WO 2006/031495 PCT/US20051031641 [0001] IMPLEMENTING A
SMART ANTENNA IN A WIRELESS LOCAL AREA NETWORK [0002)
FIELD OF INVENTION [0003) The present invention generally relates to

WRirAIELd 5Cal area networks (WLANS), and more partlculaﬁ (GG
and apparatus for implementing a smart antenna in a WLAN, for

Be%] rting use of a smart antenna in a WLAN, and for raneferring smart
na capabllltngwm TBH&/@E‘%%@MEE’N A WLAN.
[0004] BACKGROUNIVIRBOSR ROAKLANM R NGWOREastructure
mode, a STA typically performs scanning in order to estimate which
access point (AP) is the best candidate to serve it. Scanning performed

IB9&Re STA can be passive FLEEE/EHANYENIVEEEanning, the STA.

ligigas for b%"%ﬁé@éﬁ?%ﬁé‘éﬂ@ﬁ %ﬁ?ﬁﬁ%ﬁ%@ ﬁpwmesth&é%ea
sends out %robe requests and the APs respond by sending a probe
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gll%qggllow wo Chcf‘P r&ql% radlatlon y%gtetaelgg he be the use.

ﬁtenna A USEGRET e TSRS A4 &0 aﬁtlennast a
belvesdiffgrsitma faion @thWYplcally pointing in selected directions
(or not pointing toward any particular direction in the case of an
onmi-directional antenna). The transmitter and/or receiver of a node (AP
810841A) selects the most approprate st Yor "beam") for
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typically the one that results in the
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osition of the STA to which the AP sends packets and/or of the

fieABDIaG P chshAends sehnsebseaeBpeirarRes hsept By RSP Brasnsting a

pimedralparicylar SIA, but rather at a multitude of -1 WO

%0066/03149%1?0(12 elzlrJ 80280 55%19:2 %gtﬁe]iage and increase throughput, APs can be

equipped with advanced antenna structures, which allow them to change 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 directionin
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-te-interference-plus-noise ratio (SINR)
at the receiving node in the case of dedicated comnections, where a node is
framsmitting a packet to another specific node. |

[0007] Enhancing coverage is a function of the position of the 5TA 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 8TA, but rather at a multitude of
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STAs, they tend to be sent uniformly across all directions (i.e., with an
omni- directional beam). Similarly, because it is desirable for an AP to

“&ez r the packets from all its associated STAB, the AP typically listens to
the

t
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channel using an omni-directional beam. This type of beam aoes Wit

necessarily allow the AP to determine which beam is the best to serve a

g&{(ﬁ@ ete\éen gft%r tit as re eiv%d a lrrocl:)%sréa%i,le t from I}Q% STA. Therefore,
b FEspo 8 8fs5tends 18 Be” trahsimitte using an oni- irectional
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the radio links (e.g., signal to noise ratio (SNR)) that it could obtain from
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&ﬁéﬂﬁ%@ﬂﬁ%aﬁi reGlienaihean:fos e Teasees dassribadahovsed a
This creates a situation r STA may estimate, based on the

R R A TGP i e MBS i BEBCBAR ARGl B S to be
tesponses] tha?ngagi\ﬁenn&ﬁiisacttiexbééteeandidqte,_ when in fact this AP will
ReStRAM worsedhan anothenafzdor (e ian seeaign ALAic ol B puests

ch can be sent with directional beams, [0005] Figure 1 shows an ~
E3GHiP REAPPVRA NP FEbRRIB ciFePREDERC thingid The G wRidy Afths nariodirks
A58 120\ AcdsbOrea0 ttilze amemnicsinectonah beamid didheat APs.
lurality of directjonal beams 114, 116, 118. AE?E gﬁg%gn utilize an
ti

b o RAP BRARTPLPS TS TRty SER Fhea S A0 Pogni-
E28-{00:h0bdhe BT fhd 2:noeaderes thé sbeaivEt ipoveetafthevalious here
b s as_shown.in JTabl b .= P i
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118 dirgclional-8erdBm RER 124QNhBSAeEn P B-ddddiigetionat i
%‘g@l@ézwhich can he sent with directional beams.

[0009] Figure 1 shows an exemplary WLAN 100 including a STA 102 and
two APs, AP A 110 and AP_B 120. AP_A 110 can utilize an omni-directional
beam 112 and a plurality of directional beams 114, 116, 118. AP_B 120 can
utilize an ommni-directional beam 122 and a plurality of directional beams 124,
126, 128.

[0010] The STA 102 measures the received power of the various beams as

shown in Table 1.

Table 1 - Measured Received Signal Power at STA 102

Signal from On beam number Beam type Receisvr;i ;i%xger at
AP_A 112 ommni -75 dBm
AP A 116 directional L -85 dBm
AP A 118 directional -85 dBm
AP B 122 omni -80 dBm
AP B 124 directional 1 <70 dBm
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WO 2006/031495 PCT/US2005/031641 [0011] The STA 102 can receive
stronger beacons and/or probe responses via omni-directional beam 112

from AP -A 110 than via omni-directional beam 122 from Af(xf é%oo
W 39\(,’3@3}?9,&p_5 120 would be a better candidate than AP_A" toor /131641

transmitting traffic frames, since AP_B 120 is in a better position to make

f its adyvan nna structure and focus the en towards the
B0 o L e o R S e P AR P apoees
malltiplei STAg o) leassbtiafeuntd B givel) kRmy e given-Girestidugicbeam

multplg; ageessaehemeds carias $epSMyPle AECeSHRUINOMan AP_A
avoidance (CSMAICA), such as'in 802.11-based WLANS, any STA is

dd8den tnsesralthmsiadac Srares (3R Adildh K Onaiha et strassvastarke

AR atignagivendime.dhe-ARdete HnNB eI Richab S 35606l eRSTAS 02
has transmitt (i) a t after the packet has been completely received
SHa 88*&%'?15;% 5@%% e source address contained in the medium
doeEss contiol {MAEbheatel o fhenydaicke £ Thentdy heettoabal/® a given

g@ﬁe&ead 18 Whole Packet priog{g making ga%e%%uggec&%m@?s%oampze

ecause the error detection bits covering both the MAC header and the

RESESHeaHisen arvoiéario S HNE Shauspiep 86R poed -4 fegny STA
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antennas In oraer to Improve e of received, si or, 1or otner .
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soheibe: ift80hi bhoaseHaMhANemakeslsedecting thd frostappeapiatethe
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A e e RACHEIR I e S B e e

aotist (Ree A aaedthirdiore tisseivedttapprbsiaratieamiyrdernasiiphobe
thesamedangashos] Aecaincertheddentinofitbe ST s achknpanabetare:

the packet is completely received, the AP cannotéjs this information to
deity AR aMenRAE QR AT R SO PRERHH problem
aoouss in a mesh akshitectireswiere STrpesbrnbdesbandidinked oaRorée

e R R e i
for other purposes such as interference reduction,

[0014] The multipie-access scheme in 802.11-based WLANs makes
selecting the most appropriate beam for receiving packets at the AP difficult
when meore than one STA 1s associated to the AP. This is because S8TAs may be
located anywhere arcund 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 oceurs in
a mesgh 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,



WO 2006/031495 PC /LIS2005/031641 [0016] 1) The AP could restrict
itself to using an omni-directional pattern for all packet receptions, thus
|8§H4]r /@ﬁ&otential gain from u§ing a smart gntenna. [0017}]8}/£[Q%(§1531541
could use the signals from multiple beams simultaneously and combine
them or select the best beam among them. This solution increases the
- fRmplexity ofithe iageiyes. becausehe sianals from. mullinle beams st
@%ﬁmodu%%ed. [! gl&??é)%ﬁie AI'%obld: {J;ust after thég;tart of packet
petisptidar aliteeckeintrrgriions. diaifaliEn hesoptenbide cidsi vEOm difIRE, 2
Rick-the heam that results in the best signal quality, and switch to this
beam for the remaining duration of the packet re epfion. Th@@ggro ch
99 the dravfback it the AFRKs TtoréciFatsiviR soMe BRewRig R
gttempistessysuitdbietieamshtan arpaiticutae jackdtcaasaltingdriltleen dBsis
of the packet. [00 42 The AP _caould try ' q)gggu @qsg sg.of.
leuslgﬁdlenfcr?cac%ﬁ%;??ggd in't tﬁelg Wcﬂ g%%é%%e?%%g packetg using aténﬁ o
omitidi betiorabantdrmierapdilisesfiuse the beam most appropriate for the

BhAxidentified in the, MAC headesiarharenaindgatiae Reckabol BRitch

problem with this approach is that the MAC header is transmitted at the
ampReald TRt FBIA LRI mﬁ&%a%ﬁzgf.wmb%ﬁﬁﬁ?aﬁ%éﬁa% S
doasnekoiien sldlicipnt, gaid fetedeq taichaignaboaliyriaithe: Nids@Etion of
ayload, it is unlikely that the MAC header.would be decod rregtly.
i e oot i e e R R
gaimyatisrerwmiiihbespondets tybde i siereartdara initaslirbepmedor a

@%Qh@rm%k%{r%s@&%% gansiaineddo sand every packet using the
m%%est-to-Send/CIear-to-Send (RTS/CTS) procedure. This would allow

Pto idéntify (heeseRAPY STK BRIBHPEESVAY GTAfeetfath [RickeRder
Heweyesd thisis atAthe&asi-affalsignidficantiingughpuhpahaliyidi datbens

doft TS and CTS ket hi ially defeats th
B S oFTsThS LFRR TS AR TS0 TE) THo S O o o ki MAC
bentpdiffetbatrooanmsién winhe ThiskepPloauteblastwiiptbiapprosb tisithat
diffisult fo.atismpt to.predict the: timeto, spend.on-each EAN I A SUSiera:.

with bursty traffic, such as a WLAN. Second, it_is difficult to prevent STAs
fbrheressentTagh enal sen e dasRg ol pisRdiptent gain for adequate signal
quality for the MAC payload, it is unlikely that the MAC header would be

<

decoded correctly. In the opposite case (if the omni-divectional antenna did offer
sufficient gain), there would be no need te use a smart antenna in the first place.
10020] 5) The STAs could be constrained to send every packet using the
Request-to-Send/Clear-io-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 anfennas,

[0021] 8) The AP could poll STAs using different beams in turn. This
approach has two problems. First, it is difficult fo 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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-4 WO 2006/031495 PCT/US2005/031641 optimal (but bearable) for
them, given the necessary overlap between antenna patterns and the

w&r/%%%%g%s of the radio environment, such as shadowing. Jgp/%glfl&ﬂsmm

sSmart antenna capabilities may exist at the AP, at the STA, or
both. Without a prior exchange of antenna capability information, the AP

does not know h o.coordinate its smart antenna features, with th fa
R DSBS T T B B e e At et oS EbEl
motexcenbihg Sreanlaitien nétbapaditginisematoh sarhise Ahatdpatgin
ihisllowing example; SHRRSALNAL switahedheqny ShartaMeNIas ke

employed at both an A’P_and a STA and yet each end's smart antenna
ShpaprlRES- (i BaahsREonrs it oP saam ARSREL TR ek an St Y
&hd peerHebRScanpRidas wetkastinadtuatiofeseededtith aiedasii
%ﬁ available beams) are not known to the other end. Since neither the
RUFthe BTA know about the smart antenna capabilities of its receiving

@od3each Wiﬁ‘li:ﬂeqm@emiafﬂyad‘(&z)smaﬁecge@aéﬁéﬁ forthet smrhrrarteamart
a8 &9{9“@%&2&%%&&%9&5}9% Y 19 festits OWN HanSMitARLe B ple.

eams without knowing that the receiving end might, at the same time,

Srmplesp dhsd i teed e BRISSRI EOURES PISC BRI ERRIR ad D e S
arhoih epdswerednown-te aackhihapbathiceviceseayn folowsibpter

re-agreed rules to avoj rvice degradations due to beam searching at
SO A BAHRARG Fo BRE: TFIRE T LA T ohion

fiks@ed thydst Ieachx{mf the la&ﬂﬂﬂbée@@am MI:@TBIMM@t@wﬁﬁ@’@é-tﬂwe
1) Bzgexb %h%sgp Inryll te%el‘@%% gﬁyﬁ@%ﬂwmmwp%ht@&tof its

receives a packet after association should wait for the duration of Tseareh
befanars seedtsachowh bespteséhen (n Ba el §i At IS B 28HRP02
bwpigniRad dniiated tapsmissiont8nRuab: e tecRaduel il e BaRkins

search. [00251 Current antenpa technologies enhance r tion b i
B TR RS RTEIOR THEeA GG BHHEr GarB IR B T

ebiaih ahygedh.or provide less gain than otherwise would have been

g&&ﬁ?'e Ad?ﬂ%@%%rgu%%gkﬁyct%gﬁﬁa@ 0p @&&?gﬂ%gsﬁﬂ&mgeach

roprietary messages to know the “antenna capability of a STA. Inthe
abzemceotlf thiyintornvaidrfolinsvaRmaled pre-agreed rules to avoid service

degradations due to beam searching at the same time on both ends. For example,
if the “beam search time” (Tswaran) is known for both the AP and the STA, then a
simple rule that could be useful might be that the device (the AP or the STA) that
first receives a packet after association should wait for the duration of Tsearn
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 technologies often need to use proprietary messages to know the

antenna capability of a STA. In the absence of this information, the APs and
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-5 STAs cannot take advantage of antenna capabilities to increase the
data rate or range. [0026] For smart antenna features to work effectively,
the information on the capabilities of the STA and the AP should be
exchanged. Exchanging antenna information also allows possible

_ coordination during optimization of smart antenna fegtures such as beam
ST A TBEHOh B A EARn I SAR AT TSI AL Stigls Couthat
[00{8]IMO), anet amyaathetcoapdbilitythat allosksechrarigeny the hefarmpatterrn the

nd/or gain of t ntennas, [0Q27]1 S A 7 n ,
can RIS Alpedt & (N ket o ban. here b e o s
infomireliess Afan stitre qeiseblinit swdiRp e offidRug e ol seiars P TBHTe ARANNE
feadlILEIRSS: GOMMUNCAtoNs: e VERI CRMRTiRig:? 'RRRINAL GORGHEREbIc
to recelve a first antenna indicator that indicates a jse‘Tected antenna; a
outpyhAM BYifehsakenyigiedwr Y HerAbe iAo W st nh bR BnppYgern and/or
saill@NgRiRs Qperatively coupled to the smart antenna, configured to
~ transmit a packet on the generated antenna, the packet including a
second antenna indicator, wherein the second antenna indicator indicates
[coanyalue corresponding to the genetatedaménna. [0027b] In accordance
ith a second aspgect of the present inveption, there.is provided a me
1008 oo it SR e i renc i e g Rt
a wionepsisgrsekecting aniaNENRE fertbmmdricatiors witlira anirslessn wireless

contq%‘”%{@a{%‘?ﬁe{‘ég Wﬂ‘ﬁ*&"‘é&'ﬁ#ﬁﬂ&”&%H&%%racﬁﬁﬁg%fg& Rod.indicataf.that enna
Indicates thé selected antenn

o he . a, to the WTRU; receiving a packet using an
indisprini-ies G iTal SneTRRE LA e SBRE! inBRATINGEETSE ORI BNgh Fa generate the

selddicalpt, Wherein the seaendArtsnna,indicater indicataaramea, configured

corresponding to the selected antenna; and receiving additional data from
10 ORISR P TS BIEtrE rBITHAS [ H0% PEF T ABEBIIARCE WY g e

indaspacteidhenpiesesionyentionatheneds: prekided anvateessrpoph(iR) to the
cqpf%aured to operate in wireless communications, the AP comprising: a

et S Eftgured to select an antenna, a transmitter configured to

[o0zABEMIt a firskantenne: indibatostbatdndipates thisalastad antenine, dhere s

prBae SRR A IREE . ASAT I SleRlonal ANIENAReA R RRfhod
of a packet tha Includes a second. antenna indicator, wherein the second
comptana inbidaeringicates @letneneoieespprviiig: Torfiessertay/ receive unit

(meﬁhlmﬁ&egqgﬁraﬁfi’éﬁiﬂuiﬁﬁgc@(gQH&Q@;&%@?WQ@B@?%%H&, to the

indicator
WTRU; receiving a packet using an omni-directional antenna, the packet including a

second antenna indicator, wherein the second antenna indicator indicates a value
cotresponding to the selected antenna; and receiving additional data from the WTRU
using the selected antenna.

[0027c} In accordance with a third aspect of the preseni invention, there Is
provided an access point (AP) configured to operate in wireless communications, the AP
comprising: a selector configured to select an antenna, a transmitier conﬂguréd to
transmit a first antenna indicator that indicates the selected antenna, a receiver configured
to receive, on an omni-directional antenna, a first part of a packet that includes a second.
antenna indicator, wherein the second antenna indicator indicates a value corresponding

to the selected antenna; and a decoder configured to decode the second antenna indicator



6 and to switch to the selected antenna, wherein the receiver is further

configured to receive a second part of the packet on the selected

antenna. [0028] In example embodiments, a method for implementing a

smart antenna in establishing association between a STA and an AP in a

WLAN begins by transmitting a . beacan frame by the AP on ene antenna.
LA IoP HEE ST AT Ry W O e ST e iR
a sethe ignad tphalityckéthe heackaiéthmenfihe AP may switch to a different

008 tenna bg&@aa“&ef%%%%,tégﬁ%%@?%g?ﬁg@g%&h%?&ﬁ&&iﬁg%m BESMa in

nsmitted on all’antenna beams. \ may associate to the AP that
estalpEsismitsstieiabendsieamme With né Highl st sighardbaRg Py rengting a
beaBOMiERRAREAMS A SiMilar -methodnay e weediniuhichdthens T seads:ane

probe request frame to the AP, which then responds Withfg&obe response
STAraritshsBsaBRen e pTE RN bERHES brssoo Rasstbhq fof impictdftdg @
difrshpashRntennaqin establishing assaslation heiween BedcbA anananiAP ieen

a WLAN may include a beacgn frame sent from the AP to, the STA. The
g e A it HEIC Ty oy 2 1 KUY or ALK T (e

beab@aMsen witictha transmisgion willlbe madeant asfieldtoddentify. thesimilar
met!?ne}grpnéh%t Iﬁsé:autrrr:e\{)lgl' hbt IQ gﬂf ng%ttedr%ne. Q Ou%(gél' f:’%‘trﬂ}%t@()e{h%yﬁﬁr@}{%% then
impl&ifenting a Smart antenna in establis INng association between a STA
resmndlawihPpinte WipANTiaykcioteon probelsegiresifbanies. sent from the
r002J~ to the AR and, a:profs Lesnense.ame sentdrom, e AbdaibesdAuion

The probe request frame may include an indication whether the STA
betwegits lseand mutiBIE antEnAN BranEckbin ahs ke FABIeHigdsagY ©
thelk@ME MayyPLludeaha &l@idi%i&i%néjfﬁ@d%ahmm@e& efiantennabeamsenna

on which a transmission will be made and a field to identify.the beam that .
beampgrtetibi beintr RSt ifed Bri o0 E1 2 ekalnipld et iGhgoam et i
curfagthaskfor suppertinpouse of a smart antenna in a WLAN including an AP

nd a STA begins by selecting an antenna beam by the AP touse for .. ..
106 cg)ld(':]municéstfb(glf\%‘}ithsyﬂ%i:eenéﬁT%lf.I THTépzeeqlg&él&béﬁar%mm orﬁ% ion rﬁ%yeg{e?l%ié%]tm“‘
asstramitiheh AR ¢ontheSTEAanA packBtimaybeitransmiitethflom the STAU tHame

AR, th t. includi t ' i
sent fmlqﬁi%aé’#e% tté)(rj]é%g gip gdltilaea%?l)%% ?‘gﬁip&%@ ﬂ@tﬁgg@rﬂ%leﬁﬁ’ @}%?@ E@%@@TA.

usesthes eam to recelve at least a part of the packet. [0032] A

Theywteim fofstsporisgue Brudmat aatering inBsEARChalhg R Ape scan

multiple antenna beams from the AP. The probe response frame may include a
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and a STA may include a first packet and a second packet. The first

packet may be sent from the AP to the STA and may include a selected

beam indicator, a MAC address of the AP, and a MAC address of the

STA. The selected beam indicator may identify an antenna beam

selected by the AP to use for communication with the STA, The secqnd
fieldh Sk HatamimBTh PharPAGTHESA® SHIAy IS He de SeBtde
and e Rdicatoly whietahyithdARfeaivesnat teastaparof the second

cket via the selected beam. [0033] A system for exchanging smar;

[Oogﬂtenna gﬁ“p%’baﬂ}%@?n cr)nrkr’r(])galn(%%H%Sét%égﬁ'%gﬁéﬁgﬁﬁﬁﬁagsufg anda antemna
in ar@ceniMgBTdnip anwifelessacoitniugicatigresiestorn mayiewiadeannpy the AP
to %@?&ﬂ&&%q&!géfaﬂf%%a&%ns%'gmﬁﬁé AR Lhe,anieana eapRRilinaEoe sent

may be sent from the transmitting STA to the receiving STA prior to data
fronralrsffsisidre Sdtivedpanie itragishaittng S 1od drtieerac diving s PA iy mapiet
incliagd e WiAb heaniennaarrakiiitlf an e seiat asdastfa beam to

management frame. [0034] In example embodiments, a method for
recExeraligihg kit WStBHiE - capability information between a transmitting
[oo@]le gndh%rggﬁaﬂnfgassﬁgﬁ&mgmm magqummﬁazi@m éwmmaﬁng an AP

include the steps of: sending antenna capability information_ from the _
ond G S L LT EENG ST A ST AP RG TR <™

iIng wnetne e receiving
fro®S Th: ABnistippBitAhmantennactaabiliiesaf thertrantmitting S address of

he2opISiNg setlings At the regeiding STA LiNe g&%%%{%léo%ﬂagw%@mﬁry an
the ‘antenna capabilities of the transmitting STA, and transmitting data
antfrowm thentrsreriitting BT Albithesy feceiimgusratiosingtthbantbhndhe second

paC?(%pR]QUigg%éfl#%%ﬁ?ﬁ%\@@gx STALAB SHPROY theLantapna carabiiiesafcator,

the transmitting STA. [0035] A system for implementing smart antenna
wheseltti e P a A YsNansysiAcRdaEhearartiPa i T HE AEHRAFUde a

jodfiegt antenna sapabifity determiningnde isenadisshantennarsanalifityetween a
information device may be connected to the first _antenna ca abili'%/ ciud

ARG RSVl el L el A GBI TBREHS b MR iyt ude

an heieonfigiedie determinentbeapteniia cipabilitasottheb ARy BY. may be sent
examining _information stored in the first antenna bility informati

G 0 L TR oLt ooy Do b TN Hray At the

tracapaliliy tatenhiningdevice S BAirsYlsamesthimay\de’dorihe rdgne thigability

IE %ﬁpﬁg@i&%%g%%f%?g and.aheameswitching device may be connected to
EX 2 1R PIC

e transmitter/receiver, the beam switching device may be configured to
[0&Witch beakns vfamelfirswaiméimmisThe STAAdRyRCRITEE EBEoRgAr antenna

caf RN formation between a transmitting STA and a receiving STA in a wireless
communication system may include 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 trapsmitting STA, adjusting settings at the
receiving STA if the receiving STA can support the antenna capabilities of the

transmitting STA, and {ransmitiing data from the transmitting STA to the



a second transmitter/receiver may be connected to the second antenna,

the second transmitter/receiver may be configured to receive antenna

capability information from the AP; a second antenna capability

determining device may be connected to the second transmitter/receiver;

a second antenna capability informatjon ,zevice may be nected to the
reced¥idna witdng ApaBif detaPAIHING d B, 115 Sator] AnglRnsipPor the
antéapakiiyidetermiringdevice asaybe configured to compare the antenna

abilities of the AP received from the second transmitter/receiyer with
00851 antenris SAASBITEo BFIEE Si40En PAIHEAE Bk 2 Setbrid Adtannd™
inclodpaioility infdrm &fion dévide amd arstation detirgtadjiustmeritidedisermayg
dev?c%cgnﬁg?tggtégat{'%%a%?l% %H%SHQ&SRP&WW %r%n&@gnggt\é@em tﬁx% first

station setting adjustment device may be configureéd to adjust the settings.
anigfitheapiatioh esigtizeiemdy aptdhndithpabmie scposBpBEREmining device
maPESCRIFIIQN @ FaliERRANWINGS 1Q03A:Ai mete detpiledp by examining

_understanding of the invention may be had from the_following description
infsmaineretuaenbodife HS iR B wWASPBP SamBl B lsvice: " a first
ransndeesteoshie: GaMuRCHomithutheraecompanyirgcdsaning sicndmeiaing device:

0038] Fi i di f a WLAN showi i-djrecti | and ,
o o o8 o L MAN o o SUECHol AN s

maP GE/USRR06/03464t [0039]ifiguce:R ¢s. arltiageam ofatbieagodeframenay be

format, for identifying antgn ms; OLEigure. 3 | imi [aar .
o g, oA LM, A0
a srerTMitiRYNE o ERssiY Bramey ihpassivesiséainiiy; foodn] Prjaves idq second

rafIAHBMLLA RTINS FEQURELIAME TREMAL fAtLiSE RpACHYS SEAMUNGA from the

[0043] Figure 6 is"a diagram of a probe response frame format for use in
APz dtiveeeedrinifgnqoowab Higurs v RIB iRy ehafrant fof YrtEddantimgecond
tralQRAR) Figure:8 issaflawehar-afapnathothiorHansmiting ampraleconnected to

response frame in active scanning; [004(?; Figure 9is a diaagram showin%imv

thetré?fﬁ’f"ﬁsé%ﬁ%ﬁdﬁf’é’%’é’d%tg%ﬁmw vice, the second ~antenna capa

determining device may be configured to compare the antenna capabilities of the AP
received from the second transmitier/receiver with the antenna capabilities of the station
retrieved from the second antenna capability information device; and a station setting
adjustment device may be connected to the second antenna capability determining device,
the station setting adjustment device may be 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;



an AP and STAs; [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 A {‘b
W%%Pé‘?’fﬁ% and 12b are diagrams of frame formats includigg %ggl&r%;sm]m
indicator information sent by an AP; [0050] Figures 13a and 13b are
diagrams of alternate frame formats includin (?Feam indicator infarmation
LDy an APSE0SATT B EFAT AoRERER oT fo ﬁé%%?ﬁ’iﬁwg%
smarrarbenna; information by an AP and a STA; [0052] Figure 15 is a
E@g%r |agra_m}?ri)f an exam le the method shown. in Eigure 14; [0053]

l6isa ﬁ?agra%ﬁ of an existir 0 cap%%ﬁ%s/sﬁr?f%rmatlon ield; [0054]

Fgdre 17 is Bigingrbin oflevpbritnicr mstbeddontiaangidingndanen frame
%nggg% Mg@,%] Figure 18 is a diagram of the antenna capability IE
shown in Figure 7: -9 WQ 2006/031495 PCT/US2005/031641 [0056] |
Higére 19 s BRBIch RO FERA PP ERERAIGITTY HABRnEapABilty® =
indarpationi)57] Figure 20 is a flow diagram of an alternate method for

nging .antenna.capability information; and [0058] Figure 21isa .
Eﬁ%@diag rarlgl%ln Bra gygstgp r§ 1%5%% u%;% %o%rﬁ pﬁ%siﬁ%%ﬁe r%npl)e?e%lgré%lta Jitn%% rﬁ?g nH;l
[0858] HEMMEED DESCRIPTION OF THE PREFERRED

EBEHDIMENTS,{00R0] Hersalin thelesm. celalioniksitg) includes, but

IS not limited to, a wireless transmit/receive unit, a user equipment, a
Q84 mobiaRtBstrife? HANCHATAREr 2oPsiyiHar (iR riiinges probe

Gapahle-at aperatingiive adnirelags environment. When referred to

S, iR SRR AR e, B ORI B
an AP and STAs;

10047] 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, l

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

[0050} Figures 13a and 18b ave diagrams of alternate frame formats
including beam indicator information sent by an AP,

(00511 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 ineluding an antenna
capability IE;

{0055] Figure 18 is a diagram of the antenna capebility [E shown in Figure
17,



of interfacing device in a wireless environment. [0061] The present
invention solves the beam selection problem for both passive scanning

and active scanning. The present invention also relates to 3 gm&ﬂ%
. 1493 : ) 5031641
w8 %{f&?{g ?ﬁa"scheme that can be implemented in an AP and aégzﬁ to

enable the use of smart antennas at the AP for the reception of packets
from_STAs. The methad can alsp be impleme teéi in_ mesh nodes in the
R85 a mddRErchitdledr .Wgﬁeégrﬁ i ﬁﬁﬂ n%gardaffgsgrelglg%tgﬁ%nean na
capafiility information; exchange between an AP and STA and builds upon

&Bascqu”em %%éaeg?@ igggoogfé%e&%gsﬁ?&% W standardsiandeis {langing

ard com ‘alill_a e. 2| Passive Scanning [0063] The present
anientercrpebides ifersigiaim@rthd support for an AP to send its beacon

aspayltiple begme Jhis s¥Lbe asbievedhy Addingdueisielss tiothsement

WLAN beacon management frame, as shown in Figure 2. The resulting
RS PIGERRE HEYFRM®s referred to as an Advanced Antenna (AA) beacon
frame 200. Many of the fields of the frame 200 are in the existing beacon

T8 BeglnshiieeaRn ottt PREREHRID BIMISIRMATS

on , destination address (DA) 206, source address

(896208, baiersefisivd beternd watiag (8RB agb s TS DOL IS tghe, 2

(BSS)identilication (BRSIR):21 %S0 Panas SaNUahL o timesiRBR R Aber
beacon interval 216, capability information Zlg SSID information element

(P30 2002 8RB REY SBETETRS L REY N PRSI (BHPGAHBE oS YTSIReS
(RS )hparmetsThsetr 224, todntentien, ke tEh) ‘paremeteniSeAlE BRBades,

independent IBSS) parameteg.set I 2 nd. traffic indicati
b R s Sk o5 B o 156 frdgponrige.
thei SEAthay desibetrarvirsmeseresamatimes within an AA beacon

iRseevgl, wherg,N coresponds g thavumpenofneames pm WhistieABoth
will send the beacon. The second new field 234 identifies the beam that
OB TFRLER R

PASTER AU RSSH M BRAEORIRE. The BRESRTIdBHTRER

anyahihemy kipleAdsheneas flames: senubleariR] IR SRR imdbl&Ta to
identi e numher of beams (232). inclu in ,the beam sw

peé:l’?zﬁ’%gbe By Tt ,ﬁfﬁag?n gl?tt%‘é?ssoggt?%tg%%lrn%%srglgt?% ngllff)?reg%{t:kem From

VETsioriElic reetivd sdoy dbokindrapitredssedrindentiisdes #). 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

{00863] 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 inciude frame control 202, duration
204, destination address (DA) 208, source address (SA) 208, basic service set

J10-



[0065] It is noted that the AA beacon interval 216 can be set to the same
value or different value than the non-AA beacon interval. For the system

wt8 %?ﬁ / ]Ig)go offer service to users, the AA beacon |n.terval @ﬁ{gﬁ% 031641
larger than'the beam scan duration, so that there is time left to transmit

traffic frames. This could be enforced, for example, as a configuration

management rule t Id . prevent a user fr onfiguring the, AP such
R o |0 TG p SR b e KA At
fimber{AI0BH], | napgirdigriedoamisocints At, 30EIN iARipesonn dlames 200 2D,
ent. suc [ IRt This.i i '

?%féﬂg%%fef?%%é’f%@%F%%Fgé?&%%ﬁ%%ﬁ%ﬁ%%%%ﬁf%@@%%%@iﬁf
#rs BiRg{snarentieadmathE Symeamaiman ithin fo Résesadpehiipsi 84=55)
etween an can .be used. ould be. note e

RO st B AR D SRS o AR G LMD s e
medidarin fansmittestinst St thech bdhtonframesadhisiptaces. antuppdf
20und, A0S, TR ANBUL! UG AR T, WO NEed 1. 58204C The

medium once it detected one o eacons advertised by an AP;

wrerebyew Siskd Batientifies the beencdmidupmieied X frasamibae hepron;
WO 20064031498 AT AWR2002/0304n i 0the vorGSe IS MBI M thes

STA from scanning a channel for an_ undetermjned amount of time ,
RROR B0k BTSN B M PP HERRe T e T %) Peuded in
[©Q6 Bhdhestirnipopdidgnas foy theepaBsivel S¢arnihg ialshownlintiiguer 3he
efore the AP begjns the AA beacon interval 300,.i i e DIFS
e B e o et
H888Bh framét Bodotke hhalden b deoncianiesvadl L tmanbasaittofdralsame

intavAl X0 NDeLE s shotek thantieRiEGAnd laranthanihe o be
SIES. [0068] A method 400 far transmitting.an AA beacon frame in

et OBER ARTT IS S SRR IDRiGar SLRCTREHRI R 0L BegRrERithinethe
AR traRsMmitEneh i AD PeactinefiarneiZ20«h angaidhartefia heams, This

e chirent beam enfilief. 23 SELO S CHIRNLDSRM (1B e
preveni a user from configuring the AP such that the beam scan would take a
large portion of the AA beacon interval time.
10066)] In a preferred embodiment, the N AA beacon frames 200 are sent
successively in time. This is achieved by having the AP use a delay (X) shorter
than the DIFS (Distributed Inter-Frame Space) but larger than the SIFS (Short
Inter-Frame Space) when trying to access the wireless medium between the
transmission of two beacon frames. Any value of X between SIFS 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} Hguation 1
-11-



AA beacon frame has been transmitted on all N beams (step 404). If the
AA beacon frame has been transmitted on all N beams, then the method
terzr(ﬂ nfate4s (step 406). If the AA beacon frame has not been transn}}lt d
AP eams (step 404), then the method waits for the intenvar R (“’é?
408) The antenna system then switches to the next beam (step 408) and
transmits the AA beacon frame 200 _on the current beam, with the_current

BB 2B NTREES SEL REFHRE BuRe it BeSitPis i3 MBEafd armdinbg &n
continsesinith-step 40 this wotkehithatdherstemoifaliiShhingtadhenekten

eam be performed either before or after waiting for the
mziervéllﬁf%o%eﬁe% determination used by the STA whether to
ag86¢late to e Aimingidipizare featiba sttt c@mingetibd it dSeures.
e iBveh eraNRs RRroeived om hrhearens, 1 %%k%ﬂ&?&z%ﬁbt@s 302. At

associate to, Thé Eresent invention allows a STA to use this method while

e LAFH AR g O tREPTRET TEENE A BrR A (iR ithedtr dickraseB drame
aimrlﬁiaﬁw&mbéaaﬁﬂhéﬁie‘é%@gaa@ ing [P ok hRqiraserilinVentnivalse

%gdreggr s act t|ve }% lgo‘évérl%ﬁ% %T%é éequest the AP to send

probe responses on muI iple canbe achieved by adding a
r{éwsﬁbld to thergthid 9%@1@@1@@@@@1@@ aPhédebedting freWD passive

2006031 495, 6 A F200/Q 38641, Hiadna s SR WAEIGN & b @00 dS:itting

referred to as an AA probe request frame 500. Many of the fields of the

franfersberene framme eRR R RroleNY utiEsPR AT YtiEhiba ByFiRet beam
aaaxﬁﬂﬁsiazmag@t&&hesaﬁeiﬂs)mﬁ@eegm coatRIraiZatlbral m&%’ the

[%% 06, SA 508, BSS D 510 se e Cor]# ﬂ %% %%?E
PSR RR AT 657 rf’]%\“?’v the frame pro |des A A4
iandnamﬂmkée@as@awstmdnmwédGré)whaismé@mamﬂsatbtmmaﬂes

3@&5\9 S0 REAPA 9720 R.20d ﬂggnawee@%&ﬁm&g% adeddedhg (step

g obe response frame. The resu tlngiframe Is shown in Figure

FreR RS B AT RIS pPB HBe fadponde fishor B0, Therpstine mefn
OJH&@ f5Ar0E-6Q0 1€ HR:thBaxXIStNePIObLafasRanse A me A3 teHBad Pime

3B SRR e ParE 00" (0674 PHET R T E50 B1 GG AT
G0 inditatdd 00 theé i8F Atiatd continues with step 404. It is noted that the step
of switching to the next beam (step 408) can be performed either before or after
waiting for the interval X,
10069 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 1is

equipped with an advanced antenna system.

[6070] Active Seanning

10071} 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-



the AA probe responses are sent N times within an AA beacon interval,
where N corresponds to the number of beams on which the AP will send

theoeg%g}e response. The second new field 632 identifies the beam that f6i1
Was USat 1 transmit the AA probe response; this is the bebi | &%’W?{g?

An AP equipped with an AA system responds to the AA probe request by
sending multlple N) AA robe r %%)nses to the STA. £074] Ina

(rerReiss BB B EsporR s e Rp FralgecEasnedi)0-
intmeofTiis &mﬁnevzﬁd mxha»zm@ dheiARHsecastelayOks 58gHEeR thate as

hesDIGS DuLlager than the SIES when fying g access e Wisless i,
medium Between FAnSmission of pro 8 Tesponses. teh5uft
Bdholel TGt e HE WoTldiatfi e edatoencait fom wole EiftirBIDIF Sk and

Wg EE?es‘Q’E%'?@W@HéW&?d%%@%%&Q‘PaB&@B%%&ﬁ@é%ﬁn&maﬁmu

(SEOHSGS This places an ugghﬁ;t ound on the maximum amount of time

TR Ao hESUYORRAR BRCERT fbeey BrRb bt eR Ahbspepeof the AP.
rgErenses saatditanARyyheweyiddapes basneh THNWLIN(Broberesponse

sponse durati Equation 2 75T ti da m for th
R e e e R e e e R B8 e
regipestdrames A0, HeniPRithitS4bisariéhd FSm? 6R(befoie Sendibgitiyepfiobe
19599@&@%9&5@%@%}%@lébéeﬂv&%@@g?@se FremV2006/031 495

CT/US2005/031641 re:;%onse frames 704, the AP waits for the interva
)@Q‘?@@‘f’, THRSREIR 7 StV haPipicton £376 M ger than the SIFS.

(@576 A metirad ﬁ;@% Mﬁrﬁ&g@@mﬁs e:%h%@a%@%)rﬁﬁﬁ%&%s framedTA that
tive scanning is shown in Fi metho eql
A R P Lt AL SO R g e W ere N
incicedperEkE8ito @manmhhbﬂanﬁsbmﬂseoéﬁv(}ﬁdp ﬂ&Z)&Hha}ABami:eh@whbe
AQprabe ‘*%%%%%5&%5%%%%‘%@5%4&%‘9% RIPS:Rer &%&%%‘%g&%%é%%

transmits an AA probe response frame 600 on one of N antenna beams

viith %wﬁ%mﬁw&ﬁ%@@ﬁﬂﬁ éheBoaspidenifaunenrunprrspBben AL

dsieERinatiemmissmadadf Ake Adbprabr Lesponaa fiame iassReen AA probe
transmitted o ﬂ?& rf%’ beams (step 808). If the AA probe response frame
HEEPHRES ta t on all N beams, then the method terminates (step

800Y4if the AA probsfeasdonsdddamentahadf beempitdrsritedsen atbNent
bs%,%@g§5(§g§59 1%0@&9. Thig is achieved by having the AP use a delay ) shorter
than the DIFS but larger than the SIFS when trying to access the wireless
medium between the trangmission of two AA probe responses. 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 maximoum 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) Bquation 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 DIFS
702 before sending the first AA probe response frame 704. In between probe
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then the method waits for the interval X (step 812). The antenna system
then switches to the next beam (step 812) and transmits the AA probe
Wre;é)(}%/rg}se ;r,ame 600 on the current beam, with the current bea/m ica%_ntiigfi](?(4 .
837 8 the current beam (step 814) and the method coRtinues Wih>1*
step 808. It is noted that the step of switching to the next beam (step 812)

b f ith, .or aft iti the interval X, [0077] |
R erERo, he BB A Y SPRASTS (I A shotie
dbsedibte T Coutd horakidantdhedebiimt the radio link gain obtained from
(pasvanced AUGIAGHMEUS BLING 0 Bn ENBIDEENLINALING BRI, acive

collected from scanning the RF environment, either passively or actively,

BRI ORI rRIARE dnd it b hed S6A Legiaverssn thy FiAssepaing an
Qﬂ%f&ﬁ?%@i@tﬁ%ﬁi@%ﬂ@%ﬁgﬁkﬁﬁ% gbéﬁ:% iﬁe;;%a%caé&;ﬁ?mas%f’nmzzﬁams
Wi er worse or nce han _anotnher , Na gains 1mmom the

Rﬁ%&ﬁ%@%&eﬁ%ﬁ %%3%9&8%%&%%5@%%%&% AEREDH for
ttie ddiESouiteeicdt by 30 STRhwAS L rsaambingrt el Riobavispone fit-al o GGlibn
to_estipat I il e ide t radio li ing.inta
SRR At 08 S e B R R b e
Areatrairsenified). (0T Beletionlicamrda if Ve 20068 megsonse frame has
REH Wa2009/Q316441 [Q0RALEIauEe 8ds)ardiagran shewingm sywstemodQs

Qperating in accordance_ with the present invention. The system 900
iRERIEETETAE 802, 1 P T (SPR th§ BsAaredRatia Sier fdFalbfhe
206 .plbie: Al: BEXs4ransmeilseeo maentesintr girgcitoehbhed N be palidsiebaps),
0, afirst directional heam (b1) 912 with, ST and a second
PR Do, DTS SRR e A Bty oen
esles dortzyiestdisiand Herrdtelved b STAlE Jo4 dnpr $FARBOG: frame
(aleestlaiotekthe sirastional heams 412,314 At heles ehoices 08 Hen:

A new field, hereinafter called a "beam indicator”, is added after the

PROSIEHER L EBRERgRALe BIOISEBIPT 5 e 598, Brinnsiedtigbthe step
pifckeatsisaptdiom met A do dAFS indicatingde-thend P smhiehuefits or after
bvggr{]s%%raﬁennc%ag ihould select to receive the remainder of the
pac1<e t 5\Elprotocol data unit (PDU)). It is noted that the beam
inéfG&ior doedrmticreed sydiersaihevitbcidion made by a STA as to which AP to

associate to could not take into account the radio link gain obtained from the
advanced antenna structure at the AP. This meant that the data collected from
scanning the RF environment, either passively or actively, where the beacon
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,

10078} 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.

[0078] Beam Indicator

14-



packets from the STA to the AP because certain packets (such as an
acknowledgement (ACK) or a CTS) are expected to be received by the AP
from a particular STA. If the AP knows in advance which '

Ws‘gezr? |W§E)tﬁ3 next packet, it can select the optimal beam for rec}glv%‘r?)g%{'ﬁla?”
packet, and the beam indicator is not necessary. However, the beam
i(@gi i;)1tor may..also %e traélsmittedhin thosae ﬁfsa%cg?b%a[g%% Fié;urgc%gr' a.

g m of a fiame Tor f%@ﬁfn&‘ﬁ’gllﬁg 8'58am: MGicatoF information

satit tye pBTet Tirefréome TGO iteanrfoRlfietdessiod B 2pa et BHASTA
FRBYLAaLINGaS &AL ER preamile DR ST GRARAAR! 4004 Bouni-

G

beam indicator field 1006, and a MAC frame 1008. [0083] This information
dirneionatitepmerrilean m tiRgtiebakretionsdoe s Rimmiirdatd
15e; Jhe ARUSREdiseiizdiFReHO(H) SniLHi e Tdee s INeHRb Gt omni-

head dthe b indj i i

I TD SO AR BTt B SRR L B el Ppeag e
thdbesniaintie}, shthéiratioen] DOSpwa D i Haxing tttkm dveites.identity of
thea]A send Lﬁ%lgag}j@?‘ﬁ&%ﬁ#l@& é&@éﬂjﬁ@%ﬁ@]é&&%&&@%@ﬁe@m

integer between N.., where N.a is the maximum number of beams

tRhrsirel ApsenysEemgsasraizateral(Plady beadinaf mestdora Pagirtegent

GRsBPatible With thersVisters: AlpSigRRleA by then kS 2006403448mas) it
PCr/US2005/031641 AP in beacon frames, probe.re se frames, or .
b T S BT AP R RIHECTCHS Sty iy CrF A Eo s
(RO UMoMLE) soied thdimbidieanuinbentiradistitional toitsi regbiredfomtie all
beam .indicator field 6, One of i r e a
&’é%ﬁ%svﬁglenfoélseiuﬁfgngowﬁlé&n ﬁ%;eg%é%& S‘Sege%rot n%%v%ﬁit%ﬁea% an

ustwheleasniidicdiortie d BV eae wrnerterioderaenei vely ida dduingie a

AR e Sireply s, Ream thatis.nel RN InTranenifice dirprtiontsuek:
as an omni-directional pattern), [0085] The STA degeﬁrmin S whic g{lal e to
ﬁ‘ﬁ 0%‘%

U BRI EXPHERT. POBB DUSEE TR HAARREBRS! aiita
ARiR=R60E AR iS4 SigHatirg =1, ke reguiradiicdosmatipa forlibisansmitted
i}l&r@!}l%g %%Egigts of the beam indicator itself, along with the AP and STA
addresses. Optionally, an "age limit" maybe added to
[0082] Figure 10 is a diagram of a frame format 1000 including the beam

indicator information sent by a STA. The frame 1000 is a modified version of a
PLCP PDU (PPDU) and includes a PLOP preamble 1002, a PLCP header 1004, a
beam indicator field 1006, and a MAC frame 1008,

[0083] This information is provided by the STA transmitting the packet
1000, at the minimum data rate. The AP uses its omni-directional anienna to
decode the PLCP header 1004 and the beam indicator field 1006. After decoding
the beam indicator field 10086, 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 1600, ‘

10084} The beam indicator 1006 i¢ an integer between O and Nymax, where
Namay 18 the maximum number of beams that the AP can use. The value of Nawasx

' may be either fixed for all devices compatible with the system, or signaled by the
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indicate to the STA a maximum time beyond which the beam indicator

information is deemed unreliable or invalid. The age limit may be a fixed
W agg?eﬁmo]a@ay be signaled from beacon frames, probe respg /%ngam&,s} i

or'other management frames. In the latter case, the age limit may be Se
adaptively by the AP based on STA mobility considerations. [0086] There
%tig se;}eral signalin pos%ibilities for the AP to traglsglgr the beag\ 'Lngié:gt%r
inforthatf8h to AP THEPSY i€ #51 Hhie"AP 0 sena & 2Special - %%
Faekettdybdanindicatekamessagel it ontzgring. enly thel Wfernaationimit the
iSAIEd LIS QAR L 00 R A 505 RSPALIAGAK hme of the

optional age limit). Figure 11 is a diagram of a beam indicator message

rebrsiRIsiERP AP esTRe dRess dgie 1t vo iederrt s ey i dhto? Tra répes
1H9Zna% ARAddIass gl 4. Rad Addgtessdialdobt0§viaandian default
opgonal age. limit field 1108, T qorder f thqﬁfietlds 1 .02-.1%0(?3 6
SRR e RS STBBE 168 B TR ds ST IP0 e Ber PSripe
alidertifR084¢Hrna ammast sitvadtionatetSEA preferably sends back an

Afdss0 thatthe @.&%’ig&%&éﬂ%@&&%&h&&%&ﬁé%ﬂ &Qf%@&tﬁ@d

successfully receive It. It the AP has to update the beam indicator for

SERShast Ag infrraip eneravieritaskedts ta gaies AhdesSE A gignaling. The
%%a%@glz%gbﬁﬂ%ﬁwe&tifaz%%lﬁgﬁ@n@&gjL@ag@gtyamg-b@eén\fﬁ_&%@ﬂ%&f&%ng
. nother signaling possihility is for the 0
R b A BT b A By oA Pt B gaed o
dihBedatadestingt Ao thenSTiAuithéiindobmatioh shidt Haaddechafietithéor
PLOP header, after t . ther fi i [
aorr G A AEMMNON o83 SbeC IR RAVP Nk Deae:
the beanPindicamethiBamaticacseniisyen APobehgespaRtes 12001 220 HIeE
rﬁ&@iﬁg&ﬁ@{ﬁ%&é’itﬂ? AP RLLI0089) frigupe k2ashawsafame. 4208y by

that adds the beam indicator informatign after the PLOP header. The
fEAMAH batrTheRides LBVEW FIBSBIF Y902, a PLOP header 1204, a
hieassindicatohfieichi2 06;eanl ARmdiire pe il 20RraiSTAPaddressielhe

lbzelacx)ﬁ %Qd?gégp %POQ%Q iciatnﬁ?o!q;}%ez %%‘Aa@n% %’g‘t O](‘ﬁgn E)xl gl}eé AP to send a

special packet (a beam indicator message) containing only the mformation

required for this purpose (AP and STA addresses, beam indicator, optional age
limit). Figure 11 is a diagram of a beam indicator message 1100 sent by an AP.
The message 1100 includes a beam indicator field 1102, an AP address field
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 1302-1108 of the mesgsage 1100
can be in any order.

[0087] In a unicast situation, the STA preferabiy 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 z multicast message for these STAs containing their respective beam

mndicater values.
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[0090] Figure 12b shows a frame 1220 that adds the beam indicator
information after the MAC frame 1214. The fields of the frame 1220 are

the same as the frame 1200, with the difference being the order of the
VR 881 ] Another signaling possibility is to add a flag intficating **31641

whether the beam indicator information is present or not. This flag would
allow the AP to not send the beam indicator information in every packet

dBSEiRled to tAO SRR SHERATRBMSHAILIOF fToikadtiol? Eais i@ spiggyback the
perodiehly{faiLxampla oneekeven:iie seotnds)aAndiosonanelentTA,

jven pasis, (for ex le,.an ange i transmitted he P
L s el R R PR e S (e e SR RS B o
faamaotbmﬁtédli&}@g ¥820 M@n@@mbé&ma‘nﬂ ib%}mmﬁ@agmm@émme
0y, A AR 0Py AlNEING ASHILINGICRIQLID fﬂﬁﬂ%ﬂi%ﬁ%gnﬁ‘?iﬁ%@? Fhe

1300, 1320 are modified versions of the PPDU. Figure 13a shows a
freea 300 inkidifes aptiBed preginpie 18P BPPL OP header 1304, a

t{gaﬂg}ini ?c%tm%ferm;@mﬂéa? 43@%@ li%alm {Rgicalas ﬂigwﬂ&@&,_i%aif*for
aaqress lle , ress. e opuonal a It fie
R AT B DTSR e T 1 i e reaimble

iﬁdﬁ%tqﬁéi@f’rﬁaﬁa‘dez(ﬁ@l% mﬂﬁmﬁﬁdstprcﬁwédm&haﬂréﬁﬁgdms field
[9988] Figuke b showsa frame, 1320 that adds the Ream indicatar , pac

information after the MAC frame 1316. The fiélds of the frame 1320 are
thé@smel4s the frame 1300, with the difference being the order of the

filoiso]- 17 Wi 2006/081 485-RCT 2452005033641 SO cTHE:ST Al tor
e e ST S e
AR fbe thisxB TR, thisHatest Sfgralingwias theeindzd befheciitdiage limit
e et B et e
imgrRatEIigidoR farBvesiophic Rtereit e asisHbis e rnatd Ao vnhtheds to not
O05] Fre 1 owears ot amethed 100 or banaming amart
R g‘%%ﬁ?%?%ﬁ% B MG R SPRCHE LM A
Adecaelecting/arbeamforveamftvicabisnist dftheeSTArAn dse ke cfing ghen the
b&%ﬁns&%%at%am at the AP to a certain STA}.
100821 Figures 13a and 13b are diagrams of alternate frame formats 1300,
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 PLCP preamble 1302, a
PLCF header 1304, a beam indicator information flag 1306, a beam indicator
field 1308, an AP address field 18310, a STA address field 1312, an optional age
limit field 1814, and a MAC frame 1316, The flag 1306 ié set only if the beam
indicator information (fields 1308;1814) 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 13800, with the difference being the order of the fields.

17-



corresponding to the selected beam (step 1402). Preferably, although not
mandatory, the AP chooses the beam that maximizes the signal level or

the signal-to-interference ratio (SIR) at its receiver. There ar arie_f of
wrér}ié%éﬂs} 4%%/ which the AP can learn which beam maximizegfﬁ?é[]\ézl(ﬁb oHa"

specific STA. [0096] For example, the AP may try different beams when

receiving packets that are expected from a particular STA, and pick the

Rl R R L s R
ekpestethpack iadue] UdE0 amiACK ol owirtg: the tdhsmissidoaf ROata308)
p rti : lowing_the. transmission .
Sl A B B ST S S S R e S AR STRRR e
beshdtadsarpirsetine srallio GHeptHaspetin Thdicalisrihel derooérafieatandicld
P163B haader 1004.heecanise beRackepisials AXPeeieth Y IR AR @ P8earm

senf by a certain STA, and therefore the AP would already know whicl

> . hich
bERE Tt {0087 PRE AR HEh Shlfs I8 BE T iiiERBRM SRR RGtSor
therSEpofsie po; 146 HT A e dseamnadicataninformationdaseiatained in
g detail.above) Jncludes the beam indicator, P's address, the
T cred L M

irfdibenon infirmation. thhennddlirodl B400AaShermethndt O dyaiimiighe AP
prerephindheheamdndicatar nformairta098] Adetermination s aadeor

by the STA if the age limit of the beam indicator information has been

rREHERCREDR Y BRBEmITRI AP PIntinhtibH S Rl vantishgy ot

1406 dtdhe dge AMithasdaoiechs reathe e kenizdStW(id0a6/83dideb the
PSCiIT/a S %-Qofe/ erl@%%l rti%ga ?%%{)s‘%@ ghree baeam ' deigator fgr a §aY%k to ge d
trafsmitied 1o the Selected Besm (sttep ‘ii&%s'. e STA SRS the rﬁ% (<]
withwitéch dhmAifidieaterimformetibrapmheizstesttie: FERrvtstepaciiOFTA.
Thdd) begingLa eeeiedhe,pagketitom theyl A .anle.omphdirecional
beam (step 1412). The AP decodes the beam indicator information

cBAEAFIEATRA TS PRICPAHIBRIRITES tH Shterd RidhERshraridhasaatH s
regeiveiihe walanderel iteipagkaidaielddidhs biespaildddiens include:
TR A FEABREA10 e BEMRE AICEg TG
|drfB magkidt(Bpindahaioamite 8ion of an RTS packet to a parficular STA.
With expected packets, it may not be necessary for the STA to add the beam
indicator field 1006 after the PLCP header 1004 because the packets are expected
by the AP to be sent by a certain STA, and therefore the AP would already know
which beam to use.
10097] The AP then sends the beam indicator information to the 8TA (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 1imit 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; ie.,, whether the beam indicator

information is still valid (step 1406). If the age limit has not been reached, then
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sets the beam indicator for a packet to be transmitted to the
omni-directional beam (or pattern; step 1420). The STA then sends the

w%az%%glggt:he omni- directional beam (step 1422). The AP Iie%ctﬁig\fgz%(g}gm a1

packet on the omni-directional beam (step 1424) and the m
terminates (step 1416). Because the packet is being transmitted on the

mnsqectional beam SH%E&&P%P%%%}%%T&QE RIAAORS '%8’(}

) i}récé%ge%ted
the beam indicator fﬁ?ormatlon or the as set the beam indicator to

theagefeian V4NGe) T eV Edssrrodn dbel markhievith ischeargénitecaleiniermation
heame [R1004Higute A2.shows amexample-ofdhe methodnkifudn WS, the

example, it is assumed that the AP 1500 has already decided that the
et RS PR TREHARATINS Wit B 141802 & AFadnsathre fam
andib oraspectivabh (estahofrinnidgae:) . 404 @i fcigureht S ahaws 8o the
possible sequence of events where,STA 1 1502 A2 d the AP
iR e B Mg B R . et
packartonSEied (el gHihing access to the medium (step 1510), the AP

Spkisses to beam bhLsiaRthe 12l BOhIRARNIHS SARR PACKEL G, Achched;

including a beam indicator message, with the beam indicator (bi) and an

dde thnbeBrtiretosfatrsBaEAT INdedteer e e dsias! 446 henipaTiRo
kébethsopgs andieittaoihe pRi{siep 3o tnkatethad thaertanddiddonal
five seconds, from that tj , STA s that if it has to transmit.a .
OO0 S S K gulS Toy alHRE AP SHB RIS B B
iddiectionfibhé (068t d45i2)s i A&W@ﬂ&@@tﬂ@&n the omni-directional
RCHS2A0ROB L LS B A RS- FRceiMD gt fzﬁ@.f@épaﬁ;f@cﬂe)&%llé%’;s

switches its antenna to an omni-directional pattern (bo; step 1520). [0102
Npelagtitasritadontbe STy tHeertEmah gt e presmeialigo
L@d@@@?ﬁ&&tﬁﬁ%@%ﬁﬂ ﬁ_{%@%ﬁ@ﬁiﬁf&&_ %ﬁoﬂ&ﬁk%ié%@ldﬁaa?s gé@h;;@@_nafaa@l
eam indicafor message, with the heam indicator and.an age limit for
RGP S DR Ao e SBEGHIS Chcl Aaep PR ffrienne
Serds.an ACK to the AP (step 1528). STA 2 knows that it should set the

R ”dicat%ﬁgﬁlg 1éls%%@st&‘nb?%é%&ﬁgX}g{%ﬁ%‘%ﬁ&%ﬁ%@@féﬁﬂﬁ?ﬂ%ﬁé%&%@a it

(other than an ACK or a CTS), for up to five seconds from that time (step

TS Foysummest fBasidivg e hanpiready decided that the best beams for
communicating with STA 1 1502 and STA 2 1504 are b1 and bg, respectively (as

shown in Figure 9).

I6101] Figure 15 shows a possible seguence of events where STA 1 1502,
STA 2 1504, and the AP 1500 communicate with each other. First, the AP desires
to transmit a packet to STA 1. After gaining access to the medium (step 1510),
the AP swiiches to beam by (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 fo transmit a packet (1000, as shown in
Figure 10} to the AP, it should set the beam indicator field (1006) to b: (step
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STA 2, the AP switches its antenna to an omni-directional pattern (bo;
step 1532). [0103] STA 1 then gains access to the medium (step 1534)

ng’[% Pg@fmts a data packet to the AP with the beam indicq;[gféjée%ﬁ "%?%3?2}

assuming less than five seconds has elapsed; step
decoding the beam indicator field, the AP immediately switches to beam

[ p.1538) to.decade the..remaingder of the packet (stepn 1540). After
TSR e e A R I £ e RS s e
vEuR)diretdoviedestiesratie step thHE. omni- directional pattern (bo; step

15 [0104NTRENRTAr2 QNS ALCES, e MEHIM SiEN 1248530 ana

transmits a_data packet to the AP with the beam indicator field (1006) set
B has o R e SSeRdAdhdserdisnde Haseppbe eacket fo oy, Mybding
desedingdrarmyindicaies, el thepAdhimmpdiately.swichesie Bearrhdhe

t 50) to d de th i f th 1552). Aft
R B e e B Lt P AR RIS L Bk A LIk TR AG Ty o
&hel SRitches 528 ke 20sthevertim: direbtiohhkpatierrbian; stéjras6a)eld
Q49814 is fb@tsﬂfﬁﬁl‘:@;&%%g&@gﬁsﬂ@éé of the heamyindisator, informati %’tﬂ%

expired (five seconds in this example), a STA (either STA1 or STA

WELHE SeEIYREIsEEAT ﬁ%ﬁ%é}f@ﬁﬁ'ﬁ}tﬁ(@gﬂs}%@&tﬁ@ dessingihe N e o
E&igyﬂf&@? alaustakingasvarioge o ﬁb@ﬁ_r@ﬁﬁﬂz?g}ﬁ‘ﬂf&@{tﬂ&f ;%@8532).
tresu | ny major inconvenience..l ne 1Tl the beam
e B e R i =
siate peRRANVD BE0SSAROMhP 6BAd SROR5108 HE1L( 1H@sh e bebof possitie
L G

fieafloftife S Grmedidérbmayibdeivih beasi Malsterorihdpdekdesode the
tranemidedoiram sERs [BIepenlingtdhenBraseat iy saten s kit
T T T
résecvedditsaitdhe(tserwpel SHald of the PLOP header could be used to
e P e T
thakgtpacket to the AP with the beam indicator field (1006) set to be (assuming
less than five seconds has elapsed; step 1548). After decoding beam indicator
field, the AP immediately switches to beam b (step 1550) to decode the
remainder of the packet (step 1552). After the end of the packet reception, the AP
sends an ACK to STA 1 (step 1554) and switches its antenna to the ommni-
directional pattern (bg; step 1556).

101051 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).

10108] The invention allows taking advantage of the smart antenna at the

AP without resulting in any mailor inconvenience. The addition of the beam

indicator field in the PLCP header does not result in excessive overhead, since
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should not expect the beam indicator field after the PLCP header and
could simply use the omni-directional pattern to decode the remainder of

wg'gﬂ%%%ﬁé% [0108] The present invention also applies in thgé:%gz%%ﬂm
mesh architecture where a mesh node is susceptible of receiving packets

from more than one other mesh node. In that case, a mesh node plays

the role of TA f an AP as ribed above. .This m h
1% BUBBLAPIA AN AL a0 bt SR ARV L N MRS Bidh e or

Aresthite der BheBirgrtedieaive Beke beam indicator that mesh node B
hasopteviously,sigRaleA 10 R HRERY b rBPNE! Se I e I 88 BHA0EC B Hegser

the beam indicator field when transmitting to mesh node A, using the

VRRICPBRINE LR AATINATEAHS s AR S AR R AR Tra; IgRismanERe
miesprazedeiBvdalion) Asthnaierantise Wehavingeaiheamdndicatonfiald was
after t@&f LR angader eSL%t%SUg add lts address a]‘if-eg e PLOR e of
headser. ﬁls ISNotas e |g|en a So |onn%)ecauset e% ,&a(ﬁregs iS ﬁ%

bt tomperdbnpeeet:hitisthrdee Grefyigebiicifbeftiee FaAMN hradenoruldisthesd

aiteinative weuld bedo eplace e, hearhodicaion field MathanSiteiere
STA index assigned by the AP to the STA_upon association and/or hgér;g[t
I

IFEPsigRarmysratotdielt RS FRaRdE T dsatebe faphitR EHge e
tBesutembiteaidts mMadiriinivdivelsdaprndibg ahd L OTakikade admhbarid

of. associated STAS. The AP would look up a e the current,.hest
R S T T A o e MR DR S e e backer,
10 10&N signdkepeasarindivanbiotoaibe pPherieterysaPofe- 5T packistcihue

thers-wanldbe more additional bits.alterhe LLAPPIeAmble 2t Wsther

2006/031495 PCT/1J62005/031641 [0110] Antenna Caépablllty
IFeFaadH forbEtarsp arms el BloR FRfr b0y, RS TR EdToh Headors
frrneiRg Assecraiasesestiiame-anastosiatentiespansadmeanandd

a probe respanse frame, has some reserved bits, as shown in Figure.16.

e R e e e R S
(EBSysubiield-T5D2; prevBBS stibfieldd 1604shmsiténfonvrsel{Crpsh node
p@'@&kﬁﬁ%@%%@%&?ﬁ&@%ﬁ%@@ﬁ& 1608, RHYA%Y ag%gkﬂe

1610, and a number of reserved bits 1612. In the 802.11 standards, the
subfelas e Orars fpdiratenthrb meenit ROAG Arepereviesiysignaled to mesh

node B.

[0109] As an alternative to having a beam indicator field after the PLCP
header, the STA could add itz address after the PLCP header. Thig is not as
efficient a solution because the STA address is 48 bits long, compared with three
or four bits for the beam indieator. 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 3TAs. 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-8TA packet, but there
would be more additional bits after the PLCP preamble.
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reserved bits 1612. [0112] The present invention utilizes one of the
reserved bits 1612 for transferring antenna capability information by using
teserved bits as a flag to indicate whether ante apahili

Winr#gﬁpg(g{}iggﬁ will be transmitted. The details of an antenna'sq) @6%9' I i’é%%m
are part of an additional IE, which is attached to the end of the packet if
tcpge i@tenna capability jnfo rjrfati flag is set. [0113] The antenna

E) ility inférrraton-HE A beRcitded dS part of an association request
fiahia] an asgocatibiiilgspimseatiamBeld péobe dequebidraimecanftane, an
pgé)sta .Lespan %f ame. An.exam le,of a portion @f an assaciation request
AR By e eh i T2 1SRG T i (& T Tha Rrama 7o e
ifege 528 wapaniiey Tafokiratss fiskn iz Gieurtidenihtarpd distdadfogration

32191608 7100y deShPpOIiad JRlBSAR 140G ENA ANRNIR03, CARRRIY MEeld
1710. Alternatively, the antenna capability IE 1710 can be added to ang .
&

mER& e FBHTHAR &8 A PY RS O FaGua &F Pribrestashiv

réspRinseriosd besfiald,; 1618nyebnrohitame reeioddigpatkett hag02.11
preferred embodi th t capability |[E 1710 is_sent in a
T S, Rl SN e e e B 1
grewevascriesifine and the probe response frame, a STA can use this
infemption beforejoiiating.an gssaniation pRRCRALLE Yib-20AR:(539] for

The antenna capability IE 1710 is shown in detail in Figure 18 and__
IANEE LIRS GRRRR A ARAD IR SRR RERHBR R TR ke BooT e hbihsee
diaguppatiedbeanidicldit804 caphdiditeindicateisupaitofiiansmibd. The
a a .information after PLOP header 1806.,a di ity technique
B R e e ) o W e
18 1tbeand af fibloneckat2ific 200610031205 PR THISL2005/081E44 sidicate

srRert for mydiinie inpuds. .81 2nAdditional aptenna.carabilit.datormatien,

may also be included in the IE 1710. [0115] In one embodiment, the

ARG bR AR AR RS RO SREARFITRE RIBS B S ogest Fpme,
tealdnoegydielentBO2 ranskineresiabibefficistmaybeaptionatidh MaYaest
be possihle ta derive.the remaining fields (Le., fie 804-18 nce the
e e S e & Skur L She oot B tudes
Sikaprétaiyesitme sntefmadcHibiitysten interval field 1704, a SSID IE 1706, a

supported rates [If 1708, and an antenna capability IE 1710, Alternatively, the

antenna capability IE 1710 can be added to any management frame, such as a
reassociation request, a reassociation response, or a beacon; to any control frame;
or to data packets. In a preferred embodiment, the antenna capability IE 1710 1s
sent in a management frame. If the antenna capability IE 1710 is added to the
probe reguest frame and the probe response frame, a STA can use this
information before initiating an association procedure with an AP.

[0114] The antenna capahility IE 1710 is shown in detail in Figure 18 and
includes, but is not limited to, an antenna technology field 1802, a2 number of
supported beams field 1804, a field to indicate support of transmit antenna
information after the PLCP header 1806, a diversity technigue field 1808, a field

to indicate support of antenna measurement signaling 1810, and a field te
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information from the transmitting side, the receiving side adjusts local
settings for transmission and/or reception such as number of antennas
W%Sﬁg@%\]/‘%rssny method, smart antenna technologies used f}g Yf‘? qusi16is
transmission/reception, and extra antenna measurements. f nthe
event that the receiving side cannot support the antenna capabilities of

the transmitting side, the fransmitting side will not. he able to use the _ .
p%lrc%llgfﬁgr Séﬁﬁ@%?a featl éz_p el : n?%&r‘%a gﬂ%@ﬁﬁ?ﬁ%ﬂ%ﬁe’fﬁ?@bﬂﬁy
pirﬁpsnﬁt@rny#ﬁlg@thctlﬁm ireshsinitinglsid€ dfid @he (eceiving side are
cagsle of uilizing hiadeaioloon SnG.SHAMPGISMNMPHSENNRIN 1, be

which only works if supported on both sides. [0118] Figure 1 owWs a

rsthaaseddudedextraRptrasfrdne eapabiy Sitormbilonrsbef the fields
o racauing STAath e B e nted ot bt g ST
and "r in "are used. If is hote at bo e transmitting
a#g)ﬁiiggéﬁé’l%?ﬁ&wi@%%geﬁ}%’ﬂ B EREFALBEE R that an exchange of
aiftettia capabitity onfosidatienicanidceufbaliveesi-as AR antbaraToApability
b 0 in.either. directian. [0119] The method.190Q begins, .
B e et e
réeAISTAGA aRGPTERPRYEap aiyarEn(SehsT S0R) e arwiigveRiy
receiNes theaniendmeanakiiivdied star 1304)a0di delshninegonhatiesdt

can S&!}Jﬁ ort the requested antenna capabilities. If the receiving STA can
STYBRARCARREANE WS pabilities of the transmitting STA (step 1906), then
thel igteiving B TiA@djusts ks is ehingedv nandids theniian stivrg t5d ASenna
a c Jities (step ,1908). The receiving, STA.sends an
R e e R B R B e oo
19EopariigiyORueere3iugsree 1ersi0051 33164 ledoikdoying anll operate

aliernats sapadimenhefibgmetiag 4300nthe, acknowledgemsnt is, st o

to the transmitting STA hefore the receiving STA ag]];sts its settings (i.e.,
sté ?f@d@%ﬁ%@%@%ﬁ%ﬁ@a&?wﬁﬁﬁﬁsﬁm ge: ighigh only works if
aoknewted geroetht 9figbe receiving STA's antenna capabilities, it is not

SSRGS e Seeion STAes e e o
oedormgtion. For purposes of discussion of the method 1900, the terms
“transmitting STA” and “receiving STA” are used. It is noted that both the
transmitting STA and the receiving STA can be an AP or a 8TA, such that an
exchange of antenna capability information can occur between an AP and a STA
or between two STAs, in either direction.
[0119] The method 1900 begins with the transmitting STA sending its
antenna capability information to the receiving STA in an antenna capability [E
{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 transmitiing
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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achieve a common set of capabilities to be used. In a preferred
embodiment, the capabilities used will be the smaller capability set
whelpreingto both STAB. [0121] The transmitting STA begins tanahaiiung
using the communicated antenna capabilities (step 1912) and the method
terminates (step 1914). [0122] If the receiving STA does not support the
Fwmitting TAS, a apahiliti p 1906), th reGgeiving .
gTA r11otifies%\&A%ngrﬁ%%%&ST%Bﬁsﬁ%%%?esS.nt?)t%gvegt%éﬂrgedqu%%lgaq; the
aAYEATACEPRBIYIES $erdpia dhe) trpramitdineitingsioachidyirreceiving STA

ansmiting-withaut ysingdbessnuesied e BRa capabiiiRTkaien4918)
and the method terminates (step,1914), [0123] Figure 20 is a flow diagram

B aACEREPHETSTERO 8520 1B 18R L CapRBiftes: Tt 1S not
inéospaatibyn e ER st n $ritting Givin 2 0RA dnd adceecMignHTAI2004he
The transmitting STA 2002, sends.its antenna capability information to th
B S 0o
antopracapaBimsMferaanbHittete hansrditing STRcnO0 2 mepiRe12fhe
tdsnetedihatateps ROLAaRch A0 2:080:h8 Rerforpag: LI vEsae Prder.

The ordering of steps 2010 and 2012 is not critical, as long as the antenna
cHpdility in%%&ﬁ?@E%ﬁﬁﬁéé&%@ﬁﬁ%%Wﬁi rRgiested
andectine: cepebilitges hed A4 20ptibtial i diia dransmitting i 2002 and
tfb‘iégfe""”ngsi’é 2004, can §%gOH%£% antenna capapilities 1o 1008 cmas
common antenna’ capability sét or can exchar?@e measurément

s enTRioEbidisi c0Ep THIS) Gptorbe stepiGas BEARed iesidfirizatrargtiing

QIB0eRRa: features 1006 tserhiRLg4l M@ﬁﬁ@ecgggﬂﬁﬂ% PHEpEsNE. The

information (steps 2010, 2012) and any additional information exchange
(SRFTHDE BOtH RSt ARG ST BHbP A HE te S ERARER ST A DbR2
depidelioealywhich siniganadeasuies toritsa Atesedeprt the)antenna

ilities that are supported locally (steps. 2016, 2018). -24 )
TBbED31 402 et 205508/ I"Gﬁ%ﬁ%ﬁ”&5‘j’mle"’%‘3§’ﬁa§?ﬁs e?t\gé’gan ahRor
caphbiliininforationded bisenntiesoribedtiet resmseofratitn ANpghBTA 2002
RiRciples.of s sancepiarergdually, Applicablere anydype.ak WikelgiSnn,

communication system. [0126] System Im Iementationo[)0127] Figure 21 1s

sHebRigragfareriondptbarestingnh (tep 2010). The receiving STA

2004 sends its antenna capability information to the transmitiing STA 2002 (step
2012). It is noted that steps 2010 and 2012 can be performed in reverse order,

The ordering of steps 2010 and 2012 is not critical, as long as 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 negotfiate antenna capabilities to find a common antenna
capabﬂitjr set or can exchange measurement informaticn (step 20 14), 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 recetving STA 2004 decide locally which antenna features to use based
on the antenna capabilities that are supported locally (steps 2018, 2018).
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implement the various aspects of the present invention. The system 2100
includes an AP 2102 and a STA 2104. The AP 2102 includes an antenna
W%a (’%%Hg 49olsetermlnlng device 2110 which determines the a‘ilt(‘?ﬂ gz(m& 031641

capabillities of the AP 2102 by examining antenna capability information
stored in an antenna capability information device 2112 that is connected

0 e PR AB Y534 BurOGrRY S DAL (EIGEANE: Spa ocer

cenndiotddito theranténnad’éapdbilityedptircpbengoti hvice@idk@lanteamyually

3 %95!!%%1% $8.£pRnected o.1he téﬁgl%%}j [GHRGENEl 2114, A beam
S\% tching ie\%lgbe %%)18 ?s connected to the tr%r%sr%?ttg%%eceiver 2114 and is
used to switch the beams of the antenna 2116. [0128] The STA 2104

reqewes the gpignnasaRabiifsdgrmation of the AP 2102 via an
gnten a 2120 .and a tra,nsmittir/receiver 2122 connected to the antenna

856/ An antEi®iEecadabilify ARG HecR S19AT doRfetqrbemyrtte

trandsnittet/thecivat A2 2 spadic o phse srifiesntenaatap dbilties Qb 2 AR

%%g%d\é\gtgrtlhgig %?6%‘ aalqg p&? i }gl@rfﬁﬁn %i?en %t%(%TA %%gszn antenna
accessing an antenna capabl |ty Information device 1%W Ich’Is

conpbidibiirtarainmenesicsadbiftiide watenminet vice rev. crpebilities of

anlenna pepaplity.delsipuning device 4 s sannesietiofm 1A ARHING
adjustment device 2128, which adgﬁ%the settings of the ST,a 2104 in

SRREPIS DR e TRt AR e dhtentia ciphififtegeqrfds) eesamstanrapgbility
negatiationgaiaiie snacapabiliesthchyabllithe: ARK2 A02 200 thes&EAut by
2104 can.qccur via th spective antenna capability determining devices
T o e Y S R BRI A st
ApgietAelA R 02 aasinet it antidrs ik imthensttoe @ity 2114. A

[0d30]Rbadimenis. 20180 20A6MRLAMR NGHMR20R03104 51 13 1

A method for implementing a smart antenna in establishing association
petider Wik Absheamng the aabaedds of. (a) transmitting a
Heagen framahyde AR erpee artte nadeanafh)iasamngdhechefgansr

AR (5 R 12 A ehR AT EA R BRATE (3 P ot g o
(adtefalitithar batoorefrapnadiliss dstemirangiited B4l sootermted to the
heams,andE-asspsRsng.ih Compares the antenna capabilities of the AP 2102
with the antenna capability information of the STA 2104 by accessing an
antenna capability information device 2126 which is connected to the antenna
capability 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] Itis noted that a negotiation of antenna capabilities between the AP
2102 and the STA 2104 can occcur via the respective antennsa capability
deteymining 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.
[01301 Embodiments



STA to the AP that transmits the beacon frame with the highest signal
quality on one of its antenna beams. [0132] A method for implementing a

ona in establishing association between a STA P
S BB

the steps of: (a) sending a probe request frame fr
the AP, the probe request frame including an indication whether the STA

wants to scan multiple beams from the AP; (b) transmitting a probe
ESdhse framethihPthdoR PP IR SRS ? GTBakhtéRkIHe M ogbpblishing

reﬁﬁﬁvﬂﬂ@oﬂﬂ beptahke wespensadrameriiiias: AnddrspeasUngrarsighaing a
ualit he r onse frame at the S Switching to a dj erent

gjn er?élla ean?) (%lre%eﬁegflng s%@?ﬁf faflullﬁ] %‘é pro e%esﬁgc%

Has BEén ransadttcdorl a@aimmam@@hm@pa%mam@msmm

to eV that W@H@éﬁ@eﬂﬁ%bﬁe%ﬁﬁp@gﬁ%ﬁr @?ﬁg"‘ﬁ@;}??a'?'ggﬁhﬁ'ﬁ?%e

31 ality on one of its antenna beams he method according to one

oD fEBa Ry Rt paARHed éﬁ%ﬁ@%ﬁéﬁ% asitdrersaniatingrap
tefore trRpaMithagitae HerceReTRmen Fter SWitshINghaERe N ache dmMSI AN 6N

ngro the nterv%l ;anjc';Freater than a short inter-frame space and less
thah &4 |s?r%u?n& inter-frame space. [0134] A system for implementing a
sitiE2antennd imedtadi&iringrissoaittign Hetwesn 8hAsand astAlfjching

@9&9{9&& heacom, ase se Mﬁ*}ﬁdﬁ&m@%@JMQ&?@@@@& Hobe

for |mp ementln% a smart antenna in establish Ing association betwee

STRUSFHITERPIRR GRME T4 robe rdiuldt Fephe %ﬁ@%ﬁﬁ%lscmdwﬁw

ARgiheiproRa ey asileme nchiding @Eﬂnﬂlﬁﬁﬁﬂe whether-the tBdAP; b)

vxants tQ, scan multiple antenn bea fro 6%{0% %@ frobe response

O?T'Pﬁq Zigﬁi%omg ﬁﬂ on one antenna

REah) 5@0@5&‘6&1@% f@ﬂz%}d&pymae”mﬁih etpiecBiing @mizadiments, signal
f Qr oheespens m a

B e B o B rens

tHatenae aﬁ"teﬁh sepeavng oiaT ®méthoadtbappebemstrsast Eamakas
G N mm@lW%Tamgﬁ@mmﬁﬁsa&@d@o‘@%&i&t{ﬁgt{w@mwIﬂ-_ge AP

the steps of. selectin
% tr%ns:mts the pro e response frayne with the highest signal guality on one of

its antenna beams.

[0133] The method according to one of the preceding two paragraphs,
wherein the method waits for an interval before transmitting the beacon frame
after switching antenna beams, and wherein the interval is greater than a short
inter-frame space and less than a distributed inter-frame gpace.

[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 reguest frame sent from
the STA tothe 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.



antenna beam by the AP to use for communication with the STA; sending
the selected beam information from the AP to the STA; and transmitting a

“packet frorp the STA to the AP, the packet including the selected beam
iﬂfg’ﬁ?{g\ﬂé‘%‘, whereby the AP uses the selected beam to re&&ive P BAa1 4!
part of the packet. [0138] The method according to the preceding

ﬁgi%%raph, wherein the _selecting step.includes selecting an antenna

hith a KRG SERERVEE S AN SRR DR WhPAATBAITATA =
signatébd niefeientaratioc 0480 fikld Methiichas tording ta.aneoffthetenna
receding fwo _paragr .wherein the sending step includes sending
R R o mccator,
WhETéIn the skloettebddamsmitiponiinbeugseef it throaagetiteiiasmot WLAN

SXRIRE e AR madiugraceass,coniel iMAGLadde st Atk Wit AbSan
MAC address. [0140] The method according to one of the preceding three

Faieam Reaty RE i& e teetdider SEPERRRE LR RN the %8l ng the
hembdlbenatioioiim theparateeesbagehi0$41] Shetrmatiediaccargingtet
to one, of teceding,four paragraphs, .wherein the sending ste .

SRl SRR e R AR L e S S R rmation
frelaectypth O RhR thamelhdedbemming toctreab iehet presedifighiveacet.

paragjaphs, wherelphe sending.sie pcﬁ%%%%é‘ﬂ%%&ré@ﬂﬂﬂ? PHERT the

indicator information flag, to indicate the presence of selected beam

iSPOPREREOTSR the disfrelsoting pretrem e aRcBthigrg o ruet tanal level
reeading:shelag RiRss whdareinthe-sandingsteprénetugas.switching

th the AP, ta the selected b ior to sending the select

L ol B 18 R B RO GHELER (hE PaCBRTAR™
seberepathgmphiwiersinl tiessedling step furtiver ifchidesmsivitsbing; an
theLnienng of e AR 10802/ WHQA00RIO4:REIUPA00R 081 64y i

omni-directional pattern after sending the selected beam information on
the aafdinRiy rrsiat poPUSTE TG MHEtRBRHHEBGRIRGG t76r SliKe prdesingd
ejgbtaragraphsdfetber including the step of sending an

a[%lirl%wedgeﬁleen}nfé ng) ha%c%;r irfg %Q eone of the preceding three paragraphs,
wherein the sending step includes sending the selected beam information in a
separate message.

[0141] The method according to one of the preceding four paragraphs,
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 te 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.

10144] The method according to one of the preceding seven paragraphs,
wherein the sending step further includes switching the antenna of the AP to an

.97



AP upon successful receipt of the selected beam information. [0146] The
method according to one of the preceding nine paragraphs, further

including the steps of. receiving a first part of the packet at I% via an
YA diretional beam, the first part of the packet including;i eer/%%g%%é}%wn

beam information; switching the antenna of the AP to the selected beam
as specified in the selected beam information; and receiving a second

A GRS HRRKPEIERR AT SRR B P (BT Al TRARERNGY the
aekoetdingetarone of the preceding ten paragraphs, wherein the switching

includes.decodi he first part of the packet to determine the
e e D S B G SRR B arins

anvhanN» pefioghthastarPoamhdisT AL esystenstmetad ifrgreatfiest PAdkethe
seniiiomsihes AR 108 IAnI&figkaaekel Rehidingmselected beam

indicator, a medium access control (MAC) address of the AP, and a MAC

ABHIESs of thEPS TREtHE 2eHaRGiRg HE ARG i ERfoPTaEHHRA YN PHRATRR RS,
esiseleniathhythetdR 60 HeerfbcomBlyaieatR i HitBE ST, P dia an
second. packet,,sent fr the STA to.the AP, the second packet includin

PEaRaR Rk AR RO e Aol S Retons eckslaat bt
thdoseadahperiebing theassteste ditbamt’ [0148]sFleetsy Seam ascordifigddn

the a@éléwb%a@qm%mwﬂé@sﬁ%}g%&%@aﬁm P RASERAAG the

message from the AP to the 5TA. [0150] The system according to one of
the pracBafReRA s Braphs, wherein the first packet is part of an
gxisting framelypeelBds dcthdisgstionaceordirgiaamegf tbe preageings,
SR B e taR e AL i e s e

: y beuse
ifitheragedithit selschat bexpired. -28 WO 2006/031495

R61h4S2005003164], [%l}%ﬂﬁl%éy%@bf‘%%m 12.006:09f RS, wran

preceding four arf:igr)r;a erein the first packet further includes a

eaRfingieatéris %&ﬂg@ sygteRtisstedme prdushpe St eesdigordhe
beare ndicerar ihihe-prskald Oda3lihhe st PEeakiRg I RN 0hNBum
pg&%gg igo%{.if\{)? H@E& r%ﬁﬂ?éss of the AP, and a2 MAC address of the STA, the
selected beam indicator identifying an antenna beam selected by the AP to use
for commumication with the 8TA; and a second packet, sent from the S8TA 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 gystem 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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wherein: a first part of the second packet is received at the AP via an
omni- directional beam, the first part of the second packet including the
W%ezl%:(tﬁgj}%%am indicator; the AP switche; it; antenna to th% &ele;scztgﬂdm (641
beam as specified in the selected beam indicator; and a second par ot
the second packet is received at the AP via the selected beam. [0154] A
éit_em for exchanging smart antenna capability information between a
t

Rthitting STA SEERTHESS P AORE Pl R fe R REIR LI mgRaeraphs,
syBtenin iftel filisigrankententiscec apdbiity orfesmatiohicetemefsrexchangeg to

k%ggg/e%]the transmitti ST/}a{% he receiving STA prior to data
DD e B LA e ae LO R Ll o

algmdnt inclutisgsiatermationdiegaiaieretié tapabitthsings fhe tpSTARDS,
[QheRidhg systemacsaiing o heRIesedingRRAOIRARRWIEEIN & mni-

wireless communication system is a WLAN, the transmitting STA is an AP
SFea e IR ARTSGREFHAC FECRSAG Bk TR thesplesARd braro

andidiatol) 1hé AFhemysiemiscankding 16 Hresofdhedbesedinsspadfied in the
patagraphs, wherein the antenna capability information.element include
e e R P T e e
chnsistitiy 6k kectrihiemof supported beams, an indicator of support of

trapsmit antegna,dnformatiqriafier physical layes coNVErIenes ARGl tion

header, an indicator of diversity technique, an indicator of antenna
ERESERETRE SUP Ao, 2RI PR AL AR SrFtrlRseGriprunication
suypper. RERitHesysiamraecRudisioyonefohiheipre ceainghtW@xchanged
aragraphs, ,wherein each field is derived by the receiving.STA from the,
e Y o ey i SRtaRe ST 6 B P pion
prefvedinghhrovopaidgrdiblesinieharetathbi Bt enfiarmapmbildeméomiatioding

SlemanN 3568 Qﬁ&ﬂ%r 39 &gﬁﬁﬂﬁ&%ﬁ%@ﬁ%%gpmm' frame, or a
data frame. -29 WO 2006/031495 PCT/US2005/631641 [0159) The

SR accortify T time Bfrdingktedi poeiedire rapHE 2R aTBRTeHe the
antenas capabiliiciionnspiiom elenvenhis exchangadibehyeamthenn AP or a
anemitng STAGT s 105 ng, ST 2 2T AlLHASRSRI
[0156] The system according fo one of the preceding two paragraphs,
wherein the antenna capability information elemént includes an antenna
technology field and at least one field selected from the group consisting of a
number of supported beams, an indicator of support of transmii antenna
information after physical layer convergence protocol header, an indicator of
diversity technique, an indicator of antenna measurement sighaling 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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the transmitting STA and the receiving STA or at any time after a data
transfer between the transmitting STA and the receiving STA. [0160) A

W %&5‘8[9 f‘%rqexchanglng smart antenna capability mformatlon t%%tg\é(bm 1X-P

ansmlzﬂlng STA and a receiving STA in a wireless communlca
system, including the steps of. sending antenna capability information
from the transmitting STA to the receiving STA; determining whether the
t8eeRing ST?&h%éﬁsgafapamh@%ﬁq@n%?c%fpmmé%@% Pk SAsEgPrhs,
Shéxcntl isling setings Al He fﬁaemmg)ﬁmxﬁdhﬁmm@mmm the
gr%[aort tthe nnac abl|ltleS of tEa lttln TA, andt mjcttln‘gn
orm the transmlt ng eél?IA]flc?tﬁe rBeBvI us%sgs & an enna.

thptisititestifitaeS Rt eivihid SRAetansSBpont @ﬁanarﬁamafwaMa ésapfler
hehansRliog,ShA{0 &4, thia e Bodascpig Lo the preceding

par &raph further inc ud|ng the step of replying to the transmlttifm%STA
n acknOviraigemEnt ST Fegeimigt St aaterprbEiiyabifiasation

M&%H ﬁ&f@@@hﬁ%ﬁ@em@%@me@m@mmmmmaﬁmﬁﬁamn

h th f to th ft
P e R B S
t&lrmrp&tagéﬂq% towhereneitheg Eplingsepirckdés et fiingdteving STA
YADSHHFIRO:R Qh@éﬂh@@a OoRMING AT AHA0S 00k ?YS%‘H’%& SRl tings

antenna capabilitie | The method according to one of'the precedlng
foubparseiEpasS Ty hé@ﬁ%‘%&@%ﬁﬁ@ %%éBQﬁ&h@Ié’élt@aﬁ%ﬁﬁﬁﬁ%lﬁ%ﬂf

@mﬁ@%ﬁﬁﬁm%ﬂ% h&&ﬁ;ﬁ%ﬂ%ﬁl&ﬁ@ﬂﬁﬁ %M%H?%&Hé%ﬂﬁ:dﬂmf%% HBe

capabijliti e od ac ne of the eding five

68?%’@’?85%?&%’&%%? e SEEifYP8 ésb %ff&%fé%"%%‘ﬂ&’rﬁé%fe&aﬁ?eﬁ?ﬁg“

eaﬁehﬂa)calpkhmammfa&nﬁamneﬁmm@a’@ament frame. [0166) The method

Fogeiging to-pne. L eeRUIg: St DRI AUARRS  REIBI 08 AR g
selecte

step Includes adjusting at least one set ng

20661038 M 9SICTFUS Yoo SEesTE finghe g otis e 8RS HREVOrasstelepidhe

aatennas usad, shediversityynethgd, a smart antenna technology used,

nd additiong] antenna measurements.
?0162] %‘he method accord?ng to one of the preceding two paragraphs,

wherein the replying step is performed prior to the adjusting step or affer the
adjusting step.

[01863] The method according to one of the preceding 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 transmitiing 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 inciudes 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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[0167] A method for exchanging smart antenna capability information
between a first STA and a second STA in a wireless communication

stem, _including the steps of. sending antenna capability | tio
WG @%]ﬁgr%t STA to the second STA; and sending antennggc%;)’r%%}iﬁymm

information from the second STA to the first STA. [0168] The method
cording to the precedin ragraph, further including the step of
ARG SR S AL P AP SBent STots B i e
capeahilitiéxiaesgyosfdiured mhibmssiombenthreceptiorebetweeen the first
nd the . : rdi e ofthe ..
T gt e T e SRRl R O0F & ot
WiEBeR b Ay s RIBAA RS AFRIRATO: Bowyadretne flenSPAistidcthaysten,

seeRnEn? The {0540 e dnathod-aceQuding: 19 oRe.phtheResedinddhreserA
paragraphs, él#éher i&clud'ng the step of corﬂparjn the antenna

O BB e f EPAUE PIRE Lb EERRP S PR HERE M B dhrsgeond
st8i incthd s the antenna capabilities that are supported by both

t itst STA ond ST 71] The method accarding to one.of
A I FRe ARl o kot D MSon AN, 0,08 81

e staR et divmenre b etivilen fingt Bish STA ahdhhsewadndTET Antike

axeRandiBhalenRaing ResfRrmer RIINE ACIHNG SIER 40 etk ERS the
meth %accordlng to one_of the preceding five paragraphs, further
C%W'Fp%

G HH&Sp8PASdtiating antenna capability information between
tiei 683t STA Ehe thetsed andcsdiAg the sregefiatia hstepibeingvpestoupechhs,

or t deciding step. {0173] A system for imple ting smart . ..
B (e g S A SR
Pfirseantdrriareapadilipd dbeetemmmn§ Bbvice; a first antenna capability
infermation deyice.connesaied:ianthe st apigrna-carability determining .

device, the first antenna capability determining device configured to
JEERETIRARE BRI DI SBMRELBE the 20sya saPaRBiBeoefoha vy STA
RGI/UB2006/A3364] vexariinitigeiierdiagoststoredhindha fitst ahteafnna

Capapity Information device s 1y both the first STA and the second STA.
10171] The method according to one of the preceding four paragraphs,
further comprising the step of exchanging measurement information between the
first STA and the second STA, the exchanging 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
31-



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

W nz% a /E)%agph .SWItChIr.]g devpe connected. to the transmltterlf,%%%é?(rmg%g »
pbeam switching device configured to switch beams of the first antenna
The STA includes a second antenna; a second transmitter/receiver

connected to the second antenna, .the second transmitter/receiver )
R B8 1 PERE R TR Gt BT R W G S B device:

%ﬁmtcilmn@m&dmm&mmmhhmgkcheﬁﬁsgma@mh.t@}tt}eis@mﬁding
t&%@?&@,”&?rfﬁ%@%‘%&hﬁé%ﬁﬁgﬁgﬁe{i‘({‘%xﬁé@?%ﬂé%%ﬁ?%&éﬂ%@ SHdY beam
connected to the second antenna capability determining device, the =~
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smighna capability determining device and the second antenna capability

determining device are configured to negotiate a level of antenna capabilities
that both the AP and the S8TA can support.

[0178] 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
seope of the invention. The above description serves to illustrate and not Hmit the

particular invention in any way.
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antenna in wireless communications, the WTRU comprising: a receiver
configured to receive a first antenna indicator that indicates a selected
antenna; a smart antenna configured to generate the selected antenna;

and a transmitter, operatively coupled to the smart antenna, configured to
transmit a packet on the generated antenna, the packet including a

second antenna indicator, whereinghiesgeeond antenna indicator indicates
a value corresponding to the generated antenna. 2. The WTRU of claim 1
wherein the first antenna indicator is received from an access point (AP).

3. The WPRWioéletairudsmiiereisi the ikt SWERAS indidghtorihaludes & smart

maximum time be%og%&yggi%h he‘{}zﬁ% tenna. indicator is not valid. 4. The

amewzrﬁ’d”é‘?é‘?%?r%‘)?w erain the transmi eg?%rriﬁ%%%configured to transmit

the packet oecamapmmidineedionatasenadiost ancenditindichat thetfinsdicates 2
sele@t@&e gnjlg.dicator is not valid. 5. A method for use with a smart antenna in

wireless communications, the method comprising: selecting an antenna
for commaérsiwaticniie aonitelees waamenlccbeivelcemait LuERRLY pnd

transmitting a.fitshantenpadndisetenthatindicales e Selesing aaeNRRed 1

to the WTRU; receiving a packet using an omni-directional antenna, the
rangRELK et IREKAHING RS CBARERtSRRATAdIBRoP2ckE R ufiB SEcoPRPRAaRISEDE

inditgisalphdRsicate sRMRIUBGRIIeRRANANA iaitar salealad ateansd@nd B3ne
receiving additional data from the WTRU using the selected antenna. 6.
EensFRig BeFof claim 5 wherein the selecting includes selecting an
antenna with a maximum signal level. 7. The method of claim 5 wherein

the selecting i es selecting an antenng with a maximum signal to

pvE A A M BB ARG ee o
an deeidesidtdaaSmitting an antenna indicator that includes an access point's

(AP's) medium access control (MAC)

EY

3. The WTRU of claim 1 wherein the first antenna indicator includes a

maximum time beyond which the first antenna indicator is not valid.

4, The WTRU of claim 3 wherein the transmitter is further configured to
transmit the packet on an omni-directional antenna on a condition that the first antennz

indicator 1s not valid.

. A method for use with a smart antenna in wireless communications, the

method comprising:

selecting an antenna for communication with a wireless transmit/receive
unit (WTRUY;

transmitting a first antenna indicator that indicates the selected antenna, 1o
the WTRU;

receiving & packet using an omni-~directional antenna, the packet including
a second antenna indicator, wherein the second antennz indicator indicates a value

corresponding to the selected antenna; and

L)
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address, and the WTRU's MAC address. 9. The method of claim 5
wherein the selected antenna is selected to reduce interference. 10. An
access point (AP) configured to operate in wireless communications, the
AP comprising: a selector configured to select an antenna, a transmitter
configured to transmit a first antenna indicator that indicates the selected

antenna, al Q,.'ve pfigured ta receiv n amnj-directional antenna,
a first part o%a? %%cﬁ%%l&%? Fﬁag?u%(é%a& ggé?r%ea% er %ﬁrﬁgll%cg?gr?nv%nenraéin
the second antenna indicator indicates a value corresponding to the

selgcted Wm&&‘&%&%&%d@&&gmi&%@&é%a

desodedde. second
antenna indicator and to switch to the selecte a%tenna, vséerg}flngtﬁ%mtema

witha SeFEPTEIfSIERaY lebfifigured to receive a second part of the packet on
the selected antenna. 11. The AP of claim 10 wherein the first antenna
indicator includes a_maximum time beyond which the antenna indicator is

notvalid. 3acethad HsigieRinhere Rk st ariiicaslivees s9isatng an antenna

withConfigitrehio segaly raerigsad-facket on an omni-directional antenna on
a condition that the first antenna indicator is not valid. 13. A method for

use in wireless communications, the method comprising: receiving a first
antenna iMticatettiinbinditaies ahselacted aateaifingensiabingdheniting an

selected antenna; and transmitting a, a,cl@tgq the generated antenn
ot AP g oS P R BRI st KRBT ALEHE SEUBH MAC)
addstemmbtiv NECARIY indiedfesidremlue corresponding to the generated
antenna. 14. The method of claim 13 wherein the first antenna indicator
includes a maximum time beyond which the antenna indicator is not valid.
15.5The mBtharedfedaifreibiwheredrethahpaeiedtis! trarsmitiedetaviad ©meduce
intefiigGHoNal antenna on a condition that the first antenna indicator is not
valid. 35

10.  An access point {(AP) configured to operate in wireless communications,
the AP comprising:

a selector configured to select an antenna,

a transmitter éonﬁgurcé to transmit a first antenna indicator that indicates
the szlected antenna,

a receiver configured to receive, on an omni-directional antenna, a first
part of a packet that includes a second antenna indicator, wherein the second antenna
mdicator indicates a value corresponding to the selected antenna; and

a decoder configured to decode the second antenna indicator and to switch
1o the selected antenna, wherein the receiver is further configured to receive 2 second part

of the packet on the selected antenna.

11. The AP of claim 10 wherein the first antenna indicator inciudes a

maximum time beyond which the antenna indicator is not valid.



12, The AP of claim 11 wherein the receiver is further configured to receive
second packet on an omni-directional antenna on a condition that the first antenna

indicator is not valid.

13, A method for use in wireless communications, the method comprising:
recetving a first antenna indicator that indicates a selected antenna;
generating the selected antenna; and
transmitting a packet on the generated anternna, the packet inciuding a

second antenna indicator, wherein the second antenna indicator indicates a value

corresponding to the generated antenna.

14. The method of claim 13 wherein the first antenna indicator inciudes a

maximum time beyvond which the antenna indicator is not valid.

15, The method of claim 14 wherein the packet is transmitted on an omni-

directional antenna on a condition that the first antenna indicator is not valid,



