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WD 2008/ 019140PCT/ US2007/ 017520 SYNCHRONI ZATI ON
BETWEEN W RELESS DEVI CES WH LE SAVI NG POAER Techni cal

wab@Mi1adhi s invention relates to wirel ess netpef/§2007/017520

and, nore particularly, to ad hoc networks of wireless
devices that are in proximty to each other.
Background In a typical wireless network, one or nore
Wi rel ess devices are associated with a 10 comon

Wi rel ess access point, which may be connected to a

wi red n@mﬁn@wmmm IBFETWHER S IRELEISSSBEVIURSES
is through the access point. Such operatl on i s known

as the infrastruct ur‘éfﬂgwﬁévﬂbl%gé’v The | EEE
802. 11 standard for wireless 1ocal area networks

(LANS) grow des for an ad hoc operating node in which

eldevi ces communicate directly with each

150t Gy M{EM&{K&L{% W35 ra&s%ewv%,ﬁk &8s Iﬂ&%ﬁ%tﬁl&%w 18%d hoc

Wll'e In or rtooe

: nhtmorheoﬁwrrklesﬁ deniicas| thatsaarel gvprogamity toccagh péiees s devi ces

requi re a nechanismto di scover other wrel ess network
devices in proximty. Such a nechani sm shoul d have | ow
Baokgmouodnsunpti on, should create limted radi o

i nterferenc d ,have hi .
0 hS S PSR Sl N o B MIARAAB s s vt o
cbﬁ{r]ncm Mrél@i;s&ﬁﬁe?qwmte whichamayp e bomentdwo alwital nlﬂtmﬂt.

er wreless devi.c t.hi n radi nge and.t

R GURPO MRS Hhvis A RLELE LA ARt Pugh operation
iSIRYd W8S thzhﬁwtmtﬁésp&aﬁhgmo@aer ates in a 25 povver
save node and wakes up, or turns on, periodicall

on debhsdEEERI 2t gandard dorswisglessipraliarsp neawpksd 3 provides for

anaQ%c ?Gﬁéﬁﬁg nﬂﬁfékiﬁtwtﬁEh RERERE d@sﬁ&é&%nﬁ{%&hé‘é@ Yirectly with each
I nformation which allows the receiving wireless device

otherdvitony the ushef arveraleistackesg paint ef e sredagtwerk. Fhewever, in order
lob&afSih AN BN mfragss ddJjctsthe sinalsa lcgp%guﬂa a
ac n

an I've di scover rst e
raeohanmhﬁsslisteverrxﬁhemaek&ssmﬂwerladﬁvecmm praxomity n Suckend

SENGBh SRR o Al Bl LR SR A5
indetfetenss a@kemdmad havealighaliroughpitscovery node to achi eve
di scoverabil.ity.
Summary

The present invention provides methods for a wireless device in an ad hoc
network to detect other wireless devices within radio range and to establish
synchronization with the detected wireless devices. The wireless device operates in a
power save mode and wakes up, or turns on, periodically or on demand to implement
discoverability. A received probe request packet or beacon packet contains information
which allows the receiving wireless device to discover the transmitting wireless device.
The wireless device may operate in a discoverable mode or in an active discovery
mode. '

In a first embodiment, a wireless device in a discoverable mode does not send
advertisement packets. Instead, the wireless device relies upon a broadcast probe
request packet sent by a wireless device in an active discovery mode to achieve

discoverability.
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In a second enbodi nent, one wireless device in a

di scoverabl e node transmts an adverti senent packet to
achi eve synchroni zation with other wireless devices in
proximty. An active discovery node is activated on

demand to tran n1t a broadcast_ probe r pac
duri ng &seerndERpostimegy. MO WACIESIAS B 11 % S%a & Hransmits an

REVeMideet p%kéi |t@§c‘-’me@@ WrieBronfRaRGEwidy 8ther Wiess dev1ces in proximity.
di scoverabl e node by |1stening for a beacon packet
duvachye disenveryaneseys adtivatodion femandde treusmipnbiieadcaptprobe request
t d
REES) Wity ot BAERS, M DR RET bR B irless dovice o
patc%@t the ﬂlfscca/etabbcmdepﬂdistehmgfonuﬁeacmqmbkﬁe duringhediscovery

evi ce acket Accor
B on 17 o BeoR Backe B itk T REFiEn <BRCA ikt abraing o
dxﬁemetuen aommhai @She Btavorcgacks. Iﬂeooea&@vpadleaﬂ is nof eeceivtd) tik
nF operating the wireless device in an

‘?cheﬁﬁﬁémﬁtsna BFENPARKStel ess devi ces conmuni cat e
d' r eCA&d()rcWh% o aeﬁ‘éﬁ"asﬁéclﬂ Bf th¥rdvBftion, & ieiHed %o Qferdle WiikleSSdevice is
acqe55180|n or a wred network, Including operating
prRwded. e method sgmpeisesn operatingdhs wirelbssalemisel 1 anpopersting mode in
\ghn%ﬁ QYiele¥s (99('1 &ﬁgﬁ)ﬁlc%@ ﬁl?écﬁ %vuﬂ%\r(éhcgtﬁer%ﬁ}ohpthg h?ec&\é%lreless
nei ghbor MAre evi ces pa sive opera I'n
ai:lceis oot erld mrcdmh&aworﬂtcinukddmg opepiieg the:l Iwyrelem dewat iimg) d1satverable

i xed .per.i odi c .di ScQ i,nt erval s
Tt S S ) RS i B S P B GaGr e Riadibor wireless
Juaies pﬁs@élya’fpdérﬁmg ircthe agcd\x\?;]amepﬁmnnaadmg fepelzﬁedm gitidiing, at
i scovery W ndow expires, ere

'&g’FFé TIORGOSV ISHRLS. AAISFRYOBY ?wgﬂ " Which 3 gﬁ}?e wireless
a8t h@ﬁﬁwéﬂéd &l ﬁﬁ%wﬁ@l\‘ihg fooa r @m%ddégvﬂéﬂ%% d{&over%' window
di scovery of nei ghbor W rel ess devices; oper ati ng
expEesaivhetedspoweEs s sered in therdiscovérotle giode @y\héqa 9na|bbn|ed1§@very by
l?e?%ﬂbxplw}fﬁlgésscfé%\égsr an Q%‘ngﬁfﬁg %a%%éﬁs%p@e‘?f ﬂfjr?e\g%h%gtswﬂ@E%mewces, and
ar active discovéry node or e scover abl e
mu@ng the wirelgss devick mgmtaotl\a: ck’ssepmemd rrmslp m:actluély tdtseover neighbor
\glreless cfegg%p\?lnvvégre 11(1:l S %(gv\étcf %8{163%8{ g% or t§ IdlS(aOVCI‘a r e(l)C? SS
W I el asrdingltel esebagl aspdct yf tho mvemiona w&elbkbeie@mﬁ'ﬁn,{irbﬂged The
devi ce, and to the radio. Be W rel ess

dul .
WEFIB eV IR oM 6t o SRPUTRB g vifira dedig: R f yielese mpdtig logically
doRhect@PS iR doRfputifeddVide @@ $5thel @i s eTHelwiddlesd RRYdAleicBhprising a
25nmode in which wirel ess devices communicate directly
RIPEESQE REQEranned wWith v ugtionh ory seerginggheyvirelesgle vige feapsoperating
Iaeae% vicPAwiIES deTtELs ﬁ}fnun&afe' %@bﬁygwgp EicRlkiRg wtlthgut the use of a
w rel ess device In a I scovera e to enab
wirelews\eeeeps pyintiaghitedmetwark lecslsdldevmwmgahmwwesmdsmwma
@?&&QQ&% d% % & %1edd?‘” \%esbg ﬁégﬁbo? Wi |e94°§ev?c%h o ralstc!;\ee
iscovera cPUat A cat ed

ﬁdlghbdr peellegdiemceh pzatssiveiy,y)penatleg mahesdlsca)velnabkeameieynommg)w

he r f the wireless device is :
B SH Be r SS Rl ST BRETAS  PEhisL N ip dich te
AR IR Wirdlesd AeVicEX% PoweRd olaRd SViRthRIZUE & pbﬁersaveﬂhowwhen the
t he di scoverabl e node whil e enabling discovery
Heqoy ey oYinggw exnies vehetain Ve itisayethip| tﬁ%@swerebk?éno e while
Qiaﬁﬁz%Vcﬁ §c)6v8fy b? SRR WS ISR s ARY EiBhing ﬁd@ﬁvé’@x@écﬁ%iyﬂﬁ
the wrelesS device in an active discovery node
rrighboewireldissleviges; andorsiviing the wistless slees/inasiciirs dzwoa?ré mode to
écrﬁvélp 9\/\2&\}& Y& gl%o? %Péﬁgy d ‘3? wﬂfchtaréem %lg:ddcﬁ%jéﬁg«fo@ Snode or the

erel n®operati e W rel ess device

discsmemb:le afdde, \mmiﬁn operredmgdhs wirtlesstdemica gn the dispoveimble mode
request packets during the digcovery window, if a
recei ved probe request packet is verified and no probe
response packet has been sent in a current discovery
wi ndow, sending a probe response packet contai ni ng
identifying information; and otherw se, not sending a
probe ‘response packet 5Apcord|ng to a thlrd aspect of

o o o o o o, o o
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10node to enabl e di scovery by nei ghbor w rel ess
devi ces and to di scover nei ghbor w rel ess devices
passi vely, operating in the discoverabl e node
including repeatedly initialing, at fixed periodic
discovery . intervals, a discovery w ndow in ich _a
%Jaﬁw Bytening oFPrRBE iyt B dpgnga@ﬁé‘rSéaveahWZ{ﬂaw; ifa received
obd ﬁﬁﬁéégpe{cﬁet% Rl aﬁ@ﬂ@pﬂaggf%_swﬁ@pa{cﬁ& Hak BE&P%EHMN a current
wnndom;q;g;res,_mhereln power i's saved in the )
dpesrery avindsivo serskig aproberesprabd pasketdosigimingrigersifying information;

' r. W ' nabl i ng passive

?2%%%@?%Igr&%g#gﬁggggﬁfﬁgﬁggggﬁgvices; and operating

t he wAcmkdisgtocethird aspect odithedoteantien,ci conpuer-eadaddestomge device
actively djscover. nei ghbor. wirel ess devices which are
b ol BB Tore b e o gPE SariioE drBieds
mbviaéd. CERahdthdd coinpdikest tPerdalimydhe $areRBd devidean e ap¥ratihg:mode in
FIG 1 s sinplified block diagram of an ad hoc .
Whick warelesseviges sommygisasodigsety ¥ithaetrothessoierbthy Berpl a wireless

dcb&as pBint &t ﬁvﬁéd@t@&keﬂcﬂhfﬁg l&p&h@%r @EWE1e dviceli®8 discoverable
devi ce suitable for formng an ad hoc wreless )
medajeerableEdigoveryiby ngighpervietiess detiprstand fq disqoverneighbor wireless

SHRECURSAON orlTide PR BLARbT holf 1BCLuIRE BERUER) hidiling, a
ffed @eriddi¢ diseovetyomtechads; & disbaveryi Windew iratvbsh acadiv ef the wireless

iscovery in the ad hoc. network in accqordance with th
R Rttt G MR i S fovertp e e sl yidow
&hiphrey; aieieBgowelr Issatadah @ distoferalp hpdeivhile smdUBY Yisédvery by
ac %rdance with the first nethod of synchronization; .
Irsalé; opwireless deyiggs 2 £Pebling Rassivedipspyesy @l Lyjreglpss devices; and

SREAiAL tHRWikdlesk B8viatinAR GedRIHRb¥ery mode to actively discover neighbor

wireless devices which are in the active discovery mode or the discoverable mode.

Brief Description of the Drawings

In the drawings:

FIG. 1 is a simplified block diagram of an ad hoc wireless network;

- 2A -
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10 in accordance with a second nethod of
synchroni zation; FIG 7 is a timng diagramthat

W(?:%dé)%gﬁiies an exarrpl e of the bootstrap operagipposRbzo17s20

_ IG 8 is a flowchart that illustrates
di scover abl e node operation in the ad hoc network in
accordance with the second nethod of synchronization;
15FIG 9 is a flowchart that illustrates active
di scovery in the ad hoc network in accordance with the

SeCOoRgG Bt OL Rl fRUHMSIORLZAAM G whBEsS ddvicel&itabledor forming an

timng diagramthat i1llustfates exanples of passive
adlhscweiqssantwcakl i ve di scovery operations in

gg%g tFian 35 bl tﬁgtqgﬁ_%ng@st ch%v@xfabﬁ%ﬂﬁaé 8pérafbmh Mthe ad hoc

SCrip nts of the invention
nptventk de atmdimnesmﬁl 4 Grst nethodedfesynclyenizedon;o boot st rap

?23\, 5@; pron :,qlz m%ﬂartrkhgﬂ'l_.@?l{ 4l Qecac% al %§§e ? ‘é\%r %ﬁhl’é\% Ketwork in

i on
chMﬂﬁhideOﬂntlpﬂ&\ﬂrdEmﬂﬁmhaﬁISMszatlcmc ov er nei ghbor

Wi rel d th
mec heiTe sa  tirarg g i B AR SIS dilBa S
abB&r damseNRith &{BSﬁﬁﬁﬂleﬂ{oslmfbgnctmnhxemi; ed in har dvvar e

and/or firmvare of a_ w rel ess ﬁgw ce. Thi,s al

wi r el 1855 6 dé@l%cmﬁﬁb‘l{e“ﬁggtgs LHE WS in'tB¥8d hoe network
%%%Ebr%?@it@ﬂge%&dﬁﬂétﬁb@dfi}@&hﬁgmﬁﬁheﬁs net works. The
i cation between wireless devices i
re OIG Hs arfismig e g el An SeT el of i Bopfifiee operation
go; support these nechani sns. 30An exarrpl e of a
1€ss ad hoc network 10 is shown i

W r ol BIGs v fooy chast G ity aips SGATRIPHIE e AHEFRtgRds the ad hoe
gett\l?vgrk %?%/aac oﬁﬁ'aﬁceé Sifi the &‘%ﬁnd Iehol IRl RFoRIONI GRS

e using the nechani sns deScribed below. It
i s asBIGEXistadw eham thait ilduseratss delivecdisgoyeny intfha ad hge getwork in

%cg:ggdeance Waé\ Jlee ges’cton metR&P gft schﬁr%hﬁ%ﬁo&%dce in the ad

FIG. 10 is a timing diagram that illustrates examples of passive discovery and

active discovery operations in accordance with the second method of synchronization.

Detailed Description

Embodiments of the invention provide mechanisms for a wireless device to
bootstrap and synchronize with an ad hoc wireléss network with low power
consumption. Further embodiments of the invention provide mechanisms to discover
neighbor wireless devices with low power consumption.

These mechanisms involve software in the wireless devices. The mechanisms
can also be implemented in hardware and/or firmware of a wireless device. This allows
wireless devices having these mechanisms to communicate and to form ad hoc wireless
networks. The communication between wireless devices in the ad hoc network has no
effect on other wireless devices that do not support these mechanisms.

An example of a wireless ad hoc network 10 is shown in Fig. 1. Wireless
devices 12, 14 and 16 communicate with each other by a wireless links. The wireless
devices communicate using the mechanisms described below. Itis assumed that each

wireless device is within radio range of at least one other wireless device in the ad hoc

-3-
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WO 2008/ 019140PCT/ US2007/ 017520 network. It will be
understood that all wreless devices in the ad hoc
w80 idi460 not need to be within radi o range.pdRis2007/017520
exanpl e, wireless devices 14 and 16 may be able to
communi cate directly with wreless device 12 but nmay
not be able to comunicate directly with each other.
By way of exanple only, wreless devices 12, 14 and 16
may 5 be | aptop conputers, nobile phones, nobile data
nEOrE E Rt wilk Vel ddlefitdBithat £ R¥elesS@NiERIn thOSEhSS At6B8k do not
W rel ess speakers, or_conbinations of such devices
nogd totbeuwithinzadig rergep didriskemplepwirelsss devigrssié arslelp may be able to
cgr%lﬁm{wa c %rectlgA\wgﬁ Whleldsk &b P8 Bupr'nﬁfl Bm@ibl@td’\&&ﬁ‘llnﬁﬁ&ate
devic I Nng conmponents I nvo In
dcrocmmwntb aaclonthpn By way df szamplevanik, vmselsmimlqeﬁ 12 it ard 16 may
| ess d I
bWing? oxﬁﬁu Slo%a %ggn%HXlqug d'g_é%%o%eg %%)\A%B%erﬁécﬁaglealyer
deleives; hoﬂalstezd@s Mntedaersfs apekens) blhcqmbmptﬁmrsaif sodnpoviesstwhich utilize
prese in the w S vice, such as a display, a
aI?SWQE{’lSrprgtoﬁ%W% ?bﬁ ¥*ting device, a storage
unit s km’fplﬁ'&daalﬁhls&agmm ofty wirelekadévioe20 inchulihgenymponents
ot her. peri pher.al . conmpon s of t evi ce. U, .
B R R B GRRR TR S TR Bty reTess device
200 hedyasorredpontEio WitdlessTdewvickd 19 142405 56 slidwiein 123;41 An upper layer
communi cates with a _second Iayer wirel ess npd

CPU
deyige EHY Al Q]}qx@rf%ep vitheperiphengl EORBPRERLT Rresess In #ﬁewueless device,
}%H’ & §§§pg?dé' k@y&ﬁi@f&rw ?bgéa 4 1ﬁf1£§ﬁ@ﬁcé’\4 al Jlordgé QMR Euch as a

ayer wreless RF interface 23 ch conmuni cat es
digktunitor afiash meroryt andany qtbermpher@bwegomt%?fgtha dgvice. Device
B2 1%&?%31ev-@é% o g%?§teﬁ%'2%d%o\glrgﬁ¥s AR 838N the
a vari et ces that may
Wlaﬂiebshifivstr am cqmmuns:atﬁs veithaa smadyayemmseamqsmle CPU 220

clog erlglggc’ ?vdx%gevslts grezdu ené:olfé'?are 29&” Tﬁ gvrléé%ss Jﬁuﬁe %}f{\'?are 222 interfaces
WAEY & I®BSer lﬁymlvlfxeelmahlémtexﬁoerzso ws}}ash eommuancitesiwigh a sadio that
speakers ) The erations of each wireless

RIS apdh r‘?fieévt?ﬁ\%:r?lﬁﬁaqgﬁ'a AOVANSH8ni zi ng with ot her

W 1 el BrswitelsE @svied B00@ag képgrestnbe vanety Of diffdremirdevives that may
described in connection with 25 the | EEE 82..11 }

bethandzhiel andmebus or stallonares Examplss @hvitslFss deviggs include, but are
ddt Bdied tbOlaptd ?, ¢%9?pu%e1=s HeI198 OMPOLrS MLUIR datd ddvi@d, inBbile

connection W other wireless protocols, such as
hones; SUFeRRSYSEARRS, ARY WiVeless SPeakeT® | | be under st ood t hat

the opge @ﬁér%sqg%ﬁéﬁ %@le@?h%@frﬁdlmghgﬁm SyrfRkdhizing with

and are not |mt|ng as to th escoeo |nvent|on

SherDviselossedayiops gegsdescribed belywe r@R@rWOﬁ’e‘F dsscriped jie gonnggtion with
F?@E‘E rsgb%%te%%?cﬁt ié%eéégr BEDr&n 1n§/e1‘ft Q%o?ﬁﬁmb& (@R 802.11

I Scovery I scovera e or active
darsiacy and/canbieutili2a® i? 00Bieption HithCTheIS2EessqrP®Rols, such as Ultra

%&CBV id abcl ﬁhfxﬁ%ﬂ ®It will be understood that the operations described below are

embodiments only and are not limiting as to the scope of the invention.

Discovery Modes

When a wireless device has its wireless operation turned on, it can be set in one

of two discovery modes: discoverable mode or active discovery mode.

-4 -
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A wWreless device is set to be in the discoverable

node if the user expects neighbor wireless devices to
woRok01EPXi Mty and wants to be di scovered byp@t/0§i007/017520

wi rel ess devices as well as to discover neighbor

Wi rel ess device passively. In this 5node, the wireless

device is able to detect nei ghbor devices which are

actively discovering, and to al so announce its

exi stence. Active discovery node A wirel ess

pleddveRblemd8t to be in the active discovery node on

user demand. In this node, the wrel ess device

act i Vehdiretak aetite Neied PPBE inthé BisesveralflY ntife iMttiealiePérpects
in 10 active or discoverable nobde, and al soQ announces

rieighbeupyireless deviess to beiin praximity apd vanisdp bgudisoyered by other
W1 RUe0fced bl A8 ko Bistbve? h@%ﬁb&e\)ﬂr&@s%ﬁ&dﬁﬁﬁ%w In this

resumes from power save node and di scovers_ nei ghbor
mpdee theswireless device) ip abledo detseraighhior devisereWhich age aetinely
[ ' ndow. For exanpl e:

, (g%(r%%é %E%g(?fﬁg%%‘?{cﬁe%;éﬁ{as%/engéw rel ess devi 22

remains with power on and performs passive discovery.
Agiveahispopey:madmns. A time slot in which a wirel ess

devi ce divides a probe period into nultlple time

sl ot A wirpdessdgpice iinsed e BF insthe ardv e diseaygry mode ggserdemand. In
tﬂ {5 J,e[% Wr&ggg’\flevu!:eoefctﬁélgmlt&ts @é%or AGtelde8 dBIRPEWhich are in

Period’A period of tinme that a wrel ess device

astivé or discensrable nmpdd; ansinley gnnopaeestitsarviexigienemte. thaseg devices.
time periad includes nultiple Probe Periods. A probe
PSahidrshoul d WO 2008/ 019140PCT/ US2007/ 017520

Discovery Interval: A period of time that a wireless device periodically
resumes from power save mode and discovers neighbor
wireless devices in the discoverable mode. This time

period includes the discovery window.

For example: 2000ms.

Discovery Window: A period of time that a wireless device remains with

power on and performs passive discovery.
For example: 100ms.

Active Probe Interval: A time slot in which a wireless device divides a probe

t

period into multiple time slots. The probe interval should

be smaller than the discovery window.
For example: 80ms.

Active Probe Period: A period of time that a wireless device performs active
discovery operation on demand. This time period

includes multiple Probe Periods. A probe period should



be |l arger than the discovery interval and preferably a

mul tiple of discovery intervals. For exanple: 2100ns.
wdbdosdeMices may have the same val ues pre-confp@ii€orni7s2o

for the above paraneters. 5 Method 1 Wrel ess

devi ces wake up periodically to maintain

di scoverability, and they do not send adverti senent

packets, such as beacon packets in | EEE 802. 11

networks, into the wirel ess nedium The wreless

devices utilize onl yoelafiee tHa@GHE Afscevedy irteRanadl ﬁ)referably a
10packets to achi eve di scoverability. Di scoverable

Mode A flow chart ofMMEIPof discAveRoihts¥df-e node
operations is shown in Fig. 3. 1) Awreless
device switches to thg ethimpRyeledhe node on demand.
The device 15does the following: Set to be in
di scoverabl e node, step 300., This request have the
ol | QM S5 553 ebYedhg Sarie WAl brE SO G JOUE AP b Parameters.
val ues: D scovery Interval, and
5 20D scovery W ndow. When a wirel ess device
wants to be di scovered by other devices, it stays in

Iéqg gﬁscoverable nmode. When a device is in the

rable node, it can stop sendi ng out any
peri odi c beacon packets. The val ues of these
par ariéireless devicesovakearpdetiodeadllnto veindaihtdiscaberabildy, apdrthey do
n?ﬁsgﬁg fagg%ﬁlé%}g%rﬁ%%%%é%ﬁg% ?pb%&q Baagtssint I%%Efjﬁﬁ flenétwogks, into
tROWB£ 14O 4DRA/ TIR200¢le8d dSACes 1itiliZh enly prebe ssjudshandaesponse
st.ays, i n.the power e node in nost of the discovery
10 pF?ﬁ%sr'\‘?eﬁc.h’el"F dgs88§°r§ i turning off its wireless -
radio. At the begi nning of each Discovery Interval,
the wirel ess device wakes up fromthe power save node
for a period of time equal to the D scovery W ndow,

lﬁgce(rgelsa%%é I\P(l)ﬁe! ng thi s W ndow,
A flow chart of Method 1 discoverable mode operations is shown in Fig. 3.

1) A wireless device switches to the discoverable mode on demand. The device

15 does the following:
Set to be in discoverable mode, step 300.

This request may have the following parameters or use pre-configured default

values:
Discovery Interval, and
20 Discovery Window.

When a wireless device wants to be discovered by other devices, it stays in the
discoverable mode. When a device is in the discoverable mode, it can stop sending out

any periodic beacon packets.

The values of these parameters can be pre-defined as default values or can be set by the

25  application which sets the device into the discoverable mode.
-6-
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5t he device parks at a discovery channel which is
comonly used by all the devices for discovery

whoRARRS 2) The wireless device listens for ﬁg§2007/017520

request packets step 304. Wen the device recelves
probe request packet, optionally, the wreless nDduIe
verifies that it wants to respond to the probe packet.
101f a wireless device wants to verify a probe request
packet, it can do so in different ways, provided the

e hathel wirdTedsUtvict sB/sqR theaptived RERS Mmba@th %Fﬁtt d¥he discovery

devi ces involved in the discovery process
exanphtervabhlt dees b by seningrofhife Rielesipdie Ah thmmnmg of each

802. %sw\ﬂégﬁh{t&%ﬁ%ﬁe Qﬁgfégst devlid?: wakes ugq”?dxﬁ 'tl‘R{‘ O\Ilé}%ave mode for

packet can ‘confai i special information to s eci 1 y the
I nt erstpesiedof tin%e efjuad m/@pumgcoaewa%mctqw atept Igering this window,

devi G A0loSpldL BOS d{sy;\%ryéﬂﬁgkl Whith 1§‘¥<‘fm 381y el ¥ ditne

|nforna ron e request
Receidegices fadbs@yery Ilzurpwsast addr ess
(FF- FF- FF- FF- FF- FF) SSI D: (broadcast SSID: O-1length

! Eb) %Qes?&%@%clﬁ%nsafgp fobe réc@ést%cﬂ::ts E7 eﬂ: fO{ FviBrthe

type: oc O orna i on
Specidzviderréonivesta pmbe Cmueatpaolneti o}m@nallm the mmle;ss module verifies

requ O her dewvi ce/ caonfiguration specific

i nf oretﬁ%ttf \i%’é %?‘blf‘i 1585507/ 017520 3) If the
probe request packet is verified, step 306, the

wi r elI€s sviddesscleviseerdass toovedi€y e prabegeqiest padkat iseamtdceso in

cﬁff%rggwgvaels{f ggosvgﬁg? %Fetet 54 {sltxﬁl.rltualli]y ! hrgc-r:cg ULJ :nc}ersqlo & g%ﬁu%dcvwes
iavelved ﬂfthbdlﬂtﬁ%@'@l]ﬁechﬁiCRﬁﬂe)dampke nt, step 310.

O herwi se, the wirel ess device can choose to not send

2 SPr PR, L8 RONSE PRk Shay B SPIEIP803 1 HRASEQIA BLARR 1n

chann
addition, the packet can contain special information to specify the intention of

discovering a particular type of device and settings. The packet may have the

following information:
Packet type: probe request packet
Receiver’s address: .broadcast address (FE-FF-FF-FF-FF-F F)
SSID: (broadcast SSID: 0-length IE)
BSSID: broadcést address (FF-FF-FF-FF-FF-FF)
BSS type: ad hoc
Other information (e.g., timestamp)
Special information:
Operation type — discovery request

Other optional device/configuration specific information
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wé bR

interference. The wireless device replies to the probe
request packet by sending a probe response packet,
provided the packet format and contgat
nmut ua?%%)agreed and understood by the devices I/U§%ﬁw%nsm
in the discovery process. For exanple: 10The probe
response packet may be an | EEE 802. 11 probe response
packet. Optionally, the packet can contain speci al
information to specify the intention of responding to

a g SEMErIb RGuést Paitet GN e tiddy Rep 906,4BY WirRledBdevice checks to
settings. The packet may have the fol I owj ng

i nf ordetermie if F‘d@ﬁéf’mt%/lif@be FrspeRsenaskss sadiep i thercurrent discovery

15ReGRLWEW, stefI0H CRShot URE PRHe réglils £ hohbRdlahg aﬁﬁﬂg@fesponse
of the probe request or broadcast address (if sender

want gpapl@pt hesamt. <SP/ Cpg-sgzr\msp, the wireless Fiﬁv19¢ 6301 ﬁhqo;sy to not send a
SSD:
>0 pidbd &85 e@%g é(e'tt,ysé%?/ a%@(?%?)l&@@ﬁegss e isaBORhY

(if OQ her I nfornation

(e. g.intetferemse.alhe Wisirse idavice rdpbicsitn theprol@yeaugst packey pg sending
- disc ] .eg/

cont (0B 1osROREIRERer HBED LORb AR uPARE forpyt andcontent are

t he dawtuaky dgrekdiesd noderstoodh by dre ddvicepimadvedeigubs tliscovery
packet and oes 25100t send a probe response packet,

st ep B3BESS: 8PP'% he probe request packet can be

used to discover a neighbor wreless device. WO

2008/ ﬂkﬂ:ﬁéﬁ@f&ﬁpbjﬁzmﬁ‘kﬁﬁ&ﬂe 4y IBRe 502 hé pditegespemyge packet.

i nd for the curr.ent dIS
ooty Ihe phdueth e Gocbers PRmRGRER bl Tt Bienionst
r3§p4)ndﬁfgdo dakisconely foea @amizulir taenst devicepadisettings. The packet may
he di scoverapl e node, the wirel ess device

l}aéﬁé*}ﬁ lpyen MAU9Rs from 1) to 54) (steps 302 to
314). Active D scovery Mde
Packet type: probe response packet

Receiver’s address: unicast address (to the sender of the probe request), or

broadcast address (if sender wants to be discovered by all devices in proximity)
SSID: current SSID (if available)
BSSID: current BSSID (if available)
BSS type: ad hoc
Other information (e.g., timestamp)
Special information:
Operation type — discovery response
Other optional device/ configuration specific informatiop

Otherwise, the device decides not to honor the probe request packet and does
not send a probe response packet, step 308. However, the probe request packet can be

used to discover a neighbor wireless device.

-8-
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A flow chart of Method 1 active di scovery node
operations is shown in Fig. 4. When a wirel ess

wo'SHkpf YNt s to actively discover other devi cgsyukR§7017520
an

W rel ess device does the follow ng: 101) Issue a sc

request call (set active discovery node, step 400):

Scan (to actively discover other devices) The

scan request call may have the foll ow ng paraneters or

use pre-configured default values: Scan type: active

S GAN why g'g?slcojvg (\&iﬂa%@%ﬁ of teBiteht SREN SRRl step 312,
(optiona V\he% receli ving the scan request call,

t he wherddvesesgars duths phoes saveamodd, Istepi 3g; amhdogsengit geceive or send
wakes uga(i;lgetit is in the power save node for an active
probém% rrod, step 402, a period of tinme no |less than

di scovery interval, for exanple 2100 ns. The w rel ess

ded)i ¢ thebodiscaviebleimlodey they wirslesedeticarspeats thy epssations from 1) to
i nteryal ri 20 of tinme which is no |onger than

t he 3 gsé%‘%/sg%"?e%ﬁg%w, for exanple 80 ns. If the

W rel ess device does not receive any probe request

Axtivk PiscoveryrVbadeer wi rel ess devices in the current

probe interval, step 403, it then sends out a probe

Aoftiﬁée&%%an REMEhod M abiibe BsSHRNEMbAE BpEARbNs S sROWA A Fig. 4.

rwse, the wirel ess device can choose not to send

a probe request packet for the current probe interval,
St op Whe a prreiesa deBic NP 2ERYEIE ABEAYE JURTFAIMISF g wireless

M2 08! B FHORREF US2007/ 017520 The probe

request packet has a packet format and content that

are nutually agreed and understood by the deyjces
i nbb|1§BY 4 s5ap ﬁ@%ﬁ%‘@ﬁxﬁé‘fﬁ?%}’?o@‘é%%‘(“# dsxséﬁb%{@. -

The probe request packet nmay be an 802.11 probe

request spark6laciily anablet othidi@epizeket can contain
special information to specify the intention of _

requesting 5di scovery for a particular type of device
and Sote g EcaupRE bR bave il bl Bor o g re-Configured
depfu vEidson: Packet type: probe request packet

Scan type: active scan
Special IE (information element) information: (optional)
2) When receiving the scan request call, the wireless module does the following:

The device wakes up if it is in the power save mode for an active probe period,

step 402, a period of time no less than discovery interval, for example 2100 ms.

The wireless device does the following for each active probe interval, a period
of time which is no longer than the discovery window, for example 80 ms. If the
wireless device does not receive any probe request packets from other wireless devices
in the current probe interval, step 403, it then sends out a probe request packet in the
discovery channel, step 404. Otherwise, the wireless device can choose not to send a
probe request packet for the current probe interval, step 405, to reduce channel usage

and interference.



Recei ver's address broadcast address
(FF- FF- FF- FF- FF- FF) SSI D: (broadcast SSID: O-1length

Wd@(}&'{)ﬂﬁﬁﬁ' D: broadcast address (FF-FF-FF-FF- chfﬁgzom%zo
type:

ad hoc O her information (e.g., tinest
Special IE Operation type - discovery request 15C her
optional local information 3) After sending out each
probe request packet, the wrel ess device renains
awake and listens to the probe response packets from

oth e'rl'hgi g)’deQtS.%ue%{ ﬁ&k@pﬁas d pack B FoRatShdVonRAE e dredutually

each nnel l'isten to probe response packets for a
agreed @rui widerstord by tetlevines involeskin ke diseasieny proggssa For example:
packet format and content that are nutually agreed and

underpt B%elwqﬁ&?p&@(\é{ £R35 be '?MQIOY a9 grfvd RGuslit PaORER! Dptionally,
process. For exanple he probe response packet

t}mﬂpcb@ cap CPImEm sp@gnah_mfgqmﬁg@nrtg §m§'€thg, gﬁkrgton of requesting
5 \5&:94/1 %rfay)})atrﬁgﬁ?xp?gg OF d&Abe &AM RidLsS AGEIHabkdt taR HRE {HeN

0 specl ntion of respondin di scovery for
ﬂakpangndbhamunype of device and sett|ngs. The packet
may 25have the followi ng information: WO

2008/ 0191@5@’&%%@3&%&@%@ Packet type: probe

response pac el ver fdress: unicast address
(to the sender of the probe request), or broadcast

addr ess ( Receiwatis pddgpy: dreaseay agqres(FEr BErHFyFRiHE- FF)
devices in proximty) 5SSID: current SSID (if

avai | abl e)sdpSStioaddakt SSYD: BSeARK(E) avail able) BSS
type: ad hoc
10 BSSID: broadcast address (FF-FF-FF-FF-FF-FF)
BSS type: ad hoc
Other information (e.g., timestamp)
Special IE:
Operation type — discovery request

15 Other optional local information

3) After sending out each probe request packet, the wireless device remains awake
and listens to the probe response packets from other devices, step 406. It can do
so by parking on each channel to listen to probe response packets for a period of

time.

20 The probe response packet has a packet format and content that are mutually

agreed and understood by the devices involved in the discovery process. For example:

The probe response packet may be an IEEE 802.11 probe response packet.
Optionally, the packet can contain special information to specify the intention of
responding a discovery for a particular type of device and settings. The packet may

25  have the following information:

-10 -
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O her information (e.g., tinestanp) Special IE:
100peration type - discovery response O her optional

W({, %ﬁ)ﬂldlﬂf ormati on 4) \Wen the active probe peﬁ(’:ﬁf}szo{n/onszo
S

expires, step 408, the wireless device returns to |
initial state, step 410. A tim ng diagramthat
illustrates an exanple of active discovery in
accordance 15 with the first nethod of synchronization
is shown in Fig. 5. A waveform 500 represents a device
B, such a%&’l&e’i%}g‘%%ro@%‘fééb%néé‘pa%ﬁ&\m in Fig. 1, in a

d| scover abl e wavef orm 502 repr esent s a deV| ce
C, such as wireless device 16.in Fig

di scover yRegrixer’ padgicsst BRigess Gﬂd‘i“'eﬁ)@% §E¢rﬁ°§d%f ‘ggb? B{?bB req“eSt)
in an actjy %ﬂﬂ%@&@&rﬁss\'{ﬁ‘j& nddPaVArf S 1dbd dikESvepdt BiLAlL B&vices in
a di scovery w ndow 512 ich is repeated 20each

di scoverypwm)SM or interval. Between discovery

wi ndows, device Bis in a power save node 516. In the
exanpl e Ofssﬁbgeur?bnftBSIIgéﬁca%ﬁ@db‘le)W ndow 512 is 100 nsec

and the discovery period 514 is 2000 msec.

Device Cis initiall . scoyerabl e node and starts
active di ?@&nyura?mryﬁ DEf veHablel honse to a user
request. For exanple, device Cturns on for an active
probe 25p@IPGpblali Mdu ch i s greater than the di scovery
period 514 utilized in the discoverable node. In the

exanpl e of t e period is 2100
rrsegT.J Dur i tg ‘%ﬁ‘é"'g‘a%“’“ég% hglespe?pgodp devi ce C sends

mul ti pl e probe requests 524 separated by an active
probe i nt &peailal B26. The active probe interval 526 is
shorter than the discovery w ndow - 11- WO

2008/ 019140PCT/ meS€lected to
ensure that at (#E {?JA%Z 2&2?012)17 B e requests is
recei ved during the discovery w ndow of other wrel ess

devi ces in proxQther gptienaliogalief@mateni ce B recei ves a
pr obe request from device C during discovery w ndow

@@%tl@e Pfode %eﬁ@& 9;@;51?& &bp 4D8RNE Idrelckb e L Riturns to its
bonse

rom devi ce and probe responses from5
ot hermldelmtatesstﬁm%@om mty are accunul ated and saved
by device C. At time 534 the active probe period
ex p| rée iming) dlagew that @lustrates an exampleeof@ct vo disequsryin accordance

wnﬁl t%e fl ir g.g SCO \éﬂoq'(%a oqqg%ovsq'?"ﬂ Iﬁgsg: k%é\%f&% 500

ow of each covery period

remdsemss a d\ewpm\Br sush\ae vm:ed@sfdcwct A4 shewniimig. 1ofn @dis¢pverable
mo ecover ¥e rm ﬁﬁ represents a device C, such as wireless device 16 in Fig. 1, in
an active discovery mode. A waveform 504 represents a device D in an active
discovery mode. Device B turns on during a discovery window 512 which is repeated
each discovery period 514, or interval. Between discovery windows, device Bisina
power save mode 516. In the example of Fig. 5 the discovery window 512 is 100 msec
and the discovery period 514 is 2000 msec.

Device C is initially in discoverable mode and starts active discovery at time
520 in response to a user request. For example, device C turns on for an active probe
period 522 which is greater than the discovery period 514 utilized in the discoverable
mode. In the example of Fig. 5, the active probe period is 2100 msec. During the
active probe period, device C sends multiple probe requests 524 separated by an active

probe interval 526. The active probe interval 526 is shorter than the discovery window
-11 -



10

15

20

25

Device D starts active discovery at time 540 for
active probe period 542 in 10 response to a user

Wdo?(%g@%(:eps shown in Fi g. S act |ve Pr obe pedi’@HU%%7/017520

_ 0 and active probe period 542 of device
partially overlap in time. As further shown in Fig. 5,
devi ce D cancel s sendi ng probe requests when it
detects device C sending probe requests in probe
|ntervals whi ch overlap with the active probe period

cf') s sgl?}f 1eli o 8151@\(%? Gt 1@a§t%ﬁg§f ﬁ{eCB}Sbé &gﬁ@éﬁ & ﬂbléliv&ﬂdurmg

active probe period 542 whi ch does not
tlmmsdoapryawmlde qfrasher wieglesdlesizes inspraxnifhtpdeies ' Device B

estsfron1o
reﬁf’gﬁ%a PR err\e/’%‘llestt Fr%ev?egéé Cé ?gﬁ 5% d%?%ﬁ&& ?‘gnﬂ&e\g :529%53}1 |S%ngds a probe
re”spbmsee\t Fitre3 2D éi’hquolie fespensedmmdeyiro Bgar&gng% respeRs§Hirom

evi ces .ar. t ect
oﬁﬁ teiﬁ‘@ceasi ip (P(S%Wg'n%? ﬁ(g%mg qatﬁg ahyg ﬁﬂ’goc% édggtl/ : ?\Y At 534 the
a¥iverebe péristEsstpies, dhd deévivedC Eétatms tcndte disqoyhrabld lpede Ingthe

Vet
dhsgp{l]fggl?l% n\égdg:glgg/\gg% et\r,/ql'q%)efsn %’@k ng tﬁ%?ﬁ%@eg)? :wgr\}éo% of @ach discovery
pUibEheP S iHPYIWeL save rodk Rl phedfematirider 6 sadhiadiscesry p’ﬁrlod

proximty to transmt_advertise ket
hico TRYioH PAST6NE HISEOUTE gHERF D JaR Feoe Poape period 343 in

&% Shsd toAPudtPARubst | AHeRANih Fii’é sl\/at;tliwbrabb paticd szmofmmce C and
erations is shown in Fig rel

agtivé probe ipexied B3 0E dﬁwc%ﬁopﬁmlkyc%‘@ga%“ E‘H’é’ M Uigfhg,shovm in Fig,
Srrﬁg\el e B} (,eaﬂcgg gen&lﬂg Ue%k&&%tg@%nquét%tﬁ feWle I3 sending probe

ess ra , follows the bootstrgg
qpmsatm qmsbedamalb educﬁ@m\}ap wjgh the active probe period 522 of device C.

]égvg(ge{ 152%&1 e %ﬁx@&%&iﬁﬁ&%ﬁi&h o hetid ﬂfroBQ HElti'@d 542 which does not

ann Ssta vvake St ep Li st en
dvetlap aammrpae pefied 522 smcams prwbman@ﬁs isamhermqusé are

beac acket
<$e6qqtqjﬁgx: %ﬁséggg%gﬁergalar ggvmebé gegl C? ?Ber%g &%S ﬂlﬁﬂlgaﬁztlve probe
pefrfodF22Ffinkdnd brdbe)requests from other devices are detected in those probe
intervals. In the discovery method of Fig. 5, the discovery windows of devices B, C

and D are not synchronized.

Method 2

Wireless devices wake up periodically to maintain discoverability. This method
allows one wireless device in a group of wireless devices in proximity to transmit

advertisement packets during the wake up window to achieve synchronization.

Bootstrap mode
A flow chart of Method 2 bootstrap mode operations is shown in Fig. 6.

When a wireless device first boots up and switches to the bootstrap mode, step
600, the wireless device turns on its wireless radio, step 602, and follows the bootstrap

operations described below.

-12-
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SSID: (do not contain SSID I E) BSSID: unicast address
of the portable nedia player device sending the beacon

W(ﬁ’?&)%blﬁﬁs type: ad hoc 10Special informati ONp CT/US2007/017520

Operation type - beacon O her optional |oca
information 3) If a beacon packet is received, step
608, then the device does the followi ng: a) Use the
beacon packet to sync its internal tinmestanp, step
610. 15b) Adjust the discovery wi ndow to be the sane
By %ﬁ‘%n%e Hﬂ'%@ov%?f‘@ﬁe[nn@f add\Ra PSR sRBBAL S, step 610.

) I't until the current discovery w ndow expires,
steps 612, 616, and then exit the bootstrap operation,
Dt dpistengor bearomppgkels st€P 608e devi ce does not receive a
beacon packet within certain anmount of 20tine

(conf \dHeaddH gadkaf REP be an 309, 10 Heactr pdcRetRitB spicidl Gnftation as
Intervals (6000 ns) defined below), step 608. In this

fallgys: the device does the follow ng: a) Send out a

beacon packet, step 620. b) WAit until the current

di SCOVeRr yceWen dadvesst brdRiTast adRSs GIFFFFEFFARIFFhen
exit the bootstrap operation, step 614. -13- WO

2008/ 01, OPCT/ US2007/ A timng diagram

t hat iI?%éFK ?égtﬁﬁﬁ?ggﬁgg%gberation. According to the
second net hod of synchronization as shown in Fig. 7, a
wavef or BS SN urdseadites of tikeportabledmediagiiayes device sersling the
device 12 sho in Fig. 1, in a passive discovery node
and seﬁﬁ?ﬁ&“ﬂggﬁ%n_packets a waveform 710 represents a
device B, such as wireless device 14 in 5 Fig. 1, in a
boot st rBpSApste adBewi ce A turns on during a discovery
wi ndow 712 which is repeated each di scovery period
714. Between.discovery wi ndows, device Ais in a power
save nn§@9%¥éghfﬂ$?ﬁb each di scovery w ndow, device A
sends a beacon packet and l|istens for probe responses.
In the exddpratiof typeg.bedcort he di scovery wi ndow 712 is
100 nmsec and the discovery period 714 is 2000 nsec.

Other optional local information
3) If a beacon packet is received, step 608, then the device does the following:

a) Use the beacon packet to sync its internal timestamp, step 610.

b) Adjust the discovery window to be the same as that of the sender of the

beacon packets, step 610.

c) Wait until the current discovery window expires, steps 612, 616, and then

exit the bootstrap operation, step 614.

4) Otherwise, the device does not receive a beacon packet within certain amount of
time (configurable parameter and default to be 3 Discovery Intervals (6000 ms)

defined below), step 608. In this case, the device does the following:
a) Send out a beacon packet, step 620.

b) Wait until the current discovery window expires, steps 612, 616, and then
exit the bootstrap operation, step 614.
-13 -
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10Device B has its wreless operation turned on at
time 720 and listens for a beacon packet during a

+h&kﬁﬂiﬂ@ period 722 beglnnlng at tine 724. T, /USﬂMWUUSN
I'stening period 722 is at |east as great as t

di scovery period 714 and preferably is about three
times the discovery period. At tine 730, device B
recei ves a beacon packet and adjusts its interna

ti mestanp and di scovery wi ndow to synchronize with

devi §&;fin mfé}am]tﬁatqmﬁé@ﬁeﬁ)&iﬂtiaﬁ%‘érdtﬁnt &cording to the second

di scover g l e node at tine 732. Subsequently, device B
method @f synahronirating asehaestis Figr, Agvarrlepy &reprasertsa device A,

sul glééls ‘g@lfei. s g%%cé )| QCSH%?‘HIIE ?% §05d &) sgiv%‘if?éé%('é’ry%méﬁﬁi é%f*\dmg

scovera 20A 'ow chart of Method
beticon puaketsd wavefdend Orepresants 2 devi¢rlinsuch asivgreless d]?)”CA 14 in

Fldge igj < Soﬂgs%yal GHodeM 128\51&? ﬁtﬂn&hﬁ %Oa\/&%@(weﬁy RARWH 2 which

BeVPTe does et to be in
1sdbpéamdaf£zmh |discowety, pesibd (7 lBOBetVQ&'ﬁI‘dls:qvequwmdomydm%A isina

the follo neter use co e

P gt e O T B ool BB SO Rt Bl e
an®AGERS1RE ﬁ%ééﬁ%@&?/lﬁlﬁéé’:&n@le Af Figh@, meghmwag window 712 is
each Discovery Interval thea@&%eless devi ce wakes up

199 m%%&heﬁv@vmd&“gﬁdlm M5¢%s wirel ess adapter

for PRl ®UaPits WirdRsSapethtiérOnirhel di aamie 70 Wid tisans for a
step 802. Durlng thiis w ndow, the device
}

begcopPRekst duRAE Adistepneperied %ﬁgl‘ﬂ’yn% gtetgng %5 IT?‘F jstening
pgﬁ&i 9?? isf Rieadl RCOUR % tﬁ@HfsW Fex%d Theand fu@k‘é}ﬁ&y is about three

nmodul e walts a random back- of to be fine tuned
timeshhedisedvery: peviod | @sgmé@pc@wcea% deqei\seﬁ @rhsasest pagket Cand adjusts

s 11?’(%%%1 ﬁl@x% g['ng ag%lqgsc%gé {1 dQWQS% RhrBRICK WxtH device A. Then

ecel ve e MAre ess nodul e uses thi
deaick & switchasl ;cusuc dmwvmbkermacﬂe atitines 7 3hpSubseaperslys: devwe B listens

félégrlQB% ?%’unFftﬁgung% g%ggﬁ G e&%\{vqsls %ij &hfcﬁca?é ¥ﬁf£h}&1£&ﬁo the

discovery windows of device A.

Discoverable mode

A flow chart of Method 2 discoverable mode operations is shown in Fig. 8.
1) A wireless device switches to the discoverable mode on demand. The device
does the following:
Set to be in discoverable mode, step 800.

This request may have the following parameters or use pre-configured default

values:
‘Discovery Interval, and

Discovery Window.
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case, the wirel ess nodul e sends out a beacon packet,
step 810. 4) During the Discovery Wndow, the w rel ess

W‘gg‘%%ﬁ“% so |listens for probe request packet SPC'ﬁ{I%OWOHSZO
. e

The wirel ess device may verify t
recei ved packet to be a probe request packet 15by
mat ching the followng information: SSID. (do not
contain SSID IF) BSSID: broadcast address
(FF- FF- FF- FF- FF- FF) BSS type: ad hoc Speci al
hif Rf R bk ?ﬁhir@%ﬁﬁbl%v&yﬁﬁtewg' S Wied1YssdebRe wakes up from
optional Tocal information’If the packet is not a
pr alseversgueBIcdp aad Birns op #p wireless gdgntenfor apspen o€ time equal to
gagtjrﬁgg)e&:r%gg e\g)tslﬁ&gavg s%é;?ﬁbﬁ Xurif3 (46 Wirkfow, teddRackSdrkd & a
2 oo@smmammmmb 7$ mmnlyl used lb alli the dewisesdpadisgovery
has nog §ent any probe response packet or beacon
paéﬁ the current discovery window, then a probe

response acket is sent out, step 830.
B) oblee wirslpsnswdplecwaits arapdera baekRBtime (forkspling @§9<é Mg'él specific

P ac&'ﬁ%le\é\é ggqé%@ ﬁﬁa ﬁL g‘fo? " '-%L a@ﬁetf Qdeb QR03- Recei ver
address’ broadcast  ad ress F- FF- FF- FF- FF) SSI D
(do not contain SSID IE) BSSID: unicast address of the

wi r Hlabpacerepacket isaaeniveyl, step 89p ohen thesyisplses padplstuses this packet
10B3% 4590 Sts idrddP imestamp, step 808.

Otherwise, a beacon packet is not received in the back-off time, step 806. In this

case, the wireless module sends out a beacon packet, step 810.

4) During the Discovery Window, the wireless module also listens for probe request

packets, step 820.

The wireless device may verify the received packet to be a probe request packet

by matching the following information:
SSID: (do not contain SSID IE)
BSSID: broadcast address (FF-FF-FF-FF-FF-FF)
BSS type: ad hoc
Special information:
Operation type — discovery
Other optiénal local information

If the packet is not a probe request packet, step 822, a probe response packet is

not sent, step 824.

Otherwise, the packet is a probe request packet.
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Speci al information: QOperation type - probe response
O her optional local information O herwi se, the

\Nqﬁ&ﬁkﬁﬁi)”DdU|e has al ready sent a beacon packefu&oo7/017520
as responded 15with a probe response packet. e

wi rel ess nodul e does not send out any nore broadcast
probe response packets. In addition, the wireless
nodul e accunul ates all received probe response packets
fromuni que wirel ess devices, and saves themin its

nei ghbor  Weles! fRdufloydsaot ket QhyBidteFedponte padkePoBibacon packet
It can' return this list to the wirel ess service, Wwhi

ch
i n 2Dtthe ourepaliscovery windowp len@prpemrespriite paeks Is sppt out, step
When gge D scovery W ndow expires, step 834, the
mﬁre? 5S device returns to the power save node, step
836, until the next discovery Interval starts. 6) .
St epFheprabe regpoasepackstaray de an\gpR.11 probe response packet with

s ?Pgﬁ&%ﬁ%l@%g%l@gﬁﬁ%%&@@&g5zo Active Discovery Mde A

active discovery node operation

is shown in Fig. 9. 1) A wreless device sg&;gpes to
t he actRewsiviradduees:\progsivast addeess GTOFFIiF-FErdiBY) The
caller does the follow ng: 5lssue an active di scovery

request g§fRNd6 b8t AsdthivEsIDdEsCOver ot her devices) 2)
The wireless nodule waits until the next discovery

wi ndow starts. Then the w el ess devi.ce kes.up f,ro
the powBSSHAunigasyaddrezp ‘%I}H“ﬁ g“&f?sf‘ gg"‘ﬁ\? f‘e\g‘l%é‘%%ﬂlgé’é% ee‘JrgLp onse
for a pggd'kgpl of time equal to the Discovery Wndow,
step 902. 103) In the discovery window, the wreless
nodul e conti nues perform ng the operations described

10 in the BSSd¥REP4N98 node, step 904, including:

Special information:
Operation type — probe response
Other optional local information

Otherwise, the wireless module has already sent a beacon packet or has responded

15 with a probe response packet. The wireless module does not send out any more

broadcast probe response packets.

In addition, the wireless module accumulates all received probe response packets
from unique wireless devices, and saves them in its neighbor wireless device

information list, step 832. It can return this list to the wireless service, which in

20 turn reports to the application upon query.

5) When fhe Discovery Window expires, step 834, the wireless device returns to the

power save mode, step 836, until the next discovery Interval starts.

6) Steps 2) to 5) are repeated.
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a. Listen for and send out beacon packet, b. Listen
for probe request packets and accunul ate nei ghbor

wolgok@1knf ormation, and 15c. Respond with a ppEBEs2007/017520
response packet when needed. 4) In addition, the

wi rel ess nodul e sends out a probe request packet, step
906. The probe request packet may be an 802.11
broadcast probe request packet with speci al
information as follows: Recei ver
ABY Pasoverp Mslleast address (FF- FF- FF- FF-FF-FF) 20SSI D
(do not contain SSID IE) BSSID: broadcast address

( FF- W&l chirt bFMdthoBSactiveliscoddrynaedESpgeraidn is shown in Fig. 9.
i nformati on: Qperation type - probe request WO

39080t 44ARGIed0AR 84S D116 a&tivet disovent inodelstdpo(dl, on demand.
i nformation The w rel ess nodul e accunul ates al |

r ecbhe/eallep dgeothe IOHAMRE: equest and probe response
packets from uni que w rel ess devices, and saves them

5 I N iskge Ach@hRUiscoves  regsesdevi ce information list, step
908. It can return this list to the wreless 5service,

which ip t S tot |icati .
5) VnerSeadLaa Sar B oley ST oxpiros. Step’

910, the device returns to the initial state
()i Thewereidss enqindikeywaitsumi tBd fext discovery Avindowrstartsi ddpen e

showi.ng wi,rel ess. devi ces perf orm S| V '

o BRGS0 SR BE ST ARSIl SO e
101Qddpeat fos @ pedodiefiine edualsuche Biscaergd&Vindew] Step!99@n

in Fig. 1, in the discoverable node and sendi ng beacon

packets. . .A waveform 1012 represent.s Vi

0 PECHF e o R RSk BB cBnifih pErtHem M e
di s Q?é’xﬁfiaﬁ)sl desoEB&] antle dtowealsle ngpdepstep A0pdokledimg: A
wavef orm 1014 represents a device C, such as wreless

devi ce 16 sho in Fig, 1..in acti,ve di scovery node.
Devi ce & Qé‘ﬁ%f\g} r%’é‘g%egﬂ °b‘53?<a§fm83‘rzll(e‘r%fg each di scovery
wi ndow 1020 and listens for probe

b. Listen for probe request packets and accumulate neighbor device
information, and
15 c. Respond with a probe response packet when needed.

4) In addition, the wireless module sends out a probe request packet, step 906.

The probe request packet may be an 802.11 broadcast probe request packet with

special information as follows:
Receiver address: broadcast address (FF-FF-FF-FF-FF-FF)
20 SSID: (do not contain SSID IE)
BSSID: broadcast address (FF-FF-FF-FF-FF-FF)
BSS type: ad hoc
Special information:

Operation type — probe request
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30

15 responses during the discovery w ndows. Device B
I!s%ens for probe requests during each di scovery
wobieeyy13P20. Device C switches to the active gl
w&@e_at time 1030 and sends a broadcast probeﬂ¢§g§¥§?¥”5m
at tinme 1032. Device B sends a probe response at tine
1034 in response to the probe request sent by device
C. Device A does not respond to the 20 broadcast probe
request fromdevice C, because it is sending beacon
packets Wejikd} GHiBnaI968diRBrRNseVi ce C. At the end of
thg dlsgovery W ndow at tine 1040, active discovery
ends and device Creturns to the ssive di scover
modEhe WEelsRomRaRlF acPymultes alleseui BraGPREEORe regusgiangprobe
| I Sfe8itshst PhckREOREM &f I8y deVikeS Y4 ¥a08d theh in its neighbor
di scovery wi ndows 1020 and is in power save nodet&042
f or wirless eevagaiméormstionfist, 3@ V8o Fesan rERIR this 1ighte the yireless
! DO ABERURICR i flrf repldfts tb iR IpREAGH Wk 1020 is
100°meee and t%éhgfecovery 6g?iod 10 f fgég%bo nsec.
Cache and Uilize D scovery.Results The wreless
v When dbe eurend dissoy ey ovipdew 8BS Step 98 Bethe dgliics retymy to the
Pr Ofiad QS LSS AR BbE B 9fs.0m oL her wir el ess
devices, and saves the device information in - 18 -
WO 2008/ 019140PCT/ US2007/ 017520 its nei ghbor devi&e
i nf ortimingdipgram shqwigg wirdess dRVicRT Rerfqraying pagstyg discovery and
agﬁ\gélccﬂél%lélgf %55?‘1 vl #i?.el 0 PR WavERYEI 1 (A 0T¥preSerdé device A, such as
application it requested. The wirel ess device
dewine U2 showe in Rigor st the discpvareblp aadeiage sepding peagon packets. A

' vxI' Qgﬁ)mdlgr}s\#ﬂ?g{ntg ? dgﬁké‘ﬁl E aim?aéﬁgrae@%i lqnshWiuInhnéF ig. 1,in

I'Scovere ess devicé bThe w rel ess device may ‘
tl!m?'iecmradl@ mgdé and npbsentdingdepeanepasketse Avwpetlory 194§ irepresents a
I nf orymation entries from it [ I: 1.C ;
B maviion Treles Ty T R e Bl BB scaycry mode. Device
/5 Bads albehddropavhe durinposschidivedvdrp wihdoved 820 and pistehefor probe
request. and grgbe . . . .
responses during the discovery windows. Device B listens for probe requests during

each discovery window 1020.

Device C switches to the active discovery mode at time 1030 and sends a

broadcast probe request at time 1032. Device B sends a probe response at time 1034 in

_ response to the probe request sent by device C. Device A does not respond to the

broadcast probe request from device C, because it is sending beacon packets which are |
received by device C. At the end of the discovery window at time 1040, active
discovery ends and device C returns to the passive discovery mode. As shown in Fig.
10, each of devices A, B and C listens for probe requests during synchronized
discovery windows 1020 and is in power save mode 1042 for the remainder of the
discovery period 1044. In the example of Fig. 10, the discovery window 1020 is

100 msec and the discovery period 1044 is 2000 msec.

Cache and Utilize Discovery Results

The wireless device accumulates received beacon, probe request and probe

response packets sent from other wireless devices, and saves the device information in
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10 response packets can be represented in the format
of an information elenent (1E). The IEis a
wo YRSl fipt h-val ue object that is used to carr
vari aLI e length information. The w rel ess devl?(%T(e/USZOO7/017520
optionally rely on the special information elenent to
contain information for managi ng di scovery and
synchroni zati on. For exanple, the special IE
can either use a unique IE ID, or a custoner IEID
its]té( t9r devied HBorddatidh8fst "REah YethERRi SR ad thesdisdderythesult to the
a unique QU and QU type conbination to identify
unptsleb'tr JeEvit@ox apmigatgon Lfe'F@{eﬁte(il byte) OUT (3 byte) OUT
Ty p |
e]élgel\z/qgfegg 6%1%653792&% orfatiol fﬁﬂ'g ﬂ@ﬁe@éﬁbo@ Advice

crosoft (uni que val ue
mﬁmrtnlanbin tisstarestablish SmChmmZanborwrﬁt 3 éﬁc¢‘(?tr€<ﬂwsfél§\°/%¢‘§ﬂlcc

;I' glel ﬁﬁewlr%iesg Hé\? Eérﬁllayglg\éee lfug g& ng MOBQ&E%IP& {tBR wireless device

eratron nagl ng di scovery and
inforaakion Bntmab ifitom it? QGghbat deyicetipfoemation list.

Special Information Element

The special information contained in the beacon, probe request and probe
response packets can be represented in the format of an information element (IE). The
IE is a type-length-value object that is used to carry variable length information. The
wireless device can optionally rely on the special information element to contain
information for managing discovery and synchronization.

For example, the special IE can either use a unique IE ID, or a customer IE 1D
(e.g., value 221 defined by IEEE 802.11 standard) with a unique OUI and OUI type

combination to identify itself.

1IEID Length our - | OUI Type Other information
(1 byte) (1 byte) (3 byte) (1 byte) (0-249 bytes)
221 8..253 (e.g. 00-50-F2 (unique Other information
for Microsoft) value with for discovery
the same
| OUD

The special information element can contain the following operation type for

managing discovery and synchronization:
Operation type
- Discovery request

- Discovery response
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Di scovery request Discovery response - Beacon

The above description and the acconpanyi ng draw ngs
provi de exanpl es of val ues for various paraneters,

such as timng paraneters. It will be understood that
such val ues are given by way of exanple only and are

not in anyBe#PNlimiting as to the 5scope of the

i nvention. Having thus described several aspects of at

| east Temebovaidestiriptian awd thearepompangingidsaivings pioyidesxprples of

appreci ated various alterations, nodifigat.ions, ;and
PRS- ofs SR RteFe oo B PR LR Tng 8o that
$ueR valuks areyeVendyt wiypéf exafmple By hid @k inonim angWhy limiting as to the
i mprovenents are intended to be part of this

Wope Pobgivventio are intended to be within 10the spirit
and s t j ' cer di ngl ; i .0
descr a0g s (8ExtB Sk DincRR 1R ohe BB OY
ihlvemiophnug tot el appapracid vagiatis alterativhs| tedifications, afdi iaiprovements
follow, unless the_ context requires otherw se, the

Wit wadibnegsur ghoseskiflegyip the %ﬂ%llce@itﬁfaaens-, andifiGasigns, apd

i Wﬂleﬂtsn&% int¥fdels & ge P&‘f‘ 6F i CAk16ird, TRE Yrelif@nded to be within
Inclusion of a state nteger or step or 15group of
thatspigi¢ asd swops behe iteentiont Actredmgbl, tei foregoingaleycrittioa and

i Nt erl%gr or step.or group of integers or steps.

RIS L RhwaY Phexarinle @dfci fi cation to any prior

publ i PRbLKbUE His $RERICHRSA MY HE blakREWhICATHIEW, unddss HR context
any matter which'is known, is not, and should not be

tegkiess ailssrwane, the Rrayd/' extgrise fitand vasiatining shdnasoicompyisdst om

AR bl B b P AR 2B orsep o

@90p oPintddlRs GRBHE BuORN e xckRIN STALS othr irfidet bﬁ‘ét?r%@f group of
e

endeavour to which this specification relates.
BlegePrd€ps.ni ng the invention are as follows: 1. A

met hoflhet RQBRE3N ﬁmi?sﬁ’gc{ﬁeclaﬁegﬁc’ toda%\)//ip%%r p&&%{igé ko@%formation
derived from it), or to any matter which is known, is not, and should not be taken as, an
acknowledgement or admission or any from of suggestion that that prior publication (or
information derived from it) or known matter forms part of the common general

knowledge in the field of endeavour to which this specification relates.
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operating the wireless device in an operating node in
whi ch wirel ess devices comuni cate directly with each
ot her without the use of a wirel ess access point or a
5wi red network, including operating the wireless
evice in_a discoverable node to enabl e discovery by
'ﬁ]é"r g%£%n}@tggyv3gm%g§ asHlOMS® di scover nei ghbor
W rel ess devices passively, operating in the
bi scotaneihodtorapgeats o pinglishdevien eampAEsIYE: niti ati ng, at
fixed periodic discovery intervals, a discovery w ndow
i n whopshatingrthel wirelsss ddvicevinaalopergting wiode in whisbweireless davices

i i ng,.to. saue . ' ver
B 0B R R UG DR PR N oo
wired asteioalg liecl A opdrhtity BB alitelddg deviscmvediycovvrabRi rgbdeoto
wi rel ess devi ces and enabling passive discovery of
¢fablerigsoveyhy neighbaewirelsss deyigs and to discaygencaghtiog Wiredess
S5 55 A Bal e AR G BB ey g
fixed feeiodictdiscevelydntemalsy a d3devedy witdwdinswisivie b adlie of the wireless

5mode. 2. A nmethod as defined in claim1, wherein .

Kiedt PRYCEAON AN VHEING Q3 BRVETSaYHEIOHS WheH Hicice very yundow
EXRE el bivef R ih e BERRErabRINER wm&&%ﬁnga{sbmw by
t he dlscovePy w ndow; |# a recelved prob
naghbos wipksk devices and endtiling passivendisquvetyeofmegghboswireless devices;
ggﬁket has 20 been sent in a current discovery w ndow,

di ng a probe response packet containing identifying

i nformati on; and otherw se, not sending a probe
r es pogiseeati@aki€vireleds deMi® iBh ReGhAE s ElyNREdd 1 aetifdlindikcover
wherein operating the wirel ess device in the active
wighbev aisglesp deviess mtrichs ars in dBtaghivg digcaygramedeipithe discpyerable

i el ess device for an active discovery period, in
response to activation of the active discovery node;
sendi ng a probe request packet for each active probe
2.nt er Xahethdd dshdfiaed inveaith $,00weeiy operatingl thefwinelesstdeeice in the
&ﬁreless devi ce has sent a probe request packet

$G9VERPLe TROGE GAOMBIHE: probe | nt erval ;
listening for received probe response packets received
duri ngsdifg ARt ré&ilé?ﬁh‘éﬁét)! dBghs 8d:dikBVér) Window;
i nformati on contained in each of the received probe
response packets; and returning to the discoverable

mode iflaagreived paehd reguast paskotds yerpled vl oqpioberssponse packet has

been sent in a current discovery window, sending a probe response packet containing

identifying information; and
otherwise, not sending a probe response packet.

3. The method as defined in claim 1, wherein operating the wireless device in the

active discovery mode comprises:

turning on a radio of the wireless device for an active discovery period, in

response to activation of the active discovery mode;
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4. A nmethod as defined in claim1, further conprising:
10turning on a radio of the wireless device in
response to activation of wrel ess operation;
listening for a beacon packet for a specified tineg;
i f a beacon packet is recejved in the specified tine,
adj us%epalggtai BEPhfgregRest Prekal 1OE BRdrartivg AL b Bt
e R R FIrES, defick My R B R ARt pff caiern
¢urrent pobediteryala beacon packet. 5. A nethod as defined
in claiml, wherein operating the wireless device in
t he dji.scoverabl e. rmde .conprising; |isteni for a .
boacol R G PolfHemon S REbet ket ring Insdeie,
d@sevety pesiodecei ved within the random back-of f tine,
adjusting timng 20 of the discovery wi ndow in
accordance with paraneters in the received beacon

pack eavingfinfpripatierosongingdein ¢ash ebtherreecsyadpiobs renpanse packets;
+lndon1back-off time, sending a beacon packet;

I'stening for a probe request packet during the

di scovery wi ndow, saving information relating to

r ecei reaunipg od therdisgoearhblp anddetvaienaintlactive discovery padodiex pares.
probe response packet if the wireless device has not

ent robe response pac r a beacon packet in the
urr e‘gt‘&dﬁl‘%‘&f\fg@e%%ﬂ&’ﬁ F’?PKEWH@&S%' defined in
claim1l1l, wherein operating the wireless device in the

act i viarlhs 604 S4RE bEthEBER:16:0 ABVit S RiStesptinké 1) 426 vaibrl df8vireless
radi o of the wireless device during the discovery

oflerli®W; of the periodic discovery interval, in response
to activation of the active discovery node; sending a

g;gadl?s%eci}iné RIYFRhIATSKRL: 18 {gaielGingll, SCOVEry W ndow,

if a beacon packet is received in the specified time, adjusting timing of the

discovery window in accordance with parameters received in the beacon packet; and
if a beacon packet is not received in the specified time, sending a beacon packet.

5. A method as defined in claim 1, wherein operating the wireless device in the

discoverable mode comprising:
listening for a beacon packet for a random back-off time;

if a beacon packet is received within the random back-off time, adjusting timing
of the discovery window in accordance with parameters in the received beacon packet;
if a beacon packet is not received within the random back-off time, sending a

beacon packet;
listening for a probe request packet during the discovery window;

saving information relating to received probe request packets; and
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saving information contained in response packets sent
by other wi reless devices in response to the broadcast
request packet. 107.The wirel ess device conprising: a
computi ng device; a radio; and a wWreless

nodul e | ogically connected to the conputing device and
to t hEndingiaProheresnnsepaekst et izelessidsyics ihgig“%f sent a probe

@%gégﬁkep&p%eam cwedif éﬁé‘éHeHP&iis&%rJ ridow.

rating the wreless device In an dperating node
in which wireless devices communication directly with
Gach Asmiethodmstdetined inhdains b wiferein wperatieg thearioadess dpwiceiin the
or. a wired network, including operating the wreless
HEVF (d,’éc?‘f’?rafl?jm\é@%%mg%ﬁeé' node to enabl e di scovery by
nei ghbor wi rel ess devices and to di scover neighbor
Wi r el @afinglely tHeaadip @$ BeweirdlessQReica duAfg the didt8very window of the
di scoverabl e 20node including repeatedly initiating,
periodicydigsopenyiipigrial.dn ssporseyo peiivation pEthegciyes@issoyery mode;
wi ndow in which the radio of the wireless device is
POWET 3B a MM kHeASDab Rt AuARYEHe SRV FerdRfIBSMI! N
di scovery®w ndow expt res, erein power 1S saved In
t he di scoverabl e node whil e enabling discovery by
nei ghdagmguvnfoahetien chavdineksinaesporseghickety sgabgiother wireless devices
di scovery of nei ghbor vvire:kess devi ces; 25and
18[5%%*’8??%% tlﬂ%‘é“’ﬁé‘%@l@%‘é“ﬂ%’ 8 in an active discovery
node to actively di scover neighbor wrel ess devices
mhi chriy WirélBsstdeQicebmy@sidgscovery node or the
di scover abl e node, wherein operating the wreless
device in the discoverable node includes: |istening
for preePytiagesicepackets during the di scovery w ndow,
if a received probe request packet is verified and no
probe, r.asponse Spacket has been sent in a current
di scovery’w ndow, sendi ng a probe response packet
containing identifying information; and otherw se, not
sendi agirelepy mbdule dogiaatly copaackeettto tig domputiag elsvicelemd toehe radio,

gs deIi neddip claim7, wherein the in tr.lf]c.ti ons. fOf .
thp 2Lgtgss fiodule comprisinga processor programmed with nstructions for:

operating the wireless device in an operating mode in which wireless
devices communication directly with each other without the use of a wireless
access point or a wired network, including operating the wireless device in a
discoverable mode to enable discovery by neighbor wireless devices and to
discover neighbor wireless devices passively, operating in the discoverable
mode including repeatedly initiating, at fixed periodic discovery intervals, a
discovery window in which the radio of the wireless device is powered on and
switching to a power save mode when the discovery window expires, wherein
power is saved in the discoverable mode while enabling discovery by neighbor
wireless devices and enabling passive discovery of neighbor wireless devices;

and

operating the wireless device in an active discovery mode to actively

discover neighbor wireless devices which are in the active discovery mode or
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the wireless device in the active discovery node

i nclude instructions for: 10turning on the radio for
an active discovery period, in response to activation
of the active discovery node; sendi ng a probe
request packet for each active probe interval of the
act i vi8e §issevsyahly mode wherein oReraihn e wie esselsicadh ihee
has sgBloveraBledR6dd igegsE Packet earlier in a current
probe 1 nterval; 15l1stening for received probe
response packets received during the active discovery
period, saldtering foir probetrequescrackets deting thealischvery wihdow;
recei ved probe response packets; and returning to the
di scover abl.e pode when the active discover erio
expi 15, - 268 ALV HGR a0 s SR Gl ob opgnee

7, WhgicRéthak been w6t nUCdurRABdikedveRewindd®l, seiding a probe response
instructions for: turning on the radio fin response to

act i vRackefifoptainipg leadlyingyafariation; afst eni ng for a
beacon packet for a specified tine; if a beacon packet

is receivedni 1 f i ggé ing timng of

t he 25di36%3359&€fﬂﬁgﬁﬁhga2%§%r ﬁge Zié?Fﬁ'parameters
received in the beacon packet; and if a beacon packet

8.s noA wisdess dedce as ddfimed preclafm édwhéram, the asttiietgpna for operating
eaco cket. . 10..The wirel ess .device as defined in

BF Sirees BENIES e Bty SRS P G ERAERR T e

wi rel ess device in the discoverabl e node include

| st riuedih @68 tHeQhdiolfbSArLLthiNg dfsBbvedy PERKDTh REFdMRE td Ktivation of
random back-of f tine; 5if a beacon packet is received

e aefive disroveryaeds back- of f tine, adjusting tining

sending a probe request packet for each active probe interval of the active
discovery period if no other wireless device has sent a probe request packet earlier in a

current probe interval;

listening for received probe response packets received during the active

discovery period;

saving information contained in each of the received probe response packets;

and
returning to the discoverable mode when the active discovery period expires.

9. The wireless device as defined in claim 7, wherein the instructions further

include instructions for:
turning on the radio fin response to activation of wireless operation;
listening for a beacon packet for a specified time;

if a beacon packet is received in the specified time, adjusting timing of the

discovery window in accordance with parameters received in the beacon packet; and
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of the discovery w ndow in accordance with paraneters

in the recei ved beacon packet; if a beacon
packet is not received within the random back- of f
time, sending a beacon packet; l'istening

for a _probe request packet during the, discovery

wi ndolf2 beRRORRaRkEt ISR reRef Yedrn ther REGiHEM Hey #gingacpeacon packet.
probe request packets; and sendi ng a probe
[esporrewRarekEdevide dsRBFiNdd 18IcBSS T QMefeln RSnARIctiSR Yor Sperating
probe response packet or a beacon packet in the

thawirehdss deweoinghg discontmable mode inThulewnsticeens fasvi ce as
defined in claim7, wherein the instructions for

operating the wreless vice in the agtive discovery

mode B RHET abebfnaER £ il Bini he T o
during the discovery w ndow of the periodic discovery

i nt erifalbeadon packRieeived aithinthé tandomfbatkeffairhe,\adjusting timing
di scovery node; sending a broadcast request packet

efuths digcevesy windowigragcaifanesyith parametgzs\in the reesivachhgacempacket;
contained in response packets sent by other wreless

devi C#3 peAcdnGRBIRA $Endt dedel\RdRN BRA BRTIndRIBESLoP BftEClending a
2012. A conputer-readab?e storage device progranmed

bdaton pavket, ucti ons for executing a nethod to operate a

W rel ess device conpri sing: operating the

wirel ess .deyi ce i.n an operating. e.in which wireless
tlv cueBE I ettt AR DR R BSut R b hout
the use of a wireless access point or a wired network,

i ncl ugiviig iﬁmmaﬁd')mﬂldﬁlﬂg t¥tdceived probe vediRst packets; and

di scoverabl e node to 25enabl e di scovery by nei ghbor
wirel ess. devices and to discover nei ghbor wreless

devi c¥8dingaNTORy KpsPARsR PARkeg thenvirplessdlexics iy Bef sentaRfabe
. . nitiati L oE . fived
oIS ARs! GRETHECH Yack B b ublimt Booyent windolEC 1
which a radio of the wireless devices is powered on
Bnd sThd ehtlesp device ap definedsia\cénimoi evheteem thehestdics osver pperating

i ndow expi.res, wherein power is.sgved in the
i SttslRs dBYiES B acitvel dscBRErs o ineludtipsiyegys Fgi ghbor
wi rel ess devi ces and enabling passive discovery of

nei ghlefing\bh HegaGiodR¥ihg &t distor®d window oP BRI pRtio8 didtevery
Wi reless device in an active discovery node to

interya) dnyespoascdpaeti vasiog o die agfive dissavegemiodess whi ch are
in the active discovery node or the discoverabl e node.

sending a broadcast request packet during the discovery window;

saving information contained in response packets sent by other wireless devices

in response to the broadcast request packet.

12. A computer-readable storage device programmed with instructions for

executing a method to operate a wireless device comprising:

operating the wireless device in an operating mode in which wireless devices
communicate directly with each other without the use of a wireless access point or a
wired network, including operating the wireless device in a discoverable mode to
enable discovery by neighbor wireless devices and to discover neighbor wireless

devices passively, operating in the discoverable mode including repeatedly initiating, at
-25-
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13. The conputer-readabl e storage device as defined in
claim 12, wherein operating 10the wireless device in
t he di scoverabl e node conprises: listening for probe
request packets during the di scovery w ndow, i f

recei ved,. probe request packet is verified and n .
ﬁf npsgcrfls?f@@er@faw&a?% 3 dRGRuRY SO 19 wWhigha e O the wireles
GHSGRYLh Wb IO d SPRGi}Go FIWRIP GaVeSRABR WReP@E WRkovery window
containing identifying information; and 150t herw se,
enpires,evitireig pawpr isisevadds plondiecqvambkiet modelwhileT¢rabling discovery by

SR 000G B RN SR R e v
aktive discovery node conpri ses: turning on a

radio of the wireless device for an active discovery
period, in response to activation of the active .
di scoWMer3tingghe Wirslpsedryisegnan sedysedipeayasmodsaelastively discover
4 o‘?%#eYe%s BEAOS \b}ﬂ&?ﬁﬁ\é% tl%f c[ipg dfggcg\)e}l)?m‘a%lec‘ 5P rd%scoverable
period if no other wrel'ess device has 'sent a probe
medeiest packet earlier in a current probe interval;
listening for received probe response packets received

| scover eri

uring the active od; 25savi.ng ) .
f 3 or hag ‘F%?P"é?frf%‘i‘ag’éﬁ‘oﬁ?ﬁ%g%é%‘g“oifs cl%ﬂ@a? iyl yyhspdn operating
heSARIAS dPAEK Rl e d&@%&@&wmw% e discoverabl e

node en the activ scovery period expires. -26-

15. The conputer-readabl e storage device as defined in
cl ai niisteningns pedhe requeshpackeld diining therdissorgryiveiadow;
turning on a radio of the wireless device in response

{0 acti s : T . .
2ol B3R 6 LR BBS1 A Oinld 5 B Sogther o
Rakeit ih 3 cogestidi@dveny wil@ow pefadihg agrébefespodsy piket@ntaining
timng of the discovery wi ndow in accordance with
idantfnedplormalien; wBd i n" t he beacon packet; and

otherwise, not sending a probe response packet.

14.  The computer-readable storage device as defined in claim 12, wherein operating

the wireless device in the active discovery mode comprises:

turning on a radio of the wireless device for an active discovery period, in

response to activation of the active discovery mode;

sending a probe request packet for each active probe interval of the active
discovery period if no other wireless device has sent a probe request packet earlier in a

current probe interval;

listening for received probe response packets received during the active

discovery period;

saving information contained in each of the received probe response packets;

and

returning to the discoverable mode when the active discovery period expires.

-26-
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i f a beacon packet is not received in the specified
time, sending a beacon packet. 16. The
conmput er - r eadabl e storage device as defined in claim
12, wherein operating 10the wireless device in the

di scover abl e node nprises: |istening for a beacon
packelhs GRSl HRRE R4vigs apedenined in clain 12, phegei the
PRGKE furkiRr L65FH%Ed W thin the random back-off tine,
adjusting tinng of the discovery wi ndow in accordance
with paraneters in the received beacon packet;

i f a tfuedsgon paadievf ths wintless dedce adkespanie to dchigatiamaionreless
back-of f tinme, sending a 15beacon packet; |istening

ORSTAUOTN obe request packet during the di scovery
wi ndow, saving information relating to received probe

r equelsdteriRE foR tabeaddthacket for $§JR0ifiRE tinddr Obe response
packet if the wirel ess device has not sent a probe

response packet or a beacon packet in the current

di scol@bgasanmasket ivrgesvadia the ppegiiisd tines gdivsang g the
&?éﬂvﬁ@ @ﬁx&gﬁfih Q@&r&z{ﬁﬁé Wi‘t'hfﬁailaﬁneé&@ FdcElved %Pﬁ%%‘ehé& pfet; and

W reless device 1n e act1ve discovery node

conprises: turning on a radio of the wirel ess device

dur i nidj atbeaconi packeat ¢y yotweaeiti@d inthetspecified tiod ndingacheacon packet.
interval, in response to activation of the active

ff%ﬁe{ %én”@?%gsgia‘ﬁfg %ﬁg%a%v?%qﬂ%%hn&? %ucﬁéébﬁévm%}rein operating
thB warelRt UONCSRANhERESVckdbld RSROESApRREKet s sent by
other wreless devices in response to the broadcast

request packet. 18. A nethod to operate a wireless
devi clisterdpgfor afbepean packes feres wnderabeeleotfddagi bed wit h
reference to the acconpanying figures. 519. A wireless

devi cig, b%%b?it;ﬁﬁl%é.t"ﬂ le¥eidSd ARG tﬁ‘? gafdlrﬁélg HAERGF tﬁﬁéj, aYﬂ.utsﬁng timing

reference to ‘the acconpanyil ng
of the discovery window in accordance with parameters in the received beacon packet;

if a beacon packet is not received within the random back-off time, sending a

beacon packet;
listening for a probe request packet during the discovery window;
saving information relating to received probe request packets; and

sending a probe response packet if the wireless device has not sent a probe

response packet or a beacon packet in the current discovery window.

17. The computer-readable storage device as defined in claim 12, wherein operating

the wireless device in the active discovery mode comprises:

turning on a radio of the wireless device during the discovery window of the

periodic discovery interval, in response to activation of the active discovery mode;

sending a broadcast request packet during the discovery window; and

-27-
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20. A conput er -readabl e storage device progranmed wth
instructions for executing a nethod to operate a

wi rel ess device, substantially as herei nbefore
described wth reference to the acconpanying fi gures.

saving information contained in response packets sent by other wireless devices

in response to the broadcast request packet.

18. A method to operate a wireless device, substantially as hereinbefore described

with reference to the accompanying figures.

19. A wireless device, substantially as hereinbefore described with reference to the

accompanying figures.

20. A computer-readable storage device programmed with instructions for
executing a method to operate a wireless device, substantially as hereinbefore described

with reference to the accompanying figures.
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