OSREST GOREMHEatiog efuring the
ﬁdee?ggg&on, for at |east one receive period, to

detect for a transm ssion from another station during

the at |east one receive period, and to operate at

| east ,gne ansmtter, . at tation, .for nmultiple
transnit pip?6@%#%?§%§dﬁgi%%?Wﬂﬁxfﬁ@p?wﬁ%snission from
t he apRhkerforsh@tdiing aPfchronization with respect to another station after

detecting a transmission from the another station during the receive period.

19. A computer-readable medium including instructions stored thercon that
may be utilized by one or more processors, the instructions comprising:

a first instruction set for operating at least one transmitter for multiple transmit
periods in a first time interval; and

a second instruction set for operating at least one receiver for a receive period in

a second time interval after the first time interval.

20.  An apparatus comprising:

at least one processor configured to operate at least one receiver, at a station, for
at least one receive period, to detect for a transmission from another station during the at
least one receive period, and to operate at least one transmitter, at the station, for
multiple transmit periods after detecting the transmission from the another station; and

a memory coupled to the at least one processor.



a menory coupled to the at | east one processor. WO
2007/ 121285 PCT/ US2007/ 066492 18 21. The apparatus of
weLb@7meR285 wherein the at | east one processor PGI/US2007/066492

configured to detect information for peer-to-peer

conmuni cation during the at | east one receive period.

22. The apparatus of claim 20, wherein the at | east

one processor is configured tol8end information for

initiating peer-to-peer conmunication during the

multiple transmt periods. 23. The apparatus of claim

22, wherein the information for initiating peer-to-

peer conmunj cati on conprises_a tinmestanp. 24. The i

appar at-us EFG APRAGHUS 00T \dme PR TR theadlt legpfeone processor is

96&%%5%1% defect MPEHaBHA 8 eRr-REPEL LOMBYMFRION AL 81 at least one

Wth the another station after the nmultiple transmt

peeivogstio®5. The apparatus of claim 20, wherein the at

| east one processor is configured to operate nultiple

receivers for the at |east one receive period and to

operab® a $hOUpBatahRANSIMALA 20 0%wHeREn ML tdtPlBstt bAOSFbessor is
periods. 26. A nethod conprising: operating at |east

omdiguesiefovend mformagpatfpomitiftone peeriteastr ememprictiopeduring the

ﬁ@ﬂ%?dﬁ %ﬁ qg&jng a transm ssion from anot her station
ﬁrﬂ%% the a?r}g%st one receive period; and operating

at | east one transnmitter, at the station, for multiple

transnmt periods after detecting the transm ssion

from the ahbt merrabsel dm 2% wheran therintgmation: fogiinifigigng peer-to-
%&%%H?&nﬁﬁﬂﬁgﬁ§%ﬁﬁﬁ“ﬁgqg&%h( Jinformation for
eer-to-peer conmmuni

cation ring the at |east one
recei ve period; and sending information for

peer-{o-pe communi caki on dyring the [tiple .
Cranstt| porF GaBiD 2%@%@2?985%@@ ?@7?6@@6%62 praggssor is
&ShfighPRl BHRAGR  syrbRbA28on FHIH BRY FQARY 58S after the multiple

transmit periods.

25. The apparatus of claim 20, wherein the at least one processor is
configured to operate multiple receivers for the at least one receive period and to

operate a single transmitter for the multiple transmit periods.

26. A method comprising:

operating at least one receiver, at a station, for at least one receive period;

detecting a transmission from another station during the at least one receive
period; and

operating at least one transmitter, at the station, for multiple transmit periods

after detecting the transmission from the another station.

27. The method of claim 26, further comprising:

receiving information for peer-to-peer communication during the at least one
receive period; and

sending information for peer-to-peer communication during the multiple

transmit periods.



perform ng synchronization with the another station

after the nultiple transmt periods. 29. An apparatus
weopn2eshg: neans for operating at | east one PEDEBWOT/66492

at a station, for at |east one receive period; neans

for detecting a transm ssion from another station

during the at |east one receive period; and neans for

operating at |east one transnmittl8r, fromthe station,

for nultiple transmt periods after detecting the

transm ssion fromthe another station. 30. The

apparatus of claim?29, further conprising: neans for

receiving infornmatiaon for peer-to-peer communi cation

dur i ng®t he The method of clyifa 2peltEthgcqpaitisdty and neans for

sendi 1nf: O - ' [ : :

Gur B gAY e R Ron RERY T anBRET SAGTURGEAL Al ransmi

pppaisat us of claim 29, further conprising: neans for

perform ng synchronization with the station after the

multiple transmt periods. 32. A conputer-readable

medi um i nchydippaatulbmpatih@ns stored thereon that may

be utilized by one or nore processors, the

i nst r mekisofPs aperapng it egst end facsiver, rag farsadtong forsastledspone receive

ogg{.ting at | east one receiver for at |east one

PE&Er ve period; a second instruction set for

det eCiichigs fo@ldeciifi@n 3ahSHisobn fifdMumothéadtatn; dafig the at least one

third instruction set for operating at |east one

tocgivs ptiedandor nmultiple transnmit periods after

S 1B, IO AL TR S IR A o gy g

fanseit-periods after detecting the transmission from the another station.

30. The apparatus of claim 29, further comprising:

means for receiving information for peer-to-peer communication during the at
least one receive period; and

means for sending information for peer-to-peer communication during the

multiple transmit periods.

31. The apparatus of claim 29, further comprising:
means for performing synchronization with the station after the multiple transmit

periods.

32. A computer-readable medium including instructions stored thercon that
may be utilized by one or more processors, the instructions comprising:

a first instruction set for operating at least one receiver for at least one receive
period;

a second instruction set for detecting for a transmission from a station; and

a third instruction set for operating at least one transmitter for multiple transmit

periods after detecting the transmission from the station.
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Start 512 r612 Operate at | east one Means for
operating at |east one transmtter for nultiple

woe@namgs transmtter for nultiple transmt perCDUS200M066492

afirst time interval. periods in a first tinme
interval r514 614 Send information for Means for
sendi ng i nformati on peer-to-peer comrunication for
peer-to-peer comuni cation during the nultiple
transmt periods during the nultiple transmt periods
516 616 Qperate at |east one receiver for Means for
operating at a receive period in a second tine | east
one receiver for a receive interval after the first
time interval period in a second tine interval 518
after the first tine interval Detect for information
for 618 peer-to-peer conmmunication Means for
detecting for i nf or B8 on during the receive period
for peer-to-peer conmmunication during,the receive
period r520 Perform synchronization after 620
detecting a transm ssion from anot her Means for
perform ng station g%ring the receive period

synchroni zation afger detecting' a transm ssion from
anot her station during the receive period End Fg 5

—

Fr&—6 WO 20071212 PCT/ US2007/ 066492 618. 785~ 800
Start Start

1 512 il 612
Operate at least one : Means for operating at least one
transmitter for multiple transmit transmitter for multiple transmit
periods in a first time interval . periods in a first time interval
v £514 v 614
Send information for Means for sending information
peer-to-peer communication . for peer-to-peer communication
during the muitiple transmit periods during the muitiple transmit periods
v /516 v 616
Operate at least one receiver for ‘ Means for operating at
a receive period in a second time least one receiver for a receive
interval after the first time interval period in a second time interval
after the first time interval
¥ /518 T
: Detect for information for . , <818
©: . peer-to-peer communication ‘Means for detecting for information -
during the receive period for peer-to-peer communication
: ——e— .. . during the receive period
.- Pefform synchronization after. - : v - rb20
detecting a transmission from another - . Means ff?l' performing .-
. station during the receive period- .+ synchronization after detecting’ . .}
o : R — * 7 atransmission from another -
* - M ~ - station during the receive period
End ) ' , ¢

FIG. 5 | FIG. 6



712 712 (Qperate at
operating at

wWo emeilyiess f or at

| east one receiver
| east one for

Means for

at | east one receive per

i od

| east one receive period 714pA1wd2007/066492

Detect for a transm ssion Means for detecting for a
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