WO 2010/100322PCT/FI2010/050069 POWER MANAGEMENT IN WIRELESS COMMUNICATION
SYSTEMS BACKGROUND 1. Field of Invention: 5100011Various embodiments of the present
invention pertain generally to wireless link establishment, and in particular, to communication in

wireless netwegkeeiinosuments having beacon periods of varying frequengy:2vBagkainynd:
[0002]Wireless communication has moved from simply being concerned with 10conveying verbal
information to bejigrateRANIRs AT diakiRIeRREVB IR RrigiRl ipitgs fqaoice
communication (e g telephone calls on cellular handsets), enhancements in wireless technology have
substantially improved ability, quality of service (Qo0S), speed, etc. These developments have
contributed to an insatiable desire for new fupgtiopalit:Faftable wireless apparatuses are no longer
just tasked with mkl 0 15te|ephone calls. They have become integral, and in some cases essential,
tools for ma tHe protBsSionE

&l and/or personal life of users. [0003]The effect of this evolving
technoldgy riggble seen manstﬁ@mdvhemsa»ﬂm@ﬂyeﬁf &n@at@ﬂ@@ﬁdﬁfﬁg&éﬁﬂ@ teplasrdswith a
single multlfl.ll "t?tlo[zl’ e\g%e g’gedfunct%nallty %hat was formaIIy rowged b Ilne telephones and
facsimiles, lapto gcompu ers portable digital aLSisaste tBOAY Gam: “%;Yé?é %Whﬁ?}m%ﬁ%yers digital
storage dewbe‘ermévyrberspmm@(ﬂ arasgnigig igital communication apparatus. The above
functionality snay bg further supplemented through the provision of applications that ere not previously
available in portable apparatuses (e.g., directional/tracking features, wireless financial transactions,
social netwol#g! etc.). ZW%QSWWW&MWW é@@@’ém"@lﬁhobémﬁgmgfmmfé systems and

strategies forseaniassyINBICRRRESHNY LSS SndR-NBHIGUIAL, ARPRIRIUS Ysers Wil desig a virtually
immediate response when applications or functions are executed. Any delagor maccuracy in the

response will HEgEt SR RSB SAUCBIE AR Eforl T ERE SERBIRGEIH BF ReRdEEN: and thus, may
be detrimentaliimtheacceptaincesofittimapphcatienubstantially improved ability, quality of

service (QoS), speed, etc. These developments have contributed to an insatiable desire for
new functionality. Portable wireless apparatuscs are no longer just tasked with making

15 telephone calis. They have become integral, and in some cases essential, tools for
managing the professional and/or personal life of users.

[6603) The effect of this evolving technology may be seen n instances where a
plurality of apparatuses have been replaced with a single multifunction device. The
functionality that was formally provided by landline telephones and facsimiles, laptop

20 computers, portable digital assistants (PDA), game systems, music players, digital storage
devices may be supported in a single digital communication apparatus. The above
functionality may be further supplemented through the provision of applications that were
not previousty available in portable apparatuses {e.g., directional/tracking features,
wireless financial transactions, social networking, etc.).

25 |0904] Such functionality, both existing and emerging, require systems and
strategies for seamiessly interconnecting users. In particular, apparatus uscrs will desire a
virtually immediate response when applications or functions are executed. Any delay or
inaccuracy in the response will negatively impact on a user’s satisfaction with the
application or function, and thus, may be detrimental to the acceptance of the application

30 or function by the consuming public. Moreover, this functionality must be provided in
view of the abilities and/or limitations of each apparatus. For example, exceptional
tunctional performance may not prove beneficial if the impact on resource-constrained
apparatuses {e.g., limitations in apparatus energy storage, processing ability, etc.) is so

substantial that is becomes prohibitive to users employing the functionality.



30or function by the consuming public. Moreover, this functionality must be provided in view of the
abilities and/or limitations of each apparatus. For example, exceptional functional performance may
not prove beneficial if the impact on resource-constrained apparatuses (e.g., limitations in apparatus
energy storage, processing ability, etc.) is so substantial that is becomes prohibitive to users
employing the functionality. SUMMARY [0004a]According to a first aspect, there is provided a
method, comprising: determining whether to \#aKd Mpi@iriapparatus based on a timing signal and at
least one of anas ociate[gégglqﬁg per&o indication or a diluted beacon period indication; if_ the
apparatus is{ awalgfe_and obtains §cc%ss %r% Wi eﬁ%{;s?}é%%rﬁ’uﬁfgglc?ﬁ rﬁe%ﬁ}hﬂdfréﬁg?ﬁffﬁw@'a beacon
and then coffERiRg fovbeiiga ditiorksd transmivopporhmty basetrmnaidett minedoaatwark’
configuratiogand channelacsesstaten e apRaratys is.awake and receives a beacan, contending
for a transmit opportunity baseds%n the determined _channée?accaé%}s{ls?ggé{f’ogﬁ%d%r%ir]\%liﬁoi i the
apparatus tBPRHEYE StateoonhpikeeoraRTEStES & S6tUrY aspentnibsiensipriovidetiascomipyter
program pr@%&t@@rﬁﬂmmﬁ@mﬁgxwtﬁb'%d%féﬂ%%inz?&%%ﬁﬁ‘i%ﬁ%tﬁ a gampyter readable

medium, com risin}g: computer program code configured to determine er to wake up an

apparatus BESST BRI RMIRG SYHAERCAARASTBHE bicapsaskteidfbesmastaiupérindakdization or a

diluted beacariperiotdndisation:eompuier pragraMsRse.santidwed tonif be annaralys jsawake and
obtains access to Wirelgss communication medium, transmit a beacon and then contend for an

FAnSmit oppOHURTR BRLE S ARRSAHITiHed H&tnidtie configuration and channel access

additional transmit oppor

state; compi#téripfogram/cedeitaniigureadond the-appaeatusisawake anddeeeives,ipeaeon,
contend forp%%&s it opp grtg&%%g q%sedegu at&e determined channel access state; and computer
program code configured (g-trangition the apparatus 8'a 865 &S Qs ALEREES irfHEa third
aspect, thefecitprovideprisinapparatis; porapisinglacprigassondthetpracessorhbeing cenfigured to:
determine yvake, t sed on a timing signal and at least one of an
associated\%%%@c%rgﬁ&riod iﬁﬁgﬁoﬁﬁ(ﬁ% l?trglg nega%{)llreias{e%%g?z ICALON! F&gegﬁ%ijﬁf&%dis awake
and obtaind'4éeion f & dilrstddiceenn priiiddtidisaniedionm aasmiteacheactncantigived gontend for an
additional {rnaplaRROFWniLAREshom delstTned RatueTk configuiation and channel access
state; if the apparatus is awake and receives a beacon, contend for a transmit Oppbrtunlfr)l)ibased on
the determfhBEFErLARR Iacequ@id o mapadinsmidiensra pRrts toysbdezeostatdc (80054 Example
embodimentswaay ke SBSIRE 1 @ ARAIHOCh RBRAAILS. GARRYLS JUQE %B?a@@@:ﬁb%%&%ﬁ%&o'iffa‘:i”taﬂng
ith at

apparatus itliwte[actiq? while conserving apparatus resources.In accordance w least'one example
implementatio AP APPATFat 888K RAPThISraREh R IsatorkRh i R asd comrunicatictednedium may
stay synchronideddsitineiaeh obhendhraugks thedseof ReaganringycereXamale QN aRRatatus in the
wireless nq},\évf%ripory%)(etaan%mi&sbteacgn frarr%es, and each apparatus participating in the network may
synchronize its timing s@%aﬁ%uncqti%n%etﬁ% Heacon frames so that all apparatuses may track the same
clock, regaiéfids]of whetheotiiey are: deiivelypeammunicgitaginith-athgsapparal4sasindhg network.
[0006]Howgyver in.additional to g timing signal and associated beacon period indication, the
transmitted beacon’ frames rﬁ%g)}qéigslgginc u ulgﬁipodrgfeﬁ%r#glmgiI‘ﬁpé%?‘eﬁé%gﬁgep‘él?igﬁ fdaEtbns. Diluted
beacon pefigdriiicatiorisansignaefinkaa lowerireoliencysperiad based grriodltiplesofthe hbeacon
period thatpRarallizes GanMee e Ledyce thg am of time that they are active in the network. For
example, after an appara usljpins a1 n_etw’orlk by sync r%%sizfr%ga‘vk\ﬁt%’itg egiggﬁfsthaézcgﬁ?aé?ams may elect
to operate Y¥fESa ShIbTBeiaHeBMsElIvE. dl8asautiadiinotharse ticoncirarmel, Hhisropétationl mode

may, in somgnstanseTube-shaced with %@%&Eﬁﬂ@@r@m@oﬁ'&}?gﬂ%%%%ﬁ | (gt tbe fimes at which

apparatuses using a diluted beacon period are active may be known. n accordanca with at least
one examﬁf@t%rf?b SifBAEHR B3B3k d8ESPINTORS s nEpdWaradorseniatignstates based on
standard ordidiedibeasempetipdlmial are:sefined withintheReRcapiames, Agtive fgriods, or
"awake wir@%\g ;' may ge established. by additional information (e.g., information elements) that is
included in the beacon. AARE FIRBBWEHEy Mt idiesisitodsaan e daprigaimictoappteratuses may
contend fopragcessitd syviirel@éssoohmupicatioaumesisad: iMethodologies based on, for example,
channel contention machinery incorporating device prioritization and/or differentiation schemes may be
employed to help regulate when each networked apparatus will be awake or inactive (e.g., dozing).
Apparatus activity may be managed based on criteria such as state (e.g., whether messages are
gueued for transmission in the apparatus), role (e.g., whether an apparatus has recently transmitted or
received a beacon in the network), etc. This example criteria may then be used alone or in
combination with the corresponding standard channel access rules (e.g., contention) that govern
operation of the particular wireless communication medium in order to control 2a



(e.g., via power state transitions) how networked apparatuses communica_te and inte_ract in the _
wireless network. 100081 The above summarized configurations or operations of various emb(_)dl.ments
have been provided merely for the sake of explanation, and therefore, are not intgnded to be limiting.
Moreover, inventive elements associated herein with a particular example embodiment can be u_sed
interchangeably with other example embodiments depending, for example,_on the manner in which an
embodimentisi implenrenied. DESORIRPH@NOF DRAMNEGSIO00FT e dissloskee willhg-further

understood from followi cripion.of various exemplary embodiments, taken in conjunction
with appendle d}%v?/]ili%gl w%‘g\%ﬁqlgﬁsiﬁ%]fgiﬁ'&mf Uil 3@8@%@%8@% BRSSO e fvare
resources tidWEy Bautiized wherimpleméntinghvaricuslexaghpte e mkosinments:of ghe present

invention. 10011 Iscloses; ple. rk.environment in accordance with at least one
example embodfar)rféé%;ngf%jﬁgpresé%?i}%i(/gn@iio%yl%\é\/\%%:I]ag.ty_s Eﬁgg c.)}‘s(fggse8(5,~C>(§)anmioai1 1_56 S‘ofa\’;H rou types of
messaging TRERREY PERINZEeEIMdEectelares with atldasnonedexampiesamiddiiimeént of the present

invention. {0481 ciscloses i, SXARIALE ALMEISRIRLIARAIANAN (03 may. 16yl i, distibuted

local web fo%nation in_ accordance with at least one example embodimen e present invention.

100141FIG 1Y EEIBLEE BEApE Heattsn it rahse ArRaoTSstidn dhe wEalokkin accordance with at least
one exampl@@apodimemnafsher presaatiiovention. HAALSLEIG: 919'%%%%%@%@5&{}?%&%%@%“

windows in .agcordanc with at,le%tst one example embodiment of the present invention. 10016]FIG. 7
n

discloses eXAmpEY of S ERST K SRS FRISHIRS N AcRiSRIRRREAR: of more “diluted” beacon

period indications. Diluted beacon period indications may define a lower frequency
period based on multiples of the beacon period that apparatuses can use to reduce the
amount of time that they are active in the network. For example, after an apparatus joins
a network by synchronizing with its beacon, the apparatus may elect to operate using a
diluted beacon period also defined in the beacon frame. This operational mode may, in
some instances, be shared with other apparatuses in the network so that the times at
which apparatuses using a diluted beacon period are active may be known.

{6667} In accordance with at least one example embodiment, an apparatus may
invoke active and power conservation states based on standard or diluted beacon periods
that are defined within the beacon frames. Active periods, or “awake windows,” may be
established by additional information (e.g., information elements) that is included in the
beacon. Awake windows may establish periods of time during which apparatuses may
contend for access to a wireless communication medium. Methodologies based on, for
example, channel contention machinery incorporating device prioritization and/or
differentiation schemes may be employed to help regulate when each networked
apparatus will be awake or inactive (e.g., dozing). Apparatus activity may be managed
based on criteria such as state (e.g., whether messages are queued for transmission in the
apparatus), role {e.g., whether an apparatus has recently transmiited or received a beacon
in the network), ete. This example criteria may then be used alone or in combination
with the corresponding standard channel access rules (e.g., contention) that govern
operation of the particular wireless communication medium in order to control

2a



at least one example embodiment of the present invention. 10017]FIG. 8 discloses a rovv_chart for an
example communication control process in accordance with at least one examplg embodiment of the
present invention. DESCRIPTION OF EXEMPLARY EMBODIMENTS [0018]While the prt_asent
invention has been described herein in terms of a multitude of example embodiments, various
changes or alterations can be made therein 3 WO 20101100322PCT/F_12010/050069 withc_)ut
departing fromp Ihaspiiancecennpiing Risssalioenianas seLiodin eaparrdpd.claims. |

General sysﬁ'gle hewith EWhichtemEodiments of the present invention may be implemented _191An .
example of a sys en that s (€able for implementing various 5embodiments of the present invention is
disclosed in#1¢8i 1. The g?steﬁ@@mnmisesaeimﬂemmwrmﬁmbednclupladtinn@r omitiagdrom,
configuratiofsidensadingsforexamplasQniherequiraments gFa patticular application. and therefore,
is not intend%g }%éin g dp{gsbeenéinvtenyo | ang manner.. 100201Computing Vdewcge 10 may b_e, for
example, aTaptop computer- EfSMBAts TOHTAL FéprBLeiit aSie ek pracarsdohesia é@ﬁlip?l_smg
functional elferHiews i conyputingbddivicat] Grareediseidsedeat H:02108; Rrabessior 162:mgy include
one or more:HByicasEoNfighrashto %ﬁ%&tﬁﬂpﬁf%’él%é WAGIGINA oM of ) ”éHH&é'@P&{“%V be
constituted, for] example, as program code. In at least one scenario, tht_a execution of program code
may includén?Bceé?\?ﬁlg input information from other elements in computing device 100 in order 15 to fol

ululate an output (e.g., data, event, activity, etc). Processor 102 may be a dedicated (e.g., monqlithip)
microprocessor device, or may be partpha eeRnesie SeviGe syel as an ASIC, gate array, multi-chip

module (M%(M&Q?tc' The disclosure will be further undersiood from the following description

of various exemplary embodiments, taken in conjunction with appended drawings, in

which:

{6610} F1G. 1 discloses examples of hardware and software resources that may be
utilized when implementing various example embodiments of the present invention.
16011} FI1G. 2 discloses an example network environment in accordance with at
least one example embodiment of the present invention.

16012] FIG. 3 discloses examples of various types of messaging that may be
utilized in accordance with at least one example embodiment of the present invention.
{6013} FIG. 4 discloses an example of message propagation that may result in
distributed local web formation in accordance with at least one example embodiment of
the present invention.

[6014] FIG. 5 discloses example beacon implementations that are usable in
accordance with at least one example embodiment of the present invention.

[0015] FIG. 6 discloses an example of awake windows in accordance with at least
one example embodiment of the present invention.

[6016] FIG. 7 discloses examples of access control strategies in accordance with
at least one example embodiment of the present invention.

[0017] FIG. & discloses a flowchart for an example communication control

process in accordance with at least one example embodiment of the present invention.

BDESCRIPTION OF EXEMPLARY EMBODIMENTS

{0018} While the present invention has been described herein in terms of a

multitude of example embodiments, various changes or alterations can be made therein
3



100211Processor 102 may be electronically coupled to other functional components in computing
device 100 via a wired or wireless bus. For example, processor 20102 may access memory 102 in
order to obtain stored infoimation (e.g., program code, data, etc.) for use during processing. Memory

104 may generaligigichagte removable or imbedded memories that operatedp-ggiatie@iddynamic mode.
Further, memory 104 may include read only memories (ROM), random access memories (RAM), and

rewritable memAdRSisyeN ASTAsh. ERRQM, el Cedle mAIRSIkAs ARy emicied of compied

25computer language including computer-executable instructions. The code and/or data may be used
to create soffWBTBIHbU#IESE such as operating systems, communication utilities, user interfaces, more

specialized pragramumpdaiesiiete 1RAZ2Mamecrnarainiefaces La6mav alsohe conpled to various
components %i@i\]ﬁgmputing device 100. These interfaces maég allow for inter-apparatus communication

30(e.g., a sottkare or protoB TRt SEPp R RIS YsAp s PRI LR i atIB RS (e.g., a wired or
wirelesscommiinitiatiars isftertgoeysanthexelappisaioisdorUBEE dommunicationuBydisca user interface).

These interfages allow components within computing device 100, other appgratuses and users to
interact with %?grrrﬁ(f)nl} in%gadtgsiﬁz%ciﬁﬁlﬁérf er, in elgﬁicgérg%o ?n&%%blﬂ%ﬂ?&%a@ﬁa EhiféTeSdable data,
such as electioHie reragereticiorioptivticsignalslidat i OrRDLE/E 00322 RE THEL201 0/0HE069 embodied

ona computﬁegggpﬁp@%g%%, .may translate the actions of users into activity that may be
understood by computing device 100 (e.g., typing on a keyboard, speaking into the receiver of a
cellular hand88€&ouchingdiiesinea wsud soreds. devisarste, ) meiacesnosrmBlpfurthier allow

processor 102.anfetdneman:iadde interastwitbaathenmadues A8 ok exampls,@iher modules
108 may comgrjse one or more com oglents supportin more specialized functionality provided by
computing d&vi&s 186 250 éﬁﬁﬁfgﬁf&%ﬁyée%%%%ﬁ r?%yrﬁ‘?’ﬁé%‘é%ﬁﬂ%ﬁféﬁ%}ﬁ%f@%es via various

configured to execute instructions, wherein a group of instructions may be constituted, for
cxample, as program code. In at least one scenario, the execution of program code may
include receiving input information from other clements in computing device 100 in order

I3 to formulate an output (e.g., data, event, activity, etc). Processor 102 may be a dedicated
(¢.g., monolithic) microprocessor device, or may be part of a composite device such as an
ASIC, gate array, multi-chip module (MCM), etc.
16621} Processor 102 may be electronically coupled to other functional
components in computing device 100 via a wired or wireless bus. For example, processor

20 102 may access memory 102 in order o obtain stored information (e.g., program code,
data, etc.) for use during processing. Memory 104 may generally include removable or
imbedded memories that operate in a static or dynamic mode. Further, memory 104 may
include read only memories (ROM), random access memories (RAM), and rewritable
memories such as Flash, EPROM, etc. Code may include any interpreted or compiled

25 computer language including computer-executable instructions. The code and/or data may
be used to create software modules such as operating systems, conumunication utilitics,
user interfaces, more specialized program modules, etc.
100622} One or more interfaces 106 may also be coupled to various components in
computing device 100. These interfaces may allow for inter-apparatus communication

30 (e.g., asoftware or protocol interface), apparatus-to-apparatus communication (e.g., a
wired or wireless communication interface) and even apparatus to user communication
(¢.g.. a user interface). These interfaces allow components within computing device 100,
other apparatuses and users to interact with computing device 100, Further, interfaces 106

may communicate machine-readable data, such as electronic, magnetic or optical signals
4.



networks as further shown in FIG. 1. For example, hub 100 may provide wired and/or wireless support
to devices such as computer 114 and server 116. Hub 100 may be further 10 coupled to router 112
that allows devices on the local area network (LAN) to interact with devices on a wide area network

(WAN, such agdnteneb20). In such a scenario, another router 130 may tﬁ%‘i‘?ﬁﬂﬁﬂ'%} tion to, and
receive information from, router 112 so that devices on each LAN may communicate. Further, all of the

components depicied in g‘é%rﬁf@t@%% ‘q)rlmfigﬂur tion are not necessary far implementation of the
present invention. For 15example, in t‘%e CANSénviced' %{/%%ﬁ‘%} Ho Y SREALS is needed since
this functionafl¥* HalpHesidisoredrbpan dr careruito24diFa iblete interactiomwite yemnte devices may

be supportedyMAHoMS m&y&@an%mﬁbegmeﬂﬁm@r@mmfm gomm ﬂ&%&?@%“%%@?se

providers may use, for example, long range terrestrial-based tellular systems and satelli
communicatioh, 205 e S anyE ki alioss neeesspdIA R Hos e oD Bditleianice ledh connection

to Internét 126hdreiceampls. peisenshsligitahasaistiant (RRAL142andcellular hapdset 144 may
communicate with computing device 100 vja an Internet connection provided by a provider of wireless
communicati%oﬁnf%?%sir%ﬂ%{?%%’gt%ﬂ%ﬁiweﬁg@zﬁ‘é etiaR BW@@Q,%’M&“F&EI&Y EsmPiter 146, in
the form of hdd¥hre and/Gospitivaydcrésoldoes:25aanfigurat thallovsBaR-and/QLiRNg range wireless
communication.. |  networki nyirgnment 100251FIG. 2 discloses an example operational
space that W%?ggl’ &5?2%%1%% é@%&@rﬁj}s g’éfﬁiﬁfgpe?h 3%:1%%%?0‘?%% B4R eRERtion. The
example scefaPI6H&piied indeIG:cp sschtilizedriretein Bhiydorthe $ake Blilexplanation, fanttherefore, is
not 0intendesl i imitihe-seepe of eweiRie: CHNRIIIERR.Af s, presertpyention. Qperational
spaces may be defined using various criteria. For example, a Shysmal s%gace Iﬁ<e a uﬁ&?ng, theatre,
sports arend SIESHIR IS SRR E6 PERAY AR ared its WHRshcu S80S iftaradt 2Gtbiemiisen@berational
spaces mayewdefftechin viewnhof Appaiatuaes, uliizing WR R AUI003R22RGTLF ?-}29:3;00@30069

particular Wig-:-less tran&gg}rﬁ%ﬁp aratuses within communication range (e.g., a certain distance) of
a

SIces i ERREATHICALs B B Girotiat G copaoBminapiss-dimbiid

each other, appar%t%ses
apparatusesc200racedabigledtih’ de 1ot ieckd§ary2for implementation of the present invention. For

15 example, in the LAN serviced by router 130 no additional hub is needed since this
functionality may be supported by the router.
10024} Further, interaction with remote devices may be supported by various
providers of short and long range wireless communication 140, These providers may use,
for example, long range terrestrial-based cellular systems and satellite communication,
20 and/or short-range wireless access points in order to provide a wireless connection to
Internet 120. For example, personal digital assistant (PDA) 142 and cellular handset 144
may communicate with computing device 100 via an Internet connection provided by a
provider of wireless communication 140, Similar functionality may be mciuded in
devices, such as laptop computer 146, in the form of hardware and/or software resources
25 configured to allow short and/or long range wircless communication.
1. Example networking environment
[0025] FIG. 2 discloses an example operational space that will be utilized to
describe various example embodiments of the present invention. The example scenario
depicted in FIG. 2 is utilized herein only for the sake of explanation, and therefore, is not
30 intended to limit the scope of the various embodiments of the present invention.
Operational spaces may be defined using various criteria. For example, a physical space
like a building, theatre, sports arena, ctc. may be utilized to define an area in which users

mteract. Otherwise, operational spaces may be defined in view of apparatuses utilizing



Apparatuses 200 may, for example, correspond to any of the wireless-enabled apparatuses 5 that
were disclosed in FIG. 1, and may further include at least the resources discussed with respect to
apparatus 100. For the sake of example herein, these apparatuses may operate utilizing at least one
wireless comwainigatisssmedium in common. That is, all apparatuses in thecgyampia afukG. 2 are at
least able to wirelessly communicate with each other within the operational space, and therefore, may

participate i iigcsame MIless SampiEalian. netwetks dlFsagiplen.of flessagig, 100271 Now

referring to FIG. 3, an example of communication between apparatuses in accordance with at least
one example BIRGAR SHOPTIRE SRESERSRY Btish i rseiostassas30awhilenly apparatus 200A and

apparatus 2908 are showw,ithiesi 2disnlases examnplescenaninis baing, wilizgdreglyfor the sake of
explanation t}%rein, andé@ not intended to limit the scope or applicability of any embodiment of the
n

present inventiSi: MeFeover e VRS TeEx SRBIP SO0 A et o thel SSradehishearriahissuch as
disclosefl hetiginymayiibgdmpleriéhitad indorderftedfacititatd wiréless interaction bietween twa or more
apparatuses_existing in an iopal space. 20[0028]Additional detail with respect to communication
example 3068@j %%%o%’ggrﬁﬁpﬁﬁélh ﬁbﬁpgb %ﬁﬁg&a %ﬂsl%g Tcrﬁla% ' %aevaéﬁf%‘gi%i}ﬁ’ﬁhﬁﬁsﬁfmefgﬁuirements
that require Mié?é@ﬁi@frﬂw‘iﬂﬂa@pa?ﬁﬁﬁ 008 Hor sxamplenthesemequireiherits atiaycompiise
interactions by RPBRAIANS Hers: AARIGAHINSLRSIGNG AR BRRRIAIAES: Bl e, AIOgERIhe

transmission of messages that may be generally classified under the category of data- 25type
communicatih B BtASEHsE é@%ﬁ*ﬁi BEt S a8 earifed Ot Ingelivyy eAessuiestitat may be
transmitted between apparatus 200A and 200B. However, some form of wireless network link or
connection séf[rst e established before any data type communication messages 302 may be
exchanged.r{yo OfRIEt WOtk BEtEHI8AmMent and MAC management messages 304 may be 30utilized to
establish anéifiidintain arsndeffytinigowir€lesss natwearkslcchitectiure MithishanrQperating space that may

be utiized t conyey daia, pe,commupicalion messages 302, in accordance with variaus example
embodiments bf the present mvenff\ion, messages con aﬁnlng apﬁa}% u co%ﬂlécﬁ?gﬁgw,egﬁ%?ation and

status informagisaloned/a e chanigan toarpasparaffitly sstaplistnwiré(¥ss mebhvork cnnections when,
for exampledﬁ'ai@%ae@x%ﬁle scenario is being utilized only for the sake of explanation herein, and is
not intended to limit the scope or applicability of any embodiment of the present invention.
Moreover, the various example embodiments of the present invention, such as disclosed
herein, may be implemented in order to facilitate wireless interaction between two or more
apparatuses existing in an operational space.

26 [9828] Additional detail with respect to communication example 300 is disclosed
further in FIG. 3. Apparatus 200A may have communication requirements that require
mteraction with apparatus 200B. For example, these requirements may comprise
interactions by apparatus users, applications residing on the apparatuses, etc. that trigger
the transmission of messages that may be generally classified under the category of data-

25 type communication 302, Data-type communication may be carried out using tiny
messages that may be transmitted between apparatus 200A and 200B. However, some
form of wireless network link or connection must first be established before any data type
communication messages 302 may be exchanged.

[0629] Network establishment and MAC management messages 304 may be

30 utilized to establish and maintain an underlying wireless network architecture within an
operating space that may be utilized to convey data type communication messages 302. Tn
accordance with various example embodiments of the present invention, messages
containing apparatus configuration, operation and status information may be exchanged to

transparently establish wireless network connections when, for example, an apparatus
-5



WO 2010/100322PCT/F12010/050069 enters an operating space. Network connectio_ns may exist
between any or all apparatuses existing within the operating space, and may be in eX|stenc¢ for the
entire time that an apparatus resides in the operating space. In this way, data-type communication

messages 302anayhessonveyed between apparatuses over already exist@@trn@%\i@f@_{{@ new r_1etwork
5connection does not need to be negotiated at the time the message is to be sent), which may in turn

reduce respaexalakathnEEase Al 0L SERIGR. (98 I90RIThe yample, seenpi disclosed

in FIG. 2 is now revisited in . 4, which shows an example of distributedloce ork tormation
utilizing autoFTEf&e EHB IR CepaRIEHMBHEapRI NACH B gEmenten dssayas Bo4 tipparatuses 200

that enter intg,30aperatigRat sprce,24Mpaydmmediatelypegin 19 formulaie netwerk.conpections
through the g hange operational information. Again, the Qxchange of this mformatlon may occur
without any péc? ﬁl%eﬁ’%?ﬁ%?de KEARTEHIESE X TSR BREMPIREBT TS (A RTECHIPHS shown in
FIG. 4, Whereinneariougnetnwordcastabishpentans MAGHnanagementimessages, 3dara.gxchanged

between appgratuses Ato G, In a&(l;ordagce 15with alt Iea§t one e@gﬁ%}e embodiment of the present

invention; mesguglglgcs r%cgf%g(}é]}%%hé%g& dll?gjécf?y‘;’eb%lfi‘}vtet%ﬁ asf?rg}&‘ﬁ apparatus (e.g., the apparatus

that is descrit§8a%y the infbrmsation elenrenis dfsclavessdye) ansmrecsiving appaatysviAdiernatively,
ossaaes SORERPANIGIN 8790 MIRLE RRDAIBISRSHD OREIRINNALAPACH S0, B Tormarded

from one apparatus to another, thereby disseminating the information-for e apparatuses. IV.
Example op&Ptidiamsal abrCametr saaonepassy 0b3timmrerumpleichiforerdtitn that may be
communicategeinqamaskestablishmeni-andNAGMANRILMERLINESTRIES 3046 %r&ﬂéﬂ“gh the use

in an information element) is now disclosed in FIG, 5. The activity flow disclosed at 500 25represents
an example HPREHARRAIBH ULSRY é‘éfférf’ﬂéﬁ%afﬁ%%&l%\ﬁ@%f&féﬁ%é}f%éﬁ%&m@@cWEAN (as set
forth in the |IBEEB801 brepeeifigation) cHowekabwatiaus embedimenrisehibgmigsent invention are not

[ imi . i i ireless.network architectures usin
strictly “mlte%t%%a\cl:\{g%l\'fs% gwtrri] li"r? ’FiE i’.xhbgrh%g‘)g}lﬁ!evdafggu\éan%?\yfgr( Iegqeta ?ish'ment and MAC g

various wireless mediums.

management messages 304 are exchanged between apparatuses A to G. In accordance

15 with at least one example embodiment of the present invention, messages may be
exchanged directly between an originating apparatus (e.g., the apparatus that is described
by the information elements in a message) and a recciving apparatus, Alteratively,
messages corresponding to one or more apparatuses in operational space 210 may be
forwarded from one apparatus to another, thereby disseminating the information for

20 multiple apparatuses.
IV. Example operational parameter: diluted beacon period
[0031] An example of information that may be communicated in network
establishment and MAC management messages 304 {e.g., through the usc in an
information element} is now disclosed in FIG. 5, The activity flow disclosed at 500

25 represents an example implementation using selected features of wireless local area
networking or WLAN (as sct forth in the IEEE 802.11 specification). However, various
embodiments of the present invention are not strictly limited to WLAN, and thus, may be
applied to various wireless network architectures using various wireless mediums.
10632] The WLAN logical architecture comprises stations (STA), wireless access

30 points (AP), independent basic service sets (IBSS), basic service sets (BSS), distribution
systerns (DS), and extended service sets (ESS). Some of these components map directly to
hardware devices, such as stations and wireless access points. For example wireless access
points may function as bridges between stations and a network backbone {e.g., in order to

provide network access). An independent basic service set is a wireless network
S -



[0032]The WLAN logical architecture comprises stations (STA), wireless access 30points (AP),
independent basic service sets (IBSS), basic service sets (BSS), distribution systems (DS), and
extended service sets (ESS). Some of these components map directly to hardware devices, such as
stations and winelessi@eaess points. For example wireless access points mpay f#hgliesas bridges
between stations and a network backbone (e.g., in order to provide network access). An independent

pasic serviceahis gAIaiess ne itk WRAHAATIAERGTELZRTOUIA00R CampYising at least two

stations. Independent basic service sets are also sometimes referred to as an ad hoc wireless
network. Ba&idSEd/ /0SB AR WirBrASS RENIRIM RuR SPIYING sethivel esselrseastysokit supporting one

or multiple wWirglpssiglienis:BasicaarvirgnselpaeiRlsnsematimes refertedda.as infrastructure wireless
networks. All stations in a basic service set may interact through the access point. Access points may
provide coni8CHTRYTS WirBHASRRICHRS AEISHES 4R RS TAALs MAtNE R eHokaIty WA Sne station
initiates ‘commubicationtoarothey Btation trouith nadesinpaidistributionsysiem;(@:gwidvth a station

coupled to aggf’i[tlleectdaqc%gswp])roeg}f t(paz\x/teiﬁylincl}gt% { %[%ggh avgre(g networ bapkbgpe .,10100331In
wireless network arc tectires fike WIANC BEACoN S GAIS thay Ba i SUhREi28 the operation
of networkedtapparaticsescdmsituations whastewdidhacwittwarks are beinfraieatgstethe initiating

apparatus may.estaRishheacanne.NasedpY Lauosalack, AN AlARRAIAIS SR AR fhe network

may conform to this beacon. Similarly, apparatuses that desire to join an existing wireless network
may synchré’k"?f“i@‘?ﬁ"}i&he existing beacon. In the case of WLAN, apparatuses may synchronize to

beacon gignalgatilizing aiminasynehrenizationfunctiond TN Reatimingsyachrppization function is
a clock functian that is local to an apparatus that synchronizes to and tracks the beacon period.
10034]An ek’éﬁﬂlﬁg B EHEBT G RIS R It G AR B iR e 1B AR Bt Bt Ad
transmissiortime {FBIHringicates: el taigeirt hoaspntiansmigsion Ehisditaina: ke dgemed

"targeted" b%causecligglact al. beaco tran{? issjog%ae){“pgeﬂa somewhat delﬁgsed from the TB!] due to,

for example, t 8¢ ann(élakt)lléierlllg%)‘gﬁap}les'sa BTF e appér’gfgsceogl RAP EHCRRA IR the network may

communicateiwittrvaehpetterdn thectrslencewiithrithei begcongleriodritolvenersithanemayde instances
where fimay ot g eeficipl 2andmay RSBl sven e delimental,fof apparalises i be active

during each beacon period. For example, apparatu 0 not expect frequent communication
within the witBlEzdaefetimomg fashrotbisafififeinbeingadivetioiavencheatatipefiodimoseover,

apparatuses; Wikauimitesh RUerQb RIOSCSSING FERAUIGE PR RGiIRLE G0 WRRtebesRRRecious

resources by thedrequirement of being active for every beacon period.
peniod.

[6634] An example of a beacon signal is shown in FIG. 5 at 502 wherein a target

20 beacon transmission time (TBTT) indicates the targeted beacon transmission. This time
may be deemed “targeted” because the actual beacon transmission may be a somewhat
delayed from the TBTT due to, for example, the channel being occupied at TBTT. The
apparatuses that are active in the network may communicate with each other in accordance
with the beacon period. However, there may be instances where it may not be beneficial,

25 and may possibly even be detrimental, for apparatuses to be active during each beacon
period. For cxample, apparatuses that do not cxpect frequent communication within the
wireless network may not benefit from being active for every beacon period. Moreover,
apparatuses with limited power or processing resource may be forced to waste these
precious resources by the requirement of being active for every beacon period.

30 [0035] In accordance with at least one example embodiment of the present
mvention, functionality may be introduced utilizing the example distributed wireless
network described above to allow apparatuses to operate at a standard beaconing rate, or
alternatively, using a “diluted” beaconing rate. “Diluted” beaconing may entail a
beaconing mode operating at a lower frequency than the beaconing rate originally

- -



30[0035]In accordance with at least one example embodiment of the present invention, functionality
may be introduced utilizing the example distributed wireless network described above to aIIowl
apparatuses to operate at a standard beaconing rate, or alternatively, using a "diluted" beaconing rate.

"Diluted" beasamisgomag2entail a beaconing mode operating at a lower fre@@qﬁ@yolim@gm@ beaconing
rate originally -8- WO 2010/100322PCT/F12010/050069 established in the network. Diluted

beaconing may;e:haseARNOSMAIN Ei bl IRIIANEISRENt) ek pelyded in network

beacon frames, wherein the included information may express one or more diluted’beacon rates as

multiples of fEoBRAten clrstHab s hdpd e Brecdreaserelmsasseiatserdi e dtlededn period

indications Sgavtainec withispeacendwames. nehwarked apparalusesmay slegt k. gperate (e.g., via
random cont%ntiont)nb sed either on the beacon or a diluted beaqon period. In particular, all
apparatuses n’?gigsy%%ﬁ‘%%oﬁllzd@ S S AE HiAFPAHYET BEHKESP tRAREMTS 0PI EPBTT), for example
when TSF=0seatrdrethy ithenbeawunt fhenay mben pedagsdhaisoceuryaites the pitial @Eg[%ﬂg%sed ork1) the
internal TSF lon, In this way, apparatuses operating using 10a diluted beacon period may be
active on TBI'{'%%(?:)(%% ﬁ?é%?gt? gﬁ%gggﬁggt%nt %é) %%Tﬁ’ﬁlg%ﬁluetddﬁi? TR %5538 kG p&iod.
100361An exampliargituted begbomrtodhevene 10t BT @die-ql@mﬂﬁissﬁ'dﬁtiﬁza(mﬂ[he decision
on a beaconiggsalg i Wiizemayobe:handieday.eachanparalus dndiidually, (¢ &, In;the protocol
stacks that manage operation of a radio modem). All 15apparatuses, however, wi operate based on a
beacon inter%ﬁlﬁggtgr W’oﬂﬁ%dt‘i’fé%%ffﬁ@%ftﬁ%ﬁiféﬁ?ﬁé%fim@ﬁémﬁ@ﬂwwmﬁﬁm&ﬁmem that
the beacon intenvalkremain pehengeddarthe duration ofthe wirelessspstwork sibe.dilited beacon

signal may be expressed as a multiple, of the beacon signal. In the example disclosed in FIG. 5, and as
set forth abo@%&%gé%ﬁé@r%ﬁ*ﬁ@@%mﬁf%:o. This initial value is dictated by the 20 apparatus
that formed fié@3sétwork. @.theta&ﬂﬂ)@tﬁlﬁhtﬁ&%hﬁirﬁtﬂﬁ@&ﬂémﬁy wiﬁlgi"lerﬂ@a#@[dégeaaﬁ aﬂg{pf«t rI]JtNtS beacon
interval paramet TBTT timing, For example, the TBTT at T is the "base point" tha
determines vgﬁge'n' %g%gh%)gr%nt?agr%gnofffgﬁ .ri\ﬁ? éltéiez\?ig}ed i-llr;fgne‘1 v%%)eﬁ{ ?Ypﬁ&%éﬁ??@ﬁagwn TSF counters
as per |egacy1éyﬁ@mkbmm@mm@gm@mmmm Shtheyomaytdetefminditheqdarticutet TBTT in
which tpspariginate, BORACOUNGyill operate based on a beacon interval that remains the same for the

lifetime of the network. In view of the requirement that the beacon interval remain

unchanged for the duration of the wireless network, the diluted beacon signal may be
expressed as a multiple of the beacon signal, In the example disclosed in FIG. 5, and as set
forth above, the first TBTT is equivalent TSF=0. This initial valuc is dictated by the

20 apparatus that formed the network. Other apparatuses that subsequently join the network
may adopt this beacon interval parameter and TBTT timing. For example, the TRTT at
TSF=0 18 the “base point” that determines when beacons are transmitted. All the devices
in network update their own TSF counters as per legacy synchronization rules, and from
the TSF they may determine the particular TBTT in which to participate in beaconing

25 assuming that, regardless of the beaconing rate, the first beacon was transmitted at TSF=0.
[0037] For example, in a network with four apparatuses where devices 1, 2 and 4
operate using a diluted beaconing mode having an example frequency (e.g., a time period
between beacon transmissions) of every 6% TRTT all apparatuses may remain
synchromized, but only device 3 would be active (e.g., “competing”) in beaconing periods

30 1,2,3, 4and 5, while all apparatuses may participate in TRTT 0, TBTT 6, TBTT 12, etc.
Therefore, there can be at least two different beacon periods among the apparatuses, and
possibly further diluted beacon periods as cach apparatus may select its own difuted
beaconing period based on the original beaconing period and the one or more associated

diluted beacon period indications transmitted therewith.
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25assuming that, regardless of the beaconing rate, the first beacon was transmitted at TSF=0.
[0037IFor example, in a network with four apparatuses where devices 1, 2 and 4 operate using a
diluted beaconing mode having an example frequency (e.g., a time period between beacon

transmissionsyotenen&l 1TBTT all apparatuses may remain synchronizeg, hut.ophsgeyice 3 would
be active (e.g., "competing”) in beaconing periods 301, 2, 3, 4 and 5, while all apparatuses may

participate ing@ET 0. TBYT £eJBTLA2:1 1TNPIGlors, are.can be 2t lepst wo diferent beacon

periods among the apgéaratuses, and possibly further diluted beacon periods 285 apparatus may
select its owH'HTRHES: BEREBHiY endraddeshbthecsrigined beasoning Periditisxdtherone or more

associated dietrd ?ﬁ@ﬁﬁ&%&l?}jﬂﬁ‘@%@@§H§%ﬁ§%gtﬁdvgﬁﬂ5‘?y¥¢%hfw Rtormation elements
2010/100322PCT/E12010/050069 [00381In accordance with at’least one example embodiment of the

present invehtioh, BeAsShEar R P A diGiE BR4E S p Tt biratierfomihe diime veheon period
parameter mayyfok exampler bawadiee-ibvendofspesificinfermationglements sk Riluted beacon
period parameter valuesmay remajn the. sarg%.for he lifetime of the S5network. However, should there
be need for mote Hexi gcon B1EdS 7Ry B Breqstiney At BF 4HerpRatiefined

ity Gther be8eol Fak
beacon rate periedritaydsigedleddonanmaumer similar to the diluted beaconing rate. V. Examples of

awake WindQW%}QQﬁ%QEf%VQ{Qi%}]%%% an example implementation of "awake windows

10accordance with at least one embodiment of the present invention. Similar to FIG. 5, a "standard"
network beat¥itk.g., thelBEatshiselstaplistraarbyithisploprmrattstivdt foraredvihéonetivork) is shown at

600. eaeh taigel-bareaniiansinit UneEBER:MAY IRPIRSEN! ARSACAN SaMS. hats transmitted by an

o

apparatus in the network (or at least times at which beacon transmissions were targete&l, barring any
delays). Thus $AHGePoRY SFRAACAE 608 1BARE7thR retlishatine thiessrmiviurd!ise oo périod.
[0040]Possilatevawiakis winepwssimr andhpparatbeioatieRant eRaineiiriNgay represent a
beacon frame that is transmitted by an apparatus in the network (or at least times at which
beacon transmissions were targeted, barring any delays). Thus, the interval shown at 602
15 may therefore define the standard beacon period.
[6040] Possible awake windows for an apparatus that is participating in the
network are further shown in FIG, 6, an example of which is identified at 604. These
active periods occur in accordance with cach transmitted TBTT, and therefore, may be
deemed aligned with the normal network beacon period. These awake windows do not
20 necessarily represent that an apparatus has planned activity (e. g., messages queued for
transmission) during these time periods. On the contrary, they are merely periods of time
when apparatuses will be in active, and therefore, will be able to transmit messages to,
and/or receive messages from, other apparatuses in the network.
[0041] The behavior of another example apparatus in accordance with at least one
25 embodiment of the present invention is further disclosed at 650. While ali apparatuses in
the network will operate based on the same origin point (e. g., TSF=0) and normal beacon
period (e.g., as set forth by the TBTT), each apparatus may select an operational mode
based upon the one or more dituted beacon period indications that are transmitted in the
beacon. For example, the apparatus corresponding to the activity disclosed at 650 is
30 operating utilizing diluted beacon period 652, which is a multiple “4” in this scenario.
Therefore, diluted beacon period 652 may occur per every four TBTTs. Awake windows,
for example as shown at 654, may also occur in accordance with the difuted beacon period
652, In at least one example implementation, the awake windows may began just prior to

the commencement of the diluted beacon period.
- 10 -



network are further shown in FIG. 6, an example of which is identified at 604. These active periods
occur in accordance with each transmitted TB li, and therefore, may be deemed aligned with the
normal network beacon period. These awake windows do not 20necessarily represent that an

apparatus hasplanneshaetivity (e.g., messages queued for transmission) gi+ing-ihesedire periods.
On the contrary, they are merely periods of time when apparatuses will be in active, and therefore, will

be able to rapsmil MesSages i ORLATPAENA TGS A0RR O AINST ARRAANSES I e network.

[0041]The behavior of another example apparatus in accordance with at least one SEembodiment of
the present IRvERtERRCLIRFEPGISIeaaL 650 Inwhnbunapmratidewibcing vrteekwiltoperate
based on thesame. oFigin-REIRL(aid. « THE=Ohand HOIMALLEACOR RErIAG: (€ Gmids seliforth by the
TBTT), each apparatus may select an operational mode based upon the one or more diluted beacon
period indicalff:élé)%qﬁg?‘ﬁ’lgg % %ﬁiﬁgbﬁ???ﬁ@ﬁé%Bﬁa@BF@é&aﬁlﬁf@F théha SparatiieconEspsnding to the
activity disclosaddat-6bthisiGooperating utiizingdiitedheaeasemperad6ae badich is aupultiple "4" in
this scenario, Therefore, diluted beacon period 652 n%ag occur {J)ﬁer (___a\_/e%gour TBTTs. Awake windows,
for example a8 Shown at 654 Smay A150 BCoU T HeCordan St I At A B a6 $¥iod 652. In at
least one exbeapta implerhemntation;dhesawapeindndaws avaakbedatn juskjpiriaicio thecomeaencement of
ihe diuted beasanaeria) AV 2010140042 CTIE 1204 01050068, 400421The duraton of aake
windows, while configured at constant duration by g predetermined information clemen iE) in the
beacon, mayéid pcBeiHy- iRl Hlist tdkistdeticeo Honesxaitiptenttie awhkdovipidothddywalMAC
parameter thatdssimilaniothe heaconrinteryal and diluted beacon period parameters. A host in the
beaconing apparatus 5may determine it and provides it to the modem for transmission in the beacon.

It may be cofdrBhicated BrinG digeneradipnyendosspeaiiiclinfermatianelament (k) as with the

beacon interyaland dlyied beason peripd, Linon awale window expiraion apparatuses may attempt

to transition to 'aq%oze or SIE8p ctate. However, THEFSNESA a6 S50 Ay, T EMeity, happen

earlier or latéririictorddnsechitrocontasismethbddiggies thatwithiObeudiscussadinitiaspert to FIG.

7-8, state and an empty queue contention (EQC) state. When apparatuses have no messages

15 (frames) queued for transmission in transmit buffers, the device may be deemed in an EQC
state. Alternatively, apparatuses may be decmed in an N-EQC state when there is at least

one frame awaiting transmission.

j0044] The N-EQC state may comprise optional implementations: “Legacy” 700
and “Beacon Prioritized” 750. Using Legacy implementation 700, upon receiving or

20 transmitting a beacon channel contention may be executed as in legacy devices, for
example, as defined by the channel access rules specified in the particular wireless
communication medium, Legacy implementation 700 represents an example of channel
contention in accordance with an existing set of access control rules between 702 and 704,
Once the apparatus gains access to media at 704 it will obtain a transmission opportunity

25 (TXOP) during which it may transmit frames to the network (c.g., if one or more frames
are queued for transmission. “TX” as shown between 704 and 706 in FIG. 7 represents the
transmission of any queued messages. Further, frames may be received from the network

as acknowledgements to the transmitted frames in the “TX” period.

{0045] In Beacon Prioritized implementation 750, the apparatus that has

30 transmitted the network beacon is permitted to continue transmitting any frames that are
queued for transmission in its transmit buffers. The apparatus obtains a TXOP for beacon
transimission, and once it has transmitted the beacon at 752 it may automatically obtain a
new TXOP, as shown at 754, to transmit any frames that are pending in its transmit

-11-



100431FIG. 7 discloses channel access control configurations that may be implemented in
accordance with various example embodiments of the present invention. Initially two channel access
states may be defined: a non-empty queue contention (N-EQC) state and an empty queue contention

(EQC) state. Wihen apparatuses have no messages 15(frames) queued fogdrapsmissignssn transmit
buffers, the device may be deemed in an EQC state. Alternatively, apparatuses may be deemed in an

N-EQC statepgq thereigiatiigastong fiame Ayaiingetiansmission, %Qg%ﬁtgr%yna'é%cétate may

comprise optional implementations: "Legacy” 700 and "Bedcon Prioritized" 750. Using Legacy
implementatioh P00 Tipo P HeERsibcord o dishereriy e ardic b harmelseotstbitioramiy B executed

as in legacy gevieesadorpxampievas defingd pythe channel access rules specified in the particular
wireless communication medium, Legacy implementation 700 represents an example of channel

contention injéeordance ith: dr epjstingseisebagiess eantralrlesheiweprci0sand 704. Once the
B S O B O Ao

which it may transmit frames 0 the network (e€.g., If one ormore frames mission.
"TX" as showAlodtiéend Diarmro6yir) |6 a7 sepresentsthe framsalissionwofiasiygiieiedamessages.

Further, framgg may.Le reGeiv. om.the: ) C he transmitted frames in
the "TX" period. 100451In Bﬁga(?:%flég%rf?ﬁ%%%ﬁ%%aﬁ%@%, t%?gézggétﬂag that has 30

transmitted tFESRERRGHOBBESEH i€ BerthittBd 162 ontibrisit Hreshiitint s ymensssthay dre gueued for

transmission,ifits Aransmithultars, Thesenaratus obiainsad ¥QR49nheacon transmission, and once
it has tr%nsm' ted t beaél%gl at 752 it may automatically obtain a new TXOP, as shown at 754, to

transmit any fraRTas TRRY SRS PErRRG iR sPHERESE - PPOvpe 9016/ 08852 PEPRR1ISE 0/050069

buffers. In theitisdlpsediexampledhe:new DR saystaraftexaBhgshintariame spagel (SIFS) period
following th the beacon fram hich s represented in ex le.75Q by the space shown
between 75 %aér‘]% éﬂITB%%Gf neet @fgéﬁ%ﬁg g%? gg?ﬁpf gﬁ%fﬁ%ﬁ%&%ﬁhfe.g., emptied its
Stransmissicrabuffersin ivlshairenteninteoan EQC sthie disashowmihdnudE@Rations FQaiand 750 at
706 and 756, respectively i an,appalgivs hasno.fr r trapsmission during a.beacon interval, the
device transiti]?)n directjlly into an EQC sta{%'f%ifterEﬁ%t%gég@ofgu%ceBﬁté:nn?%?grflsnrﬁgs%gm%.dg., at 702, 752).
When i theiEesendeagey aiparaise s ndpapoisotativte. TROR QI givemenintibes 9Ginds

(determinedyforigxampleniViRdy occur at 712 and 762, respectively. All of these cvents may happen
before awake window 612 expires. Moreover, example legacy implementation 700 and
example beacon prioritized implementation 750 both assume that the message
transmissions between 704 and 706, as well as 754 and 756, respectively, succeed, and

20 thus, no frames are pending for (re)transmission beyond this point.

10047] A flowchart of an example communication control process in accordance
with at least one example embodiment of the present invention is now described in FIG, 8.
A beacon frame may initiate in step 800. A determination may then be made in step 802 ag
to whether the apparatus is in an operational mode that utilizes the beacon period
25 associated with the timing signal in the beacon frame, or alternatively, the current
operational mode is based on a diluted beacon period associated with the timing signal that
is also defined in the beacon frame. If the operational mode utilizes a diluted beacon
period, then in step 804 a further determination may be made as to whether a time
synchronization function (TSF) operating in the apparatus to track the number of beacons
30 transmitted in the lifetime of a wireless network corresponds to a multiple of the numiber of
beacons defined, for example by the associated diluted beacon indication.
[0048] If the beacon period is being utilized in the current operational mode (step

802) or the TSF is a multiple of the diluted beacon period (step 804), the process may
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10"RepeatEmptyQueueContention” parameter). Upon obtaining a TXOP, apparatuses without pending
messages may attempt to obtain a new TXOP as shown at 708/710 and 758/760 in implementations -
700 and 750, respectively, instead of initiating the transmission of a frame sequence. Devices that
obtain a numb&r BidX}0Re that is equal to a predetermined threshold value{e/gizei10/038069
RepeatEmptyQueueContention times) during a 15beacon interval may enter into doze or sleep state.

In example inplesae fiaianRswIRRaNEhS Boh iRl Gndythiskmay. ossuLalf12 AR /52, tespectively. All of

these events may happen before awake window 612 expires. Moreover, example legacy
implementatii 760 aHE e XURRHIRS B ESEHE o sasHpR AR MatiGR HFBstmadsipe atitthe
message transmissiongbetaeendif4 and 106 amwelias 64 anthiR6wrasprctiveisucceed, and

20thus, no frames are Qeggirt}g C{e% (re)transmissio t.beyo?? th is point. 1020471A flowchart of an
example cOMMURICALION COMtOl PrOcEss I ALCordAREe With B (95 SE BB e AmBBABdiment of the
present Mventiorigsivs JdeseribaciinsFiE, & ik heaconfframe Thaypnitiate: instep-8@0cAdesermination

may then be,made,sl5p, 807,45 A WASIIRLAE, ARALAINS 7 An.operalionl made that utizes the

. L OIMPTISC ait
beacon period 25associated with the timing signal in the beacon frame, or aterﬁ’a]tlveally, the current
operational rifGBPisiH AXEEE Griadiite e aEor PENEE hisstiiendh withith eotitinigrsihal tthat is also
defined in the;peasendrame H-the apeiational-made wilizes a.diled-heaconperiqd,then in step 804

a further determination may be made as to whether a time synchronization function (TSF) operating in
the apparatu P&t BIBIACBAS SttraHEm tfetPFAFRIIFSNRSE of a wireless network
corresg@nds|i@4pmultiple obthenfiombey efbeacansdetineduforaxampleaby theassacialed,diluted
beacon indi%#f&. J%%gg]illf §Q§ b.%caggn F@grggls Egl%% éléjlized !r] theﬂ current operational mode (step
802) or the s A multpte SPHhe Gifltsd Seacdhp (18P 86t j" e Pk ésemnay "o
2010/100322pr ¢aiFE1 204 (MOBH0E D movestesiep-8itowhe einthetapparatisanayiwakedip. For
example, waing: P, A ARRAIAIHE TR BT MR SR HNR AAPRIANETR NG Fom A DARTYR, (dozing) mode
determination of whether any frames are pending for transmission in the apparatus, for
15 example, whether the apparatus is in an empty queuc contention (EQC) state or in & non-
empty queue contention (N-EQC) state. If in step 818 the apparatus is determined to have
one or more frames quened for transmission (is not in an BQC state), then in step 820 the
apparatus may transmit some or all of the one or more queued frames during the TXOP. In
accordance with at least one example embodiment of the present invention, an awake
20 window may be extended past its predetermined duration in situations where, for example,
an apparatus obtains a TXOP and/or is in the process of accessing the wireless
communication medium for the purpose of transmitting or receiving frames, etc.
[6050] If in step 816 it is determined that the network is not configured for beacon
prioritized operation, or alternatively if in step 812 a beacon was received by the apparatus,
25 then in step 822 a determination may then be made as to whether messages are awaiting
transmission in the apparatus (N-EQC state) or if no frames are currently pending (EQC
state). If frames are queued for transmission {(e.g., the apparatus is not in an EQC state),
the apparatus may attempt to obtain a TXOP via contention in steps 824 and 826,
Contention may continue until a TXOP is secured or the awake window comes to an end.
30 Provided that a TXOP is obtained during the awake window, the process may proceed to
step 826 where some or all of the one or more frames are transmitted.
19051] If the apparatus is determined to be in an EQC state (e.g., no messages are
currently queued for transmission) in either steps 818 or 822, the process may then proceed

to step 828 wherein a determination is made as to whether the
- 13-



(awake) mode in accordance with a duration defined by an awake window. Awake windows may be
predetermined periods of time set forth, for example, by information 5elements (IEs) transmitted as
part of the beacon frame. The apparatus may then attempt to access a wireless communication
medium in st&p 8B/IP¢HB2access may comprise an attempt to secure a trasmizopsemity (TXOP) in
accordance with contention rules that, for example, may correspond to the particular wireless
communication s thahle batngistilzesha.ereataaimieless, RRIWeRGYIBTIMaomperational space.
10100491Contenti%r%§gay continue in step 808 until either a TXOP is granteg ins pé%lo or a beacon

is received ifl SEEIF TSt Her3PEBAET EaiD A e pra e, S BisAoR MAS BEPEnd ep 814. In
networks copfigugerio Operateinngaheacendprartizet) mode TE.gF ascteterhinedri816) the

transmissioq of a beacon may. b follog\(ecb.b the determinatign gf whether any f(ramgs are pending for
.. ke GHI’I’CH awake il‘rﬁﬁw § 5. n%ﬂ%ﬂ Tealzme a | Ny C&)I"OGE:SS mag/ édlﬁ% CCK .
transmission In the apparatus, for 15 examniple, whether the apparatus is in an émpty queue contention

(EQC) state whither Horkepsptyogic (e cottentono(N>EQT)cstate. 11 innsitep 818 4R% appardhs is
determined 10 haye.0ne L. MArefiames.guened for trapsmissionds nRkinan &QG.Siate). then in step

820 the apparatus may transmit some or all of the dne or more queued frames during the TXOP. In
accordance Rt G J6ASEohe TdarsRs eMBOGHNSHLET thelsr 88 iPRFeRtfoRT & a-%l‘g@%wmdow may
be extendedspagt its predeteimined duration in situations where, for example, an apparatus obtains a
TXOP and/or is_in the process of accessing the wireless communication medium for the purpose of
transmitting G réceiving FARES [{0° 16050 LKL BYATPIS ARbSHTGEY tHARIHE EHvork is not
configured forjeedsoarprioritizedopeiaiion, s siternativielydhinistep Sli2tahedcsan was received by the

apparatus, ZC%tt}?n in ste¢o 822 a%?germmatlon may then be made as to whether messages are

awaiting tranSmission In the %qﬁératus (N-EQC state) or if no frames are currently pending (EQC

state). If frarfff&3re queule fortnaismipsion(e. g1, averdpparatds 46 Ingtt wan BEQOstate)| the
apparatus Xs@ﬁﬁ%ﬁ%l?%r&%gep m‘@&@&?ﬁgﬁﬂﬁim@%tﬁ@ﬁt@% %@Hﬁ@ﬂg{?@ may

continue until a TXOP is secured orthe awake window comes to an end. 30Provided that a TXOP is
obtained dulatdHa awakeavisBtN e Isretars thay jsrecaid (ratep IB7EMREIESOME or all of the one
or moresframgsaie,daBsFuHed i8R LHS eANRArEus iSHRRININSMIQ hrdvrmkQtsaaie (e.9., no

messages are currently queued for transmission) in_either steps 818 or 822, the process may then

proceed to StefT8 S8 HRBRRI S G M R0 H B TRLURSAE SR &tb I ferontending for an

additional transmit opportunity based on a determined network configuration and channel
access state, means for, if the apparatus is awake and receives a beacon, contending for a
transmit opportunity based on the determined channel access state, and means for

20 transttioning the apparatus to a doze state.
[B054] Accordingly, it will be apparent to persons skilled in the relevant art that
various changes in forma and detail can be made thercin without departing from the spirit
and scope of the mvention. The breadth and scope of the present invention should not be
limited by any of the above-described exemplary embodiments, but should be defined only

25 in accordance with the following claims and their equivalents.

- 14 -



WO 2010/100322PCT/F12010/050069 RepeatEmptyQueueContention parameter is at its limit (e.g.,
the number of TXOPs obtained white the apparatus is operating in an EQC state equals the number
defined in the parameter). Contention may continue in step 830 until a TXOP is obtained in step 832 or
the current awake window ends. Upon realizing a TXOP, the process may again check 5whether the
RepeatEmpiyQueusCantantigmparameter is at its limit in step 828. When the parameter reaches its
limit, the apparatus may enter a doze state until the next beacon period (step 834). The process may
then return to step 800 to prepare for the next beacon frame. [00521Further to the above, the various
example embodi%eg@ﬁdﬂ%mﬂgfloinvention are not strictly limited to the above implementations,
and thus, other configurations are possible. 100531For example, apparatuses in accordance with at
least one embodiment of tHEPrESE IR iHE Eoth FRBE ATeahss for Uetdtmingny whkthér to wake
up an apparatus hasedienadiningsignalapdalleasiena st anassociaiedbeacen perjgy indication
or a 15diluted beacon period indication, means for, if the apparatus is awake and obtains access to a
wireless communitatiéHMedium, transmitting a beacon and then contending for an additional transmit

opportunity based on a determipecneivarkaeeniiaursiion andchanneliageassosiaiangans for, if the

apparatus is awake %nd receives a beacon, contending for a transmit opportunity based on the

determined chanf&fHEELLERIRENLR G RASHR 18 Strdisitioning e appkiieraldrangest state.

100541Accordinglygpiiwitiebagpsant deipersenskilleg mﬁﬁ@@mmmhgpai%ﬁ%gges in
form? and detail can beépﬁde therein without departing from the spirit and scope of the invention. The

breadith and scope of thé predBREVERTIBR Lifoiiid FoFbEdimbee sy spgterding &ovemeadtibed

exemplary embodigpenisibubahawd fe detinachonbhabieaceerdanss with the following claims and

their equivalents. WHAT IS CLAIMED:
transitioning the apparatus to a doze state.

2. A method according to claim 1, wherein the timing signal and at least one of an
15 associated beacon period indication or a diluted beacon period indication are
determined based on a timing synchronization function that is synchronized to a

beacon period of a wireless network.,

3. A method according to claim 1 or 2, wherein obtaining access to a wireless
20 communication medium comprises contending with other apparatuses to obtain
transmit opportunities for a wireless communication medium that is used to

establish a wireless network.

4, A method according to any of claims 1-3, wherein network configuration comprises
25 whether or not the network is operating in a beacon prioritized configuration.
5. A method according to any of claims 1-4, wherein the channel access state is non- -

empty queue contention when it is determined that frames are queued for
transmission in the apparatus, and is empty queue contention when no frames are

30 queued for transmission in the apparaius,

6. A method according to claim 5, wherein the apparatus is granted the additional

transmit opportunity substantially immediately after the beacon is transmitted when

-15-



A method, comprising: determining whether to wake up an apparatus based on a timing signal and
at least one of an associated beacon period indication or a diluted beacon period indicatiOn; if the
apparatus is awake and obtains access to a wireless communication medium, transmitting a beacon
and then conteoding/fogzan additional transmit opportunity based on a detespiiResd NGRHOIK
configuration and channel access state; if the apparatus is awake and receives a beacon,

contending for a tf%%%b@ﬁ%@k‘ﬁ&%&ﬁﬁ?@t%é% 9'8&%!

Minee hANNe] aecess aiale: and ansitioning
the apparatus to a doze state. A method according to claim'l, W%ereln & Iming S|gna|dar(1)3”at least

one of an associatedBEaabipEpRIeNRiicition or a diluted beacon period indication are determined
based on a timing synchronization function that is synchronized to a beacon period of a wireless
network. A m]ethod ccording to claim 1 or 2, wherein obtainin%access to a wireless communication

medium comprises cORTERGIANHR iR dpparshiEes 8 ebtsnarsihiopoHUriiesifira wireless

commurfication mediunthatrisiused o@stablishiawitelessnatwartk-Aumethed accogingto any of
claims 1-3, wherein netWQrég confi%J.ration comprises whether or not the network is operating in a
ANicd 4 frangnn f % b«;\%

Anied 4 PSR BFLISiRTS™ UPRRHEPEIY HE'Channel access

L 18 Ortunit
beacon prioritized coﬁﬁguraﬂon. method accord]
state is non-empty eprgeticolstantion when it is determined that frames are queued for transmission in
the apparatus, and is empty queue contention when no frames are queued for transmission in the
apparatus. A method according to claim 5, wherein the apparatus is granted the additional transmit
opportunity SubstaritigRfliftewiEtery aidrmé. vexson iSarmpemittetavkiBonWOhe doze state

2010/109322PCT/RL20%0/050068,the @@@Mﬁwdﬁa@%ﬁm@i&y@u@ﬁé%E%ﬁ%&%ﬁ@oﬁﬁ%sd

configuration and in a non-empty queue contention state. 7. A method according to claim 5, wherein
after the beacon is PR d AT SR ILABURE LS HErETARRY BVEIhe wireless communication
medium when the apparatus is granted a transmit opportunity and is determined to be in a non-empty
gueue conteption state, 8. A method acc rdin% to claim 5, wherein the apparatus transitions to the

doze state 10when the 4 ‘f,‘*g}‘g’ﬁ?gﬁ%g%%rﬁ%fn%% BT AP S e dBREEMIGI &ate and is

recorded on a computer readable medium, comprising:

15 corputer program code configured to determine whether to wake up an
apparatus based on a timing signal and at lcast one of an assoctated beacon period
indication or a diluted beacon period indication:

computer program code configured to, if the apparatus is awalke and obtains
access to a wireless communication medium, transmit a beacon and then contend

20 for an additional transmit opportunity based on a determined network configuration
and channel access state;

computer program code configured to, if the apparatus is awake and
receives a beacon, contend for a transmit opportunity based on the determined
channel access state; and
25 computer program code configured to transition the apparatus to a doze

state.

10. A computer program product according to claim 9, wherein the timing signal and at
least one of an associated beacon period indication or a diluted beacon period
30 indication are determined based on a timing synchronization function that is

synchronized to a beacon period of a wireless network.

1. A computer program product according to ¢laim 9 or 10, wherein obtaining access

to a wireless communication medium comprises contending with other apparatuses
- 16 -



granted a predetermined amount of transmit opportunities. 9. A computer program pro_dl_Jct comprising
computer executable program code recorded on a computer readable medium, comprising:
15computer program code configured to determine whether to wake up an apparatus based on a
timing signal and at least one of an associated beacon period indication or a diluted beacon period

indication;  compBenPreasam sppaeaniiguad iuilithe anpaAINS s AwRlks ang Qhtainsaccess to

a wireless communication medium, transmit a beacon and then contend 20for an additional transmit
opportunity baseo“bﬁsglﬁléﬁéﬁﬁfﬁ‘@éewrkonﬁguration and channel access state; computer _
program code configured to, if the apparatus is awake and receives a beacon, contend for a transmlt
opportunity based on the determined channel access state; and 25computer program code configured

to transitionhe appardii s Q‘”HS%%P&?@P%@%%@?H%G@@Wr@é%ﬁﬁr%dd@tﬁ&éi@FFRjW@TéEIaim 9,
wherefn the timingsigiatansh ablepstanereiian asseciatedReagan pssigd-indication.or a diluted

beacon period 30indication are determined based on a timing synchronization function that is _
synchronized to aPbEALET bENYHEDS Wireless network. 11. A computer program product according to
claim 9 or 10, wherein obtaining access to a wireless communication medium comprises contending

with other apparatuses -16- to obtain transmit opportunities for a wireless communication medium that
is used to igtablislh %owﬁ)gfgggrﬂ%{%moduct according to any of claims 9-12, wherein the channel

access state 1s non-empty queue contention when it is determined that frames are
10 queued for transmission in the apparatus, and is empty queue contention when no

frames are queued for transmission in the apparatus.

14. A computer program product according to claim 13, wherein the apparatus is
granted the additional transmit opportunity substantially immediately after the
15 beacon is transmitted when the apparatus is determined to be in a beacon prioritized

configuration and in a non-empty queuc contention state.

15. A computer program product according to claim 13, wherein after the beacon is
received, transmitting one or more frames over the wireless communication
20 medium when the apparatus is granted a transmit opportunity and is determined to

be in a non-empty queue contention state.

16. A computer program product according to claim 13, wherein the apparatus
transitions to the doze state when the apparatus is determined to be in an empty
25 queue contention state and is granted a predetermined amount of transmit

opportunities,

17. An apparatus, comprising:
a processor, the processor being configured to:

30 determine whether to wake up the apparatus based on a fiming
signal and at least one of an associated beacon period indication or a diluted
beacon period indication,;

if the apparatus is awake and obtains access to a wireless

communication medium, transmit a beacon and then contend for an
- 17 -



12. A computer program product according to any of claims 9-11, wherein network 5configuration
comprises whether or not the network is operating in a beacon prioritized configuration.  13. A
computer program product according to any of claims 9-12, wherein the channel access state is
non-empty queue contention when it is determined that frames are queued for transmission in the
apparatus, and is empty gyguecontention when,no, ames are, qu ued for transmission in the
apparatus. A computer program product agggrding tg c%?m %éa\%v %?gﬁl?#en%%ﬁ% fatus is granted the
additional transmit opporﬁ?ﬁ@‘ﬁ?ﬁ%ﬁ@%ﬂ?ﬁmwm@lwaﬁer the beacon is transmitted when the
apparatus is determined to be insgrheacon prioritized cg{gi ration and in a non-empty queue
contention state. A computer prograr%% r%r(_)duct accor'c?ing tc?éélegi‘#ﬁsﬁ, Whérel Igﬁgr t%g beacon is
received, transmitting onEB¥MbRPAIREEOVe ctheniire b sroonuhuhicatibacmediumendien the
apparatus is granted a transmit.appartnity Qﬁﬁaﬁtﬂﬂ%@&%ﬁg {0 pe in a non-empty queue contention
state A computer program product according to claim 13, whereinthe apparatus transitions to the doze
state when the apparatus is determined to be in an empty queue contention state and is granted a
predetermingd amouinhefHa0SmibRRROIMIILES: AnARRATANIS SOMPLSIng: a progessor, the processor
being configured to: determine whether to _wa?e uppeﬁ}ﬁew applﬁlr'lé} g %age%lcgﬁtaﬁa tallrsr%i%es(f nal and at
least one of an asSbERREH eGSR BB hiadiattarorra dilited beacorppsriddrididicitionsf the
apparatus is awake andiaklainsacsessind Wigksmoammunlsatisnmedium, fransmi a beacon and
then %Bntend foran - 17 - additional transmit opportunity based on a determine network configuration
and chiannel acceR&2&E4ECrIof Pha Apsirsiastisivake and receives a beacon, contend for a transmit
opportunity based on the determined channel access state; and transition the apparatus to a doze
state. An ali%paratus according to claim 17, wherein the timing signal and at least one of an associated
beacon peridd indichBRRBHY antesd HeRcdaipelbariAdicshoriarebtimnmimedshasedrorlasiming
synchronization fupgiiaariakis SYREhRnizeHie.2 &ﬁﬁ&?&]i&?m 8{&%@55&9%@@5& An apparatus

according to claim 17 or 18, wherein obtaining access to a wireless co unication medium comprises
contending with ofREF APRRRATINEEIES Btail HersRRBpOHHite sifsl erwibetds sisamenunication
mediugn that is useehip @stahlisheawiselggs network. An apparatus according to any of claims 17-19,
wherein network configuration comprises whether or not the network is operating in a beacon
prioritized configuration. An apparatus according to any of claims 17-20. wherein the channel access

state is NoBeEMPLYLEILEHE LN IRBIRRWRE Bl Mﬁﬂ@m@ﬁ,h@hﬁ%m%@%g%Sgﬁgjloal:dtorgnsmission in

the apparatus, and is empty qugue contention when no frames are queued for trafismission in the
apparatus. comprises whether or not the network is operating in a beacon prioritized
configuration.
20
21 An apparatus according to any of claims 17-20, wherein the channel access state is

non-empty queue contention when it is determined that frames are queued for

transmission in the apparatus, and is empty queue contention when no frames are

queued for transmission in the apparatus.

25
22. Anapparatus according to claim 21, wherein the apparatus is granted the additional
transmit opportunity substantially immediately after the beacon is transmitted when
the apparatus is determined to be in a beacon prioritized configuration and in a non-
empty queue contention state.
30

23. Anapparatus according to claim 21, wherein after the beacon is recetved,
iransmitting one or more frames over the wireless communication medium when
the apparatus is granted a transmit opportunity and is determined to be in a non-

empty queue contention state.
- 18-



An apparatus according to claim 21, wherein the apparatus is granted the additional transmit
opportunity substantially immediately after the beacon is transmitted when the apparatus is determined
to be in a beacon prioritized configuration and in a non-empty queue contention state. An apparatus
according to elaime @Migekerein after the beacon is received, transmitting opegresafaes over the
wireless communication medium when the apparatus is granted a transmit opportunity and is
determined to be in a non-empty queue contention state. WO 20101100322PCT/F12010/050069
24.An apparatus according to claim 21, wherein the apparatus transitions to the doze state when the
apparatus is-determP B BESiACEH SRty Jtisue cBRBREohStaR: aRY e bt d athreletermined

amount of transmit ppertidnitiRSapparatus is determined to be in an empty queue contention state and

is granted a predetermined amount of transmit opportunities.
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