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SAVING BY COORDINATED WAKE-UP IN A WIRELESS

MULTI-BAND NETWORK
Technical Field

[1] The present invention relates to a wireless network, and in particular, to a wireless

network having multi-rate channels.

Background Art

[2] Wireless networks typically include a plurality of wireless stations. Such wireless
stations can communicate with each other on a wireless channel having a selected
frequency.

[3] Certain wireless stations can use multiple channels for transmission and/or reception
of signals. For example, a wireless station can use a high-rate channel (for example, 60
GHz channel) and a low-rate channel (2.4/5 GHz channel). Such a wireless station can
use either or both of the channels, depending on the needs.

[4] It is often desirable to use a higher frequency channel among the multiple channels to
have a higher transmission rate. However, such a higher frequency channel may not be
always available for transmission between two wireless stations at a given time. Thus,
there is a need for managing the use of the multiple channels to optimize wireless

transmissions between the wireless stations.
Disclosure of Invention
Solution to Problem

[5] In one embodiment, there is a device for wireless communication. The device
comprises: a first antenna system configured to use a first frequency band for wireless
communication; and a second antenna system configured to use a second frequency
band for wireless communication.

Advantageous Effects of Invention

[6] The methods of the embodiments described above allow a multi-band station to test
the availability of an access point and/or another station without performing un-
necessary scanning during their sleep periods. Thus, the multi-band station can ef-
fectively and promptly associate with an access point or the other station on an unas-
sociated band. This also saves power, which is an important resource in most wireless
devices, especially mobile devices.

Brief Description of Drawings

[7] Figure 1 is a block diagram illustrating an example wireless network including a
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[12] Figure 6 is a timing diagram illustrating a method of wireless communication by a
multi-band wireless device transmitting a wake-up information element for wake-up
schedules according to one embodiment.

[13] Figure 7A is a frame format of an information element including information on an
awake window according to one embodiment.

[14] Figure 7B is a frame format of an information element including information on a
wake-up schedule according to one embodiment.

[15] Figure 8 is a timing diagram illustrating a method of wireless communication by
multi-band wireless devices operating on wake-up schedules according to one em-
bodiment.

[16] Figure 9 is a flowchart illustrating a method of wireless communication using a

wake-up schedule according to one embodiment.

Best Mode for Carrying out the Invention

[17] In one embodiment, there is a device for wireless communication. The device
comprises: a first antenna system configured to use a first frequency band for wireless
communication; and a second antenna system configured to use a second frequency
band for wireless communication. The second frequency band is different from the
first frequency band. The device further comprises a memory configured to store in-
formation comprising one or more wake-up schedules on the second frequency band of
the device and/or other wireless devices; and a medium access control (MAC) layer
configured to transmit and/or receive a signal via a pre-established wireless link on the
first frequency band, wherein the signal contains at least part of the one or more wake-
up schedules.

[18] In another embodiment, there is a wireless communication system. The system
comprises: a first multi-band wireless station that is capable of using a first frequency
band and a second frequency band for wireless communication. The second frequency
band is different from the first frequency band. The system also comprises a second

multi-band wireless station that is capable of using the first frequency band and the
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first and second frequency bands for wireless communication. The second frequency

band is different from the first frequency band. The method also comprises

transmitting, by the first station, one or more wake-up schedules on the second

frequency band to the second station via the first frequency band. The one or more

wake-up schedules comprise a wake-up schedule of the first station and/or an access

point. The access point is associated with the first station on the second frequency

band.

[20] In yet another embodiment, there is a method of wireless communication. The

method comprises: establishing, by a first multi-band wireless station capable of using

first and second frequency bands for wireless communication, a wireless link on the

first frequency band with a second multi-band wireless station capable of using the

first and second frequency bands for wireless communication. The second frequency

[21]

[22]

band is different from the first frequency band. The method also comprises receiving,
by the first station, one or more wake-up schedules on the second frequency band from
the second station via the first frequency band. The one or more wake-up schedules
comprise a wake-up schedule of the second station and/or an access point. The access
point is associated with the second station on the second frequency band.

Mode for the Invention

The following detailed description of certain embodiments presents various de-
scriptions of specific embodiments of the invention. However, the invention can be
embodied in a multitude of different ways as defined and covered by the claims. In this
description, reference is made to the drawings where like reference numerals indicate
identical or functionally similar elements.

The terminology used in the description presented herein is not intended to be in-
terpreted in any limited or restrictive manner, simply because it is being utilized in
conjunction with a detailed description of certain specific embodiments of the
invention. Furthermore, embodiments of the invention may include several novel

features, no single one of which is solely responsible for its desirable attributes or
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[33] In one embodiment, the high-rate channel may have a frequency from about 6 GHz

to about 300 GHz. Such a frequency may include an extremely high frequency (EHF).

The high-rate channel may be a 60 GHz channel that is supported by 60 GHz

millimeter-wave radio. In one embodiment, the communication range of a 60GHz

channel for an indoor environment may be of the order of 10 meters. In other em-
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set (PBSS) control e con ocunen he second
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service set ((RPRing Y Kigh-rRCLMnnePCP) in the context of this docunment.
[ 37] Thgﬁsystem 200 can also include a first nmultj |2E@nd st t| on 230 and a

second A%l ti - JAMkE pbadigentzhewn i Figgee 3. |ﬂ|1<tﬂst<rnat t@h&t@ udepdeviggssy
mul ti-band stugihi @it D30rateSchagtd ¢loat et | the UREadc@s8poait € | fakefifst paiion 235,
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access point 225a, and thus is part of the first HR network 220a when using
a high-rate channel. The second nulti-band station 240 is al so associ at ed

with the lowrate access point 215, and thus is part of the LR network 210
V\,hen usi ng the Iowrate channel The second rrultl band statl on 240 is also

o, ~N~rel Ly Y

can

S - . o o o o, o o



[38] In the enbodi nent shown in Figure 2, the LR network 210 that includes
devices using the lowrate channel (for exanple, the LR access point 215,

t he firstwetativomo®30, and the second station 240) can peTnat2etwm®dioro as a
| ow-rate basic service set (LRBSS). WD 2011/034405PCT/ KR2010/ 006497 7 The
first HR network 220a that includes deVices usi ng the high-rate channel
(for exanple, the first HR access point 225a and the first station 230) can
be referred to as a first high-rate basic service set (HRBSS1). The second
HR net wor k 220b firstdiR hctwouldéﬁ)adhwin@sdassiengei hengs tedidli-gite changeldfvannel  as

the first hi gQaIfl E%Q%&é’t@iﬂ% &%gfp({uflt%2 eSirst cf%loﬁ%@?gan% ]@%?Iﬁa%%&% nt

225b and the sec station can erre as a secon rate

basic servic rgéx@g HF@QSEE)SCY‘[I@QSJCt @ﬂRB%l)ofgé?aftqoéﬁHPﬂP@WEﬁ%?@@éB@l W¢es 215

(2:?18 comwrml C[@Eﬁcw 1%s|1‘h hé iht Bftfe Big Ihh%*&h@ﬁne‘l H‘ﬁthf:'fﬁ?%l@ﬂf&tfl%@?ﬂ( @té)at(f&ns 230,
via the | owrate chan n one e fi and sec

stations 230°X&Rpce ﬁsgqoaﬁﬁl%a e%zgﬁawﬁﬁsf"% SFé‘“é?E?é‘Q%Caﬁ‘otierfF e’érf% by

perform ng amo assgecbad high- ratre(baaSServicn see(RBSS2Bbodi ments, the lowrate

access i nt nLhans Ioer si.anal i.calil
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net wor k 210. the4fdist 4ngl Steh@ldcsmttoax £230f240hiis thd dewiran tchartmb In enmmla@hmchmheon
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embodi ment, ke byedeining 8h 24iRHeE PrcessWR! G rtABrIRadiEBeNth dhenloWs Az 3568St o

joinin a netle"[ R15 I&lﬁr@;ﬁﬁ@ﬂb@tﬂaﬁfbeﬁé(ﬁpﬁgﬁalﬁ&dﬂmdmhydﬁnﬁ%ﬁh@ﬁ%nﬁim@ﬂ

associ ati on reguest n assoc at|on onse betyeen an access point and
a non-access %%H{%ﬂg?% ﬁus C!fgéc(%l © BPSWES év@an al so incl ude

aut hent[#@lat i orln olie davxe efSthisnoehment, the téﬂme“zp;s@nz&ﬁm” chmred@rtd aipnoeesbiodi nent s,

an associ ati q 2Rk ﬁe%eénha%] J&Qs@ ﬁ)oﬂltt ﬁrﬁ%t}g@ﬁ-ﬁéce&aﬂ?'h{‘s‘fit}é%eor%ﬁg 8709

for directi ongtfﬂgransm SSI on er e € assocCl atl on process
can refer toagcepy pelakyatians. Iélsqnal@mbgmrmnjlt dh¢ pxReipleanpresess whoibh el eessss poi nt

stations, whiyghy %ﬂoﬁ pvelnvia a%ﬁb&ﬂg?h@ﬁss%ﬁidn%roéésﬁE‘ﬁﬁl’ncfﬁ@@Bi&lraﬁg@&f ap@nd/ or
aut henticati on [41] The first and second stations 23 ) can communi cat e

Wi th each ot REPCHHOR FF@“F%\RP? 4f asserigerespenge PﬁtéVeE‘P?a%é%“ééssPCB’&‘i g aoen- |
anot her embodisBnpeint igidn. THE a@ﬂdaﬁ@cp@dess fcai kI $ncARie, audrkfticaion 0O deedscat e

di tl th h t.h t | }

et o) poer R R M gt s BL B hutifi S Bt or i gl 2
enbodi nent s, rathehdninebtanHiR ladcessnfponing f@2B@ctan! trasmsisdion. fln pger Beacon

si gnal s per i Qe LY sl B AL AORTAFIAN, SEAC I @ubfiafpafisbe used by

devices within its net irst be con sig s are transmtted
over the hi gRePygea tenapmarcesapRincdios. Whickear gralve ewl@ng@ pl¢ongehtrames.

signal s can @k&ﬁf&ﬁlﬂgsgﬁh/bya]ﬂ@ﬁlu@ﬁ@nto determ ne whether the devices are

wthlnhﬁe co of the first pwork 220a | f q§ter ndthat
the delfttles ar ﬁtrﬁnﬂ S él&?\?QP%lg@ gﬁ F%C‘?WWE’EIlCﬁ?z“H@t%ﬁQt boy theg

devi ces can sitachammehviu theclaR |amsy\pctlht21r5elrf arfoshier HRbadioens, thofint aﬂﬂ@aomy.
perform ng anass 53'0’"511(9 rggg&%ﬁl%cat%ré& }Pé‘éch*bt%ﬁe‘% OB%‘ 10%?%?&&11%%{?%6&{% th

the first HR access pai nt a can com‘ru eac ot her
hi gh-rat e charett link Qrwevt%pqehénk,lwﬁhoumlagd@slsli pesiept pAARGH Sor directly.

11431Siimy arl YIn s&jﬂg eHPEAMENHRIRGHESIR RALAL p&aﬁpzs%an LhARSiks B&&BRD beacon
si gnal s pen- 11/.034405PCT/ KR2010/ 0064
51gnals penodlcally to inform a transmission schedule that can be used by devices

within its network 220a. The first beacon signals are transmitted over the high-rate
channel, and can be directional. The first beacon signals can also be used by devices to
determine whether the devices are within the coverage of the first HR network 220a. If
it is determined that the devices are within the coverage of the first HR network 220a,
such devices can start communication with the first HR access point 225a by
performing an association process. Devices that have been associated with the first HR
access point 225a can communicate with each other on the high-rate channel, either via
the first HR access point 225a or directly.

[43] Similarly, the second HR access point 225b can transmit second beacon signals peri-



8 odically to informa transm ssion schedul e that can be used by devices
within its network 220b. The second beacon signals are transmtted over the
hi gh-r at ewvohansli40sand can be directional. The second beatmR28i0goesd9s can
include different information fromthe first beacon signals, and can be
used by devices to deternine whether tfe devices are within the coverage of
the second HR network 220b. If it is determned that the devices are within
t he coverage of the second HR network 220b, such devices can start

conmuni cat i ordiskli ta inéorsecoadniiRiaccbsdllptiantan2@Ssedyy gevieorwitny itan

associ ation B%%o‘?ﬁ §201P@t‘ﬁle%§&)nh*t>@£colﬂ% gﬁqaﬂea“r‘ tr ﬁé@&\?‘e‘}' tP(}é 1?]?11 %ﬁ@ chemend HR
access poi nt can conmuni cat e eac er on rate channel ,
either via thaed §@bbﬁ1@rqqme%cﬂs%ses@mdqbea2@5egeﬂs mrteeltmg/dlf{em infaropafion

:c | utst L %t gd emmleehrsttﬂa@c&ﬂsg Slsshﬁ’d ta@lrbea?s@d b$ dwtqtéy t8 d&henﬁqeweaﬁtet&f the

irs asic service_ se a, and is as ate rs access
poi nt 225a. FRECSHABRAhG e YFr%&f‘d) ke %ict)‘ﬁ‘? ﬁ%ﬂ?éw%yéﬁ)ggﬁ itgf dt‘tﬁ’én% )
basi c servi cehesdiviiez afe, wialiid thescoasmge bathedesuntfHR hetweeic 020b, HRhadmr&es caoi nt

225b. I n certain n h n t oper at e
inadistri bu?maQ O%{Tr%? lcat tvﬁ e?%cnyl%?s%%cl%a%é)d) il jtzgg%hé)’ég OrmlP 3rrrlr%séecond HR
access poi nt sodatm pragdsk. Df{V4®]S that htatffebﬂehlammmde\wﬂeﬂ)ammceld HRhecdepy gaintand

second stati ongy gﬁpcon%ﬂQmEe?cQ vﬁfﬂmb@l@f&a M‘{'e g%heﬁ?é‘c}ﬁhﬁ@relﬁl\éﬁ%attﬁl@s&%& rate
channel , but not over .the high-rate channel e to a di stance between them
However, whehlfep¢aseyPnt B3PI 8fedtle first and second stations 230, 240 are

reloc at[m cl ogg tmgugl’atéd)e)@ﬂﬁﬂb @it de@icHl 130k G@tﬂﬁﬂlﬂhb eatdr@ga: SI\Rd fitshBIR
hi gh-rate ch%nnel

t hi h | .
(48] Fof or 11 HEVE G SR SR pErO B O Pe b LR e s e
comuni cat e wedonderagion 24(nbyr weitlsih alid arvsrage ofitheasonddiRbssivsaviae ket@ROb,atnd
h | d .
channe! "0 B S8 SiANATE b EARALELAG R 90 UGG RBbyLL. BE
transmtter. b¥ndstalions| 289524 may opergodn eéﬁtrimmdmedfawuh@plbpmgtasmwtt@yer 310,

a nedi um accegf HO Rk oF sdcCWREHR /Y& p%?rﬁs 28doasphysi cal  (PHY) Iayer 330,
and a first antenna system 342, and second ant enna f?éstem 344. [47] The

appl i catilon 1 djéhe @Tﬁmﬁ%@;ﬁ"iaﬁml%&@? farsa%ndaseﬁ?@ PropesstrgVrsrtramtraing a
data control widdakce oalkflovemlee dat atddanidlone 915t o\er iechbie rad 2haabl ierdbar m

- i f I

modul e 514 provis ooy be TRGRA NGRS el dhdRs B u A ARt Puf SRS on
such as capalB0,24 arefebocatedi cbrre eRoughar@ay ethetefalpe canmpomextivh omeltbgi ns,
e dar a coni R 3héy BROALI fiSuiDRe SatAnt ARABLE digu e used, and

when t he nee e connectlon 1S cO contr connands are

used t d4&lt op tR?éefél@ﬁ i@ Eteuem, mgi-bprd WSF siplion leocwmrnem%ewath@eﬁt rol

Iol ane 1?»220' ?0[*%[@)@@9@3%{52}{85 di’!ia_ﬁ&@s ?tsvﬁ’azbh@h raetcga&let @ncpi?ﬂ\era:ﬁ@t@lanﬁélﬂ a .
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low-rate contt P%ﬁ? ane Cﬁélg r%eg:;%%ﬁgdég]gl?c% l%ﬁetr?g?’ aél\cllgarp%tyglgﬁh(bﬂhl\/)% e?’% annel
and the | ow raadefmhatnttenaswwpé& |ave|a3$e<:0ﬁdram¢enastm&%agemnt pl ane 324
can inghyde a ﬁeggﬁﬁetn%n TRRRIIIER H{Umed @RepR- QUi SroTBRAEONRE Y dalane to

provi de channel enent” _over I gh-rate channel“and the lowrate
channel , resgeREeliae le%lfgﬂhtﬁetawaat%%@gdatcgl &P bheangzslog PiEBracesSHiocesss

data from t hefapp) duerhs zﬁruh@ﬁ’tﬁg oﬁdﬁatmef@tmdmembaulwun @ttlvedd‘sqrstdmgﬂal rate
transm ssi on _over a hl

352. The | at e _.dat 328
serves to prdtuds eidrngy %ﬁh RSP TEAR TR By e BB BeoRbRe ke
sui t abl e f or ekanpleabeforeraaangsi®n bagioy.aehe dath owtrad e dokeadidalegdbates tha datae
nbodi t |
598y use frmhsyObelsel dh8hel el e DR ReaBldha P! aNe
transm tti ngceammandy greaserkio starpibdicomeedon.each of the h| gh rate data plane
326 anggjhe | OMterme 20018 3R8: § a1 plids s e sAL eheRIhIOLAR0

rranagerrent pl anes. PHY | ayer rves to further process the
data and/ or CHHrRH %%Bll%%? §2ﬁ @B%lwé rméata 3380l hf‘a‘??&‘tf%?ﬂanft Frefmcs\msr

Wi rel eZS| Chgl&g&brﬁr&)l hb® thd itbl%rfﬂloegiuﬁl'i\écésag@dliatﬁaﬁh pﬂﬁiﬁudﬁﬁtoarahmgﬂﬁ(ﬁfke (gRl)
PHY nodul e an OW-r at.e HY u PHY nodul e
932 adds. pry ienaup - IOV @SRk, SRR fadhT Bk et el

hi gh-rate channel 352 via the first antenna system 342. The first antenna
system 342 may be capabl e of directional transm ssion and/or reception. The
| ow-rate PHY nodul e 332 adds PHY headers to control or data packets from
the I\/AC Iayer 320 and sends the packets over the Iowrate channel 354 Vi a
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[51] Alternatively, the illustrated wireless station 300 nay serve as a
recei ver. \Wen serving as a receiver, the application |ayer 310, the MAC

| ayer 320woand/wimsPHY | ayer 330 of the station 300 canPpemRz0mM/@MITNVeEr Se
processi ng nmethod of the |layers 310-330 to regenerate data from data
packets transmtted from another stati oh over the wireless channels. A
skilled technologist will appreciate that the configuration of the station
can vary w dely, depending on the design of the station as |long as the
station can il@hdracwctoatrahplam@mda)lowmimqmt)l plane/ fcepravide géresata@tiohavarehe and a

lowrate Chaﬁ&f’gt% Hﬁéﬁ%ii Hﬁqo@%féechal[lr%?]reﬁggtg\;eﬁ* %r&lgeﬁ‘*e%gﬁ 8mefiine MAC

llayer of a nu W reless station npl e irst an second
stations 230 plazlad%f:alr:m@mdé afnghpsomanagg et Raee BipolePhist Mppagemget plane

descri bed bek®providrehhhdel Sfahadc@cbnlier! Ry Bich 320 chathePARthe NG| -HAE cRannel,
nul ti-band manager 400 in addition to one or nore of the conponents 322,

324, 326, 328BFYEY-MAC | ayer 320 of Figure 3. WO
2011/ 0349405 PCWHénglﬂcﬁh‘téJﬂ)ﬁd Qlﬁnél 024 434 Tih @rcmeki datbfron thaagdentidiDRyadsyvas to
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|nformat|on red”in a storage
devi ce (for exeadplaglang 3@8@@@8 t06pr9@ﬂ8$ datg frerethdiapplicatina layer al(htarfdrndi sk) of

the mul ti- balﬁ}gck%rt@stu'ltgﬂe 'f&lslg{vfmteAPan's,ﬁ%%fon%Elt Rhw- m@cﬁ%h&ﬂ 35Qafhdoﬂen&9r mat i on
430 can be provid iate It|-ban station. In dition, at

| east part ofodienmbeth hp iﬁ#lﬁ?@f@%ﬂﬁ%}%@s@ tbeaw“b@tepqlaéalplé@w?a&@awﬁ‘at ed by
anot her wi r elg@sconSbRplaf3 TN ardith@ A sEenRAL plane 32456&131{1&@1%@1’&&?1@21@@1' esthens

t / t t | I
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term"active 1mnblmtkf'dedmatedlc9mrdﬂemde1ﬁaeuag<ﬁderttcplamss an "awake rmde" or "nor nal

node. rl}o(gne t eﬁ‘He Pﬁ‘?‘f eV §3d‘§%‘i’$ es 16 A 1%@9% b& tﬁ&&zﬁ% Lol Qon%%l 'tié s 3t fide,

"doze savl SucC access
non- access pcMAC lsxeeiﬁ%r@déamﬂ thameovar W@sm@a@y@lﬁ eTlmrﬂlE%lrmﬁlLHPéY layigr 88& h

enbodi ment s, 1ﬁé’@e§‘d'h§ H- Fh@@@iR)"ﬁI@Y%du@éB%dcﬂBv@aﬁeQLw@Hﬁd%ddﬁfe@ﬂa”fhé)” on

t he wake-up cycle or sc ed of the access points and
non- access poigirat %t{?{dﬁ%dm%i%aﬂdﬁ Pﬂ%h?qdrﬂ{fé@ fapddcksibany ?Félﬁlﬁ they ppgkets

rrulktl - band lrra)nagtﬁé hfgﬁi&a&éﬁhanr[& Bo2l@iaahd fBt amessl Yotetn 32S The fmdntbmﬁlooand a

wake-up cycle n|t cl e noni t ul e 420 can

oy (he SueR ot b Pl R BoB S dRistitS s o il e

access point ?Pb)ﬁdlodtl]ee“s&mdds Eldﬁ’ds:adqmtqnonsphm dspakenimnotheMAE lafert he

mul tipl e bandsg Jﬁﬁ%@ﬁds%eg ?1‘ &hl{o&??t& d:iizﬁﬁéﬂfé ée@&ﬁiralﬁgénh gn 430.
tron o udl n

O her detail s of the oper station Incl t he
wake- up cycl éYsiemRidtdr Theogeens ansy&terséwé@cqapﬁé@lommammmwaﬁr@é /Lorcsh with

Fi gures 5A- 9 reckibrfikinemisah a5Eos f&@ptldnaﬂﬁée@falﬂ@ﬂbﬁcﬁméﬁ{@ tB@BecOWd heBnna
transm ssion S}l?s% Weﬁﬂ 1s:[ Qo%flgllilreﬁltg perform omni-directional transmission/reception as a
default and to optionally provide directional transmission/reception.

[51] Alternatively, the illustrated wireless station 300 may serve as a receiver. When
serving as a receiver, the application layer 310, the MAC layer 320, and the PHY layer
330 of the station 300 can perform an inverse processing method of the layers 310-330
to regenerate data from data packets transmitted from another station over the wireless
channels. A skilled technologist will appreciate that the configuration of the station can
vary widely, depending on the design of the station as long as the station can send data
and control information via a high rate channel and a low-rate channel, as described
above.

[52] Referring to Figure 4, the MAC layer of a multi-band wireless station (for example,
the first and second stations 230, 240 of Figure 2) according to one embodiment will
be described below. The illustrated MAC layer 320 can also include a multi-band
manager 400 in addition to one or more of the components 322, 324, 326, 328 of the

MAC layer 320 of Figure 3.



bands, based at |east partly on the availability of the bands and the
wake-up cycle or schedule of an access point and/or another wreless
station. Wonoexamese, while the first station 230 (Fi guPeTKR208/M849Mg t he

| ow-rate band in conmunication with the second station 240 (Figure 2), the
first station 230 can switch to the hi éj%-rate band if the high-rate band is
avai l abl e for communi cation with the second station 240 and the second
station 240 is awake. A skilled technologist will appreciate that the

nmodul e452]10, 42® rodn-Haed immph gt eelvesionganage usust saltipledraedsabddedrat leastdwar e
conponent s, ggﬁlgl difthb b ibPARGIIAN ThenfCh O lﬂfor&raﬁ&ithﬁb aphenhedrent
the LR acces igure 2 can |nc ude an I cat |on ayer, a MAC
| ayer, and aapwgea%ﬁércemr@ﬁaraplé %:Hﬁfﬁo@(uaéﬂh‘fléta@r%@"e%d/m‘séh@ird distkdl Of Bgei ve

signal s over pihg- bh@&\@tﬁﬁérﬁlt@mwﬂ%am Iﬁacaf 18 mbltebddd 1ﬁf%)@1%§§orp@307éa% b%25a 225b

of Figure 2 can.include an i C | ayer, a C | ayer | ayer
ohi choare. contitiaingasie B i siiSh doduliou; GG e Ele fe palia
hi gh-rat e chaaméinforfasikn |4B@dart Ba:ﬂmoide@aﬁcﬂ updatdd Bpproter atieldsh stativnod OUS

configurati ons (gg (aﬁgess poi nts can be adapted for use as the LR access
poi nt 215 and thel access points 225a, 225b. WO

2011/ 033405PCTh KR26 tOb0OiB%9B, 4®e§mnmk@owmﬁm poaitivgreldsa sitibes caBand
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di fferent chahaeddr ‘rlﬁz;du% n{Jd@T cEXAEPbErefGRAIab AY. “ﬁeéi) @b@daldekmergttyr from

one anot her, .the nulti eles station in a situation to be
T e to e’ bifeivi il Hih S SRRt oM ARG s Rt S P e  ens
conmmuni cat i ohawt a wakg-vpnydlée nnsch&«ﬁﬂi: Ihsuguahb@timemsthe om]ti-blel wt@macos can
be associ ate ] band
for conmmuni qu:, WS%IP%@(?&QIU% %tgotnldgﬁggtvﬁg Exgﬁfgﬁép&%@ﬁ@e ? 8€| ?)Iﬁlgo%&ﬁ be
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?a%g rS ;) msuc/Jt % s,ghdm sued @ p@@@lr JaQin@SclRensewih %aﬁb?gsél?gﬁlebaﬁgéégﬁﬁfdﬂa @@ehset
er e a CeSsS poL a and,t he

Sttt one’ 230 ot LB, sholuhe Bete BRuans M snis in it PN e 2
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be
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[71] In the illustrated enbodi nent, each of the first and second high-rate
access points 225a, 225b, the first station 230, and the second station 240
can peri odpcallog49ii t ch bet ween awake node and sl eep no@eTR2810/@K®7Up
schedule. One or nore of the first and second high-rate access points 225a,
225b, the first station 230, and the sé%ond station 240 can have a

di fferent wake-up schedule on the high-rate band fromthe others. [72] In
such an enbodi nent, the first and second stations 230, 240 can exchange
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[67] At the same time, the first station 230 is within the range of a first high-rate network
220a, and the second station 240 is within the range of a second high-rate network
220b. The first station 230 has performed an association process with a first high-rate
(HR) access point 225a, and is now connected to the first HR access point 225a on a
high-rate band (or channel). In the context of this document, such a network may also

be referred to as a first high-rate basic service set (HRBSS1).



shown in Figure 4. After the session transfer is conpleted, the first and
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| engt h of the awake peri od w ndow_can be. substanti al I%( t he sane
as each ot hefffestive availaple Hipgilae gt higherghgnngldned. wlitesct steke sehede 1 ands ul |y

overlap wt hd@@@ﬂe@é@m}ona her detail s of the wake-up schedul e information
el ement ]6101 vm thelﬁugj[ aﬁg&'erggd bel ow (ﬁg)ntnectl on with Fiqures 7A. a,[nd 7B.

odiment, eac st and second high-rate access poin
225a, 225b, the first station 230, and the second station 240 can periodically switch
between awake mode and sleep mode on a wake-up schedule. One or more of the first
and second high-rate access points 225a, 225b, the first station 230, and the second
station 240 can have a different wake-up schedule on the high-rate band from the
others.
[72] In such an embodiment, the first and second stations 230, 240 can exchange in-

formation on the status of the unassociated (high-rate) band over the associated



[84] Referring to Figures 7A and 7B, one enbodinment of a frame format for a
wake-up schedule information elenment will be described bel ow. The wake-up
schedul e wof2orvmai406n el enment can be part of any suit abl @eCeaR2wl/00b49ame
exchanged between nulti-band wirel ess devices. The wake-up schedul e

i nformation el ement can include infornéfion on wake-up schedul es and/ or
awake w ndow, as described above in connection with Figure 6. [85]
Referring to Figure 7A, an information el enent according to one enbodi nent
can i ncl ude i(loforatetband Tde inﬂmefnahi(ak@nvimiddﬁ/\in&rmaﬁen o ke wdkeng s;hedlﬂetsmn The

illustrated i Oa, a

| ength fiel d 2 gg%g%agéaaﬁ %Zb @fthé" I quéfggesgbﬁﬁgs]rﬁzlsuﬂa Iﬁégstt rat ed

enbodi ment, &HEOoRLA0veR¢ ﬂmepﬁnm datenoitt Retails ek thie mnfermettanoill t??dieé%ﬂhede of

Ithe itﬁenti r:j%slé)gfmt&ﬁné(ﬁ?@@?l eggtefhmgllt}d t7QOA ?nd i's one Ioct et | ongA Thed
eng e ain at es e 0 |n 0 i on enen ,an

is one [%%t et 11BRge eﬂ"ﬁ%&%kéh%“ﬁﬁw}q‘?l?%@e F‘%’ﬁ.@ Cr"‘ﬂ ©IPEN IFFE f the

awake w ndOWgﬂmsmd aﬁld transiiaedse ternow-rawedudes) bzml eeweainghé eagons[2B0)] 240.

Referring t OI LgoL{fl?r SHT odﬁij trﬁl? Enqgltma?lop lal? gg%éne?‘(ig rﬂd %%s}lgtte %;one f the

enbodi nent can i nc - band
station. The statbus230aleduperf oraquest by the @thgmf tl?etmalqnﬁ@BQd?él@ mdéllltmmﬁte | D

field 710b, %ﬂ)ﬁf}:&{dﬁ Jah %le (ilrazggll?ted @et%&re@ﬁ thet s'ta[fﬁ)ng Q% @4647@{&1 tﬁé}g 1saa éﬂaﬁg@m

interval field 750 | ustrat ed enbodi nent | emen
field 710b i Mg laéﬂiglarlﬁw &P ﬁﬁrﬁl@ﬁmbﬂ@n@aﬁ he lléﬁ‘)rmﬁté)fli @@rb@.ﬂfa%mlt@fi beyeen

i nfornmation eheyi@ins 280B40amdy WﬁerQ!h@reQ@thaﬂg@Hﬁl theThﬁ)rﬂnQﬂQ{ fn Kl Qm7 20b
i ndi cat es thﬁ) Ieni%h of the. |nfornaélbogﬁhee enent, 70 s one.

long. [89] TREYGIRIY S5 ARV R FAPSyAs HOpS fangy e“itg?néfa UELYPSS I ﬁ%ess
poi nt st ati omraneni#égeénent, the start tinme field 740b can |nd| cate

anti ci pﬁgged st f‘%rﬁﬁelg @@F@%%D??S[ﬁ@ﬂfs't %%f%ﬂfﬁa&%&%ﬂ Ads@ ot E5 2Bt QEFhe start

trans |1 on O i'on e firs eacon.
time field 740tesepein 2 bugeh ﬁla‘élﬁllelféSttSWélpnrQéQﬂSe‘é’éhﬂmsihQ h@ger pivde senogd HRy

octets of a L 250M&Rr 1@@b4@ﬁ§e@@1&1ﬁﬂﬁé Mh%e o 9l )flrgﬂmrneﬁ(@rlé§2@é Tthg%rs"‘tt art
of the first awake_beacon. The term"ti m ng nchronj zati on funct.ion”

refers to a PHHER W IRV SWSEMHY/%%%%%FY@W s} DigBAY? 24k BYIPEZ4 e
timers for aldhnﬁg ah hwiige paniotilog tlﬁa?dé_&orbﬂ_&RQc&ﬁE poIae2B3, bayedahleadtipaRl: orAN
oorne power  HoEAGEmEET op ik CREAP v Fruhd pLRE S gh At R R sk e T re,
express ed i n thg Grsogatopnif), caofavaidfattesipting - awakae bathcbnsdcnhdHRadccesFipeigt ar t
bctets of dJ%%?b Al VRGLELES pBin 2 4PisfiRtivE SREEEPREYerAR RIS VEET, o

i ntervadldl [ 90]Ref¢rémg teEigurantCerthafirst platien F¥beansand Bie secaidtseation|2df g requspt
non- access peb 8§tab3fsﬁtallfﬂﬁ ORBRAGERERYated (Heg1SH0E Fbahdf' heth\Rd sebbfl statfGlduring

i ndi cat es tInE esse n nunber . of ar get acon ransm.ssi on. ti mes
(TBT70)  bet Wb an Sk e s oL FRERERE o Ba Pah e e SR Bissh
managenent , tikewslteegpsdhadde mﬁthefsecaind s#hiob 210 dieas ts firhietakion gBh caf avoie
access pOI nt aﬁénﬁﬁt?%{a e%{a}éﬁ%lf a ﬁﬁlg {N%ﬁ%l?edselcg d! SHQE)O r 4?)fwh1PT-}q§ se oné gllra 1!)1? 940

t echnol ogi st "W recia : he ‘cont gurat’ion an er of each of
the fiel ds ofis nheiventherelstpreyenehewesie of qu:r. I;;Lm@m‘mdan@t,me tak betaeyn wi del y

dependi ng on tﬁé‘ﬁrs@@rﬁf QBRI stddifs WBH ‘%4@%% BY %tdﬁ@h 1k n dddafed @fn@bﬂlmetn‘h ﬂ%eh

enbodi ments, an_information el ement can include 1 nformation on
awake wi ndowligk beReep e fisshandpesensk stasiona 204298 cam ke exipblisherb wiaithaslogt rafene
station and |a5§es§1f&ﬁs§15pm nt on the unassoci ated band. In such enbodi nents,

vake W Hdow AsFd T 5 eSatishirt AT e tepass Pt SR st | s
of these fi el2d8, Ziéneider asbatb s thebedionb @%@ 24A cawdetestine if adesdiok-irgnsfas 7A and
7B. from the low-rate band to the high-rate band can be triggered. The determination can
be based at least partly on, for instance, whether it may be more efficient to change the
transmission channel. Efficiency of the transmission can be determined by the multi-
band manager, based on various factors (for example, the beacon quality from the new
unassociated BSS meets the acceptable SNR limit). In one embodiment, this process

can be performed at least partly by the multi-band manager of the station 230, 240, as



[92] Referring to Figure 8, a nethod of wireless comuni cation between
mul ti-band wrel ess stations operating on a wake-up cycle or schedul e
accor di ngvoaooms44sbodi ment wi I | be described bel ow. Fi @OT&R201080084971 mi ng
diagramillustrating one exanpl e of wake-up cycles on an unassoci at ed
(high-rate) band of the second high-raf® access point 225b, the first
station 230, and the second station 240 of Figures 5A-5D. [93] In the
illustrated enbodi nent, the second station 240 is associated with the
second hi gh- shewen ackiges aifter tiR2BimioTensfar is¢onspleted.aghe AB0 and seaosdsthdrsd
with the fir t

Figure 5a TV Perh BEpe Tk ARREE D RRURLaREN R Plon hER o BRI
poi nt 225b, a&P-shown in Figure 5B. In the illustrated enbodi ment, each of

the finst) and M&ﬁﬂg t@F%Tuh%l%n@%&bo@ﬂ(én@@ﬂwﬁ&%sﬂ:o%ﬁﬂurﬁ@ﬁioh atrhﬁlu\lwdﬁ@ up
cycle or sched

S own and o e ac and ot her
non- access poyt eség‘a‘fli:%ﬂ%eratgg ‘H‘e%?fglf ngglglg “flﬂtbﬁ é‘g’?‘?gﬁlg fnnt?l?l Sures 4
and 5A. [94] lﬂsltratehemﬂoﬁusetmautvmlteeemm amhiion- i\hﬁ(eslmamﬂ ahd glerieaadle access

poi nt 225b tr r%nfmlt 3 an&lfeectebd3 1%fecr)vasl tf %Ir%llan acce% 01nQ%?1 0%"‘%% ﬁluli)t'ieeig Bands NEBan NBS at
a sel ected |nterv gh-rate acc
can al ternat m@tltbaa@émwe QamelseeH@mkABQaCA%alartmnNBmemBS fait eXta@pkt, 2, 4.2,

., 19, The 5ee0md-ifi @k TR ﬁo@%%a@%&t@ea@&ﬁhﬁsﬁi&’%ﬁ THYE | '('PET‘F Grs
periods 801, for exanple, between tO a tween t2 and etween t4

and 15, bet webAOk EagyRle. 37andatﬁdn b rnoge gmgodigient. the pen- W%&ﬁs?{%?%aaﬁém
WO 2011/ 0344%%5%%82&1:19 %@ﬁ%eﬁ&h@&&'e $¥8Jdint id in, sldeB.mdde, astV\7e,11 and t9 are at
a m dp(szglt bet h?P and hZ bet 2 and 5(48?% g/:]g t 6, between
t6 and and t apg stapgn f%bSV( CONSRYYA<F ?R/mo ' The second
hi gh-r at e acegssplpothatm2@bbnhsisti@an \xamaktdlapeﬁ()@daMeypeuydIdetyajchC(%)rél' he term
"awake perio ' o) raldeon to
2o eep 1 nt ors A dnfkGRle BT dud 0ute o8 BBy AN T BE ol e

bet ween t he ®etveehag apeknbeacpmand sreingnediplelyi fﬁﬂe‘dmtr@nww@ beadhnpdanak e

periods. Wt @leléﬁﬁﬂ)%étl)ett\x%eh B%oﬁfa%ﬁgb@alcgﬁ aﬁ@h&nﬁ‘&@ﬁﬁt’%bﬁ%ﬂlﬂ% c%“a\@kg%ﬁ:oﬁ it
can be cal cul ated -tQ)/(t2-t0)x 10 96] The

second [§¥at i od™ ﬂmllpgtraé%%b%wwgthﬁm% ba@ﬁi Wiglesggavice gin t’é’%a‘i‘%ﬁlaé’vakﬁé{ﬂ/\een
tO and ti, bethwaer ihfbrantod emamdhOdehviBensdcdit@ishnt9o ad hecesesimchngtoat i on 240

has an awake peri dut cIe h can be . cal.cul ted fro for
oxamol e (1 OBRE o i FSoSaBu st R A i AR B RS Behieh ovake
wi ndow dur i ngalehe:trams&mttec’sdlav@(zetupepﬂmaﬂ béfveermtladnd tivi ndow starts at the
starti rEQO poi ntTernwzgée Ee&u@lﬂ?d@ﬁﬁof?@feh@qt 6@“&n€ﬂ&ﬁd&%¥&ﬁ%ﬂ&@8¥ %}{éd' ng

poi nt |nt|rre nP I rst awake
wi ndow 821 st“ak@glpét:hetdelea@éﬂ@r}ﬂl@ssa@lateeﬁamp&ﬂlelr%ulaéﬂtawééﬁq ipotsghicoran. A

S ego ?g axlagﬁ_awe@si ran&Rh Sihadh the g{ultg ﬂalfmaat?ﬂfﬁ aabaﬂafkadm efdat ge hfeﬁhweeeﬁt t4
an . r awa star a nd ends.a

between t8 a 8 jogent p F“FﬁﬁgAr?glsstPe §¢R é‘ﬁﬂ%g‘@% AR %%31%?\/6?? %Qﬁfg’l
schedul e t haﬁnfbﬂnz[’tﬁin edgiah oanhezie - e Hsanﬂhﬁhe/\mkcﬁmanos ekeadut m influddde s ec ond

stat ion 240 %&%%p sElee fe%%?ﬁl% SE&%& stﬁ} g ﬁggﬁ&% ﬁ e% %gcotﬂfi hi liél?ex zi%gggs the

first statio can ave awa eri o
schedul e. HoweneZ25h.he first statl on 230 can al so have information on t he

wake- upg pched l‘ﬂl %ﬁe @ﬁlb&lﬂﬁleﬁ? aRNJagt ‘? éc‘ﬂ@dlﬁé’f Qlféi%@a(tf% eiéﬂ&“en% GGP% ﬁlblﬂﬁe AL e

access p0|nt by recel vi.ng schedul e information el enents. [99]
Wen the fir §@rﬁsatﬂaf1 o iheset Hale %Meﬂpégbe%e Phan wrsHsited bpdr by lEgwecess
poi nt 225b, %h@lefstarrﬁﬁm&@{bm 230 can adjust its wake up schedul e, based at

| east tly make up,schedul.e of the econ h- ra cess poi nt
2550, BB exanpeavaie e it DS GRSPgRn Sspeptaliaretedpd e A aBRet BR A oae
831b t hat ar eleap 1ritaasll; whathtrepleentssy thiob ddfareed bMWdentt]htema\mg pofperinonise @01,

811 of the sqgoud ald Qi@ 4dndRA §a dliciesnd Jiiolr Lobe AGSLRR RPN

mode. In Figure 6, the sleep interval can be a time difference between t2 and t4.

[83] The wake-up schedule information element 601 can further include information on
an awake window on the unassociated band. In Figure 6, the awake window can be
between t2 and t23. During the awake window of the multi-band station, other stations

can perform contention-based communication with the multi-band station on the unas-



[ 100] Then, the first station 230 can attenpt to associate with the second
hi gh-rate access point 225b during an awake period 801 of the second

hi gh-r at ewacesags4496i nt 225b. For exanple, the first staPCOKR80/ @497
initiate an association process with the second high-rate access point 225b
between t4 and t5. [101] Once the assodfation process is successfully
conpleted, the first station 230 can also attenpt to establish a link with
the second station 240 during an awake wi ndow of the second station 240.
For exanpl e, sotiated basd. Vehidt the muOandstatain iempawake mede, bpt ia obi efikhevawiket he

second stati

station 10 s PR B LB o AT S ARG P B, R

awake Wi ndowSEleSn AHew pssied bagyegp tserdi3£ap bﬁkefeltr%tOfasra@taW@k%@«rremi 80 can
ltfaESWllt a cedur®b, & @f&e{xﬁnﬁ&ﬂ(&t@% 1£39his sﬁ@%&ﬂ%e@]@ortefr@aanﬁt}i@%{ohl@:% fe%odl({zeCt
in n one e i ment,. the contr rane . c oc tr [

i ndi cation né%gglgowwﬂrl\}f anpthereiab Cﬁlléﬁ“ n%‘ﬁ&?“rggth?fethf‘ ﬁgalffi Pe§{0d§P§ﬁW8 €230 can
establish a |W1ﬂcﬂf0W\/t:ztﬂ”lbd: fubsaetdlydhs tahd anea2h Otheid.et, e Sedepdribd gint fwile
access point n t i 230

establioh a MR iR RHARL LB RRCLTERI B e agodt Rlso Bt SEdBER i ng i o
t he hi gh-rat @clmclubssfomamn dempnt §010¢]l brelesaribed helow iRicgurestion wathgrigoess of
W rel ess comyunjg@atg on using a nulti-band wireless station operating on one
or nore wake-up schedul es accor d|7ng to one enbodinment will be described

bel ow. [fhe i | Ihederiag dyFigneeddsandati 1ec sBbpeimasg oby rams fefmab frrertkedipanyl e,

E Pe first Ist @&heqmeaﬁﬁ)rmﬁmﬁi @%@1& Wifi-te [es d1Ibéil bElof. THEe waRe-Ap RENBRC RS S pOl nt
or exanpl e,

d t t 225b of F 5A-
an unassoci atf‘ér&lagléfse C(C)I?CSF ra agg'%ﬁ‘tsﬁaﬁ’l'$§(%ngmﬂ)§ﬁﬁ‘f egﬁ}}?@:gg‘g%egg@enpé‘?“ﬁ can
be associ at ethand tirelsoddvéres v&ﬂreexkzﬂesupsschedlﬂmr(fd)mwenatanat cdrhiaclsde and
station 240 ?&nﬁugﬂ[)ﬁﬁ%%’* dlﬁs%hegﬂle%[éﬁd)dﬂ L AL Qsa&k‘!,cnge*a%b%{‘ﬁ{ station

can have a pre-esta atl on o6n an assocl ated band (for
exanpl e, a | emrnestien athdygurf $03] At bl ock 910, the first station 230 can

recei Vg4 WakERéf&n%g rﬂ&lf' fe 7/0fé?lrlﬁﬁ)trmgfbrﬁélgﬁ@ﬁtacb&ﬁldg% Bde bﬁBQ&hHﬁht% on the
associ at ed band. i nformation can _include the wake-up schedul es of the

second hi gh- r @ede%@gt%?rhfhezwbe Wiefompef @%Hb‘%térbélﬁdaftt?t&? Fhe 4sHaehdranake

wi ndow of theom@ﬁ@lesﬁeat 700N 2Rdef 404kmeht ID) Bl 7984) a [bheh fieldst20af aldiaan 230
can wake up | d| a liggg{))e or during an awake period on the

unassoci at ed ? ée ‘hd hi gh-rate access point 225b, based at | east
partly [86] t he Iwalkﬁelllumascﬂmﬂbd@momt theelegmo Hd flleldg’fﬂ-()taamcéu@saﬁssnepmnntn 225b.

At bl ock 930fdlioctaﬁ€e {ﬂ' the tide%hﬁ&ﬂ &“ch@ﬁ{[]’o rt‘ioﬁ %fe‘?ﬁe\‘lﬁ@()z@%ﬁ?s!"orgé &%llor%; %lg S orm

unassoci at ed g te access oln
an associ at i &#negt 6@é§§0wqdwatqﬁéheslée§ @f megnfqr@ﬁ@ora@e@%t 0AnendBsHe @gief ng

the awake penéfdTaaihie: WHASHAT@YSEh RaNdes tﬂ@%%ﬂ'gﬁf&% h\giﬂ&s \ﬁﬁqg%o nt ﬁ30f _cant
(o] , eTirs

optionally go into,an inactiv | eep. node
station 230 CHASHAR Ellﬁ‘t?r?sr‘f'ﬁ%?ﬂeﬁ?‘i‘rsﬁwf:?é}cwselo% during an awake period on the
unasso¢sat ed b%aaﬁekn@g td Aguset®na isfoambtion déflentbas@dingtto hﬁ@thér gheradingeran

i nformation on ﬁ}d%%ﬁﬁéﬁo do?l\#ﬁg V(ﬁa%g—%P 2820 Bt gHu(ft? ban %ﬁgnmn Thi i

station 230 Cah 1 the second perform ng
an associ at i dwstiptedgeiosmelion dlgmentd OaRakaudss pd glenomt ﬂhélehdn"él@bo@leag@cfldﬁnd

[106] At Dl 0@5019%%tar¥hﬁefffefc§’ﬁ4()%t Qﬁd @ﬂeﬁﬁgt&vnﬂﬁ%ﬂﬁ cond station 240 can

performa session transfer fromt lated band to the newy associ at ed

band. ThEn, tHathg lﬂlgﬁtraé?fherg@zdémantsthsﬂ%wt W3 il UG RIS iR 8GN IMat a
wi th each ot lentiofof the ideawkiyr B GifehedioRarehenl 1361 bha ic@fet tdd 1@IFDTHE Ment s,

an access po'lengthap 8 0/r20 Mu&ts e leggtlhrz)tf thset 2 olrr?lra]laon glement! ’H)%)FB and is one octet
long.

[89] The start time field 740b can be 4 octets long. For non-access point station
management, the start time field 740b can indicate anticipated start time, expressed in
microseconds, from the end of transmission of the information element to a first awake
beacon. The start time field 740b can include a value that represents the lower order 4
octets of a timing synchronization function (TSF) timer value at the start of the first

awake beacon. The term “timing synchronization function” refers to a function that



WO 2011/ 034405PCT1KR20101006497 20 their wake-up schedul es after exchangi ng
wake-up schedule information elenents with one another for facilitating
associ at iwo 2anh3k408k formati on. For exanpl e, after recePCIR200064Ke- up
schedul es of the second high-rate access point 225b and the second station
240 at block 910, the first station 230/ can suggest an alternative wake-up
schedul e on the unassoci ated band to the second high-rate access point 225b
and the second station 240. In response, the second high-rate access point
225b and t he ksgoohddtisemtipoal Fd@orsan thedjaostbasiheenvioaakiesynphretized Wi resxaampdé or

awake W ndow,pp g Hxﬂé%%@?éc?ﬂ&ﬁn%ﬁﬁ 800N 191 8£rdeﬁ$’1°é1bé’§§\%a§% GleACCESS

poi nt and/ or non-access tions can a herr up duty cycles
on an unassoémﬁ@éﬂn%éﬁheé@ﬂéﬂmﬁ%@ﬁaﬂ@?ﬁﬁ“ﬁé%@féﬁm§€h%dﬁp@ﬁwﬁﬂ@ﬂﬁht|on

3' en'e_mlss dWI Lbr&@&n@@,@f hgtrst dohOftakk Beidd 1ﬁ‘t€i\ﬂp dhe Qfart tiffe ﬁéﬂg@d()ﬁ@ﬁﬁ ;ﬁlclud(f::i _
escri bed above, ope or nore ndi ng on esi gn
of the systomvals BadrRFEAL plsist O § QR BHoee” FalyF pdte g b
together. A ikhmbﬁdmmkebamb@gu&WaMAII al so appreC|ate that the nmet hods may

i ncl Ud§9@]ddl t I"ﬁln n%eeg l119[8rv Ifl%g 9%8!9 oétetgl Sngrn n c?s?s Z@.anﬁtsF t10{1[ 109] The

net hod f the € €scCri ed a ove all ] ion to
test the avainiaabgdmeny, tb¢ slaep mtared diefby Mib indiditos tlmnmﬂpmssgtlatﬁumbempt target

perform ng U%Q&%‘ﬁ%ﬁ%%sﬁ%ﬁ@ﬁ{e@QTﬂ‘FTb)nEetWE@ﬁ fw&i&@&sﬂz@%&ﬁébea@h&s Fof he

nmul ti-band station can effectively and tly associate wth an access
poi nt or the 26%eHEPOIEE %&W%m@ﬁg%ﬁerﬁﬁa@ §]6§H’ at@aalﬁmmmmélcate& thedergdls ohower

which is an ltﬁmé@%lﬂtgﬁepl[rﬁ&vhlnefﬁiéstsed’\llrhﬁinﬂ%‘ﬁ of EBTTESA s@ﬂ@@@dcﬁhdw ifobi | e

devi ces. [110 nts describe oV d ata e.g.
Vi deo dat a antil 200G G0N Tt TN G0P RSt s46h LS SRR B Bk e
t he enbodi nertesnemeyofiegadaph add 7Brcah varyswidslyi deperafingioic teplesigs efithei deo in a
wirel ess |ocgl %%§§y¥ wor k (WLAN) under the | EEE 802.11 standard (for
exanpl e, |EE g The enbodi nents can al so be adapted for a

wi rel ed8l] Syst dmcpiain nglbadm@mts i gHomiation glepisnt capHMylude indpyronation o8 bepdet o

about 4 GOps.,uhHRE wiRWPEhe HAi-BAROG RN tﬁr@-@algbeuﬁgﬁi@@iﬁgs b0he SaBbRRdar d
such as the WG g standard. In other arrangenents, the enbodi nents can be

adapt ed for A&S@Fst Bt & be IRAKASHEE band Am SuEhRmpadimes. drg Infoymatian
supporting tkendnEEanS0dudd a5 tlemdar 1D fifld 1d lenihifiedd, th@wake wenddet féll &dstart

deacir i o TR B0 SREEMRSH R PRSP et S e BERRbRL R

under st ood thlatomlacmmuwltbﬁtmsdn%arahwsubstl tutions and changes in the form

and dey 9%' S ngéfétﬁngxﬁgméé'a%ﬁ&t@d Sy [T s niRESGCAn HRRRE D %gil 'b%ﬂd' n the

art, out om’the intent o e I nvention.
2011 / 0 34405P® gt@gpwgacpng pn a wake-up cycle or schedule accordmg to one em—

bodiment will be described below. Figure 8 is a timing diagram illustrating one
example of wake-up cycles on an unassociated (high-rate) band of the second high-rate
access point 225b, the first station 230, and the second station 240 of Figures 5A-5D.
[93] In the illustrated embodiment, the second station 240 is associated with the second
high-rate access point 225b. The first station 230 is associated with the first high-rate
(HR) access point 225a at first, as shown in Figure SA. The first station 230 can move
close to the second HR access point 225b, as shown in Figure 5B. In the illustrated em-
bodiment, each of the first and second stations 230, 240 can share and monitor the
wake-up cycle or schedule of its own and one or more of the access points and other
non-access point stations, as described above in connection with Figures 4 and 5A.
[94] In the illustrated embodiment, the second high-rate access point 225b transmits
awake beacons AB1-ABS5 and non-awake beacons NB1-NBS5 at a selected interval. For
example, the second high-rate access point 225b can alternately transmit the beacons
ABI-ABS5 and NB1-NBS5 at t0, t1, t2, ..., t9. The second high-rate access point 225 is
awake during awake periods 801, for example, between t0 and t1, between t2 and (3,
between t4 and t5, between t6 and t7, and between t8 and t9. In the illustrated em-
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window 822 starts at t4 and ends at t45 which is between t4 and t5. A third awake
window 823 starts at t8 and ends at t89 which is between t8 and 9.

[98] The first station 230 can have its own wake-up schedule that is not synchronized with
the wake-up schedules of the second station 240 and/or the second high-rate access
point 225b. For example, the first station 230 can have awake periods 831a, based on
its wake-up schedule. However, the first station 230 can also have information on the
wake-up schedules of the second station 240 and/or the second high-rate access point
225b by receiving wake-up schedule information elements.

[99] When the first station 230 has moved close to the second high-rate access point 225b,
the first station 230 can adjust its wake-up schedule, based at least partly on the wake-
up schedule of the second high-rate access point 225b. For example, the first station
230 can have adjusted awake periods 831b that are at least partially synchronized with
the awake periods 801, 811 of the second station 240 and/or the second high-rate
access point 225b.

[100] Then, the first station 230 can attempt to associate with the second high-rate access
point 225b during an awake period 801 of the second high-rate access point 225b. For
example, the first station 230 can initiate an association process with the second high-
rate access point 225b between t4 and t5.

[101] Once the association process is successfully completed, the first station 230 can also
attempt to establish a link with the second station 240 during an awake window of the
second station 240. For example, the first station 230 can attempt to set up a link with

the second station 240 during a next available awake window of the second station
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[102] Referring to Figure 9, a process of wireless communication using a multi-band
wireless station operating on one or more wake-up schedules according to one em-
bodiment will be described below. The illustrated process can be performed by a
station (for example, the first station 230 of Figures 5A-5D) moving close to a new
access point (for example, the second high-rate access point 225b of Figures 5A-5D)
on an unassociated band (for example, a high-rate band). The access point can be as-
sociated with another wireless station (for example, the second station 240 of Figures
5A-5D) on the unassociated band. The other station can have a pre-established link
with the station on an associated band (for example, a low-rate band).

[103] At block 910, the first station 230 can receive a wake-up schedule information
element including information on the associated band. The information can include the
wake-up schedules of the second high-rate access point 225b and the second station
240 and the awake window of the second station 240.

[104] At block 920, the first station 230 can wake up immediately before or during an
awake period on the unassociated band of the second high-rate access point 225b,
based at least partly on the wake-up schedule of the second high-rate access point
225b. At block 930, the first station 230 can receive a beacon signal on the unas-
sociated band from the second high-rate access point 225b, and perform an association
process with the second high-rate access point 225b during the awake period on the
unassociated band. Then, the first station 230 can optionally go into an inactive or
sleep mode.

[105] At block 940, the first station 230 can wake up immediately before or during an
awake period on the unassociated band of the second station 240, based at least partly
on information on the awake window of the second station 240. The first station 230
can establish a link with the second station 240 by performing an association process
during the awake window on the unassociated band.

[106] At block 950, the first station 230 and the second station 240 can perform a session
transfer from the associated band to the newly associated band. Then, the first and
second stations 230, 240 can communicate data with each other on the newly as-
sociated band.

[107] In certain embodiments, an access point and/or non-access point stations can adjust
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other embodiments, an access point and/or non-access point stations can adjust their
wake-up duty cycles on an unassociated band after exchanging wake-up schedule in-
formation elements with one another.

[108] In the methods of the embodiments described above, one or more blocks may be
omitted, depending on the design of the system. In addition, two or more of the blocks
may be combined together. A skilled technologist will also appreciate that the methods
may include additional blocks, depending on the design of the system.

[109] The methods of the embodiments described above allow a multi-band station to test
the availability of an access point and/or another station without performing un-
necessary scanning during their sleep periods. Thus, the multi-band station can ef-
fectively and promptly associate with an access point or the other station on an unas-
sociated band. This also saves power, which is an important resource in most wireless
devices, especially mobile devices.

[110] The embodiments described above may be used for data (e.g., video data and audio
data) streaming over a wireless network. For example, the embodiments may be
adapted for transmission of uncompressed video in a wireless local area network
(WLAN) under the IEEE 802.11 standard (for example, IEEE 802.11ad). The em-
bodiments can also be adapted for a wireless system having a very high throughput
(VHT) of about 0.5 Gbps to about 4 Gbps. For example, the embodiments can be
adapted for a standard such as the WiGig standard. In other arrangements, the em-
bodiments can be adapted for a wireless system having a bandwidth of 60 GHz, while
supporting the IEEE 802.11 standard.

[111] While the above detailed description has shown, described, and pointed out the fun-
damental novel features of the invention as applied to various embodiments, it will be
understood that various omissions and substitutions and changes in the form and
details of the system illustrated may be made by those skilled in the art, without
departing from the intent of the invention.

[112]

[113]



frequency band and the second frequency band for w rel ess comrunication,
wherein one or nore of the first and second stations is configured to
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frequency band.

[Claim 3] The device of Claim 2, wherein the first frequency band has a
frequency of about 2.4 or 5 GHz, and wherein the second frequency
band has a frequency of about 60 GHz.

[Claim 4] The device of Claim 2, wherein the first antenna system is configured
to use the first frequency band for wireless communication in a first
wireless network, and wherein the second antenna system is configured
to use the second frequency band for wireless communication in a
second wireless network different from the first wireless network.

[Claim 5] The device of Claim 1, wherein the one or more wake-up schedules
comprise information on one or more of an awake period, a sleep
period, and an awake window.

[Claim 6] The device of Claim 1, wherein the one or more wake-up schedules
comprise information on a wake-up schedule start time and/or a sleep
interval.

[Claim 7] The device of Claim 1, wherein the signal comprises an information
element containing one or more of an element ID field, a length of
element field, and an awake window field.

[Claim 8] The device of Claim 1, wherein the signal comprises an information

element containing one or more of an element ID field, a length of
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associate with an access point and/or a non-access point wireless device

via the second frequency band, using the adjusted wake-up schedule of

the device.

[Claim 13] The device of Claim 10, wherein the MAC layer is further configured
to transmit a suggested wake-up schedule on the second frequency
band for one or more of the device, the other non-access point wireless
device, and the access point, based at least partly on the information
contained in the received signal.

[Claim 14] The device of Claim 1, wherein the first frequency band is a frequency
band on which a peer-to-peer communication link has been established
by an association process with another wireless device.

[Claim 15] The device of Claim 1, wherein the second frequency band is a
frequency band on which a peer-to-peer communication link has not
been established by an association process with another wireless
device.

[Claim 16] The device of claim 1, wherein the device is in awake mode on one or
more of the first frequency band and the second frequency band at a
given time instance.

[Claim 17] A wireless communication system, the system comprising:

a first multi-band wireless station that is capable of using a first
frequency band and a second frequency band for wireless commu-
nication, the second frequency band being different from the first
frequency band; and

a second multi-band wireless station that is capable of using the first



receiving, by the first station, one or nore wake-up schedul es on the
second frequency band fromthe second station via the first frequency band,
WO 2011/ O80406RGT40KR2010/ 006497 25 [Cl ai m 33] [d ai m 34PCTBER0M/®@6497[ Cl ai m
36] wherein the one or nore wake-up schedul es conprise a wake-up schedul e
of the second station and/or an accessQ%oint, and wherein the access point
I s associated wth the second station on the second frequency band. The
met hod of Claim 32, wherein the first frequency band has a | ower frequency
t han t he second frequerfesqubaaychandndd Weseerml frévpendyr mndfioeguenssy clramd- has a
| onger range of transm §sj@f than the second frequency band. The nethod of
Claim 32, further conprising adjusting the wake-up schedul e of the first
station, based at | eastWhgiein|ope ohmokeolrthe Bisyapd sggRed sptiansHe eeifigured to

maintain therein one or more wake-up schedules on the second
frequency band of one or more of the first station, the second station,
and an access point, and

wherein the first and second stations are configured to share the one or
more wake-up schedules with each other via the first frequency band.

[Claim 18] The system of Claim 17, wherein the first frequency band has a lower
frequency than the second frequency band, and wherein the first
frequency band has a longer range of transmission than the second
frequency band.

[Claim 19] The system of Claim 17, wherein the first and second stations are
configured to establish a link therebetween on the first frequency band
and to use the link for sharing the one or more wake-up schedules.

[Claim 20] The system of Claim 17, further comprising:

a first access point configured to be associated with the first and second
stations, using the first frequency band; and

a second access point configured to be associated with one or more of
the first and second stations, using the second frequency band.

[Claim 21] The system of Claim 20, wherein the one or more wake-up schedules
comprise a wake-up schedule of the second access point.

[Claim 22] The system of Claim 17, wherein one or more of the stations is further
configured to adjust its own wake-up schedule, based at least partly on
the one or more wake-up schedules.

[Claim 23] The system of Claim 22, wherein the first and second stations are
further configured to communicate with each other via the second
frequency band, using the adjusted wake-up schedule.

[Claim 24] The system of Claim 22, wherein the one or more of the stations is
further configured to associate with the second access point on the
second frequency band, using the adjusted wake-up schedule.

[Claim 25] The system of Claim 17, wherein the first frequency band is a
frequency band on which a peer-to-peer communication link has been
established by an association process between the first and second
stations.

[Claim 26] The system of Claim 17, wherein the second frequency band is a
frequency band on which a peer-to-peer communication link has not

been established by an association process between the first and second
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station, with the access point and/or the second station via the second
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[Claim 27]

[Claim 28]

[Claim 29]

[Claim 30]

[Claim 31]

[Claim 32]

based at

| east partly on the received wake-up schedul e.
stations.
The system of claim 17, wherein each of the first and second stations is

in awake mode on one or more of the first frequency band and the
second frequency band at a given time instance.

A method of wireless communication, the method comprising:
establishing, by a first multi-band wireless station capable of using first
and second frequency bands for wireless communication, a wireless
link on the first frequency band with a second multi-band wireless
station capable of using the first and second frequency bands for
wireless communication, the second frequency band being different
from the first frequency band;

transmitting, by the first station, one or more wake-up schedules on the
second frequency band to the second station via the first frequency
band,

wherein the one or more wake-up schedules comprise a wake-up
schedule of the first station and/or an access point, and

wherein the access point is associated with the first station on the
second frequency band.

The method of Claim 28, wherein the first frequency band has a lower
frequency than the second frequency band, and wherein the first
frequency band has a longer range of transmission than the second
frequency band.

The method of Claim 28, wherein the one or more wake-up schedules
comprise information on one or more of an awake period, a sleep
period, and an awake window.

The method of Claim 28, wherein the one or more wake-up schedules
comprise information on a wake-up schedule start time and/or a sleep
interval.

A method of wireless communication, the method comprising:
establishing, by a first multi-band wireless station capable of using first
and second frequency bands for wireless communication, a wireless
link on the first frequency band with a second multi-band wireless
station capable of using the first and second frequency bands for
wireless communication, the second frequency band being different
from the first frequency band;

receiving, by the first station, one or more wake-up schedules on the
second frequency band from the second station via the first frequency
band,
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[Claim 33]

[Claim 34]

[Claim 35]

[Claim 36]
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wherein the one or more wake-up schedules comprise a wake-up
schedule of the second station and/or an access point, and

wherein the access point is associated with the second station on the
second frequency band.

The method of Claim 32, wherein the first frequency band has a lower
frequency than the second frequency band, and wherein the first
frequency band has a longer range of transmission than the second
frequency band.

The method of Claim 32, further comprising adjusting the wake-up
schedule of the first station, based at least partly on the received wake-
up schedule.

The method of Claim 34, further comprising communicating, by the
first station, with the access point and/or the second station via the
second frequency band, based at least partly on the adjusted wake-up
schedule.

The method of Claim 32, further comprising transmitting a suggested
wake-up schedule for one or more of the first station, the second
station, and the access point, based at least partly on the received wake-

up schedule.



