[ 0001] | MPLEMENTI NG A SMARTANTENNA I N A W RELESS LOCAL

AREA NETWORK [ 0002] FIELD OF | NVENTI ON [ 0003] The
WEe@soBt495 nventi on generally relates to wirel eBGT/USAS/031641

area networks (W.ANs), and nore particularly, to

nmet hods and apparatus for inplenenting a smart ant enna
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i nformati on betASEIRELESS MOCASMRBA NEEWOHRWN. [ 0004]
BACKGROUND [ 0005] In a WLAN operating in
infrastructure node, a STA typically perforns scanning

[dopopr der to estinate MREH BCESFENITON (AP) is the
best candi date to serve it. Scanning performed by the
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LANandApr rangfstnips syaty 11889 s‘wia tlon
béH Bté'é&?é% s W o 2k lvpwaliem to change the radiation
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pattern beam they use. The term "smart antenna”
as used herein neans a set of N antennas that have

i fferent radiation patt , heally pointing in
[(gd&‘li_ct ed directions (or ﬁ%?%p%%(éﬂl\ﬂg toward any
[0o5] i cul am di WeN eperdtidghén ¢agastelictabe mode, a STA typically

omi - di rectional antenna The transmtter or.
PpEeRRY SFARRing IRoRKser Ap Qﬁ%mﬁ%\)w@éhe&lf@%sst H@nhggb is the best

cARRALR todbReat tS(JcH?ﬁl %ﬂ{erfopﬁ@ ahy; the STAQ:HH%@ izt 06r Yith. In

I'ts counterpart e nost appropriate beamis
phygive atanning)ehoid A listens ésbenson frantes senghgshe APs In active

s nal erfere Ius nojl se ti SI NR

8 Eh B RllTale et e Apd posand B skfding o
py&&r@sﬁoﬂg@c{gm@stmansmttl ng a packet to another
speci f1c node. £0007] Enhanci ng coverage is a function

[Qf106] he ok erdemtagmhamee covaragmitethincreasaBhEghpup flis¢an be
%ﬁgé With baGahdatBhYh B8 chARE Sk hicREARNS BhlR 36 @Range the

radiation pattern (the beam) they use. The term “smart antenna” as used herein
means a set of N antennas that have different radiation patterns, typically
pointing in selected directions (or not pointing toward any particular direction in
the case of an omni-directional antenna). The transmitter and/or receiver of a
node (AP or STA) selects the most appropriate antenna (or “beam”) for
communicating with its counterpart(s). The most appropriate beam is typically
the one that results in the highest signal-to-interference-plus-noise ratio (SINR)
at the receiving node in the case of dedicated connections, where a node is
transmitting a packet to another specific node. .

[0007] Enhancing coverage is a function of the position of the STA to which
the AP sends packets and/or of the time-varying channel. Because beacon frames

sent by an AP are not aimed at a particular STA, but rather at a multitude of
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sent by an AP are not ained at a particular STA, but

rather at a nultitude of STAs, they tend to be sent
waniobosby across all directions (i.e., wth apCDOS2005/031641

directional beam). Simlarly, because it is desirable

for an AP tohear the packets fromall its associ ated
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u@%ﬁ}xﬁ@hﬁﬁ%@%@&% iﬁaofd%}?sectl onale beans 114, when in

fadtazhlsJAB WIHFpafomowom | anptherrA oy theitransmhispigh of traffic

beam 1 and ,a pl onal beans 124,

ﬁflai%es‘f ]E?hcf"& O{Jn’%" Ll%ﬁeib%%lrlrégéﬁﬁ%es the received

[O@W@r of Figgreé Alhows gh%&éﬁp&&*ygﬁﬁbm 100 Si’fﬁhi](-héngag]l-[a’blﬁﬂ and
- Measure ecej v I r at

byRARS AT oo 1400 o BL5 20, AGmdel Tt Biilizs A8, P pibgrgionsl

Heﬁﬁzp PP5 %44 ?hgc:ap'ty dF Hﬁ%‘:ﬂlﬁffhglbegﬁ?éﬁﬁzllfd Q'IBARPA\BH-EQ) can

an via omn ect | onal m 122 from AP_B
widise\eay omAPdBedtdaldehnh 122 andetpleralibyof ddra@feortaiéﬁams 124,
]?9 1%% 10 for transmtting traffic franes, since AP_B

0 in a better position tomake use of its advanced

[eoi@NNa SThe STAr B2aMbadires bhd feeeivbd poyet civhe daribheb&Is as
102
shown in Table 1.

Table 1 - Measured Received Signal Power at STA 102

Signal from On beam number Beam type Receisx:;i Iitz)v;er at
AP_A 112 omni -75 dBm
AP_A 116 directional -85 dBm
AP A 118 directional -85 dBm
AP B 122 omni -80 dBm
AP B 124 directional -70 dBm
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(via directional beam 124). [0012] In an AP-based

WLAN, nultiple STAsmay be associated to a given AP at
w@2@eeer9iine. If the nmultiple-access schene | BCOHS2008031641

sense nultiple access/collision avoi dance (CSMA/ CA),

such as in 802.11-based W.ANs, any STA is susceptible

b@lf rans nTﬁ%\gTﬁtaﬁﬁeéaA 134031(% ﬂjohggzrlﬁeac&%a d/br 9o#gtszﬁsponses

ass ci at ed any given ter
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et ol B Howerve Adod 0 Heidh ded Rl sPRUgelbeRdP A
1%@bﬁﬁhﬁﬁﬁ&ﬁ%g%@iﬁiﬁ Blard d¥hGh 8RB 1 2015 1h RSePRE B&ditiod make
P needs to have received the whol e packet prior to

msak)f itg advanced antenndet euatitreriddfacudibe guseeyt thwasds ide STA 102
det gct .0 t.s ring both the MAC header and the

(K)R lrecmloglggbare‘i%)gel ved at the end of the packet.

(Do 3] | NIrpanAPbaed WILANG tiidtipls BAAs(may bersdociabett) s given

y al so be equi edvvl h.smart antennas in. order
AT gt gen HoestRYst ULBleREess § bt cqtgierptensp multiple

a%’é's@iéﬁﬁﬁlﬁll%uﬁﬁqcé Y@SMP@CKV %ﬁc}{ 5@1&5@02%1%2{5@@ ME Sny STA

['tiple-access schene in based WLANs nmakes
ig eumptlh]q toeansosit aaapkeiﬁalsatcelledaaﬁframe”)rteota agspgjated AP at

K fricult
BIETTRs ToFpfcipminiy rhid B G AR TR Baplfdnbited
d pekbedftanhepacietdiae baeh tdigpletily aédél\teﬁeﬂﬁfmwédhbagm %h the

appropriate beamis general ly not the sa each
sqyce asidress eandaingdnipy the mediine aSWSCOHHPFEm headgy of the

ﬁa]'gﬁeﬂo @I‘HéeAP'r&e&@Wh%@ Irxceﬁx?eqeah\ée&holte%cﬁ& ﬁﬁBf‘ 08 nﬂﬁﬁng the

IS information to decide which antenna to sel ect for
Spameeietelenmptmunbecme $h¢rer1pr dbtestion &J@hﬁr@vemn& betlsthe MAC

ar hlte er mesh no n nked nor e
AR BRCHK A RRURaR aHE Pt 8 Bt FRE o LU B S
[dofd)i cul t}h aSewshahrciteefurat STAS (@E‘e‘nmhshbrﬂ& ") iy also be

the al | have drawbacks.[Q016]. 1) The AP _could
qq@meﬂcfflth pwartantgnpas Wprder oimprene e iNhaf regeivedyignals or

el psskearienid i lndgge (e polert) o

[O@M]d us eThéemsiligplataccésso sehame i ipl S0BddAmsed WLANs makes
selecting the most appropriate beam for receiving packets at the AP difficult
when more than one STA is associated to the AP. This is because STAs may be
located anywhere around the AP, and therefore the most appropriate beam is
generally not the same for each STA. Since the identity of the STA is not known
before the packet is completely received, the AP cannot use this information to
decide which antenna to select for packet reception. The same problem occurs in

a mesh architecture, where a mesh node can be linked to more than one other

mesh node.
[0015] To circumvent this difficulty, several alternatives are possible, but
they all have drawbacks.



si mul t aneously and conbi ne them or sel ect the best
beam anong them This solution increases the

weewplaxdiy of the receiver, because the signaPGT/USmNF/031641
mul ti pl e beans nust be denodul ated. [0018] 3) The AP
could just after the start of packet reception,

Ch anpng e Scdil 'Ijeéll?icg i ﬁ”ﬁ) {15ing ﬁy%ﬁﬁﬁﬁiﬁf@ctmnal
k t

rranner pi'c eamt results 1n the best signal
pgttatn 1fgr, a]éupdckew reckptians, thhlss being flor petestinkgaimfmm using a
dug@ on of the packet reception. This approach has

5 tRBB8ck that the AP risks incorrectly receiving

[GoITe bit spywhi IMhel AR ERNPL Gsd @RS Signladbl feorhe anEltipds Beams
particul ar packet resulting in the | oss of the

spa@m@meou[sbow} bineethem ep selact the %@é&@%mﬁ@g \laem. This
@%g{oﬁsﬁlﬁ %SBQ §he Cofifplei mf?p'af 3hOGdcditerd R AR BRES, Qfs from

using a di rectional antenna and then
mﬂapimleedmmamusbbe deppdolatedt e for the STA identified

er, for .the [ th acke
Qs e vt SRR St et S8 BESka T of bk 36ckBhion Miten
ah{o@l S itd @@hﬂﬂ)lé heurSaiEn sitkassa® thiend1epRk IHebeh thitresults
et. If the omi-directional antenna does not offer

iny thef best signad analiyoprnd gwich te thip haam foiidhe repainingdygation of
t%@%ggc%ﬂ i g%,%gtlofl. id! %Ip?)!ﬁ?a{ }éeﬁgsatthe Na WG %?g? rth@DMPdrlsks

orrect opposi te case
imdoniectlyr metivinmgs Isomnt leibs avidleditoéttempsuldss civetbley éxem)n,s for a

t here woul d, be nee us rt antenna in the
pariigtlappagket. I[eéglgﬁﬂg ) h?ﬁ‘és é%l@e Bgﬁﬁ be constrai ned
[d@rggend eyery Mackpteodr 6 ddesdin R% the MAC address of the sender
Request -t o- Send/ C ear -t 0- Send S/ CTS) procedure.

(cpmitaingd im aheMA&\hewmﬁth%paqkému%g p pdiAinepigonal antenna
a E%%Ilol{s% tt}{%eoe%'hﬁl (?slt %g)réllﬂ?atgaﬁ)ﬁ tﬂ?@iﬁt idedPMfed S the MAC
P IS Ts at r put

he cos I can oug
heedead foy thielﬁerhﬂnﬂhfsobblmrﬂm:hd: &‘het[ineblﬁﬁSVﬂhdh@T@proach is that

acket s, i.ch part, aII def eats .the 0s.e .0
RS0 Breditia brbRtubie s imitomtea e orrnate e geet.
IfiHef RS irQLRNE]1 AitehHh QoesHtDIRP PR Eéi?h ﬂ)i*\@dequate signal
problens. First, it is difficult to attenp redi ct

quebity foretheo MY miybnnde dk s palikelynthat st}lgtMmGAhp eguy el be
Sl s S BRSO bt Gl o
shﬂiiﬂi@rftl.g*am)t thert wolld bdeanedd w)usk arsrﬂei‘re Bnteginadn thchﬁrst place.
Dtlgur ardt | oS TR Po AR AR SiochPagket using the
ALY N8N d/Clear-to-Send (RTS/CTS) procedure. This would allow the AP to
identify the sending STA before the arrival of the data packet. However, thisis at
the cost of a significant throughput penalty due to the overhead of the RTS and
CTS packets, which partially defeats the purpose of using smart antennas.
[0021] 6) The AP could poll STAs using different beams in turn. This
approach has two problems. First, it is difficult to attempt to predict the time to
spend on each beam in a system with bursty traffic, such as a WLAN. Second, it

is difficult to prevent STAs from responding to a poll sent using a beam sub-
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[0022] In a WLAN, smart antenna capabilities may exi st
at the AP, at the STA, or both. Wthout a prior
wez@hasiges of antenna capability informtion, tPEr/BF2005/031641
does not know how to coordinate its smart antenna
features wth that of a STA and vice versa. [0023] The
ot ent.i al,l verse, af f ect a N '
oB iy Gl LR Pi §onriDe Rt ERroCtyi lp 246430 4hBlhna
paitlei:i‘;?ﬂ}1 airgi tgﬂs irreguleritied dfahe Rgdiereariloament ek astshatlowing.
swi t ched-beam smart antennas are, enpl oyed at h
[032hnd a I8RAWAEN yaoRars getPrRpapa for St wtteet the AP at the
s3Ap 8Pbdth! Wathduk Qprivt 388 Hige b?ﬁg@:dﬂ@@gpamn@ma@?, the AP
as

t are avail abl'e and need be scanned, as we
doésmotdurosit howm to eeadihate s suetrt entemneffeatgeswith| thet ef a STA
bﬁans are not knownt o the other end. Since neither
APASIRP RSt t he STA know about the smart antenna
[o02BRbI | | tTIRSpd¥Entidlly s@eeiy/affet 606 WEAN by bt extiBaezihg smart
either: (1) make guesses as t_o the snar %n enna
aptaRag; fanabdityomienmeatinm ean bgillugtraterd in ﬁi)et ollpwipg exanaple.
S?lé@ostertﬁgf; mvftgﬂérg-g L shi WinhROUEe &RBINyBEat Bk r%ﬂ@P and a

el ving” en at the same tine, enploy a beam
STdaarghyefeaich endiammadrd 8@tnnlafcaphkilisies (for amampiea the number of

capabilities at both, end re.known t. o eagh Qther, .
DRt LB R AT I AP 5106 Cpaeta fp BB 2 € dpetion
na¥didto364t\eaclk ofid@ravd ahblebeafisParte bt kedWnge dlicsthegerd. Since
the sanme time on both ends. For exanple, if the "beam

ngisher the ARenor(thecEFA fpopsahayd ke FBarh apkerecarpbilfiies of its
r%(%?\{iﬁ%éhd té&%ﬁ wﬂlﬁl’av? ttcﬁeei 1%5.6(01? Ht?atke%%ég B8 tb‘?kﬁ,r Shala@dnna

t t’he device he "STA)t hat first
capddlities oftlpathket ead;torr(2aBydoitestiinowh drAmmid anténgra beams
t.he ration.of Tsearch before.it starts its own ,bea
wlie S SR Fbe Syl et s R RafcuirGe (YRPIEK, & Boam
sbalhiofitkionired transm ssion) enough tinme t o conduct
its own beam search. [0025] Current antenna

[0 dhnol ogif dke emprrnterae eprakilitioy atjagthgnds vere knaym fepach
ofl{eqn %&1@ &Ev%«i%rs Séd¥d fgﬂgﬁ Csiffptd ngﬁuﬁreﬁ(‘l L.h8&s §@KRoid service
00 grovi t han

onyer ain any gain or prov ess gain
detrhelavione duetd hkanayenrbising ap tsssdrhetimbdo hatb eadd. For example,

current antenna technol.agies oft d,t, o use

i pﬁ?aerpéﬁ?rfa%@ﬁg@@eafcw SRPTRLOSNE S AT pb e SPA fhen a
sBnpibAuld that Bsi1a B @861 Afight HeSthia DY de¥tidedthe AP6r BBTA) that
andSTAs cannot take advantage of antenna capabilities

firgt reseiveagepadket aften apspciatipn should wait for the duration of Tsearch

before it starts its own beam search, in an attempt to give the other end (which
had initiated transmission) enough time to conduct its own beam search.

[0025] Current antenna technologies enhance reception by using receive
and/or transmit diversity. These techniques either take longer to obtain any gain
or provide less gain than otherwise would have been possible. Additionally,
current antenna techndlogies often need to use proprietary messages to know the

antenna capability of a STA. In the absence of this information, the APs and



range. [0026] For smart antenna features to work
effectively, the information on the capabilities of

wo b@e8Iond t he AP shoul d be exchanged. Exchanpimys2005/031641
antenna information al so all ows possible coordination
during optim zation of smart antenna features such as

m sel ect;i on,. _beam scanpni m f ] i
TR P R o B PR ERR g e o s THE ofl e or
rhhgé. al | ows changi ng the beam pattern and/or gain of
t he antenpas. [0027] SUMVARY [ 002 net hod for )
W‘?ﬁﬁl ement ¥ W%ﬂ@@éﬁ?ﬂ%@éﬁﬁﬁs LhW@th %@F‘it’é’ﬁ I ghe mfm_'matmn on
tgé SR 1000 MBE WAL R é@éﬁ%uﬁ{)bé%?cc%@n@d%&%a?@% d¥ntenna

y transmtting a beacon frane by the on one.
informatianbalam alliies pesstide dopedinatien rdewiigy eptintizatien Sff gmart

whi ch sures ,the signal .qual it f the,beacaon .fr .
PR R ER R SR ePirhent redmipts peR ok Wetiple
ihpRERLRiBlE eutRItINEMOY, hhd deothepcapabilitgiBat b wiadanging the
transmtted on all antenna beans. The STAassoci at es
hegnpatpgrn; and/on gaip KAt 2RteBNBBacon frame with the

hi ghest signal quality on one of its antenna beans. A
simlar nethod may be used in which the STA sends a
[p0BMe request frame tothe FPMMARYh then responds with

e response franes sent on multiple antenna be . 1o
F6835) " A ByRREned 37 imbiahatieg SBrG APUHEE dn oS Bishing
BES N drS Betekeass @A hhammaPwees WLANAbagids &y ABnbMitBing a

WLAN i ncl udes a beacon frame sent fromthe AP to the
beggen frameyahe AR orpEeantenpaReam 1 The beacgn frpme 15 ypcgived at

%Qltﬁ%,g it &Jaga%seﬂgﬁaggﬁamgam%; %gﬁ PehbAN T RS Phe AP

e and a fi to ident’f e beam t hat
sewitchesté g differegt tnters heppd and refedd3 the medhdienntil thedmacon

f ' ting. t [ t ahli shir
fi3h5 bR PR RS & Sreanaoavenes) FEe ST AR ienrthe AP
tAa P (RRENIRONRShedcb R TRISE RitH i highestSHidhal §hdithRdnastk of its
probe response franme sent fromthe AP tothe STA. The

e beapedh similarsmpthodaaes bansedim whichdhe wHet srads apgobe
R 5,063, P BB AR LG st on
rholthlle antdmen lfanant enna beans on which a transm ssion
[%éé] be A system for implementing a smart antenna in establishing
association between a STA and an AP in a WLAN includes a beacon frame sent
from the AP to the STA. The beacon frame includes a field to identify a total
number of antenna beams on which a transmission will be made and a field to
identify the beam that is currently being transmitted on.

[0030] Another system for implementing a smart antenna in establishing
association between a STA and an AP in a WLAN includes a probe request frame
sent from the STA to the AP and a probe response frame sent from the AP to the
STA. The probe request frame includes an indication whether the STA wants to

scan multiple antenna beams from the AP. The probe response frame includes a



made and a field to identify the beamthat is

currently being transmtted on. [0031] A nethod for
wWGeappos4dfg use of a smart antenna in a WLAN i PCT/US20n§031641

an AP and a STAbegi ns by sel ecting an antenna beam by

the AP touse for communication with the STA. The

sgl.ect ed. ' ' ' . .
G
Iﬁ\,ﬁqde gnackAeld tod ertiifiyghe heamethet isscirbadhy beihg rtratsinninted on.
ST o B oS et Fbods i AReyEebifnty 2 wian
il%%ﬁ’cginigtahr)ﬂ’ H58& a §T /008 by AMERHBAN dhtdn 4R BY LIKAPBo use

a STAincludes a first packet and a second
foraokeunitateorf withtthp §3We Thee seleetied bepmrinfarmationtigserdrom the

AP BROSTRT A RE? S RAERE e SR 10808 95 wn@ A the paceet
15 2h&iak ehe Bastoll Beiaahbimiatien) whereby tine ARtsanthelserented beam

sel ected by the AP touse_for comunication with the
tasreseiverd leat grRprb gt racketent from the STAto the AP

[@;ﬂ] i ncl udesibheros Slisftatg lﬁ@@??a{ SahRAREnnEES WIVAN h@ving

receives at least "‘a part of the second packet via
ahitP oul 6 Htlitsbates ATDBBBACHE syd Rwpdst paskeh Aigifirgt packet is

smagt apte Wity .onf armat | .
S h B G AR A o BET e bUE oo, » A
a@@raEy of f1ad APPasy & AT didrerdas thaSTAL Fhoaeleajpdliicaint indicator
information element (IE). The tenna_ capability. | E |
identificsagrantprang pepts Aeleeted §y (bREse for SompHpiestigRTiLh the
sﬁ%. Gt%%%e&fnﬁﬁ%%éﬁls 9%&%&%@ StR&o thEAPHHd B dST B lected
t he g STA d WA

recei vi en used in a N, the antenna

beapabilicator, whendy the Adbreceixes plaleastof partf Hagysaserd packet via

r ane. 034] A nethod for exchanging smart antenna
t%%ﬁgg?tﬁ{lgﬁ formation between a transnitting STAand a
06331 Vi NOA ShAtdin Fovek e @8 8ncC SN fi Bdnin@Ncaadiléty information
i ncludes the steps of: sending antenna capability . .
befiresmna trasrbieng BRE andemSeeetving g TSR D WHleess SERIyPHEAtion
sy HEHELT1N Ahe LhERbiliPiGSRAND Glemlht (A, TUBRGREnna

€ antenna capabilities of’ the transmtting STA,
capibitity Hjissent frogsthatransenittened VA hgtleTacdivingsTA prior to data

tltaerfs%lni\s/sligg bggv%:e%nth%lﬁ‘)a{)r?srntﬂt’éiﬂg S@Rt and the%d e%%ﬂgi é’f‘&SWﬁgn used

in a WLAN, the antenna capability IE can be sent as part of a management

frame.

[0034] A method for exchanging smart antenna capability information
between a transmitting STA and a receiving STA in a wireless communication
system includes the steps of: sending antenna capability information from the
transmitting STA to the receiving STA, determining whether the receiving STA
can support the antenna capabilities of the transmitting STA, adjusting settings
at the receiving STA if the receiving STA can support the antenna capabilities of
the transmitting STA, and transmitting data from the transmitting STA to the



the transmtting STA, and transmtting data fromthe
transmtting STAto thereceiving STAusi ng the antenna
w@apabsil4psies if the receiving STAcan support PEEUS2005/031641
antenna capabilities of the transmtting STA. [0035] A
system for inplementing smart antenna features in a
WLAN i udes an AP and a SFA. The AP i.ncl S '
TSRS I PBE P S aBrar e Risdbo2bedi e I %ead Subbit the
agdak tdpapilitidswfihe temsdastingeSTAnNnect ed to the first
ant enna capability determ ning device, the first,
[@%%nna cApapient {9 HePlemAPHNESTRRKF FieRpn frareuin a WLAN
ihQUELEH NP LA aNSPANAKAREDIhiLHES Plirkh @nfEhY capability
examning information stored in the first antenna
deteyaiininig deviice; arfimst aoberdevdapebildy finfogmation device connected to

rgnsmtier/rece [ nnected it ot he . fi en a1
th& BB PPt R Y PSS dPiry el i AHERE Bapability
deedinaai dvicelddafifirdIodbicemihetlRi angénnHiaghabilitRant the AP by
swi tching_ device connected tothe transmtter/receiver,

expminegiRbRmetionstprad b the frsherisanagapepiity ndermpatigrudevice;
(ﬁzistc %nfsf:nriﬁgr/%&fjgp Ponnbfeded fnd ARt Udesh c%ﬁ&lﬁﬁ%ad%tgrmining

a
antenna: a secon transmtterﬁ}recel ver connect €
dehizes @acfingl amitemnaaconnieeted etwotlie tramsomitter/zedeivrpiandra beam

configured torecei ve .antenna.capabi. ity infornatian .
sFogm e e cSh ST R PR RERRRISRIT R iyt BB TR v
cOENEERJICRHNAEEEE BedBs tdT@hs €8N dntdndias Mhict 8T A riacleidée &; sedond
second antenna capability informatiqn device connected
andentis 8RR ERREREIEaRieY sopesteddonkhs spgord aptenna, the
B o Rl o TR 1R BIR pnioprmation
fAd?n the ARy edsetomdrah temnsaapability detarirtitiong/ devie commedtied lto the

t he tenna capabilities of, the station.retri.eved.frqm.
oo B AL Eap GBFTTY RIS AEAPBHD gy fasteg) doVice
Bnfit@bd a0 thet ddched aditbisdameabaliBly deterainRgt @6vitQ theesecond
second antenna capability determ ning device, the

aptenna sapability, glelenuising devige GorESBIAG t¢sPBPare thejanienna

. : _ : o
cpl3EbEeb | e A R e aid bR RIRG ARRRR I the
Andexs] cajmbiltickaifahé schtiondetriévad drany tod seched Antenmiaicapability
) be, had from t.he [ 1 owi descripti of a

ipfosmatios @mmﬁﬁa‘%@wﬂﬂgﬁuwﬁ& afipics cOageted to the
deboriNSRlenhA QA phbiliEp ictialihig ddvide, the sRetRRAtIME Rdjustment
drawi ngs, wherein:

device configured to adjust the settings of the station to utilize smart antenna

capabilities.
[0036] BRIEF DESCRIPTION OF THE DRAWINGS
[0037] A more detailed understanding of the invention may be had from the

following description of a preferred embodiment, given by way of example, and to
be understood in conjunction with the accompanying drawings, wherein:
[0038] Figure 1 is a diagram of a WLAN showing omni-directional and

directional antenna beam patterns;



[0038] Figure 1 is a diagramof a W.LAN show ng

omi -directional and directional antenna beam
wEaiobesrg3 [ 0039] Figure 2 is a diagram of a beRCDIS2005/031641

frame format for identifying antenna beans; [0040]

Figure 3 is a timng diagramfor passive scanning;

1] Figure s _a..flowhart, of a th fo . o
003Mori P iSe Sttt o fical g dirmff or identifying
4130474 b&argsre 5 is a diagram of a probe request frane
format for use in active_scanning; [0043] Figure 6 is
[8040lagr anf'igurg 33¢ aiemimeHegsamn fepassiESeaRINg; use in

ve scC ; [ :

PHILE, Y DRELE e s MG Eaofethod RyrddMipiing L BAUAR frame
ig passivedcdmringr ansnmitting a probe response frane in
i.ve scanning;. [0Q46] Figure i.s a diagram show n .

Bktlem SoPBREE ain dioptemele rboctain SEnE Radier dee in
&{c%}éél;alﬁﬁggge 10 is a diagramof a franme format
i ncl udi ng_beam i ndi cator information sent by a STA; i

633] Fi §isue Prisiasdiasram gf armrobe kespanss irpmiedarmgt for use in
J@%@%g&%ﬁéﬂ&t sent by an AP; [0049] Figures 12a and
1 [

are grans of franme formats including beam
Dodd]cat or Figvre/nmtitomirgpdibgham dor &d@jve[s0880ingFi gur es
and 13b are, di agr.ans, of t er ngt ra fornats

PTGt gt BRR do e APBP Rt B PeiePBlods b, HBYSRHUAR a probe
HeSPnkk s iR adidvd sadnfgpwehart of a nmethod for
transmtting smart antenna information by an AP and a
[8346] [ 005Pjgure §is adiagrans showingiransajesen efdatia raskebgpesween
aéhﬁPrE‘?ltd Isshown in Figure 14; [0053] Figure 16 is a

I'agram of dn existing capability information field;

[
L

[0047] Figure 10 is a diagram of a frame format including beam indicator
information sent by a STA;

[0048] Figure 11 is a diagram of a beam indicator message format sent by
an AP; ‘

[0049] Figures 12a and 12b are diagrams of frame formats including beam
indicator information sent by an AP;

[0050] Figures 13a and 13b are diagrams of alternate frame formats
including beam indicator information sent by an AP;

[0051] Figure 14 is a flowchart of a method for transmitting smart antenna
information by an AP and a STA;

[0052] Figure 15 is a flow diagram of an example the method shown in
Figure 14;

[0053] Figure 16 is a diagram of an existing capability information field;
[0054] Figure 17 is a diagram of a portion of a frame including an antenna
capability IE;

[0055] Figure 18 is a diagram of the antenna capability IE shown in Figure
17;



[0054] Figure 17 is a diagramof a portion of a frane
i ncluding an antenna capability IE [0055] Figure 18
WO 2008/08li495r am of the antenna capability | E shoReii/ns2005/031641
Figure 17;[0056] Figure 19 is a flowhart of a method
for exchangi ng antenna capabi ity information; [0057]

hosre 205t s a fd ow djpa ofr an r t
@Q%ﬂangl ng &HE eimé v & a c}farptt yOfl nf o‘?trlgg |1g’ﬁ &Cﬂgﬁ%}gg%}%nna
oﬁp@blﬂﬂyixifomaﬁoﬂl ock d| agr am of a system configured to

| ement _t he present entlo 059
! PTI Erguer 20 PR snrﬁge%f r exchanging
éﬁd}‘%nhﬁﬂ&tm%t Qﬁ&on (STA)l ncl udes, but is

not |mte , awreless transmt/receive unit, a
[0888] equi Prexre 214ds hibledk dingrashiof e sysiisgr edrifiguresh tq implement
ot her type of device capabl e of

tg‘ﬁg)lrﬁiaflﬁén‘feﬁ%?n\m rel ess environment. Wen referred to

hereafter, thg term "access point"” (AP) includes, but

[ t 1 t b '

(bBstr bRALIG DedpidN bR hrfepRiGm iR OPimyrs
[Bodhyr el eSErL dOHTREEm «&tg%ﬁ} sﬁh@ 1HEl%§§§”bu't DMERYInBBed to, a

so ves the beam Selection prob emfor bot'h passive
wireless hgnandt/eeeiveairst; anmergaqummelplr @sﬁxﬂd omnwehile gnbscriber

aI orelatestoameth gg 8 r\?metht 1
P 5, AT BT (175, oAACwite S eita o beREATEE %, A Yrigless
&i‘wmetnt aWhenraeradd th herdittdrothd themraceps point'ofAP) includes,
packets from STAs. The_ nethod can al so be | npl enent ed

btﬁ igrneilimifed $o. abasestatione adiode Beastitegoagrollegiaragy ot type
ﬁﬁe‘?fbtmﬂg”a’e%%é lﬁrh @%Le% SE%ir8MeRpa capability

tron exchange between an AP and STA and buil ds
09611] t he The peedentivemypa smi\msl’aliedbebm sdlectB@2problem for both

st andards and i %ull back tlb %%O 6% £
L [ LR e R R L O
thBhodli 513 &iPHalRRElsepRahbt Ea béiinpRnienBedBeh APSnd a STA to
beacon on multiple beans. This can be achi eved by

i the wee of snaet anjenpes o phe HELn iherapcegbine of PPP%RP@ from
STAS bﬁl%éﬁloﬁlcgﬂ afsode ﬂﬁﬁerﬁgﬁtlé!dtlh ’%sh nodes in the case of a mesh

architecture. The present invention addresses antenna capability information
exchange between an AP and STA and builds upon the current messages

provided by the 802.11 standards and is fully backward compatible.

[0062] Passive Scanning

[0063] The present invention provides the signaling and support for an AP
to send its beacon on multiple beams. This can be achieved by adding two fields
to the WLAN beacon management frame, as shown in Figure 2. The resulting
management frame is referred to as an Advanced Antenna (AA) beacon frame
200. Many of the fields of the frame 200 are in the existing beacon frame as
defined by the 802.11 standards. These fields include frame control 202, duration
204, destination address (DA) 206, source address (SA) 208, basic service set

-10-



managenent frane is referred to as an Advanced Antenna

(AA) beacon frane 200. Many of the fields of the frane
wWQoMeas93i n t he existing beacon frame as defi nedI/bg20051@31641

802. 11 standards. These fields include frame control

202, duration 204, destination address (DA) 206,

b
(PSR PRER SR o B G s BRI 35 ks 214, beacon
ihierost 219 dpdbiliop daformativar218| SID infiapahion élyment (IE) 220,
Sglgﬁg'%g‘ﬂaﬁéfgg I\Y 8‘3)21 fEe‘Q?lec}r’] #8% Eﬁék&ﬁt#ygggg] éys% (D%gparameter
seb T o0l Sttt g@ﬁ)e@rm%le&%% IBOB! inBbedderd 35S (IBSS)

cont ent’ion arameter set |E 226, I ndependent
R88metB38) 1P 228 nendtradfi indica2»8 map dTIM)aI‘E £30.

bPEhG 252 BF Pesicr Bk 5500 e 200 SRR AT AT A that

thB&ehEAL AANtdsai@Sschlt N $8Aés Wifhifies WAL bédeoR iniivile adefe N
interval, where N corresponds _tq the numher of_ beans

cgrrespands totthe Apm)aer of keatas en@hignthsAL 1l ssad theibersgn. The
b ﬁekfjﬁgf dehBiFiel B P@ﬁﬁltﬁ%%a%%&ﬁ)e&laﬁ&nt e beacon;
eaco ea en

transmt t n, 1.e midentitier
ires,cie\bieamn ileytifibr. tWhemmdacteuphg aAp ob ac orlffiplene beacon fipgmes

P, t TALS .ab nb
ER8BY o AT HhE R R LR O BRPPE Pty SpR AR aed in
tABthedalm sWedh FRrdRMEd 1y HHesAPNANd $1id ARodiH1é @6 littinguish the
versions it receives by |ookin e beamidentifier

differept VPO it receiveshytleoking af %Pﬁ beattm igentaiier @athr val
?é@ﬂ can bﬁ is %kké(ﬁtﬂﬁ §he @H\Ebé’a%# ‘fnt%'i’va@ lfGGd'aﬁrHe 364 ltb' Hé esame

t he non eacon i nterva e systemto
albheot diffel-érervadee vhare thonwusAAsheache intartd af antliedystenako be

s . to.,be larger than,th eam S¢ d t t hat
S b e sered P o the SATRELS FRBr{al Hb iR e 135yt dfn the
KAl SeRed@tRnG 86 thiiOthe8X LR, lefiStodtraRsthitOws fHci fedines. This
managenent rule that would prevent a user from

aoult beyerforagds fox expmple; i9s errapfigurativaanasegamenunde thatsvould
RVGIF g A AenE s B, AR o
1ﬁr@ p@tubﬁmﬁglgemmlczn mterva;mmi'hl sis ﬁChl e\éed by
ng t use e ter. t han .t
BB buled i taniaah oL O bagan faes Fifbare sent
ﬁcge% stvellPfd tilndt $hishk 3RRiePB@ 6§ hatiitte’ AP Ride faQie@&ﬁ@@)%horter

he wirel ess nedi um between the transm ssi on

ﬁb@ad}bﬁ DIF8rPistribpted latenF e Spagee huglamsera‘fﬂi»@ntbhﬁ§IE%£Short

Inter-Frame Space) when trying to access the wireless medium between the
transmission of two beacon frames. Any value of X between SIF'S and DIFS can
be used. It should be noted that the AP would still need to wait for one entire
DIFS when accessing the wireless medium to transmit the first of the N beacon
frames. This places an upper bound on the maximum amount of time a STA
would need to scan the medium once it detected one of the N beacons advertised
by an AP; whereby:

Upper bound = (N -1) x (beacon_duration + X) Equation 1
-11-



be used. It should be noted that the AP would still

need to wait for one entire D FS when accessing the
wowRwelasss mediumto transmt the first of the PNCDESOFI031641

frames. This places an upper bound on the maxi num

anount of tine a STA would need to scan the nmedi um

nce, it detected one of th b acons advertised b n

lo ot ere°59 lﬁlﬁep %Vc?&ﬁ% sf%eaggn_datr‘%ﬁlf%n%£ an

aﬁd&gﬁ@i&ma Andduht OF bigke Withdat eﬁdﬂllﬁloﬁzﬁ@gf N desdohs Haa@been

scanni ng. a channel for an undeterm ned anmount of tine

ixpnspiitedieethadbwi ng i f all N beacons have been

f[obawsm U1 §fle Ry g%légi’rmﬁ RRGKRE pdfigvd éamalaéiis%ﬂg)@mlﬁ%gure 3.

he ‘passive scanning is shown P Figure 3. ore
RéforrediensP bhgindshe ddcheaconinteved] 3900it waitswéoroge IFSAHL. At

et of ke B L0 B AP Rl Bl i oo rame

et \Bﬁﬁétv&%ﬁ%acéﬂ faBRs 304, theeP ARt thefifterv41€X (306), where
|nterval X ( @Fﬁ re X i s shorter than the DI FS and
gn

Xag @@rtqmaﬁntth@ d[lam] anthe §6ES400 f or
m ttiyn
[0pB8RT, ! BheRbod AR R Ohnihiiling HpPER kot BHIL B plaSsive
depanBig it ‘shawgn anFighire édEbtﬂmfetlanbél(md&gum with thé AR transmitting

ant.enpa be it.h the ¢ t beam i dent.j.f] 234

8503 Boeia e o it SLN. 5035 BoaFovaltHiapi3RnG heam
l@ﬂﬁﬁblf 234@%&1@@@9@&%@@@@@@4@9&1& det@ﬁﬁﬁhhbﬁ@ls made ifthe
all N beans (ste%g404 I f the AA beacon frane

HAdeagem fremea has been ATanspitied pm all AL heams (ﬁ%prff&ﬂﬁ *If the AA
A FALE S A0l o1 MDA, AT 8 it

(gtphiib) TétHesA A beadondrame bayabt bée@irmrmm)i onEIEN beams (step

100y HER b il DSt A BN e AO0 THR pfgta systern

HehRAtchRe 3NthavhéR Bedagn (6 208) HePiPanSRMsi the WA Bédcomerame
to the current beam (step 410) and .the_ net hod

e theerrgng heamepyithghe cprreng beamnddentifier 334settethegurrent
Bl 604,81 bR fe BEXROPERAT fu%g%? (08D 46211 e B TR step

re or after wal é interva
HeSG8hing e thetrextrbemhi(siep W@Sﬁcd’lybd& herf@Tiedheitharbefare or after

associate to the is inmplementation specific. One
W%’t%}ﬂgo‘%r g“t’él %E’é‘lﬁﬁe power |evel or SNR
[0069] The determination used by the STA whether to associate to the AP

is implementation specific. One method is to use the power level or SNR
perceived on the beacons to select the AP to associate to. The present invention
allows a STA to use this method while fully capitalizing on the fact that the AP is

equipped with an advanced antenna system.

[0070] Active Scanning
[0071] The present invention also addresses active scanning by allowing a

STA to request the AP to send probe responses on multiple beams. This can be
achieved by adding a new field to the WLAN probe request frame. The resulting

-12-



percei ved on the beacons to select the AP to associate
to. The present invention allows a STAtouse this

woredohosi4vhi | e fully capitalizing on the fact tPeI/US1905/031641
AP is equipped with an advanced antenna system [0070]
Active Scanning [0071] The present invention also

ddresses active scanni.n .l owi ng @& STA to request
BB E B g H MRS RerRthel o BS hA S pobe pedrst B s00.
PRRAYRE thE AeRMeA thy fidaisd BO0 ard'BiHd Slistin®pidte rdGAdt frame as
robe request franme, The resultingfrane Is shown in

fipeddydha§B2l4 spasdarde d'hese felds ﬁrgqlwdqfr@@@ coutgRld9e, duration
gqfrﬁA%:, %@bSOESBITB éi(ﬁlsggu&{cet &%&Ifdf‘l%ﬁ %‘inaﬁéf 5'151, and
thé ‘exi stTng probe request ane as defined by the
SadottbdshmedBi5dS. THhrewe fieldd thofithe frathe 500 pneviderdr indication

502, ation 504, DA 6, ..S 8, SSI D 51 sequence
Dol Al o8 rreb s2p valio) hat the VTR Siagis s P BAlbFE LT ARE AP.
oeznew f IghddRibd, Bfo hbR AddEre2Udded tOW WS AN probe response
Indication to the AP (as a yes or no_value) that the

fermevipe tesubing-Aiamelis shesemin Digurs@ apgis refgred tojag an AA probe
B WU LA B O B e
sporbeifgamnme bedefined by Hse 802. AAsimndbeds. Fiqldn8@2-6R28nkthe frame

0. ny of t fi f .the.fra 600 are in the
é@%%’ﬁ Sﬁ%ﬁqﬁ%éigh@@g% remgd00ned by the 802. 11
poagidar ds Theifekfisek 9216880 of tHd®aibedB i88Rafsq0thE STA that
sanme as fields 202-228 of the frame 200. [0073] The

thersA Prabe resRANGe5 3G sent Nridmes withis e Adbrasan éeferwalt ibere N
e S .

SIS, M CABEEh ! B500P S p I8 RPN TR g provo

telsponxenThe sexbnd @ awdicdd 68didehtifibe tlAFbasind thas ewad usb@to transmit

ro response. The second new field 632 identifje

Beetfon eﬂ‘?ﬁ?"%&é‘,aﬂ% S gieP_H’n _%1 ith gigRped with an AA

$yRERRN8EporldRi td the ANSprdBa TSR Wy d@iding M MipRAUNY )Oﬂgsdprobe
y

wi th an AA sgstem responds to the AA probe request
xespeniseg torthe BPAe (N) AA probe responses to the STA

PRREEY |18 PPRESHLE LAIDRALIP e 1168 Mol PLGBEses are sent

onses are sent SUCCESSIV
arbéssitely hytitmy This ishehfied ¢ Imviled the AR)uss haddlgy COhdiorter

SBedie DHES it dress thed i DERBBmABE, e hsrmateless
BRI BEIRRN L ES BARERIssid oftRSW A pRDe P8I ses. It should be noted
that the AP would still need to wait for one entire DIFS when accessing the
wireless medium to transmit the first of the N probe responses. This places an
upper bound on the maximum amount of time a STA would need to wait once it

received one of the N AA probe responses sent by an AP; whereby:
Upper bound = (N -1) x (probe response duration + X) Equation 2

[0075] The timing diagram for the active scanning is shown in Figure 7.
After the STA sends the AA probe request frame 700, the AP waits for one DIF'S
702 before sending the first AA probe response frame 704. In between probe

13-



that the AP would still need to wait for one entire
DI FS when accessing the wireless nediumto transmt
wo bwefsrses of the N probe responses. This pl acEGT/ES2005/031641
upper bound on the maxi mum anmount of tinme a STAwoul d
need to wait once it received one of the N AA probe

EPRRERRE TRty A DTGP TR OB O e

t}iamtthiIiESgamdﬂdrgerthametSIFS scanni ng |s shown in

IBIOQH;L € 7 (7) 0 AAl{n}el é@é S e . d t h S A r?ggre%rggx%ejrsgme in active

SaRdinsshewhiih Figud sp'mb Qnétﬁﬁcﬂ) 806 Bediha WBtL fit- ST A sending an
between proberesponse frames 704, the AP waits for the

Ade p‘meqxe%t?fme 5%enéuﬁm@e§m tmrmdmwﬁu.&tq]cag aliigams
(% ransm { P | n%éia\}ﬁrr br g%‘gggégé}b%y}?g ﬁ%%egto rame a1 and waits for

ﬂm@ﬂﬂﬂ@ri(ﬁi (step\@04).THel Ao tranSmitkhaa Aveplobd r&ﬁﬁnbte@am 600 on

he, ST di b t,. 500,
‘i’l??c? Lﬁj?ﬁ i AR n%@%%b@%ﬁ%ﬁ%ﬁ| %eg Huthegurrent
arh r@@:eﬁ‘@Oéﬁ Le Qet%%natﬂ]ﬁsﬁﬁaﬂ@ SrahEeSA tHRebe YR sPs:RErame has

request frame and waits for the DI FS period (step

)trarmapeltmd qry alh Nﬁ&asn%ﬁstemﬂ@ﬁ&)b@ thedpamobe fesprpsecame has
ne of. nte tht Ll ent b
beé; & SIIIélr alTﬁ? %gh%]\évlrt e,y t}beam 1%ates gs%%p} 81(R If the
ﬁﬁtrﬁbm Aéxponse fx‘émﬁilﬁifsd hdt lfélm tAdngiminhel sreah gg g)safhs fmﬁ 808),
as een nsmitied on a a step I f the
tﬁﬂ@ rt%%nq%%alsé gsﬁeﬁ% I caticdpe sY5tom then
Q@i@é@s t5 ﬂ%héﬂ%eﬁ‘ﬁt(%g 8t1§5 %@%ﬁﬁ@ttﬁgﬁlﬂ})be MspBﬁé:e frame

AA probe response fraire has not been transmtted

600 on\th@emser(téxeem, gaid) thetcnerentt heamdderdafievfid2sset by therpmrrent
t t
AT PR bt R SR SRR e e st

HFAvHtDDEs teiRAXE bbainBtepEL2D Bait be petforaed eiltka@hefvveldt after

the current beamidentifier 632 set to the current
‘Béﬁ}ﬁg(@%”é}begrf%"aéxd the nmet hod continues with step

[%@37 ANE: %? At %@iexﬁ@ &he H@&sﬁfl ﬁd&g‘% ﬁeAta% é;? Bhich AP to

next  beam s ep 81 can be perforne r ore or
afspentent ¢auld nbb takehmto aceyund|thx rafiodimk ghim qhtamedafmm the

syste he ion STAa

SRR rulet ook R AL i PRARB Y R aSistRa from
dcafkimgatie RBtaivianidnteither pabsantedr avtieslpawhbfditid/béacon
at the AP. This neant that_ the data collected from

frames and probe responses are sent by APs in an omni-directional fashion, could
lead a STA to associate to an AP that would offer worse performance than
another AP, had the gains from the AA systems been taken into account.
[0078] With the present invention, the data collected by a STA when
scanning the RF environment allows it to estimate which AP will be able to
provide the best radio link, taking into consideration the gains that the AA

systems will offer when traffic frames are transmitted.

[0079] Beam Indicator
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scanning the RF environnment, either passively or

actively, where the beacon frames and probe responses
wW@e@e®snds by APs in an omni-directional fashi oPCT/U82008031641

| ead a STA to associate to an AP that would offer

wor se performance than another AP, had the gains from

RO, YRR G R PP 000 B orcance
withihe pmenn@vbﬂtaoﬁﬂ‘lemystem a®hinchideswn AR 902) adhti SAA 6STA
Parihant i seconmion Bar ST oRE: Be A e trangiR on an omni-
GYShRAE] Midrh (@ 6fa§fem51916 afffrkfait-E @131 Béin (b1) 912 with STA 1
transmtt ed. Beam I'ndi cator%OOSO] Figure 9 is a

&D‘ja@ndhm sdoonil I@e&?@?@}tmw) ﬁééﬁﬂ h BF'A A 996¢ Brhdleride omni-
{
b GighAP pBR AP rab R B Ao b iU WY YER Y O RT R 906

(albegloﬁmﬂ'ﬁ)?t]ﬁ:’dﬁ&ﬂ;ldn@hbézmné 919 r0ldnarertetier dhoieed.i onal
t directional

b
BBRT 63> Knav G, hersineticssalied & Socsfingioatet s S bRien the
Ig}py?si’ca? 1504 E‘an%;éelgce%@tocwmmﬁ)hfeaﬁwa ﬁbé’t@ﬂ'ﬁ:ﬁé’ﬁ@c!kets sent

€am 910 may be able to be received
fean aQS@‘A&o(ai AE} indicating i0) thet AR Vdnﬁlec ite ﬂmaamlgéamn‘@maS> it

tter. c O
o iele S iR deSpuidi S aREt (MG proorg e wuit
(PDUPhitsis Gatted e tHeObusah gedicgtoPrdoto aot nb&l €Pbe heatletith all
of npbst of the packets sent froma STA.t o

pashptsadiomy the Ap e M orecpise rerRin (EﬁC%ﬁFﬁAZﬁWQs ps an
é 3@%&5@@%@&@1{5 oPa CARS i ¥e eﬁﬂé%té'd%erig&ﬁvég by {8 AP from a

rotocol "data unit (P IS noted
patratculahrﬁlb(’e dfithenP draupms i adsamtwhteb 6T1A ‘Mllbbe savinghidnext

kets [fr.o th he APbe ertal
HckeBat oL kPO rtm bt S ety REARE Baficdy Bidhe beam
iade:atonis abehledes @r? eHb\ﬁ@@r}/ﬂﬂa Heyind indicaborf thayako be transmitted
particular STA. If the AP knows in advance which STA

i thosgypacket ng the next packet, it can select the

o0 15 @G h oY of :{Q_gfan{baﬁmhh lég(g g{%hﬁhﬁg e beam

glcator not necessary. However
mdmhatat mfomm/tuml st by a BHAsThe frathe m&mgempdﬁiedt@rsion of a

T T SRR R RN,
152kt indi€athf GER] 16UH) ah8 aaMAOHirhmedi0ogr si on of a

[0083] This information is provided by the STA transmitting the packet
1000, at the minimum data rate. The AP uses its omni-directional antenna to
decode the PLCP header 1004 and the beam indicator field 1006. After decoding
the beam indicator field 1006, the AP selects the corresponding beam to receive
the remainder of the packet 1008, without having to know the identity of the STA
sending the packet 1000.

[0084] The beam indicator 1006 is an integer between 0 and Namax, where
Namax is the maximum number of beams that the AP can use. The value of Namax

" may be either fixed for all devices compatible with the system, or signaled by the
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PLCP PDU (PPDU) and includes a PLCP preanble 1002, a

PLCP header 1004, a beamindicator field 1006, and a
wOB@6Nsne 1008. [0083] This information is preul/usmodg31641

the STA transmtting the packet 1000, at the m ninmm

data rate. The AP uses its omi-directional antenna t

PP TR R ST, 0P TR s

BfférablyheN aAa E&i eclasivelyesmaoll igiegondieng7 bedd) o as to limit the

d f th k 8
P e BT PRt 1 TP Bons a8 e o ine
PGS p%&gpablfz PR M edNe, Bgank vaRicTat Qtukif Wlﬁelﬂﬂhe STA does

I nteger between 0 and Namax, where Nanmax is

meblinewnwhaibeltie 66 use imthe heam insicater feld 1096, Whea this dﬁault
PP A B St e 5 5 By v

dieation (ﬁﬁman pholielireetippaigmtiarajes, or ot her
Pr ef er Nanmax i s rel atjvel

@aﬂﬁﬁ 0 |m?1tn &g,safmag%termme@r ﬁlgg/ valyete usein § heap}géldma%or field
T80ERe@bn ﬁ%fﬂlbﬁiﬂﬁ‘ E\r&h&éi byedeiAe ﬁr%’r Alh-%mﬁlgnahng The

indicator field the val ues is pref erahy
reagmed anfoamation édrdbis swlaalmg cfoomsgq af tlae besms indheator iyzelf, along

A BERD, 27 s OB giEee Db BnltEF. e Bt Wl gt

ﬁllaﬁ:aﬁf tﬁatgles ST m?eenm#he aunmte hl@etyonddwhichp Oh@tkesdm Andicator
SpeciticC irection u i -direction
ipdaroatiop is deemstl @ﬁ@léﬁwawéhﬁq R agihiippt %V?}é affredgglue,

i 0 I 6 ,PaiRe f i
%f giv%}gggeﬂg@léleé ﬁ*@ﬁ:l %egdplﬁoﬁ'aﬁﬂg SPSTAQ%S?S%‘%@ If%ﬂq@g ANother

megagemeehti Ihamuesrahm e la’mer tdres the yeahmmlgmam heiset sd@ptlvely by

am, nd se| f with the AP and STA
ﬁt\lﬁ&élp ga %gﬁ%ﬁ%&%mlﬁfﬁ%ﬁ 10 e limt" may be added
[0086Ndi caBetdakdverdd sigriinigporsibilitbestiey tHwlA Ritb ¢rarshe the
beam. i ndi cator i nformation ri%é & eenmed _unrel jabl e

lheaya indjcatps dnfpymation; to theS nejmathog s far the "\%&9" gend a
%Jt el Rdidt ANpREAC ﬁmléa{tefr%ﬁessggéab Qni SRR $81 tREBSforAation

her “managenent franes | atter case,” the age
teiquired ferythie puepose dABtandsS A la;idtdseesabemIaSadlcatprStrptlonal age

B g dieties OIS AR ool anispny pisicabst S ke TG Rpt oy am AP.
‘e M dsBatecC 2160 mdl}ﬁ&ﬁsn@ﬂoleé)m todidaber SJ14. 11026 areA Padidrsss field

for the AP to send
1104, a STA address ﬁeld 1106 and an optional age limit field 1108. The order of

the fields 1102-1108 is exemplary, and the fields 1102-1108 of the message 1100

('D

can be in any order.

[0087] In a unicast situation, the STA preferably sends back an ACK so
that the AP can re-transmit the packet 1100 if the STA did not successfully
receive it. If the AP has to update the beam indicator for several STAs, it may
send a multicast message for these STAs containing their respective beam

indicator values.
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speci al packet (a beam i ndi cator nessage) containing

only the information required for this purpose (AP and
w@EIncmsideesses, beam i ndi cator, optional age |PeT/U$2005/031641

Figure 11 is a diagram of a beam i ndi cator nessage

1100 sent by an AP. The message 1100 i ncludes a beam

URBRESS " Aarfh et e sy PR LoE W it b btk the

rebdfred ThRroagion @ito tahﬁcf{etﬁéo@saﬂahcgeothwaatasa@cml tarthe STA.
and the fields 1102-1108 of the nessage 1100 can be_in

The infprgaation oadpe pdded afipe His PLEP hgpders attenshesiAC PDU, or
B£8R AIRIHE WIS Kol BIE38, 1 4124nd 9y AR §3Brams o frame

re-transmt the et 110
HumatsEI00), 192¢ echidmg the beain indicadér lh&am:ﬁmmm; by eh@P. The

ReRer (00 Tl BodfeT ke Rene BRBR T ot e

loesgect i VFl@ﬁ@nlLPeﬂ dhewé o faaldi2900 A8881adA9 ahBSeam indicator
si gnal i ng possi |I|t£ is for the AP to insert
é

it eI bendonr Shordremsni 2 chidgaeddiCP preamble
. .Th
ERPS 3L LS R 1904% BEak) Bffeatth 1R PR, B8P address field

Ho8srn $he daddceRitldd218sanmptineal dgeclithit fieldh#21)\@nd a MAC

t?eadglrz 4Fi gures 12a and 12b are diagrams of frame
d 1200, 1220 including the beam i ndi cat or

loobor mat i gigiseNI2W¥hews APfrahite 122@ RSt haas, th&zl?&nﬂﬁﬁdmator
nodi fi ed versions of the PPDU. OOS%mﬁgure 12a shows
I

I@fqma’a}‘ﬁpmaﬁw thp MAG fieeane el o hmiteldsi aliﬂﬁfl&?@rﬂltei tha same

prea %ng%gpwnﬁ%ﬂ%glfﬁ cgﬁ%ﬁ%ggﬂl n |ca't ErLCP

fooeild 1 2 0 ﬁnoﬂmn%%‘r&dmgq&smbllﬂy ik th2(dd, a PadShaiadithgeasther the
field tional a limi, field 1212, a
e o B Lo OB e s PEn s S e el b tonot

géﬁatthedjéani 1 QR AP S0 &vtirg dtQfbsfihb@Ro YRESTA. The
MACframe 1214. The fields of the frane 1220 are the

mn@cattnbuﬁ@mlm bagenhpemedienlty Eoraxamnie, onge eyrzy five
088 P L, g AR 160008 2L LS e i e
tbaasmltmﬂ b@amrat ithd APrata ertdis IA9sent or not. This

ORBE a1 SiFeS L3 D Rt o tegm o asmA TorAgs 180,
1320 including the beam indicator information sent by an AP, incorporating the
beam indicator information flag. The frames 1300, 1320 are modified versions of
the PPDU. Figure 13a shows a frame 1300 including a PL.CP preamble 1302, a
PLCP header 1304, a beam indicator information flag 1306, a beam indicator
field 1308, an AP address field 1310, a STA address field 1312, an optional age
limit field 1314, and a MAC frame 1316. The flag 1306 ié set only if the bgam
indicator information (fields 1308-1314) is provided in the frame 1300. |
[0093] Figure 13b shows a frame 1320 that adds the beam indicator
information after the MAC frame 1316. The fields of the frame 1320 are the same
as the frame 1300, with the difference being the order of the fields.
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beam i ndi cator information can be sent periodically

(for exanple, once every five seconds) and/or on an
wer@nn3dri ven basis (for exanple, on a change PCT/UN®05/031641

transmtted beamat the AP to a certain STA). [0092]

Figures 13a and 13b are diagrans of alternate frane

ts 13Q0 2Q.i I i ng .t he beam,i,ngi . cat or,
IR = R STAC Bk Moo} b SR e LD e sTAto-AP
'tmcijlisﬁﬁéa;dsnsi (lpfa@két&ldO?Dl witlathe Thbest fbbaﬂfﬁld:igc&@&'h( 1182012062 1308)
npdi fied versjions .q e PPDU, Figure 13a shows_a )
pleamedinoipe AR ety Sﬁp&féﬂilﬁ)%wglaiwzwasdrm@d before its
heasiglit 30 ed forLH2M ). eRhEAS8, hRfPF AR AR _fﬂegga ﬂ%‘f&mﬂﬁem
b 1Se ie 1310, a

eam i ndicator fiel 1308, an AP address
8006 swdth Busdéfnnlidval@y, s menbpadomladveafer bach valiueelf dhe beam

1314.. and a frame.1316.. .The flag,1306,is set.only.
regtefnthe ATh kRO lcl OF Jh hshnty (& aStergeal e apdicator
berrgpovisl es] the STheddesaive ndedh kh&P Wik cbi@Epehdbdbe.shows

a frame 1320 that K adds the beamindicator 1 nformation

HoPet t he Migerer khis 4 Bewchamof pj apthodok00er trepsmittagpsmart
; . :

Bafer PR ER 15y o hL PR PIC DYl 00 FERCEy fho AP

balectingalbeah dor doimghdnitaién tatheld AS51ud saledkihg the beam indicator

t i §Si t 00) with | t

PO 1 50505t 350y e B! BB st o

hinglatokfy, thd APhélfooked B8 b&iBnaht MhxidSzdsahel igrhlNetélr & the

its age limt expired (or at all). OQherw se, the STA

signpkia-nderference rtic &8 at ite receivue Thenerprelevarigty of methods

. o ;
9 gifich &% APQkh 367 0K potiha e Bl Olor W pebERETA.
H96hnas) Horeexiamapleatios AFdmuas pondifférent beemSTwhdoaeceiving

t d.to k t.hi .10 Fi 14
PR R IPee o TR Ao Ra0 T Br i BRERRA beng tefrapiilted
BRIt Ay R the FecRited RigNR]. aMechrApled 6f exfectddBidiRéts include:
1400 be(%l ns by the AP selecting a beamfor

apdyhihfdllawing the treasoisienioka faka pardet trea pattiisular STA, and a
CTS L (i PR el b 6 S TS BRRE (S BRular ST
Bhitho sepectétk phdmts, tihataymaot be neestdy for ghalSTAewehddthe beam
I [ l.-ta-interf ti | R it
rdGearpepaTngp aef (neP i ReadpryPol Beskbrad tsparhpistine pipected
By t15AAP 6 BE B iyClcd?0AMITRX iakid 4Rereidie thb R Wéuld already know
sBem fic STA. [0096] For exanple, the AP may try

i

iqhchasmr thBas when recei vi ng
[0097] The AP then sends the beam indicator information to the STA (step

1404). The beam indicator information (as explained in greater detail above)
includes the beam indicator, the AP’s address, the STA’s address, and an optional
age limit for expiration of the beam indicator information. The method 1400
assumes that the age limit is present in the beam indicator information.

[0098] A determination is made by the STA if the age limit of the beam
indicator information has been reached; i.e., whether the beam indicator

information is still valid (step 1406). If the age limit has not been reached, then
-18-



packets that are expected froma particular STA and

pick the beamthat resulted in the best quality of the
w0 emelyros si gnal . Exanpl es of expected packet sSPCTUB200%031641

an ACKfollowi ng the transm ssion of a data packet to a

particul ar STA, and a CTS packet follow ng the

-
RSP BB PR Phol RO PRR (Ehedy B B GHIAR T preta
1&% {sbe@ti4D8) "Bh oS BAsendt thatparkdtivekll t}ﬂél%naﬁidﬁratctﬂmformatmn

o he g L LEER <185 14 0GR AP BIFns 1 4e4Eith BFagReom the

@PAwltﬂe FrheediYedtdaW WahAh (#E5M4119). USRe AP QRédelNhe APeam

then sends the beam i ndi cator information tothe

igiiesenipfaagation qméaiped in ithelpaekay randrﬁvwcrmsutbﬁ aptenna to the
|
sfe’fné’l & 8&1‘ z%Ee gé ?ﬁe " g %@gexa?ﬁﬁae gsggé 1&?33%%%9,&@
mhiwfminage(sltemule‘)or expi ration of t he beam
e method 14

t ti, T 0
OREbEGe| Hhibe 8 i Eisine PEAm RN hioeeigp GRS boen reached:
1. @fﬁfe%hpﬁldléaqglgﬂfoﬁé%ﬁ}rﬁ%'ﬂorl é}%ﬂﬁ( geml@rs) thén éIfsm

eage imt of eamlnlcatorln ormatlon
sbaé% hhqr beathdddicatar. for Np@tph@r tot beetrsnsmitited te thepmni- dlrectlonal

i nfor.mat i nls st 140 I f t €

bR TR ARl Sy Bh b LR AR 00 ol b1 A% o
dinetitipabbbedm (stép P&ZREThé APb‘@cdﬂ‘r@“tﬁmpht:]Qét oinGhé bﬁlnl directional
sel e ted beam (s ﬁep 140 The ST

Asends the pack
Rgaom (sher 162h A0 d‘%&tBP Wﬁ%&wﬁp&& 16) Pesans %@cpacket is
1%;;0 {aﬁfgﬁﬁttééiyﬁ)the I0%i-AF eI Dehfh ﬁﬁ:@'tK@ La&t %%a;e STA

STA on the omi -directional beam (step 1
drdee rmk? indudelése bhambsditatardnfernmtionndrothes8TAhas set the beam

d h .
EAR B B pe Aol RGO IndP S AT hESTER the R B0 sF Rt antenna
heket (step 1414). The nmethod then term nates (step

141 [0099] If the age linmt of the beam jndicator
F mat | @W&é%@@\ﬂrs ﬁ@%ﬁ@ale qf the methed (AN Heie exangple, it

g‘a(s%{ﬂ%(i' e"Rp! hay %lllle(é{d§stie%f&ea4ﬁ@c th%Ql?é“st tJaGms for

TA sets t e eam i ndi cator for- a packet
conamenicatieg with SHA ohd2 aid STAI DHM4 mdmapdrbzpaspmtiv,ely (as

tep .1420). e STA then sends the packet on the om i -

sj} P”Pé’cﬁ%ﬂggir égam (step 1422). The AP receives the

packiet onFihfre B HhoftisiL£dssHI@ ki@t bE&RMtd dddre 8TA 1 1502,
the nmethod termnates (step, 1416). Because the packet

$EA 2 1504, and the AP 1500 commumcate with each other. First, the AP desires
to transmit a packet to STA 1. After gaining access to the medium (step 1510),
the AP switches to beam b: (step 1512) and transmits a data packet to STA 1
including a beam indicator message, with the beam indicator (b;) and an age
limit for the use of this beam indicator (five seconds; step 1514). STA 1 then
sends an ACK to the AP (step 1516). From that time (and up to five seconds from
that time), STA 1 knows that if it has to transmit a packet (1000, as shown in

Figure 10) to the AP, it should set the beam indicator field (1006) to b: (step

l—n
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being transmtted on the omni-directional beam (since
t he packet fromthe STA does not include the beam
w0 paboo3u40F | nf ormati on or the STA has set the PEHDS2005/031641
indicator to the default value), there is no need for
the AP to change its antenna beam [0100] Fi gure 15

1

FiIUCARS: FBRE utd ALRCHIRI SRR 1 HOAP bl s GRha to an
drhai-dirbeidmat patieantoof stepdé2uni cati ng Wi t h STA 1 1502

PR . B o f ERE SRR o 140 and

SHEUIRBESLOImM BY BNIES 18DE1E oA td trh2mhit Sphelet 16SFA 2aﬁfi:1udmg

the AP 1500 conmuni cate with each other. First,
afbesn dndicator massage, withythedksam mdimton (b:pndan gge hnng for the

ST Pl bRab DR alFaRA e S BRal ek 1536 Gyl o3 EOMR shAGK o
thei AB|(sicipnD528).080M 4 kdowatbat ntesnale seimtidbédin ihérator field
T AR RN
1t Sbo &Y ARSI st ARa i ﬁﬁn%Qstl:%]l@%O) ’ﬂf@ép Itehéi‘irlﬂg' ﬂﬁ% A@Kq}om

ano ive seconds fromthat tine), knows

akhetAP switpleen its @ntpankéq al( mogﬁdlra@m@hbmtmm (bo g’mpel532)
to th P, t Ids eam i,.nd or field
P3Gyt oSEAT e hifiAtedih thO ReRRRT AR 1 b Hd trfasipits o

BtA phgkéﬂ‘lt@ tAR Aﬁl?\nvdlﬂhﬂ& bdaS% &Ethﬁ’rﬁﬁ fil tilglz(g;(m&[ %eji-: Szg b: (assuming
omi -directi ona patern (0] Next ,

lessthap §'§|Sﬁg0n§@@@§§ ansed; wéem%ﬁﬂqﬁnégfé@radq@@@gébe begmyndicator
9414, $Nd toh qﬁnﬁeaw SitcBRs %%Zﬁéaﬂlg? ©Ofdes 15385 30SdHchd& the

packet toSTA2, including a beam I ndi cator message
ngimaindéreof b]e%lmqlﬂeti(sctat b5402)Aﬂmtthar¢ndg>éthe pricket wwceptivs, the AP

530 U RS SRS L 0 S REBRP S R 38 o
dirertonhhpdttetn Gbastbsl 15€1). t he beam i ndicator field

1006) to b2 for any packet it transmts to the AP
[P&0Her t hdhenRTAGKsHng agops) to themeiumdsiepladEiansdiaansmits a

(%{tg:ﬁ %ﬁ&t tolthEBRA Tt %ﬁptfge%oal}n 11f(‘f1£§cﬁr ﬁ@fiﬁd{l’éb@psétrf@ bA%surmng

e AP swtches 1ts antenna
lesmthadi fiee Seamds h[aateﬂfqrsnd;( ﬁ@p 1$48p Afsa2decoflipOiansididator

08T PSSR0 SRR DS, B DB ot e
riefithi 6@d1QT thé pAdket EBES)55001After thie endBEtHB pi@ket reception, the AP
sends an ACK to STA 1 (step 1554) and switches its antenna to the omni-
directional pattern (bo; step 1556).

[0105] It is noted that if the age limit of the beam indicator information has
expired (five seconds in this example), a STA (either STA 1 or STA 2) would set
the beam indicator field (1006) to bo (the default value).

[0106] The invention allows taking advantage of the smart antenna at the
AP without resulting in any major inconvenience. The addition of the beam

indicator field in the PLCP header does not result in excessive overhead, since
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| ess than five seconds has el apsed; step 1536). After

decoding the beamindicator field, the AP imedi ately
WGEMbosKes t 0 beam bi (step 1538) to decode t hePCT/US2005/031641

remai nder of the packet (step 1540). After the end of

t he packet reception, the AP sends an ACK to STA 1

(P a1 Aol BALSNEE LIPSO IS o8 oy frcor
fpair béts doxcBresbetant ivelicaddr fiedd).st ep 1546) and transnits a

(580 o S S BRSPS s
Blagheesversi ﬁ@wlr%ﬁ&; for £hd ﬁéck@%ﬁﬂhéhﬂﬁﬁ&ﬁﬁbbf@l‘&@hﬁﬁlementmg

field, the AP immedjately switches to beam b2 (step

tisspreseny ingeniden, shéhakrhs ADean dﬁtqrnene dcaeincomrg packet was

Lra n%alltté{ fl@% é% %@é?%%l&%slﬁ'@]gg %Ian{l Sphét)to E‘te)lé ‘@%nﬁe one of

et camremtlyoresdreed bits inlthedfservaeed lﬁehhdsﬂthe PLCPQeadérguld be used

Bt Rl e Sh A PG otde iz Y o et There

Wwill b&h BefhanBiclor fR1STe(iBk PP @_zﬁle%) anocéT‘dﬁ%)AF\B’a’dV% that it

set the beamindicator field (1006) to b&@;
ghoudd not wapes)the [lpags [ndipator rﬁ‘m&]aﬁ@h the B thak‘iiﬂgand could
0 h

ARAPLAO L b lSirBR e BALERDR, cchil BndfotthlidBl be the graciet.
[oié8beam mhéimedeﬁmt ivealtidniatsotap@lied thb eawtarf a dosh ancliitecture
rgsult [ essi ve ogverhead,, since he rgun‘oer og

PasE Hivgs é‘ﬁ Isspseepible plregeivingpg O@ilﬁ?ﬁet pnpogg gther
fn%slg nodé. e a@ cadd W mBéH ﬁoé@f)latyg §hOSaI df RASBRAGLRY of an AP as

field). [0107] For backward conpati bil i pur poses, a
desetilied pbeves ThiTmenas doat m?,esbeloglekum Wean indidator field
{: e ro J AS ment [
g BAGSR ild ARROU oo A B RS TRL bbbl ingicator

that eddshhoda Bets pyasiotislgRiptialdded lnidshmode ﬁgebﬂvﬂr%fl}%,l’ﬁleslgmde
he invention qQr not, For. exanple, one of the
(rsee feg §ea@§e iratrrfiqld when Henswdtineco mpsippadeA, ppipe the

FAEE oP 88068 arh hlidatd® tHEER kP nbid ACRLHMORULES siki@ePTé mesh

mgfl enments this invention (and therefore it there Wi
%Bbeamlndl cator field after the PLCP header) | f

O300L o or Ap ] BEmelPt th Bt Redifap BERGR sl BgF A prLoP
hiclet NcheORTA -dduldeadd d3adddpadd gftér the BECPAEeddee. This is not as

r emai nder of the packet..
ef%c:lent a solution becat?se the STA address is 48 bits long, compared with three

or four bits for the beam indicator. Another alternative would be to replace the
beam indicator field with an arbitrary STA index assigned by the AP to the STA
upon association and/or higher layer signaling thereafter. The STA index could
be relatively short (less than ten bits at its maximum value), depending on the
maximum number of associated STAs. The AP would look up and use the current
best beam for the STA index specified in the preamble. The AP would not need to
then signal a beam indicator to the STA in every AP-to-STA packet, but there
would be more additional bits after the PLCP preamble.
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[0108] The present invention also applies in the case
of a mesh architecture where a nmesh node is
waeeweoptsddl e of receiving packets from nore thBCT/OSm05/031641
ot her nmesh node. In that case, a nmesh node plays the
role of a STA and of an AP as descri bed above. This
@gﬁf that, a_ he beam i ndi cator field
transt 0 F—fesh node B, using the
joaliup of W&aﬂ&%ﬂiﬁyl 1ﬁﬂjrﬁﬁt‘tibh ﬁé]@HGU@Sdé weden Basacon frame, an
previously signal ed tonmesh node A ‘Conver sel y, mesh
arsgeiafonyaguesh frapem @n; asapiation respanse s, w%ﬁmhqneﬁgonse
nﬁeﬁgs ﬁmgré%eﬁéﬁ' Bk, BB ghé/v@ﬁ?’x? b Ii@ @ﬁ@@ﬁ&%ﬁﬁﬂfo ation
at nmesh no A has previ ous gnaled to ne
Reld[I@DO @ihchidessan aiterdatkgeirviee bk (ESﬁD supfeeld 2608, iandBSStsabfield

Lo & Bl B PR apbR R 1S (0 pBll veduicht subfieta

13668 aipiaci selidli 11610 RerpasembbRoIEARd e BRS 163248 thb862.11

8 conﬁa red with three or four bits for the beam
$f1ae axdspthe subfiplds Hi21618: pyec eopduoge thit deng apd dbera pee 11

r field with an arbitrary STA ndex
%gg{%rqe fbl;_/glt%he AP to the STA upon associ ati on and/ or
W1gBer | aylte miegerdl lmrgntlhm ru:tﬂfﬂae rone ifeh8 héserded hiul@il2 for
e ativ short n ten bits at. jts nmaxi
WanEiEy hedRehan Aap o i o R oAt the Sttt B as 2
P 0 indratAFhuspek dntapls cdpabiligy Hﬁ'@rxﬁﬁﬁo&ﬁﬂl B8 ﬁralﬁgﬁﬁtted The

beam for the STAI ndex specified in the preanble

ailp of an aefienpe’s gapabiliienaxs Rpwhof an asbiatrwnal JEcwhwh ig @tached

ST drin et ST RSBl Wl b AP
lddghna Cdphalintérina daphbilitpinformpfisd 11}) cé?n befhidedtay part of an
infaorpation fjield 1600, as used in a_beacon frame,

iS00 Pan rofesk e, oh ASAE LN TRSRSF St SrEUhgest Frame,

dA R Brole bsBoiicORLmeE ARRARE BIE poftich Mags%%ﬁ&i\bﬁdfequest
bits, as shown in Figure 16. The capam i nformation

frrate200dnduting thiscrevs BE mlmm Eignd te Thetfrgreedy00 includes

h@db?lé%)l pgﬁat%ﬂ ﬂe?é g? : éI is?%ﬁ@}éx&%&agggp&,?é%% . E 1706, a

s:p;fomudaﬂ@am 14808 and anyarseiia edph bl TE Hiid. Alteundigvely, the
reserv e. 802.11 standard t he
%%FSP-P% |cag§bfb§2{§ é%g& %h %He% HeaBy manggement i Tappe; guch as a
ﬁa@s&%atfﬁﬁ%ﬁﬁ@é%, PidSsdbdon response, or a beacon; to any control frame;
or to data packets. In a preferred embodiment, the antenna capability IE 17101s

sent in a management frame. If the antenna capability IE 1710 is added to the
probe request frame and the probe response frame, a STA can use this
information before initiating an association procedure with an AP.

[0114] The antenna capability IE 1710 is shown in detail in Figure 18 and
includes, but is not limited to, an antenna technology field 1802, a number of
supported beams field 1804, a field to indicate support of transmit antenna
information after the PLCP header 1806, a diversity technique field 1808, a field

to indicate support of antenna measurement signaling 1810, and a field to
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[0112] The present invention utilizes one of the

reserved bits 1612 for transferring antenna capability
w0 ndoensmEs on by using one of the reserved bit SPEEUS2005/031641

flag t oindicate whether antenna capability

inforrrati on will be transrritted The details of an

i | r dd| tional IE -
AREHR oD 0k hodifile AnBubR o1l LGS pRffina Capability
'&ﬁbﬂﬁﬁlﬁom&p@bﬂb@ bzymahﬁdrrdﬁ&ntﬂherIEfi'H@ IS set. [0113] The
ﬁma C abI|IE’in§ (iglnfor on | E can be |ngl uded as
BCEPS of an P lerﬁqtgg%g%m%m%amaﬁnég srlorpatAn to be
ELHRARBER 1 1AM the aRtShf: He@ﬁh&’cﬁééy ﬁélﬁr!‘l%maé}?d the¥e8P6F the fields
response frane. An exanple of a portion of an

zxyoed eptienslr Bomey thef passiblo 00 demive thk remaining fields| (Eej, $ields

7. e fr ne ,1700 jncludes a
zg‘g‘lﬂgs#?}t?cg%or#&“ﬂ%n q?(¥y1%51 2t en interval
t01e1l6]:l 1704 ftér ool M Eelﬂhw&P ar SUPD Qbdetebs! the @htédnal dishbility

an angenn capabi|lity |E 1710. Alternatively, the
9@%%0% fhe trgnsmpitiing gideatheeceiinaridoadivyts local settings

f@%@ﬁéﬁﬁgloflr:ﬁi%r RSHiGS sGeH E@ﬁﬁﬁﬁ)‘e?tof htenhaY %%Ied (ﬁversﬂ:y

reassoci ati on response, or eacon; to any cont
meéh@i,, sprart antgana techolobigies uaedefomhahsnmtbnémqume rand extra

tee antenna cagaﬁsl ity 1E 1710 is sent in a managenent
?n PRE SR Penna capability I1E 1710 is added to

tdl&7pr obe Ineheesbnt Eladethantbebitengdside@ahfsPONSRri £ Bntenna
a STA.can use this information before initi at| ng an
eARabelitans ihp rapemift il thatrapsmjismeideryd] aek Me to use

i ?Qi&ﬁdtﬂé( 'aﬁte]nﬂoféaﬁxﬁg O\ {an dftftBhha 't@c}ﬁoﬂ%égéésh @] gg;%rate

I's not mted to, an antenna
proewledyb&dw;f batlnthmb‘anmmwmgmdd zuil Heorepeifvirgg <ldd 8fsicapmble of

ifaPii biap ey OREBRbenio a0 Tatrattiosst piistonly works it

étqrﬂbmequelﬁdtﬁlsmew% a field to indicate support of
ant enna rreasurerrent signaling 1810, and a field
0dilBli cat &igwsgSrshopsa lﬁathngh%O ifomerchanging antenna capability

AR, FOFRRDRGTRE ity blioh b IR Al 0B0° P hormms
Hransmitting@TA” afd i“rdeeivimg iISTA”t arebeseslx dhdn getkd ﬂtzaltljmteh the
FREPAL i b BB eIV IPE ‘W4 B b GRS 06 o 5 Aeftcpeihat an
StBah8OBE HtBAnd éQJaBslitylinformatiofcds 0d@R4relBded) alP APHANESTA
ant enna t echnol ogy tg%e is known. [0116] After one

% brtween tvie STAS, 8 eifpn)direstioves t he ant enna
Rﬁﬁ’ﬁp' lit ¥he method 1900 begins with the transmitting STA sending its

antenna capability information to the receiving STA in an antenna capability IE
(step 1902). The receiving STA receives the antenna capability IE (step 1904) and
determines whether it can support the requested antenna capabilities. If the
receiving STA can support the antenna capabilities of the transmitting STA (step
1906), then the receiving STA adjusts its settings to handle the transmitting
STA’s antenna capabilities (step 1908). The receiving STA sends an
acknowledgement of its antenna capabilities to the transmitting STA (step 1910).
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information fromthe transmtting side, the receiving
side adjusts local settings for transm ssion and/ or

WO ewepsidoh such as nunber of antennas used, di REF/BEE1095/031641
nmet hod, smart antenna technol ogi es used for
transm ssion/reception, and extra antenna

rements.. [0 t t, that .t he recej vi

fs(ljlagglucanno sal?[pp%%gx]ntahg §n%é’§#§9%tap% i?hlet [ Iélseﬁ%)cfd t?ﬁée%’ the
ddkmosdedgentent 95 dent thehé tensmitiihg $TA Befork Ithe neteibing STA

le t th rti r antenna features, Certain .
R RS TIE R TG (L
HPtRKhGIHE&REM bF ithe RtFiRANITARE A hRESILVELLIHES, 3F 85 not

capabl e of "utilizing the technology. One exanple s
nackesar By lamoA 0y signal. dhthenreceiving STAf havippue.t leat wot ddbtdf the

[ w0 igure. .19 Ws_a t hod. 1900..f.or
S PRI AR cn o
guhi peseconhof issicofapabilitles thbe iBéd) 08 alRefdrrdd¥mbafii®nt, the

" itti ! d" i Vi " d. |
CAORBHIHRaise G Heribe Sablon FERa i horek bEIEL I i RithiSEATy
Bigican benhatrARnditi ﬁ&beéiﬂg Rrdrd@fitt %%Q%Sm%mgﬁated

antenna capability informatTon can occur between an
antenna sTpehalitise(siere 1912@and The métho@ termeinathsr(skepi 1914).

9] Th t hod. 1900, gihs wi,th the ansm tti ,
092200 a1 B, TG J6GiginR TS ARR, Mt Surmart Phe i peahfifle sTavs
drft6ehy taighbiThe (st 1906 ik thaRadivihg PTARof iFes Pheli?@edmitting
The receiving STArecei ves the antenna capabilit

| E
Y5t dpatigoleps aptibare eharamesipdearienna eamliégi)gf@gn 19H@. The
trEQUARERE SR LaRABMk i \%gtél:ofxt LB g&e%*(?\:delfégted antenna

STAcan support the antenna cCap Itie
capabiitiest(steg 19T8] andphel@ethod temmmathe (step291d)ng STA

pusts its setilngs t.0 handl e t trgnsmiting, STA
@ﬂ% nna cgb%gfal ?r;q iI%? %lg e@fq%) &eﬁeaqpegggf% P?th%(_lléoao for
exehalsgiap aatéiont AeAHE Tnf@ndtich FetveBAa waRahitking sA 2002
tothe transmtting STA(step 1910).[0120] In an_ |
Fk &r Fesein ST DAL, Shotiransreithios SB4 20Qhgends its antenna
, fa b b T
B e U Lt R 0P S 40109 THARAl ma
2094 3endslitd Sdtenanecapabilighetrmaionlte thdtirsnsreting STAL088 (step

.edge t,of t eceiVi.ng STA' s ant enna
S0 e a0 B T RS e ter
THE of RERIgVbNGedd A0NOSrEoPB12 BHhotetitiddl] asAbng P8 the antenna
capability information is exchanged between the transmitting STA 2002 and the
receiving STA 2004. Optionally, the transmitting STA 2002 and the receiving

STA 2004 can negotiate antenna capabilities to find a common antenna
capabilitjr set or can exchange measurement information (step 2014). This
optional step can be used to refine the set of antenna features to be used.

[0124] After the exchange of antenna information (steps 2010, 2012) and
any additional information exchange (step 2014), both the transmitting STA 2002
and the receiving STA 2004 decide locally which antenna features to use based

on the antenna capabilities that are supported locally (steps 2016, 2018).
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capabilities of the transmtting STA, negotiation of

capabilities can occur to achieve a comobn set of
w@2apalosl4hiies to be used. In a preferred enbodPeEN$2005/031641

the capabilities used will be the smaller capability

set belonging to both STAs. [0121] The transmtting

0529, WSO ot RS ST ARICHRE bcn

désbﬁbedlgﬂ@erm[sOdﬂa] WIfAN héhe @@ﬂici@lékg oS thisdo@scepdlare equally
q {)t t he transtmttl ng STA' s .antenna capabilities
'eg06yy WReA! VHElass cemmuicat oSt Pes t he
transm tting STAthat it does not have the requested
ant enna capab| I it es (step 1916). The transmitting STA
10486Ins t r Smste ve usi ng the requested

nna c b|| i.es t .1918 d th
Bl ha: Bl 565 pROROeSRT R, GTR SRR Y popfigurea to
idhflgment ehe amrithisesdprts aﬁuli@q)ré‘éé@@ ihOEnieKE MBREisHStem 2100
antenna capability informati on between a transmtting

iggludopen Ay 2404 gind @i REASHAL Jhe AThE102 dndufles pRgantenna

SHRHDReRe iy RS BERU kU B o
e S8R0y exambmng an’aenmapapalblihtx/ irifofroatien stored it dreantenna

tra ittin TA2002 ( 2012). 1t | ted, t hat
pBRET e RGO G e A BRI GPREteR o 1Bt BPLtn depbility
ddierroinghey d&adcod 115 Ths aﬁ@é&ﬁa&ﬁ?aﬁi@ﬂ;ﬁs bSthR AP 2102 416 8bnt out by
as long as the antenna capability information is

% XERSRY EET/BreeiNes 2 ilfeconpaststite tha g oapabilitst determining
%&9&'2@1 Gnd 4h 29%4na 9&‘123{6&%&% o fote tEAREM kA 0Rival D114, A

002 an e receiving can negoti ate antenna
hmpab»ivitchiingslevine 2il h8l issconorrted t@tiedmansodeietéiver 284 and is

an ex e neasur enent formation (step 2014).

08}?{11‘1“523?%&?185 iglﬁe %’étea%%ﬁ% refine the set of
[emizanna f gak BTS2 102 Recitisatle ahfthédlcapdiibty fmeHAdIas AP
of antenna information (steps 2010, 012) and an

Hd3i Yipormpntemsy 2340 en &&waﬁ@éttegf@swzoﬁﬂ qgapgpt@% do the

RN SRR AP b BB A RN R the

taat snitterdapsbed 2 142 dt dompaaeﬁtlﬁemmpmnmﬁabdﬂ:ﬁdswf tlsd AP2102

Bl FRRE GRS ot Yok 104 P Argesgins an

m&ﬂfd Bpalihigy ﬁﬂd)ﬂi!&étﬁ)drﬁéeﬁée 21D SwRRIACERbnAS e @ /EHld Mtenna
applicable t o any type of wreless communication
capabidity determining device 2124. The antenna capability determining device

2124 is connected to a STA setting adjustment device 2128, which adjusts the

settings of the STA 2104 in order to utilize the smart antenna capabilities.
[0129] It is noted that a negotiation of antenna capabilities between the AP
2102 and the STA 2104 can occur via the respective antenna capability
determining devices 2110, 2124. While the system 2100 has been described as
using an AP 2102, the AP 2102 can instead be another STA in the system 2100.
[0130] Embodiments

95.-



[0126] System I nplementation [0127] Figure 21 is a
bl ock di agram of a system 2100 configured to inplenent

W b@ewdmpdUS aspects of the present invention.PdEs2005/031641
system 2100 i ncludes an AP 2102 and a STA 2104. The AP
2102 includes an antenna capability determ ning device

whi ch det es. t eantenna capabilities of the ..
@%ghoz b ﬁPﬁT ﬁzr %Wﬁ% leﬁp%\b%mp@yala P8R Nk P%fﬁ%ﬁshmg
gdsabiatioh hebRedh @maﬁ@aﬁm hﬁc)luaé%ft%@éﬂsocﬁ" Qﬁ‘ﬁi‘é&f‘smlttmg a
2112 that is connected t o the antenna capabili

bracen framaly tha/ABPenpne@ntanna beansihbreceiying trhetheesomframe at

bR, 0 Ry, R, VSRR ARSI s o

Mtclﬁﬁgﬁ;ﬂl 1D diffedernin aat&:mari&eaﬁil(@) @ép‘daemfg&fteps Ga)t-h@l) until the
rans r/receiver 2 ams tchi ng devi ce

gn r@ e&rftlb%ml%f@ﬁpp tenna bearps;iapd{f) apgoriating the

5PAUS Btk AP Oh SVrh£dintth ShdRATEn ﬁ%xdehﬁtl@fﬂeetﬁgﬁes%%ﬂg?lal §Qality on
128] The STA 2104 receives the antenna capabi |

o1ref @fritroanitennaeams. AP 2102 via an antenna 2120 and a
mttar/ V, co ctedt o t.,he anten .

%gg}s An %n eeﬁcrfilga c@%a?ﬁg?enﬁlég & FHTE PHETRR T f%&b Jighing

axnaetibe hetweern H BT anban Aﬂ’ahbhﬁéethﬁesftﬁﬁé.aﬂ (@n@énding e;] probe

conp sth an en capabi | it the AP 2102 wt

TR st e U o ithe Alhothe @ﬁ&tﬁ reqygstsrameingluding an

ﬁa&%ﬁhn@h@mm@m %@m@ltblswn 'ﬂﬁRfﬁT@tbeRlsq‘Fé/ﬁzC&xe AP; (b)
2126 which is connected t o the antenna capabi |

denemittingray pmm regp@iseAframh dreom the AP txatimbSTAtqn one antenna
gleter nln1 tlce€124|s nnec t&ég@STAsettlnsg 1
SRT devied 2 ez’éesl’%sre FAEPE LSS TRE X Ry L8 gsTena
qdnfhtﬁm théOdroba respieise tramdtalt [ the ESTA(ep RBftchail e Badifferent
capabilities, [0 129] It is noted that a_negotiation
Yrtenns bgAms é%aama}tma gepp ohidlen untib thoprobg regpepse{game has

Poeh 2404 R8N GE GH anYbdhd ﬂ&ﬁ@%ﬁ%gb x&ggi%gﬁ%&%els% fo the AP

capability determ ning devices 21
thps temsmi B0 hh prolivorespaes dramevithdha bighpstsigndl qiblify on one of
2_can instead be another STA in the system

'%iaﬁ enflﬁ%fﬁin *Enbodi ment s[ 0131] A net hod for

lorpBlenent Mheg MefHvAr Accorliffne dne eBtlabpi&tbdidg two paragraphs,
associ ation between a STA and,  an AP incl udes the steps

wnereiy the methad weithpramiebiesal belarptrapsmisinghe heagpa frame
ﬁ@él%ﬁ?ch@ﬁ?%teﬁﬂb bregﬁﬁ! YA DGnbEn PERAGRSh g'ﬁegtter than a short
inter-frame space and less than a distributed inter-frame space.

[0134] A system for implementing a smart antenna in establishing
association between a STA and an AP) including a beacon frame sent from the
AP to the STA.

[0135] A system for implementing a smart antenna in establishing
association between a STA and an AP including: a probe request frame sent from
the STA to the AP, the probe request frame including an indication whether the
STA wants to scan multiple antenna beams from the AP; and a probe response
frame sent from the AP to the STA.
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the STA; (c) neasuring a signal quality of the beacon

frame at the STA, (d) switching to a different antenna
whe@an3ye) repeating steps (a) - (d) until theP@EESINS/031641

frame has been transmitted on all antenna beans; and

(f) associating the STAto the AP that transmts the

n frame wth,.the highest.,si.gna ali.ty, on one.,.of
PAZEEN: e A il thc e A Ehp S BBl ML (nORe S sdme or
tHeggrbbardspoue frame sidbddsshii¢ld idstifpingtthotothiiwabér i antenna
STA and_an APG'}_ncI udes the steps of: (a) sending a

braoprandguadield ienetyipgine ﬁ_@rrsmaw&np(ﬁé)em- the probe
foagypst T ARRthAE b fpatingntbs B 'aOQm‘éﬁeta%iEE{mIahfn AMVLAN

wants to scan nultiple beans fromthe AP,

inchrding ni AY andoa dHAr Gepoethod! inshelihg dhe stapsAH: selectimg an

STA an.one .ant.enna Jheam. (c) receiyving t rabe .
FiEpBRLe R BREREAR RS ot Edrpl R R R IHR I sending the
sHledted Yedrh ihfoenpridbefrérathongetd tINSTAL and eraBIAitti®) a packet
swtchin o a different_antenna beam (f) repeating

Svmphe Bl o (B Afthe Tawelpinobihne o haectpd pgtniniotnation,
VRERLYHAD AP ﬁ%g(%gg@e@ued%aﬁm%@amt 168¢ 2 @mf %lre Racket.

assoclfating t Ato the AP that transmt
10a8pbnse Mhameetliodhadchmlihg ghabe wecpuihg gpasdgraphpwhenasn the

of its antenna, be . [0133] The nethod accotding.to
st SRR RGP RE PP SV PopED Wit G st lovel
sredrhagtenai theaiOwithn inakaehual siPed1abentariehdet tatidg t he
beacon franme after  switching antenna beans, and

WAePki n t Hbeimethodanceordigedarane ehihe aresading two paragraphs,
wALRA }ﬁ@%ﬁf%p%@Eggf&Edgﬁoﬁe 911 bfd &u%\%gam indicator; an

Inter-frame space. temfor inplenenting a
agedimitafiotr Brnbeam indicafolrj wherein Hessdeched bearhetilleardy be used if

TA and an AP) includj.ng,.g beacon franme sent firomthe
0% 2 Hmi Dbt qined ik AsD  FEARRR podeRronn ALY adreSs; and
SEETAaM R0 Rddiéxsest abl i shing associ ati on between a
STAand an_AP including: _a probe request frane sent

0d40h t he Fharmaethed gucondies B0 ebe of tepiptacedingnidiree paragraphs,
WhElE R S&{hﬂl% gt@%ﬂ&f&g@@ﬁ&ﬁg tkggeégt?ﬁ%taﬁa Lrﬁ'oﬁﬁg'ﬁon in a
nmu I a beans fromt ;oan e

I'pl'e” anten a pro
sepapaedeedsagere sent fromthe AP to the STA [0136] Any

ARG R SER" g SRS oL Sy WAL S DO RSO e
wherein the sending step includes sending the selected beam information as part
of an existing frame type.

[0142] The method according to one of the preceding five paragraphs,
wherein the sending step further includes sending a beam indicator information
flag, to indicate the presence of selected beam information in the frame.

[0143] The method according to one of the preceding six paragraphs,
wherein the sending step includes switching the antenna of the AP to the
selected beam prior to sending the selected beam information.

[0144] The method according to one of the preceding seven paragraphs,

wherein the sending step further includes switching the antenna of the AP to an
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t he probe response frane includes a field identifying
the total nunber of antenna beans and/or a field
WO d@no3f4y3 ng t he current antenna beam [0137] PCTES1008031641
for supporting use of a smart antenna in a W.LAN
i ncl udi ng an AP and a STA, the rret hod i ncl udi ng the

ste i n n antenn m,by.the AR to use
Rt L merir heh FRACE e SR feflut-Sai G on the
debaped péanation fromthe AP to the STA; and

transmttlng a packet fromthe STA to the AP, the

[Qddlet | nahaépﬁ@wflr?é%rép%%an%eﬁﬁhq Rresesing ¢jght paragraphs,
oicE Blcil g Wi WhetPof BRARE AFRALORAGIR et P8 e BTA to the
AR apon |sngcessfui heceiptef tik sejegsed hgamphformagioni n t he

l gcting | udes,.sel ectin n_an na beamwth
BEAGS! 1 Be GRS AFETTORE 1, i B R IOBSAILH PrRGAPaTdgraphs,
fﬁaeﬁemmmm@ahe biRpk bf: esdefifH & EirkAdrd ofﬂ}ﬁbiﬁ@]ketm%e APvia an
net hod accordlng to one of the preceding

graRidiregiional hpapethe finss radnefithe Pgtﬂéfﬁ mpﬂ@ﬁmge@ws@lmt%beam
t

SRR Bhine S SABR I BLE 1 B 08 LGB

theedlectfed Feanagdotmation; sl rectivingm sexdnd tphet dfRhs paekibtuhthe

cess Cco 0 MAC) address; and the STA's MAC
SRRty

#Hve met hod accor di ng to one of the

[p1eriedi NgThBra6tHAr AGbATINS .to WIS 6f thd Pﬁ‘ec&&ﬁfg’* figh phigraphs,
i ncludes sending the selected beaminformation in a

ehersimthe swilching si{ee tneuden depasding dhe dirst aprrigef theopacket to
&éfte}nl}ﬁeaflggggk{ég 5 par agr aphs, wher ei n t he se_ndi ng
I'ng

step i nc es sen the sel ected beaminformati on as
[p248] of aA eydtemi foy dupportihy pse cﬁma%haﬁhmimahhcm a WLAN

.accardin one t he recedl five phs
iGAbE E AT 2 T GPE SPTtEm I hig: % AL paEkel Rt rom the
Arachddraatieod fitAfRcrat 1'11@]?1dﬁ]11gﬂ9 asefe@tédrﬁgaﬁ?irfdléﬂﬁr, a medium
presence of sel ected beaminformation in the frane.

gegass3onired (Nx(WorddressopldibegAPoand e MAG pddysseofthe§TA, the

e
i T TR T e
fpr commiumicatiodi wigh theSTA| 2xd e dedv@dmaickéty semtitframn the STA to the
AP, the second packet including the selected beam indicator, whereby the AP

receives at least a part of the second packet via the selected beam.

[0149] The system according to the previous paragraph, wherein the first
packet is sent as a separate message from the AP to the STA.

[0150] The system according to one of the preceding two paragraphs,
wherein the first packet is part of an existing frame type.

[0151] The system according to one of the preceding three paragraphs,
wherein the first packet further includes an age limit for the selected beam
indicator, wherein the selected beam will only be used if the age limit has not

expired.
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[0144] The nethod according to one of the preceding
seven paragraphs, wherein the sending step further

WO p@bAsiags swi t ching the antenna of the AP to PCT/US2005/031641
anomi -directional pattern after sending the sel ected
beam i nformati on on the selected beam [0145] The

d acgerding to aone.of .the precedin i
BBB2E+ aphatte; e aoifiditioh Be i R e fod v, gospgraphs
abkidnitiee gestepcket AirthdieingTifled 8 behf NdidspomnirForseatsal flhg, to
recei pt. of the selected bfeiam information, [0146] The

mGRG e BEEaRsRLlitbe splects berw ipdiader inghainqeket.
[gﬁ?@p r aphgppf é&;sﬁ;&ﬁradcglgikﬂ:é’g 0 Dnkhst BleProcBliing’ 7€ p4bdlEaphs,

ITst part of the p at the AP via an
whereinti 2 st padl| oftibarsecartvepddket tis peveivedf att the ARckatan omni-

ncl, udi t h t i nf tion; i tchi t
diRgeioal B e RS b o AR b R ek et Bl LT kseq Feam
inldéca3ed; €56 AP beRehdsitoaRhhe o thé ele@e hehladsFREAdn the
part of the packet at the AP via the selected beam

jedacted begia indicaian andarespripard obthe sseondpackebisggrgiyed at the
ép%gﬁ{@gglﬁ&g?bemgrei n the switching step includes
e e

coding t Irst part of the packet to determne the
Wabdkt ed WeaystemnOfvt8ixchanging emdrd rargdappa rcapaljlits enfofmation

t_ant AN, i ncl udi . AP STA, the,.
B Been henaiaihge T4 pbde ool DL andrlefs lsuptyation
dykeenp T Anclibihgf iahS binfatke tapdehityd infriagioh e 6le@tbnde @thanged

i ndi cator, a nedium access control (MAC) address of
hetweppthefrangmiingatih and thy receizingiiT'A prier sedafertsansmission

PR oL ITALSRL LIS BcBl A RS BAEE o Maing
séoondigardgatdingdhe chpanilitibeofShattwotIRASP, the second
BREE | Lot Vad i s SOt SRLap e e
Wirdles8 Borfifthi @R bnSaBm [ WAIAN N e ¥ St PR ARE FTA RGNt AP or a
t he previous par aglriaph, wherein the first packet is

SBAdn fhe V1sANapnd herpecsiying $THns anel Am the PAan AP.
Th ' t f . di
ltk)qgélo ] Q’hﬁy%{sﬁ%;a% a&c%&’dgltlél go I?lF gc{feth% &Ite!tggdﬁ';ge q bg)fgaggﬁphs,

WO par agr aph erein packet is°-par
wheslin el amteant y@epabjlidySinfforhiveticy elanemic todddeyg ah oantenna

t%gﬁmﬂf)gjg %gldo fru? %9 Ilgagst torr]lfa 1elc? gél% regpfj;osn’l the group consisting of a

number of supported beams, an indicator of support of transmit antenna

information after physical layer convergence protocol header, an indicator of
diversity technique, an indicator of antenna measurement signaling support, and
an indicator of multiple input support.

[0157] The system according to one of the preceding two paragraphs,
wherein each field is derived by the receiving STA from the antenna technology
field.

[0158] The system according to one of the preceding three paragraphs,
wherein the antenna capability information element is sent as part of a

management frame, a control frame, or a data frame.
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wherein the first packet further includes an age limt

for the selected beamindicator, wherein the sel ected
whemaosi4bi only be used if the age Iimt has nPCT/US2005/031641

expi red. [ 0152] The system according to one of the

precedi ng four par agraphs wherein the first packet

her includes a bea icator, . jnformation fla
DREIDST o Hhe SirEut serang Hb oot o ihe PTBURIS Aot Blisgtaphs,
wherelietiRA&KRhna LO3ahility iforsy s e effeft H S&hhBg@NBet@een the
the precedi ng five paragraphs, wherein: a first part

tsanarpidting Sddapd thetecpiying @A\%@na'ttlmn @ﬂ;ezp agsagiagtpndmtween
tjhe(Eta[n“sﬁht ﬁ[}%‘ngeﬂ'@jth%q efl‘}l{qgg aJrIat n 3&%9 ?glataAgansfer

pac ing e sel eam n |
ltiveahtise irhasaitigrElA and hhe sezieaﬂth’HAeam as speci fi ed
di cat or; nd a secon

i he sel ect am i
IbRa0Cec ont et fr exchenion Pt (AR GRBARIHE information
Beewest 84rdRamtih® $TAl arfl 8 YSdeBhE YT UCHIMIEG ®MBhfinication

antenna capability informati on between a transmtting

sgFiRmy Adcladmestbieteny oS Bandnganteres eapabilstynnfirowtiopfrom the
R R L

caaGapporm gh&iﬂwnmrcapwbmabaoﬂ thanearisastiong STAyedinsting settings

t STAs,, ant.enna .cap lity infor t|on el enme
qtv\,g? Eﬁﬁeﬁ’@flg E&érl ISEELY 08 i YU SRR AL2PE Blhtles of

thi %réﬂlyﬁn%éé sTA93R2 ]tramﬁnﬁmé &:ma%&ﬁ ftﬁb Rehristhitthes STA to the
prece |&jgﬁparagrap wherein the wreless

eingdhe aptenng capamlmes if the receiniggiYRA ¢cap SDPPIE the

A t he A the receiving STAi s a
aﬁﬁn a"%ﬁ?@’ @f‘%\?ﬂ etra’%%nldf’fgg The system accor di ng
[Dve1ine of Thbendthetsidbrling tothp @f'@gﬂm@fjﬁraghﬁph efuptHeh thcluding

ntenna_ capability informatio clu
thAsbehal TOHRASIT 55 e tTanSEIthing gﬂi ‘@ﬁgtarbﬁ@w pdgement of the
x%@&%%@r&g%mé,ﬁﬁ QaBRiteansi sting of a nunber of

supported beams, an'indicator of support of transmt
[ah6Hnna i 'ﬂi‘hg rveithiod nacabdéng b ozie oo thlealywpechug\/cez&mgpmraphs

b e BB 1 i il Btr 8 e S s the
a’ﬂj@btﬁfgsteﬁj cator of nultiple input support [0157] The

stem according to one, of the preceding_t
9 @?ggr aphg‘he method according to one of the precedlng three paragraphs,

wherein the replying step includes notifying the transmitting STA that the
receiving STA does not have the requested antenna capabilities.

[0164] The method according to one of the preceding four paragraphs,
wherein the transmitting step includes transmitting data from the transmitting
STA to the receiving STA without using the antenna capabilities. '
[0165] The method according to one of the preceding five paragraphs,
wherein the sending step includes sending the antenna capability information as
part of a management frame.

[0166] The method according to one of the preceding six paragraphs,

wherein the adjusting step includes adjusting at least one setting selected from
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wherein each field is derived by the receiving STAfrom

the antenna technology field. [0158] The system
wa@ewonsli4sny t o one of the preceding three paragPEplis2005/031641

wherein the antenna capability information elenment is

sent as part of a managenent frame, a control frane,

: h stema rdi ng..t o e, of
e Rt 30Tof PR3t PR LIS A9 L s
enieahiltedhnologyarsed] aad aédieivhal antenax ehaizgeshbeisyween

ransmitti TA and the receiving STA at_any tinme .
t{’rqulf ass methoh e REMSSTRAENINERRR 3PSk dutormation
hEGREN 1 8rs2TEPA A é‘@lﬁc&ﬂd”@Tﬁfihgé vﬁréiéésacotrﬁlﬁﬂﬁjc%f:rixn system,

between the transmtting STA and the receiving
jrolsling rhantepioef: sepdiexamtanga ngpahiittinforeiva from the first STA

N s

fHAltudha@Gritr8TAL eps of : sendi ng antenna capability
Information fromthe transmtting STAto the receiving _
188! Gor e?FMW%O%wﬁ@pg%@lerr@e@dmwrmp@aﬁn@wmﬁudmg
ﬁfé_est@?_to? AR 5P ARial Tyt b@%h@fﬁrgé"STym%.ttbb NAeonlSTA, on the
adj usting settings at thé receiving S the
antenheicapaldiities o see forfututedranseissmncaphirckptiore beivfeen the

h ansm-ttin A and transmtting data fromthe
ﬁsﬁ%ﬂlﬁ ?’f‘%}be ?fg?cigﬁée recei vi ng STAusi ng the antenna
[oapebi | i t s mbtHddeadceeding i tdCorRTACEe BreeB@ing tWAE paragraphs,

aﬂter_ma capabjlities of the transmtting STA [0161]
hereiR thodedding siem i pIfHE 9 Bithowtapspaddigioaphcommunication

l%é%%gﬁ_"thé ﬂ?étl%l‘ﬁgvnmﬁ?ﬁe si®Ra@rA epl ying to the

ransmtting an acknow edgenment of the
l0aéei vi ng T8¢ Anethadt axaoaling pabné of tles prdc@dBig] thfbe paragraphs,

hod ' t f. t di t.
RS P REB e ot BB Reipk e B Rap cpoaiilifes o first STA
id ehe s6condeSBA] wilersig tHeePecMingdfdteh ihdl@dausdlgl # antenna
st eg; .[0163] The nethod according to one of the
sarabliiesdhahpeesynnorisddyrkoth khe fisstS A anddpe yeeondt
! q g . i
A g TPt AGaErdibg 15 ek drMhe HSociRh i paragraphis,
fuaidel comprieing the ktp|of Thdangingodeaxncanentrigfdrmation between the
ftn'rég SV éh%gsezgry({ S'Pg,r te}l%re%ﬁgﬁging step being performed prior to the

deciding step.

[0172] The method according to one of the preceding five paragraphs,
further comprising the step of negotiating antenna capability information
between the first STA and the second STA, the negotiating step being performed
prior to the deciding step.

[0173] A system for implementing smart antenna features in a WLAN
includes an AP and a STA. The AP includes a first antenna capability
determining device; a first antenna capability information device connected to
the first antenna capability determining device, the first antenna capability

determining device configured to determine the antenna capabilities of the AP by
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wherein the transmtting step includes transmtting

data fromthe transmtting STAto the receiving
w@EIesaeut usi ng the antenna capabilities. [ORGBPSZh&031641

met hod according to one of the preceding five

par agr aphs, wherein the sending step includes sending

t ant enpa_capabj ity inferpation as nt of.a .. .
AP ARA st RS RET B e BBy fryoPrpatig device
ofirst Inmnmﬁgteﬂ/iragiw&a& Xoadchg! ti@r:ths firsthartennn ddpabﬂﬂ%z déﬁeh?gﬁng
tep inc¢ludes adjusting at |east one setting selecte
ff%v ¥ f?e%J’g?fo apteEis F@%ﬂeﬁbe%ofo éﬁﬁ m%%?mlaﬁer&ﬁfeéwasaqﬁs @gbeam
SvildnBE Hebike BhNORed 3o YR fraAGhRNIAL&CAN AhRD YetiSCMritching
and addi tional antenna neasurenents. [0167] A net hod
deyicecsaztigngec go swiich heamen ofitlhenfadti antepnanThe HRA dncludes a
b a first S and.a second STA | i rel es
LR ER ot oot B mifte RERRT r Retnseliodht SRR amgenna,
thiat eedpadc gizaliliitby/récafver Nedrfipiréd of® trb@itd rfterlh daPability

the second STA; and sending antenna capabilijty . . .
infrrgation Giem ﬁb?nz%%easweﬂg antenny, capability detéeymining device

doBhE&kd The tﬁ@*se&%da%%ﬂﬁﬁgr/g& Rerpaecqdhd GuRghAg réapgbmty

further including the step o eciding locally, at e

ihformat®nAdevice abnndvéeds be dhel s8Tond entdnma capability determining
apabjlities,to use for, .f.uture transn s.si on .and

FRB Ireiee i iR S bt sfmniriE P SR et g compare

he kaddnnEh@ pabilitd of oA Hire@ited fona thé sddotd Praeesfitedreceiver

two paragraphs, wherein the deciding step i s perforned
ith htglﬁta auna gapakibbas of Shendd e etrisied dxome dhe speond; anjenna
. .ST. '
SR 309 000 S A TRl ML PRRE ARl
thesecmidnaptehea sapabibiy deepaining dehiee,ahedTasetting adjustment

bili.ti f the fjrst, STA t d STA,
BRI 554 B iy L B e S G e gt
capapBitldst i es that are supported by both the first STA

and the second STA. [0171] The nethod according to one
BL74he pr Ebeaysigmiascording %)&lapﬁ%qedmnax@grap@w exqip ghe first

e T L T
dedemginpeg flevine dreromdigured e ndgafiatiersylevbEpf antenna capabilities
that both the AP and the STA can support.

[0175] Although the features and elements of the present invention are
described in the preferred embodiments in particular combinations, each feature
or element can be used alone (without the other features and elements of the
preferred embodiments) or in various combinations with or without other
features and elements of the present invention. While specific embodiments of
the present invention have been shown and described, many modifications and
variations could be made by one skilled in the art without departing from the
scope of the invention. The above description serves to illustrate and not limit the

particular invention in any way.

* * *
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[0172] The nethod according to one of the preceding

five paragraphs, further conprising the step of
wme@ons@ps ng antenna capability informtion beP@EES0051€31641

first STAand the second STA, the negotiating step

being performed prior to the deciding step. [0173] A

system for inplenmenting sbAIMENt enna features in a

%é[c\lig ﬁ&inﬁ'&f%- an AP and a STA. The AP includes a first

antenna capabl'l ity determ ning device; a first antenna

capal.| it infthodrgbt ampleniéitng anRacire chritenhdanf edtablishing

antenna capability determ ning device,.t irst .
afAPEArien Peyuasm 3 ﬁtetla%@éﬁ ?ﬁuﬂ 81 AESRSE BORY RKPEH} & ¥ixedess local
185 SHeB bk, LhApARIEE faRaAp | 1 ties of the AP

byexani ning i nformation st ored in the first antenna
capald) i t yrangitting 4 beaws\raee ba the At on one antenna beam;

transyy tteérc/ rvqcei%\l/eﬁ cgnré\ect edtého $,]B§ first antenna
capabt] i t {PGELRE MHPFTIOAEAREH B P14t antenna
connget ednfe@stififg brsidisdligubtity 6fihRibeaton AachefatiBarBTA;
swi tchi ng device connected to the

trand® t t evitehingity grditferand apennash¢amdni ng devi ce

SR @Hr efogearnpstdl (BRAAP thD Beddoh HarAMh NN trk}Rmitted
STA includes a Second antenna; a secondr11

ar alhentennerbeapceandr connected to the second ant enna,

t he cond transm.tt recei confiqured to receive .
ant edia cABaBEETRLr BTAREEr S R fapRatne Gl Bt with
A egiNat cRpabyLiality GRS 60itd MgtedBd begmeonnected to the
second transmtter/receiver; a second antenna

capability information device connected to the second
antepna caga ﬁlth&cy aldGidRh STt Ah F%e(i‘gm thQ?eacfc%ﬁ?Fﬁne includes
antenna capability determ ning device configured to
acheldaidentifymgtitectobel rompldyi dfiantesaobeanhes AP recei ved
fromthe second transmtter/receiver with the antenna
capabilities of the STAretrieved fromthe second

ant esna C@RaBidthéd/adchidhdBidl&im UeVieg6in tABBedon frame includes
STAset ting adjustnment device connected to the second
aheldidentd Jphq‘ qurepdtagtennd beprayvi ce, the STA setting
adj ust rent device configured to adjust the settings of
the STAto utilize smart antenna capabilities. [0174]

The d4yst efthaasthod agordingdo pladned wigreiarthg magihod waits for an

Wherejn the first .antenpa capabili det.ermni
ifb7T ELPeshit el BR GRS R P ARPT Ty DT AR oams.
device are configured to negotiate a |level of antenna
capabilities )

5 The method according to claim 4, wherein the interval is greater

than a short inter-frame space and less than a distributed inter-frame space.
6. A method for implementing a smart antenna in establishing

association between a station (STA) and an access point (AP) in a wireless local

area network, comprising the steps of:
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that both the AP and the STA can support. [0175]
Al t hough the features and el enents of the present

WO pwensidoh are described in the preferred enmboRPdTES1085/031641
in particul ar conbinations, each feature or el enent
can be used al one (w thout the other features and
el emémlt s sdnding apreberegpusefrbomi fmantth)e STA tmtheaAPgithe probe
co tions.w.th or. out .ot f re
EBR e PRaing B aficaPRY e B! thniTA WEE  scan multiple
wabadirsmnhe AH; the present invention have been shown
and descri bed, many nodifications and variations could
be midle biraBEmitiig 4 pebp resprBseiramgifras the 4B athg HBA onone
dh 94 h&ascope of the invention. The above description
serves tolllustrate and not linmt the particular
i nvefdi onrecmvamgthmgroﬁhﬂb%n%ﬁﬂmsatcﬂhmsm is: 1. A
nmet h for errentl n ant i

oot abP shineg USHR FIETROH LD LN BroDe ZpingAse e alihe STA;

an ac&essspikithg (6R)diffbreat WhtdSsednocal area net work,
conprising the steps of: (a) transmttlng a beacon

f r anéd by rqwahpg@ﬁenﬁn@) ar®cwmal Hheaprob eBpsposse ifiame han been
r?[@g measuring a signal
tp%%ﬁ@ted %Eté]g%obr?;ﬁ a%rgaat the STA; (d) sw tching
to a (g)l f f agsecibtiagtthorsTdeathe AP)thae mﬂaaisnngs tHeepobé @agsponse
d) unti]. the beacon . fra has be nsmtted on all
figibe At Hheghosaenat alEe F 2rs BEs RELSTA tRE- Ap
that transmts the beacon frame with the hi ghest

signal quality on one of its antenna beans. 2. The
met hdd actbe gietlod arspeding to clajme pevhernelethenreberdspense frame

(DOGLHIE T (4R hISHS LN b 0P o Slaho L O

tenna accor i ng arm 1,
wherein the beacon frame includes a fiel d i denti fyi ng

the curre t hod according t
el B The RRRo HeonBrpinelam Povhereusihe Hobs {Asponse frame

ihahaEea tf"%ﬁﬁﬁl’éhh?ﬁﬂg thdeuReRE A ehhaMeasf t er swi tching
ant enna beans.

9. The method according to claim 6, wherein the method waits for an

interval before transmitting the beacon frame after switching antenna beams.

10. The method according to claim 9, wherein the interval is greater

than a short inter-frame space and less than a distributed inter-frame space.

11. A system for implementing a smart antenna in establishing
association between a station (STA) and an access point (AP) in a wireless local
area network, comprising:

a beacon frame sent from the AP to the STA, said beacon frame including:

a field to identify a total number of antenna beams on which a

transmission will be made; and
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5. The nmethod according to claim4, wherein the

interval is greater than a short inter-frane space and
wo e®s/0839:1 a distributed inter-frame space. 6.PEI/IE10bHEB1641

for inplenmenting a smart antenna in establishing

associ ation between a station (STA) and an access

poi nt ( APy fleld to identifice bespathairie gurrentdpbring transmitted on.

conprising the steps of:(a) sending a probe request

frame fromthe STAto the AP, the probe request frane

[ nlcl LmlL ngﬁa@yétﬁifii dot iim@»leﬂmith?; ot Renavl AweBhsa tia establishing

mul ti pl e, beans fromt ; transnjtting.a pr.ohe

%Ség'aaﬁg% betvegeR g %%HOPETQE&?@9}%@0@?&@%%@5% %Nﬁ%@q%s local

HRAMet ok, coaphikidyd the probe response frame at the

STA; (d) neasuring a signal quality of the probe

r es penp@be rageesitirarhe sgTiAfromebhesTTA dhithe Ay said probe request

. fferent. ant enna bea L. he ing,steps. (b)..- (€
SR s B0 B8 Tondsbbr A WS P e rad Bggrna
Bdamefb@rihe A®anr®sl, and (g) associating the STA to the
AP t hat gransm’ts the probe response frane with the
hi gh@sroBe gespongr Spmesenh itgpbtherAR fatha R EAmnie Brehe response
fFhgeRUB@thgaccording to claim6, wherein the probe
response frame includes a field identifying the total
nunber of adielérinddertafysa tetal Thenbeet dfaahtencobdamg arowhich a
claim 6i V\,h%F ein tdh_e obe response frane includes a
FRRTHSPIRRY RS g ?’h%rp(%urrent ant enna beam 9. The
met hod acgdielld tiidenti6} BoBedm WA tlrrbhly BBingtflam@hitted on.
for an interval before transmtting the beacon frane
after switching antenna beans. 10. The net hod
accory@i ngat i f@@ﬁ ' ' sal
t han 1%' shéxrlts;kn?ﬂr(l)ta e?fm- %rp nme é%gg%gﬁ;éﬁ%ﬁ]g{etg%ﬁ %élﬁlag W& Local
aties tnetwertke(W LANe thier WhANs pebeling n akcespgioerh (AdY) and a station
@@elﬁgntitﬁg a smart_ antenna ifn est abl i shi ng

CSPEHOS SPRPLIE NeF PRt sTA) and an access
POi NtseleAithg iafl sht¥hi£bess Hyahel ARt Easd ok Wokaunication with the
conprising: a beacon frame sent fromthe AP tothe STA,

d beacon frane including:

sending the selected beam information from the AP to the STA; and
transmitting a packet from the STA to the AP, the packet including the

selected beam information, whereby the AP uses the selected beam to receive at

least a part of the packet.

14. The method according to claim 13, wherein the selecting step

includes selecting an antenna beam with a maximum signal level.

15. The method according to claim 13, wherein the selecting step

includes selecting an antenna beam with a maximum signal to interference ratio.
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afield toidentify a total nunber of antenna beans on
which a transm ssion will be nmade; anda field to

WO d@nosf4ys t he beamthat is currently bei ng traPGHU$1008031641
on. 12. A systemfor inplenmenting a smart antenna in

est abl i shing associ ati on between a station (STA) and

an adéess Tibei mtetl(odp)awomdialgwtcr elaams 1Bpodiereine thengending, step

SRR Sl AR AR pEAP, RGP ST oA Hac

adﬂiesmhn&mhwﬂ&‘wbemmedcﬁ%éwants to scan nultiple
antenna beans fromthe AP; and a probe response frane
sent fromthe AP to the STA, said probe response frane

i ncl udi ngTh@rﬂétﬁl)&jaéc‘Brdlﬂg% tib¥ma 6l Qhéllelﬁlﬁ@s%ﬁdﬁf tep further
ant enna beams on which a transm ssion w n'gdse;
ianlhdes sénsling ap agd mit for thh betmmandichtur, whersin thenddlgcted beam
bej ng_trans met hod, f or supporting use

‘gﬁi %{ggr?gﬁs gﬁ#t&ﬁﬁeqﬂ]ﬂ%%ﬂsrn@lt%gl? %cal area network
(WLAN), the WLAN i ncluding an access point (AP) and a
statian (STA the met hgod conprising the steps of:

sel edft ngThA mAthadhaceadimenio cldmap3; yheseins the sending step
GORIME LERHRE PhdbdiBetbl Besitnt ioaqntah%paﬂt%%&%ag@am

I nformati on omt e AP to t TA; and'transmttfng a
packet fromthe STAto the AP the packet including the

sele aml rratl he AP .uses t he

6l edPod BBReHi BRiopdin, b Sl 15, SHerg” fi sOting step
ipaleides senthing ﬁ{eeseu@wpwbaaﬁ afbehagon 8s beaﬂénswfrem@ type.
the selecting step includes selecting an antenna beam
with a maxi mum signal |evel. 15. The net hod accordi ng

to Cl2@' M 4fe anﬂﬁ&fb&ot glﬁ]%(\?mlzltﬁﬁfl'lggwﬁ&%ﬂl fH’é%Jeﬂgli% step further

sel ecti ng an ant enna haxl mum si gna
inciudee sératieg aebetam irglidBor iitfermatitwtagcodndicate the mieaéne of

rein end i ncl udes sending a beam
ﬁeﬁ%‘fF%g;?‘i?rmnf ’émﬁ\ ogl?rg}g‘?%ﬁpgccess control (MAC)
address, and the STA's MAC address.

21. The method according to claim 13, wherein the sending step
includes switching the antenna of the AP to the selected beam prior to sending

the selected beam information.

22. The method according to claim 21, wherein the sending step further
includes switching the antenna of the AP to an omni-directional pattern after

sending the selected beam information on the selected beam.
23. The method according to claim 13, further comprising the step of:

sending an acknowledgement from the STA to the AP upon successful

receipt of the selected beam information.
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17. The method according to claim16, wherein the
sendi ng step further includes sending an age limt for

wao b@olozrns i ndi cator, wherein the sel ected beanr@i/U52005/031641
only be used if the age limt has not expired. 18. The

met hod according to claim 13, wherein the sendin%hstep
i ncl des Thamethod hecosdingdo elhimeldnfunther ¢pmpriging ghesteps of:

S epa -0 |
RS ot BB PR B0 e B e,
&elfﬁet g%«tbﬁﬁm pam‘kﬁt g&ﬂu@ngahe pelet:ted}‘beam M¢mv\%tng1 franme
type. T met ho ng to aim 19 erej

the SEAghing heantenpa Rbtha ﬁ%rce. e sal @alal %Se%ﬂ%ﬁﬂd in the

éem&megymllﬁg%gﬁgﬁ%dl ag, to indi cate the presence
of sel ected beaminformation in the frane. 21. The

met haeceddogadieagnd paxtloithe packephabtled APtia theseleeigd beap.

i ncl udes switching the antenna of the AP to the

sel ected beamprior to sending the sel ected beam

iqu osat | IE‘he ﬂ&dhoaﬁcﬁﬁhﬂgdo &ﬁﬁﬁi @un l@v}i(:je@ei@ﬂ ﬁiem:\ﬁﬂtching step
erein the sending step further includes swtchin

1Pﬁ1é1dﬁﬁt1%°i?ﬁ§1§)ff etfﬁré Rprii ¢t Lﬁ Paskat tadetarapg the ﬁ?qtgq? Ream

after sending the selected beaminformation on the

sel ected beam 23. The nethod according to claim13,

furt B6r cArgysiesi fig suppotingpussfof asanalitragtenma in a wireless local

et by HOTRE R LAN B s b gbles 1P APTERIY Hation

(BERhotheagsRhtlidigptisingl ai m 13, further conprising the
steps of: receivi n% a first part of the gacket at, the

AP viedingh Packat. sant deam shaAPHedhe STie spid Gyst packetgpcluding a

RICKE] bl PR, B o AL ATER BRAT ALY HeBlbftho AP, and a

MAQSpiainess efttheSThesaid seletted Heaamnindidadomukentifiyingragh antenna
t. of th ket at .t hg AP

Hepo edpfe Bt e A bR o EnB R b O ST e

24, whetdidpdchet, swhi fedithABe STAR0tREARIRS] Send badket iRluding
flrst part of the packet to determ ne_ the sel ected

s9ichfelected heamy !ﬁdé?ﬁtpbrwb‘%rﬁbb the i teeives & leagra part of said
%E‘?AWHEBPV& We'Rleb paGal area network (WAN), the

udi ng an access point (AP) and a station

H

27. The system according to claim 26, wherein said first packet is sent

as a separate message from the AP to the STA.

28.  The system according to claim 26, wherein said first packet is part

of an existing frame type.
29. The system according to claim 26, wherein said first packet further

includes an age limit for said selected beam indicator, wherein the selected beam

will only be used if said age limit has not expired.
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(STA), the systemconprising: a first packet, sent
fromthe AP to the STA, said first packet including a

wa@ edoensres beam i ndi cator, a nmedi um access contPOI/USNPEN31641
address of the AP, and a MAC address of the STA, said
sel ected beamindicator identifying an antenna beam
sel edlled MhetshsteAPadcording td daing @G ymwhereat said finst packhiefurther

STA , and, a_second  packet ent, from.t he STAt ot he AP, .
BEfgeE o BRa SRSy TIPTaR i e P p e BafiscRfpeence of said
salébt6dbOdim infiRhRRIn AR pikkegCei ves at | east a part of

sai d second packet via the selected beam 27. The

system according to claim 26, wherein said first

packef i Sm@%ﬁ@ﬁ AcREBAE D C1d Sz%?%e§§iﬁmthe AP 10

the STA 28. e systemaccording'to claim 26, wherein
sai d o firsit ppdoketaid sepodt padkehns ercedtédngt thad tvigpan omni-

9. . Th t y di .cl ai m26 ' i d
oL BN R PRSP oot od BB b p et selected
IsRineGidehtogam i ndi cator, wherein the sel ectedbeam wi ||

only be used if said age limt has not expired.30. The
syst dhe SR gidichgs ity antanne 26 thaiselestas Bednd #si specified in said

%Mﬁbé&iﬁﬁ%&%a'o?%;#ﬁes a beam i ndicator information
ag, toirn "The

I cate presence of said selected beam
i ndi cateoond padaifdajubsaketd padket Theecsipst amthe APrvda the selected
claim 26, wherein: a first part of said second packet
ReaM.oceived at the AP via an om i directional beam
said first part of said second packet including said
sel ected beamindicator; the AP switches its antenna

to t e sePetrsbempionmxgangiagigmary dntennd ¢apahitity deformation
) . (0] .
WS 0 SALEy R FafE O OB e8I g, el

dhmnieytbe sydtem, exapeisgigng smart antenna capability

informati pn between.a transnj.tti station and
" ecel®h AR FRRPRIHD, IYoPRALes daminhi BxeoRed hetupen the
te@NdhitbinB@tation and the receiving station prior to data transmission between

the two stations, the antenna capability information element including

information regarding the capabilities of the two stations.

33. The system according to claim 32, wherein the wireless
communication system is a wireless local area network (WLAN), the transmitting

station is an access point, and the receiving station is a station in the WLAN.

34. The system according to claim 32, wherein the wireless
communication system is a wireless local area network (WLAN), the transmitting

station is a station in the WLAN, and the receiving station is an access point.

35. The system according to claim 32, wherein the wireless

communication system is a wireless local area network (WLAN), the transmitting
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an antenna capability information el enent, exchanged
between the transmtting station and the receiving

W@ e@bioam9pri or to data transm ssion bet ween t hBCT/WS2005/031641
stations, the antenna capability information el enent
including informati on regarding the capabilities of
sthton ison steditondnghe BLANhand ha waeeixtnmitatiog it anehar shation in

%,Wm ein the wirel ess communi cati on systemis a

wreless |local area network (WLAN), the transmitting
station is an access point, and the receiving station

isa tat t he system agcording to, ..
cl ai M i %%%%B% i E?y CEXT318 AL asRPpLility
1ﬁfd&h{a%io%5e‘leﬁ1@ﬁﬁh1cﬁicfe% aheiWehka (thAblogy g1 .t ransm tting
station is a station in the W.AN, angythe recel vi ng
station is an access point. 35 The system accordi ng
to clygi m e nuni G ste
is a3?\n r e?égg%%gca cg%ltrd;ag neci1 éﬁ’% AR S"?ﬁgn dhn2capability
ihfernsationt dlagehtifirtiner incides at least bile fibkl sdledbd Both tHeezroup
rece statjon js anot(;]gr statio | n the WLAN. 36.
cPH%leygto IR A YPPerted RpamaAn | WisadeT OlATROR: Al SRt
£ABRR, lihFofmatfoar Q?cbi‘ icﬁﬁ%er‘ H&ﬂ\}égé‘élc@npﬁf%c%m Nbader, an
technol ogy fi el d. system according to claim
laélcaim@rf Iversiby ‘@Chnmn@ o1 oftaptemisomeagirement signaling

(é(l;rll-;tn urtlplglcajm of at. | east on field sel ected

fie group consi s 8 ]1'np3 RUPDEE of support ed

bearrs, an indi cator of support of transmt antenna

i nformati OE after physj cal | ayer caonvergence pr ot ocol
headéf; ahhf FUTtERASEOTINGTALRIR 3 WheIRHY sl of gpid at least one

fidldl 3ePvel byt GBARYi %%érﬁc?ﬂ‘ﬁ%a i@ aatddin t%HleQélB , fleld.

and an i ndicator of multiple I nput support.
system according to cIa|n132 wherei n each of sald at

 aogonerh b FafRinY B S SeASES HARaPhBl BB

iafepiafioneléent RisehBas pa\fteifal Hafadameditfesnas, capability
information elenent is sent as part of a managenent
frame. 40. The system according to claim 32, wherein

sai d 4gnt eipHa sfﬁ@@b%c%rtdﬁ'né of c@ﬁlﬁﬁﬁi QPh&oRIBRY o %rﬁleatrbtaggﬁlhty

part of a con rame.” 41. The 'system accor
infoxinati®R, elevhentissentins paritof rarmntmbﬁiame ty

41. The system according to claim 32, wherein said antenna capability

information element is sent as part of a data frame.

42. The system according to claim 32, wherein said antenna capability
information element is exchanged between the transmitting station and the
receiving station at any time after association between the transmitting station

and the receiving station.
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information elenment is sent as part of a data frane.

42. The system according to claim32, wherein said
wa@eiens9Tapabi lity information el ement is excherysmo5/031641
between the transmtting station and the receiving
station at any tine after associ ati on between the

t r angi@i t t IThe systam angorshing thdaine 82 whengissaid apbents caPhbility
: C [ t |.my3 i.n _sai.d.antenna
AR AC A, LR e SEE DA AL, an e
tebeivingastatiohtdtngnys tiadd aftennddth eraetal Véthges ttheitPanAbitting
any ti fter g data. transfer between the

T ﬂ%ﬁpngttﬁﬁﬁe@f‘ﬁflgéwt&ﬁ’d the receiving station. 44. A

nmet hod for exchangi ng smart antenna capability

i nformati on between a transmtting station and a

r eceiddi ngAsmathehiorrexghangiol esgart ombemz zapability sufermation
c I sin .steps,of.: sendi ng antenna capability .
Bt e o oFRe VY CrrSPRR, & Ywireless
dogaftuiicat]os kpdtenn) cordpiieig the Bgepstgt her the recei ving
station_can support the antenna capabilities of the |

t r anSARdipggtenns sanabilifyjplormagioadrqem the transpyiting station to
theGekeing sti@sd.on if the receiving station can support
the antenna capabilities of the transmtting station;

and tdetexsyining mihetlaratiie oeqeiting tstatiemi dami sgpirhtthenantenna

t he, recei ving, station usi the antenna capabilities
Gla‘PaP%lgleF é%yi“%?ﬁ&s%’t‘t {qgo%a@gl}{ support the antenna
capabidjustingsSsedfinghat tthaedivingN@atibatif ehe rdkivihB&tation can
nmet hod_ according to _claima44, further conprising the
uppprtdhe pakesnaepnedilities of the sispemitiinsstatiosnand t h an

ackn I i O .
N
wilreg Shenantieena eppabilities ifheirscaiang statieh gan suppoot theeantenna

adj in tep. 47.,.The t hod according to claim45,
‘iﬂﬁ%ﬁiﬁﬁﬁ@‘?%ﬁ%@%%ﬁ%& performed after the
adjusting step. 48. The nmethod according to cl ai m 45,

wherein the replying step ) .
45. The method according to claim 44, further comprising the step of

replying to the transmitting station with an acknowledgement of the receiving

station’s antenna capabilities.

46. The method according to claim 45, wherein the replying step is

performed prior to the adjusting step.

47.  The method according to claim 45, wherein the replying step is
performed after the adjusting step.

48. The method according to claim 45, wherein the replying step
includes notifying the transmitting station that the receiving station does not

have the requested antenna capabilities.
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includes notifying the transmtting station that the
recei ving station does not have the requested antenna

W@ 2palosl4vi i es. 49. The net hod according to cl ai PCEHBS2005/031641
wherein the transmtting step includes transmtting

data fromthe transmtting station tothe receiving .
st at i49n wilibgonethed aseprding tornleimn 48cwpatsinthe éeansgytting step

D R T et e

withoutradingth@anirmni capakilitiesagenent frame. 51. The

met hod according to claim44, wherein the adjusting

step includes adjusting at |east one setting selected

fromgohe TheUR YIS heddriihgOto 1AME! viHer&R! Ba8nding step

used, a diversity nmethod, a smart antenna technol ogy

inclades gerrling dhe iapbermaseapehiiy intormativarasspars of a management
115 od for exchanging smart antenna capability

informati on between a first station and a second

station in a w rel ess comuni cati on system conprising

the steps_of: sending apntenna _capability jnformation

frombine AAesmediod AgmdipEHe Jeko #% StBRTpish the, geJusting step

28RS AIARERRER, 8RR ddttink RERCIR 68 TheQTohp RoRGSPRE of

1st ation ?%t hgﬂﬁ rst stati oﬁg 53. The net hgéoil:bagcgr di ng oa

nynbergfmnsennasmseher divorsplyimethgd hemgrtgmtenna thebhdogyused,
0 e at ' tati.on and at the second

Els %ﬁ%ﬁ?n%naétﬁgn%Hezatﬁﬁgen@%nggbi lities to use for future

transm ssion and reception between the first station

and the second station, 54. The nethod accordi.ng.to .

cl ai R¥53, gm@?%%?qr@%@%%g@w@t%%éﬁ%l?%a information

MétivRON b st 2A6h hh@9RbconAriat LRl d @%ﬁ?%&?ﬂﬁ%;ﬁﬁ'@tfohrs%tem,

station and the second station. 55.
ouwising the eteps afim 53, further conprising the step of:

' h . it f fi
ot P e e R GRARIS R RGO S aPlik B e githg second
shpn;idied udes using the antenna capabilities that are

supported by both the first station and the second
st at isgw_fmg antenna capability information from the second station to the first

station.

53. The method according to claim 52, further comprising the step of:
deciding locally, at the first station and at the second station, on the
antenna capabilities to use for future transmission and reception between the

first station and the second station.
54. The method according to claim 53, wherein the deciding step is

performed without any additional communication between the first station and

the second station.
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56. The nethod according to claimb53, further
conprising the step of: exchangi ng neasurenent
w0 ndfoensmEs on between the first station and t hePGEHUS2UA5/031641
station, the exchanging step being perforned prior to
the deciding step. 57. The nmethod according to claim
53, Mbrt h®he amthod sccogdingeo staam &, furthgotimprisigg the step of:

antenna capability informgtj.an between the first

ot AP e ety Sepaki/iBRs OF HIS ByoTiRtbn i thepsecond
Peiiog WiesreR! tROIRIdIAL st InbR1ALS GkRigte Bin®dhnDéapabilities that
systemfor inplenmenting smart antenna features in a

age sapperded By hpthathesfinss stadion andovhersesonsystatianaccess

point (AP), conprising: a first antenna capability
determining device; a first antenna capability

i nf obGat i The desthod accndingtte dlaim 5Hifdrther edmprisiagrihe step of:

capabi l.ity.deternm ni ng device,. said first antenna

o Bt TRt B g tiog byt he BRtn om gnd the
debéh Ptk B8R At HeARARAhdih b BfepHeifR bErfOFn &Y pRYALY fHefbciding step.
information stored 1n said first antenna capability
infornmation device; a first transmtter/receiver

connest ed i ' . p L . 1 Ni .
Govi 31 °The pidhfa bldokdingTh €A EERANLL bomPALEEThELNS of
t r anawegotising enienvearcapabitityainieanation bethieng thefirgatation and

onnect e 0saj.d transmitter/receiver, Said.beam .
t -S@ecmdn%a B the Ie%ﬂ%ﬁa&@ﬁe%ele Beg Rerfprpd Y it togihe dleciding
dép.st antenna; and a station, conprising: a second
ant enna; a second transnmitter/recei ver connected tosaid
second antenna, said second transnmitter/receiver
conf i-gur e A abpi | | i nf or .Lon._.
CPomeBar G ARl e AR Re SARAR ki dnind ARALERIL Hircless
loenl iacen notwwak! édnjprdsingi d second transm tter/receiver;
a second ant eglgia%_c@pabi [, t.% information device
conn@BtEEF PVt eOoHI A¥enna capability
det erm ni Q%rgteéﬁt%ﬁna%é‘péjoiﬁ%ﬁ&é’c@nﬁﬁ{iﬁ@H@vi‘é@;pab' lity

a first antenna capability information device connected to said first

antenna capability determining device, said first antenna capability determining
device configured to determine the antenna capabilities of said AP by examining
information stored in said first antenna capability information device;

a first transmitter/receiver connected to said first antenna capability
determining device;

a first antenna connected to said transmitter/receiver; and

a beam switching device connected to said transmitter/receiver, said
beam switching device configured to switch beams of said first antenna; and

a station, comprising:

a second antenna;
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determ ni ng device configured to conpare the antenna
capabilities of said AP received fromsaid second

W e@ossi4P3 er/ recei ver with the antenna capabi | P€T/8S200$/031641
said station retrieved fromsaid second antenna

capability information device; and a station setting )
adj ust neng seespiddeansaritiet/resdivien coriedtedde srid seepmdrméenna, said
SRR i UL B ORI rsP B b S ity tBBrgation
freincsasd AP, on to utilize smart antenna capabilities.

59. The system accordi ng taq..cl ai erein said

. m 58,. .
first ant@mERPRASPPACHPYRHET ﬁ?ﬁ%rwguavgﬁeweéﬁan%%to said
KRG EraRBESRBA&BRARI | ity determining device are

configured to negotiate a | evel of antenna
capabi | i t pesscenishanisonh cgpabilinPinfarimetipy devige icomnested to said
sedbRd Eﬂtenna capability determining device, said second antenna capability
determining device configured to compare the antenna capabilities of said AP
received from said second transmitter/receiver with the antenna capabilities of
said station retrieved from said second antenna capability information device;
and

a station setting adjustment device connected to said second
antenna capability determining device, said station setting adjustment device

configured to adjust the settings of said station to utilize smart antenna

capabilities.

59. The system according to claim 58, wherein said first antenna
capability determining device and said second antenna capability determining
device are configured to negotiate a level of antenna capabilities that both said

AP and said station can support.
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