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beacon transm ssions usually operate at a nuc ower rate due to their
br oadcast natRechnitAlLFiedeati ng significant control overhead to 60 GHz

wrele | co iecat i on networks. Disclosure. of Inventi.on. Sol u&.i on to
Pr obl e present invention relates in general to wireless communication, and in particular,
to power saving operations in wireless networks.
Background Art
[2] A beacon frame is commonly used to set timing allocations and to communicate

management information in a wireless communication network including multiple
wireless devices. A beacon frame may provide communication schedule timing al-
locations to the wireless devices in the network for wireless communication over radio
frequency (RF) channels.

[3] The 60 GHz RF band can provide a higher data communication rate (e.g., by a factor
of 10) in comparison to the IEEE 802.11n wireless communication standard. However,
beacon transmissions usually operate at a much lower rate due to their broadcast
nature, thus creating significant control overhead to 60 GHz wireless communication

networks.
Disclosure of Invention

Solution to Problem
[4] Embodiments of the invention provide wireless communication over a wireless com-

munication medium.

Advantageous Effects of Invention

[5] Embodiments of the present invention allow announcement time(AT) period op-
erations to suit power saving STAs, and allow AT operations to be more traceable to
both STAs and the coordinator.

Brief Description of Drawings

[6] FIG. 1A shows a block diagram of a wireless communication system implementing
power saving, according to an embodiment of the present invention.

[7] FIG. 1B shows an example beacon interval (BI) transmission schedule for An-
nouncement Time (AT) of idle timeout for power saving operations, according to an
embodiment of the invention.

[8] FIG. 2 shows an example relationship between time out periods for various AT idle
timeout policies, for power saving operations, according to an embodiment of the

invention.
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[12] FIG. 5A shows an example AT Idle Timeout information element (IE), for power
saving operations, according to an embodiment of the invention.

[13] FIG. 5B shows an example mmWave Operation element, for power saving op-
erations, according to an embodiment of the invention.

[14] FIG. 6 shows a flowchart of an operational process of a wireless station in a wireless
communication system, for power saving operations, according to an embodiment of
the invention.

[15] FIG. 7 shows a flowchart of an operational process of a coordinator in a wireless
communication system on conjunction with wireless station operation of FIG. 6, for
power saving operations, according to an embodiment of the invention.

[16] FIG. 8 shows a more detailed block diagram of a wireless communication system im-
plementing power saving, according to an embodiment of the present invention.

[17] FIG. 9 is a high level block diagram showing an information processing system
comprising a computer system useful for implementing an embodiment of the present
invention.

Best Mode for Carrying out the Invention

[18] Embodiments of the invention provide wireless communication over a wireless com-
munication medium. In one embodiment, the invention provides a process comprising
generating a schedule which indicates when a wireless communication station may
enter a power saving state in an announcement time (AT) period, based on an idle
timeout interval in the AT period. The AT period comprises a period after a beacon
transmission in a beacon interval.

[19] In another embodiment, the present invention provides a wireless coordinator station,
comprising a scheduling module configured for generating a power saving schedule in-
dicating when a wireless communication station may enter a power saving state in an
announcement time (AT) period, based on an idle timeout interval in the AT period,
wherein the AT period comprises a period after a beacon transmission in a beacon
interval.

[20] In another embodiment, the present invention provides a wireless communication

station, comprising a power saving module configured for receiving a power saving
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includes multiple (m) electronic wireless devices such as wireless communication
stations 7 comprising wireless transmitter and/or receiver devices, and a wireless co-
ordinator station 6, implementing a frame structure for data communication over a
wireless communication medium (e.g., radio frequency band). One or more of the
wireless stations 7 may comprise power saving wireless stations.

[24] In one example, such a frame structure (marked by beacon frames) is implemented
via a Media Access Control (MAC) layer and a physical (PHY) layer. In a wireless
transmitter, a MAC layer receives a MAC Service Data Unit (MSDU) and attaches a
MAC header thereto, in order to construct a MAC Protocol Data Unit (MPDU). The
MAC header includes information such as a source address (SA) and a destination
address (DA). The MPDU is a part of a PHY Service Data Unit (PSDU) and is
transferred to a PHY layer in the transmitter to attach a PHY header (i.e., PHY
preamble) thereto to construct a PHY Protocol Data Unit (PPDU). The PHY header
includes parameters for determining a transmission scheme including a coding/

modulation scheme. Before transmission as a packet from the wireless transmitter to a
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[38] In a first exanple scenario accorging to the invention (i.e., Scenario
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enter the dozg, iRLRT & tﬂeh?orgtgﬁs@forttﬁ'éer ggin% Fifmowy i nterval W2 without
causi ng confusion t'o the coordi nator eacon franmes ar ewﬁqeneral |y

br oadca3l] fr alBoneembodimest. B gaordipyfor Waplpes NiAmeouaepnggnt dime igdie 6meeYt f r ames

transmitted iBLéiBepAPREr d @ EIQBhNRES YESTA Eﬁ%ﬁsea@tt@fty aNdhan ld)s@tdf nded

receiver (i.e., one-to-on icatio In a secaon

scenari o accéF‘&‘?r?tl&yt%S't‘rH%%lahggm ‘{]‘Ef’ltles(ai POé-?CY f‘%ﬁ@ Y ipgwer ?CHSIIEV?Eng%B)angP Ne P2
policy STA r éahitatesa policgoeldtv drimamepoR@r sendivive I8 AsoBadh puadic o Pj (Wddinheflor e
the end of the i tine n h oI| STA I onds wth
a response f Ir}aneglllgg ha aCPelfjlze& By %’8 8 arﬁmetgﬁege%%ﬁép ey reprr%‘q‘eﬁgz frame Rq
conprises a SRrtNR tm)@_nn! 1@3 MDEIPUW KR2SEak WQQHUWIEmt@Na](anPmaﬂtC)’ S‘TrPeSne
sent fiom the RaGEALaRfBhe iR i Hrl 8 §Iedy [T AR rS B PonkfiE P

coor di nat or provides a specif timng r sch t |nstructs V\hen and

optional Iy fé?ﬁ hoWN Belisy S(%% egaﬂﬁmeplesﬁiﬁ r%&yﬂléﬁtaéts they Behyyins ok g §Le,

wherei n the B3ligosTAYNn iée GiPRIcat Sen@CGOkIEiwiaE ¥n ARCK of BEandX¢BdRéRvIReNe i n
FIG 1B, the oo d| tor i tru the P2 policy STA to remai n awake for
the duration fpo e *Pm[‘ﬁ% third exanpl e scenario according to the

i nventi[®n (i . €elhe I&qmmaylsa"zﬁmar?s:sm ahBwakedep dwdrgdhadeapon nigne (BAL) in st r uct
the P2 policy I 0 r when t he
P2 pol i by STAVAE EBLE|k HealtPHimd, b RO RERGIE M Rl BbEARL A 2050
frame fromt hertetgdtrd¢ ﬁHtP@rPOh?hélaFBZ bos.ildy P?ymhpeéigﬁserittrs adppestate@t Y@ (or a
different valyg OM%e BN R s R taf tHehRsi gﬁﬁé@hﬁ%ﬁlngﬁﬁetﬂeAﬁiﬁ% sapd ptarts

t he timeout countdown process again. directed franme I ncludes

management i ﬁf)B?}h%TMF?ﬂéﬁa iglle Cgeﬁtiom lnh@wathe VATte X jigcating gnddle tigneout

i nvol vi ng requestl aned Aehpensef the asmedoet, WeeSTA H0nimaioNer andn@sthedsi ver

station STA tI n onedernb%tg @n %f the invention shown in FIG 1B, said

transni ssi on “SchadUl€" 10t Aci Rige §1 a power saving schedul e providing

speC| fi[88lt i m g adirstsxhmglel seendnmtaccordinguo tite mh@monhee SSeznamy 1 entEs. 18)doz e
i.e., power | on

(i p tl"fealyi P(Q clys§'l% f‘emd: W 1tileeefnzi cfo@?nét%%l a | R m}e@%aﬁ‘%@ ?rgﬁﬂpfhehcqw g

the STA may stay doze A shoul d
awake or exi tOfdlh%tOIb]b‘X/\Iélﬁ eg@@fﬂ)gl%(yl@}eoq gy var YE2,5B0BE Pelisli hEA oRg)enstidedul e

X s ot t equi rd@%ie §tﬂe?ﬂ1&&ﬂhﬁhz§t§ﬂsﬁoﬂlcﬁldﬂ'sérﬁp&ttﬁcflrafnﬁ@'ﬁgrectleﬂ (DS ezvgztu yrg . the
schedul e i.nformati.o S e val ue o i me
transmitted i9f GBI %f Hrt—? &E?ﬁ‘“?ff %}lﬁl‘leﬁ@?q @ﬂt a Wte@#?gn‘? ﬁf’%‘rt tCioon

conti nues toohﬁnﬁmpﬂs|1@@,t1heP@‘pehcy1$ITAlmlle>eBﬁa]n':lelto jentl@rregloasd @l asknawiledge t he
PCP sends ou o) PS . sch ned based
on: (1) the i\t&%gn oct%?fte C‘t"\%nﬁg %?%%18 <05 R 4 ang% %&lcg’e%‘e%%e@oat h the
PCP and each CP@@TWI angy rynR)jngt Wigh ﬂal\Mé V@lﬁlewnsle‘.he BQ/ pt)h@y $5DPm2[Y4ﬂ¢}erlﬂtrﬂ anot her
i npl ement ati QBye (i@ aPFe S of IHIBAR LB uPERGy NG 2 %&Bu%hymgg%u&ﬁﬁ td glgept ion
of a directed frarre fromthe coordinator, but may stop upon any set of
events that &PedEW#ffonly observabl e by both the coordinator and the PS STA.

For ex3spl e, tHRcHSTIhE a8 esdroiby bﬂ@eddagmﬁﬂés seﬁtleravat M@odJMﬁtewettB@arl ng
any valldfrnes sent. fromthe i

t
T v bes of Gt A RGP heridd B o PR B S T
order. Furt hémtended rededwen (ixy, @xanpine cotm&nmlcaﬁom)n FIG 2, the values of the
t t t | h
; Ielmaa.t(:):J érl]d) ? 1? r \13 a s@édt'l(a%\%ﬁtblﬁe:sger}é%lgnat\é%ordm%g %Mn@%ﬁloﬁ\ﬂbe §C§L§\JI A?‘M f’ﬁftll Olrlﬁe{ 4I6]n
W W ... tltell?2 paARy SﬂhéerwamsmmqvastlﬁeH@qu/\fnomsthtaedeedt%yP@%eeﬁd ﬂ@ﬁ t he
Bl , meani ng anLhf pelidie Yimebh SRew v eh@ing P@%@y Son r%§po|n8£‘9mﬁ% kdRnkest of

the Bl. This is usually the case for non-power sensjtive STAs.
frame Rs (e.g.,"an ACK). In one embodiment, the request frame Rq comprises a



WO 2011/ 037405PCT/ KR2010/ 006499 [48] |y anot her inplenentation, the

coordi nator may specify an aggregate of nultiple AT idle tinmeout policies
and ti nmerwofRor/@74obass of STAs (e.g., tineout when eith@CT&RWIAO64d frame
based tinmer (using W) or a valid frame based tinmer (using W) expires).
[49] The coordinator maintains a dynamc active list of STAs to which it
intends to sendcted (@Gdacd ffanaIgest fd@tnltmgcddf@nﬁ& toANSEX AT direetedSHmie @ndynam c

t list 30 k th di nat di nat
ot egor i o5 PRI RepTybETRERBLISHRUR yiheR AR, hh Gt Pl BB ob" e
PN) that t he tisTdly fgs bowAbng, e Bepplivyi STA mfayanteAfheplmas gtatet WhencmcthdiPaat or

t t I
5 the i ndex PoJUERER dhbralTa Rl EbunER ?ﬂlﬂlﬁ%hw BERG. 18, e it 23‘
the index of 1%Tlﬂlé‘lsé1$€sp%?%hq}’ tqwalwal@é@ht sTaration of fe AEti ve 1ist 30,

there l[&l]an as{ﬁ(a%l@d @;@hnﬁﬂé @déﬁ&u% aédord&ﬂg ﬁ)hthé aReRseNt$., tSREn AHICHIRI NG, ﬂB)TEOUt
time for STA he_ .exa el es stations, wherein

or _ei ght, wi

i=1, 2, . th%COOFCPP%IQ N‘E’ﬁi’ Egt IPﬁEHCt fl??efI ARAdicy %%Ai ‘?ftﬂlilﬁlﬁ]é@ OWTEIMMET  STAS
(t5), STA3 (ts&)eduE‘EMcith&)wheSTtﬁéPQth])lcy STAZndyt Ryze. 153t8dd, (Wpdn sﬁﬂéhsﬁi[A? (t7).
If for a statjan.ST. | ar, C t. then
that “STA | & T oRiteg) 4 bR rblphf Au g op R R OSSP A R TRy T
coor di nat or d(yﬁ\é%rﬁom aldifferapdatuesVe dfnosgite HothHbe a@,ctrdmetolr iand tl@(STa%Dd and smmjt
val ue ti durlmlﬁ%t%}untm&?fgge£%§ﬁs during the AT, additional STAs are
rermved fromthe |i1st upon tinmeout “(neaning upon ti be| | ar ger than the
current43li ne) A ﬂfreqt%fr@a@) ngiyels a}anw% H@yadion apdl i 5587 Gglmdﬁff ATirsrigd

STAI, that STﬁlcdrwanﬁqg rEest aﬁqa@a@pbh@ frdnSds, bePl ¥l a@BrdiRabr iﬂa@ &@arf@h nat or

has no additi onal s dir ed t he STAI durin
coor di nat or GBEE" ﬁ& 9‘?96?1?1‘?95‘5%‘%” ﬂlealﬂéﬂf/‘%ﬁoné ?r%h‘? Eﬁ]elcﬁ? S@éﬂé‘&ﬂ@émn
al  ocati ons fdredaleSDAncludidven povoardaviag echetely paovidiag kyecifakemingatr saiééluleout

exanpl o appl (SRt RS EE M BTN L AT Ot Wi e ARG O | e
(WG Q) is dé@lmdnbe“damﬂ@mtfetw lqng@gs?dﬁpna}e%ax o the rlvze—sgatggm tindigatag

wirel ess comyph Rt $PAIHEEE ROV xARRE ﬁéwa&a%grméda? 60 Gz radio
frequenc% band. WG g is an jndustry-led effort to define a wireless
e

di gi t all4 tmr%e.mw&rf%%% @ééé?h‘eﬁl%]éﬂ? Bt rfsqwreﬂnt? BF seaigpd it dirgelslfiesi on on

the 60 GHz f q@qn@ﬂﬁyodaﬁledt f}QI‘PSMchedlﬂé i fbiaion ahahis ketevckslirnd awi®uess
| ocal area n%{,

uner. el ectro cs. (CE) .and ot her
el oct ron o ddyl RednfieRd nBUraraE B PR P REE R Tal kB0t HelE
t he present |tmbempplmmblemgrmaltlpt¢r8®om Bltﬂaalel(BBTAnmhthcsB€Pae®bmm oew Perl od
SP) schedul i K i on of
the Bi i cagalBrdf ot aeel BePsnehlioh (RLAn AT, L AT RN O3
schedul e i nf 6iPRET RFACTSS Wit is @ia-agiged hiebotlr ﬂ}?e?@%éin%ﬁﬁcbﬁsa%%@%r(%@m ng STA
m sses, that v&ﬁéo@&s‘ss&% knoptpdge of when the AT ends and stays awake for

the duration Th|$|s S bl e for PS-

5011/ 053 H0a PCIR RIOBHO TOBHYR ihs TR ASeST it b VRSB AR ALY GPot s

i nvention fomecapt\MlG)@ drgoeddefsand froml thab@&dmatow\mukmay@tdptupbnaﬁy tdref Aventd| e
ti meout, an ded e nmAave)
non- PCP (i . .ﬂ,la are & mon"’fﬁ%‘rﬁ Yat%sb?ecgysté@g?}ge 088 18?@,%%%1) nt ro FI90| %I?Ig !

Capabi lity | mliet)lP$1=§tT|Adnay stop ghegvmeadu irfe¢r@al WB\ uppTRVérbeang anglvehd frages h@t
coordi nator syghuR 68Rkdkgator 6 in Fig. 1A in the PBSS. A PS-STA sets this
AT Idle Tineout field to indicate to the PCP that it wants to use the
proposeé®IAT t ilhodst implemsatatianss e viglugy af the shrtingéBesd hg%t o -t e M2Nweht i on,

an AT Idl e Thaeoaty dpatieic Baler.Furthes e Bhovd 5 engle cl(ilﬁf 200RAEIES 2 StheWaluby of
exanple in FILG SK

ich is sent b PCP at to's C|fythe
par amet er s ofh%%e%mﬁﬁvglswmﬁﬂ‘é{ Sﬁéﬁxyfsr‘gaw vy ]ﬁﬁ{))ﬂ rl’t ﬁgﬁ%‘?ﬁ t“?Jr in the
PBSS. In itsrdhtigl (elstasiumng Panéprentseviabst tghtlpbbu@ed%hpdlaysed where the
starti Egsjtl mesy?L w Vﬁll} E;lgartl ng times for PS-STAs (P1l) and non-PS- STAs
Nt

(P2), pectivel y ase i s unbounded within the Bl unless
ot her wil44 specTHelf@ftiilmﬂfﬁleVadﬂﬂ qf\ﬁhfrlahe@@edtbﬁéhe eiskeefshe Bl mecaving 4 BNphbcwal ue

of W1, whiclisssiRfClefaffhwikeltBasMahdiss @E rdsber T BYI TR U uMIMAW chiegbd i n
the AT Idle Tineout IE. 11561The PCP may send the AT Idle Tineout |E 50 as
a power savi ﬂ@n%’WéﬂiﬂnémtV% SdiSas- sociated STAwith its AT Idle Tineout
field setting to "1" in the mWve (mMmA non- PCP STA Capability
Information. If an STA which sets the AT Idle Tineout field



in the "mWnon-PCP STA Capability Infgrmation" (and receives the AT Idle
Tinmeout IE if applicable), does not receive any frame at AT idle tinmeout
ti me i nt owohne11AB7406he STA may enter the doze state. At PRE/KRROidI064991 meout
time, if the PCP does not conplete a successful request/response dial og
with the STA, the PCP should not send directed franmes to this STA for the
rest ofj4glhe Aln adddhdlifgtanehtaint Qlea:ﬂeﬁdh‘tea!’to eaiemn afgrédige diieNipleoAT toO

utilize the AT i.dle tineout tlon field is added to the
WG gl mere ey s TR EE AL R o st
Confi gurati onhrfwtedl Grarhe ba$edtthnerr(ml\bgé\’>()}m|aaftah¢lframafb@sadmrn@r(uahgﬂéﬁt as
shown by exa?mg]ﬁ hn FIG 4B. The PCP uses this field to specify the

e

paraneters o policies for C{)ower savi ng schedul e, according to an
enbodi &%k of jfhﬁéopm@ﬁ‘?ﬁ rggintajg 4 dygamicastive {ist o FhAsGAWhich it eyends topend

policies aredysadd fwhes Qﬁrﬁhgt {he At it éx@glptld (51'%%0155: d7naRiT 2Oy SEABD k8BS Hyl Mes

for power savin non- power s
policy P2), M é‘PP-”\‘}B‘l( Sﬁﬁ"ﬁn f#]'scqé,afég ¢ nﬁt%ﬁ 8%9%&68%%?1?%@%6%?3
unl ess ot her wnske Aweﬁnefdueplohcﬂjhelom y.. W)amatﬂear STARatisen@deds Heginnéngsetani S t he

val ue of W 1&%13%% th%cgd%&%hgolr gqu Q ¥1meo ?ue% or antﬁ%lly(l) lgﬁ%llﬁﬁ‘f[)thaat | on

field. 11581 OWs an exanp eraty on ef'ement Haltor di ng
to an em boanthre@ifJﬁh@md@eﬂﬁtﬁlOBOhQ}'fPJethchMIb@hmgﬂg) 8TA deesntagtr asecei ve

any frame freu e HGR absNMABLEeader Dur ation tine into the AT, the power
saving STA may enter_ the doze state. By the M nBl HeaderDuration time, if

t he PCPYoes rir ee%ln%T /éltlé the acfiye \ig$ %bi@m@m@gmewmamtmwg: successf ul
request/ r espegsesedisah@@pitintifl ﬁﬂl&e@ut&‘m% folr ISQAl?Cﬁlesé&@ﬁipcb IRFUGS 8 A6l edlgtrect ed

franmes to this STA faor th resl al ent
Lo The Coor dimies Sfafops TeRER Door - & b st BRniatse Hiedie STRIMEE or) ¢
process 60, &dadr@)nNFTAB (B, Sﬁlhfkﬁ)(iS)’ISﬁ‘tAw%)t BEAD (RS NTIA4 ()eamitdi SAA7 @@)’ If

operation of gr{ﬂat%nassls SHR Vallie t\i)\ﬁ 1%55%&&&1@%?%&@%@%@% g 1n

conjunction wth a coor nat or process 60
conpri ses théerﬁ@qucfwrn@wmc@@@b@ 3@IQ£¢E@COOF@OFOBI ock 61: Wake up at the start

of Awake(iBl . [ﬁl%]cog}cf?&!foﬁ%/naﬁ%ﬁy \ﬁFdﬁ@s@&ﬂ@shek‘ H@a&cﬁwsﬁst@Mnmlnﬁécou@Vﬁhé @bl e.
[62] Block 63: arting tine 63] 4. Set |ocal

ke u
timer to W élﬁan& thera T4 Sn%me PB%SG%‘HWP%B% ﬁ%dltl?@A}S éﬁ&&re@@ve@ HeBhRg
frame? If yesist @dﬁ&ﬁﬁéﬂ)uﬁ nédn@gpkufe, ti lﬁﬁinglaﬁé%r @R curtent Bhet K 9. cd-65] BI ock

66: Respond %gdlr'?\zg( or has conveyeg %?1m1ng/sche%nfea: to an STAI, that STAi may be removed from
the list, provided that the coordinator has no additional frames directed to the STA1
during the AT. If the coordinator does not have information and/or communication
schedule allocations for a STAI, the coordinator may directly take that STAi out from
the active list without sending any frame to that STAI.

[52] An example application of the present invention for Wireless Gigabit Alliance
(WiGig) is described hereinbelow. WiGig applies to multi-gigabit speed wireless com-
munications technology operating over the 60 GHz radio frequency band. WiGig is an
industry-led effort to define a wireless digital network interface specification for
wireless signal transmission on the 60 GHz frequency band for wireless local area
networks and wireless local area network devices such as consumer electronics (CE)
and other electronic devices including wireless radios.

[53] Without embodiments of the present invention, when a non-coordinator STA misses
a Service Period (SP) schedule information in a BI, that STA stays awake for the
duration of the Bl in case the coordinator sends a frame to that STA later. If the SP
schedule information is sent during the AT period which an power saving STA misses,
that STA has no knowledge of when the AT ends and stays awake for the duration of
the BI. This is undesirable for PS-STAs.



[66] Block 67: Received explicit schedy e in the frane for communi cation
over the wireless comunication? If yes, proceed to block 68, else proceed
to bl ock wWO0.20{1@8y40Bl ock 68: Fol | ow schedul e for the resPCOKR20®/MBb499ENd.
[68] Block 69: Timer tinmeout? If yes, proceed to block 71, or el se proceed
to block 65. [69] Block 70: Reset / refresh the local timer according to

t he defiffied padcopling tvean'@sRidimétiof @ghinvaltiog oy WiGpewielosn b area

P et at S0GEB SR BBl FRugd P LR o RO e e
exanpl e pr ocaﬂﬂlrﬁﬂer—wamo(nanQVe)m@nP@lhbmdlnmrﬁersmhaltﬂirwqo%@mecaseu BSKL i on,
for operatiogfof P&ngg%dg%?a“oﬁ{tg i) ' £'s §h'€5€zn‘% T6GE8R, F%in?%l

net wor k. The process ;[))rocess bl ocks:
|

81: Categori i_l@ SprEnatar %}Ch%&ﬁﬁdenaé@rtﬁ m@g i 13% ma BRSt AdIS-2 EAIsgEahis i Trer .
[ 73] Bl ock 8Zdlelsmbhif fRIPIYIndEAe 2Sthe WEH that i¥ whhts Y& 8se thE %@@Q&dtm BilhRokt 89,

or else proceed to block 83. [74] Block 83: Choose an STA fromthe active
list and tra %% a directional frame to the chosen STA. [75] Bl ock 84:
Reset t[b# ti mdoutidiviah Uaeccémm)g toftheS]i)@eﬂtioﬂr arr AMdvie Tfimamttlhﬁ)rmaﬁén/Elehiest (IEj the

ti meout valu maII a Bl o r for
ot her STAs o%o ! %gfglg Sh W ?y g’? Eﬁ@%%uﬁé}l P X%Yl rreo gc ?dl}latgs
proceed to blosjecBY themar@h@tersmf degmdictes. Pied(kP 88‘:qu1[V3E}1t Bitbe Rocsdlnaﬂe frove
timeout STA(g)e ﬁﬁ@f%nlhhﬁ és\f?mjrﬂ %h}y P [ngﬁg)g pBQCng 299 Iﬁséﬁwhgl%gdle Bhogg 88: AT

is about to end g r oceed X foceed to bl ock 82.

or
[80] Bl ock 8%mesRd.= a%%ﬁlmeém %MéP&an@H@n re8EAs Fhvéert i on
al | ow AT per Ispétu«)@l@r Bltthi%rb%set WS4 dnb@@ma ve 8N (18 BiTfSess afdraiké GwcARd. The

operations t OnR/ parameter t[ilgtcrﬁa% s! t% ‘t;[eose%3 12 the Vz;[ue ofa\Q]q which is specified by the value
of the AT Timeout Window field in the AT Idle Timeout IE.

[56] The PCP may send the AT Idle Timeout IE 50 as a power saving schedule to an as-
sociated STA with its AT Idle Timeout field setting to “1” in the mmWave (mmW)
non-PCP STA Capability Information. If an STA which sets the AT Idle Timeout field
in the “mmW non-PCP STA Capability Information” (and receives the AT Idle
Timeout IE if applicable), does not receive any frame at AT idle timeout time into the
AT, the STA may enter the doze state. At the AT idle timeout time, if the PCP does not
complete a successful request/response dialog with the STA, the PCP should not send
directed frames to this STA for the rest of the AT.

[57] According to another embodiment of the invention, to utilize the AT idle timeout, an
“MinBIHeaderDuration” field is added to the WiGig millimeter-wave (mmWave)
Basic Service Set (BSS) Parameter Configuration field 41 of the mmWave Operation
information element, as shown by example in FIG. 4B. The PCP uses this field to
specify the parameters of the policies for a power saving schedule, according to an em-
bodiment of the invention. In its simplest form, only 2-levels of policies are used,
wherein the starting times S1 = S2 = AT starting times for power saving STAs (i.e.,
policy P1) and non-power saving STAs (i.e., policy P2), respectively. In this case, W2
is unbounded within the BI unless otherwise specified. The only parameter that needs
to be set is the value of W1, which is specified by the value of the MinBIHeader-
Duration field.

[58] FIG. 5B shows an example mmWave Operation element 51 according to an em-
bodiment of the invention. If a power saving STA does not receive any frame from the
PCP at MinBIHeaderDuration time into the AT, the power saving STA may enter the
doze state. By the MinBIHeaderDuration time, if the PCP does not complete a



11 WO 2011/ 037405PCT/ KR2010/ 006499 t he goordi nator. Dynam c control of the
AT by the coordinator provides efficiency. Service Period (SP) schedul e
i nf or mat 0 200M3THIS Ccat i on over head to power savi ng STAsPCI/HR2AUN®EH99 An
expedi ted AT transm ssion schedule is enployed by the coordinator for power
saving stations. Miulti-level PS-based tine-bounded differentiated services
are provi ded saetesstigl rbdi’l&s#rﬁspdrﬁ@]haiﬂ@ewiﬂeﬂ@i $TAf the PEP sﬁﬁb&ldtﬂomﬂtdﬂeﬁﬁe&rvm IS

vari abl e rather tha for el
nccess based et LTS TAFFCAt Bl EAN A Tn I TP s BER S R

coor di nat or wahagesinthe BB8Ss channel access (non-contention) for STAs for
accessi t he a

R B e T R U
managi ng wi r deeRygseahimaRiion, f<831pelrarle;1 oBa Baelass AT Bline ‘Mif%leﬁsmurﬁ%t@}%arrpl e
wirel ess comyuiidERbd %JMElMWthW&%%&%WhE% fEENDI NN arheggtbad} pBnt  of
the present inventi Oﬂ Lhe l?sfg/stem %(% includes a wireless transmtter
station 202 (SWeHsSd SFpAPWi PPgEss k%ind a wirel ess receiver station 204
(such 360ISTAZ Block8 IGWdid)up dtolie saut of asakelBl.a comuni cation, such as

wrele tran S I 0/ Vi nf 0 r aradlofrequency
channeﬁgg ng éés)tkél’%’lﬁggg% Oélbu‘ﬁgﬁ? %r%:lzensd’g%&gva\ﬂgélg coordi nator device 235
(such ééﬂcoordih@ktdﬁr VBakiernpRitGe AR)startveg tiha Sl i t at es cormmuni cations in the
networ ke The. shiati NS ePOgafkra0 v ber a&%ror%%%wuﬁﬁgs as descri bed

her ei n. 8] transmtter 202 | ncludes , a MAC | ayer 208,
and an [&plpl | caﬁlptrrﬁﬁ agfétmlgg@famr?réf YR IPERFEO thsk|6ﬁc¢r§ésé§receséteéb oglgHPng
n?dtjlhe [25]9 V\?IBch]dddH)h&@@Hdd&)ﬁax(p}Q\e@ﬂwSﬁwnﬂggﬁfaﬁ@ess ggcgrdl ngbtg egbodl rrents
o} e venti.on s.e erein u S process escri be ove in
Cor a B o HAoe RS Sl el B PABE R e R ERR ATE B ount down
timer as neeaacktlesT hemPhdiichayel If 206 provebdibddock G dlse pfrroeeplnlmﬂyclgﬁF) I
connunr tion t ng signals under contro

of a beg band é@%@ﬁ%\gu?ﬁe@%@?%rE%%gé}Lglgrlgb}{ériocess nodul e 230 al | ows
communiledlt i ng ek ¢ ITiinaf gneeitt? Hryeamioesed ¢ biogk ¢t rutelsgrprodegd o hinek 65.

appli cagaon | ayerk AL Rek1GlardRE tl?éﬁoéél%n@e(r‘éb&%éh (N dePh&d l%lﬁ%re?ﬁé ngepodul e
211 for packetl ZI ng vi deo streans, whjch are %en converted fo MAC packets

by the MAC | &&shyalve mayelepsnd onteiimal qntryerlomltfortﬁdﬁﬁelmkﬁér udes an AV/ C
cont r ol[7@podul %laawwm&emdﬁthstdseam%mm&mc&@remlﬁgwsts and control

conman to r e r adi e cy. & for transm on of
packet 71 1 oraCetsrirrb Ao T PR Epe o 0 Tt b A tbBIRRar far o
processor, rrelrmplysent ogyegtjon, frtremmatlenl ot fheoptdsnat@tseatiog motheshiosiess @snpayr t of
t he PHY Iaye If sent

i nvention. aﬁ%gét\%} Elgekelggﬁ%gge%%érlg%r& g%) ?%ngg ﬁfg%?ge?isebslgggﬁ—w | ayer 214,
a MAC |a%/er 2 ockerld Cateappt S EAS ibhdynapde actig listard wr@lipaloasal e i ncl udes a
pover sayji ng RIS £ Zé@le\é’ﬂiﬁ}hSTchﬁV@HitsIﬁyeﬁ%&eeﬁ%bl&ngQQﬁ% é}?&)&@d@&
process 60 d?’i%?i( ed above i'n 12 WD 2011/°037405PCT/ KR2010/ 006499 rel ati on
to Fig. 6, a & ng to an enbodi nent of the invention. The PHY | ayer 214

i ncl udg¢34ja RF RlermamiGhabicomm $A ditoen th Actid lid ahd amssmiit $diret©nylesarsd @rad s
under controk}l%f % aseband process nmodul e 231. The application |ayer 218

i ncl udes an ost ‘processi ng nodul e 219 for de-packetizing the video
i nf or ma¥%lon i rBlvﬁe84\AR@S¢tahd<emsoutn’tableét1}efa$?éA1Demetwecﬂromythteraetlw®thmzer 216.
The de- packettllrlgéoggVﬂ@e LeMansena Cltrhgltgﬁﬁketl zation by A/V pre-processing
nodul e 211 inthe a ication |ayer 210 of wireless transmtter station
202. ThéSlappl |@9t@%£qp§9@rtlf2?{§0t@h?mAﬁ piethgdedvalistav/ C control nodul e 220

whi ch handl es mEbFeNAGBBTAR Itmeadt?qhyétnptocaéaqes)%ck%aamf €15 pridgecdrt8 BTk $8i ONS

may be rforned o mul ti C may, perform
oy ennd 81 o niTHg- i a ReBie HEPSu S BRI G SiohE Fotvesl TAPS<B £ BIVAR Y5+ ansri 85 on
such ag7%eant o?lmkr@ dolnisubbaad ieodB1f yesn pporeed nbbldck®htor etsh@radceediotdock204
further inclydes hardware processor, nenory, logic, integrated circuits,
etc. (not shown) as part of the PHY |ayer, configured according to

enbodi h80lt s ofBle¢keSpiedent invention. [87] Sinilarl y, the wrel ess

coordi ngtior st R &itdd@hefls bk ‘gjb?é%ént%%%%h aNek A28 rﬁﬂlcbp%rd? s lAxar 238.
The MA Iayer 236 i ncludes a sche ul i ng podul e 239 i npl enents a

schedul i ng” sROVRESHECRLSS 28¢ BN Ay PRETEINBO & Pemeke ta'ﬁrceﬁtﬂe q briB ptlAgind

di scl osed herein, such as process 80 descri bed above in relation to Fig. 7.
The schedul i ng modul e 239 al so i npl ements a countdown tiner as needed. The
PHY | ayer 238 includes simlar conponents as those in the transmtter 202
and the receiver 204. [88] As such, in one exanple, each of the STAs 202,
204 inplenments the process 60 in their MAC | ayers 208, 216, respectively.
Further the coordlnator 235 |nplenents t he process 80 |n the MAC Iayer

NN S o o o o o e~ NN o - o



[90] As is known to those skilled in the art, the aforenentioned exanple
architectures described above, according to the present invention, can be
i npl enentwO 201/03849§ ways, such as program i nstructi ons POT/KBeEU0H4A by a
processor, as software nodul es, m crocode, as conputer program product on
conput er readable nedia, as logic circuits, as application specific

i ntegrated citlieCétiokdinatas Dyntiiie¢ddirobsf e ASUBEthe ebeclina@itiptod@ssi ct@Sien@t €., in

W rel ess devices, 4n. w ess. . transmtters/receivers n rel ess networks,
ot e Fort hor SRR bl SB) SR8t AR RE RISl Byorh o OB S 7T o1
har dwar e enbodiAventedueal. dmtaxpediteds'BF trammas eoheadiedwa s enoplopml nthe diorent

containing 1 / 4 J . re
ol emont s, - o A HEh p 4 ol et NI s 2okl g MG A AR o,
processi ng sy8iviss asmpeyidehdragcbeddt er system 100 useful for inplementing
an enboghiment 1ok 1641 B SGNE GhRYEMThico] iSRiaBRITIAE Sha$ Y S MQyih a6l wsies

one or nore p ssqr.s. 101, and can further include an el ectrqnpi c display
devi ce 102 (@h%ﬁ? %ﬁf%saghm #ricess, bapeglqn tﬁlﬁrﬁg‘p B?fﬁ)éerOH&’Péﬁs,a%ﬁﬁ‘é% RetiRshor y
103 (e.g., raidain decesslimeonnynagRAW)tlessachahmnd] agesd@vnaentiddof)dfogSTAkar d

di sk drive), r vahl e st or deyice 5 .g. [ vahl or age
rive. o et a R RGN REe SRR bt e Bo L ETRAR oF B0 8P
drive, a conpuinéateddmte¢ingherectirdmatoavichgn 8T rdading iteer AT pedodrfiurmesnagiogt war e
and/ or dat a) y;ife1des ShardnPf €F f ace device 106 (e.g., keyboard, touch screen,
keypad, pointing device), and a conmmunication interface 107 (e.g., a nodem
a net woPX int é?lgaﬁéhq‘@mhloa% diggram Al heRMPl Wireless CWHAIHFRIRNIGHOort, or a

CFJI’C{VCI tA SLOt t apae@%d)igquéi?erﬁmgﬁ? Ehfb@ﬂinmtt bhthepiaem iﬂ%ﬁ@h.ltm&ssy;g@gim e and
ata 10 Dbe ransferre et ween. e CO [ a ext.er na VI Ces.
The syot om 108 pgreIR e TR aGaE Sher it Ae I A T8 02y

a conmuni cat irmesfebpmtiomz@fscsudv&rsw in BIG. &) wor kiretess @dta chminueication, such

af or enenti ongd, deyi. ces/ mpdul &5 ajaﬁi]o/&iﬁ«%oofﬂ%}nﬂaﬁgn %?eef a%%%&??et %gncg[c%?n]mel

I nformation transterred via conmmuni cati1ons 1 nterface r%]ay e 1nthe form
of signals sd@h He sypient Wil ineludestd wirelgsreqaoedinaip dayale 23§ r(sushisercosi gnal s

capabl e of begiNgahes &l Fefl 1RY 1ee MMNhEALIARRNIAGS IRGR nkdorkVTRe fations
comuni cation |ink at carries signals and nmay be inplenmented using wire

th | :
or cable, fiB8?BHLPTI2Y 8¢ pAYRESAVINGe>TAs BelepdiIise heidhe 1ink, an radio
frequengy] ( RF)THeitilsmard202 inetudes a PRIVMARECHIG, ® MAD dnReDOS, 200 aR Wb Slicafb®gr am

instructions,re ti t-he ¢ck.djiagram and/ or f rts,.herein nay be
| oaded onto. AEDAET Atk M c e bR WS BT PR mod s B0F kb fn PRl
processi ng dewogessdvangposes aceding $0 ghbapmests iod fie ipention dedlos¢Eharen, t o
roduce a co [ i : fSHjot
aneﬁti on hagga{bg' ﬁbﬁésgglﬁﬁ%gg%f’%tﬁ‘%ge {aerkgﬁ%]éo tE (TjQ) ? [ EHV\%E%‘%&% 1?1%21%0?1;1“ ons

and/ or bl ock afpagplementsfa qranklons, tiragsmamaeded. Thg/RHXayer 2R8 inchidsaeérdipr ogr am
products accefdideyiRreepduARMch Qbdiibe0T forenhiditindResviaekarfungbich
€

illustrations/di ggrans, .or_ conbinatjons thereof., can be inpl ted by
comput er pro§gP4 aI?Qﬁ@E?‘%F@@P%H@PCSFH%O% &ﬁeﬁ?ﬁﬁa?%ﬁ?ff)ﬁf‘éf fo”%@ 4!

provi ded to a@oprm&asog coitadidermativacid weher ifotndtioat t he instructions,

whi ch cut e vi 1e..pr r e_neans. fon N plenenti-ng t

functi GRS oper e ghO%BRIRET 38 msRloRehFr BEERSH kB SRR e fis 2 each
bl ock in the féil pwkdtizing Yidéogkeadisaghighsrenthgn e@pyegedin Mathpacioiaby thanblAdr

sof tware nmodyle, 9@8.'1@19!a§ lidafBh %mwﬂm%m@rumrﬁmc LORrARRREM 212
invention. In-alternati % I npl erentations, the functions noted in_the

bl ocks may oddigh $as YreaphEansprsionsgusatsisnd carralicgmneads Kuigesive Bt y, etc.
[94] The ter 'ﬂ%qigfmwu&lﬁfel e IR, Faadianiinissiog ONPatkets. Hls@i@d | eentiRcthe) tTlg
"conput er readabl . " a "conput er program product,” are used.to
goneral Ly +otantugel 30 ipheoiRsT Rt prksoTsboRugormsain et SHibe: ¢
menory, secordarnot disvanas ppe b teREY siyer,agefigured eccoadih@rakerb@kmems batheed i n
hard di sk drive...apd signals. These conputer program products are nmeans for
provi ding software to the conputer system The conputer readable nmedi um

al | ows [Bhle corfhatveirelesssecervier statiend0tmchides aBHYUey¢rad, a NeAGS dnyes2 r, apdssage

packets, and aﬁhﬁﬁl‘ioaﬁ@ﬁ%&ﬁilg gadaphe léy’é‘}QWEIchﬂ@s Bb@%ﬁé&% QARIiEes 17 eadabl e
medi um The conput er readabl e nedjum for exanpl e, n@idl ncl'ude non-vol atile

menory, such “EChiMRIGRERIS fPLRET REME Procsshstre b Pipcet fidedsiiked aReYRolly, a
CD- ROM and ot her permanent storage. It is useful, for exanple, for
transporting information, such as data and conputer instructions, between
conputer systens. Conputer programinstructions may be stored in a conputer
readabl e nedium that can direct a conputer, other programabl e data
processi ng apparatus, or other devices to function in a particul ar manner,
such that the instructions stored in the conputer readabl e nedi um produce

o Y T



[96] Though the present invention has khgen described with reference to
certain versions thereof; however, other versions are possible. Therefore,
t he spiriwoand/sempe of the appended clai ns shoul d not PETIKR2ND108H6499 t he
description of the preferred versions contained herein. 11971 15 WD
2011/ 037405PCT/ KR2010/ 006499 d ainms A nethod of wireless communication
over a W r el edsti@oiTuAl 6; at doadinfesliniembedinphi i thginvaganel The PH Yalagattddul e
i ndi cati ng when one nmore wrel ess . .c i cation. stations enter a
power savi ng SSEe G SHMBRNGHHITIRRRIC £ e MR BRI iae S tON s | ol e
ti meout i nt ecvatrolion atb!awb_Aﬂ'd plf@lcessandAﬂmlﬁj. A'he hpplAtipe hkyeod2 ISanpnisen f_b/Vper i od
after a beac Bstlﬂré&iﬁhg ﬁhﬂ le! 219%;)&@@&%{&% Eh\é‘%Jideo.TiHﬁin‘?iﬁﬁ&Pﬂl e MA@ m 1,
wherein: generating a Schedul e indicati n& en a W reless comuni cati on
station nmay @nekels iBiopdwems SacaivRyl ot the Ak layer AYS.pldeidscpackeiizingels rexsrgrafses
i ndi cating t e pRRE{ALSE bl IAT® PrdlBrodkdst QRSO MU tﬁ@hﬂg;ﬂf&aﬁérﬁfa&é&@lw remaln
in the power s%\;(l n% state. The t Eﬁd of . claim1, 1f L%I’ her. o(g%r i sing;
wirel essly protiaP 6“%%6%%1"}&%#5?' DRRPLCREYY Y ! S e n‘g% AEN/ng
wirel ess comeumi@ahédoiie 320athioh haumlles sttetiel @asonakdwhaknel acdesa Betunfernduy i ng
the AT peri O?fan?nqlgsions may be performed over multiple channels. The MAC/PHY layers may
perform antenna training and beaming switching control for directional transmission
such as beamforming communications. In one embodiment, the receiver 204 further
includes hardware processor, memory, logic, integrated circuits, etc. (not shown) as
part of the PHY layer, configured according to embodiments of the present invention.
[87] Similarly, the wireless coordinator station 235 also includes a MAC layer 236 and a
PHY layer 238. The MAC layer 236 includes a scheduling module 239 which im-
plements a scheduling saving process according to embodiments of the invention
disclosed herein, such as process 80 described above in relation to Fig. 7. The
scheduling module 239 also implements a countdown timer as needed. The PHY layer
238 includes similar components as those in the transmitter 202 and the receiver 204.
[88] As such, in one example, each of the STAs 202, 204 implements the process 60 in
their MAC layers 208, 216, respectively. Further, the coordinator 235 implements the
process 80 in the MAC layer 236. In one example, the wireless system 200 comprises a
wireless local area network (WLAN) such as an IEEE 802.11 WLAN, but is enhanced
according to embodiments of the present invention as described herein.
[89] An example implementation of the present invention in the system 200 for mmWave
wireless communication such as for a 60 GHz radio frequency band wireless network
is useful with WiGig applications (e.g., all client types, including A/V equipment,
network devices, PCs and handhelds). An example WiGig network utilizes a 60 GHz-
band mmWave technology to support a physical (PHY) layer data transmission rate of
multi-Gbps (gigabits per second).
[90] As is known to those skilled in the art, the aforementioned example architectures
described above, according to the present invention, can be implemented in many
ways, such as program instructions for execution by a processor, as software modules,
microcode, as computer program product on computer readable media, as logic
circuits, as application specific integrated circuits, as firmware, as consumer electronic
devices, etc., in wireless devices, in wireless transmitters/receivers, in wireless
networks, etc. Further, embodiments of the invention can take the form of an entirely

hardware embodiment, an entirely software embodiment, or an embodiment containing



each power saving wireless station utikgzing the schedule to determne a
wake up schedule in a Beacon Interval (Bl). The nethod of claim3, further
conpri si YO 20as8r45i ng a schedul e i ndicati ng when a w r @CeagR20mmovcat i on
station may enter a power saving state in an announcenent time (AT) period,
by assigning timeout policies to nmultiple |evels of power sensitive

W rel ess comuth Iadwas asd abfiwas clehft@tset hod of claim 4 furt her corrpri si ng:
the co I nat . nt am ¢ ol.i ¢ sed i st r

communt et 1 on TAEATIOh PO Biork G B K B S uin pRes e TR ¢ 11 st
cat egori zes annhpsapgraazbm@utmeyswnn é0@sefddmumleatntong wteatbodnsetas e on

their pover SERShi V! eeéoﬁldogm% gr@rhh@g iRk hELPmol IR S AIPS] NY:

t he coordi na nam c par anet er

setup during CélaewhAmnp‘bth @a elem@mﬁétsna@d d@fme |192 hﬁosdlsplaymﬁéraniwpws ARy
assi gni ng N iogHep dhtaTRR4in RRIEY 863 t Maheyalasclf meaivey (BERSI, hiskagovner

ARG LR R W L YL

policy, and aumnxehp@meﬁmuﬁﬁbNWNQQiymﬂﬁm&ﬂ5Bﬁ@h&ﬂ%@@@ﬂﬁ@ﬁéﬁapﬁﬁmﬁmklve

w rel ess Com&ﬁ% Caa(golng)prl]lter T acfan?: e cfu? %.Vl%g 5{09 cf t&erem éjorrllgﬁlc[ier soﬂ%?lfje an%?olrl cy.
data), a user interface device 106 (e.g., keyboard, touch screen, keypad, pointing
device), and a communication interface 107 (e.g., a modem, a network interface [such
as an Ethernet card], a communications port, or a PCMCIA slot and card). The com-
munication interface 107 allows software and data to be transferred between the
computer system and external devices. The system 100 further includes a commu-
nications infrastructure 108 (e.g., a communications bus, cross-over bar, or network) to
which the aforementioned devices/modules 101 through 107 are connected.

[92] Information transferred via communications interface 107 may be in the form of
signals such as electronic, electromagnetic, optical, or other signals capable of being
received by communications interface 107, via a communication link that carries
signals and may be implemented using wire or cable, fiber optics, a phone line, a
cellular phone link, an radio frequency (RF) link, and/or other communication
channels. Computer program instructions representing the block diagram and/or
flowcharts herein may be loaded onto a computer, programmable data processing
apparatus, or processing devices to cause a series of operations performed thereon to
produce a computer implemented process.

[93] Embodiments of the present invention have been described with reference to
flowchart illustrations and/or block diagrams of methods, apparatus (systems) and
computer program products according to embodiments of the invention. Each block of
such illustrations/diagrams, or combinations thereof, can be implemented by computer
program instructions. The computer program instructions when provided to a processor
produce a machine, such that the instructions, which execute via the processor, create
means for implementing the functions/operations specified in the flowchart and/or
block diagram. Each block in the flowchart /block diagrams may represent a hardware
and/or software module or logic, implementing embodiments of the present invention.
In alternative implementations, the functions noted in the blocks may occur out of the

order noted in the figures, concurrently, etc.

[94] The terms "computer program medium," "computer usable medium," "computer

readable medium," and "computer program product,” are used to generally refer to



[C aim8] The nethod of claim3, furthegsconprising: in case of a frane | oss
during the AT period, or in case the coordi nator does not send additional
franes towORe1em®s saving wirel ess conmuni cati on st ati @03/KR20®8/@e0di nat or
utilizing a countdown tinmeout tiner based on the idle timeout interval to
indicate idle tineout; and the power saving wirel ess stations determning

when each pomzrdlasmh rag n&irﬂhbmﬂrmoﬁm@ I’me&ncﬁ?WEfnoS@Mé Yrataii®e hdodisk
stayi ng avvak on_interval

(B "Dt it St R PRy i R G SRRl R b B RER R el 1R o
Bl wher e t he fawratidomg softwaieetoAlle genpuel siysteonKhowmpwet feedabla mbdsm dloatsi ons

at the time rtﬁ.beCO%kd)lﬁé}t Z§t§mtt9?edaﬁa&efﬂs%ct ({ng fvéﬂhéeg]o}-%s §ﬂ1 e%f aﬁ’d Slt'h%]r g’mas

further conprisin of di'natof W reles nsmtt irécted
to one or nDIC@mEP‘ieére@%bl%Uﬁﬁ@?ﬁt@atfm@fhﬂ@tcamp@?% readablp gredjn. Ahesepipgier and

each wirel eS%eéﬁQHI@%ﬁBdﬁﬁh'f@ﬂe;@ir@lé Ghayf ﬁaﬁtlélh&gv@léﬁiéﬁinérﬁo@eﬁﬁ:h\éﬁa fﬁb@ﬁ%r espond
to, the direct @ﬂrﬁas durin daﬂ{)(?rtl on of EE @Merl odkgtlgnown b oth the
coor di nat or &K 59 asl; I TE e8] IPSWMHF aim
11] The net hodtopdgecltas mwehl, fok exdnsle, footmtslpsrtmg infarpaney, ssdvisrigtavindel ess

station utiI|Z|n i eout the idl i
interval in tﬂmp gﬁ’—ﬁ&}o%g"%n%een CHtip uier "F?nigmtlﬁl FIE r?%?%tlgsu}u P§ I"freout
i nt erval vvheheﬁme%m\mommrmgﬂdablﬁem@@n:ﬂlaat:aro@lrfr(:éaeomestea ottier ggved frarre

from the coordinatige datb?r@deﬁ&%%l@&?atﬁgeBPQQePc‘iev?ée@'tJ?u%Qﬂoﬁ Hrd ?ﬁaﬁﬁr”p“ si ng:

a power savi r% W reless [1zin count ti nmeo ti ner based
on an idle tum?@a% syqht thatyhg insiugtipas §T@Fr@da|ﬂ&6 compppterasatapleripedivia PEPdHse ahen a
set of pr edefahft@oﬁﬁ@rﬂif@ctﬁ@@ﬁcl@dlﬁg ﬁﬁffﬁ@t[ﬂn}! vahaeinadhénttige fatdod/iie power

I t at t 13] Th t hod of
Clai m 10, 1 uroREe L NP S RSB G Pl B St at i on uti l121ng 4
count dg9s| t| meauthetnaore rthdaacsrﬂputelnreaalabildjﬂnedmmmmyltommgerooaiputem rd¢adeblscihedul e;
and upon reC?&I&ﬁ&?B{l?ﬁ%ﬁ‘aﬁgl ?ﬂt@t‘é dé@ﬂiﬁ? sﬁ{hoié‘at{lxh%v{}&q{snﬁya!ﬁé{] Lnefly@RWer saving

Wi reless station's a new awa er conveyed in the
recei ved fr anteidace; mcmdmg: DWEEY n@tgfloéks@r aponless nawetkethnzallows a computer to

read such computer readable information. Computer programs (i.e., computer control
logic) are stored in main memory and/or secondary memory. Computer programs may
also be received via a communications interface. Such computer programs, when
executed, enable the computer system to perform the features of the present invention
as discussed herein. In particular, the computer programs, when executed, enable the
multi-core processor to perform the features of the computer system. Such computer
programs represent controllers of the computer system.

[96] Though the present invention has been described with reference to certain versions
thereof; however, other versions are possible. Therefore, the spirit and scope of the
appended claims should not be limited to the description of the preferred versions
contained herein.

[97]



WO 2011/ 037405PCT/ KR2010/ 006499 coordiygpator. The nethod of claiml1,
further conprising: assigning different AT period timeout interval starting
poi nts fovodnffesr4at | evel s of power sensitive w rel essPETAIR2018006499
adaptively adjusting AT period idle tinme out policies to one or nore power
saving wireless stations. The nethod of claim3, wherein: the wreless
conmuni cati on nedi um conpri ses a nnmsrel ess channel; the wirel ess
comuni cation stations and the coor (i are configured to wirelessly

conmunijcalg 1N a W rel egsndiQralt vat@ds RemRinkcabRold}e Wiré18ds@SfneidiBh cat i on
medium A w rel ess coor d{:\ﬁ]at or station, conprising: a scheduling nodul e

configured for gener at i A sEHRRILYEE: i ndi cati ng when a wirel ess

comuni cation station nye@thgh séhefdoMendiSaitgnghedtciie ®r nbr@virglRBO LoM@ENnt
time (AT) period, based .on. an aiig)l e ti nequt i nter val .tane 1Inhae aATﬂliE)eCr %nodf
wherein the AT period c%n%rl Seloy 161§l¥|168 APPUE AVHESESH P ANERTEEMSA i n a
beacon interval; and a tphy&\ Eaperiodyleased omfun glie Bohedarintgivaklnetbs Adopamedi cat i on
with one or nore wrel - i i [ : ' ol
comuni cati on nmedi um ﬁ%%er‘\%lmﬂrrﬁg% }g'sr?%%gg? %[?hggtéggrbg{lg%r?%%@ao ag a??[n&lnésjsmn

wher ei n: the schedul i ngn#d¥eg® in§ry¥alr t her configured for indicating the

| engt h [ofaihiore a wirel epf GORBUOF @afi ONwisdréthi on may renmain in the power
saving state. The wirel ess coordi n%tor. tation of claim 16, wherein: the

[
schedul e is wirel essly §Po9HBed StEIUCIBRET VNG W Er o8 BEHA cat i on
station in a wrel ess meitivarkay éntéregiovter REvinksthtedn hind TAderjpdr funtier such t hat

cach over savi 10, e gpaRLERRR It 6Lkl 1 2

station may remain in the power saving state.

[Claim 3] The method of claim 1, further comprising:
wirelessly providing the schedule from a coordinator to a power saving
wireless communication station in a wireless network in real-time
during the AT period; and
each power saving wireless station utilizing the schedule to determine a
wake up schedule in a Beacon Interval (BI).

[Claim 4] The method of claim 3, further comprising:
generating a schedule indicating when a wireless communication
station may enter a power saving state in an announcement time (AT)
period, by assigning timeout policies to multiple levels of power
sensitive wireless communication stations.

[Claim 5] The method of claim 4, further comprising:
the coordinator maintaining a dynamic, policy-based, list of wireless
communication stations to determine said schedule, wherein the
dynamic list categorizes and separates the wireless communication
stations based on their power sensitivity levels.

[Claim 6] The method of claim 5, further comprising:
the coordinator dynamically updating the dynamic list based on a
parameter setup during each AT period.

[Claim 7] The method of claim 6, further comprising:
assigning N idle timeout policies to M levels of power sensitive power
saving wireless stations;
wherein a less power sensitive wireless communication station obtains

a loosely bounded or unbounded timeout policy, and a more power



The wirel ess coordinator station of clagm 18, wherein: the scheduling

nodul e is further configured for generating a schedul e indicating when a

Wi rel ess woraufi3casi on station may enter a power savi hgPSTAR20i0M006499
announcenent tinme (AT) period, by assigning tinmeout policies to multiple

| evel s of power sensitive wireless comunication stations. The wreless
coordi nator station of swhdiive diclewh@hghmicdtha setioadblaimg th@dyltduhded urt her
configured for maintai qi ng ? nam c, 18 WD 2011/ 037405PCT/ KR2010/ 006499
pol i cy-based, list of oHe“Or PHSPe wirel ess communication stations to

det er m[@kimadld schedul elhewhethed nf ¢lhien dyfnethercohipsisingat egori zes and separ at es

W rel ess conmuni cati on ; i . LI ARV S.
The wirel ess coordi nat &?tcg%ea({};&osfﬁghg?ﬁgi glli}%{gggé A\;\rﬁ%‘é’@?h@%? %ggest}é%%é/dolﬁjﬁ%%k
nmodul e is further confidpg eel sead a¢hifenal Eamey lube RPVAGSAHE aijielass eommyt

based on a par aret er sq{i(@mioﬂufaiﬁag%?a&{boﬁnﬁtsfﬁmfkingTb@omd@&rﬁﬁlﬁe&ﬁgi@rnﬁ/} or
station of claim 21, erejn: N.idle timeout policies are assigned to
| evel s of power sensi %éedp‘bth@fa @SWQHWF"@Y% %méikfﬁfﬁ}fjrﬁ”ég{“?oblﬁ aglaati ons such

that a | ess power sensith¢ peww saeingsardarruibtaddtamisibgaivhen eadcgivees a

| oosel y bounded or unbounpded. t.i meout Licy, and a re [ .sensitiy
W rel ess comuni cation SgtV% isgt}]mrrqg%:a ie\r/lgega1 %%Qliefggatvﬁjriﬁ %%ur‘?’d%lggw%g%@%%fpgy.
The wirel ess coordi nat ot lesstat partiondt bk agmeuinder offadeaton: intehieal EBhedul i ng

modul e pgfhwit her configuradhsy6hILRRS, whdleinase of a frame |oss during the
AT period or in case the wreless coordinator station does not send

addi tional frames to t & pbrefokigwresgniinediladkere Bierdymtiontat dhe AT RETighs, t he

wirel ess coordinator stgkhown W iheivaiRSesd s@aUR AoNdtitht FROBIL enltdriefe ARSed on
the idle tinmeout interval. to indicate idle tinmeout; whereby one or nore

power saving wirel ess JdBffitini cati on stations may determi ne when each power
savi ng [Cunmif] cat i on stHtel methodypt dained, farthawempsiainigng st ate wi t hout staying

awake for at least a pqpliQfaRheol MireleSiR G iR e BrlEAGP s BhY Bl mbR! ) -

wireless communication stations during the AT period and each
wireless communication station remaining awake to receive, and
respond to, the directed frames during a portion of the AT period
known by both the coordinator and each individual wireless commu-
nication station.

[Claim 11] The method of claim 10, further comprising:
a power saving wireless station utilizing a countdown timeout timer
based on the idle timeout interval in the schedule; and
resetting the timer to idle timeout interval when the power saving
wireless station receives a directed frame from the coordinator.

[Claim 12] The method of claim 10, further comprising:
a power saving wireless station utilizing a countdown timeout timer
based on an idle timeout interval in the schedule; and
resetting the timer when a set of predefined events that are commonly
observable to both the power saving wireless station and the co-
ordinator occur.

[Claim 13] The method of claim 10, further comprising:
a power saving wireless station utilizing a countdown timeout timer
based on an idle timeout interval in the schedule; and
upon reception of a directed frame from the coordinator, a power
saving wireless station starting a new awake policy that is either

conveyed in the received frame or is previously agreed upon with the



The wirel ess coordinator station of claym 23, wherein: an AT period is
present in a Bl where the duration of the AT period is unknown to a

Wi rel ess wWornui3casi on station at the tine the Bl enter $CTHR2A0/e49%90d. The
wi rel ess coordinator station of claim?24, wherein: the wireless coordinator
station wirelessly transmts directed franes to one or nore wreless
communi cati on stations d@dfdifgoit he AT period, such that each wreless

comuni gat i station r emai n. awak recei ve, and respond to, the

i rect A ¥ Pdbs during DeBRETOA SRt fd AT SERIRS R MERown by bot h ¢ he

wi r el ess coordi nat or staatigoing arferesckl perdbd/inealt iMenrvel essing poamtsrfiocat i on
station. The wrel ess Ccﬂﬂﬁrghf‘l@%ig oBh A dr QB Givel B 1M s \q,%lerei n: different
AT period tinmeout interval starti ngf) pol nts are assi gne8 t’or different

| evel s of power sensi tiadapielerdissingdhiefiedidicdime patnobisiss (aeRe QrHaore

scheduling 19 WO 20113 f4RBREMKRIOIMHR6499 nodule is further

config d f adaptiv adj ustjing AT period idle tinme out policies to one
or nori&gb'ﬁklgﬁsavi ng V\ﬁ}ér@% 0@8%19?%3 YHstati ons. The wirel ess

coordi nator station of th¢ aiimRieiSconmnenieativn mhbdiumi doalpesss comWaveaireloss medi um
conprises a nmAve w reclhgﬁﬁel_channel ; each wirel ess comunication station

and the wirel ess coordinator’ station are configured to wirelessly
comruni cate in a wirel gbswistewpednminaicativn sitioak esd thegpmmatetaroponfgiadm A

Wi rel ess communication t§tsﬁfeilé§91g c%ﬁ{ﬁﬁ’dﬂiéa.ité‘&ha \girlﬂgé’é’%cﬁ A DGR Whfthe

configured for receiving a transm ssion schedul e conprising power saving
schedul e and entering tHeECIGisCOMEayiERMHFIEER on station into a power

savi ng [elaaha 6fccor di ngl A wies ebdrdinBfr seheslWopkibgliccat es when the wirel ess
comruni cation station nay,enter a wer _savi state in an announcenent
Cime (AT poriod based GHCS ARy sHaseire Purerietng domrF BUFFGE
wherein the AT period cwinqprd wasless enmadcaionetatian begeorer iipaRensssigiaten a
beacon interval; and a ;ph i%xlél?]&l%%;?%ﬁn{ﬁn?eodﬂh%‘éh‘aﬂ, HaQ%d Ih LRl BSEmEQMIMBLGAL | on

over a wireless com‘runl'cai{ ' ' ' ' '
in the AT period, wherein the AT period comprises a period after a

beacon transmission in a beacon interval; and
a physical layer configured for wireless communication with one or
more wireless communication stations over a wireless communication
medium.

[Claim 17] The wireless coordinator station of claim 16, wherein:
the scheduling module is further configured for indicating the length of
time a wireless communication station may remain in the power saving
state.

[Claim 18] The wireless coordinator station of claim 16, wherein:
the schedule is wirelessly provided to a power saving wireless commu-
nication station in a wireless network in real-time during the AT period,
such that each power saving wireless station may utilize the schedule to
determine a wake up schedule in a Beacon Interval (BI).

[Claim 19] The wireless coordinator station of claim 18, wherein:
the scheduling module is further configured for generating a schedule
indicating when a wireless communication station may enter a power
saving state in an announcement time (AT) period, by assigning
timeout policies to multiple levels of power sensitive wireless commu-
nication stations.

[Claim 20] The wireless coordinator station of claim 19, wherein:

the scheduling module is further configured for maintaining a dynamic,



The wirel ess communi cation station of ggaim 28, wherein: the schedul e
further indicates the length of tinme the wireless comuni cati on station may
remai n i rwohe1ypsmMes savi ng state. The wirel ess communi cRCITAKR2810106499 Of
claim 28, wherein: the wireless conmunication station wirelessly receives
the schedule froma wireless coordinator station in a wireless network in

real -time during the A'Ii)dheyib@dad Hteifi ohdat mbieewpae8cosmmimihtivpdtakiondidol | i zes
the schedule to determ(p ciheueln Beacon Interval (Bl). The

wi rel ess communi cati on se(t?eg?]ll%l’ Sabdfs gf@ﬂ reip s eynﬁmlct SéC%tS%(gbzﬁFéln urt her

i ndi cat es when the wi r elepastes smmiens cathimonicgtiat stamnyhysednmaheiappoeresensavi ng
state in an announcerrergtltl\;ﬂg,qg 4AT) period, utilizing tinmeout policies
assigned to nultiple | eve ¥ power sensitive wireless comrunication

st at i onSl2imAd] wi r el ess BniRlpCLOPEBINAerR{dtion cbFland0nvBareingherein: N idle

timeout policies are asgéeMRulif bday el SrtBér JdaNRlres %}dehhﬁ‘lﬁ:aH?Vi@diatﬁlgw ng
W rel ess comruni cati on E gtl ons Sl%égfi,hat a |l ess % \Mé sensb ,ﬁ/e W I el ess
communi cation station ri8geYRAsc lisy P2 BYARGEE STHP AWBRL TG T PHHYSut

pol i cy,[Caiél 22] nor e powerheseindedsicoordmat@l sesi®nedotiini2d alvh@ninst at i on recei ves

a tightly bounded ti meqy dlgalmlegé{tfpolz{%s a}/éo gl 11 (())‘?1\%4} \5e|13 f/ owegg‘é)r{sRQ/gllgg The
wirel ess” conmuni cation Station o 't fé wherel n° aving nodul e is

configured to enter a powerssang wgrebsactc&nwwmh@rmn %&t@}as mg:hamwdessmow | east
a portion of the remai rbgﬁgm@ef Wﬁ'ellaﬁa&ﬁﬂnhrﬂ&ﬁfo\ﬁ%ltatl()ﬁIrécelv-gg'% 1B l‘tﬁﬁlﬁded or

conmmuni cation station of clalm 33, wherein: T period is present in a BI
where the duration of tH@OMKedHRcOYL P @lqanOfewoaV%S?@u%‘@sW%?ﬁwr%au on

station at the tine t hemﬁhczﬁﬂﬁl%fa?ﬂoh hecefVEs RIghO¢ bouhiRd WintedL£§SicgOnMunNi cat i on
stati OTC?f CZ' ?I m 34, Wnlehe ereless coordinator station of claim 18, wherein:

the scheduling module is further configured such that, in case of a
frame loss during the AT period or in case the wireless coordinator
station does not send additional frames to the power saving wireless
communication stations, the wireless coordinator station utilizes a
countdown timeout timer based on the idle timeout interval to indicate
idle timeout;
whereby one or more power saving wireless communication stations
may determine when each power saving communication station may
enter a power saving state without staying awake for at least a portion
of the remainder of a beacon interval (BI).

[Claim 24] The wireless coordinator station of claim 23, wherein:
an AT period is present in a BI where the duration of the AT period is
unknown to a wireless communication station at the time the BI enters
the AT period.

[Claim 25] The wireless coordinator station of claim 24, wherein:
the wireless coordinator station wirelessly transmits directed frames to
one or more wireless communication stations during the AT period,
such that each wireless communication station may remain awake to
receive, and respond to, the directed frames during a portion of the AT
period known by both the wireless coordinator station and each in-
dividual wireless communication station.

[Claim 26] The wireless coordinator station of claim 16, wherein: different AT
period timeout interval starting points are assigned for different levels

of power sensitive wireless communication stations, and the scheduling



the power saving nodule is configured sgch that the wirel ess communi cation
station renmai ns awake to receive, and respond to, directed franes fromthe
coor di natwp 2811437498 during a portion of the AT period KROWMKRRY10006499t he
coordi nator station and the w reless conmunication station. The w rel ess
communi cation station of claim35, wherein: the power saving nodule is
configured for utilizi ﬂgocaalé)&linftﬁk)%nflgm@ﬂir aﬁhpfﬁfel}bﬁﬁMnng b&hdddtﬂ%

timeout interval in thet schedu:l g, [
ti meout interval when tHECB%’vBé“C?&v‘%?{be%W%F@S el‘s%aé{%‘}go‘ﬁ“?%% G‘é‘é““éca&oPect ed

frame fromthe coordi nataionst ati on. The wi rel ess communi cati on station of
claim $61q;ipaf e n: L he ARMGheISA BRI fTRAY loh%ffctaﬁﬁlg%rwﬁa@f .gured for
ut|I|2|ngacuntdovmt|neout time on timeout interval in
the schedule, and resetth¢ Rgrelesnermpreigatonsaedipm qompdiees ham Woenvielestat are
commonl y observable to clh@ﬁll;blthe power saving wireless station and the
coordi nator station occur W rel ess comruni cation station of claim 35,
wherein: the power sawerzi‘@h%r& LeEMpRicpyL sttrang (REWIElSHS (OFdiNYPhg a
countdown tineout ti nersthraead mfigh&dltdkxereﬂesmg@ntnmumﬁmanala wilelesemeseddul e,
and upon reception of alglhe‘?%%é??ss XL agon%leglu%(lnor di nator station,
starting a new awake po\i i cy iI'S e "Hér conveyed in the received frane
or is pEENAEsl y agr eed wpmtesniommuhisaceostatiomatenpssiagi on. The wirel ess
comuni cation station of (ﬁr!/&'smflg?nwaﬁfeedoﬁﬁ b teren 1€%alﬁ%érﬁﬂs$h meout

i nterval startlng poi nts are ass |f er ent Y el s of power
sensitive wirel ess coniGheig ?Wrssers&myﬁg sayipg sehiefele aad e%téﬁ%l?hed’é}fql‘%ﬁﬁ

nf‘dlt um conpri Sfes a ngmﬂmm%ltﬁﬁ%tﬁlbamsla,pomgsévhﬁg MAtE a&@)l%&nglglrrwaileﬁlatl on
station is con |gure es (of0) | ca IN a WmreLess | 0OCal area
network via the So1 veiouiEes pubebes RO A Gangu g GEgatcn ey
conmuni cati on rredl um Aentdr ragloses soomMtate @b emosysdnemt tiown(ii) @'elri@i based

w rel ess coordinat or Sto%ddn il eCtRHPJ 'tﬁlté}gaﬁnﬁ%‘ﬁ‘i'} 109 wﬁ%?éﬂsl‘?he% Layged for

generating a schedule in mmini cat i on
stations may enter a pcﬁmpn,fvaﬁva p@l@taéteéabﬂacsm t@nmﬁ@@mmbe@pmt@mﬂ) and

period, based on an i dl@pﬁﬁsf@ﬁﬂ'ﬂ&er'c@hﬁéﬂi@ﬁ fdrvitd1&s A mPRiAdon WG Bl it fle AT

perlod conprlses a perlod af ter beacon transm ssion in a beacon |nterval
and commumcatlon medium.
[Claim 29] The wireless communication station of claim 28, wherein:

the schedule further indicates the length of time the wireless commu-
nication station may remain in the power saving state.

[Claim 30] The wireless communication station of claim 28, wherein:
the wireless communication station wirelessly receives the schedule
from a wireless coordinator station in a wireless network in real-time
during the AT period, such that the power saving module utilizes the
schedule to determine a wake up schedule in a Beacon Interval (BI).

[Claim 31] The wireless communication station of claim 30, wherein:
the schedule further indicates when the wireless communication station
may enter a power saving state in an announcement time (AT) period,
utilizing timeout policies assigned to multiple levels of power sensitive
wireless communication stations.

[Claim 32] The wireless communication station of claim 31, wherein:
N idle timeout policies are assigned to M levels of power sensitive
power saving wireless communication stations such that a less power
sensitive wireless communication station receives a loosely bounded or
unbounded timeout policy, and a more power sensitive wireless com-

munication station receives a tightly bounded timeout policy.



at |east one w reless communication stagion conprising a power saving

nodul e configured for receiving a power saving schedule fromthe

coor di natwo 2811437498 over a wi rel ess comuni cati on nedi URCTARLOBIVE4IONG i Nt o
a power saving state accordingly. The wrel ess conmuni cati on system of

cl ai m 40, wherein: the scheduling nodule is further configured for

i ndi cafCnrgmt33e | engt h ofhetwilEeR c&rfnﬁirﬁ@ﬁoﬁ@mﬂjlmbﬂahinﬁ)ﬂo stlairéign may renmi n
in the power saving state. The w.r on S%stem of Ial m 40,

|
wherein: the schedul e iR¥%H PEIRSEP “18# %?“3%8”@”8“&85&8? S\%V’r?ésvﬂi?el ess
comuni cati on station iwitlounstagingss/akefosat leastra poe@dn ofi the raaindeg of he AT
period, such that each W reless station may utilizes the
schedul e to deternine at%(3 m&(?\ydl?%gdul e in a Beacon Interval (Bl). The
wi rel edSlag@dhini cati on Qxﬁswws(ﬁfcomr@mﬁmn starien ef ¢laim B2 veheidigul i ng nodul e

is further configured féi’ﬂA’B%BﬁdScﬁfs'p‘i‘&eﬁ‘t B GIEOWh&@e tHedivsRIdNg (AT pRrivdl el ess
communi cati on station ent er a savi ng state in.an ang\? cenment
ainkg o

time (AT) period, by a ﬂWﬂ&”t‘ TC(BBWEIIC Iy AU & sy g DS power

sensitive wrel ess conm@iAdageriod. st ati ons. The wirel ess communi cati on

syst eme [alm :I]m 43, Vmefh%'\{}lrel%ss Coﬁﬁnbu%qg ltll(){rl] P&g& glafn% 3£ err]g“lﬁ ponfl gur ed
for maln alnrng a dynamc, polic ase ofe Or Nore wirel ess

conmmuni cati on stations th@P@l‘_écr@ramngen@ml@S§ohfeglue<ésu0m]e¢téthtrhleSdetamUC li st
categorizes and separ at,gs, " %lt1%§§erﬁé§lH§,T&Wél&6}B'réEélv%t ald R ngeiéetﬂregi%dt heir

power sensitivity |evels. The w rel ess conmuni cation sys emo claim 44,
wherei n: the schedul i ngraessfen the qogrdipader %m%mnéémo riBgrdd aeripd

updating the dynanic | iglowdaseshipthed obRli@AGseltios &hl fhedWiré18g @amhuridatioar i od.
The wirel ess comruni cati on system of claim45, wherein: Nidle tinmeout

policies are assigned t5FHY evel s of power sensitive 22 WD
2011/ 03B PET/ KR2010/ OIMe4ei®eless communication station of claim 35, wherein:

the power saving module is configured for utilizing a countdown
timeout timer based on the idle timeout interval in the schedule, and
resetting the timer to the idle timeout interval when the power saving
wireless station receives a directed frame from the coordinator station.

[Claim 37] The wireless communication station of claim 35, wherein:
the power saving module is further configured for utilizing a
countdown timeout timer based on the idle timeout interval in the
schedule, and resetting timer when a set of predefined events that are
commonly observable to both the power saving wireless station and the
coordinator station occur.

[Claim 38] The wireless communication station of claim 35, wherein:
the power saving module is further configured for utilizing a
countdown timeout timer based on the idle timeout interval in the
schedule, and upon reception of a directed frame from the coordinator
station, starting a new awake policy that is either conveyed in the
received frame or is previously agreed upon with the coordinator
station.

[Claim 39] The wireless communication station of claim 28 wherein: different AT
period timeout interval starting points are assigned for different levels
of power sensitive wireless communication stations;
the wireless communication medium comprises a mmWave wireless
channel, and the wireless communication station is configured to

wirelessly communicate in a wireless local area network via the



power saving W reless comunication stajions such that a | ess power
sensitive wreless comruni cation station receives a | oosely bounded or
unboundedwoOi2ed03r40p0l | cy, and a nore power sensitive w PETAR0WNIBAMI cat i on
station receives a tightly bounded tinmeout policy. The wreless

communi cation system of claim 42, wherein: the scheduling nodule is further
configured such t hat, imﬂegse:oﬁi‘manéalhaﬁmddﬁﬁﬁ duri ng the AT period or in
case tzg ‘lhess coor dj nat %i station d .additional frames to

0
power rel ess O Sﬁﬁ?rflglﬁmsc?%?q S@'rsig’,m’ Cﬂlélpwlp& ess coordi nat or
station ut| I i zes a cours dowksstdoosbugtor Statem doapedingre schedulidk enddutreout

interval to indicate i ﬁfl%ﬁl@g?w%m35%9¥cﬁeﬁﬁ1699&i@£tl %%e%%n@‘o'fﬁlo?és

communi cation station determ nes enter a saving state without
stayi ng awake for at | editless oBrRYNGGRLiGN S@H@“&@ﬁhﬁﬁ@éﬂ@%’“é%@éé% ingper val

(Bl'). The wirel ess commapbgbhRRt S8 {LM) Sdrictll Bisell 44 an W€ FifleBut iafRrAI iPer i od
is present in a Bl \Aherg?étq,e duratjon. o e AT periad is unlél'& wn to a

W rel ess communi cati on Rtiods Whgfgingt ‘?‘réhr R?@O%ICO‘@HP%‘?S?RCHQ Ceriod. The

w rel ess communi cati on l&y@dremamﬁugsiomnmaébsacomﬁireatan antthe wirel ess

coordi nator station wi &t tson% V%II'%CS% &?humc 81% gtgltlj)rli gor{%ﬁr 1V§1epgwgr sa\r;r?lg

W rel ess communi cation sil a?l ons " duri g peri od el n the“power
saving nodul e is confi goedde S(Dltﬂgurddafpr tdftelegraer(B’S?s sgongediedaltifom geatd-on

remai ns awake to recei V(ﬁdm%&‘)g s{aﬁ&pgﬂﬁl tv@irel@s c@ﬁltnﬁﬁiuéa'ﬁ@ﬁrﬁn%dflfn? il Iaﬁterm%e

coordi nator station during a portion of th period known by bo
coordi nator station andnpr?epwqréﬁ‘éggs@@rﬁ?ﬂ%ﬂ%iﬁ on station. The wirel ess

comuni[caliman] syst em of T Wirdle4LomMeri&itidih syﬁ&n@wﬁfmaavwmﬁelﬂodul eis
configured for utili zi ng

oot o erval i ¢ nafe SredMe RS 1TBaHer o et SR et By e atou

i nterval when the powertirsay wigloss ccahmsmcsﬁcatstalmnrma:;ere‘mmmtﬂe pewtedvingane
fromthe coordi nator statjion. The w rel ess conmuni cati on systemof claim

49, wherein: the power saving nodule is further configured for utilizing a
count déwhimidabout t i merThsagiselessreommeuniciition sysierp of cliaip éPsvwherein: t he schedul e,

and resetting tinmer whefe &1Rghledf wRERHESS Fﬂ&%ﬂie@‘f@Qbéwéﬁ%&lﬁr\ﬁr&m&lu-
observabl e to both the power saving w.rel ess station and the coordi nator

station occur. The wi ré}l%aé@né%ﬁﬁm & Atielsns agfvpEmngraldimg dyong theidr earied, 23

such that each power saving wireless station may utilizes the schedule
to determine a wake up schedule in a Beacon Interval (BI).

[Claim 43] The wireless communication system of claim 42, wherein:
the scheduling module is further configured for generating a schedule
indicating when a wireless communication station may enter a power
saving state in an announcement time (AT) period, by assigning
timeout policies to multiple levels of power sensitive wireless commu-
nication stations.

[Claim 44] The wireless communication system of claim 43, wherein:
the scheduling module is further configured for maintaining a dynamic,
policy-based, list of one or more wireless communication stations to
determine said schedule, wherein the dynamic list categorizes and
separates wireless communication stations based on their power sen-
sitivity levels.

[Claim 45] The wireless communication system of claim 44, wherein:
the scheduling module is further configured for dynamically updating
the dynamic list based on a parameter setup during each AT period.

[Claim 46] The wireless communication system of claim 45, wherein:

N idle timeout policies are assigned to M levels of power sensitive



WO 2011/ 037405PCT/ KR2010/ 006499 the peser saving nodule is further
configured for utilizing a countdown tineout tiner based on the idle

ti meout iwoDepuAl37408 t he schedul e, and upon reception of PATKR2eUNWMUIPr ane
fromthe coordinator station, starting a new awake policy that is either
conveyed in the received frame or is previously agreed upon with the

coordi nator station. ThewkaliessiektohhBaticabnsysioassah il 83sqdwer
wherein: different AT peri.od timeout interval itarti ngﬁgoi nt s i gned

for different |evels o BoiEs VLERS CryRUYRnR0p ssesthiet ddvissly Tepndetors.
The wirel ess communi catunbnusiedttmonf paicyi andb8momwhmveairsensithe wicdledudamg

modul e is further conf irﬂﬁﬁi@ﬂi&%‘iaﬁ%ﬁ?@é&&é@'a)fi’g‘ﬁﬁi} YSkidad ti'ﬁ%oﬁ?;%élf%ﬁ. idle time
wreless C | (0]

out policies to one or nore power saving omuni cat | stations.
The wi dela@®7Eonmuni cat Thsnvissletsepmapunigagippsyitem wh elasn A2, Whesei r el ess

comuni cati on nmedi um CoPEILRESiR AONAY B (ithe! @RfzGRABRE) that ecadé bEL ess
coordi nator station an sal a | east o[ne W reless communi cation station
5t ?Hﬁgnti;l‘éét

are configured to w rel'&84%Y PSIRA QT i Fasp BV IRIERGORIAIRAO, he
W rel ess communi cati on se@ibnuives dbtaend adligetl fomotitl @atdr avisy strelsoicotlt ai m

55, wher ei n: t he mm ﬂveml\%i{:a IO%SS%.ﬁ%plg e \l)vira%sl qccroio%ﬁ %or6 sq tlzolnlzut{hazgi o f requency
band. The wirel ess conmuni catlion system or clarm 5 , erein- the wirel ess
network conprises a w re@uaslowndiadouatiear bestdvon khe idle timeout interval to indicate

idle timeout;
whereby the power saving wireless communication station determines
when to enter a power saving state without staying awake for at least a
portion of the remainder of a beacon interval (BI).

[Claim 48] The wireless communication system of claim 47, wherein:
an AT period is present in a BI where the duration of the AT period is
unknown to a wireless communication station at the time the Bl enters
the AT period.

[Claim 49] The wireless communication system of claim 48, wherein:
the wireless coordinator station wirelessly transmits directed frames to
one or more wireless communication stations during the AT period, and
wherein the power saving module is configured such that the wireless
communication station remains awake to receive, and respond to,
directed frames from the coordinator station during a portion of the AT
period known by both the coordinator station and the wireless commu-
nication station.

[Claim 50] The wireless communication system of claim 49, wherein:
the power saving module is configured for utilizing a countdown
timeout timer based on the idle timeout interval in the schedule, and
resetting the timer to idle timeout interval when the power saving
wireless station receives a directed frame from the coordinator station.

[Claim 51] The wireless communication system of claim 49, wherein:
the power saving module is further configured for utilizing a
countdown timeout timer based on the idle timeout interval in the
schedule, and resetting timer when a set of predefined events that are
commonly observable to both the power saving wireless station and the
coordinator station occur.

[Claim 52] The wireless communication system of claim 49, wherein:



WO 2011/037405

[Claim 53]
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the power saving module is further configured for utilizing a
countdown timeout timer based on the idle timeout interval in the
schedule, and upon reception of a directed frame from the coordinator
station, starting a new awake policy that is either conveyed in the
received frame or is previously agreed upon with the coordinator
station.

The wireless communication system of claim 40, wherein: different AT
period timeout interval starting points are assigned for different levels
of power sensitive wireless communication stations.

The wireless communication system of claim 53, wherein:

the scheduling module is further configured for adaptively adjusting
AT period idle time out policies to one or more power saving wireless
communication stations.

The wireless communication system of claim 40, wherein:

the wireless communication medium comprises a mmWave wireless
channel;

the wireless coordinator station and said at least one wireless commu-
nication station are configured to wirelessly communicate in a wireless
network via the wireless communication medium.

The wireless communication system of claim 55, wherein:

the mmWave wireless channel comprise a 60 GHz radio frequency
band.

The wireless communication system of claim 56, wherein:

the wireless network comprises a wireless local area network.



