W RELESS SUPPORT FOR PORTABLE MEDI A PLAYER DEVI CES Technical Field This
invention relates to wirel ess networks and, nore particularly, to ad hoc
5networks of wireless devices that are in proximty to each other. The
invention is particularly useful for portable media player devices, but is

not 1imted to syilerieys SeppORCHORPORTARL B MEDYRIIA YR THPREGICt vOr K,

one or nore wire evices are associate a commopn W rel ess access
poi nt, which may be connected to a wired network. Comuni cati on between

wi rel ess deyi ces i%, hrough the access point. Such operation is known as
t he infrastzéﬁtﬂﬁé—@ﬂa1 rati ng node. The | EEE 802. 11 standard for w rel ess

| ocal area netwo . i f i i n which
Wi rel ess devi cesTégmHggg gﬁlgﬁocej\?tﬁf%évfn% E%&ggﬁ’%gﬁgﬁét@%ggogﬁgﬁﬁse of a
wi r el esss acaeswripoifiwirgessaleviceethatnat woptoxintioneweach othar. oFlieinvémsiooper at e an
ad hoc network, the wiseless vi ces require nmechani sns to, di scover other
wirel ess deV?‘E‘églaHﬁ uﬁ?i{ikéoﬁp?ﬂ}%ﬁ?@’@ RrlayrE devdcesshult P@W%‘G“rﬂf@é’t“? ns to the
ot her wirel gg@ic%_evi ces and nechanisns to transfer data anong the wirel ess
20 devi ces. Such nechani sns shoul d have | ow power consunption, should
create limted radio interference and shoul d have hi gh throughput. Summary
The i nventiqn provi des nethods, apparatus and conputer-readable nedia for
25supporti néiﬁfgi@#‘—%gs operation of a portable nedia player device in an ad

N A e A i e
port abl e nedicamplcaayeireldss\aceess poimttwlackamhal be comtegisdio e aviredaetiversover ed by

Communication between wireless devices is through the access point. Such operation

is known as the infrastructure operating mode.

The IEEE 802.11 standard for wireless local area networks (LANs) provides
15 for an ad hoc operating mode in which wireless devices communicate directly with

each other without the use of a wireless access point or a wired network. However, in

order to operate an ad hoc network, the wireless devices require mechanisms to

discover other wireless devices in proximity, mechanisms to establish connections to

the other wireless devices and mechanisms to transfer data among the wireless

20  devices. Such mechanisms should have low power consumption, should create

limited radio interference and should have high throughput.

Summary
The invention provides methods, apparatus and computer-readable media for

25  supporting wireless operation of a portable media player device in an ad hoc network.
The wireless portable media player device can bootstrap and synchronize with an ad
hoc network with low power consumption.

Neighbor portable media player devices in the ad hoc network can be discovered by
the wireless portable media player device. The portable media player device can

30  establish and terminate connections to neighbor wireless portable media player
devices. In some embodiments, a wireless device can transfer data in a high speed
data transfer mode or a power save data transfer mode, while concurrently permitting

discovery by other wireless devices. In further embodiments, the invention provides
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the wirel ess portable nedia player device. The portable nmedia player device
can 30establish and term nate connections to nei ghbor w rel ess portable

medi a pl ayer devices. In sonme enbodiments, a wireless device can transfer
data in a high speed data transfer node or a power save data transfer node,
whi | e concupfeRini iR Tipbitht]8 nttdRCANRE YielYe R dISdovit AELIRRDE wiRWSS BSvicdsN
further enbodinents, the invention provides nechanisns for a portable

medi a pl ayeto eiablislecormediiersandito traisféristata inianal dios nefaxpirkeShe pertabla abl i sh
connecti ons agd o transfer dtata in . an ad hoe networ kihaégﬂgpggfén%@ae medi a
pl ayer devi 8¥ B‘dé?yﬂgg“f’%o%er%ma%%%eé SAELOR, YT ARPAALEPOHON A i on of a
periodic di PERYRE HistdVeBy ddrvalDAccording to a first aspect of the invention,
a method to operate a wirel ess device in an ad hoc network is provided. The
met hod cobnpri sesAccordingtortfiraiasnent of tednvantign.di metbod tgopardte avdtalesh by t he
W rel ess device duri a discover i.nd f I odiC .di i nterval ;
and operati Ic}awi:eh@%ar%%ogglglu&oer&lgg%iv}#eg. gﬁlev\glre thg)g\%gmﬁglg%& c}girn?rr?]lgﬁgélqunacti ve
portion of theivie disshveryinSsiameasy by tHeavivélbss dt0ide dariad agdistevery sanpndofaspect
of the invention, a wireless portable nedia player device is provided. The
wirel ess portpatipdic disgpeerpinigypl; god presatingribe Mareless devies ingaposversaieanpdeayer ; a
radio to perm.t wireless operation, . i nodul e logically

connect ed tgufl%mbgltaftéﬁ%o 1 %P%thﬁpg?@ggﬁﬂeg {“ﬁezﬁ?ladi o to operate the

wi rel esggport abl e coBdind 1ladgesndispéd of the iavention,owirelessortable thediavi r el ess
modul e 15conprises a processor progranmred with instructions for:

transm tti nglayatdeviesdb pravidedi ddewerejess pptiatiaimedia riaer dgvise eRMRBEEd wi ndow
of a periodi¢ _di,scovery inte | .. . i k0. de during
an | nact i ve PEOMLT SIBHTRIcD £lalt ARG SREIAL bRaldh: BnPRUISEHRARTC 0

t hird aspectogéallyt®nhévi@itol thdporableinpdib @layecatdiobtike riib torop2fpr thgr anmed Wi t h
instructions for executing a nethod to operate a wirel ess device in an ad
hoc net wor k Witslgss gortehie mediaenlaeer Hevice Brasraddios networks dne tisslesa A diiécei vi ng

di scovery 1 O0NRL G0 B%sdiMoahHleASHUfiRYii ol idr o Rnfltin UG Foteithydow of 2

periodi c di scovery interval operating the wreless vice In power
save node duigcogerfinforagionwturipgatdisovery wihéowef a pelialicliscaneey intérmiler val . 25
Brief Description of the Drawings In the drawings: Fig..1 is a sinplified

4 S FI Q. |
bl ock di agr &hfl eperatingi FRRVRispY Bede dutngannactive portion’of the periodic

discovery interval.
According to a third aspect of the invention, a computer-readable medium

20 programmed with instructions for executing a method to operate a wireless device in
.an ad hoc network is provided. The method comprises: transmitting and receiving
discovery information by the wireless device during a discovery window of a periodic
discovery interval; and operating the wireless device in a power save mode during an
inactive portion of the periodic discovery interval.

25

Brief Description of the Drawings

In the drawings:
Fig. 1 is a simplified block diagram of an ad hoc wireless network;
Fig. 2 is a simplified block diagram of a portable media player device suitable
30 for forming an ad hoc wireless network;
Fig. 2A is a flow chart that illustrates an overview of operation of the portable
media player device;

Fig. 3 is a flow chart that illustrates bootstrap operation in the ad hoc network;
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Fig. 2 is a sinplified block diagramof a portable nedia player device

suitable 30 for form ng an ad hoc w rel ess network; Fig. 2Ais a flow
chart that illustrates an overvi ew of operation of the portable nedia
pl ayer device; Fig. 3 is a flowchart that illustrates bootstrap operation

in the ad hoc neﬂ%ﬂlﬁéatiming diagfahDthatiillugiraAestdnBxBfip FIRERJtétRp 111 ustrates
an exanple of the bootstrap operation; Fig. 5is a flow chart "that

i | lustratesopastsinge di scovery in the ad hoc network; Fig. 6 is a flow chart
that illustrates_acti.ve discovery.in the ad. hoc network: SFig. 7 is a

{i'mi ng df agr am ¢ Rk i £ Getrepdht iiRpries pEpivEaepYerap eatieg naferrit i ve

di scovery operat EgN$g:is a flow dhlafl tha? illGtrates hOWedI@bVer9fin @RI ARENGRS f OF med
by a joiner to establish a connection to an ad hoc network; Fig. 9is

a flow chart of bfasatmngdiagamibdt ibysteatésoxamples of passtvisldisshvery@odnect i on

with a joi Nl e di Fi%l.p 1§ is a schematic diagramthat illustrates
operations P ESHSHOXNYOPERRIP S ssoci ati on bet ween a j oi ner and a for ner,

Fig. 11 is a fl owg£Ras b floladhaitldf epéabiBpefoftAédby 4 AIRres c@RIisAtal On by the
ad hoc network forner; 15Fig. 12 1s a flow chart” that illustrates a data

transfer opeerieriaon ioyantadehoadehvarknet wor k j oi ner ; Fig. 13 is a tining
s 8 timng di agh Brehagon Pt spaly e BE TP BF IS Foper at on.
20 Det aijh ed chafectioPitRA joiner;
Fig. 10 is a schematic diagram that illustrates operations to form a virtual
association between a joiner and a former;
Fig. 11 is a flow chart that illustrates a data transfer operation by the ad hoc
network former;
15 Fig. 12 is a flow chart that illustrates a data transfer operation by the ad hoc
network joiner;
Fig. 13 is a timing diagram that illustrates a power save data transfer
operation; and
Fig. 14 is a timing diagram that illustrates a high speed data transfer operation.

20

Detailed Description

Embodiments of the invention provide a mechanism for a wireless device,
such as a portable media player device, to bootstrap and synchronize with a wireless
25 network with low power consumption and a mechanism to discover neighbor wireless
devices with low power consumption. Further embodiments of the invention provide
a mechanism to establish and terminate ad hoc networks among wireless devices.
Additional embodiments provide mechanisms to transfer data in a high speed mode
and in a power save mode and provide for including information in probe packets for
30  device discovery and for establishing an ad hoc network. Further embodiments
provide an operational sequence for an application to discover neighbor wireless

devices, to establish connections and to transfer data.



Enbodi nents of the invention provide a nmechanismfor a wrel ess device,
such as a portable nedia player device, to bootstrap and synchronize with a
wirel ess 25 network with | ow power consunption and a nmechanismto di scover
nei ghbor wirel ess devices with | ow power consunption. Further enbodi msnt S

of the inventiony Hésl%‘{h&‘ﬁgﬁs%mweﬁh%e%ttﬁé’%ﬁgsmiée@ %@fh&@ha?ﬁjs

net wor ks anong wirel ess devi ces tional Iments provide nechani sims
to transf er catedlso beinzplemgited peleld wad endied firmwarepdaerirdesseleniode Thisd provi de
for |nclud|n

|nforrrat on i rohe packets for 30 device ove and for
Lot abl s natet W o deieh BaRng Biest REF TSP FOREPMAA Ao SRS | onal
sequence fo hetd/oriadpP PtHe @ kdnAthid4Piof IbsRYA Wwifkidss B?ﬂées"ﬂa& ab esrsctdp\diggs, to
establi sh connections and to transfer data. These nechani sns i nvol ve

sof t war e5 i nwitetessvleva¢essbatdeviot suppoiiikesaewsichariisns can al so be inplenented in
har dwar e and/ or f,i r nwar a. SS devi .This allo 1 rel ess devices
havi ng t hese rrecﬁgwﬁ §W§’Fet‘§j c%ﬁ%?ﬁaé‘ 08ngwrggofsoﬁl}ﬁwé'dnﬁ&mﬁn\&]{ﬁglfﬁs The
conmuni cat i gevibateen and [ €LeamudR Gt SRR ofier faleigdleRNinkE hEhe RNYelesd €SS

devi ces that do nof support these nechani sns. An exanple of a

wi rel ess addageesrromapiricat@using dieangehpmisiap gescmbed/bfrl@%étsls desumedghat gach14 and
16 communi cate wi th.each

oD ¢ Siie BeiER bt Pl teRed bl SUERT ot F il LB R R RO S

Wi r el esgg deyk@@rit. SItWill Ibe lind@dio8d iR gt wifeledt déBastin R dHoR@etWirk @b@ss devi ce
in the ad hoc 10network. It will be understood that all wirel ess devices in

the ad hoc negdiorbie vudnmmdlm@oéetBomampimwemddonmdé@ndﬂémmqﬂ@

W rel ess deyices 14 0 W r.el,ess, devi ce
ot vy [ RE g R R R S p PP RO ¢ bbbl uiiRy oV

exanpl e onl yithwWatleb®es BeWa¢@F edadnpld dnBNWirdRsd@vides 1D apt £ KORAREbBET S,

nobi | e phones mobi | e data devices, portable nedia player devices, 15hone

stereos, Wi M%@n@é@%@@bllﬁp@% m!mlb date deviceu phrtelde m:eég W% Hevigest i ze a

conpat i rotog I|f| k, di agram of
o das Bah SRRt et B istinarions a1l dBRiek! whith Bliftedy [ a0y am o

ad hoc net wobllﬁpatsﬂ@bmglﬁls&sgnb&ibewvr,el ess deV| ce 200 may correspond to
wirel ess devices 12, 14 and 16 shown in Fig. 1. An upper. 20l ayer device CPU

210 interfaces wé$imphfiedhlockdiageweheirslesy daviger200rnelndingicpmpersatsievi ce,
such as a dizph %}ﬁsﬁ%umﬁﬁ?&%% qaankagdylpo%a}{egw& 1?810% M%g%‘”\ﬁfﬁelegs &e%fcreage

unit such as a and th eriphe
conmponent s Q0 g cdereipoad thentelegs dRhited 10, lmﬁidﬂiﬁeﬁlo&mdﬁ\l‘hgle oneugdet Ng system

212 and a wireless driver 214. The wirel ess driver 214 conmunicates with a
second [28yedaygr deviesGPU 210 interfaces with peripheral components present in the wireless
device, such as a display, a keypad or a keyboard, a pointing device, a storage unit
such as a disk unit or a flash memory and any other peripheral components of the
device. Device CPU 210 includes a device operating system 212 and a wireless
driver 214. The wireless driver 214 communicates with a second layer wireless
25 module CPU 220 containing wireless module software 222. The wireless module
software 222 interfaces with a lower layer wireless RF interface 230 which
communicates with a radio that transmits and receives RF signals via an antenna.
The wireless device 200 may represent a variety of different devices that may
be hand-held and mobile or stationary. Examples of wireless devices include, but are
30  not limited to, laptop computers, desktop computers, mobile data devices, mobile
phones, stereo systems, and wireless speakers.

In one embodiment, the wireless device 200 is a portable media player device

that is provided with wireless capability. The portable media player device may be an
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25 nodul e CPU 220 containing wreless nodule software 222. The w rel ess
nodul e software 222 interfaces with a lower |ayer wireless RF interface 230
whi ch communi cates with a radio that transmts and receives RF signals via
an ant enna. The wirel ess device 200 may represent a variety of

di fferent dF«gﬂg&?Q% ﬁmthmge\heebmamemeésda ﬁ@@ila@Pﬂééegan?g)Ia%Ibﬁéﬂ 8AadeY sudpxanpl es

of wireless s 1 nclude ut are 30not limte , laptop conputers,

deskt op conpsia disk drimebr 4 8ashamhemdey b oes intafhid mchhoadsplagted edegsgsorens, and
Wi rel ess spe rs. In one.enbodj nent, the wr devi 200 is a
portabl e rrea‘?_aigﬁ‘fzﬁsa%?%ec%“ ffgaface Lo %b%ﬁ%ﬂutﬁiaﬁﬁﬁ Wﬂpﬁé’%m&t&%&ﬁ lity. The
portabl e mﬁgﬁatﬁﬂrﬁdﬁﬁe Q@Mbé?erﬁ@yorﬁﬁlearﬁedi&/ﬁﬁyéryd%%icﬁ@@Hrobﬁideé vilBWE8edshat

i ncl udes a Ia storage and playback device, such as a disk drive or a
f1 ash mesror drivar 214 ewirelessembdide CPUL2R (a wirzleds mpotulg safidare Rypedtwirsless Bt keys,

an earphone, an i rface to st conput and. a CPU far. controlling
operation ofMf e@é g S1OWIHIE HBr4 AT erggapﬁfemea{)\g}rglagﬁa%bl[@.pr ovided with

wirel ess Sdriver A%Jo%n%w%kg@ﬁamﬂkhﬁpw& ddRee dél&efeﬁioﬁﬁé?sﬁmﬂﬁhq?ié@f&mre 222
and wireless RF interface 230 as shown i'n Fig in order to inplenent

Wi rel ess capagep 280 the ponabhmgddepwymmceﬁmns@bs endrsdeisepdisgorerydevi ce
ti i h in Fig.,.2A In. 50, . the.portabl di |
dovi ce tranSHPROEAGorE e ey SuBUEFof F RirinieePeh Bl nia 1 B 8¥Er
Wi ndow Qf auReJIr@BlcGnélis PRYET devidet@h¥Alts arldtesdi®R daR2 if b9t M@i2el daabl e nedi a

pl ayer device transmts and receives data, if any, during a data w ndow of
t he peri odi aviadoycol/tbe peiipdie disapveryTinserpdr (I ipertaiaimedp plgxar dawee eperatper at es

in a power save node duri,ng an inactive porti .t he .perj.odi jscovery
ntorval st Pt vy ose Sydfe e BRbERPRLO s Berdd BRI ser Bl “The
operations @fep@34hThese@Ipefsiof€ire @esdribed iSERMEBIHE. Ot her wirel ess devi ces,
15in form ng connections or associations with other wireless devices and in

transferring dat dhpeperedenspiicactewirelgesdavics indiscenesingiotecs Wielesodeviess,
operatiqps arge described.in connection .W r I i 8, pl Vi ces.
ovever 5t M Canediont seaepato Sl SRt GulRiud it
conpati bl e Pa@tREMH WikllesRAEYicsd 48desckiBed Bélowd The ©parativey dfe déRebed inon i s
described in connection with the | EEE 802. 11 standard,

connection with portable media player devices. However, it will be understood that

other wireless devices utilizing compatible protocols may participate in the ad hoc

network. Operation is described in connection with the IEEE 802.11 standard.

20  However, the present invention is not limited to the 802.11 standard and can be
utilized in connection with other wireless technologies, 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.

Wireless Operation Turned On and Off

25 The portable media player device provides an option for a user to
enable/disable wireless functionality. If this option is disabled, then the wireless
adapter remains turned off all the time. When this option is enabled, the portable

media player device operates as follows.



20However, the present invention is not Iimted to the 802.11 standard and
can be utilized in connection with other wirel ess technol ogies, such as
Utra Wde Band and WNet. It will be understood that the operations

descri bed bel ow are enbodi nments only and are not limting as to the scope
of the i nveyitdés ONefRio8SursdE0RAhAPBodirged On and O f 25The portabl e nedia
pl ayer devi ce provides an option for a user to enabl e/ disable wreless
functionality. If this option is disabled, then the wi.reless adapter

remai ns turned offbaglstrapeperatippis lagratadinsheoBew shart of Bigabl &thenthie portabl e
medi a pl ayer ' . I j ' T On and
Boot strap PO%\{%&‘%%%&’E{’%%@%%%%%? #s(ﬁ‘{@esssio rlrejlg{”’r?a e%ﬁ@{ehé@?,l t!){\élv g\ﬂ%ert of
Fig. 3. Wiedodshhe fsdlofnahd:e nmedi a pl ayer device has its w rel ess operation
turned on, step 300, the device does the follow ng: 51) Turn on the

wi rel ess adapter radio, and 2) Set the follow ng configuration settings,
step 3025 Channell) ﬁ&ﬁ%@?ﬁWoW‘é%lFﬁt?ij@ﬁ“iafh& ad hoc network, BSSID for its
own ad hoc network, Maxi mum nunber of joiners allowed in the
ad hoc network (def Sl ok Liagad t medi a pl ayer information
element (1E) inf gfrrsgﬂh%r{c.ﬂl&mgwgfry{rhe vviepgfléé’s%éﬂo%gr' ation is turned on, the
w reless nodul e updates its internal context for portable nedia player

di scovery packets. Allmopelinumbenfd eptabdish ithewhiadihbc hetwotlge maxi num nunber of
joiners allowed. At this tinme, the portable nedia 15pl ayer device has

al ready had its own oc network . established virtually. The portable
nedi a pl ayer device I?%?IF}SI%B S Py 'hP‘épgtéﬁvé’ﬂf’adi o and follows the bootstrap
operations described bel ow. 1) Park on the discovery channel and
stay awake, step 304viaximum numBer Jfij§ih&s all@kedinBé hahbendtwdiia(defaalter 1)beacon
packet, step 306. A portable 20 nedia pl ayer beacon packet may be an 802.11
beacon pécket with ddcial information as follows: Receiver address:
broadcast address (FF-FF-FF- FF-FF-FF) SSID: (does not contain SSID TB)

Local portable media player information element (IE) information.

When the wireless operation is turned on, the wireless module updates its
internal context for portable media player discovery packets. Also, it configures the
limit for the maximum number of joiners allowed. At this time, the portable media

15 player device has already had its own ad hoc network established virtually.

The portable media player device turns on its wireless radio and follows the

bootstrap operations described below.
1) Park on the discovery channel and stay awake, step 304.

2) Listen for a portable media player beacon packet, step 306. A portable
20  media player beacon packet may be an 802.11 beacon packet with special information

as follows:
Receiver address: broadcast address (FF-FF-FF-FF-FF-FF)
SSID: (does not contain SSID IE)

BSSID: unicast address of the portable media player device sending the

25 beacon packet



BSSI D: uni cast address of the portable nmedia player device sending the

25beacon packet BSS type: ad hoc Portable nedia player |E Operation type
- beacon Channel - data channel for its own ad hoc network 5Local portable
medi a player information of the beacon sender. 3) If a portable nedia

pl ayer beacon packgigd §nkeffioted, step 308, then the device does the
fol | ow ng: Bp ag L?se t he beacon packet to sync its internal

ti mestanp, step 310. _ b) Adjust the discovery windowto be the
same as the sender Rifrtableen¢dpplayedlEe medi a pl ayer beacon packets, step 310,
c) Wait until the current discovery w ndow expires, step 312, and then exit
boot strap, step 314. herw s t he devi ce does not receive a portable
nedi a pl ayer beacon pﬁ?ﬁ%lowmﬁ"n @EM ai n anount of time (configurable
paranmeter and default to be 3 15Di scovery Intervals (6000 ns) defined

bel ow). In this case, Chagndle\datechd@s férlies dval dddcn@twork @) Send out a
portabl e nmedi a pl ayer beacon packet, step 320. b) Wait until the

current discovery w ndow expires, steps 312, 316, and then exit the
boot strap operation, $0eg ponablemepiplayesdnigppation of thebgagonseder device
initializes its discovery node to be in

3) If a portable media player beacon packet is received, step 308, then the

device does the following:
a) Use the beacon packet to sync its internal timestamp, step 310.

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

10 portable media player beacon packets, step 310.

c¢) Wait until the current discovery window expires, step 312, and then

exit bootstrap, step 314.

4) Otherwise, the device does not receive a portable media player beacon
packet within certain amount of time (configurable parameter and default to be 3
15 Discovery Intervals (6000 ms) defined below). In this case, the device does the

following:
a) Send out a portable media player beacon packet, step 320.

b) Wait until the current discovery window expires, steps 312, 316, and

then exit the bootstrap operation, step 314.

20 Then the portable media player device initializes its discovery mode to be in
passive discovery mode, step 314, as described below. At this time, the wireless

module sets the media state to be media disconnected (port down).
Finally, the device sets the passive discovery mode as described below.

A timing diagram that illustrates bootstrap operation of portable media player

25  devices is shown in Fig. 4. A waveform 400 represents a device A, such as wireless
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passi ve di scovery node, step 314, as described below. At this tinme, the
w reless nodule sets the nedia state to be nedia di sconnected (port down).
Finally, the device sets the passive discovery node as descri bed bel ow.
Atimng diagramthat illustrates bootstrap operation of portable nedia

player 25deqlies1] SodHNEiL", i &padiveidtBVE) Afde 48 sERMICEARIPpARIERY! C& A

such as wireless evi ce -1g. 17 1n a passi I scovery node
and sendi ng Abeactnrmpéikepesents ndeatoBnsuth@s mapless demtice B ehigck iBa such as
Wi rel ess de%i ce 14 in F]:R%( 1, in a boatstrap node. v‘i1 e ﬁ\ urns (%n during
a di scover y POREERMAED RRYiehHA turns 9p dLping 2 dSEavesy ¥ éf‘fy&p‘é{ 84 #8HBet ween
di scovery WeRdlo&ovel§\Wefied A0k SBEilvedn BRVE ery MRloNIDARicd N id itk RAGR stllescovery
wi ndow, device A sends a beacon packet and |istens for probe requests and
responses. mwdeh®uergepthedisdfovBiygwindowt deyiati A sends mbeagandmeket@ad listend®r nsec
and the di scoo\r(?eré/ eriod 404 is ﬁﬁ 0 mseqj. fFig 4 tgeéi ce B has,its.wreless
operation t BFPEGCBESSANY FesROSES 1nfe pramrlf of Figr 4- 05 ASEOTH RS AP ng a
period begi o) RBe@ind thEBishddery PBGod 46 i§RDOWmBES, i 0d 416 is at 10l east as
great as the discovery period and preferably is about three tines the

di scovery period. At tine 420, device B recejves a beacon packet and
adjusts its inteDsaicetd hasstsawigelesspeiatenensd o #dowe 412 ayddetansdere wi t h

device A. Then, devi B switches to.th SSiV i er time
155 CGubseqtifen ket S hhEf Rl Ryl S PROR 4 SEUBIRNE erT s Hatl o1
W ndows 1§24 1481 4xhpredt @s Bieifto08tyZReod Bnd PrRfekily SCavar thrad thiflehe afscoleyy ce A
Wreless Operation Turned Of When the portable nedia player device

has its wir@ksed ppemadRdrdevisedbreceives a bapeoripaskeeandpdsustshits ipsrmabwi ng: 1)
Termnate the ad hoc .ngtwork i.f.it.cr . the.n rk, n up
context inf SFIEFM nanldn RE i Te %‘&%0 2 é?%rﬁggggﬁg (Fr ?ég\%é&‘r( , Tﬁ%he&@ﬁ

switches to the passive discovery mode at time 422. Subsequently, device B listens

for probe requests during discovery windows 424 which are synchronized to the

15 discovery windows of device A.

Wireless Operation Turned Off

When the portable media player device has its wireless operation turned off,

the device does the following:
1) Terminate the ad hoc network if it created the network,
20 2) Clean up context information in the wireless service and driver, and
3) Turn off the wireless adapter radio.

Portable Media Player Device Discovery

Dfscovery Modes

When a portable media player device has its wireless operation turned on, it
25  can be set in one of two discovery modes: passive discovery mode or active discovery

mode.

Passive discovery mode




3) Turn off the wireless adapter radio. Portable Media Player Device

Di scovery Discovery Mddes When a portable nedia player device has its

Wi rel ess operation turned on, it 25can be set in one of two discovery
nodes: passive di scovery node or active discovery node. Passive discovery
node A pard2RbR MEHA BlapbedkeicedE€: 68bd 1 pa8live Qis@ely'mBaSTie

di scovery node if 'the user expécts nei ghbor portable nedid player devices
to be in proserekpeetsareighbanpertible medidiptayey devacts vy bo trproxipwityt zndl wamewi a

pl ayer deviges. and ta discover.nei ghbor portable nedj.a pl ayer, devices
hassivel y.  PriisriersiycomerRorabimgiia bl devisesgud Lalidolerdianbar) ¢ r o
detect neig B&%bléjﬁl\éﬂfé%ayéﬁu@hcé%gﬁsﬁﬁly.\lﬁ ks fHode AUE pbrtgble ARMiadlHRr t O
announce it existence to those devices. Active discovery node A

por t abl es nedévdcgisablerto detecoreighdos devices viddch areabiévedy disveveding cadelsp torode on
user demand. This is Ipe C?SE m@gn.a user clicks a button to display

nei ghbor de§foyace 4 GRIFIPRGIO QS A6YIfE%t s nei ghbor portabl e nedia pl ayer
devices to be in proximty and wants to di scover those devices, he/she can
set the poriaghl@disesliesy Rbayer device to be in the active discovery node. In
this node, the portable nedia player device actively detects nei ghbor

portabl e nedia player devices in the active or Eassi_ve‘di scover% node, and
al so announces i tsPastablerraedia playen dryics igesfite B In the aghvediscorry magdsrast er s

user demand. This is the case when a user clicks a button to display neighbor devices.

10 If the user expects neighbor portable media player devices to be in proximity and
wants to discover those devices, he/she can set the portable media player device to be
in the active discovery mode. In this mode, the portable media player device actively
detects neighbor portable media player devices in the active or passive discovery

mode, and also announces its existence to those devices.
15 Discovery Parameters

Discovery Channel: An 802.11 channel that may be used by all portable
media player devices to discover neighbor devices. The
channel number must comply with regulatory domain

requirements specified in the IEEE 802.11d standard.
20 Default value: channel 11 (for 802.11 b/g in US)

Discovery Lifetime: A period of time that a portable media player device

performs discovery operations.
Default value: 0 (no timeout for passive discovery)

Discovery Interval: A period of time that a portable media player device
25 periodically resumes from the power save mode and
discovers neighbor portable media player devices in the
passive discovery mode. This time period includes the

portable media player discovery window.
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Di scovery Channel : An 802.11 channel that may be used by all portable nedia
pl ayer devices to di scover nei ghbor devices. The channel nunber nust conply
with regulatory domain requirenments specified in the | EEE 802.11d st andard.
20Def aul t val ue: channel 11 (for 802.11 b/g in US) Di scovery Lifetinme:A
period of time that a portable mRej& RhaYsiokgyi ce perforns discovery
operations. Default value: 0O (no tineout for passive discovery) 25

Di scovery Interval: A period of tinme that a portable nedia player device
peri odi cal | Pisceseryd¥indpom t he pdévearioda sinredtias acpmdtabileguedie phyeredeyitsor

portabl e nedia player devices in the sive discove mode. This tine
period includes the portable medi™ap ‘3@@P%F%%'b%f@fr@fﬂaBWS‘VCL‘E%&W val ue:
2000ns. Di scovery Wndow. A period of tinme that a portabl e nedia player
device remains with power on angepentvalues 1p@asi ve di scovery. Default val ue:
100nms. 5Al |l devices may have the sane val ues pre-configured for the above
paraneters. Passive Discovery Mde Operatignal Sequences A flow chart of

t he passhve Adl davings mpaydigue thejsameivalughpigreonfigymed .forghe above parapyete(snor t abl e
medi a pl ayer device switches to the passive discovery node on denand. The

devi ce doesﬂapﬁvggjskmlpg{'odg@%g;at;ogap@qwmggssi ve di scovery node, step_ 500.

A flow chart of the passive discovery operation is shown in Fig. 5.

1) A portable media player device switches to the passive discovery mode on

demand. The device does the following:
10 Set to be in passive discovery mode, step 500.
This request may have the following parameters:
Discovery Interval
Discovery Window
Discovery Lifetime

15 At the end of a discovery interval, a portable media player device terminates

passive discovery, step 540, if the Discovery Lifetime has expired, step 538.

2) At the beginning of each Discovery Interval, the portable media player
device wakes up from the power save mode and turns on its wireless adapter for a
period of time equal to Discovery Window, step 502. During this window, the

20  portable media player device parks its wireless adapter at the Discovery Channel.

3) The wireless module waits a random back off time (to be fine tuned for
specific wireless devices) and listens for a portable media player beacon packet, step

504.

If a portable media player beacon packet is received, step 506, then the

25 wireless module uses this packet to adjust its internal timestamp, step 508.
-10-



This request may have the foll ow ng paraneters: Discovery Interval

Di scovery Wndow Di scovery Lifetine 15At the end of a discovery interval, a
portabl e nedia player device term nates passive di scovery, step 540, if the
Di scovery Lifetinme has expired, step 538. 2) At the beginning of

each Discovery Int %eﬁ@%wisé,*a?opﬁamfe%o@a ﬁ‘l%?ér%eﬁ’éo%%&l}géi%’h&‘%e%‘%%ﬁn% fromthe

power save node and turns on its wreless adapter for a period of tine
equal to Di badveffyimal hoithis case,dle H02lessDuoduieg sends sutv pattable mhdia phyyer t abl e
medi a pl ayeti) devi C%Par ks..its wirel ess adapter at the D scovery Channel.
3) The wirePe¥enRAtkse'SRa'ds a random back off tine (to be fine tuned for
specific wireless devices) and listens for a portable nedia player beacon

packet, step 5044) IBurthghBE DARberyBMindoR| MK SVirdk@3 ayduRatielistdrs foecei ved,
step 506, then the 25wirel ess nodul e uses this packet to adjust its

i nt er nal 5t i pedabdermedistpdayespberequest packets, step 520. &t herwi se, a portable nedi a
pl ayer beacon packet is not received in the back-off tine. In this case,

the wirel ess nodul esend ut j er , Step
510, 2 ol RoReRdhefa BRGAR GrRE oy el AR BIEER ) S
l'i stens for popsklé allR piRdr drdYeay@iesiizokea b?eﬁmeta‘hg fakBoWingdhPmatZdh:

The portabl e nedia player device may verify the received packet to be a
portabl e nedi a pl ayer probe request packet by matching the foll ow ng
information: SSID: (d&SIOnEeecricantanSitiB [Eyx) BSSI D:
broadcast address (FF-FF-FF-FF-FF-FF) 10BSS type: ad hoc

BSSID: broadcast address (FF-FF-FF-FF-FF-FF)
10 BSS type: ad hoc
Portable media player IE:
Operation type — discovery

If the packet is not a portable media player probe request packet, step 522,
then the probe request packet is dropped, step 524.

15 Otherwise, the packet is a portable media player probe request packet.

If the wireless module has not sent any portable media player probe
response packet or portable media player beacon packet in the current discovery

window, then a portable media player probe response packet is sent, step 530.

The portable media player probe response packet may be an 802.11 probe

20  response packet with special information as follows:
Receiver address: broadcast address (FF-FF-FF-FF-FF-FF)
SSID: (does not contain SSID IE)

BSSID: unicast address of the portable media player device sending the

probe response packet

25 BSS type: ad hoc
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Portabl e nedia player IE: Operation type - discovery I f the packet
is not a portable nedia player probe request packet, step 522, then the
probe request packet is dropped, step 524. 15Q herw se, the packet is a
portabl e nmedi a pl ayer probe request packet. If the wireless nodul e
has not sent any popdr@Bleané®slpmysl yer probe response packet or portable
nmedi a pl ayer beacon packet in t%,e current discovery w ndow, then a portable
medi a pl ayer probe response packet is sent, step 530. The
portabl e medi a pl ayer Opetsivien typepodiseovparcrenonpay be an 802. 11 probe

20r esponse packet with special information as follows: Receiver address:

br oadcast address (FF&FE- EF- BE- FE- : S 0 in SSID I E)

BSSI D: uni cast addr essdﬁg?‘l:etlﬁé%o{hfglg‘%géﬁe&gi“ééﬁofeﬂr}%%@i %Oasendi ng the
probe response packet Portable nedia player 1E: Operation type - discovery
response, Channel - dakawalacdl@brthlsie medin mayer adommeationet work, and Its own

| ocal portable nedia player information. 5 herw se, the wireless nodul e

has al ready sent a rtabl e nedi a pl ayer beacon packet or responded with a
port abl eSnedi a pl a;/‘g&‘eﬁ?'é%éh‘?‘éfgﬁlﬁﬁﬁs@o £ ket alrepms S50 A @oBedle s e¥ides not

send out an%eé&g E}fla{e? Gpﬁeﬁﬁﬁncﬁﬂ %G’I z{ ﬁﬁﬂgﬁ%ﬁecgé‘gig?%r;;gobe response Bﬁ&eﬁ%iat ion,

the wireless no e acc ates a recei ve | e nmedi a player beacon,
pr obe requestireissi naxdolealoee sptosesd optcmly enare bramdrash popbe rgspoipackatedi a 10
pl ayer devices, step 532, and saves themin its nei ghbor portable nedia
pl ayer device information Ijst.. [t can return this. list tot wi rel ess
Cervi e, whi oh 1 n O RGO <viedess Aboulscier bRt 5 s gt gpiaie Med °¢,
. con, St p S e p ts @nrIqte e

Wen the Di §>&9¥ﬁ5aé S DROWY BRIt &t probERspotfie phdk@tsiRirh @Riq8e PEAARC Rlcaer
device may return to power saving node, step 536, until next beacon
di scoverly 1playcedavides, step 532, agd sSee phenpin itsae@hborsparpblesoedis phiyerateyiceepeat ed
if the D scovery Lifetipe is O gr. f]ot xpi.r?d, stecp 513;8 .

information hist. It can return this list to the'wireless service, which in turn reports to

the application upon query.

5) When the Discovery Window expires, step 534, the portable media player
device may return to power saving mode, step 536, until next beacon discovery

15 interval.

6) Steps 2) to 5) (steps 502-536) are repeated if the Discovery Lifetime is 0 or
not expired, step 538.

Active Discovery Mode Operational Sequences

A flow chart of the active discovery operation is shown in Fig. 6.

20 1) The portable media player device changes to the active discovery mode on

demand. The caller does the following:
Issue an active discovery request, step 600. )

2) The wireless module waits until the next discovery window. Then the
portable media player device wakes up from the power save mode and turns on its

25  wireless adapter for a period of time equal to the Discovery Window, step 602.
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Active Discovery Mdde Operational Sequences A flow chart of the active

di scovery operation is shown in Fig. 6. 201) The portable nedia pl ayer
devi ce changes to the active discovery node on denand. The caller does the
followi ng: |Issue an active di scovery request, step 600. 2) The
wirel ess modul e ¥Rit felidoberdyNBindEN  the hWHeRLEMbdWle PAVEMShB BpEAgoROr t abl e
medi a pl ayer device wakes up fromthe power save node and turns on its
25wi r el ess detapbat atfooe fer the passivediscovery nexgigasten 604, eclBlisgzovery W ndow, step
602]; - 12- 1 2- 3) In the discovery wi ndow, the wrel ess nodul e
perforns the operations described.above for the passive discovery node,
step 604, includind" Litentor an seng ou Pesatchhpqckpt,agd send out beacgn packet ,
b. Collect portable nedia player probe packets and accumnul ate nei ghbor
5devi ce informatiory. @dtedt poReblpandidplayer proderpaskdteanteabcamplagysighboobe
response packet when needeé). ~4) In addition, the wireless nodul e
sends ouf a portable ﬁéﬂ??ﬁlf@r&ﬁé‘ﬁ’nmﬂébe request packet, step 606. 10The
portabl e nedi a pl ayer discovery packet may be an 802. 11 broadcast probe

br oadcast adar ess. (FrReR i i EpOTRE PR Ft Bthe R KA R T

needed.

4) In addition, the wireless module sends out a portable media player probe

request packet, step 606.

10 The portable media player discovery 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)
SSID: (does not contain SSID IE)
BSSID: broadcast address (FF-FF-FF-FF-FF-FF)
15 BSS type: ad hoc
Portable media player IE:
Operation type — discovery
Other local portable media player information

The wireless module accumulates all received portable media player discovery
20  packets, including beacon, probe request and probe response packets, from unique
portable media player devices, step 608, and saves them in its neighbor portable
media player device information list. It can return this list to the wireless service,

which in turn reports to the application upon query.

5) When the current discovery window expires, step 610, the device may

25  return to the passive discovery mode, step 612.
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BSSI D: broadcast address (FF-FF-FF-FF-FF-FF) 15BSS type: ad hoc Portabl e
nmedi a player | E:. Operation type - discovery O her |ocal portable nedia

pl ayer information The wirel ess nodul e accunul ates all received portable
medi a pl ayer di scovery 20packets, including beacon, probe request and probe
response packels, ARG HRod haP hivdBidh PhavEin BRUbRESIalPoPREOS, and
saves themin its nel ghbor portabl e nedia player device information |ist.

It can retunediaflayer detict mfodmatinn eetries fromeitsnecghbonhprtablé mediamiayeeports to

t he applicatian upon query. 5) When the current discovery w ndow
expires, stgf)"‘%el Lt he device may 25return to the passive di scovery node,
step 612. The wi rel ess nodul e nay have an aging function to

expire stal e port ab @nfiRgHRgRANRWIHEYoed]d MESR PhiyePde@ets peABrmiih@Mm i t S
nei ghbor portable nedia player device list. Atim gg di agr am show ng
por t abl es nedasiveldiscevers anil getsvepdisdoyenyiinshospeiadiig.d . di swaveryp 78Ad acti ve

di scovery is sho in Hag. 7. wavef orm 70 epr t oft abl. di a
pl ayer devi Eeé)r(ﬁfxgl?&?nﬁélg&l&ﬂl%@q? déﬁl S\IQ isﬁ%sgdgvﬁf%%?ﬁﬁ?ﬁ%?npg@s |P’vl§ e

di scovery ”Bgﬁi@@sc%e&?iﬂﬁﬂle%a%@xﬁﬂiﬁ)%ﬁ&%ﬁpaoket&ﬁ\ﬁe@v@f/dfbﬁﬁ)%l RPISEMOLS a
portabl e nedi a pl ayer device B, such as wrel ess device 14 shown in Fig. 1,

in the passipodatle ssdirargyerndedcaBdsushias yerglishdeveabbshopadrdis 1. m havef or m
704 represents.10.a portable i evi C i devi ce
16 shown | ey bRy rRileudit RsBluhesipt iy n PR AT BEE,

packet dyri agorakld ntidscslyerievice dpwachQs wifeless dedvel § sipavr @Fig0g iend | i st ens
for probe responses dun@qgﬁ t he di scovery wi ndows. Device B |istens for
probe requegttvedlisdongryaneds. dPesdend sendsiarhgacen peskehdusiag cad\(isONeY to t he

515" ° D3 foky 26 S AledyeliFdibd 7BRAnE RN, Ry PIBaSEqBhed iBRR, iEIUSS! B

time 712. Dévice B sends € response a In response to the

probe requeslisce®iy wWiydaday iDe/ide B De¢hcor frabeesquest dugdsgeantt diotdrg br oadcast
probe request fromdevice C, because it is sending beacon packets which are
recei ved by"ﬂédﬁ%e C. At the end of the discovery period at tinme 716,
active :

15 Device C switches to the active discovery mode at time 710 and sends a
broadcast probe request at time 712. Device B sends a probe response at time 714 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 period at time 716, active

20  discovery ends and device C returns to the passive discovery mode. As shown in Fig.
7, each of devices A, B and C listens for probe requests during synchronized
discovery windows and is in power save mode for the remainder of the discovery
period. In the example of Fig. 7, the discovery window 706 is 100 msec and the

discovery period 708 is 2000 msec.

25  Portable media player IE (Information Element)

The portable media player device may embed portable media player specific

information into the Proximity Service Discovery (PSD) information element.

IEID | Length | OUI OUI Format portable media
Type player data
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20di scovery ends and device C returns to the passive discovery node. As

shown in Fig. 7,

each of devices A, B and Clistens for

probe requests

during synchroni zed di scovery wi ndows and is in power save node for the

remai nder of the discovery period.

wi ndow 706 is

25Port abl e negq

pl ayer device

Proximty Ser\
Type Format pd

(4 bytes) (O..

In the exanple of Fig. 7, the discovery
eC_and [the discove period 708 s 2000 nsec.
li(h pl gy ébytel [((Brvtyt) mat i onelllz_b}’éﬂenl?()“ bytes) The |f®rd4atyteshedi a
_rlr)agé)e_rmed porit abl e nedi a| pl ayer ppecific information into the
i Dijscovery (PSD) information glement. [E I|D Length OU| QUT
nodia tinl avar dAAat A 0 hyt (1 byt (D Wt A (1 Il
A= TTioUT U P UL]VT UTAT T \v4 l.lyl.b \-L lJyI.C} \\ lJyI.C} \-L Llyl.e)
24% bytges¥3 22100-50-F2 6 Hash(portable | portable media
media player player specific
URL) data

The format field is a hash value of a portable media player URL string to uniquely

identify a portable media player IE.

The portable media player data may contain the following information:

Establish Connection in an Ad hoc Network

Operation type

- Beacon

- Heartbeat

- Discovery request

- Discovery response

- Virtual association request
- Virtual association response

- Data window announcement

15 Ad hoc Network Joiner

connection to an ad hoc network is shown in Fig. 8.

-15-
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8..253 00-50-F2 6 Hash(portable nedia player URL) portable nedia player
specific data The format f eld is a hash value of a portable nedia player
URL string to uniquely identify a portable nmedia player TB. The portable
nmedi a pl ayer data may contain the follow ng information: Unique portable

medi a pl ayer deVIfCaeperbte rﬁwym%we@icenamcecmi@gms BRIt abhehsmticofR! ayer
devi ce user friendly nane - user defined Operation type - Beacon -

Di scovery régmedby-a rmsbovmr;abﬂeampdm@taymdevwer(d@mce S\dmhdtaisbﬁel? equest -
Virtual assqciatio announc

Est abl i sh ISRQETS rﬁ)ﬂ%ghngqtge %vel%ewrﬁgﬁa séquence, epoanable (?ia pgygr

device B may do the following:
5 1) Set thé following settings
Desired BSSID (of the target portable media player device to join)
Local portable media player IE information

2) The wireless service issues a connection call to the wireless module, step
800.

10 Connect (to join an ad hoc network with the BSSID and MAC address as

configured above)

3) Upon receiving a connect call from the upper layer, the wireless module

may do the following:

The wireless module in device B wakes up from the power save mode at
15 the start of target device A’s next discovery window, step 802, based on the discovery
result of device A. At this time, the wireless adapter is operating on the discovery

channel.

Send out a portable media player virtual association request packet, step
804. The portable media player virtual association request packet may be an 802.11

20  probe request packet with special information as follows:

Receiver’s address: unicast address of the portable media player device to

join (device A)

SSID: (does not contain SSID IE)

BSSID: unicast address of the portable media player device to join
25 BSS type: ad hoc

Portable media player IE:
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15 Ad hoc Network Joiner A flow chart of the operations perforned by a
network joiner to establish a connection to an ad hoc network is shown in
Fig. 8. If a portable nmedia player device (device B) wants to join
an ad hoc network forned by a nei ghbor portable nedia player device (device

A) which has been di scovepgd £0L LQyyk erational sequence,
the portabl e nedia pl aye‘raoge\a}{l?%%)@ may ‘%%aésﬁgia?%?r%%’g: 51) Set the

followi ng settings Desired BSSID (of the target portable nmedia player
device to join) Local porledal ponabdé megiagleyer IEEnforirationtandn 2) The
Wi rel ess service issues a connection call to the wireless nodule, step 800.
10Connect (to join an ad hoc e%\c/intrk tvm'th the BSSI D and MAC address as
configured above) ‘jp %8 FRLERi ng a connect call fromthe upper

| ayer, the wireless nodule may do the follow ng: The wireless nodule in

device B wakes up fIh@hs inbentives)elic witvlessmackul@staylsdvike Ftomt the@owleakget devi ce
A's next discovery w ndow, step 802, based on the discovery result of

devi ce AS Amodpimnsity pya discoerywindovsandepeaioras passivesescayeri @pemtioneasdi scovery
channel . escribe abo%ﬁnd out a portable nedia player virtual association
request pac est, -scl ep 3804. The portable nedia player virtual association
request packet may be an 802.11 20probe request packet wth speci al
information as f @) |Afws seddingea pertatde mediagis/er probe sjuestgdelesshotvireless port abl e
medi a pl ayer device to join (device A) SSID. (does not contain SSID IE)

BSSI D:  uni cEwdulsstays awake for gecepang & probe gesppasepingl) degdes dimeoytsr thep5BSS

type: ad hoﬁiscovery window expires.

10 5) If the connection is not successful or if the wireless service does not
receive a media connected (port up) event within its connection timeout interval, step
806, and the media state of wireless module is still disconnected (port down), then the
wireless module may clean up the internal association context to the target device A,
return a connection failure, step 810, to the application and restore its previous state,

15 i.e. park on the discovery channel and return to the passive discovery mode, step 812.

Otherwise, the corresponding probe response is received, step 806, and the
connection is successful. Then the wireless module updates its internal state to be

associated to the target portable media player device.

6) (Optional) The wireless module can perform a key exchange process, step

20 820, (e.g., WPA2-PSK) to exchange keys with the other portable media player device.

If the key exchange fails, step 822, it returns a connection failure to the
application, step 810, and restores its previous state, i.e. park on the discovery channel

and return to the passive discovery mode, step 812.

7) If the association succeeds and the optional key exchange succeeds, step
25 822, within the current discovery window, then the wireless module indicates to the

network stack a media connected (port up) event, step 824, for the target device.
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Portabl e nedia player IE: Operation type - virtual association request,
Local portable nedia player IE information, and Supported data rates.

In the nmeantine, the wirel ess nodul e stays awake fromthe power save 5nobde
inits own discovery wi ndow and perforns passive discovery operations as
descri bed aR@wge Network FofmeNf t €r sending a portabl e nedia player probe
request packet, the wireless nodul e stays awake for receiving a probe
response until it decides to time out or the discovery w ndow expires.

5) If the connechifbaw ckarhef the gperatiersinerformed by %éewoﬂé%{%%f togstabligh oes not
receive a nedia connected (port up).eyent within its connection timeout

i nterval, sf‘gwegtb%l,toaaﬂamteﬁ{es Sﬁ% |glms: ate of wireless nodule is still

di sconnected (port down), then the w reless nodule may cl ean up the

i nternal associ atfiforedld media paythdeviergetivedevtoctable, medid plaperavidaainect i on
failure, step 810, to the apPIicatio,n and restore its previous state,

15i . e. par kaBaciehen (ayesh Packel SHRMIA) 1t 31y dodhg tplopdng he passi ve di scovery
node, step 812. Ot herw se, the correspondi ng probe response is received,
step 806, and the) GHARARILSMIRICHERRS Shither (PR BE QLB TRAK E
updates its interhal state to be associ ateg to the target portable nedia
pl ayer devi e@p 902, and sends oub p pofptle aredia)plajee vituabhsesatiodespnsapagket,f or m a
key exchange praocess,. step 20820, (e.g., WPA2-PSK) to exchange keys with
the ot her p&tepaBfasdRide™s:pl ayer devi ce. | f the key exchange fails,
step 822, it returns a connection failure to the application, step 810, and
restores its previ oS {(@&e8 not cdhtaiP8KKD M) t he discovery channel and return
to the passive discovery node, step 812. 7) I f the association
succeeds and the optional key exchan(lge succeeds, step 25822, within the
current 1di scovery wBSSIdw,tstomariocdl BShlbel ess nodul e i ndicates to the network
stack a nedia connected (port up) event, step 824, for the target device.
Ad hoc Network For n§$ ) (ﬁéflow chart of the operations perforned by a
network forner to eStabResH B%onnection to a joiner is shown in Fig. 9.

If a portable nedia player device receives a portable nedia player virtual
Sassoci ati on requespodtk@bdiaplser 800, it may do the follow ng:

Operation type — virtual association response
Association status (802.11 status code)
15 Supported data rates accepted (when succeeds)

The wireless module rejects the new association request if the maximum

number of joiners has been reached.

2) If the association is not accepted, step 902, then the wireless module cleans
up its internal association context for the requesting device and remains in its existing
20  state, step 906, i.e. park on the discovery channel and remain in the passive discovery '

mode.

Otherwise, the association succeeds, step 902. Then the wireless module

updates its internal state to be associated to the target portable media player device.

3) (Optional) The wireless module may perform an optional key exchange

25  process, step 910, (e.g., WPA2-PSK) to exchange keys with the peer device.
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1) The wirel ess nodul e deci des whether to allow the requestor to associ ate,
step 902, and sends out a portable nedia player virtual association
response packet, step 904, as follows: SSID:. (does not contain SSID IE)
10BSSID: its own | ocal BSSID BSS type: ad hoc Portable nedia player 1E:

Operation type - viIméa!cfygegtégﬁgétf&igpstmpgageewﬁa%gs%e&dl@elggﬁsawﬁe(802- 11

status code) 15Supporte ates accepted (when succeeds) The
Wi r el ess noihtrealrsp@iit®ntdoateneivr desegueating devigpndstmains ithis existingstateunber

of joiners has en reached. . 2) I.f the assogiation i.s not accepted,
otep 90, "t AR I0he enPRBIOBIEE disernesy iebiaplantl SER 1 fedisre SSsebEhATngh
context for the requesting device and renmains in its existing 20state, step

906, i.e. park on)thgeQkfReRrivh¥usBadiRl tRshtioRBBLeY dxBhdnpe sB@esdsy stefli scovery
node. O herw se, the associ ation succeeds, step 902. Then the

wi r el esss no@l2,ewithpo gheegiriensdisenverynaindgwathen the wiselassgnedule mdicates thihet ar get
portable nmedi a r device. 3 td.qnal ). The.w rel.ess nodul e
may perfor npgwogllbgt}églhgfneé&po&%%%%(ggné@b%%%gsg% dslgeg)ré}ledf’ e Jgi]‘:‘:v,lce\'/\PAZ- PSK)
to exchange keys with the peer device. If the key exchange

fails, step 912, thwhehbeihgsstabRdtdda plagarizvidps 48 & irtudllgrassciadaiswith at i on
context for the requesting device and remains in its existing state, step
906, i.e. panth gherand indisalovarsdiaenanpeed salg to deaichvork stagk, pwaslese di scovery

node. 4) |f associ at.i o ' e
exchange suc98’é%eﬁgg,m ésteé%gggfg; ?5\% ?ﬁ%‘l”gﬂ&%%&ccﬁrﬁﬁg%r? pg)i gsegtgl%gg%hg\n&ﬁ (t:)&\fv yt hen the
Wi r el esslonn%hgnimemtlp%aa@tg’he network stack a nedia connected (port up)
event, step 914, for the joining device. Wen both portable nmedia player
devices are virtually associated with .
The upper layer application executes higher layer protocols (such as file
sending or DJ streaming) to transfer data. The higher layer protocol also sends and

monitors higher layer heartbeat packets from the peer.

A schematic diagram of operations to form a virtual association between a

15 joiner and a former is shown in Fig. 10. A portable media player device B, such as
wireless device 14 shown in Fig. 1, is a network joiner and a portable media player
device A, such as wireless device 12 shown in Fig. 1, is a network former. An upper
layer of device B sends a connect request to the wireless module of device B during
the discovery window. The wireless module sends a virtual association request to

20  device A during the discovery window, and device A sends a virtual association
response to device B. An optional key exchange may be utilized. If the virtual
association request is accepted, and the key exchange is successful, device B sends a
media connected event to its upper layer, and device A sends a media connected event
to its upper layer. Then, the IP settings are configured in each device, and the devices

25  are ready for data transfer.

Terminate ad hoc network

_ Ad hoc Network Joiner

If the application decides to terminate the ad hoc network, it does the

following:
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each other and indicate a nedia connected state to the network stack, a

W reless connection is established. The network stack configures IP
settings and starts to 10transmt/receive |P packets. The upper

| ayer application executes higher |layer protocols (such as file sending or
DJ stream ng) toﬂf AR ifesd 3drdice [R8edY SB&InnbaXEN tPHRAEDEss MoleS &g and
noni tors higher layer heartbeat packets fromthe peer. A schematic diagram
of oper at i orseivingf adisccanvétreall ffonaths mppertlayen, the wikstass modslejledveetheadd a
former is sgown in Fig. 10. A portable nedia player device B, such as
wirel ess dedPcREY8™%shown in Fig. 1, is a network joiner and a portabl e

medi a pl ayer device A such as wireless device 12 shown in Fig. 1, is a
network former. An Ihmea&éaln@éa@ddigéonq@até@g;oawgav@nwme@ errlggdtest to the
wi rel ess nodul e of device B during the discovery wi ndow. The w reless

nodul e sends a virtual association request to 20device A during the

di scover§ wi ndow3) Retrade theaapsivediseovarnmedaand ragierscheinity seiagviosdst o
device B. An _aptional nge nmay be utilized. If the virtual

associ ati on°Me ﬁlggﬁﬁiaglﬁggge%@e?g, and the key exchange is successful, device
B sends a nedia connected event to its upper |layer, and device A sends a
medi a connect ed gwead hbOjditied migEREs tha parketsThen thet diehdcRoswdrt ifagsinar does
configured in each device, and the devices 25are ready for data transfer.
Ter mi nat e adohigeeiveenopackald foge thadermsr forpolopg fime and degides Rdimgppititeat i on

decides to t ' . LI does the follow ng:

1) The wi refglgﬂsglcg(gé’\?%l%:ngﬁ?zogﬁ%gﬁgpﬁ%g@g%%gt call to the wireless nodul e.
After receiving a disconnect call fromthe upper |layer, the wreless nodul e
| eaves tihe ad hod) nedevmrt khe former by dganinglipcat mtanatednsectivs camedct ed (port

down) event to the upper layer. 53) Return to the passive discovery node

and restore the ipitial settjngs for i 0 irtyal), ad hoc network.
The ad hoc j oi nelzp&ﬁﬁin‘ﬁtﬁraé“?dr\‘ég‘ﬁ%?tgé EHDSM({% eﬁﬁ%{ﬁ%b‘eflﬁlpﬁ’élf’?’erlf a j oi ner
does not receive any packets fromthe fornmer for a long tine and decides to

tinme out the conneaidi@to iktefhstidediseiveey md@eand Rstofothk MitiaGettih@d JorAge out
the fornmer by cleaning up all internal connection context. 2) Indicate a

medi a di sconomadvetha))pdhocaetworkevent to the upper | ayer.
Ad hoc Network Former

15 The ad hoc network former monitors the packets from each joiner. If the
former does not receive any packet from the joiner for a long time and decides to time

out the connection, then the ad hoc network former does the following:
1) Age out the joiner by removing it from its associated joiner list.

2) Indicate a port down event to the upper layer to indicate a joiner is

20  removed.
3) If the joiner is the last one in the network , then
a) Indicate a media disconnected event to upper layer, and
b) Return to the passive discovery mode.

If the application decides to disconnect an association with a joiner in the

25  network, it does the following:
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3) Return to the passive discovery node and restore the initial settings
for its own (virtual) ad hoc network. Ad hoc Network Fornmer 15The ad hoc
network former nonitors the packets fromeach joiner. If the forner does
not receive any packet fromthe joiner for a long tinme and decides to tine

out the connecti @, TheR@RIES %er%ﬂ:eh%eé"@&?é@ﬁdﬁe&%ﬁ% tlﬁ%?el&s@?ncfdﬁllé OA\fté}g

1) Age out the joiner by renoving fromits associated joiner |ist.

2) | ndi cat erexejpyorg a disgannestasat! from tlhelppp]deyerl thy ed hvonétmoilc frmenrgnwiveer i s
20r enpved. .. . | f.the. | oi is the last one in the network ,

t hen a) Indiﬂted%’e‘éfrﬂ%‘d?s)a?sﬁ‘?cé%%(ﬁﬁéfffBﬁt event to upper |ayer, and b) Return
to the passive discovery node. If the application decides to

di sconnect an asgpqm&at@a potttdowad dvehttBlthd ippePRy&O0GhABAK a joiherd@es t he
fol | ow ng: 1) The wireless service issues a disconnect call to the

Wi r el essSnodunevedAft er receiving a disconnect call fromthe upper | ayer,
the ad hoc network former renoves the joiner fromits associ ated joi ner

! Inzllt éat e a joi ne§3 ilgn‘gﬁgefﬁ%rv %wol%t Ong?mg‘) Eﬁ%ﬁwfdﬁ ego“lhﬁegp!ogrt Ihgylegs'; Oone in

the network , then a) Indicate a nedia di sconnect ed event to upper |ayer,

and b) Return to thg padwhtea media disesnnenmdevent to upper layet,fan he appl i cation
decides to termnate the current ad hoc networ k, it does the 10fol |l ow ng:

1) The wireless seryice issues a di sconnect cg | to the wireless nodul e.
b) Return to the passive discovery mode.

If the application decides to terminate the current ad hoc network, it does the

10  following:
1) The wireless service issues a disconnect call to the wireless module.

2) After receiving a disconnect call from the upper layer, the wireless module

does the following:
a) Remove all joiners from its associated joiner list,
15 b) Indicate a media disconnected event to the upper layer, and
c) Return to passive discovery mode.
Data Transfer
Data Transfer Parameters
Data Window Size Setting of data window size
20 Min Data Window Size The minimum value of a data window
Constant: 50 ms

Max Data Window Size The maximum value of a data window. The value
should be less than (Discovery Interval -

Discovery Window — channel switch time * 2)
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2) After receiving a disconnect call fromthe upper layer, the wreless
nodul e does the following: a) Renove all joiners fromits associ ated joi ner
list, 15b) Indicate a nedia disconnected event to the upper |ayer, and c)
Return to passive discovery node. Data Transfer Data Transfer Paraneters
Data Wndow SizeSetting of data w ndgyétsitZze08hdM Dat a W ndow Si zeThe

m ni rum val ue of a data w ndow Constant: 50 ns Max Data W ndow Si zeThe

maxi nrum val ue of a data wi ndow. The val ue should be | ess than (D scovery
Interval - DagscBussfpr Woddow - channel switch time * 2) -21 - Constant:
1800 ns Data Transfer Mdes When a portable nedia player device

joins an ad hoc t wor k an,.ad, hoc. forner _h e re loipers inits
network, the devic encaal?"ldrﬁg(?em %plt?é{?radetv ranet Se?l?éd ﬁg%%eggofﬁ’)aﬁaﬁs%deg% dat a

transfer nmo@gnRAHaPHEST rﬁcﬁwﬁ)id@’é&h its BASHA, thedt®ice can havelth® datd frabfee nedi a
pl ayer device can operate the wreless nodule in the high speed data

t r ansf er 5 moawdes: high spsed datp sapeenmpdmandgrovees savedatp Wignsfes medeconpl ete t he
transfer in short time, such as a file sending scenario or a nusic transfer

phase in a DJ chﬂ?ghﬁablé thetifd piayR d6vicd B Hettd R SviflGdds HfoddldRNSe RHers up
and operates in a 'ong
speed data transfer mode if it has a large amount of data and wants to complete the
transfer in short time, such as a file sending scenario or a music transfer phase in a DJ
scenario. In this mode, the wireless device always powers up and operates in a long

10  data window constantly.

The portable media player device can operate the wireless module in the
power save data transfer mode if it only wants to send out sparse data occasionally,
such as a music play and control phase in a DJ scenario. In this mode, the wireless
module only wakes up and operates in a short data window and then goes to power

15 Save.

An upper layer application can set a device to be in one of the two data

transfer modes by issuing a set data transfer mode call to the wireless module.

If the wireless module is set in the high speed data transfer mode, then the

wireless module does the following:
20 : Set Data Window Size to be Max Data Window Size.

Otherwise, the wireless device is set in the power save data transfer mode, and the

wireless module does the following:
Set Data Window Size to be Min Data Window Size.

Operational Sequence for Data Transfer

25 A flow chart of the data transfer operation by the ad hoc network former is

shown in Fig. 11.
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10dat a wi ndow constantly. The portabl e nmedi a pl ayer device can
operate the wireless nodule in the power save data transfer node if it only
wants to send out sparse data occasionally, such as a nusic play and
control phase in a DJ scenario. In this node, the wireless nodule only
wekes up and opergt gsrtatle medldGldyed abdcdVh BN RBEd hBERet9RBEadha3@hEbr 15save.
An upper |ayer application can set a device to be in one of the two data
transfer nodese JoynersBulseyvmadbec sRiwark: AdHs$ eme yitpdess aiddulegndgeicoiirddces s
nmodul e. fhf the wireless nodule is set in the high speed data
transfer nof¥ OUAENE he wirel ess nodul e does the fol | owing: 20Set Data

W ndow Si ze to be Max Data Wndow Size. O herwise, the wireless device is

set in the power 13auR viadléss il Qiysidke a@mgarkm i dvel @iscoveBdeHaaneldes t he

followng: Set Data Wndow Size to be MM Data W ndow Si ze.
Oper at i ohal Bedisernsey windopatoperiorn ppssive davenyorier hHIG: apdeserbedphoyet r ansf er
operation by the ad hoc network fornmer is shown in Fig. 11. The

por t abl e medi a phaghe RS (b Qiflb BfsAMle RARIAS URLIE B Bagagne of more

joiners inits o 0C ne §tTine wreless no e In device A
does the fol WondoWg It immediately swittheslibehardatetiemaclymep ll €05 ey basberkie and par ks
at its own discovery channel in 5its discovery window to perform passive

di scovery, sedysrtisedon ityporgeble megidgplaysbprobe responsepackgien the di scovery

wi ndow ends, the wireless nodule starts the data window. It inmediately

sw tches to the gatg.Ghag lmocﬁltlee&n&slggt’%@Blehﬁéﬁi?ﬁﬁ%?&%@ﬁz_hﬂd@@d inits

portabl e nmedi a pl'ayer probe response pac e wrel ess
nmodul e sends amduneerpait patieg stapdi 184 pinayetiatelytaftenihedbanrtd swnduis cempletedpacket |
step 1104, immediately after the channel switch is conpleted. The
dat a w ndow announcegnent packet may be an 802. 11 prob onse packet
contai ning the fol | bW /52 Wh‘f‘g’r”‘f@‘logﬂc.enﬁé‘&é? gl may g?i?ﬁ g@%ﬁﬁ‘f"@ﬁﬁ?ﬁ%‘?“addr ess
(B ggl EF- FF- Fisabifet Esntainlgithe fSIRSAnG RlforiRbai N SSID I'E) 15BSSID: its own |ocal

Receiver’s address: broadcast address (FF-FF-FF-FF-FF-FF)
SSID: (does not contain SSID IE)
15 BSSID: its own local BSSID
BSS type: ad hoc
Portable media player IE:
Operation type —data window announcement
Current data transfer mode — (high speed or power save)

20 Heartbeat request to joiner — (optional) MAC address of a device that

is required to send a heartbeat response

If the ad hoc network former does not receive any packet from a joiner for a
long period of time and is going to age out the joiner due to inactivity, it can use the
heartbeat request in the portable media player information element to probe the

25  existence of the joiner. If there are two or more such joiners, the wireless module uses

a round robin approach to select the joiners for a heartbeat request.
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BSS type: ad hoc Portable nedia player IE: Operation type -data w ndow
announcenent Current data transfer node - (high speed or power save)
20Heart beat request to joiner - (optional) MAC address of a device that is
required to send a heartbeat response If the ad hoc network forner
does not recei ve,AhICHfile LAARE duch QiR SibfoufkccnRATPRREL Bt Whelbise and i's
going to age out the jorner due to 1nactivity, 1t caﬂ use the heartbeat
request in tieduleds teally éorrdad pachétayeriving hd semtlingnstep ébnt t o probe the
25exi stence of the joiner. If there are two or nore such joiners, the

wi rel ess nodul e ys a round ropjn approach to select the,joiners,for a
hear t beat requesg). e@h%t ¢ current data Wig g‘ﬂfef‘%?ess (e esgaqod?xhées?@gtsgnw%dow :

announceﬂenfancp%&%f Oaabﬁet%ﬁ@iu%somwhxeleisssraaﬁ@s%pflq)os,q‘&tﬁ?m%ﬁﬁg.rHcei ving
and sending, step 1106. . 5) Wen the current data w ndow expires,

t he wi r eb es shendatvindewapsuffieiediindprgnpowerceving mpypet kesehieved- t urns of f its
w reless radio, step 1108, for power saving. If 5the data wi ndow is

reless radi . i ‘
Bi scover y Wndowtbianteneane Gt et BMATRAEIR Ftdesy o8l ) "

channel and yRedi§QWER dhamsdl Wed PeissienégiaysivedieRved0tep a$00]@s dedchibed aaaee.
Thus, passive discovery and data transfer are performed concurrently in a

ti me shari nghunmassive discoyest andlata) transfeg pre(perfopaed a@uurenh) ingrtéme epeat ed

until the ad, hoc network does not have any joiner or is term nated. A
flow chart S?ar{qgén%eé transfer operation by the ad hoc network joiner is
showmn in Fig. 12. The portabl e nmedia player device B joins the ad

hoc netwerk that 7) Stémriryeel 6gstebs ded0-¢ £08).areNepetedutil elssidihod metworkgloes he
wirel ess nodule in device B does the
not have any joiner or is terminated.

A flow chart of the data transfer operation by the ad hoc network joiner is

shown in Fig. 12.

The portable media player device B joins the ad hoc network that is formed by
15 device A. After successful joining, the wireless module in device B does the

following:

P

1) The wireless module adjusts the starting time of its discovery window to be
the same as device A’s (the former of the ad hoc network) based on the active

discovery result or the data window announcement, step 1200.

20 2) In the discovery window, the wireless module stays awake and parks at the

discovery channel to perform passive discovery as described above, step 1202.

3) The wireless module switches to the data channel, step 1204, that has been
advertised in device A's (former) portable media player probe response packet by the
time the data window starts. At this time, the wireless module sets the size of the

25  current data window to Data Window Size, which is configured by the upper layer.

4) If the wireless module does not receive a portable media player data
window announcement packet within the minimum data window, then it does the
following;:
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fol | owi ng: 1) The wireless nodul e adjusts the starting tinme of its

di scovery wi ndow to be the sane as device A's (the fornmer of the ad hoc

net wor k) based on the active discovery result or the data w ndow
announcenent, step 1200. 202) In the discovery wi ndow, the wreless nodul e
stays awake and parKks i ; i di scovery
as descri bed above, sthgn%g%zgkémﬁgéygﬁ?%ﬁg%ﬁnéﬁy@J%%@%}ﬁﬁ?hes to

t he data channel , vahépwv 204, that has been advertised in device A's
(former) portable nedia player probe response packet by the tine the data

i ndow starts. A{ this tine. the wirel dul ts.the si f the 25
Current dat a wi nBSEeI WRGStaesBoe v et B8R Moo

| ayer . anndbhcdrherdt PR B pEBD6REMItRe fR@Er (MeVict A9 Bods the FdIRIWify: medi a
pl ayer data w ndow announcenent packet within the m ni mum data w ndow, then
it does the follow ng: Extend the size of the current data w ndow to

be the méxi mum dat &Jsaithid pvpbsirgsponse packettp Retodisdbternah Emgptadpess nodul e
receives a portable nedia player data wi ndow announcenent packet, step

1206, fromthe for le v(ri(rjeefvsis%?o e %?ksﬁﬁ%éu%%ﬁﬁi&ﬁ!t#aﬂ%ﬂgfodéiﬁelldl%ﬁ?het his probe

response packet t'o ync P ES i nterna S e W reless nodul e

checks the current ghatabld hedis bRiyenBIgf the @htd tiansfetm@odoint [&hik differelitdropd ayer
|E. If the data transfer node in IEis different fromthe internal data
transfer nmode, thentheprtemipldatatansiesaneds, hep the wirglges mpdule adiusty thesizednt

data w ndow to conp dta&ewifn%\%é .b%ffiﬁfy:"ﬁth t‘ﬁg%ggirerr.el ess nodul e checks

ti% bt
t he heartbeat reque of “the j ol ner portable nmedia player IE. |If

the address equal to the | ocal MAC address, then the w rel ess nodul e sends
out a haartbeat pacRetiwirdedsanddudecicchathk dtartiryt fequesnoBO2 jditerficdben r esponse

packet containing the follow ng information: 15Receiver's ess: device
A's MAC address SS|pertabronsdiapfayeph 4 the rgss|qualgg§qu90§§ggg%i?irqsﬁe ad hoc

network BSS type: aﬁlleﬁ'% wireless module sends out a heartbeat packet.

A heartbeat packet may be an 802.11 probe response packet containing the

following information:
15 Receiver’s address: device A’s MAC address
SSID: (does not contain SSID IE)
BSSID: BSSID of the ad hoc network
BSS type: ad hoc
Portable media player IE:
20 ' Operation type —Heartbeat

5) The wireless module starts sending and receiving data packets to and from

the ad hoc network former, step 1208.

6) When the current data window expires, the wireless module stops sending
and receiving data packets and turns off its wireless radio for power saving, step 1210.

25 If the data window is sufficiently long, power saving may not be achieved.
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Portabl e nedia player IE: 20Qperation type -Heartbeat 5) The

w reless nodule starts sending and receiving data packets to and fromthe
ad hoc network former, step 1208. 6) When the current data w ndow
expires, the wireless nodul e stops sending and receiving data packets and

turns of f its w nehess thadka DisoveBWindoAY ithids, tifl WikeléRoduddblitdiRg lat a
w ndow is sufficiently | ong, power "saving may not be achi eved. 7

When t he neftte dicoveryshgnngl antbperfirms passiveltisoavenyl step 1 20%d a$ desstibedcabozet o t he
di scovery ctfgnnel and .gerfor dﬁ% sin di sc&ver i ste ]t€02, as descri bed
above. Thus | MBaDassds Preoysy YR PEHSTR %ﬂ“&“‘g%*} YRRt oncur rently
inatine sgwrjn@gnmener. 58) Steps 2) to 7) (steps 1202-1210) are repeated
until the device | eaves the ad hoc network. A timng diagramthat
illustrates a power save data transfer operation is shown in Fig. 13. A
wavef or nf 1300 i | Bustepst2e o dplsteas | Ys1719) arqyepeatast untethe devicalparesdesadce A,
and a wavef 85&&%%8( illustrates operations in a portable nedia player
device B. 1 Vice A and device B listen for probe request packets on a

di scovery channel during synchroni zed di scovery wi ndows 1320. At the end of
the di scovery w Adimink3R4brar thatikusi3R2 a polver sk idarsrawiet operaticnis shewn

di scovery channel to a data chanpel and a data w ndow annguncenent. i s sent
from devi celligol Hedivvayemrmal 3084 psyates operaliens ingPoFablsangdis playsrdisvicee B t o
devi ce A t r ' j I w 1330
whi ch may bo P Artyerp Al 0 Al ARE R R SHRMIO A SRS QOOPRY 1350
Devi ces 1/ abdvide tthanl damidedd listen fovwesbesayeestpadietd oniantiscavéryhadigflQuringf i |t he
next di scovery period begins. |In the exanple of 13, the discgvery

i Q.
wi ndow 1320 SYRShiqaizedsdiscovery svindaws i 20 oy thsans! qféﬁqgﬁcw&wzﬂ%“ﬂ%@ @ scovery
period 1332 : 523%?t idn i: i i speed
data transf gb%olég?gtth ?ggﬁf% S lc?\i/}nf{qn?ng’lg?fé&ggﬁwc %bg‘%ﬁ i%@gélraglg? edsateldnt s the
oper ati ons efindovparirioahtemnent i enpiraelevide A wealeMice B10A heavebeaf mucketddyObe
represents the operations g(ze‘ag%gortabl e nedia player device B. Device A and

devi ce B |i $SEATOMbAeyseoB &0 t Dstachaskes gis sgnipndaecraysd RrRgadiatagur i ng

synchrontzed . ds i .Hqﬁp%ﬁ' &y\@'a, : .
25di scoggr yq’c"ﬂdaoﬁﬁg?/ﬁ{ogh%ém%\g%aé%ﬁgﬂxgﬁﬁle&g t msé 1 &tggd&gﬁrglﬁ rl%dends a
data w ndowlashoDevessehtind 8 thavswiechBp pawedr shye intele Burmay a sienrd] 30hmat thbeat

K . A , .
?_Zgoét | ;Ot ﬂgg%fdgqgogw%tagaigggﬁ% SIna%flg ega%]p e g 1g.r F3C, %Ilél ﬁgco%lélrryl vr\}gldgwq%Eg W ndow

is 100 msec, the data window 1330 is 100 msec and the discovery period 1332 is
2000 msec.

20 A timing diagram that illustrates a high speed data transfer operation is shown
in Fig. 14. A waveform 1400 represents the operations of a portable media player
device A, and a waveform 1410 represents the operations of a portable media player
device B. Device A and device B listen for probe request packets on a discovery
channel during synchronized discovery windows 1420. The devices switch from the

25  discovery channel to the data channel at a time 1422. Device A sends a data window
announcement to device B, and device B may send a heartbeat packet to device A.
Data packets are sent and received during a data window 1430. In the high speed data
transfer mode, data window 1430 continues during the remainder of a discovery
period 1440. At the end of the discovery period at time 1432, devices A and B switch

30 back to the discovery channel and listen for probe requests during the discovery
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transfer node, data w ndow 1430 continues during the remainder of a

di scovery period 1440. At the end of the discovery period at tinme 1432,
devices A and B switch 30back to the discovery channel and listen for probe
requests during the discovery wndow. In the exanple of Fig. 14, discovery
w ndow 1420 )ggngg' ; i i : i ndow
1430 is app%@ogg 3@6 ?L90 %ﬁ%]p‘ggle%g\r/%gﬁg?%ﬁ g%\]mrsmqgg%&g??%a@%\nrtabl e
medi a pl ayeperitel/i446 is 20@kems and datamtinddve 143D imeppronmaldyd AN) mshe devi ce does

the foll ow ng: 1) Set the follow ng configuration settings: Channel
nunber to egﬁglish its own ad hoc network BSSID for its own ad hoc network
10Maxi mum n L joiners allowed in ad hoc network (default = 10) Local

portabl e nedia player information elenment (1E) which contains DJ stream ng
i nformati onSrart DJ mode) Upon receiving the | ocal portable nmedia player IE
for the DJ node, the wireless device saves its initial state. Then the

W rel ess nodul e fé’qﬁt es its_internal 15context to include such infornmation

inits pbrtable qtableamedia glayendeyicp ip st ke start thg R mode op dgmand; theve | i ¢t

for the maxi H@J‘?ﬁ jojners in its own ad hoc network. At this tine,
the initial d%%@c ne‘ﬁ(\)glfrovkdl%és been re-configured for DJ stream ng. Operate

in DJ node 20The DJ applications and |isteners can switch to high speed
data transfer nodg Sshthe fold@yingaohfiguratdoncettings: musi ¢ data with joiners and
they can switch to power save data transfer node when only DJ control and

managenent packets are exchanged. Cy .
g P C%anne number to establish its own ad hoc network

BSSID for its own ad hoc network
10 Maximum number of joiners allowed in ad hoc network (default = 10)

Local portable media player information element (IE) which contains

DJ streaming information.

2) Upon receiving the local portable media player IE for the DJ mode, the

wireless device saves its initial state. Then the wireless module updates its internal

15 context to include such information in its portable media player discovery packets.
Also, it updates the limit for the maximum number of joiners in its own ad hoc
network. At this time, the initial ad hoc network has been re-configured for DJ

streaming.

Operate in DJ mode

20 The DJ applications and listeners can switch to high speed data transfer mode
when they want to exchange music data with joiners and they can switch to power
save data transfer mode when only DJ control and management packets are

exchanged.

Stop DJ mode

25 If a portable media player device is set to end the DJ mode on demand, the

device does the following:
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Stop DJ node 251f a portable nedia player device is set to end the DJ node
on demand, the device does the follow ng: |) Restore its internal

context to be the initial node and settings. Join a DJ network If a
portabl e nedia player device is set to join the DJ network forned by the DJ

devi ce, the portaple 't?‘lg@rﬁz}{%ntgﬁ?t‘&b%%t]ﬁ&%ﬁ%ﬁnﬁad@@ﬁ@?&ﬁn@m| to the

w rel ess 5nodul e as descri bed above application waits for the nedi a
connected event to start operation on the wireless connection. Leave a DJ
net wor k Join al BJ metpork abl e medi a pl ayer device is set to |eave the DJ

network fornmed by the DJ devi ce, the portabl e nmedi a player device issues a

di sconnect call th re du .8 ri pgp |t can

i mredi ately stop tfmor%&woragci fag eIilluieés geg?%oﬁ% clie)ﬁ’ge}?g&é%g?%— (i dink file
I'f a portabpg Jewideah®bsyle ﬂl@&iagﬁayeﬁdéﬁée ikues @@oniect édletotthe aiteleher portabl e
medi a pl ayer device, the local device issues a connection call as described

above. The quelelasslembn@ abgis Thaby epplisation weiss far e medip sormsidctert event
to start oper tlon .on t Wi rel e33n5%; ection. Operate in sending file
The file tré TOBFraQBBPP(E etwgeless T ectlﬁgfl le receiver (ad hoc forner) and
file sender (joiner) turn on the high speed data transfer node before the
dat a transf eegwtiaDyserkh order to achieve a short file sending tine.

If a portable media player device is set to leave the DJ network formed by the
DIJ device, the portable media player device issues a disconnect call to the wireless

10 module as described above. Then it can immediately stop the DJ operation.

File sending Scenario

Start sending file

If a portable media player device is set to send a file to another portable media
player device, the local device issues a connection call as described above. The file
15 sending application waits for the media connected event to start operation on the

wireless connection.

Operate in sending file

The file transfer applications on both file receiver (ad hoc former) and file
sender (joiner) turn on the high speed data transfer mode before the data transfer starts

20  in order to achieve a short file sending time.
Stop sending file

If a portable media player device is set to stop file sending, the device issues a
disconnect call to wireless module as described above. Then it can immediately stop

the file sending operation.

25 The above description and the accompanying drawings provide examples of

values for various parameters, such as timing parameters. It will be understood that
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Stop sending file If a portable nmedia player device is set to stop
file sending, the device issues a disconnect call to wireless nodul e as
descri bed above. Then it can imrediately stop the file sending operation.
25The above description and the acconpanyi ng draw ngs provi de exanpl es of
val ues for [ L itV e

under st ood g‘ﬁ%’t‘%}{%ﬁ%ﬁé@gﬁ@@%@figﬁ ne E@%‘gga%?{%@n‘%{?%m"ffmaén% t(l',z@are not
in any way lhemnscopenef thsinventidre scope of the invention. Having thus described
several aspects of at |east one enbodinment of this invention, it is to be
appreci ated vari pldginglthey ddsérited, sevadl dshecdd o easeditt dnipidianefitiss Swi | |
readily occur to those skilled in the art. Such alterations, nodifications,
and i npr oveieEidomilds ihberrseriated pariqus itergfions, modificatipRss AREIMRIAYEIGHS

I nt endedst Ov@ﬁ 8é'¥dh e JrhE uRRE blihe2dne ﬁtQ.pgu%I alleliion ,Vrﬁ&iiﬁg{lion ,Ca‘lflﬁr di ngly,

t he foregoi ng desc |p?|on and°dr aw ngs are by way of exanple only. What is
clai med is: imfloaem®ntd areAnteatddwd Yeaauditiit disalowire cdndsase thearided td be withiad hoc
net wor k, conpri sing: transmtting and receiving discqovery information

by the wir eF}@s@ir&@%ﬁéé‘)mfit%inéie’m%‘co‘\FéPSﬁiiWIYrdﬁ%\f%?goéngo‘é‘?sFBEﬁ‘%‘ #dscovery
i nterval ; a’&?avﬁﬁé’ﬁr@%k% td?%x%%él%l g@s_ device in a power save node during an
rel t he B/ I C?I co

i nactive po on-o erio very interval.
What is claimed is:
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2. A nethod as defined in claim1, further conprising: turning on a
radio of the wireless device in response to activation of wreless
operation; 10listening for a beacon packet for a specified tineg; if a
beacon packet is received in the specified time, adjusting timng of the

di scovery wi ndow in accordance wth paraneters in the received beacon
packet; and if a beacon packet is not ved in the specified tineg,
sending a beacon packet. 153. A nethod as defined in claim1l, further

conprising: | A h¥hBl iofiate arv@gél&s(atevﬁzgﬁléﬁ‘fa[(ﬂ{&%t@@rw Sinshising?g the

di scovery wi ndow, In response to activation of a passive discovery node;

|l istening for a beacon packet for a random back-off tine; if a beacon
packet is recei vednsmittimgrandecaidng disciark indérinationmby tmlj&'irshess@V'E@tdurihgg of
t he di scovery wi ndow.i accor dan e wth}plgl%g‘,rzst ers in the received beacon

packet ; a'digepvery pun %B?é‘f ¢ discyer i thin the random back- of f

time, sending a beacon packet; |istening for a probe request packet during

the discovery wi esémemg BRViPless AEGILEBE 4 PHwdrahid inb8e H&lﬂ%ﬁﬂn&@tﬂ/e%ﬁhﬁﬁ
request packets; and sendi ng a probe response packet if the wirel ess

devi ce has nﬁthesnenodladp&cob@ymetsqy@hse packet or a beacon packet in the
current discovery w ndow.
2. A method as defined in claim 1, further comprising:

turning on a radio of the wireless device in response to activation of wireless

operation;
10 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 in the received beacon packet; and

if a beacon packet is not received in the specified time, sending a beacon

packet.
15 3. A method as defined in claim 1, further comprising:

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

response to activation of a passive discovery 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
20  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;
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4. A nethod as defined in claim1, further conprising: 5turning on a radio
of the wireless device during the discovery window, in response to
activation of an active discovery node; sending a broadcast request packet
during the discovery w ndow, and saving information contained in

response packet s et inBymfiliBe Fel¥fifettb 88218 r@iRSred kst SRRO(SA O t he
br oadcast request packet. 105. A nethod as defined in claim1, further

conpri si ng: turning on a radio of the wireless device during the
di scovery wi ndowsending &pobe sespouse packeh ifabe wiraless device has sehstenhgpwbeonnect i on

re t ket t i rel . devi [ t he di i ndow,
15T 5 connEePyh FAORLOR BB aR Rarl U REEUTTRE ST N ERE G Scovery i ndow

establishing a connection to the second w rel ess device; and if a

connecti on gespons@eiag kelefirediftlaifqefivder Mniptisid: he di scovery w ndow,
i ndicating a connection failure. 6. A nmethod as defined in claim1, further
conprising: 20receiving a connection request packet by the w reless device
during the di scoWsnipgwnridadio of the wirpless;deyice durig theghscoxgryavindomcRet i s

accept ed, S?&Bj”,ﬂ%t?ﬁ&%ﬂgﬁ%k?‘?a‘{tg’%%%wﬁr?pa t during the discovery w ndow,

and e connecti on reques cket is not accepted, dropping
t he connecti on 25request packet and remaining in a current state. A nethod
as defined in cl atrdidg a broaddest requesp packendyring the discovery window; and

saving information contained in response packets sent by other wireless

devices in response to the broadcast request packet.
10 5. A method as defined in claim 1, further comprising:

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

response to a connect call;

sending a connection request packet to a second wireless device during the

discovery window;

15 if a connection response packet is received within the discovery window,

establishing a connection to the second wireless device; and

if a connection response packet is not received within the discovery window,

indicating a connection failure.
6. A method as defined in claim 1, further comprising:

20 receiving a connection request packet by the wireless device during the

discovery window;

if the connection request packet is accepted, sending a connection response

packet during the discovery window; and

if the connection request packet is not accepted, dropping the connection

25  request packet and remaining in a current state.
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perform ng di scovery operations to discover nei ghbor wrel ess devices
during a discovery w ndow, sendi ng a data announcenent packet
during a data wi ndow of the periodic 5discovery interval; and sendi ng
data during the data wi ndow foll owi ng transm ssion of the data announcenent
packet. 8. A wi rﬁ'rﬁé@oﬁ’%&&ﬂleﬂ iH@Qhﬁ‘le&%@xrc {shfp.conmprising: a portabl e
nmedi a player; 10a radio to permt wreless operation; and a wreless
nodul e logically connected to the portable nedia player and to the radio to
operate the w r epesernpog tiaboveryrepkiratiqus 4y discaley neighbar verelesd davicestbiringr k, t he
W rel ess rmdtéle CO r.iqsﬂi ng a processor programed with instructions for:
transmtti nf “BNAYETEMETAYMg di scovery information during a discovery

15w ndow of a periodic discovery interval; and operating in a power

save node duri ngs@flidd@84th ¥ndi@Edrhen patket Berimes §a8wendbve 60Me pyriddit er val .
9. Awreless portable nedia player device as defined in claim8, wherein

t he i nst fucdiseeisry interials anchel ude i nstructions for: 20turning on the radio
in response to activation of wireless operation; listening for a beacon

packet for a spec¢ified. tine: i : By Lved in the
specified tine, gﬂ}dl clia%gﬁurlﬁ trllla dgtfa \{“h%&ﬁ?@gog@g‘% ;&gﬁmﬁﬁé%évﬁ?fnﬁggét\ér dance with
paranet er s ipfndudeerh@toavied beacon packet; and if a beacon packet is not
received in the specified time, sending a beacon 25packet. 10.A wireless
portabl e nedia player device as defined in claimg8, wherein the

i nstruction$- f ur theirelepcpaitable medip playpiodeyigesemprising: ¢ yrnjng on the radio
during the discovery window, in response to activation of a passive

di scovery node; portable media player;

10 a radio to permit wireless operation; and

a wireless module logically connected to the portable media player and to the
radio to operate the wireless portable media player device in an ad hoc network, the -

wireless module comprising a processor programmed with instructions for:

transmitting and receiving discovery information during a discovery

15 window of a periodic discovery interval; and

operating in a power save mode during an inactive portion of the

periodic discovery interval.

9. A wireless portable media player device as defined in claim 8, wherein the

instructions further include instructions for:
20 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 the

discovery window in accordance with parameters in the received beacon packet; and

if a beacon packet is not received in the specified time, sending a beacon

25  packet.
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5listening for a beacon packet for a random back-off tine; if a
beacon packet is received within the random back-off tinme, adjusting timng
of the discovery wi ndow in accordance with paraneters in the received
beacon packet; if a beacon packet is not received within the

random back&@f '\ \Qﬁeleé‘\sﬁfbﬁj@aﬁﬁ rRediPPRPGAR VR GK Béfinddiif CRIYh BRI whereirAthpr obe

request packet during the discovery W ndow, saving information relating to
recei ved pr oisuctens fsthep asthatespsteustions for:  sendi ng a probe response packet
if the wireless device has not sent a probe response packet or a beacon

packet in the current discovery w ndow 1511 . Awmireless portable.nedia

pl ayer device as™gfP r‘?&cﬁﬁ? 1RdE %‘F}ﬂggge &ﬁ(éorvgfynwmqgwi, hnsrteg%oé’? ¥ %)nascg%’ %F nho?r

i ncl ude i nsgrbygzswemﬁoﬁ,gry:mode; turning on the radi o during the discovery
wi ndow, in response to activation of an active discovery node; sending a

br oadcast request packet during the discovery w ndow, and 20savi ng

i nf or mat Fon cont Hbtaeiagifer a keasempeckebiok arapdearhackywibiier wirel ess devices in
response to the broadcast request packet. 12. A wirel ess portable nedia

player device as;deldpafpddiefikddRa WHIEK fieadddtn bARLITHi ! NeT
include instructiions tTor; turning on the radi o during the discovery w ndow,
i n responsetitfingofthaddcovezp ddhdow in accordasenditinparametrsiachd eoeivebbmson packet
to a second wi reless device during the di scovery w ndow, if a
connecti on Pé‘éﬁﬁﬁnse packet is received within the discovery w ndow,
establishing a connection to the second wirel ess device; and

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

10 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.

15 11. A wireless portable media player device as defined in claim 8, wherein the

instructions further include instructions for:

turning on the radio during the discovery window, in response to activation of

an active discovery mode;
sending a broadcast request packet during the discovery window; and

20 saving information contained in response packets sent by other wireless

devices in response to the broadcast request packet.

12. A wireless portable media player device as defined in claim 8, wherein the

instructions further include instructions for:

turning on the radio during the discovery window, in response to a connect

25  call;
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5if a connection response packet is not received within the di scovery

w ndow, indicating a connection failure. 13. A wreless portable nedia

pl ayer device as defined in claim8, wherein the instructions further
include instructions for: receiving a connection request packet during the

i truct i ons. _ equ . |
connoct] on' 1 osposBr P i ehB R ks PR s e IRE BBk e P 20

connecti on HREMRSY whalket IS not accepted, dropping the connection request
packet and remaining in a current state. 14. A wireless portable nedia

pl ayer device as _defined in claim8, wherein the 15instructions further

i ncl ude i nst ruct ifgnepnpegtion responsep@qck@;rlﬁqugwgql Yahinethy disseyesy oW, 0 di scover

nei ghbor wi tgl aeg; devidGsc ddh Bt RcHEGAMELYdeRamY sending a data
e u a aa

announcenent” pac ring a w ndow of the periodic discovery
interval; and 20sending data during the data wi ndow foll ow ng transm ssion
of the data annoiffcenmmattiqpaes@hnse fdrketAs aotpediesd witkidalxd diserydryuwindowgr anmed
with instructjons for executing a method to operate a wireless device in an
ad hoc net witdicatigg senagatign failure. transmtting and receiving discovery
information by the wirel ess device during 25a di scovery w ndow of a

periodi ¢ di q@.oveWw-irQlte?sr[in&{a'blearﬂgdia player devitRels QLR infaily 9, lHResn RV Ce 1n a
power save nbde during an I nactive pgrtl on of the periodic discovery

interval. Ifstruéti@srfprharincleddiabinectivesifaxm as defined in claim15, wherein
the nethod further conprises:

receiving a connection request packet during the discovery window;

10 if the connection request packet is accepted, sending a connection response

packet during the discovery window; and

if the connection request packet is not accepted, dropping the connection

request packet and remaining in a current state.

14. A wireless portable media player device as defined in claim 8, wherein the

15 instructions further include instructions for:

performing discovery operations to discover neighbor wireless devices during

a discovery window;

sending a data announcement packet during a data window of the periodic

discovery interval; and

20 sending data during the data window following transmission of the data

announcement packet.

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

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

transmitting and receiving discovery information by the wireless device during

25  adiscovery window of a periodic discovery interval; and
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5turning on a radio of the wireless device in response to activation of

W reless operation; listening for a beacon packet for a specified tineg;

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

t he di scovery wi ndow in accordance wth paranmeters in the received beacon
packet; and 10i fO}ger ﬁ?gftﬁeméfésgaeﬁ& GE pdvie 8hvealodd \durlig AmRR&dtilvE portionme,
sendi ng a beacon packet. 17. A conputer-readable nedium as defined in

cl ai m 15, whEtheipariodie diseovenylirftervelher conpri ses: turning on a
radio of the wireless device during the discovery wi ndow, in 15response to
activation a passive dis ery..nmode;, ki st.eni ng f<o e cket for a
random back?%'ff Bicrgg}pu er'rea(&%refmédlg%éi gﬁh%eélclﬁgka"%slsr g’(}:lgrie@le%g\?r\n% tt I'n the
random back figftfer tofipriseddj usting tinming of the discovery windowin
accordance with paranmeters in the received beacon packet; 20if a beacon
packet is not received within the random back-off tine, sendipg.a beacon
packet:; §isteni n§rrise o8 agadigef theguaelessyievicadn FIPFNTE te MV F‘%Bﬁ&‘raeﬁ ndow;
savi ng i nf ogg%&ii&p relating to received probe request packets; and

sendi ng a probe résponse packet if the wreless device has not sent a probe

25response packet or a beacon packet in the current discovery w ndow. 18.
A conput er - r eadabibtenimg donmbeasomnpdakaefdr a specifaddting, wherein the net hod
further conprises: turning on.a radio of the wirel ess device during

he di i ' .1Q. i vation.of ar i.ve dj
mode: ssendi hg- ot hasnetRragneet <AL b Rb ARy R RE SRR W ana

discovery window in accordance with parameters in the received beacon packet; and

10 if a beacon packet is not received in the specified time, sending a beacon

packet.

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

further comprises:

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

15  response to activation of a passive discovery 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;

20 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

25  response packet or a beacon packet in the current discovery window.
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saving information contained in response packets sent by other wreless
devices in response to the broadcast request packet. 19. A

conput er -r eadabl e nmedi um as defined in claim15, wherein the nmethod further
conprises: 10turning on a radio of the wireless device during the discovery

W ndow, in fgs poﬁzf)vr\r}p?lé%-rgmgl%%e&i@ﬁulaé defined in SRR B3I wReRATHAS GidiRyy r equest

packet to a ;’econ ess device during the discovery w ndow,
i f a connecfhiirther cespasese packet is received within the discovery w ndow,
15est abli shing a connection to the second w rel ess device; and if a

connection response packet .is_.not received within the discovery .w ndow,

i ndi cating a conHEE‘PEBH aradip of @?e W'f%?ss,&ie(‘% Ht'es H}pecgscf%?rg “ﬁgg‘f%nl{las defi ned
inclaim 15,65%}%% RctlvaBoiBt AxPsbtfve disosvery aivaej ses: 20perform ng di scovery
operations to di scover neighbor wrel ess devices during a discovery w ndow,

sendi ng a data announcenent packet during a data w ndow of the periodic
di scover§ i nt er vagndingribroadcast requess pasdiptiiprimgithe dseavety vindowatnd wi ndow
foll owi ng transm ssion of the data 25announcenent packet.

saving information contained in response packets sent by other wireless

devices in response to the broadcast request packet.

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

further comprises:

10 turning on a radio of the wireless device during the discovery window, in

response to a connect call;

sending a connection request packet to a second wireless device during the

discovery window;

if a connection response packet is received within the discovery window,

15  establishing a connection to the second wireless device; and

if a connection response packet is not received within the discovery window,

indicating a connection failure.

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

further comprises:

20 performing discovery operations to discover neighbor wireless devices during

a discovery window;

sending a data announcement packet during a data window of the periodic

discovery interval; and

sending data during the data window following transmission of the data

25  announcement packet.
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