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WO 2008/ 019140 PCT/ US2007/ 017520 SYNCHRONI ZATI ON
BETWEEN W RELESS DEVI CES WHI LE SAVI NG POAER Techni cal
whe@sd1d4Thi s i nvention relates to wrel ess nep@mUK®07/017520
and, nore particularly, to ad hoc networks of
wirel ess 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 conmon
Wi rel ess access point, which may be connected to a
Wi reﬁ nmh hHRONIM"Im BETWERN OWIRELESSSPEVICES: S
is through the acce Qi ion is known
as the infrastructuﬁ& O JPS@V§§%ﬂB§BSE%he | EEE 802.11
standard for wireless |ocal area networks (LANs)
rovi des for an ad hoc operating node in which
€l8evi ces comunicate directly with each 15
ot herrpid inhestior! RaeSH \plfrel@ssvﬂei\ﬁ&?é And GRS aPRiuMrlPlo d hoc
wi red network. However, in order to ogerate an ad h
Sthegievi ces
require a nmechanismto discover other w rel ess
netmork devices in proximty. Such a mechani sm shoul d
power consunption, should create limted
radi efrf
20 s‘in o BA RGNS B oy Gl Bt NER 08 Blopited with
cammorewirslesiaeessepdint, avhichdmhy be comsteatediko novidet eawork.
éog?rgBle%t[\oerl §3wa6 dr}e \C/)erlll%zeasts WCVIQtIBSnitS %?Héh gigpagc?sg &%mtr eﬁuch operation
isikNO VeI &S thEhﬁfrmtmhﬁespdaungmodper ates in a 25 power

save es or t eri odi,call r ;

on G eR BN RadtRe 1wt oR e R RO AN provides for
alladdcoPEtAEs | niiekatwifith BeRlRs d@ﬂ@é‘sﬂionﬁﬁﬂﬁlaateihrectly with each
informati on which allows the rece|V|Q%.MAreless

odfessyiveighoup thei use oF @rvirglesstacasss RPN PR Wirsddiebyarky hjpwever, in order

td faseamerﬁ £BodR6 @wuexesar &Iv?ce's Nthé viied:o e lRbY RqiRde
I'n an active discovery no

mechamsm to discover other wireless network devices in proximity. Such a

mechanism should have low power consumption, should create limited radio

interference and should have high throughput.

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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30 In a first enbodinment, a wireless device in a
di scover abl e node does not send advertisenent
w@amkeigqo | nstead, the wirel ess device relies PEDUSA07/017520
broadcast probe request packet sent by a wrel ess
device in an active discovery node to achieve
di scoverability. -1 WO 2008/ 019140 PCT/ US2007/ 017520
In a second enbodi ment, one wireless device in a
di scoverabl e node transmts an adverti senent packet to |
achi é&ve segomdhamthnidiraentooneviviralesd dericeninr ediessvetblé m@de tansmits

B a5 5 SRS %y BB fess

ploxiintigy. aAd astive/disgoverymhiode ishackioated Toh&{énﬁlﬂe @ trafdit a broadcast
lgPé% mts a 5 wireless device to. actiyv

i S rpe i dHEg § SOV SR HEOPS: AopUsEEoRsRian permits

\diﬂélbibgieauw t6 GOt ity thid diskdverable MolE BE tisteRREKBE a bacon packet
rece| d, the wireless device is . synchronized

BPVED WHIOMhel dsacannasketds récsivedethsauieless device is

s@ﬁ@ﬂﬁ%hrzeh b raRaas hfoRASKSR! cdn‘{;alﬂéa in"thE BL¥®A pabk&. If a beacon
Wi rel ess device transmts a beacon packet. lécor di ng

Ragkef is peisreceiyprd dhe wirelesedevicetensomts abenson packed
oper @Ic%oﬁ‘h foei ﬁ?s% a%ﬁeﬂ&t"ﬂm& Ehveltidh, a%&eﬁl%‘a td %E%feka freless

provid conprises. operating th MAre ess
defeioe tneari atd hoan@wgvletsam‘ednd)déxetmetbn@bbmpdsm mperaymbyhe wireless

dw@\glr:eg eéS) &15%6\%?21@@ ?no%%\ﬂ) %S%olg Hgic&\pe% gy%tgpg[\gl%% ﬂ/?rle 8 vices and to

evl ces W T e 658
ddeWarmeighbanwnatass devncbss;mssamly, amﬂq:drm@e waleess device in an

SCpVer ne| or i r devi.c e in
N R T o IR R “?Ps& are in the
adibveatistoveryt Mode se&ﬁnﬂscasaasle mbdd. he invention,

- Wi rel ess deV|ce is rOVqug%nghe W rel ess deV|ce

conpricserd m%\t%ﬁi?aﬁ Apegt nvenfighy Hwirgless devjge ispegdded.

THE teless ldePice @bmypris@N NESInshting Jebﬁ:ecﬁ’m 1 4M SARHEIES module
and to the radio. The wirel ess nodul e H%TISES a
r:

logicstlycopreqipd tpy hmrempyting de viee arrttd the sedipr The parelasp mpdule
c&hsnyusrae;kr%é&s&eﬁﬂo%&mmm @nﬂhﬁ&ﬁi&%ﬁ@%& %ng%nhg tmu@ss device

di scovery by nei ghbor w reless devices and t
inja disevarableimypdsde enible ﬂ@ggvm\bwmghbas Mmtdsy de\ams and to

d&@@ e%'d];@beP%ﬁédefsg h@ﬁ@e g‘%&l@a&hé}b [ opt eFlhé ?hed\k/ﬁ'gl%&e&é(nce in an

0 actively discov nel devi ces
ameodlscmvery moté ® acdivelywdisehiver naighlorrwitkel essrdetvives which are in the
a llvséc 1¥c%rv%rb)! 042 gte the discoverable mode.

According to a third aspect of the invention, a computer-readable medium
programmed with instructions for executing a method to operate a wireless device in an
ad hoc network is provided. The method comprises: operating the wireless device in a
discoverable mode to enable discovery by neighbor wireless devices and to discover
neighbor wireless devices passively; and operating the wireless device in an active
discovery 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;

-2-



10

15

20

25

30

According to a third aspect of the invention, a
conmput er -r eadabl e nmedi um programmed with instructions
wo 9Fos@xAagati ng a method to operate a w rel ess gemuSRoT/iM7520

an 25 ad hoc network is provided. The method
conprises: operating the wireless device in a

di scoverabl e node to enabl e discovery by nei ghbor
wirel ess devices and to discover neighbor wireless
devi ces passively; and operating the wirel ess device

i N aFect ivesinfilERAR6ck dinglan of awirtleed gevicesnitable for forming an
n%I ghbor wirel ess devices which are in the active
agdj §§G‘G@ﬂ%ﬁsﬁﬁﬁ‘é’r tr the discoverable node. 30 Brief

|D§S g frgéi mg) ?gl? %31 {)l'lﬁrﬂilaﬂéﬂlﬁg:ﬁatesl disddverableamiode spertiGh inlthe ad hoc
[ ifie ocC [ n ad hoc wirel ess

netweuls iR accardange) withog figst %@&%ﬂ@?@ﬂ‘?f‘%‘i‘%zo FIG 2

IS a|EFm flé f il HlaPChhadiliRskA83 &hive dMcbedrgSa tiitead K& network in

suitable for formng an ad hoc wirel ess network; FIG

agcordancefwithnther finst methed of|syRadrenizationg scover abl e node
oper ?IEI%? i g tﬁ'l?ﬁg gEQrﬁ thAl Gl \atesian eﬂﬁﬁ@[ed@ﬂtﬁ&:dﬁemna

firs roni zation; 5 FIG is a flow
anb?kianddmaith thel first mathpsl of synehsonizalion er y | n the ad hoc

ne i.n cor i

oynortiShieaae ey Ot bt fodod ) oREliiinihe ad hoo network
inlabcsrtiamdeasitian seocadphethod ofisyscbioesaation; accor dance

¥\1 LCV ﬂg ’Ifxls{aﬁé{{nnlglc{I %?Of §tyn ilf Qé}' a&laé(' ie &1 ffe tootstra operatlon

strap eration int
SCFipox; network 10 in accordance wth a second net hod

of synchroni zatio FIG. 7.1is t.

i 11 usFlG&is aa(?p Eaﬁsﬂ@t Husgraics gb%?‘éftrn%ﬁ r%(%%r 3{&2{&)% mfthe ad hoc
fidtdroriSin dckbbrdaficd with the Sdtosid alethddndtsyhdHrositzatorgs

di scoverabl e node_operatjion in the ad hoc

accor BEachisg flowchart that allystrates ﬁstdveo 15%%)/[?%}:10%? mghog network in
%&oﬁlaﬁce %nl‘,hsthél sééoﬂWn‘iéiﬂé& of §akhiohlAdfibhiain@s active

I scovery In hoc network in
FIG. 10isa tlmmg dlagram 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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accordance with the second nethod of synchronization;

and FIG 10 is a timng diagramthat illustrates
w@z@splaso of passive discovery and active di SBOWES3007/017520

operations in accordance with the second nethod of

synchroni zation. 20 Detail ed Description Enbodi nents

of the invention provide nechanisns for a wrel ess

device to bootstrap and synchronize with an ad hoc

wirel ess network with | ow power consunption. Further

nEiWRKRI RO ISbetindefioddthaniii ozﬁewwaéxdeesrmdi@ﬁ Bé®ndtovork do not
di scover nei (%hbor W _rel ess devic

eSOV it rodIS Tahass o o SKRERISs HTSISRY Brvges B bl Emey be able o

c&lﬁﬁhdﬂl({aﬁ‘é @ﬁ&tg’e\Vitl@ Qgrelebd 8e VIBE M2 BLSHEY n6Ekbe #16 € &finmunicate
i npl enented in hardware and/or firmvare of a w_ reless

directixcwith eRehs other- ol wayj af examplealy.cesclpsenises hésk and 16 may
bg\gﬁﬁ@nﬁu&& mﬁhseésen@me HQtade(zi@eéqaoPtﬁﬁle%écﬁh Bher

_ The’ conmuni cat i on between wi rel ess devices .
devices bomg steyeosy avivabesk speakersoor edmbipations afishel deyiees| whish utilize

a%%}ﬁ@%ﬁgleg?%cgpas Ec%ﬁ& t hese mechani sms. 30 An

ess a oC network 10 is shown in
Fi g. Asinylifeldddeck diegiaoesf 4 wirele4s dendee B0G eindingenraponents

uavcé 1%%'&19&131%&&(%{1 @ a\H ad%o%%%nllé)rﬂkig’ shom? m eh e%@reless device

YLl COHR usi ng the nechani sns
200 Intuy. cdrtespalcﬁmun‘eldsstdwiceefmhm gnd &6 elmmdm/]i’lgel i An upper layer

d\é\%{(r‘p t@q 2?¢ Hg,er ﬁa@&l piﬁ]’v%ﬂ?gte%r}o’lggﬁl herresélrmlt in {he w1reless dCVlCC
sE’Eﬂr MQPW}'OQ- Koyfad dretkeybard] 4 pointihg hevmadaegtsﬁage dnit badh as a
wi rel ess devices jn the ad h F‘aget WOor

iskounit oF o PR 3l B g PeriPBreL sy Benty BF dggice. Device
(ﬁqy Q@@ %&ﬁe@'&chelfﬁ:er@%ré@ g%?ét@mtﬂ2 HAEWIRERS @rivir224at Mhe

W rel ess device 12 but may not be able to
\wmlrmmrw&r 814 gemanmigptes wigh %é‘?ﬂﬁ’"ét‘W wipglesgagodye CPU 220

ﬁ%m‘imhg wWihdss nfddufd &g’ﬁvé}@ ‘QEQ e§hd %vue]és AuddsdTRYare 2D8 interfaces

aptop”conputers, ones, nobil e data devices,
Wit & bher laysdivairgl b es Ry mtcr&qec?é@ wlngheommmses with aradie that

2 ea ergrsld recelveglﬁtl%gﬁilgo%a%f éﬁ%g devi ces whi ch

e proto as described below A
Si npl THe wdelebs)dkvmb 20 miay oéprase'nt a ehiety of different2izices that may

g&%gg&ﬂ%%ﬁggqg gg ﬁt&“#]a[\{-gl Er(ﬁmpi} %swrereg E:\Iaggs 1|nglu%e but are
not limited to, laptop computers, desktop computers, mobile data dev1ces, mobile
phones, stereo systems, and wireless speakers.

The operations of each wireless device in discovering and synchronizing with
other wireless devices are described below. Operation is described in connection with
the IEEE 802.11 standard. However, the present invention is not limited to the 802.11
standard and can be utilized in connection with other wireless protocols, such as Ultra
Wide Band and WiNet. 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 -



10 200 may correspond to wirel ess devices 12, 14 and
16 shown in Fig. 1. An upper |ayer device CPU 210

wo riognfoages with peri pheral conponents presentpdmus$inero17520
wi rel ess device, such as a display, a keypad or a
keyboard, a pointing device, a storage unit such as a
disk unit or a flash nenory and any ot her periphera
conmponents of the device. Device CPU 210 includes a
devi ce operating system 212 and a wireless driver 214.
DikvéfabW medess driver 214 communicates with a second
[ ayer wireless nodule CPU 220 containing wrel ess
nodul 2 wireldsyvdéeice dset tdlge ini the iBssverate hvdeadf thearser 82cts

i nterfaces ith a Lower |ayer wireless RF.interface
oI D B ELC SO RHIFR IS D840 FIPHLY AR PENHALE GNPy other
vaflless Qe Gicvess WEll ab B dikSovér AeighbG \WiRd1B&. delive phis§i@tlgs In this

device 20Q may represent a variety of diff

I gnt .
5 el Beavirrlas dfaipe 196bl6do Astaek Mrghos Aeviftpvhichare actively

d¥cal i hid N8I RhRsunet itdlekiBtefs® devi ces include, but
.are not limted to, |aptop conputers, desktop

conmputers, nobjle data devices, nobile phones, stereo
M&Mﬁé‘—‘%&%el ess speakers. The operations of each
wi rel ess device in discovering and,synchroni,zing with
ot herA WAFUTS S6vige s 5510 BF B B SE YR EPONOde B Paf dsfpand. In
this nilRRC tHebRgelb st dedRaRtivE) détectt neZghboh videldsk d80ideslwhich are in
st andard. However, the present inyention is not )

10 acting pediseayerable mode.andalsaanaouncasdis I gEstgneq othesejdevices.
connection with other wreless protocols, .such as

Plrhteryi de Band and WNet. It will be understood that
t he operations described bel ow are enbodi nments only

and are not limting as to the scope of . the inventian.

SpisePuE e Ahbdes WABPETIPAR ipg that g ajreless o periodically

Wi rel ess operation tywdgfds Fdm pdwEHAvE hodRlant MiRBeers dkighbor

two di scovery nodes: di scoverable node or active o

di scovery node. -4 WYixlesdovigevi thedisemegebie gaodsy (fhis time
js Discoverable node A Wlefi@él RS Wi sdoveshvidddwle in

the di scoverable node if the user expect's neighbor

wirel ess devices to be in proximty and wants to be

di scovered by other Fgrexamele: 20Pmses as wel | as to

di scover nei ghbor w rel ess device passively. In this

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

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

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

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
25 discovery operation on demand. This time period

includes multiple Probe Periods. A probe period should



10

15

20

25

5 node, the wireless device is able to detect neighbor

devi ces which are actively discovering, and to al so
wEDwenmag i t s exi stence. Active discovery nodep@r/us2007/017520

wireless device is set to be in the active discovery

node on user demand. In this node, the wreless

devi ce actively detects nei ghbor w rel ess devices

which are in 10 active or discoverable node, and al so

announces its own exi stence to those devi ces.

Par anet er s Di scover ybd laiget vain: thé\disesveryl imtérvial amd pieédratsly a

W rel ess device periodjcall resunes from power save

Pl pt i

nmode and di scovers n® SPENNEATi ces in the

di scoverabl e node. This tinme 15 period includes the
di scovery w ndow. Heéur examipid: 210@080ns. Di scovery
W ndow: A period of tinme that a wirel ess device

renaiN8ank L) o RONEY. B0 N0 BEEL SIB RASRIYE, HeSBBYE hrameters.

For éeXxanpl'e Pr'6oe erva

slot in which a wirel ess deV|ce di vi des a probe
period into multiple tinme slots. The probe interval
should be snaller than the di scovery w ndow. For

h@ﬁﬁﬂﬁ'e 80nms. Active Probe Period: A period of tine

Wi rel ess device perforns active 25 discovery
operation on demand. This tinme period  includes
nul t iWirelesy dayicasayaksdyp periogicaly tomaindainglissgverabiityyand they do
ngp&%b Qa9 Qerhént M&&Q ol @g&cog ‘f;aél@:rtgﬁlrIEt}'anng hﬁnetworks into

discovery interval and preferably a nultiple
thii wirolges medinmer Vg wirelegs dessiegspitidize 2nbyoprebe mqueét@nﬂce@onse

pQB&tsht% %h}e%df’s%gserli@i']ﬁ’fs pre-configured for the above

Discoverable Mode
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

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
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

application which sets the device into the discoverable mode.
-6-
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5 Method 1 Wrel ess devices wake up periodically to
mai ntai n di scoverability, and they do not send

washegnidigenment packets, such as beacon packet spamiusdebfo17s20

802.11 networks, into the wireless nedium The

wirel ess devices utilize only probe request and

response 10 packets to achi eve discoverability.

Di scoverabl e Mode A flow chart of Method 1

di scover abl e node operations is shown in Fig. 3. 1) A
W IelThe sviekdedsaieviieistay e tlteq:d\ahae smliresmoﬂe iroinb st O‘f[tHedBnovery
demand. The 15 do

o GRESPh: LEPE DG OB TSty S e AL (e e R of cach
the fmbédwmu&aﬁ@&m WirBlog AR yaiees Op i drg tiesbwiafsaud inode for

val ues: Di scover nterval.,, and 0. D scov,

Ve apesip of Gt St g titeo ey WEdpvg SRPLIZ) TINPagH fhis window,
devi GESdevite SArRY &t 4 Bistd\Rry chanBoMORiRR i EcaRMBOnANRA b3 all the
device is in the discoverable node, it can stop

sendlqﬁglcéﬂfmdawvﬁfé’rl?%ﬂ‘i’ﬁ?sbeacon packets. The val ues
of these paraneters can be pre-defined as default

VapylemheQlirélass di&iceAistdis fhhgrobe feqapt! a@leéts cytbp/\tom hWheh she
the device into the di scoverable np

2008/95YI5¢ Zerep(Ss/A1sobY m&#mﬁet@pﬁm@% th% lvvé@éesa gindule verifies

st ay%hétrit &Q&sﬁ@%‘bo§@ﬁﬁth%g&e'&c@5t of- the discovery
i nterval does so by turning off its wreless

radi o. ﬁu the begi nni ng of each _Discovery Interval

the Wi paYiesdess deyice vapskiosverify # PEtReirRauesbiaket dtgandogo in
d‘lfférentawgfsr Bu i@dd ttnh q@etﬁ&&'@lmﬁtﬁal r&cﬁw@ﬁdéré%&g%he devices

ste ring this w ndow, devi ce parks at a
1av@t@i/@rtyeéﬁaﬂmvmmeéh F@%@miml y used by all the
devi ces for discovery purposes.

The probe request packet may be an IEEE 802.11 probe request packet. In
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



2) The wireless device listens for probe request
packets, step 304. Wen the device receives a probe

“m;gmm@ghmpacket,_optionalIy, the w rel ess noduweEr/us2007/017520
verifies that it wants to respond to the probe

packet. 10 If a wireless device wants to verify a

probe- request packet, it can do so in different

ways, provided the nethod is nutually agreed and

under stood by the devices involved in the discovery
priycébthe pFnib‘e e} aesp beckeTisevqumkleste;e a|01@sthe pareless dfmye bleecks to

an | est packet addj, ti o

packEFFe e b 36 RET SR TR R ARp s fapis? Bl cPept dicovery

I Nt eRbih@swOdtepl 5071 Ha0Y,ahé ppba rapret;u is hbasret ype aqfrobe response

device and settin T acke haye .t he

ol | BAFKR 1Y SEbrSHRRLT oh: BeBack the BRFless dtvics g ghaose to not send a
5 pack gfrotReeSHoHsE pacldt BtasI09, b AAdeatireResEiRmael usage and

( FF- FF- FF- FF- FE- FF)  SSI.D.. (broadcast SSI D 0-1 engt

h .
| E) 2otefesnes- bhouirelest daviay eplics jotheprone reguqskpaghst by sending

BSS taR6be AApHRE paba! sttp B Py fﬁ&xh@@d (h% pAcketifbARitadldRbntent are
Speci al |nfornat|on eratlon y di scover

r equeBetugily agreed m@b@%ﬁpo@l by thedevings injelvad @ﬁxe discovery

speci -7 WD 2008/019140
PCT/@%%QS% nggﬁ%b 3) If the probe request packet is

verified, step 306, the wirel ess device checks to
10 det erFHermobs responsg Pagkatimay b BOERREPO AL erobgarwonse packet.

(ﬁﬁfo'nhﬁ% thd P&E&t Ea &ﬁﬂ&m@ QWﬁfd{ma%ﬁ‘ ﬁpé’iﬂecgg% Rehtiohfof

e request honored and a probe response
respokdingite asiequerytfepa smlcutar txpevifgieyicelaad wettiage sThe packet may

}myghe%bﬁg?“%pggégmhgnnot send a 5 probe response

to reduce wirel ess channel usage and
interference. The wireless device replies to the probe
r equeackgldyestprolye wepriisagacketpr obe response packet,
step 310, provided the packet format and content are

15 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
20 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
25 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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mut ual 'y agreed and understood by the devices invol ved
in the discovery process. For exanple: 10 The probe

wo eROAS packet may be an | EEE 802. 11 probe rpSposHe7/017520

packet. Optionally, the packet can contain speci al
information to specify the intention of responding to
a discovery for a particular type of device and
settings. The packet nay have the follow ng
i nfornmation: Packet type: probe response packet 15
tRﬁgew&gi the aekébe&)g::wiuawgipirgﬂmf asscurient Hizeoweyiaerval, step 312,
e probe request), or roadcast address. (if sender
want $he devies gnes & thsrRavaspavy WO%\ng % ﬂn@b&%sa npt ggpeive or send
SSI Dpng phéied SSID (if available) BSSID: current BSSID
Eif avai l abl e) BSS type: ad-hoc 20 Ot her information
e.g., tinesta Speci al i nformation: eration type
- Bide &r&lycqvegé&@egath%wem gedre H’@G?‘gg‘?c Sperations ffom 1) to
conf isg\wigsd 72 FAe)fic information O herw se,- the
deélge deci des not " to honor the probe request packet
and does 25 not send a probe response packet, ste
Agtive Digrgy¢EY Medee probe request packet can be useg to
di scover a nei ghbor wirel ess device. -8 WD 2008/ 019140
APATWIRARENIAKSR D adfivahietovichemdids opsratiynsiisistown éx Pig: 8s
for the current discovery interval, step 312, the

devi oes .to the power save..
ot 108 gt 8RR AR HRTRY BBty e, O Rt
ddivize dvey thbifellowihg; the wirel ess device repeats the

operations from1) to 5 4) (steps 302 to 314). Active

([j)= ii ggsg{eyf ﬁl\,c%%gec@ﬁfgtl A .((s:a%%{ivg ﬁlﬁé@ﬁet’fﬁm:gf,é%%){é’m

rations I's snown

Scan (to actively discover other devices)

The scan request call may have the following parameters or use pre-configured

default values:
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.



Wien a wirel ess device wants to actively discover
ot her devices, the wireless device does the
wo adosewing: 10 1) Issue a scan request call (sptT/85i00¥€17520
di scovery node, step 400): Scan (to actively discover
ot her devices) The scan request call may have the
follow ng paraneters or use pre-configured default
val ues: Scan type: active scan 15 Special |E
(information elenent) information: (optional) 2) Wen
r eceirue pgabbheqmapamqm packtd forrhicand doatens ﬂlatraﬂuhﬂtually

T St o A R P A sramee

402, a period of tinme no | ess than discovery interval,
for axappite rédidst packet miag beiah024d pebe teQud‘m @acltdne Optionally,

f ol | f h. be |
oo RSP R PoRi OIS PR B CUEURE S A RSIIRE

dfsebveey 88T FaribulaBiypt bf Hbdcovhiiesetitgsd TheGack@ean have the
recei ve any probe request packets from other wreless
foJloyyipg infosmatiqne current probe interval, step 403, it

t hen. sends out a probe request packet in the

di scovery rabretighe: psdiredekt pddeer Wi se, the wrel ess
devi ce can choose not to send a probe request packet

L e R T T
PCT/U82007/017520 The probe request packet has a

packet f orSHD: ¢brdadoast $SID:t0RkehgthrIlE) nut ual |y agreed and
under st ood by the devices involved in the discovery

process. ARl HIEPIAMFEIRONRTI PRFKEL Y b

an 802. 11 pro request ionally

packet can contain special information to specify the
i ntenti on BYS typguadheqg 5 di scovery for a particul ar

type of device and settings. The packet can have the

fol I owi ng @ﬁgp{mﬁag%néggclggﬁesgm probe request

packet Receliver's broadcast address

( FF- FF- FF- FF- FF- FF)
Special IE:

Operation type — discovery request
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.

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

have the following information:

-10 -



SSI D (broadcast SSID: O-length IE) 10 BSSI D:

br oadcast address (FF-FF-FF-FF-FF-FF) BSS type: ad
whoms@idies information (e.g., tinmestanp) Specpet/ubio7/017520

Qperation type - discovery request 15 Oher optional

| ocal information 3) After sending out each probe

request packet, the wirel ess device remai ns awake and

|istens to the probe response packets from ot her

devi ces, step 406. It can do so by parking on each

channel t Padkestygie: probpirédpenseqekeaxse packets for a

perLod ?f time. 20 The probe response packet has a

acket

gn d und e??ﬁ”%%&grgga{q%gstsgg}x tsrt] %&drﬁe\g/sg ¥rhofqgé Sxeb%e request),

di scover y opbfadesst acﬂih’ésse(xtém‘pﬂﬁ. wankh & lpnf dllsa)\«reeablubnslédewces in

packet ma be an | EEE 802. 11 probe response packet.

pt i onal | ProXMEYhacket can contai n special information

to specify the intention of responding a discovery

for a par SSIDI anrdny SSIDf(ifdevilabde)and settings. The

gacket may 25 have the followi ng information: -10 WO

008/ 0191 S et type: probe

response %%i e%rg%éesﬁb&&%&lggg( uni ngt gddress

(to the sender of the probe request), or broadcast

address (iBSStypdesdbemnts to be discovered by all

devices in proximty) 5 SSID: current SSID (if

avai | abl e)omBSakdmativh (EBL tlﬁﬁﬂagm(l f avail able) BSS

type: ad hoc OQther informtion , timestanp)
Special | E:
Special IE:

Operation type — discovery response
Other optional local information

4) When the active probe period expires, step 408, the wireless device returns to its

initial state, step 410.

A timing diagram that illustrates an example of active discovery in accordance
with the first method of synchronization is shown in Fig. 5. A waveform 500
represents a device B, such as wireless device 14 shown in Fig. 1, in a discoverable
mode.- A waveform 502 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 -
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10 Operation type - discovery response Qher optiona
| ocal information 4) Wen the active probe period
WEXPBHSA40 St ep 408, the w rel ess device returngct/0si005017520
initial state, step 410. A tining diagramthat
illustrates an exanple of active discovery in
accordance 15 with the first nethod of
synchroni zation is shown in Fig. 5. A waveform 500
represents a device B, such as wireless device 14
S'gi‘ogﬂhﬂs%@leaeﬂ 1o lnsdéél tiat df BEQ\ORE able: probeleequistsvissreteived during
represents a device C, such as wirel ess. devi
ersoery inRw oo relesn LG I PIOSURY & At Gr e vice B
re%gﬁleg & PrSRERESesR IRV d&Rcd L idiriag daebiere wilicw 6\39ray1d sends a probe
mode. vice B turns on during a discgver ndow 512
reshprse at simeeliat Ere Brobe ERSRORSE QFVcﬁgr cPrY%qﬁ‘eSB?“seS from
oh{é&' QLvidds m%%ygﬁﬁg' 4t %E&}fﬁlﬁl)(teﬂ"aﬁﬁl Qed Ve @ IA‘.i tlln{b 584 the
ower save I'n the exanple of Fig.
admweacmb‘t pemdﬁdmnes,lazld devigg(C aiwas tQ i 4‘?@"8@?30@89?/ In the
eriod 514
BRGNS s 1EHEO TG on BN uisBol Ry BRI of Bach discovery
p?:ﬁﬁd hnd fsen monse save raods for thexgosénder pheackndisgsivery pREiAde e
tur an..act.i ?@&g
gr eat "r"“fﬁqla r?%trf? aCvE gbség‘r'e)?{' ggﬁ?’c"s éﬁg ﬁ{ éllﬁ?&el z edéui‘grﬁﬁ{a hge4§ -
rgép‘bﬁsé/t@reﬁdiﬂeewmdﬁ AdisHolaan 1a)Fagpﬂ active ﬂoge pexiod p22 of device C and
active robe 100
agupEopERead Saeof devite D TRinerghih Rty 26 ABBEL Wown in Fig
§5atév1§@ Daéa'ﬁbélg sépding pﬁ:ﬂielr&@estsrvﬂim it ﬂttec:tv devise € se'ﬁtlmg probe
active praobe |nterv 526 i s S ter .than the
TAUSSENB PYOR IREREYRLS e el Bt SR PP IE §1285 e vice C

ﬁé@c@ﬁ%eh&s Probe pdfidsts AueiAg 4 tdfat:tlﬁit pdobﬁ?bn@dh 84D ivhidhedoes not
pr obe request S i s received uri t he i SCo

avierldp active prohe peripd $P B SNGOPIRERES TeAUSHIPTR exdgvices are

CHNRR @ ¥ b
RS o i ERAT ot st v

psm;pcﬂﬁlﬁesxace 0o pmb532que“5t$efrqm ober devigerare detesiadda hess peobe
an
% ﬁhgyﬁg?%:og%ﬁénéthg 8? g%t e{he Q@SY: &zvlnﬂdmvg)%f Hb\tl?{es B,C

: save evi ce tinme 534 the
ﬂfdlD\a_ee potalyachrenized. expi res, and device Creturns to
t he di scoverabl e node. In the di scover abl e node,

MrR¢hé®2C turns on during the discovery w ndow of each
di scovery Y

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.
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period and is in power save node for the remai nder of
each di scovery period. Device D starts active

wolb@goyaly at tinme 540 for active probe peri odp&HEs1007/017520

10 response to a user request. As shown in Fig. 5,
active probe period 522 of device. C and active probe
period 542 of device D partially overlap in tine. As
further shown in Fig. 5, device D cancels sending
probe requests when it detects device C sending probe
DERIRE b thé\diBEGleey chdrdkl addstahawhkevepl6dd. wi t h t he
active probe period 522 of device C. Device D sends

rabe requests durin rt of active probe period
%43&%??3% (?gn%?keisgs%?@%p active probe period 522,

since no probe requests fromother devices are )
det ecAdstacon pivksempy bbani8i dil \beheon Peketcwitltspenial gnformation as

obe requests during active probe period 522, since
il

robe requests fromother devices are detected in
those probe intervals. In the discovery nethod of
Fi g. 5,Ré¢deiveriaddeye byoadicast@ddress (fleiFddsFBFRFFand D
are not synchroni zed. 20 Method 2 Wrel ess devices

wake “psé’lﬁ:gﬁg%?édﬁfaih%s@ﬁilﬁﬁ ain discoverability. This
a

met hod WS one W reless device in a group of

W rel ess devices in proximty to transmt . .
adverti B@ﬁﬁ?ﬁturp%k@dtge%mfithﬁgpwﬁélwélmaw [g¥ife sending the
achi evey S‘%E{;EB lzation. 25 Bootstrap node A flow
chart o 0 boot strap node operations is shown
in Fig. 6. Wien a wireless device first boots up and
swi t cheBSBdypchedibget strap node, step 600, the

wirel ess device turns on its wireless radio, step 602,
and f ol kousaitikrRagbst rap operations described bel ow.
-12 WD 2008/ 019140 PCT/ US2007/ 017520 1) Park on the
di scovery channel and stay awake, step 604. 2) Listen
for beacorPpuatier ¥pesthsgc®n6. A beacon packet nay be
an 802. 11 beacon packet wth special information as

fol l ows: SOMREBpiIHal Al RSSrmddibaadcast address
( FF- FF- FF- FF- FF- FF)

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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SSID: (do not contain SSID I E) BSSID: unicast address
of the portable nedia player device sending the
wdgRsomipacket BSS type: ad hoc 10 Speci al i nfErpagldo0norrs2o
Operation type - beacon O her optional |oca
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 tinmestanp, step
610. 15 b) Adjust the discovery window to be the sane
aS thaimﬁﬁ dﬁe{geara&hﬂellusﬁ'atésl’tmmdnfapwarqnaok ét@prdg'n@p) the second
it.ungil the cur dISCO
mesbsfi of gyr}%{%?‘@fﬁ S8 in EEE Tna Y td# fe ’es?“‘f pggvice A
SURRQE NitePdds gé%@@ 18 %ﬂovl:ﬂ)n ﬂé"ﬁ[ i Spassivl dlsée\fd:ngenddaﬂmdmhdmg
recei ve a beacon pac et wthin ce nmount
beace PRkSHa Wayesr® 74 epreseats S rBarch 25 &‘beéesé defide 14 in

FigI gclﬁ\éq;dbtgtﬁb%éfdﬂ DEEOA tiFns ondRiringeddibe)very) wirkdo@p712 which
hi s case, the device does the fo]low n %@é
isgepratesigach disearesy DsHed did. Bebyeepshscoysry\pindopsy ‘?qv“i isina

‘E&J’ sﬁoé n{yd% CQ¥e E%.g’%ﬁ§%@ﬂvd%§mé'r? %vm&;ve,ﬁﬁzvﬁ:lezA s@ﬂc@ a EUAgon packet

exit the trap operation, step
axﬂnmﬁémmpﬁab@@ﬁspusmﬁn@uew@mmmf Fig ﬁgthauda@pamytwafiow 712is

léélz%ﬁfjra 25%8%&@@%%88%5%26% mlgeording to the

Froni zati on as shown in Fi 7, a
wav e Devive B Bas ispwirsiens speratigyiuceed/on atsimh 72 and hetersfor a

devi ce 12
S ASPOU e Finche 2 Ralal Mot o8 S g
pén%fnllﬁ aBleaSlkajsfgraa aMtheBBG@edyepemmi 1 amd ﬁ'eﬁiégbly 15 abowt three
ootstrap no VI.Ce | SC
R S PR, | 8¢ VB APt R R o BLPRRHnY adjuss
ité %ﬁemﬁﬁﬁff@&amgl AN RIoYeryl windns, to Epvdheenide withi device A Then,

power save node 716. During each dlscovgly q
dgwige Beswitches tpsthg db%ﬁlf?fﬁ"%ﬁa{ﬁ‘k‘& at time 732. Subsequently, device B listens

for probe requests during discovery windows 734 which are synchronized to 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.

-14 -



10

15

20

and listens for probe responses. In the exanpl e of
Fig. 7, the discovery window 712 is 100 nsec and the

wolb®savaly period 714 is 2000 nsec. 10 Devi ce Bches200%/617520

Wi rel ess operation turned on at tinme 720 and |istens

for a beacon packet during a |listening period- 722
beginning at tine 724. The listening period 722 is at

| east as great as the discovery period 714 and

preferably is about three tinmes the discovery period.

A) At tife bégihnirdesf eaeh Bisceveryasroalpiheoxirelgssalegiceamakes up from

adjusts its internal tinesta%% aﬁd diPcoveL dw%gdow 1t
t o RMERAYRIMPde RPE AHrgRon ds WATCleps afiaptqisfog a\peppd gt time equal to
SW the mascdveryt Wandbv Csteie86 | Buriglthigviidowg thieevice parks at a
Subsequent |y, dev'pﬁ,B Iisteps fﬁréfrgb Lquﬁfts
durdisgpvarseneel Whichdpsemments, e Ry ldbe SrUEFHIoF Sisgovey

t hepugbsegovery wi ndows of device A Discoverable -node

20 A tlow chart of Method 2 discoverabl e node

gperations is shown in Fig. § ~1)_ A wreless device .
3N Thtudeless ol Seina i gk o fmAdihine e Sith specific
deviviglessl@@acds) and Oktef¥or@'bedsin p42kbE siep 88Uscover abl e

node, step 800. 25 This request may have the foll ow ng

par ters or use pre-confiqured default. valyes: .

Dy Eikeagon Rl recstiet Sop Sfvine? T Wirbles+ Mpffigigees this packet
2008/ 4495t 46 imeral/BA16tan{p] <ep@08.2) At the begi nning of

each Discovery Interval, the wirel ess device wakes up

fro ower save node and turns on ifs,w.reless ada r .
o OHPREUEof oo e Qg ar i e BF DR BT i Ao, In this
St ePas8lihe WavdlEdiOnbdiils serds dava bedvenPavkapstpmBkE at a
di scovery channel which is commonly used by all the

BablERadt DT hindal PR oy S i B et reaues

Wi t Badkie®s; klep®20Wi r el ess devices) and |istens for a
beacon packet, step 804.

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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I f a beacon packet is received, step 806, then the
W rel ess nodul e uses this packet to adjust its

wo Bdoghalo ti nestanp, step 808. 10 Otherw se, ap®E8SMI7/017520
packet is not received in the back-off time, step 806.
In this case, the wireless nodul e sends out a beacon
packet, step 810. 4) During the Discovery Wndow, the
wi rel ess nmodul e al so |istens for probe request
packets, step 820. The wirel ess device may verify the

I ecejfyRIwRRRISS mddaldimasaopetany @ﬁpbesrtsqmasekpackeﬂ_ér acon packet
mat chi ng the foll ow ng. information:

cont & the wrent| dijeoxery “%W@%Bé‘ﬁrogﬁﬁﬁsg%n Jise pa8kdlH sent ou, step
( FF- gy FF- FF- FF FF) BSS type: ad hoc Speci al

informati on: 20 Operation type - di scovery O her

optional | ocal information

| f
pr obdhe @m}:@g@sm% packeg 3y bg ?2]:'8'62 Srp(% € resgon@g g)agket with

s Ppackebecia infofthatiéihs follods: 824. Ot herwi se, the packet
IS a probe request packet. -15 WO 2008/019140

PCT/ US2007/ 0175 If t r.el e t t
any pr oREFHEE ﬁ"seés St&ddf?é%@:}nggacke rﬁsFﬁ? >en

current discovery wi ndovv, then a probe response packet
IS sent SO, (d6 nepcoriaia. SSIDAEYPr obe response packet may
be an 802. 11 probe response packet with 5 speci al

i nformat.j asfoII

-l e PP SR ot s (HINE W{EJqsPANIES KndbipRETRONe response
SSI D | Ei,adiSSI D: uni cast address of the wirel ess device
sendi ng the probe response packet

10 BSS type: ad hoc
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 the 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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10 BSS type: ad hoc Special information: Operation
type - probe response Oher optional | ocal
wo ndosipate on Ot herwi se, the wirel ess nodul e hasceUs®agy17520
sent a beacon packet or has responded 15 with a probe
response packet. The wirel ess nodul e does not send out
any nore broadcast probe response packets. In
addition, the wirel ess nodul e accunul ates all received
probe response packets fromunique wreless devices,
Adivek Pavé&sery Modei n i ts nei ghbor wirel ess device
information list, step 832. It can return this list to
t he W filelvehart o€ M/éth@j 2 ahtivehdiseovaty modeoperpon is shownhe Fig. 9.
appl i cation upon query. 5) Wen the D scovery W ndow
ay pAneiselest dayidd3dvitchbetothe ettbesdistmvieryempde,staps9 0 on demand.

e .nod 836 until the next discovery
Inﬁg?/ﬁ‘ﬁy%tdgf’ @‘ fsé gns 2) to 5) are repeated. -16
WD 2008/ 019140 PCT/ US2007/017520 Active Discovery

5 ModBsée & astivehtisdovedfy iegadsod 2 active di scovery node
operation is shown in Fig. 9. 1) A wreless device

sw t chege 04§ DG RE) kGl SRY fLYagde. step 900, on

demand oes t OW ng: 5 Issue an
active di scoved)Z{l request Scan (to actively discover
@ h&he carelese sjoduje Fhiss mtrléhéggxtmngmmﬁgwmr}% Thsa the

next it RS ¥\¢i0¥ QQ}(Qsd!?#Vfrée po w-gpg‘ﬂ'etnq@de Md R its wireless

1'ce vva r save node and turns on
i t s adapted fes 8 peadch pf tmefegnaleto ey Disgovdry tW insloag stgp 908
the Di scovery Wndow, step 902. 10 3) In the discovery

10 V\.’B e? iﬁ[l c{lpc%a@%{:\ﬂr@%g' r@le%lqgl)ﬁﬁlg %égtﬁ’ﬁfe%%(aﬁbﬂﬂmtghﬁe

I oNns covera
904 ppératibnsidesgribed inlthe tlsno*feuabla mebdsestep 804, including:
packet ,

a. Listen for and send out beacon packet,

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
-17 -



10

15

20

25

30

b. Listen for probe request packets and accunul ate
nei ghbor device information, and 15 c¢c. Respond with a

w@tepeivgsponse packet when needed. 4) |In addigdQ0s2007€ 7520

wi rel ess nodul e sends out a probe request packet, step
906. The probe request packet may be an 802. 11

br oadcast probe request packet with speci al

information as follows: Receiver address: broadcast
address (FF-FF-FF-FF-FF-FF) 20 SSID: (do not contain
SSID | E) Bg®ridptibnalddeAsifondaticss ( FF- FF- FF- FF- FF- FF)

BSS type ad hoc Special information: Operation type -

pr ahe uest 17 WO 2 / 4

& e SEE P s et RS KRR Rdad fad probe
ac Cﬂdﬁpdnaé packetd fromamiyedwielassodeviges,cind saeqsutbsm iant nelghbor

pr obe onse .packet romJgi gque W v e
andwggl\? %) f(ﬁﬂ}altlgnilé[ é}?&?:dg ; G| T égn hget $IfERireless
I Nf QEWBE, ivetiich irBturn sépRitts 19 the dpbllez&ibanqionrqmeMI s list to
the wireless 5 service, which in turn reports to the

catj on uery. .5) Wien the c nt di scover
0 PR b dspierd pindowt ety Sb SRDUTR SE RERHES o the
I ni itnlitadl sﬁt@@scbdeebmwégl €epOUE), step 912. A tining
dlagran1shomnng wi rel ess devi ces perforning passi ve

di scover act.i ve di scovery .as S

wav eﬁo?#“fo‘%@gﬁagb?}e)s‘%ﬂg P Z dxv‘ﬁ\es pselﬁg "““éélpgdg’é ed\%gc’g ééy and
aé{g/eécﬁ%etyl’hsrﬁhgwn]m Figl 1t0heA diasefonarldDeeprosimtadelice A, such as

sendi ng beaco

oo BRI T R AR R .

' v}aQefomel(ﬂQSGIS}‘é%rﬁbﬁ BeviBEB, sunth a@%rél@sﬁdieﬂ@:eh@ashenm in F1g 1,in

packets. A waveform 1014 r resent d
thedisgoverablsmads Pe%n%seeﬁ'&&%%?wnmaﬁ ‘? A }?{X‘Ié"(c:fgméow represents a

dg{uéﬁ @V Slich AQPRelefXHE& 16/ 5HMAR Fg. Qeﬁgﬁlx&&ﬁg&ive%bﬂ@ Device
each di scovery w ndow 1020 and l'istens for probe
A sends a beacon packet during each discovery window 1020 and listens for probe

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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15 responses during the discovery wi ndows. Device B

listens for probe requests during each discovery
wobngow11920. Device C switches to the active piEo9087/¥17520

node at tinme 1030 and sends a broadcast probe request

at time 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 from device C, because it is sending beacon
itsARedHR0E dedic€ hfermeationdisei tedn beturethichist@s thit disdvoennesat to the

t he di scovery w ndow at tiweq%040, active discovery
uppRERY S HES PEAPRICALER, Higauestehe passive di scovery

nmoderhAwireleeyfevide Edntuse tdinf@aedtionflfraie iewsghhor Beaied C
_lListens for probe requests durLﬁg a%gchro izg% devi
infarmagion ligt (i s5tadlish Dshrogizetion WiHT$,8REPVELER B THEFRITOT2

for thewiei®s Be\Gte Rfayhafe aidaging Eanction 1o expiteistdi@Adirelbss device

the exanple of Fig. io t he_di scovery w ndow 1020 is
infymatign entried frome itaneiebberrdevissrintmetian lists 2000 nsec.

Cache and Uilize D scovery Results The wrel ess

devi ce accumul ates recei ved beacon, probe request and

probe 30 response packets sent fromother wrel ess

sg%‘ﬂl%ﬁorﬂl%&m’&ﬁedthe device information in -18 WO
07/ 017520 its nei ghbor device

i nf oL HEAN lihfotmatidn EcHiaih€d i the bBadon| pfbeasquiesand probe

di scovery result to the _upper |ayer seéyice or Th
respyise paekeasnicar be kgrrsented in thedoypataf @adnfgepption elgmeptdE). The

LBL. Qe PisRES PP eMidbE: lehpthQhfBMnaB6n. The

Ié!%ﬁﬁﬁégégggg?ﬁgﬁ%ggkgﬁfghizatipn.mﬁth a gig%overeg ?
wiietes$ dedcelean emsionslly nely winths epesial nforpatinnelement tg gontain

iDL BE HlRAkihg SRUBLGE 5l Wifrtbdighias devi ce
ormation entrres rrom i ts” nei ghbor device
i nf oFoatxanplej the spSpadEalan leitherrusgta wiquel IEH or Biraistomer 1E ID
special .informt. o [ '
(SRS 25 BB B2 ol UAaRERRA 0P 2R 0Lt e
compimtenteitlentifititelff or mat of an i nformati on el enent
(ITE). The IEis a type-length-value object that is
used to carry variable length information. The

W[relr ess dévi ce can tonal Iy rgl the ispeci al .
i ifl5rht i on LeP&hent 8gﬁcont ain QU Type'® PBtier Thformation
(1byte) | (1byte) | (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
| OUI)

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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i nformati on for managi ng di scovery and

synchroni zati on. For exanple, the special |E can
wehdoBeforuse a unique IE 1D, or a customer |E IgT/8$2007/017520

(e.g., value 221 defined by |IEEE 802.11 standard) wth

a unique QU and QU type conbination to identify

itself. IEID Length QU QU Type OQther information

(1 byte) (1 byte) (3 byte) (1 byte) (0-249 bytes) 221

8..253 (e.g. 00-50-F2 (unique QG her information for

M crosaft Bey@nue Wi th for discovery the same OU)

The special information el enment can contain the

fol | opd AgoREE&EHISh dndBe bedompaRpiag digwiligs poordde exanaples of

synchroni zation: 20 Operatjon type
valugy for yeHoyps RAAPEITEe S“°I1935\M§“26 ”ﬁﬁeéir&ﬁ afFbe uh iESd e

\F G VaHRe AP/ %1@(11? By inay of R&AMPIE OHlIP and éenoll @5 &y Py dimidnglas to the
Te acconpanyi ng drawi ngs provi de exanples of values
séape of dre lousntpmr amst ers, such as timng paraneters. It
WI H I-Exw Léentﬂ% ﬁés?: Q@eral%kmtsvﬁidﬂfeis%& &hv&ﬂrﬂéﬁt dﬁhls
ex 11 arenotlnanyvvayllmtln to
lﬁ\hﬁtloﬁi 1sxsclp be @bplteheltqdrmwufs alicratipRs, ﬁg)demxogg,s%xflllglggpvements
lﬁver EreCttﬁo sk?l edI 1?1%&& ar?N§uIRdAdiBi3! mebifidatiéns, and
wil Feadily §5© appr eci at ed vari ous
lﬁbfcﬁléﬁfehﬂl’iﬁe mmntleﬂno zbb ipertof this dlSPWerﬁv@rﬁeﬁ’PsmeW?q to be within

readi.l y occur those. skij t e beripti d
thg ipé?ta%}?dosr‘fgpe ﬂt& fllmée 1°0ns, CCS d'l‘ gl ! n%?g\%%emg sy ption an
drilings e Byowhe opeaxamplé only. s d| scl osure, and are
i ntended to be thin 10 the spirit and scope of the

i nventhatis claunsd & ngly, the foregoing description and
drawi ngs are by way of exanple only.
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What is clainmed is: -20 WO 2008/ 019140
PCT/ US2007/ 017520 Cdains '"1l. A nethod to operate a

wokdogheaso devi ce in an ad hoc network, conpri Spagus2007/017520

operating the wireless device in a discoverabl e node
to enabl e di scovery by neighbor wrel ess devices and
to di scover nei ghbor wirel ess devices passively; and 5
operating the wireless device in an active discovery
node to actively discover neighbor wrel ess devices

which are in the active di sgg ery node or the
di scoverable node. 2. A Sas defined in claim 1,

further conprising: operating the wireless device in
1t he @i metvdnabpaarndwirdiess deyice ol acaMercynetworkycompnsiog:
a periodic discovery interval; and operating the

wi rel ess..de ower s
i na Cppvgtlg%ﬁe w1reles ({% ce m & cﬁg/c v gresxggéée {&;erfﬁﬁleeﬁl\s/caﬂvery by
néigh¥or®irélesh dwmiefand addlsccwet Ineugl'rbdr wizblessedaviens easgively; and

the wireless device in the discoverable node

gg\r/‘r‘lp E)Iggli,eaglpg ihS &vﬁ%l@lssn@e Rk & d'«maa%h?e 8{506%% \((}Md%'t@ S8tively discover

AVEESVery Wi n di scovery
nkighbotvwireleks ddvicisivehiloarepn mlhreaqtn'q ulwbvgaon@desordbc disgoverable
the di scovery window, if a received probe request
ket is verified and no probe response packet has
been sent in a current discovery w ndow, sending a
2pr obeA nespensalefined & clabntl afurthegcom@prisidgnt i f yi ng
i nformati on; otherw se, not sending a probe response

P ZS K eotl%lé? 1'}]% tl?@ GhRldsd ge\ylp‘?m\/\fhE QLS FerdbiY! 'n‘f(?de' durfhgPPdéovery

I ng an I'nactive portion of the periodic
vdh&@@‘oéa)permderdraloven-y intgrvedt dmld as defined in claimi,

wherein operating the wireless device in the 25
act V%e‘rje{nsn%‘iﬁ@ ()\Xrefggg QeVvict® 5§§\§Iér save mode during an inactive portion

of the periodic discovery interval.

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

discoverable mode comprises:

turning on a radio of the wireless device for a discovery window of a periodic

discovery interval;
listening for probe request packets during the discovery window;

if a received probe request packet is verified and no probe response packet has
been sent in a current discovery window, sending a probe response packet containing

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

operating the wireless device in a power save mode during an inactive portion

of the periodic discovery interval.

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

active discovery mode comprises:
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-21 WO 2008/ 019140 PCT/ US2007/017520 turning on a

radio of the wireless device for an active discovery
w@g080M140 N response to activation of the actimer/us2007/017520

di scovery node, the active discovery period being at

| east as long as a periodic discovery interval

utilized by discoverable wireless devices; 5 sending

a probe request packet for each active probe interval

of the active discovery period if no other wrel ess

devi @enilgsn aaatdiodbMhebereleesdedte forakattieadist@very perdod, in

current prohe interval, .the active probe interval riod bein
repRANAE S pEMVREPN Oh s astiyf dSEvETY MR ACBYe figEovery pe 8
atdbAE QVRhBRL § patibicafiscoVen/ ifREval hitiikabygistoveralie oiiretals

probe response packets received during the active 10
dejiegsovery period; saving informati on contained in each

of the received probe response packets; and returning

to t hedslicss prdeabl @ sipaRetae Badhhitive probe iflieswad vEthe active

period expires. . A nethod as defined?in claim.1 .
diserveRe perigshis Mo they: witeless devicRdiag fent amtab g regpest packet earlier in a
Wi bt iHRW A Ethk Acli FSPHOBE htéi9aPdihy Mdrlh titin adisedv@spwindow

operation; |istening for a beacon packet for a
ofthecliscoeerablenwirelpss devireticon packet is received in the

specified tinme, adjusting timng of a discovery

Wi Nd@Wehihed6r RIcERRE gmmet BsmsapRIKRsTet @ ¢&d d@ithg thetablive

beacon pagket; and 20 if a beacon packet is not

diseodry periodi t he specified time, sending a beacon

packet. 6. A nethod as defined in claim1, wherein

oper ahiAg idfBm¥MiSrEt SRAneeM &h iob tHeYeceided frobe rédpbsise packets;

node conprises: turning on a radio of the wrel ess

agévi ce during a discovery window of a periodic

di scovery interval, in response to activation of the

di sc QXﬁHﬂQ% € HRABscoverabld mb&Wvheh fhReracAvdarceverp peRed expires.

for a random back-off tine; -22

5. A method as defined in claim 1, further comprising:

turning on a radio of the wireless device in 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 ofa

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.

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

2

discoverable mode comprises:

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

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

listening for a beacon packet for a random back-off time;

-22-



WO 2008/ 019140 PCT/ US2007/017520 if a beacon packet is
received within the random back-off tine, adjusting
wo 200 1400f the di scovery w ndow i n accor dancepi/tigroo7/017520
paraneters in the received beacon packet; if a beacon
packet is not received within the random back- of f
time, sending a beacon packet; 5 listening for a
probe request packet during the discovery w ndow,
saving information relating to received probe request
packiglabieacqnpliciet ia rgvedled wishipahs mndamkteickidff titme, adjusting timing
ot B85S SR lane My B B IR PRER BB pacer
and operating the wireless device in a power save node
dur i ifg wacempadkievs noordceived withinthetrandqra badddoff time, sending a
di scovery interval. 7. A nethod as defined in claim1,
begken ap gperating the wireless device in the active
di scovery node conprises: turning on a radio of the

5 Wi r eligwsingdut € probereqgsepatkeadrgthedisdovery fwindow;
periodi c discovery interval, in response to activation

O iR B lRGENERY W REIved broRallh g padfpadcast

reques I scovery wn omr savi ng
i nformation contalned |n response packets sent by
ot hesendingé es@edespogeﬁspaqkﬂt e wirsiess devierehasned a%fﬁg"t probe

S SR o AREL AHOG IR dtkbL§ndioul £ 1 1 2

save nD ng an 1 nactive portion
peri odic dlscovery interval. 20 8. A mnreless deV|ce
conpropsiatigg theawirelepudéviee inanpaesr save mefe durpg ap inactive portion

reIe %’ IIy connected to the conputing
10 efﬁ?g%ghgﬁ %k? 58%% 1o, the wireless nodule

conprising a processor programed with instructions
7f or A aRthAO 20BShed d1deinpCTwhiszoDPaTAtiEthe WiFrdgsadeige in the

aatnve WséoJe?f%oﬂ@\éb&SmE& a di scoverabl e node to enable

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

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

operating the wireless device in a power save mode during an inactive portion

of the periodic discovery interval.
20 8. A wireless device comprising:
a computing device;
a radio; and
a wireless module logically connected to the computing device and to the radio,

the wireless module comprising a processor programmed with instructions for:
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by nei ghbor wirel ess devices and to di scover nei ghbor
W rel ess devices passively; and operating the

woMdghBIH device in an active di scovery node tgEcT/us2007/017520

actively 5 discover nei ghbor wirel ess devices which

are in the active discovery node or the discoverable

node. 9. A wireless device as defined in claimS8,

wherein the instructions further include instructions

for: operating the wireless device in the discoverable

nmode dur i Bferatifig ROViRElss dediosiin d@h\scof/elabhenocbﬂiomnable discovery

dlscovery |nterval and t rele

in abpBwehd AT evd‘fﬁs|aﬁg ' 151;(%/56{“:\;6 Dot rlg%ﬁéj&wfl &S
the pasivil;andi scovery interval. 10. A mnreless devi ce
as defined’in claims8, mhereln the instructions for

operating the wreles V|ce in iscover .
node i ncl QBEHAS e WitF F\% efvb‘f'e ) afﬁ}'?}?ﬁ&mgﬁy frﬁ)gi eﬁ%actlvely

for alsgb\?&q‘)\é?gh‘boww% aévidespatiic dicCindhs acrirerdiscovery mode or
interval ; listening for probe request packets during

t he &%@WF?WWGW if a received probe request
packet is verified and no probe response packet has

gbeen Asqitelds§davies/ad @finediis cRIARBY whicretiotie instnatitiogs further include
probe response packet containing identifying

instruetionstfiobn; 20 ot herwi se, not sending a probe

response packet and operating the wireless device in

a POWpkrabial thdikeledsiaevige ﬁhl’tht dacoversblp aiddeaturingfa dismvery
periodic discovery interva 1. Awreless device as
VG@@‘P‘ﬁQﬁalpﬁ“ﬂh&lq‘ﬁ"g"eWw‘B?eé‘(aiH e instructions for

operating the wireless device in the active discovery

node g@?dti‘rh Qhé REleldss Hbwios i Dpoweravd oo Rtiag ahdaactive portion

PCT/U 2007/ 017520, turning on the radio for an active
HsFEEy “}tﬂ"’f‘]gsponse to activation of the

actlve dlscovery node, the active di scovery period

e NoA irdi@BHevite ab @Bfné@binalaiffes,iviekireindhs imstractyons for operating

Interval utilized by dlscoven?ble gnreless dqylces
the wireless device in the dlscoverable mode include instructions for

turning on the radio for a discovery window of a periodic discovery interval;
listening for probe request packets during the discovery window;

if a received probe request packet is verified and no probe response packet has

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

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

operating the wireless device in a power save mode during an inactive portion

of the periodic discovery interval.

11. A wireless device as defined in claim 8, wherein the instructions for operating

the wireless device in the active discovery mode include instructions for:
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thgjag iy SO VEEY Modedkp priaee
pARJdi NG LcdvRrFintrThiButi YRR b disdolErableSkireleds dbyscebur t her

sendi ng a probe request packet for each active probe
interval of the active 5 discovery period if no other

woOwRdogh 83§ devi ce has sent a probe request pack&iT/us2007/017520

earlier in a current probe interval, the active probe

i nterval being shorter than a discovery wi ndow of the

di scoverable wirel ess devices; |listening for received
probe response packets received during the active

di scovery period; 10 saving information contained in
eachyhink B thefio/fE aprtite dREP@NE Peried; K kSponsetd activation of

returning to the di scovercﬁgéfge%% eeg%égéggq‘%%g{qggasa

Include instructions for: 15 turning on the radio in
el ess erat.i on;

response to activation of wr . O .
| i st SNGNE § probg rmmc%a%sammae 5{%’& iptepypl of the actiye

dRcRRAF PP B lothetr Witdl@ds\Reidemab B@lt%ﬁﬁﬁfbé_ teqdedtipatiet earlier in a
(0]

adjusting timng of a discovery w ndow in accordance .

cwgrartt Pprieantsral sthe aedya rgbs interal being Shpriss dhay @ digpRyery window
oiathg

kitelbss &Q{ceg;ecei ved in the specified tineg,

gﬁschOeﬂagﬁ : .
sendi ng a beacon packet. 20 13. A wireless device as
defined in claim8, wherein the instructions.for

oper Yistening foneecqived peehe rgsrAnse PacketsHece ved - duringihe gctive

dg@@@,&ggg&ge instructions for: turning on the radio

uring a di'scovery w ndow of a periodic discovery
interval, in response to actjvation ofg%he )
di scevdpainfermying cantaipedhingich of the geetvespiobe pesponss; pagkets;
gndom back-off time; 25 if a beacon packet is
received within the random back-off time, adjusting

timng of the d[scoveré wi ndow in accordance wth :
par amemanag fothediscoxerablramodrewbemths a6k ¥s discovesy pggiod expires.

2008/ 019140 PCT/ US2007/ 017520 if a beacon packet is

190t ILGHIYRE dWitOhddéfivRdriaRe@m §) FHerdih thd insBuctivns durtiger include
.a beacon packet; listening for a probe request packet
inruchens #8 di scovery wi ndow;

turning on the radio in 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 a

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.

13. A wireless device as defined in claim 8, wherein the instructions for operating

the wireless device in the discoverable mode include instructions for:

turning on the radio during a discovery window of a periodic discovery interval,

in response to activation of the discoverable mode;
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;
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saving information relating to received probe request
packets; 5 sending a probe response packet if the

wowdghess devi ce has not sent a probe responsgnesHeinzs2o

or a beacon packet in the current discovery w ndow
and operating the wireless device in a power save node
during an inactive portion of the periodic discovery
interval. 14. A wireless device as defined in claim S8,
wherein the instructions for operating 10 the

Wi I alf @ peacifipaeRet i8 nbheceivtd withili heemsdom badeoffitzheidending a
instructions for: turning on the radio during a

begraiy Y Wi ndow of a periodic discovery interval, in
response to activation of the active di scovery node;
sendiifigniag 5610ap0B6 Fequestymsketpaeikg tthaldiscangry dndow;
di scovery Wi ndow savi ng i nf or rmti on contained in

reque
operating the Wi rel ess deV|ce in a pomer save node
dur i sepding a praxbb irespopsrr packet if tfe winelesredevirsi hnsaios merpyobe
i nterval r. aggy

regpqnie PAKS! 8 E? |b8?1c°nf%%r° f(egti’é (rglget i ng nf dg@ng&%% per at e a
Wi rel ess device in an ad hoc netmork conprising: 20

oper aperagng the \wrcleiisedmn@en iagewen savedhedoderinhaminggiie portion
{tgl %}\?éﬂlcscorvelr L nei ghbor wirel ess devices and
€ grae REFgHBO vanreless devi ces passively; and
operating the wreless device in an active discovery
14r0de At wireless d@hgﬁ @i dafmedin pleiny Bbwhergin tlednsirygdipng fog operating

whi .c in V.
R L .

as defined in cla|n115 wherein operating the

VVI r eltmmgctmmhe eadin dutieg didiscoveyabindowsda resiegdic disepvery interval,

008/0 914 CT/.US2.0 turning on a
in ?&P‘H‘SS O pHLVANOP Qgée < ew%%:sgz{{ %E&’%’l scovery w ndow of
a periodic discovery interval; listening for probe
r equesidipgalbedzicdstrequgst prekeli ctm:mgethty digcorcrmyywindow;

saving information contained in response packets sent by other wireless devices

in response to the broadcast request packet; and

operating the wireless device in a power save mode during an inactive portion

of the periodic discovery interval.

15. A computer-readable medium programmed with instructions for executing a

method to operate a wireless device in an ad hoc network, comprising:

operating the wireless device in a discoverable mode to enable discovery by

neighbor wireless devices and to discover neighbor wireless devices passively; and

operating the wireless device in an active discovery mode to actively discover
neighbor wireless devices which are in the active discovery mode or the discoverable

mode.

16. A computer-readable medium as defined in claim 15, wherein operating the

wireless device in the discoverable mode comprises:
-26-



10

15

20

25

if a received probe request packet is verified and no

probe response packet has 5 been sent in a current
wolk@dgowesy W ndow, sending a probe response pagkets2007/017520

containing identifying information; otherw se, not

sendi ng a probe response packet; and - operating the

W rel ess device in a power save nobde during an

i nactive portion of the periodic discovery interval.

10 17. A conputer-readable nedium as defined in claim

15, \hHBAELA a@REbAIFitRgwirbiss dévied fos 8 dileovery wimdpweof a periodic

active discovery node conprises: turning on a radio of
dlfq‘?é’ewlﬂ@lr\é%s device for an active discovery period, in

response to activation of the active di scovery node,

t he RGédiMg foli Froby Riqyesiguackals berdimgthe dliscorerytwiadovong as

a periodic discovery interval utilized by discoverable

W reless 15 LS &S5 r
SRR f o e AR PR AR B pcket s
béi'n%@ﬁ)t\&ﬁ aycupeht ddcovernovinddversending Iaezsgbed@sp(uge ipacket epptaining

pr obe re uest packet earlier in a current probe
mFﬁ?%ﬂ%&ﬂ’° OBctive probe interval being shorter than

a di scovery wi ndow of the discoverable wreless
devi g@ierwidf, ndtstmiihgg prabe respmsy pakket;@bd r esponse
packets received during the active discovery period;

;?\é'bgg?r'éﬁ% %%%% e8s c?éjvtic% 8T dviktr S mBhe B&?né 8¢ fla¥fde portion

returning to
ofliheGreyiodizllicovereinwireal. the active discovery period
expires. 25 18. A conputer-readabl e nedi um as defined

b 0 Rl T L PR Ssain e

wWindkse dedict hetheiacelediscodary cedercompsisemse to acti vation

of wireless operation; listening for a beacon packet

For a 2 ?egcoxﬁ !cl?agdlo 'yfBie wireless device for an active discovery period, in

response to activation of the active discovery mode, the active discovery period being
at least as long as a periodic discovery interval utilized by discoverable wireless

devices;

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, the active probe interval being shorter than a discovery window

of the discoverable wireless devices;

listening for received probe response packets received during theﬂ 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.

18. A computer-readable medium as defined in claim 15, wherein the method

further comprises:
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i f a beacon packet is received in the specified tine,
adjusting timng of a 5 discovery w ndow in accordance
wovdoBoppaginet ers recei ved in the beacon packetpcgoskobior7s20
a beacon packet is not received in the specified tineg,

sendi ng a beacon packet. 19. A conputer-readabl e
medi um as defined in claim15, wherein operating the
wi rel ess device in the discoverabl e node conpri ses:
turning on a radio of the wireless device during a
di scRwahY oniatddw offthawirkRspaevictinreshonso ueadgtivatiom pf/wireless
in response to activation of the discoverabl e node;
ORefadtoBni ng for a beacon packet for a random back- of f
time; if a beacon packet is received within the random
backhgéding iftea badph packey fariandpegifiedftimdie di scovery ‘
-wi ndow i n accordance with paraneters in the received

beac acket . . |f i : k¥Efe of
wi t it PRET RiskehiogGeal AR TP A5 Rled G il fE kg of o
diseskey windost Bnidegrdance withpaiaeneters uewiveddo it beagon packet; and
the di scovery wi ndow, saving information relating to
received probe . reque : I.AG; b8 a b Ket.
Feepirot Rt RERCF PR belRE A B DA%, BLRAY o beacon packe
probe response packet or a beacon packet in the .
12.ur r An¢omiprgemreadableimedown asdefikd iostaimy § 53 gvhergin operating the
Wi rel ess devjce.in S e during an
wl“ﬁ[fé? 5%‘8‘”-%‘6} F(;%ﬁscog?araﬁl}%\g%pdgr%o |rE:EQ%i scovery interval .
20. A conputer-readabl e nediumas defined in claim 15,
wher eirningper atadiuof the wivdless/device dating @ diseovery viadpyeof a
di.scovery node conpri V[T pTo R L eRibit Bfode:
Pl oEF EEES Y DN ANT R Panes Bl ARt BRLASL0lS fifoae,
periodic discovery interval, in response to activation
of t histeaitg foe adeawonvecketforie randopgbask-aff 9816919140
PCT/ US2007/ 017520 sending a broadcast request packet
dur i ng, L0 JILRE0M §E Yectived QifhirS i AR bAEKIBEtRfle, adjusting timing
contdlned 1 n'response packets sent by other wreless
oflehd dismveiynwindopoimsscordandeewith parsmesers inthgaseei yrsheageon packet;
and operating the wireless device in a power save node

duri Pa %Qaéog%%ucéﬁs R&Y xjei:éwed 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;

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; and

operating the wireless device in a power save mode during an inactive portion

of the periodic discovery interval.

20. A computer-readable medium as defined in claim 15, wherein operating the

wireless device in the active discovery mode comprises:

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

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

operating the wireless device in a power save mode during an inactive portion

of the periodic discovery interval.
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