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Field of the Invention [0001] The present invention
othe field of wreless |ocal are
wﬁé#%?ﬁ? and in particular, to an antennaﬁzﬂf%sezlmll4%9324
algorithmfor an access point operating within a
wi rel ess | ocal area network. Background of the
I nvention [0002] Various standards allow renote
stations, such as portable conputers, to be noved
wthin a wireless |ocal area network (W.AN) and
connect via radio frequency (RF) transm ssions to an
access point (AP) that is connected to a wred
network. The wred network is often referred to as a
distribution system The various standards include
the | EEE 802.11 standard and its correspondi ng
| etter revisions thereof, such as 802.11b and
802.11g, for exanple. [0003] A physical layer in the

renote stati ongypdeha | dTEERENACERS S Ny i des | ow

llevel transm sgieRoanPyrroNie A actiaki epgnand the
access point comuni cate. Above the physical |ayer

is a nedia access control (MAC) |ayer that provides

services, such as @dhenRld ¢aki Rvedefdl henti cati on,
privacy, associatiom and ditsassociation, for

exdffIod] WO 2be4pi¢aesy PERNUS2004£0a9824t0 [GB04]eld of
OP&lialhQls WOED: da keI A, OBnGORSHOPes Ll R0 an

connection is first est ed between the physica
| aymartenng sheesiagi ahganidhrhdozxcessacpesntpoimhe MAC

la%ﬁkﬁﬁ&%ﬁgtugghggnge&{reiggy &%hgx’a£8£ ﬁg@%ork.

Background of the Inventicn

[0002] Various standards allow remote stations, such
as portable computers, to be moved within a wireless
local area network (WLAN) and connect via radio
frequency (RF) transmissions to an access point (AP)
that is connected to a wired network. The wired
network is often referred to as a distribution system. .
The various standards include the IEEE 802.11 standard
and its corresponding letter revisions thereof, such as
802.11b and 802.1lg, for example.

[0003] A physical layer in the remote stations and
in the access point provides low level transmissions by
which the stations and the access point communicate.
Above the physical layer is a media access control
(MAC) layer that provides services, such as
authentication, deauthentication, privacy, association

and disassociation, for example.



renote stations and the access point, the physical
| ayer RF signals are transmtted and received using
nonopol e antennas. [0005] A nonopol e antenna radi at es

W'Pg?(ﬁlgh ,PI rections, gener ally in a hori Zomgégﬁ%@%g%ﬂ‘t

Hertical | y oriented el ement. Monopol
are susceptible to effects that degrade the quality
of communi cati on between the renote station and the
access point, such as reflection or diffraction of

r A QoUEVe b USRS CAYSCH RN LNEERYED! £ ORI S Utes on-

I ntervening objects i ncl ude wall's, desks and peopl e,
f orligeanpl eonnghiaken gby e‘cﬂtr§tc eespblished -britweem d¢heal

st agﬂy%tllcg?t 1a§é‘£*é NGy fioBagha Orn@ntl SO Yl .

As “a“resu efforts ave een made to mtigate
si g %gﬂ-aﬁ‘aﬁ o¥an cigsedappecheseTepiext by, [BO0Ghe

g‘e_retnﬁ;%'%” LALe; 505 SONNLA! akldddd Hhent de&ﬁ@d;g{@ts%aqf

gna S 1s to use two antennas to provi
di Vievsint RF Fhena e e emrasmditéedoapd etecoi e using

antngdm)%o%vgﬁ@%ﬁﬂagwtch in one or both of the renote

statio e access point. The theory behind
usi PO5Iwo ahtremca@omrarmw@@naadwbesmy akl that, at

a”yd r%'c‘é‘?LBnE' ené‘faif‘% q%”%a zBH@afr%f%F%Sfos

recelving a si I'S not rlngafrom
thevere:flfce&fns of igmt¢d - eplamentConglequﬂlchyantdrnr@s are

ant aNna lt§.b Lhe, a£‘£ tﬂi@% h@ﬁré&g"hge S@i&iﬂ!\}, Yt
access Sel ec s Vi a tenna di versrt
SW ctcmhluﬁlor:atioanlsqu:emgﬂreewm@ltags‘sa“gh@h sand the access

degj Eﬁ:t e%%cht effec ‘térg FFe dl%%ga%g &gdfgfséac;l%e wave

i onof e reno
st aeugmisanduaed ahg esxstqmremmgn ohjuctel eSBntervenlng

objects include walls, desks and people, for ezample.
These objects create multi-path, normal statistical
fading, Rayleigh fading, and so forth. As a result,
efforts have been made to mitigate signal degradation
caused by these effects.

[0006] One technique for counteracting the
degradation of RF signals is to use two antennas to
provide diversity. The two antennas are coupled to an
antenna diversity switch in one or both of the remote
stations and the access point. The theory behind using
two antennas for antenna diversity is that, at any
given time, at least one of the antennas is likely
receiving a signal that is not suffering from the
effects of multi-path. Consequently, this antenna is
the antenna that the remote station or access point
selects via the antenna diversity switch for
‘transmitting/receiving signals. Nonetheless, there is

still a need to address the degradation of RF signals
2



| ocal area network. [0007] In addition, another
probl em ari ses when a renbte station is not aware

bet t hat, .t he access o%\ﬂlnt and % selected renpte station
etweghy Homimieat i A2 PR oAd%ardt S SihdPtHi’s Thefpfiereless
localstatd0meatic@mt s to communicate with the access

oint._. As a.result, collisions occur at the access
1000701 1t Trrnactibant: (APArRSE UREPBACEal Ve the “Hrtden Temote
statinodeipr alemawwhteChch gt dudie Ozactbesf aetidthatnfota selected
every renpte station in a wireless local area ,
TemMOTfat ﬁ%ﬁkl?’% &% TOEBHHEAFEAF e "HiTect Py WChIEFer yand this

remot¥ hetat I&NOLELShPt 0B ol Redr@fawer Kei tSUMPRE YaetebBe point .
Invention [0008] In view of the foregoing background,

As 2 ohpddt henfelbtS1PRE FRESENET VBNt TR SReROtBE I npRéve Leads

to a CONN Lt | @S| HetVeenh: aleRACLE8S POLPLANdywheRRt €= due to
stations within a wireless |local _area network,

the E%PFi éﬁaérl%ow leWerré’spé%@oF% RitddeR noties 2 [‘03630@5}9% local

areca INPHAYEIEN: OVEE SoNRlEndinelSid YdGar8, provh dedery other
t hr ougch, an ,ant enna st eer| Nng process f or "access pol nts

remotq SEaciql g &€ FREREfs) used in wirel ess | ocal
area networks. Directional antennas can inprove the

t hroughput of the network, and increase the range
bet ween t he accSREmary ofabhe Ip¥entioRe stations

[000€] - €., I §BL@SSrUSe URMW&ERSIng Avadlid oth@nabmBhLenBaLs oF
can provide a higher signal-to-noise ratio than an

the RRAFCHT r eEVPERAPPant¥ina tPn WSO CasemEnL3a bl PO Rgtween

an akbestiplhite oped atemdtchighar; dat ayfahes. f 001PL1dDe 10can

, e

antenna steering process may be resident in th
area fgdive doc @ tdemlol Ly MAGN [ERARCHT thé iadtas st nt

[ooond sgl eiciﬁf%(ﬁfé?@eﬂt ok PF ef ek ed Qiﬁ@ﬁ&i@?abaﬁ MO provided
2004/ 114457 PCT/ US2004/ 019324 antenna pattern based
Cthrousth spynantgonapi tyamstimgsprocess for access points (i.e.,

wireless gateways} used 1in wireless local area networks.

Directional antennas can l1mprove the throughput of the
network, and increase The range between the access point and
the remote stations {i.e., wireless user devicesg). A
directional antenna can provide a higher signal-to-noise ratio
than an omni-directional antenna in most cases, thus allowing
The link to operate at higher data rates.

[0010] The antenna steering process may be resident in the
media access control (MAC) layer of the access point, and

selects a best or preferred directional



avai | abl e from the physical |ayer upon receiving
signals fromthe renote stations. [0011] According to
the principles of the present invention, during

BLPEAEses such as registration, authentlcaﬁbﬂﬂsﬁm 019324
subsequent dat a exchanges between the accessS poin ?

and a selected renote station, a preferred direction
for the steered access point antenna is deterni ned.
In one enbodi nent, software or firmvare operating at

t he, REGRSS ﬂ%@t’étrnnﬁg§§dt$ﬂ SsA1Ar HuRal EQNmetANSS
access, point antenna control software/firnmware may

bui ¥tre aRkalaer FhatPhyeitrles AMFE @Rt FEGSBTinthe

rengi(%n SitatdQp apd ROt 8NN Higd.ection associ ated
wth that station for achieving optinum

com@Mt¥Ehat i oAscopdingrharide HOOPlRgr haklks mueasat
enpl QY& 1, orekatg mé&bséémesﬁfaﬁ 2@l YeESEt Yation,

sel ection C|rCU|try in typical 02.11 equi pnent for

sel BEEh e 199E 1gne PEr PWRS TR w cEAPBRGRS dpRfiveen the

The, AeCes S AUNENIBY SFectlINARG 0£8YSE 4 Nreferred
renpte stations to transmt a probe response signal,

whedttertinn focesbe ot erTedniinsss PRRet shgFRINA U i ty
of 406 NIORR).T €SROPRE erfdh ent/ N8 FERERS &P'Hr\ﬁ%&

conpar e nmetrics correspon I ng tO S gnal S recel
f r opire et imeette thet acress Dol diakest Lbhal defrnm@tion.

m)dfh %Jé%ts % B'tcént&%é Wln%oEQwékgﬁﬂﬁnware may

recelved fromthe renote stations in
omﬂPu-‘dld actdedabksaoteat oletustad de ﬁdentn’eyv cihttdrea

scapshaul 4 79 e Eggrlr_‘i‘?éj d;lﬁerhﬂae A%e8RIon pé’éé‘émated

detern1nes that h en nodes are present,

| nviekigh & tprtots¢ettiion ﬁechewhxﬂnung|qytneqmes®mmmnlcatlons

sengéf%é¥ﬂéﬁe%:send (RTS/ CTS) nessagi ng as defined in
[0012] Hardware may be employed to operate with
inherent diversity selectlon circuitry in typical
802.11 equipment for selecting the preferred
directional antenna angle. The access point may use
signaling to cause the remote stations to transmit a
probe response signal, wherein the access point
measures the signal quality of the probe response
signal. The access point may compare metrics
corresponding to signals received from the remote
stations in a directional antenna mode against metrics
corresponding to signals received from the remote
stations in an omni-directional mode to determine if a
new antenna scan should be performed. If the access
point determines that hidden nodes are present, it may
invoke a protection mechanism using request-to-
send/clear-to~send (RTS/CTS) messaging as defined in
the 802.11 standard, for example,

4



the 802. 11 standard, for exanple. 4 [0013] The
benefits of augnmenting the access point with a
[0013di r ectitenabeadt eopaodr exdanerfolcy tRPr eved sthrpughpuith a
., to individual renote stations and.an ability to
direysP6rt MM iserd §n F‘fﬁ%‘ﬁ%f%rk%m}’ﬁoﬁﬁgt ﬁbroughpm to

indieiidonrenbse t Beasi ghal an®veln reeeived atot hipport more
renote station can be inproved by having the access

usergoiift thandRtvUdingla Jhaped Bdnt BRNATBERATpSI nt'ey signal

level Neddie #Hd ect i Of OfehbCe St0LE0An THE Shaped aRtendsd having
beam may  provide a 3-5 dB gain advantage, for

the a5t eDOBVEr TERESBARI USdiNfed | DiRPCAnteRAANEy BRERI Ppinted

in t¥ephoyed:Wohh 3N AELessaPobAt . ThEhesH Yt LaseteShgNBhan may
| evel allows the |link between the access point and

pProvidfe ¢ envPe St H3oh 2OVBPERAte APTHhiGHEIP kfat 20 Taf efhe omni-

dire@SRefd @l hytdhnkheoutan kantdk of ofhe Goverage ar€d8ss point.
The directional antenna steering process is resi denF
The jncresefcessnapoilveto addpisr ttibhet Btk oW et RBe access

point' e er8tatbpnse RAH4bnl rAcGUdaNCe; W ERgRE Beta rates,
aspect of the present invention, there is provided a
espegigtHod fadr oper atdWigtan Padkes T pdilt  iGPvE@nddcel égga. The

diredﬂ%ﬁﬂafﬂéﬁtéﬁﬂ&wﬁ$eéy¥ﬁ$®pr5@§s§c§§s§es@9EHE in the access
conprising a directional antenna for comruni cati ng

pointyitich suptplty ftRe5A OFOTT effdtie Btatioms; e tHerdidect i onal

[oor@ntenna 6oRBLLShRG a;Piyraliky-of anfenna pattefdSyresent
_ the method conprising: creating an antenna dat abase

inverfyi Gissoehers ngs berWeerdt Fe mRidExt Por nerakdtédghan access

pointl €40t €; SLAION A 1 @3REEL I YEea MEASUYISY. SiigRak) qualid Y access
““corresponding to the piurality of antenna pafterns, .
point heomplpetiyve mEaswedrsilgrlteual i £Pescopabpgcating with
a pAStermpped, py LQﬁoéﬁce%ﬁ{?%HE basgd URORectionsl = antenna
conmunications W th each renbfe station; deternining
compfigrirgacha r emdtisadi ivi o a Priedwnra edraht enna, pather nmethod

comp@SGe; UPoR - Lhe; gotenna dalahase: qSeLssLing,g remie ating
between the access polint and each remote station a respective
measured signal quality corresponding to the plurality of
antenna patterns, the respective measured signal qualities
being determined by the access point based upon communications
with each remote station; determining for each remote station
a preferred antenna pattern based upon the antenna database;

selecting a remote



5 station and the correspondi ng preferred antenna
pattern to comunicate with; and determ ni ng based
statiRonahhe @t enna rOaiahaisey ap@‘eﬁék@’edt Oz 608MHAI GH NN to
with the selected renote station, if any
COMMTGERE oetied T erftte SPAGOHE Hie DERES poeRt | aRcof antenna

datald¥e behdgpavake tefoadEn €2IMHAI Gathonshactdablyed remote
occurs, MAth the determ ning conprising conmparing the

statipghsurtll  SPgnal "Gt 15 RS ocFaRelewi tHFatHeNs have  the

poterd¥gfierdedantieingg Palh eE NyhéRr sthR sehRchedaremBle actually
station with the respective signal qualities

OCCUZLfys gt Et e S $Ht e HBl Rbng S%P%E{fé%lllf‘%rrﬁf)’@?é‘i%flgoﬁ@e measured

signatheguusi g bhe sane pr ef ery edhantenna Natd esfeedh® pattern
measured " respective signal qualities may conprise at

for [LhgstsoMeiotd aremedsi vabasighalv sty eh§Eh THRPEEiBh, signal

quallatlce%r M@l uicRiLr {8EBNCEhe I Ad0 s @NEY IR i Ltations
ratio, and a signal-to-noise ratio. [0017] The

when ppatagi thicof Sane e fegtasst AP halyne omgitsa tan Tlgmpeasured
resp@gﬁ{@asﬁéﬁt&@r nAngd i ds | fuatys &ﬁﬁﬁf@,é‘egtt hj?éa@‘@ one of a

| east oneé of the non-selected renpte stations woul d
rece%ﬁﬁdkﬁ%%ﬂ%ﬁeStﬁﬁ@%t%uéﬁdééﬁﬁ%ﬁﬂcaﬁl§ﬁ§ré@ﬁuéph}nterference

ratiPCUH %néﬂb%n-ﬂgle—kﬁ_eé hog. iy arfd”ef her COMYd Sfise ratio.

transm tting ‘an unsolicited clear- to send nessage
[0013) a t Hé<onfi Uﬁﬁﬂéﬁﬁa‘ﬁ%tﬁ@ﬁﬁnﬂé tRﬁi%ﬁ%ﬁ%ﬂ gy ofomprise an

omni [ EAPLEN ST gtalt%%%n,-r@n&l gar -;t0- §§nge@§§§1§§l%dhaf§w?dq at least
unuse dress that does not Correspon to any o

one phe fPhur abhtgedtctegnprenatat S6As10pgOIBIULd not 'be avare
when ’g%ﬁﬁn@&nﬁﬁﬁh¥ ajchogE 'a%tq,l%th chH%,‘?Juté“at @ln L@ﬁ%t m2RBod may

e_non-se ecte renpte stations MD d n
furthegar ecomrer sss udiy asemidri ot | gis  asewdlloi tegc ucd earhdw—send

mess&%&lee e hogh yomﬁyrtMem%'a%%e%anﬁm tir:lllé]ga'dlq,llaalQLty of

orwar I|n direction a request t o-send ness ge via
remotftehe sOratiiorant erfiee patitaamr oo seiel pmgsalziasy dfas emot e unused

addré§§1£9Q§ ci%ﬁ@hﬂ&@gcorrespond to any of the plurality of
remote stations.

[0018] Alﬁernatively, if it is determined that at least one
.of the non-selected remote stations would not be aware when
such - communications actually occurs, then the method may

further comprise transmitting in a



a clear-to-send nessage fromthe selected renote

station, transmtting a data frane to the sel ected
forwdeolenistat testianda r@@@ie\sitn@o&mea@kmmMWn@m the omni

msssaag_gtfromthe sel ect efhrem) e station.

a
antenig, disd 95K di raet Pont e theY nét hoam iag FEF‘FHQPS' receiving

a cleerphicsechecenvkRgga I equasSt -i®- mcédm;sag%ﬁdt@n shation,
selected renpte stati on trans

ttin
trangiddint- St FobEale 16 (W6 Tolwiidh Tete station, and

receiStidld Ofh a@saﬁbma@g@mgﬁtamfe@@@gef rfent hehe SQbE@b@éd remote
renote station, and_transmtting an acknow ed

statiodier 1o FRECSEPedtE FUrisis Srat i TOB1eY Moy further

comprdLAt4 N thgh AN endgudat abaseemBYnbes pgsf erpRdthB @klected
| east three ways. One approach is to use control
remotg gFEgtiAta *%‘]?ﬂf%‘i%tﬂr%ﬂk 2a SEnd-Uppitachessags to the

selethSer corifele fEaEBS o) arckeveisg |inkjavhnd Arddd réErom  the
pproach is to use probe signals. [0020] Creatin

SElecttl’ﬂéi ahtBARE datdbase udPfg [CEMTGItHEPgmes! RRr<aov wl edgement

messggcy\wdcﬂé e MR LOMPU S theyacsess poi nt
communicating wth the plurality of renpte stations

[0019]), t héHo el tifi“ghkamb%%%fa YPoHOATC RehaRgePsf Lpatiret 1 at

leasidatR - LOMEL Sl Ngra pid-alddy 1i9f ceonttolodames arghds in a
data frane, and creating the antenna database may

forvasshptisle theSEePROWRRGLOREEeilA HY & %0l 7ol teell ?rﬁ@?s in a

reve Gl frae vidhad 'Jﬁérc?dﬁk?rh@ Ratier Hhofhd heignais.
directional antenna froma first renote stati on,

[002Q} ans R4 g9 atRpr ANTRITER f AARBPRDS t M 10 sEORERDE ¢ frames

in aSE8LLQPY 8RS WaRY @mppetand . conhrOL=£r BRBNYI @ Bmunicating
second antenna pattern of the directional antenna

with f tom t heufal Sty r erfot ESEPAC onl 2 healker Hﬁg Bhem%‘%ward link
base%uéﬁbﬁyagfQQE%Jﬂqeroﬁoﬁgﬁggthﬁﬁ% r &G tEﬁurallty

i rst antenna pat n and a signal 7 quallt
of cgetopd foamrsl aMchne feEei v&@hgira alite %@%@Wgaﬁhén@@tema

dataRdld erfl T@Sﬁ?r?.%«@pst}?é e A-Aneatied .f orcaByvEgRRI NI NG 1 icited

ant enna pat te
first control frame via a first antenna pattern of the

directional antenna from a first remote station, transmitting
a first data frame to the firsL remote station, receiving a
second control frame via a second antenna pattern of the
directional antenna from the first remote station, measuring a
signal guality of the first contrcl frame received via the

first antenna pattern and a signal



[0021] In addition, the method may further conprise
repeating the receiving and transmtting for
qualiBASUFI Nhed sst@hal cgualddly ofamderbicbste@ORtTHDl the second
frame received via the first antenna pattern and a
antené‘ragnBPtaﬁéPl t y'I615% hELEBEorfE© cBRPFBFCFr i r8RE| v&dhaining
antenta Et;maces;ﬁ{g)nd antenna pattern for each renote

station. The first control frarre recei ved con};l)rises a
[0021g) ear -itTb- séfil resBage," tnd T'Re"SEcortf ont FolPFameomprise

repedt€GRl Vathe COMHd SESH AN ArKnNawW Sdgeeitndressdde neasuring 2
[0022] Creating the antenna dat abase using control
signgl apEg ity £¥ efbfsel 1Tk Y tEGHpr F5@e hécagdessl via the

£irstPOiafft heGel ¥hhgedn fThhgt LORMiIPla1f rame1vid ackirsle second
antenna pattern of the directional ‘antenna froma

contgqk siramproiecet v ohl 2 t FARsAPEPRAganazessa@ora tEemtyr dlor cach

remotfd a8Bat 0ot he thier st FSotenstat | (irkan{eecﬁééféi‘\ged acbhpstses =
data frame via a second antenna pattern of the

cleanfscigshale &Rt 8Ana Mcont Rhe SECPRO amfteolst AFpBA, received

compﬂrgcias MEASUING, P GRAlL aualddye of the first control
frame received via the first antenna pattern and a

[002%) gnalCtfmltity 6het MLt daabRAPPaks e eF9RET 91 o frames
in al BevSeGENd: ANt eRRd RakIEF e EH@S%C%%%@S Zg%ﬁn{eﬁ?@@é?éilng a

for any remaini ng”antenna patterns.

firstrettad-Tly fiirEer Eenpra seflr%ﬁ:iéatami‘gartrwe Haéfct@rm ngf the

dlreéﬂﬁkﬁéfw§ﬂiéﬁh§gfE@ﬁ.@PQ@P%%@gr@méthéka%H@E't%x% nsmitting
e first control franme received via the first

a Se%@n@nﬁ@npaﬂ efmangndca Wignbi rguakpngtef sthgipnystreceiving

a fld@stta frane recgived;yiay th§ecé§80”§a@é‘$ﬁ£”ap%ﬂ@ééﬁ{” of the
for each renpte station. The first control

diregqtdcwiaded zohprigesfgorequdst - tblsehd resghge, standon, and
measd %gse§0§gg§adf OpLLpi e §r aFethéa%i%Et ed QIR £$8%8 received

ear -t o-send nessage. Creating the antenna
via aaﬁabﬁsmm@mge@rr@bepgtgﬁans gl pasedngpbnarke ity of the

£1rstdl (£GY 0RAL,ANTL0NA: COOPIYSI NG1RAN QORLNANA B enna pattern.
These steps are repeated for any remaining antenna patterns.

[0023] The method may further comprise repeating the
receiving and transmitting for measuring a signal quality of
the first control frame received via the first antenna pattern
and a signal guality cf the first data frame received via the
second antenna pattern for each remote station. The first
control f{frame received comprises a reguest-to-send message,

and the second



and a plurality of directional angles, and creating
the antenna database may conprise selecting a first

r e station,. trapnsmitting a first probe signa
Contrvolela o “HRY e ea(L‘pof&%[??efldsl%rse ¢ i%on4 ﬁatncf_e%%na o THE <
[0024]i r st Umvaitincstidte oo tamok debsbasaguai hgr properobégnals is
base4es§ogs }§igg§l rggehvsdgﬂga&&; ogni ,angle fromthe 1
i PSP r enbt e”Statr R FespOndiig t o°TRe Fridt pr et angie
and i gndluraAiresped i B rseddnrchedr okediegnal arnst creating the
transmited via_each one.of the rality o

pl f_.
antenfid o {7 bHaTSangl'8s of YHe 5§ r 611 i Shai"%hnt 2nn&fgtt hgemote
statifdr,Sttremaiersiagi anfiasd araeeond grprlobei 4 espONSANL angle

ignal_received via each directignal angle from the
of tRpy S SR ath oA T B pOndiNy CotEhe TEEEL Fhacion, and
meamﬂﬁﬁﬂﬁda ﬁiﬁbe @ngalﬁaspnwxﬂngﬂbn%KX&%?eﬁV§m Uﬁ@nghe omn i

t ro Sl ghal S, t he net ho ma urther.. co rr se ,

ang1e DFeBh Rhe) PORIS, £kBee T APy | ERbbRetpEr T { S First
probd efiddes 51 ahi edsperepeat ing:drite dransnsidhay oF thensmitted

. first and econd obe. sj gnal to the, next sel ected
via tafint 61 bl on bl LRk At | L OF i At | pop gy Of the
diresacorl psobentiesponstesifdialts rdmeeel vethf1om t hAedneXtsecond

sel ected renpte station. These steps . are repeated
probg FesBuE Hfs et eﬁ%ﬁ:?ﬁﬁﬁgr‘éﬁﬁt gag afifLSﬁgtflpgﬁﬁ fRgle from

the . plugal irkyhodk remoterst abkppsdinge thi rgte probgesi g0al second
conpri ses, a request-to-send (RTS) nessage and the

pIObqiﬁ%ﬁnﬁﬂwﬂﬁem§é%$%ﬁ%e signal conprises a

[0025] ear -Hreersensh (£ TS)e NBBSAGEsigndls] hensegendopr e further
signal conprises an RTS nessage and the second_probe

COMP LIS GHEEE ST fifhl 2 ot | 88 RE CFS2heSBage ™Mo HP60RGPTTd ty ©F

remotRCCEESL POLY] IrepeRefiall Nthdasednbpodt ahgl @asttnONei Pkt ang
an | EEE 802. 11_standard and an | EEE 802. 16 st andard.

secorfhPrhRchi 8hal Sanfent® cBiir i $e5°EteT ehsTObRe Shétive, and
the Wé£FRAingand and uratityaeh pRassine etesentsspbAf27k:igrals
I'n accordance with a second aspect of the present
received from the next selected remote station. These steps
are repeated for each of the remaining remote stations from
the plurality of remote stations. The first probe signal
comprises a request-to-send (RTS) message and the first probe
respense slignal comprises a clear-to-send (CTS) message, and

the second probe signal comprises an RTS message and the

second probe response signal comprises a CTS message.



i nvention, there is provi ded an access point for a

W reless local area network (W.AN) conprising a

i rectjonal antenna. conprisin plurality of
[002¢],{ CnE T P aTHe . ad e BontFOFe A b ghect edoeh <3 g teast
one dfreaatiImEd a0febba sframdaont ratdt her gofik 8@k di6 standard.

ontroller configured for communicati wth a, .
The GTRGEITRAL of T SHoE e CSPRELGRS Sid CoHiTT g edPthive element
and peilfioranitthie doldowing: elemeaiisng an ant enna dat abase

associating.wth each renote station ar ctive

100271018 SPGRAPSHGSI ey bof I GEHSHA niReC T R Che  present
inverliwrgl | tyepd ant gney paéd eans,addwesd espenti dr a wireless

measured signal qualjties are determ ned based upon
LocaliorRaRi GT THS wi tHHac ROFBIOEE St ot | G, Uot &t i AGE=nna
comprE.QJirgﬁcﬁ p@aﬁbe isgfatdmn%ﬂtexgﬁgf @@n:e@lra@t;emaj pat tehftrollexr

ase upon t ant enna dat.abase, Se ctin a renot
conneiiad of Saniithe Lo HaOIt nG HEERar r 6a” bt thereot,
said pedderdl 1o cosnEnyGate Wolrh,coandirdeiarimingthaseglurality
of r%ﬁon t he antenna dat abase and prior to comruni catin

Phet FeaséiNect @0 r &te BE&S on? PeTdny ™ the zollowing:

creatliQllyy SgheghednheMif fiald 0B§ akaveithenpotiedti abadh remote
not bei ng aware when such conmuni cations actually
statiQie @ sTCWPERLLHE HECEMHER r?glgd@rgpr‘ﬁ%?%t%oﬁﬁ%?ﬁ@oflﬂéng to
. the peRasHnedysighalarualdd ypasseenat edimit hiddhprefLer kedsured
_ antenna pattern for the renpte station with the )
Slgn%%ﬁ&ﬁ%ﬁ%?k?%i@ﬁ%ldeﬁ%%??@?%sbé§§ﬁcPQP€dCﬁﬁ?ﬁnﬂﬁétlons with

each NeBmsekecied: 1 &Pt QaFlakiioNhig WAeA Usid) tBRosamstation a
preferred antenna pattern. Brief Description of the

prefayTag ngatEon2o] PTheCFBr dviy AR@Tot heP b€ty database,

seledt@aidir es addoc@dvandagas ahdt henenvetdobMdinPepreferred
apparent fromthe follow ng nore particular o
anteyescPRHERSR of C pref@ireddEboditent sangf qHermining based

uponiEW@néﬁ@@mnésdbkbﬁ§Eea%%@iﬁkﬂ&@'@§088ﬁ@ﬂﬂi59tin% with the
drawi ngs. The drawi ngs are not 10 WD 2004/ 11445 ,
sele@eEg US2n0ke opgagdon, 1f any non-selected remole stations

have the potential of not being aware when such communications
actually cccurs, with the determining comprising comparing the
measured signal gquality asscciated with the preferred antenna
pattern for the remote station with the respective signal
gualities asscociated with the non-selected remote statiocons

when using the same preferred antenna pattern.

Brief Description of the Drawings

[0029] The foregeoing and other objects, features and
advantages of the invention will Dbe apparent from the
fellowing more particular description of preferred embodiments
of the invention, as illustrated in the accompanying drawings.

The drawings are not
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necessarily to scale, with enphasis instead being
pl aced on illustrating the principles of the
invention. [0030] FIG 1A is a schematic diagram of
s local area network (W.AN) enpl
Wgﬁmﬁ@?“f}?’:s of the present invention; [0031% 1?’59%0041’39324
is a schematic diagram of an access point in the
W.AN of FIG 1A perform ng an antenna scan; [0032]
FIG 2Ais a view of an access point of FIG 1A
ha\fie%%s%%r%&ewaécﬂé eGhiye ABHERNS ﬂé@e}éd [bg,%il
is a view of the access poi nt of

ha\mﬁl@e@hendué@ﬂwm dhgaraipayprlee o?fpdqb@t éaveption.
an fospnal VDI oy & SLAGAALIE Gl BVl
theﬂ di rectlve ant enna arsra g 2 [ 00 5] \'lglle%gss
3Blicsad srhanaeiecrh adildam) oﬁmﬁlgmm hthe qedncd pdebeet
a stat e.QL.ap ant 3£l ement of the directive
ant enn ro%eFIG 3A, ] 61036 FIG 4 is a block diagram
of [®933ddcessFpoi nl-B it aFISGheElAtéﬁ‘pﬁbWW sbsystensss
| a a ekin C [ to
e R Hr e e A i A
SAscang signal diagram opt| onal ly used by the
antgna (st ee g s ,Ak.F ] i
an al ter nat i \%h(‘éesl ig"’%gﬁ%e%‘ I agr aml)%o%tﬁl %%a‘?%s useg 8 Fllﬁé
antl@énhavingerhnexproeds slighcEi@e adtefi@03QraFliG 6 is
an @lgsafnat i ye.bl gek diagram ot tﬁéGac d%s“ Mg e Fre.
ant'enna d| verSity circuits are

2A having the dlrectlve antenna array incorporated in

an internal PCMCIA card;

[0034] FIG. 3A is a view of the directive antenna
array of FIG. 2A;

[0035] FIG. 3B is a schematic diagram of a switch
used to select a state of an antenna element of the
directive antenna of FIG. 3A;

[0036] FIG. 4 is a block diagram of an access point
of FIG. 1A employing subsystems, layers and an antenna
steering process according to the principles of the
present invention;

[C037] FIG. 5A is a signal diagram optionally used
by the antenna steering process of FIG. 4;

[0038] FIG. 5B is an alternative signal diagram
opticonally used by the antenna steering process of FIG,
4;

[0039] FIG. 6 is an alternative block diagram of
FIG. 4 in which antenna diversity circuits are

employed;

11



11 WD 2004/ 114457 PCT/ US2004/ 019324 [0040] FIG 7 is
a signal diagramusing a hidden node technique
optionally used by the antenna steering process of

I 4 [10041] FIG 8 is a top view of the r f
WEIZ@MI?L“S‘{Mth bi - di rectional signaling: [004%6‘( &5"03932"

is atop viewof the network of FIG 1 wth
i ndi cati ons of the antenna beans; [0043] FIG 10 is a
flowmhart of a nethod for operating an access point

in ®olAN baged. upofs spatialai @&sggéﬁta{sﬁgﬁcm&ﬁ%ce
with the present invention, [0044] FIG 1l is a ‘
f | Grdeattecspiguaethiotbiadily gsefabynghannnicwuss sfeieming

in 8 NAN bBasedzupgn probe signals in accordance
with the present invention; [0045] FIGS. 12 and 13

ar L404ddect | T&GE | Bubhat twrofviey adt Hod forwapercdt FAG- 1
an .aGGe$s -RO-ALLl By Vgt%%l}latﬁ%%q upon control franes

in forward and reverse I'inks i'n accordance with the

pr 21 nveRtfFon? BhcR [IBIM6TeRl Gf the|metwdtlowdharie. 1
of »a&ﬁetiﬁechggongp@f A NG ARLACCESSRPPI Nt 1N a WAN
based upon hidden node recognition 1n accordance

wi tIP043d preféfit 19 niem iGrewcbetrai Péda Desttradtiican of

th f e 'gnjgg- Q047 e t .

i n\e/O ne{r%(’)c%& '?PE%‘EQ%%S rllgnetd[lgloéehl'%ﬁlli)%%%r |or§1afspea‘ftlal
W tdivegfsétgnde tocthdarane ariiényhegprdsami ngsrentdion;

whi ; ) ) :

101 et o £6g, CTPOl TP mypb LIk Y
marppediaftfiagenh focess gruirghdu d ABANDbeasedngtarugdobs

li'gfdﬁif%oihhSCSngg&§§QEﬁi§%%ef8ELgent invention;
{0045} FIGS. 12 and 13 are respective flowcharts of
a method for operating an access point in a WLAN based
upen control frames in forward and reverse links in
accordance with the present invention; and
[0046] FIG. 14 is a flowchart of a method for
operating an access point in a WLAN based upon hidden
node recognition in accordance with the present

invention.

Detailed Description of the Preferred Enbodiments

[0047] The present invention will be described more
fully hereinafter with reference to the accompanying -
drawings, in which preferred embodiments of the
invention are shown. This invention may, however, be
embodied in many different forms and should not be
construed as limited to the embodiments set forth
herein; rather, these embodiments are provided so that
this disclosure will be thorough and_complete, and will

fully convey the scope of the invention to those
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herein; rather, these enbodi nents are provided so

that this disclosure will be thorough and conpl ete,

and will fully convey the scope of the invention to
e 12 WD 2004/ 114457 PCT/ US2004/ 019324 skilled in

0s
WPI‘F%“"QH“S Li ke nunbers refer to like el ementGl/US2004/019324

t hroughout, and prinme notation is used to indicate
simlar elements in alternate enbodi nents. [0048]
Referring initially to FIG 1A a wreless |oca

areanatpak LA 100 hayingua. i sLeLhutl on, system

105 Initi I'scusse cess poln s 110a,
1106l ek tE1 Gbranghovhnean@ditioet hetdEsoni buthoad to

SYSLEMmAES (LA HhEed) CNES L0 e SHEDe 23nitha SR 1AL @

connecti ons "t he acces$ porn
110&0Qﬁﬂi 110&eheasrang espeicid Mey ZQn§IG15bA,1a5muréEHﬁs

SO bl -

{1 ohHE bR hBLRBRRP LAY SATTHALIRL, Blalp R8RSy,

120$ystE@0605The11enniélslk&|hﬁu§1$2@ased20bAcdéﬁk:pnmats
4 6919t Q{léﬁ" ifbésgréf O&o% Q&3 E§I oné kd{‘ u&mn

an SOf fware t6 access ISt by sys
In $Yﬁxeﬂ(ﬂOEomdagwﬂeedrt@nnantlowhensacgemerwdred data

refer is nma to t ccC oints, the . re
st a |on§%%n 9910 ?q%‘ﬁiéBgc?Fﬁ%g +%§Jﬁ§fﬁa’
runﬁﬂ&ﬂ:anﬁ1m10¢23aand rééﬁbdﬁﬂwebeouseﬂISéQOﬂiﬂb 115c in

Pr e ent t chnologé Er des t he accgess o nti
an rembte CePaPT 8T 1T MY F2AAPEn kA of V&R ty
AmtﬁmaqnamcweKRFlysabhmMs wiheh ateessempdeéngsBaiéhandoa,

ey TR 20520 LASSLEEL 1S, CLofO, e ace

basgmbpnrtbﬂew1ahahhty1@§ssugﬁal%rbaiﬁgtﬁ@ﬁnlm§xhwéaaeand

reascg%ware to access the distribution system 105. 1In the
following description, when a general reference is made
to the access points, the remote stations and the
zones, the respective reference numerals 110, 120 and
115 may be used.
[c049] Present technology provides the access points
110 and the remote stations 120 with antenna diversity.
Antenna diversity allows the access points 110 and the
remote stations 120 to select one of two antennas to
provide transmit and receive duties based on the
quality of signals being received. One reason for
selecting one antenna over the other occurs in the
event of multi-path fading, in which a signal taking
two different paths causes signal cancellation to occur
at one antenna but not the other. Another egample is
when interference is caused by two different signals
received at the same antenna. Yet another reason for

selecting one of the two antennas is due to a changing
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sel ecting one antenna over the other occurs in the
event of multi-path fading, in which a signal taking
two different paths causes signal cancellation to

one antenna but not the other. _
Wgégﬂﬁ{ﬂ“é‘?‘{s when interference is caused bﬁéﬁﬁémmmu
different signals received at the sane antenna. Yet
anot her reason for selecting one of the two antennas
is due to a changing 13 WO 2004/ 114457
PCH{S2904LA1 9324 W iR ensHE N @S MiEN B d gDt €
station 120c is carried fromthe third zone 115c to
t heedinigd romedvhdhizshaonel 3351480t Fivditc sife§eppnd
ar roW 129455 00pMy AlG i B dag o BlLOSKrgl agam of a
subset o?' t%e net wor k:L 100ai Iel us_}'r atjéd in FIG 1A in
whi 19581 accEss. Poiim a kllpckerproyanet e pkiawti pifeshe
OF dAGRICIBH! 111U RN 1] FTRNOMA LA PIEA Oy dRlRkh
with respect to the directive antenna |obes
130eeit3010%h ecmpp kastiriov £ heaprdnrarl opest 1130n pr3Gient
Wil ah3q0Re genatald % ndicated by, 1 #f IR gl
130" nzqggéegg %Jci)c?"l’nt lﬂlrlbgzlbe%?gquenc%s tﬁ%ﬂé%%hg%
antymalilrebséve 3nihnring dbessddfaol 30t s i rdimemtd ve
L0 ARG 18,85 PLA LT ANheRRdodbL eell Ay 1,05
During a scan, the access point 110b uSes a
di riectiicagednbenrafemnahownem lgldat er Thietaidessn point
FI GS. : , G in '
tranSh (eagUlpel, A SRS SR80 ST P ng 2
di reecn @f its. envianglentortcanicéemaipat 2 eprgfendral
acces sg&%i t.rll PO nmeasures a signal or probe
respondéafd catcttates a respective metric for that
scanarigl e. Buaipy es mfart,hehenecees poathudeltp uses a
rec ifg% i%%gggLegﬁéfqgérgﬂé¥% %%tbggater detail in FIGS.

23 and 2B, to scan in search of RF signals transmitted
by the remote station 120b. At each scan direction
{(i.e., angle or antenna pattern), the access point 110b
measures a signal or probe response and calculates a
respective metric for that scan angle. Examples of the
metrics include a received signal strength indication
{RSSI), a carrier-to-interference ratio (C/I), an
energy-per-bit ratio (Eb/No), or other suitable
measures, such as a signal-to-noise ratio (SNR), of the
quality of the received signal or signal environment.
A combination of these measurements may also be made to
determine the best or preferred antenna pattern, as
readily appreciated by those skilled in the art. Based
on the measured signal quality metrics, the access

‘ point 110b determines the preferred antenna angle or
direction for communicating with the remote station

120b.
14



(RSSI), a carrier-to-interference ratio (C/1), an
energy-per-bit ratio (Eb/No), or other suitable
neasures, such as a signal-to-noise ratio (SNR), of

he ual ity of the received signal or signal
Wéﬁ?/"l"lrlgﬂf?ent. A conbi nation of these rreasure]ﬁ(fer'ﬁ't]%(mﬁ‘é%9324

al so be made to determne the best or preferred
antenna pattern, as readily appreciated by those
skilled in the art. Based on the neasured signal

tqﬁi‘bbki et r%ﬁé’séa!ﬁ% AGGCSScuPObOodd A %%%%?:”%H@S

e prererre ant enna angl e or di rec_tl on
corrmnieastagion tHObh&aschpee auklewiicatzch and4hgp

20%/9,3;%@?5&1 PQ{AJ%%O%Q%%§€éti&QO€5tZJteEh%%C. angh{iBY the

occur ore or after the renpte ati on 110t) has
beenifdeheatieraedcandmhisbe agsoeirt eahasd tithiha the MAC

di Louti . us,, s L 0.t al t enna
sclpbely AT SHBaTaRs RO Er L bR e Ry B
Al eecpabilyshyqd etteringilt Lapmsthe WY IrvemccOApiilshdy,
ex I I r L | . S

oo CP PR gbEPPLIRE ity THEM rembfl Sation 3388 has
autehentatetdedmhdhaesagseocasbdd with tihe distribution

01 SULERHI 188 nfy S UARTRYRDE PECAPIARNEAMLDER o
t he | ayer eby pr Otesses oCCUrFi ng external the
MAByYl gyeresf@853jcuHrGng2Axisraadi tige dMAdflayeraccess

PolBbshl0  Ustg AD sextenaal ghi Ly e, AULN R LT 80
200a. e directrve antenna array Oa 1 ncl udes five
nonspoke anpassemealantiewcd igkeaphesn? 05 a2 @992 - 205he

20902048020, 80¢L ASIPHERE! FnofGhl S AN §MRbo1e

el ERERCTI08. e 1 & e “ant enna. o1 erefit s a,

20phss205Canlemch arlceme2@s5e 286, 9208 al 205a e2O5dedntio

beE @Ep%n&eggé%ﬂggépole, active antenna element 206. The
passive antenna elements 205a, 205b, 205¢, 205d and
205e are generally referred to below by reference
numeral 205. The directive antenna element 200a is
connected to the access point 110 via a universal
serial bus (USB) port 215. Other types of connections
between the directive antenna array 200a and the access
point 110 are readily acceptable. )
[o054] The passive antenna elements 205 in the
directive antenna array 200a are parasitically coupled
to the active antenna element 206 to permit SCanning.
By scanning, it is meant that at least one antenna beam
of the directive antenna array 200a can be rotated,
optionally 360 degrees, in increments assoclated with
the number of passive antenna elements 205.
[0055] A detailed discussion of the directive
antenna array 200a is provided in U.S. Patent

Publication No. 2002/0008672, published January 24,
15



numeral 205. The directive antenna el enent 200a is
connected to the access point 110 via a universa
serial bus (USB) port 215. Other types of connections
bet ween the directive antenna array 200a and the

h
WRMELMShoi nt 110 are readily acceptabl e. [BfPEUjUeHLI324

passi ve antenna elenents 205 in the directive
antenna array 200a are parasitically coupled to the
active antenna el enent 206 to permt scanning. By

SC%'&&E‘%nHFiéd mez?{at LQat Aﬁfcehg%%om?seg%e %ﬁée9§§9‘
of the directive antenna array Oa can be rofated,
optUoonahlgaB8t0nsefyems”, i thenenthentdlasisogirat ed whidth
th ' . t . [0055] A
detd LChpEen b S R AR B D nf 1R
20G@a&siignpdotp delde | outieSt Ratégbee Publ tloatnmseNg

20Q2/ 2, i shed apy..24 . 1114457
PCATISa00aR 010 TR B0 CHBRE P Bdow R 1A SRseEHRa
Fordisetinn\Wastessn Comiwedcati bnsnSystiend sighels by
e”‘t'h%ed‘ikséélcO%Y&%nn%'a%a. ' 30 M&?%f‘é&%'@%&%ggdby
reference and which 18 asngne to The current
asgihgmednof the present invention. Exanple nethods

forp Rt 21 ag. apt enna  digeatl.on. based, gy, necelyed 1o
or transmtted signals by the directive antenna
ar rapd2@fazar emal sdi thctdwsaddrnofibet el prrotiRbGn dhai-

diQFcti e an%enn arra t%OOa naihalso be use% ig gn
omT=ECFERPRNAT R RO U5 Evi da"anTornTS R ES: aRareY
antesenanpainhérairdbiei @edepatpeint Sod 10ramymi sisdenan:
onni-direction@%%pattern

_ far tr n M _SSi or

" GBSO The B8 cRee Fomtet 110" ATl S e
selected directional antenna when transmitting to and
receiving from the remote statlions 120.
[0057] FIG. 2B is an isometric view of an access
point 110 with an internal directive antenna 220b. In
this embodiment, the directive antenna array 200b is on
a PCMCIA card 220. The PCMCIA card 220 is carried by
the access point 110 and is connected to a processor
(not shown). The directive antenna array 200b provides
the same functionality as the directive antenna array
200a illustrated in FIG. 2A.
[0058] It should be understood that various other
forms of directive antenna arrays can be used.
Examples include the arrays described in U.S. Patent
No. 6,515,635 issued February 4, 2003, entitled
“Adaptive Antenna For Use In Wireless Communication
Systems” and U.S3. Patent Publication No. 2002/0036586,
published March 28, 2002, entitled “Adaptive Antenna
For Use In Wireless Communication System,” the entire

teachings of which are incorporated herein by reference
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sel ected directional antenna when transmtting to and
receiving fromthe renpte stations 120. [0057] FIG
2B is an isonetric view of an access point 110 with

' al directive antenna 220b. In thi
nggé‘@tl%éﬁt the directive antenna array ZOO%CT@SZS%‘”M%SM

PCMCI A card 220. The PCMCI A card 220 is carried by
the access point 110 and is connected to a processor
(not shown). The directive antenna array 200b

Pr ol 681 chngr8 288 { YNECd 11N @kt %u%eﬁ@%é’éi&?é he
antenna array 200a illustrated in FIG 2A [0058] It

shRaF a5E &ﬁH@PE{L%d that various other forns of

di r e ankeanasgr{ay, equse |
incﬁwdeg\ﬁt he arrays descflcgeg%l?ndu QWP%EEI%@ Rpeotive

6, Y- BUE PE5ABI2ReBrthaly iaclrdes, thatpaseive antenna
) Ad@fgﬂe\fﬁ;sA@banﬁd Foke Uss: iva Whitehfs Se Conamni £ 1.an

Systenms" and U.S. Patent Publication No.
2001 o036E5962bopabl | B dlivmcti veganbenra aritdy |209a also

" Adaplinde sAAt §888nd RO ards 933'0” W E:ﬁ!téﬁ S’h AT SGAL | on

System " the entire " teachings of which are
i ncurporgt eédenents naby elefdndned 1 Y6cWP Pod4/ A 445 Tussed

PCTL 492004/ nggggén?@nﬁo which sare assigned to the

current assignee o present invention. [0059]
FI G0®RIi s asdelél fetexdiow dfo tHE. dBﬂecthl@/eillaﬁteJm’a

array.200atbal bBSLUdes, Lhe nassive: poLeny Iobe

el ement's acti've antenna e
di s%QDsmlabowayTﬂeomamrme edpmenha &%@;ﬂ@@@Se

al spy; 4 rl%' 3 e?m&;:.@%?f&?' HAG 330N L0, A igferﬁg}ﬁ:ﬁ

passive enna elenents are electrically cou
as m@@ﬁeedrebehow ref tefiervenpedee FhG t1BB. antenna

elements 205b, 205c and 205d are in a transmission
mode. In other words, the mutual coupling between the
active antenna element 206 and the passive antenna
elements 205 allows the directive antenna array 200a to
scan the directive antenna lobe 300, which, in this
case, is directed as shown as a result of the modes in
which the passive elements 205 are set. Different mode
combinations of passive antenna element 205 result in
different antenna lobe 300 patterns and angles, as
readily understood by those skilled in the art.

[0061] FIG. 3B is a schematic diagram of an example
circuit that can be used to set the passive antenna
elements 205 in the reflective or transmission modes.
The reflective mode is indicated by a representative
elongated dashed line 305, and the transmission mode is
indicated by a shortened dashed line 310. The
representative modes 305 and 310 are respectively

caused by coupling to a ground plane 330 via an
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[0060] Still referring to FIG 3A, the directive

antenna array 200a provides a directive antenna | obe

300 angl ed away from antenna el enents 205a and 205e.
AN i ndi cation that the antenna el enents_ 20

§ﬁ&04%)4§ are in a reflective node, and the %%%3%019324

el ements 205b, 205c and 205d are in a transm ssion
node. I n other words, the mutual coupling between the
active antenna el enent 206 and the passive antenna

el anRNt$ 1 905 Aldaus Holte o Leehbye: LA ALkay2800arye

to scan the directive antenna [ obe 300, which, in
thuo;vupé.age of sthft macsddeasnshonR akerente2@5e shrepgh

3 5Bqupigh él RAS e o8 ENBAL St 2D Alhen®l 325 is

D|f erent node i nations of ‘passive antenna
eI @ rRes Vla%ui tSin*FChdl?fﬂ-ﬁer efbe apif ditia 31Sp@agzobe 2

D2t P28, 2P S Ay SRILLK LAIBSA 200 Bl BRG e
di agsmivef anbermargdiamendi 208kt tehblre cmrwuml @é@ﬂet 830.
Selndd eh%wﬁﬁéﬁ'ﬂfsaﬂ%%am%' eﬁérgg%llgﬂl hgss

ctive or transm ssi on he Te ectlve
mod@te2li ndi Catpledyta thepgesentdaplane Ivgat slie

et ay 2 ot oy dAEhan T he gy, Z05a, whicn
r epresfifeatiivel ynelesiisdand 8howarky réspdomigee] y
RIS (R S0P o8 2SR 1AL
or mroodpidayt & vbatidnentd3Fer FheRFcalgplalngaoipledeto the
e oA TR 2008l U e UL Yoo
Vi et swittioh 3dbenrdhes lsmenth 2885 nhy thee a:asmecotﬁaﬁﬁsal
or &l BGLRhCahs 319 ChiBRAPI S BEnf9UPbE N Lt G056 are
connected to the ground plane 330 via respective
inductive elements 320. At the same time, in the
example of FIG. 3A, the other passive antenna elements
205b, 205c and 2054 are electrically connected to the
ground plane 330 via respective capacitive elements
325.
[0063] The capacitive coupling effectively shortens
the passive antenna elements as represented by the
shorter representative dashed line 310. Capacitively
coupling all of the passive elements 325 effectively
makes the directive antenna array 200a an omni-
directional antenna. It should be understoecd that
alternative coupling techniques may also be used
between the passive antenna elements 205 and the ground
plane 330, such as delay lines and lumped impedances,

for example.
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passi ve antenna el ement 205a to the ground plane 330.
The switch 315 is set via a control signal 335.
[ 0062] Coupled to the ground plane 330 via the

Rﬁaﬁﬁﬁﬁ% 320 i s the passive antenna el enent %ﬁggmmmmmn4

P5 effectively el ongated as shown by
| onger representative dashed |ine 305. This can be
viewed as providing a "backboard" for an RF signha
coupled to the passive antenna el enent 205a via

nut yadsqoupl g, rahéshtotm act i e apkensag el aens 206

In the case of bot h passi ve antenna
el RARSE POIARTaRHOR 0IRP i 100 Ae CEBH-Ebr e e Gradund

Pl ang <3364 wa%téﬁﬁpﬁ@s M d Qﬂ%@t!@nﬁh.eﬂi@ﬂrﬁlas%ﬁtt@fn
the sane tine, in exanpl e of FIG 3A, the other

pas¥i% dhaerghnasel ‘éﬁe‘i‘h% dixysh 1ve0 st ante X05HRRe0a or

el o Gal ¥ o¢2RBaCt ofhd Qddiss %@H@dmbﬁr&n&ﬁ&l\éﬂa@es
respective capacitive elenments “~325. [0063] The

captidit mpd tépdpl Fhat ke dR0pcIR0hor BARge AFRESFaPSIRES
antena,,Ql eaBaL $vasah SRS ahRG18% 4t Q?thé:ﬁ‘@ '{&lrby

representative dashed line 310. Capacitivel
coudi g i cillionsf or hao s i RAL lecdpant 2326, difdrtdnv el yall

k&S c?él%]‘i’l' ’ eCEhé_‘esé‘ﬂ% 'H?h %rfr %)Sezggéfé‘&mxftenna

direction antenna oul d be understood that
al tmtrr@trim@lle‘@gpnpngm ehﬁmlquel@trrﬁylagsbo behangsd

SRS 6 LI AT 20 ) e

|nﬁ§ﬂhnces for exanple. 18 MD 2004/ 114457
Pcrf(tée?‘a-vgod'/ O%‘%ézﬁl#[l%ﬂed] %e@% b%iglgelléo 7 make

over view of t access pol nt gener at’ ng an
omisagigfet iddmactional antenna 200a for downlink data

frames transmitted to a selected remote station 120c.
For most broadcast and control frames, the access point
may use the omni-directional antenna pattern 205 and
the lowest available data rate to ensure that all
remote stations 120 receive them. The directional
antenna 200a may not increase the coverage area of the
network 100, but may increase the data rate for data
frames sent to the remote stations 120. The increased
downlink rate is useful because the majority of the
data transferred over the network 100 appears on the
downlink (e.g., web page access, file transfers). One
option is to use switched spatial diversity when the
access point 110b is reguired to receive in the omni
mode. The potential added link margin of 5 dB
accommodates a throughput increase of 300%, for
example.

[0066] Uplink data frames sent from the selected

remote station 120c to the access point 1i0b during
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antenna pattern 905 and a directional antenna pattern
910 through use of the directive antenna array 200a
or 200b is provided. The access point 110b

Q njcates wth nultiple stations 120a-120d. Since
W§3g@§§“ %i nts 110 are usually renotely i nst Gl Pegise1osz
W t hout nearby obstructions or noving reflectors
(e.g., high on a wall or ceiling), the selection of
the preferred antenna pattern direction is likely

not [ . 0 0 : i ith_a
Gt L] BRERase (G0 UIRORRERERAORIE Y Yk
accHgecfdopellatbemmy pREk@rnusangk andi reeetcomglation

gn %a%%oﬁrgﬂgmf%wgﬁ!ﬂﬂg %%%@?_frgggsl££ fﬁga %9 Eﬁe

sel’ected renbte station ) For nost roa C&S:t
andigoprkocof f agesat idre mavc @sgupoenthe npgmelse sthgion to

ommj -ediHﬁ]%C Lanak aplenng RatLern 903 @n@lmé}teré»owest
avaﬁ able data rate to ensure that a? renot e
st atdabrsisP0trercesveve Ndm wikeldessepefibwal Tntiddsa

20Q4, iy fggt a%B&éS c?iﬁ{“iﬁ)%V%Bﬁ% aLea; of Jt.x?ea
net wor , but may Tncrease the data rate for data
f r aheectdonaflombtie renotwestsat tbrsddRd. rahe dmdiheased

downl.i. rat.e.L.S.: Us c L Ofd Lty
daﬁ%ﬂfggﬁsfEg%gdl%V%&&%ﬁ%&hg%%%?égﬁngghg%%f%ﬁ%h&?ﬁg
dowdlienk ipe. glgontbhipage laoeessd bl ehérpemder Statas
(nnﬂéy% is to use swtched spatial diversity when the
access point 110b is required to receive in the omi
nod@06Mle potTendowhlfded-dnismid ssapgen bhe Sagi®ss point

o ate 1056 50 PP RPlarl REAAE BacROpstaditng
selceﬁit@dl_tibanpbeisﬁatmmglm pontihdiaecessngilDipatt tern
11%31 %rﬁ%%er data rate. The reason for this is that a
remote station on the fother” side of the coverage area
{such as remote station 120&) may not hear the access
point transmission from the directional antenna pattern
910 pointed away from it. This is the familiar “hidden
node” problem where two remote Stations 120 do not hear
each other and end up transmitting at the same time.

In this case the two remote stations are 120c and 120e.
A method to avoid this problem, especially for large
data frames, is described below in reference to FIG. 7.
[0068] The directional antenna patterns at the
access point 110 can thus provide higher data rates for
downlink and uplink data frame exchanges with the
remote stations 120, which is the bulk of the network
traffic. Network connectivity is maintained with the
nominal gain of the omni-directional antenna of the
access point 110. That is, the remote stations 120 can

assocliate with the access point 110 and maintain the
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19 WD 2004/ 114457 PCT/ US2004/ 019324 contention
periods (CP) are received using the omi- directional
antenna pattern since any renote station my have
ransnmtted the frane. For large franes, the_ network
W%ﬁ‘%“bﬂ?at. on may require the remote stati oftVE2041da9324
the request-to-send/clear-to-send (RTS/ CTS)
mechanismto reserve the wireless nmedium In this
case, the access point 110b could receive in a
di fq%qigfeee%bn mpdend i LS ease JkhendaliArd Al 80N LhARenna
uplin I's I's somewhat dependent on the data rate
selZ¥a@i-on al gorithminplenented at the rem)te station
12%06[9?067]}&' Dedoyg déd%st @n %§§&Q<§.‘Sl I%C@Le%én be
poi nt 10b may deci to transmt srra pac
durdefgnedohpehrkorepa@ntede 9fi ket panbndi refitieoailoaar
Pat&ﬁ?e%tlﬂﬂglacﬂlé’f‘fét&%sacfc%t Bt the &fﬁé@&cf 2 ;a?ﬂténna
is that a renote station on the "other” the
covii0age FRBRE Isimtlutes @ﬁd@fésﬁat?@nﬂﬁ()@mm not
he%&é&ﬁ%ngcfféscuf¥gﬂgl§ éygéghﬁﬁbﬁnwifﬂ”%ﬂéuaccess point
di rectional antenna pattern 10 pointed away from
i t.1IMhiandi shehe ¢m¢ﬂiaraﬂtmn@@eﬂlrﬂ©’eleﬂn prelisicdmonher e
t e a 0 and
end T Lo ot P L ARBban el Qe e
t hedlwotrienst bastdtdronsamee s¢20enand 12@w. theA §9et.Add

to ci.gl, rol b wpg e

fr a%egldd‘i‘lrél éégjrf'ﬁge%’mbeqedz\%\% r?%r%f\éjéfrlgnceﬁ]tio I\EII%’H? pLx

[ OCG8licEhesddieettoral “alt"erdmsipateerwglatkt ked “DL”

acc.es int .1 t hus provide higher data rates
dSC%%Iesnfgoérn%I“S%l ink data frame exchanges with

the renote stations 120, which is the bul k of the

network  woprp 1 - Example Antenna Selection Rules

Sequence Dir | Antenna
_ Selection
Beacon DL Omni_
Data DL | bir See FIG. bA
RTS-CTS-Data UL {Omnli/Dir See FIG. 5B
[0070] A process can be described in a set of rules

that determine when to select the omni-directiomal
pattern and when to select a directional pattern. For
example, the.access point 110 may select a directional
pattern during time intervals when transmitting or
receiving to/from a single remote station 120.

[0071] A block diagram showing the interfaces of the
access point 110 is shown in FIG. 4. The illustrated
access point 110 includes various subsystems and
layers. An antenna subsystem 405 may include thé

directional antenna 200b and supporting circuitry,
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traffic. Network connectivity is maintained with the
nom nal gain of the omni-directional antenna of the
access point 110. That is, the renpte stations 120
C|ate with the access point 110 and nminta
wORDSEAR 2004/ 114457 PCT/ Us2004] 019324 co%%‘é‘&ﬁ”%‘(?lm‘
W t hout the use of the directional antenna 200a.
[0069] A set of rules as provided in TABLE 1 can be
defined to take advantage of the ommi-directional and
di f5ablbongh SOALALILHISUREsaRt the 81 f&alingl antenna.
antenna 200a. TABLE 1 includes addresses of the
r effibice agtahansubiDG i A%t Lptasiaesatic tliet lﬁ’hﬁ’ﬁécal
acg rpqwtan&l&amietshw sGHhEERt aplgNNRQ r ection
selection. TABLE 1 may delinéate exanple antenna
di rl®®723n sThemhwrisaadedesnilPaprresifandds RFom
t hesa%%%l%141§tMq{éjcéﬁﬁ%legssg%ngqu@glftl}ﬁrrr@ %re}u@nts
" I ndi cates direcCtion I cat es
upl-ﬁlﬁk toand amienng rtiecatios BoaaRPAki20nABLIEE] Physical
e GiRadR Yl Bia) SOGHANE Agt gpna
o AT LSRR ) SR Gidhd BB
RTSJ@T?@-’LBaﬂ& Uto Gre MG lSér’@rFﬂGﬁ Sth? 0D Lager 415
cldhedqi 0 ul t
orir mealel, BEEES SIS Redolths flady Mol W6 aleo
patSteaertn tandhah@mmmlas@lt@@trlagdpregw@n‘bzo pat tgder For

ﬁ%h %Fg ﬁﬁ%‘§¥'¥ ga%0§ lggtqf§%ﬂ$lonal mode
dlrec i'oha ern urin I e |n erva
traﬂ&n1kﬁqngred.

[0073] The MAC layer 415 also sends data frames 429

to other processes (ﬁot shown). The illustrated
physical layer 410, MAC layer 415 and antenna steering
process 420 may reside within a controller 400. ' The
anténna steering process 420 may be stored within a
memory, for example, which may be a stand-alone memory
or an embedded memory within a processor, for example.
[0074] The antenna steering process 420 maintains an
“antenna table or database” or a “direction table or
database” 425 as a function of the received signal
quality measurements 417 made during antenna scans of
each remote station 120. For example, the direction
table 425 may store a station ID and a corresponding
antenna direction (A, B, C) for directional
communications with the remote stations 120. Once the
antenna directions in the direction table 425 have been
determined, the antenna steering process 420 is used to
provide directional antenna control 427 to the antenna
subsystem 405. If the signal quality measurements 417

are above a predetermined threshold indicating that the
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receiving to/froma single renote station 120. [0071]
A bl ock di agram showi ng the interfaces of the access
point 110 is shown in FIG 4. The illustrated access

oint 110 includes various subsystens and |ayers. An
Wgﬁ?oé‘hﬁ‘gs'%ubsyst em 405 may include the di re%‘ﬁ’ﬁ??‘ﬁ?‘ml%z“
ant enna 200b and supporting circuitry, 21 WO

2004/ 114457 PCT/ US2004/ 019324 buses and software to
operate the directional antenna. The antenna

su [ f t Si I r. 410
e 0o P e S B L S RS
physiregitibagér mdade, pilvc egdepnehdiRFet Sy meds bel hedddat
det.er.m _Sk . gual i urements 417 to an
anttg%ng%gﬁeéégggkbr oces®4§%§%'l‘he physical |ayer 410
serid@®75locesthd Eohheinchipedgupohst desRAbssivigrabys

412tetc91ntiE{%e¥A§nl gggér(f%ﬁ:e M‘Eh'\/%ﬁezg}égé%ﬁ% ?hnventiop for

generates tim ng cont nmessages are al so
semeteormihéngntbarprsiaaridigipectées U@Pdintorader to

SWi {. t ' d i recti I

o il SHESAL Pk M EcPs e 9Tl A8 ke =
sentsncd® sthtanesl2Q9 The dlilret probeiges motoys a,
shawn),.. . The.i || ra hysi r 0

I aysgra)tifg ?ﬁ'&egﬁié néae s‘atcéagro?fln%n%%bﬁ %gérgs Ebe n%gnd

r edieddanviigiki nsas cante@idere 430 prohe sagteln exstheagedg

0 EIRAG IR LA, M R TRk s ons
emigdded Tiembhyrdi téchmiarer ocessoentiol mesgrges. (e.g.,
09741 1180 SRR ELA0R BHATSRY, 120 TR 320
datahasia’edd 28 tagna fdimedtiiomsofatt hber eceeyedsingnddllo.
The third technique is applicable in both forward and
reverse direction links.
[0076] The first technique assumes that current
802.11 devices incorporate antenna switched diversity
scan/control and that future 802.11 devices, such as
802.11a/802.11g/802.11ln will also support switched
diversity. The first technique is applicable after a
remote station 120 has authenticated and associated
itself with a network. It is assumed that the initial
antenna scan is accomplished within the MAC/network
layer protocol. With a directional or multi-element
antenna 220a, the first technique can make use of the
diversity protocol to keep the antenna position/
selection updated.
{00771 Referring now to FIG. 6, the first technique
functions as follows. The illustrated access point
110’ includes a controller 600" connected to the

antenna subsystem 4057. The controller 600/ comprises

23



qual ity neasurenents 417 made during antenna scans of
each renote station 120. For exanple, the direction
tabl e 425 nmay store a station ID and a correspondi ng

W@%anﬁﬁ?ﬁsﬁi rection (A B, C for directi OQSB?CT&;SCZgM{"ﬁ%m

nications wth the renote stations
antenna directions in the direction table 425 have
been deternm ned, the antenna steering process 420 is
used to provide directional antenna control 427 to

the ALENRA: Sahsysi@n 4QB:chf isheivdgnalcaisakiot ¥he
measurenents 41 are above a predeterm ned threshold
i ngirggnpageepbrot helgr o 20047 1MAGstayer (FIG 4). The

P%@SZQQQJ{:OJ%%S é}itgﬂl;i%t s%%éti@ﬁ@ L heg4rBer ped

in the ommi- directional node, the antenna direction
map05e’ hend Begitker dmfi0SE reckPohtey & GRMME. cPDOZERS
The HeokLowi-Pgq Pk BGLAP RS, sd€36h) bsnaafé@ius%fext eclpsgues

in accordance wth the present invention for ‘
detc@niFpAnaga t RRNGEEF e cad crpeRPFbRL?D- pdihft Physical

di neGL-0RRH - apt €&, 220R.hkARY 88t 855658 B0 luddfpl Oxer

a renote station 120. The first technique enploys a
sp&l0al- drherhygiezl daviedn 4hBEhagndm a ThHeseddid

te%%ﬁiewﬁﬂssvﬁi@cﬁe@a%&%q qfi GRE9PEo P R (5 LXRNRAPSxer
bet ween the access point 110"and the renote stations
12610Thént hi Fipieshriigier sdses SEORTT T e ads mEangr,
ACK@r (& %igocg%? S r&'vegg@cgt Yo TESSHP RARRO!

thé Tecelved antenna directions at the access point
11GontTheé shonaltechirialse vihethppl teabtentgnisotf

f.‘”f@i@téﬁda E6XEF S&r A ACkLONE! ERkS: %Pé”@edThe.

first technique assunes at current 02. 11 devi ces

i nd®0Fsiat e @heenabeswid cin¢gndbveesitjon is initially
chosen during the network authentication/association
protocol. The candidate antenna position is any other
antenna position (including an omni-directional mode).
The candidate antenna position is changed, in a
predetermined sequence, after a valid packet has been
receivea or after not receiving any packets for a -
predetermined time period.
[0079] After successfully receiving a packet, the
physical layer 410’ sends received signal qualitf
metrics (signal strength, signal-to-noise ratio, multi-
path/equalizer metrics, etc.) for both antenna
positions to the MAC layer. During the packet
reception, the physical layer 410’ functions as it does
now for 802.11; that is, to switch between the two
antenna positions and to use the best antenna position
for packet reception. After valid packet reception by
the physical layer 410’, the signal quality metrics for

the two antenna positions are sent to the MAC layer.
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scan/control and that future 802.11 devices, such as
802. 11a/802. 119/ 802. 11n w |l al so support sw tched
di versity. The first technique is applicable after a

,wo%gﬁhiu§;atlon 120 has aut henticated and asﬁgﬁbﬁﬁﬁﬁ%F”4

th a network. It is assuned that t
antenna scan i s acconplished within the MAC/ network
| ayer protocol. Wth a directional or nulti-el enent
antenna 220a, the first technique can nake use of the

di vigLShh¥ PLPLOCRad1 KRR DR aBE BANAD QSR
sel ection update [0077] Referring nowto FIG_ 6,

t heosilEdent 2o o ccary F0AST8BNE PP HELOTFhe The'

| |1 SLEREE0aREGESS M Mtionl1Q' rEPLAMSIe S, B 10 A @Leg%r
600" connected to the antenna subsystem 405'. The

cornorsertu@n Boted compilis el ta3 rees PR/ Bnom grhe physical
9@%0%60193%&& my%%lerégygrméyl%e UL R @;eep

glven access to the antenna control 'signals, and
MA@Hanépl(lGTEnglngr'hé)ewnl Syer ankFenns RARIAHERS -
5@‘6 ?{”S | AL °s1£§8é<§tﬁexéou§§?§a g {&ﬂiﬂq% Bakes

egi ster A 605a’ contains the selected
anta@h’ﬁatpggl of oFhie aptr eyl $0&r 1B 8UsPnna cwfittaihesl a

%&%&9%&&9&@08'1}*& %ouleebehuﬁagpgtocl@wat%ﬂm

SO i n*conmuni cations wih a nmultiplexer
Thdﬁghysﬁeahni@w%rmaMIinqu@@shardW@e¢s|qut%ﬁﬁaﬁﬁﬂﬁﬁﬁare

5“‘%9@0%8QL%9%0§§9QQQ SO’ to the nultiplexer 610
inatypc

Iversity selection control manner, but
i n ltﬂﬁag]caseRefhzermg/errcm thy FaGecdPona shawdhardowir he

s ABLEAL SN 8L, IS, SRRLESL o oA Sl
seIJe:ldt gah anWEhNalfb@sbmam upon gpetdsl ydiversity will be
discussed. From the start (Block 1000), the method
comprises communicating with the remote station 120
using a current angle of the directional antenna 220b
at Block 1010. Scanning through a plurality of
alternate angles of the directional antenna 220b for
communicating with the remote station 120 during the
preamble is performed at Block 1020. Respective
signals received via the current angle and the
plurality of alternate angles from the remote station
120 are measured at Bloék 1030. During the preamble,
the current angle or one of the plurality of alternate
angles is selected at Block 1040 as a preferred angle
based upon the measured signals for continuing
communications with the remote station 120. The method
ends at Block 105.
[ooaz] The second technigque is based upon the
transmissicn by the access point 110 of RTS messages to

the remote stations 120, and the reception of CTS3
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chosen during the network authentication/association
prot ocol. The candi date antenna position is any other
antenna position (including an omi -directional

. The candi date antenna position is changed, in
ng?%'g)é&é?"erm ned sequence, after a valid pac‘f@'ifgﬁg /019324

been received or after not receiving any packets for
a predetermned time period. [0079] After
successfully receiving a packet, the physical |ayer

419{es%%ﬁ9§ feeeiyad & g_%a'regpehgéym Bl Gkl 9Rations

strengt , Sl gha -to-nol se rati o, ti-

pattly/ eheabceess metititcs, Toec8Y2f bt Potlaad edise defines
A \ e

PodLpePls Hoghie Micre RapolME: Bt aidon <5

dodypigehlfoes8D W rendizgt stetiens slidd div Isethwaainehehe

L vggﬁafﬂwnggr&?éifki S ARLRER géﬁi&%%ﬁ ant enna

I on packet reception. ter ‘d packet
r ed®®8i3dn byWhemeugsty divcdhel ageesd @erint Hd Ositgnal

qual ity metric Nt en JtiQns _are
concresnihe HE 1S, Wi thg RS ¥
PCE<lg2064/ 0483824 stRisdWAC20ayes Lpbattestyst Hnt BEG. 8,
sel.ecte nt.enna [ t) ad _t [ n

nodi anoBThePlyy B P iReRTts' DRt AR AT TAD
Wi t895 He bbkstompbspdtiitirrbasddeanht b et paterdiivdd

fromthe.physical, | Iy 41Q" j ' . is
BRI St ot o ELULSH P g
antemidtpostt tlonsprofd ABBpoAsestagmal BV issrd] packhifsom
techni que t ake adv .Qf th i .11
anal SBRr e RERELel Gy Ty e PHOHEE Y Shadies be
undeyssieeadvehpittduss. first techni que may include

harf&%?&?’ So&é&@%ﬁ%&égggMgfethese response frames 810
make this a more reliable technique than the diversity
selection technique described above. This second
technique is preferably employed at least once
immediately after a remote station 120 has associated
with the access point 110. However, there is an impact
to network efficiency using additional probe
request/probe response signals, but these exchanges may
be infrequent.

[0085] Referring now to FIG. 11, a flowchart of the
above described method for operating an access point
110 in a WLAN 100 based upon probe signals will be -
discussed. From the start {(Block 1100), the method
comprises selecting a remote station 120 at Block 1ilo,
transmitting a first probe signal via the omnl angle of
the directional antenna 220b to the selected remote
station at Block 1120, and measuring a first probe

response signal received via the omni angle from the
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or conbi nations thereof. [0081], Referring now to
FIG 10, a flowhart of the above described nethod
for operating an access point 110 in a WLAN 100

e n spatial diversity will be discussed. From
W?’%@"“gll‘g‘gf (Bl ock 1000), the method conpri sBESHUS2004/019324
communi cating with the renpote station 120 using a

current angle of the directional antenna 220b at
Bl ock 1010. Scanning through a plurality of

al ts%rl%%‘izgdaggxhéée Qgtéél%nd LEephhatal @ntenng; 220bptake

conmmuni cating wt he renote station 120 during the
pr edigviad Y Bb@@@rﬂé’d’-at Bl ock 1020. Respective

S! GeRla%1r eCChVELM &AL SBULhANE a0 £ . Llte
plurality of alternate an fromthe Tenote station
12Granemabasdratd Biod dau 1@39 TR i AT (He theeRABFality

the« l('flr%%%l@ﬂ?i eax%lég]%f()fth‘éh@l?é@{ﬂﬂatly Hfcenna 220b

alternate IS selected at Block 1040 as a
pr éfcertibed Sahgtbed bl?ﬁiéﬂl% Foatihe ARls sl asisgeans pepbe

20 S Y O e 208, L O0aa e “Eaeend
t ecﬂmnq d:@eu sebaskeetd urpmmo’qeh@tattnansm%@q’mﬂgy tiohghe
ot o heetih, S P easar i Rt G AT Bock
20M5m445heptﬁ§$$182®®4ﬁmmobﬁesg@@@ssq reigiogilt ged the
pore e veoeh et M PLSBRC ey AEEERS o
I equies tyeflechedr espons e Extcitand@0 ahe cétdmed yigi @al |y
e PRl e Tl el e I e
by tdmB7ccesa poefitriddd dicrectional angle for the
selected remote station 120 is selected at Block 1170
based upon the measured second probe response signals.
The measured first probe response signal from the omni
angle is compared at Block 1180 with the measured
second probe response signal from the preferred ‘
directional angle. The first prbbe signal comprises a
request—-to-gsend (RTS) message and the first probe
response signal comprises a clear-to-send (CTS})
message. Similarly, the seccond probe signal comprises
an RTS message and the second probe response signal
comprises a CTS message. The omni angle or the
preferred directional angle is selected at Block 1190
based upon the comparing for centinuing communications
with the selected remote station 120. The method ends
at Block 1195.
[0088] The third technique exploits the control
frames used in normal data exchanges between the access

point 110 and the remote stations 120. This technique
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deternine the preferred pointing direction to a
selected renote station 120, as illustrated in FI G
, the access point 110 transmts a probe request

8
i.ganal 05 in the ommi pattern and each of_the
wé&?"é‘ﬁﬁ“g directional patterns 130, and meBSUPR4HBA
signal quality of the probe response signal 810 sent

back from the renpte station 110 while operating in
the respective patterns. [0084] Measurenents of

these Hespansge; i ras@s BtGarABkenk kS Mg i6aLi ahke

techni que than the diversity selection technique
degeriesee abokecommnicaddong . t 8ERAT dite i egreteradhy

emiaysd gk LeRStwRNER (m&?diﬁ@_ﬁs{; c&f180 Rnkelpt ehe

station 120 has associated wth the access point
11GowesweEnser, reakete the aFcrApaBpint ol HetaRey Mse these

ef ficGisaRe% ¥Si AGnBtd WHNRhnBr BBt FE WS P ARE
responsé signals, but these exchanges nma

be
i nfovegganiy F@b@@}echeﬁerﬁqtﬁ@naémp@‘@tﬂreflm, ghis is
leﬁﬁE@E&a@Edtbﬁ Eﬁ?P%ﬁaQ&%ﬁfkﬁsdd£§%$§§§ﬂﬁés on the

operating an access point 110 in a 100 base
upartenobe ssilgabien iiiminge' THiscosBetkr& @® ehwethod
starf I 1 ' I '
et e e o P B Y L r e Tt (g oA
fi 10 pesbwmashipdrediits halvamtagangier dthe tommi~

dir [ n to r: :

ot Sriios aphal cRERidy) b, b3 FRkERLE L Pige Ly
r esporse upognal predetarsd ngida thitesbahid. s gixevlendm t he

20 A0S, AT PN 8) SEL Bn

Bl aCilnilb30signal quality metrics.
[00891 For example, during the CTS messages, the
cmni-directional mode may be used to. receive this
message Lo calculate a first signal guality
measurement. During the ACK message, a test antenna
direction may be used to receive this message to
calculate a second signal quality measurement.
Comparison of the first and second signal quality
measurements is performed and a determination is made
as to whether the test antenna direction should be
stored. That is, whether the directional mode provides
a higher gain than omni-directional mode. Comparisons
may also be performed between two different directional
antenna directions.
[0090] The same types of measurements and
comparisons may be conducted during a reverse link data
transmission, as shown in FIG. 5B. During the ACK
message, the access point 110 may calculate a signal

quality measurement and compare it to an omni-
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[0086] A respective second probe signal is
transmtted at Bl ock 1140 via each one of the
plurality of directional angles of the directiona
ntenna 220b to the selected renote statlon 120, and
W%‘é‘é‘&%‘a probe response signal received via E’HM’"””‘
directional angle fromthe selected renote station
responding to the respective second probe signal is
neasured at Block 1150. The neasured first probe
%ml%hq&ahoa@%ég&réme% ¥enaRagUEES 866ANd0de
o e response signals from the selected renote
st M4aANTERGNER e SPEPRYL 9N mAYakeeARRTEEE D e tseveral
Bl %@Qat[ﬂﬁg?lu@h P elieddiar eekbepalc ANal:e ther
the selected renote station 120 is selected at Bl ock
11 7@ Ldrss e¢anpdndt hedhblayiandd 25é€oRd piopetk@sponse
Si oy Th%hgea%@féléﬂ "Sfo1Rr abe LgsPenses Shein@e
fromthe ormmi angle is conpared at Block 1180 w th
t hexrmeeshegd wisbe shanpt obhw idyposseusegents f Fom tthe
% il U pestioal Mdlay Ehsfakfés&oyr&@@ N3
rses equest to-sen RTS) nessage and t he
f| rss&thcn‘czﬂde direspdnsel samfivainac papitieses alf the advantage
¢l SRR g%?agde{@a&l B (HAALhBELY: ch0% S6EANGoine
probe “si gnal conpri ses nessage an fe sec
prdb@3n55@nﬁ§ebsp§nab tm@nwmusé@lécC¢Snnes@ag@ﬂkmﬁ§ an
om | e e f NS a [+
R L e A o e e
cordemmt@dcabwmal cations wth the selected renote
st atd 120 h h c
Theh%(gélbr dt ec%m%aggge‘gg %]?Célet %teem?g%t rgg%%g?r anes%%]
I n horared pbﬂaiuemwbamg@scbeﬂmeedcmneldieessrlgmﬂrﬂlth no

110 qgg‘égyis quﬂetﬁ%aééégg%35§1n£TEEB Egggpfguback to

the omni pattern selection. When the remote staticn

120 becomes active again, the access point 110 may
perform another antenna search.

[0093] Referring now to FIGS. 12 and 13, respective
flowcharts of a method for operating an access point
120 in a WLAN 100 based upon control frames in forward
and reverse links will be discussed. From the start
{(Block 1200), the method comprises receiving in the
forward link a first control frame via a first antenna
pattern of the directional antenna 220b from the remcte
station 120 at Block 1210, and transmitting a first
data frame to the remote station at Block 1220, and
receiving a second control frame via a second antenna
pattern of the directional antenna from the remote
station at Block 1230. A signal quality of the first
control frame received via the first antenna pattern

and a signal gquality of the second control frame

29



27 WD 2004/ 114457 PCT/ US2004/ 019324 nmay be used in
both forward |ink communications and reverse |ink
comuni cations. Since the clear-to-send (CTS) and

cknow edge (ACK) nmessages are sent at the wer
W@&?“ﬁ?“ﬁ the access point 110 can use th%% 52004/019324
nessages to conpare the ommi pattern 905 to the

currently selected directional pattern 130. This is
illustrated in FIG 5A with the dashed Iines on the

n gaem&'@ﬁ 'tcﬂé tdJURG 2APESnS PRISRINE A% aclBLPOd at

etermne whether the currently selected direction
13®lha§ RN ai Tl Haspegdiant AgRSORG tipmedmeualities

i LEabLonalo RALLEN 98, TR0 SER 2 Ofl k) Pt Rk

baséd upon a predet erm ne reshold. to prevent
fr @quenpmswre@ Hith @ ratkind@B 0t woThmt i h attenng pattern

ha\@oggtrgiamlitaél (%gfgr §%‘1§| H&¥a ”P{'élﬁésto [{9R8Yenb0E

urlng messa
omsﬁ:ampeclzfémm Feoldec ey abeB @@H %%50 rigc dihpe meRpyred

mesgage, t ?gﬂﬂ'—ﬁseo aft' Lishopl gualid Yantenna

neasur ene rresgage, a te_st ant enna
di pecteon ergedds uskeed me@sueeeli gegna sqwgé‘ag@StSQClated

cal cul ate_a-second al t :ned
Coﬁ?%%h égﬁ 0 ?th arfé 8 ng‘d%ﬂéi&% SI gha quallntey
measueshehds |’H1epeff3fmmnamlafd@m@ rypgaraitvesh dogpmhges

ot 6 GaSUFREE e ey RESGHILLFRENAT ool ane

pr &\eloéesedachmgttea:e@&tm adkanwdadgenkrie ore avale .nodbe

di REPel: SarP Rt 1 ST 27Enna directi one. [0090] The

san@oiypes ofheeastinaieitrs opedating an access point 120
in a WLAN 100 based upon control frames in the reverse
link comprises from the start (Block 1300), receiving a
first control frame via a first antenna pattern of the
directional antenna 220b from the remote station at
Block 1310, transmitting a second control frame to the
remote station at Block 1320, and receilving a first
data frame via a second antenna pattern of the
directional antenna from the remote station at Block
1330. A signal quality of the first control frame
received via the Ffirst antenna pattern and a signal
quality of the first data frame received via the second
antenna pattern are measured at Block 1340. The
respective measured signal gualities associated with
the first and second antenna patterns are compared at
Block 1350. The second antenna pattern for transmitting'
a second data frame by the access point 1i0 to the

remote station 120 is selected at Block 1360 if the

measured signal quality associated with the second
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conpari sons may be conducted during a reverse link
data transm ssion, as shown in FIG 5B. During the
ACK nessage the access point 110 nay cal cul ate a
nal quality nmeasurenent and conpare it to an ommi
W%&W)“‘é%m 114457 PCT/ US2004/ 019324 di r ect TOREI2004{fd%24
measurenent or other directional nbde neasurenent.
Conpari sons may be conducted over severa
conmuni cations with the sel ected renDte station 110
bef gl r.e 0 1]
Thé %Fé%t?on ta Iec%fg' Ehﬁaﬁ%§4 may Jgﬁﬁ%u%#%%?gg
W Bhsscgab@dcwmﬂht%ban@%;ateﬁehﬁsnﬁrmﬁﬁﬁﬂﬂa bpr écess or
Prgoesses, descs ihad ahaye fafot A omiAnd, selag! ed
ronal enna pattern J@antag rops
be|IBWeavpded@nI@IJm€r$e@ tleqeshbi-to—séred aeesmepoing the
L1Q Leusr L8 Pack %I%Iééﬂegr%ﬁgmﬁfgs%&g&f&ds Rerh QLB o
an enna seéar ch usi ng one the rst” two
te@hndqmessa@@scﬂﬂbed@ﬁb@deenﬁeost]Blm¢bé§§6’mhere

t h%ooﬁgﬁt e S& ation, 130 g%%%z%ﬁhegolgaw@ad&@gﬁd@de

has T ong | € peri ods a transfers, the
aceessepoint ddchmisner thabapkovddes he mwwﬂeqﬁﬂpmern
Se%%? Eggsm n tgﬁ li?@#e SBQE 10&29 S220b at
ac agaln e dccess p0|nt perform

andﬂimelacaasenpmxslea!rm to[ &@%peRereellmglmNtth@ FI GS.
opé?é%F%éhgéesgg% %ﬂﬁ% d%@%?%ﬁ adgnﬁ%ﬁ%gagﬁgh O%gen
up@mﬂ:@ﬂﬂr of thanmesndie faj:aWapds aRll ieverserdiweeg 100
et PG PERE e 1 oY “ee P oF S B [T R 110
firsgid @Oﬁb&@btéﬁ&ﬁ&maﬂﬁi&tdﬁib&t1aﬂteﬂm@ therefore, those
that cannot hear can transmit when the medium is in
use. This causes collisions, particularly at the
access point 110.
[0096] When the access point 110 has data for
transmission to a remote station 120, the coéntrol
process sets the selected antenna direction by scanning
the direction table 425 in FIG. 4 to determine if there
are potential hidden nodes. For example, the access
point 110 may look for remote stations 120 in the
opposite direction from the selected antenna direction.
[0097] Referring to the timing diagram of FIG. 7, if
the control software determines that a potential for
hidden nodes exists, the access point 110 first
transmits a CTS message to a known unused MAC address
using the omni-directional mode of the antenna 220a.
This process serves to tell all of the remote stations
120 in the network that an exchange is to occur and not

to transmit until the exchange is finished. The access
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pattern of the directional antenna 220b fromthe
renote station 120 at Bl ock 1210, and transmtting a
first data frane to the renpte station at Bl ock

1220, and receiving a second control frane via a

WOMUNIM Nt enna  pattern of the directional BnyBiflg019324

fromthe renpte station at Bl ock 1230. A signal
quality of the first control frame received via the-
first antenna pattern and a signal quality of the

sé ?@Htc rfﬂeJ'é#f%c%gsvgbZQQé/ééfggiéd antenna
P US2004/ 019324 recei ved via the second ant enna

patiieratior favadiicedniendpporrmataGtamion édfetbfve
gﬁ%%%ﬁﬁgigééggﬂs Jellies Aﬁé@ﬂ@%Egﬁﬂ%&ﬂd%htbhgrgﬁﬁﬁﬁing

second ant enna patterns are conpared at
1250 Hhedseoort: ayobisn pat terperfym & 498 Vay n§rame

SCRGHLfFL g e, COD! k020,45 <

sel 0 if the neasured signa
qudeistiyedsserndtx atakiionr £R8.second antenna pattern

exg%ﬁgggthe Q§&{%%n%&gﬂa%oﬂﬁﬁéféXkﬁﬁﬁﬁﬁ&%EGQha%ﬁ%Here
th irst antenna pattern by a predeterm ne
t hri@shol dotdiei £} ristr eohtiddenf pode, ridieiansgsconpintetlo

a %rla.%%g@gé&@dtmee%%%gamgggft £4 585N GRLLAL fLgme
recerved conpri ses an acknow edgenent nessage. The
metsttedtendsedt aidiloc kwit27Ghe[ 6004%s Thelmetiéd apgenna set

Operating an access foipt 129 riegufr%’é!%}} 19Q hasgdry

upon coﬁtPg?p?ranes In e reverse I NK conpri ses

f r gmottheodt athe (BfDolesE39@) canebei idupseed iosthe

R L S

Bl atle :3t8sstpabstri A0 g anseckndvwiedersint,r @_ﬁsestlcwn in

%Pﬁgqigggie station at Block 1320, and receiving a
[0099] Note that in the process described in
reference to FIG. 7, efficiency is improved since the
RTS message is not transmitted by the access point 110
since the CTS message is all that is necessary to cause
the remote stations 120 to halt transmissions. The
remote station 120 indicated in the ID section of the
standard 802.11 protocol header ensures the specified
remote station receives the data frame.
[C0100] Referring now to FIG. 14, a flowchart for
operating an access point 120 in a WLAN 100 based upon
hidden node recognition will be discussed. From the
start (Block 1400), the method comprises creating an
antenna database by assoclating between the access .
point 110 and each remote station 120 a respective
measured signal quality corresponding to the plurality
of antenna patterns at Block 1410. The respective

measured signal qualities are determined by the access
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data franme via a second antenna pattern of the
directional antenna fromthe renpte station at Bl ock
1330. A signal quality of the first control frane
received via the first antenna pattern and a_si.

nal
WHIAHHASDf the first data frame received viBY ig004/019324

second antenna pattern are neasured at Bl ock 1340.
The respective neasured signal qualities associated
with the first and second antenna patterns are

ggg@%@dﬁd bl kipbA5Qomthiel SACME aRkanBacRatéRite

transmtting a second data frane bg t he access
poshatian 129+ h&'orr eashersmeks ot aien 420epebtRtrRicd

Bl Qﬁ%e%@gpﬁtet eba@%asugsg shonalc Gial Gh¥aBsseci gt ed
wi th the second 30 WO 2004/ 114457 PCT/ US2004/ 019324
antiehnampeed erth Bdocked 420 hea v s (FEWLS §raFighappd ythe
as ' ' LSt Hattler pob i

o e e e o o P amundcate
r evékbhedreonprdatesl atr B4oekt 143 setpsfes 3868, HAAd t he
secopd ﬁgnéé@idoaféea%%dt Ei‘EFEE“ £ e GRIRHa888g8with the

cl éar-to- sen message. The nethod ends at "Bl ock

1378 lefbe95teriite fab@tilny ethni fuistemniner adeRlnolel 440

prat e%igor@%-egéh@&ﬁ%% LAk Rr QVLOESH @ vt @6k BBrential
m

r
nmechani en“enpl oyi ng a directional antenna 220b
at oft hetabebiss puine whed csochedeeungicadlionisnaceuahey

oSSt Ter P it aranedne Y 50 T SRt hetReisd

camikeal goahliy cetscoristiedt veth the prafesyegopptennd

ek B Ra o E et HEs R e S e f b he el um

i S dedpeateve Tl gnalaused iddkeki sEensiatpat tiidyl &heynan-

theselected remote stations when using the same preferred
antenna pattern.
[00101] If there is a potential for .a hidden node,
then a message is broadcast at Block 1450 indicating
that the access point 110 and the selected remote
station 120 are to communicate with one another. As
noted above, this broadcast may be in the form of an
unsolicited clear-to-send message via the omni antenna
pattern to the remote stations 120. The CTS has an
unused address that does not correspond to any of the
remote stations 120. Alternatively, a four-way: frame
exchange protocol (RTS, CTS, data and ACK) is performed
with the selected remote station 120 to prevent the
hidden node problem. The method ends at Block 1460.
[00102] While this invention has been particularly
shown and described with references to preferred
embodiments thereof, it will be understood by those

skilled in the art that various changes in form and
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access point 110. [0096] Wen the access point 110
has data for transmssion to a renote station 120,
the control process sets the selected antenna
dlregtlon by scanning the direction table 425 in
WR Y Eermine if there are potential hi ddléﬂTfH%g‘g"mz“
For exanple, the access point 110 may | ook for
renote stations 120 in the opposite direction from
the selected antenna direction. [0097] Referring to
th%etl: 7h B9, 9% A8 MRS thk@eid, wifholh&gRRLnl from the
software determnes that a potential for hidde
nodespex st she t ventdess cperrpa3aed fhy the @P&ﬁ@ﬁfs@s a
ct %ﬂgﬁéage}ygg fnéq},&% uRKsedcMCs aosrass s 'ﬂ%‘tngﬁnhged
omi -di réectional node of the antenna 220a.
pr doesbes eFEBs89D- lelstagdprgt t Ree r@h‘«tﬁr@asta&apéﬁ§hm for
12% %cfcassn}g&m{ Ky d Qﬂtsc%%s%é(?&ﬁ@@@ is éf;%lQ%%ﬁea@g
transmt until the exchange is ni shed. Th
acmé@rSIyws)S 2@@@@&4@?6@@#%99@% 10 32&digyi nt 110
p%ﬂc&g\?ga b9 i sehaghed f-eﬁt@eﬂ@amdl 'Lehi 98 £Rbse
nten re te station 120 and communications
prakéeaﬁdAhEthb¢ HiRF ¢8¢h 6o spraderdi ng the hidden
node problemis to performa four-way frame exchange
prot ocol (RTS, CTS, data and ACK) with a desired
renote station 120. [0098] If the control software
deternmines that there is no potential for a hidden
node, the access point 110 may not send the CTS
nmessage and communi cations nmay start immediately
with the access point 110 antenna set to the proper
direction. If required by the network protocol, the
RTS nessage can be addressed to the
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i ntended receiver, resulting in a CTS nessage back to
the access point 110 as an acknow edgenent, as shown
in FIG 5A [0099] Note that in the process
described in reference to FIG 7, efficiency is

i nproved since the RTS nessage is not transmtted by
the access point 110 since the CTS nessage is all
that is necessary to cause the renpote stations 120

to halt transm SSI-I HT&Q!SE%@D% .ation 120
n o

i ndicated in the I sectio Standard 802. 11
prot ocol header ensures the specified renote station
r edei ved mgtodfen operavig an @G‘i@@] Paef(@19)i iR MiRless local area

widrie (106), tRe Tdceuehabin: frpro @Hi’r‘ﬁfr@h ng @:fé e Shid?Rk N{200)
ne 12rO (I néIh W.AN 100 @ ( ) 5 reco%nl tfon) o

de
comppynicageg Hi“%@lfé‘éfékfy qﬁf%’ﬂ?‘%ﬁ?""’%ﬁ QFS (‘B’? ):kt q Apgptiongliatenna

(200yELhagriYy R ipheSlite raahhtagnaarpaﬂankemmadabmbmm bife method
associ ating between the access. point 110 and each
COMPENB¥e station 120 a respective neasured signal

quatkddtivg Gor areapandataigasko(4Rflebyp hesmlatiby betifecarthe m&aess point

(@ 8, Bl o8ugi tpoe DEPREERBEAAlEe SHEB0EHSSorg, auatty
corrﬁaﬂmﬂimgm&‘é mwsﬁememm;%@ms {iS0a1 30H)Ghd asspelctivp omeasured
agn%P%LHﬂﬁ @l{'ﬂﬁ&?gﬁ%lﬁ% acgéggt g'rnF g@ﬁ Bg{ég;u%gn cgr?lfnupiﬁ:ations
Wiﬂmbdem@aﬁtahhe(%e‘rﬂib)dat abase is determi ned at

Bl %&r&ﬁ foRRAci érﬁ&@tcf@%tﬁ)% b&) 20) Eﬁﬁeferred antenna pattern

corres i ng pre erre enna patter
basgd e aplenng\fatabaged43®l ect ed at Bl ock 1430. Based

u p%@le&hﬁ] a AN RS BRHSR 11202508 NshdPthk ‘%Brrééboﬁ@iﬂg]ﬂ@fé‘r?éd dMenna
sel ected renpte station, it is deferm ned

pattgqn tmcgu@gmmupg@ with; and
determining based upon the antenna database (425) and prior to communicating

with the selected remote station (120a), if any non-selected remote staiions (120b} have
the potential of not being aware when such communications actuaily occurs, with the
determining comprising comparing the measured signal quality associated with the
preferred antenna pattern for the selected remote station {120a) with the respective
signal gualities associated with the non-selected remote stations (120b) when using the
same preferred antenna pattern.
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i f any non-sel ected renote stations have the

potential of not being aware when such

comuni cations actually occurs. This is determn ned

by conparing the nmeasured signal quality associ ated

with the preferred antenna pattern for the sel ected

renote station with the respective signal qualities

associated with the non- selected renote stations

when using the sane preferred antenna pattern.

[00101] If there is a potential for.a hidden node,

then a nessage is broadcast at Bl ock 1450 indicating

that th@\ %&%ﬁ%ce&% 1 FaiRnwh B8 SELALHS g e@é&:&ge signal

station are MmNt cat e Wi th one another:
quah%e@%@%ﬁetpﬁml@ma@éﬁ?@hgme rag reseived sidnel $toangthoindigation, a

; b G claar - a Vi
e o PRI | Bt L O ol o
has an unused address that does not correspond to

anys. of tA@ethbl RESdREAb ICkIS: ﬂ@ﬁereiﬁ' the gﬁr?é C'IW & é/ng?rglaa%aﬁems

frams . exchan e r ot ocol
(13‘53:%% » 9498 r FHIRTER 2Ny e @e‘feé'a @Q%t@dswa?we@h it it is
detérﬁﬁhe‘d(lhﬁtr avieadt dnaeof the @\dﬁ-@el@@l@@ r@l’ﬁ@t’é' fiond WOURBRRAE aware
h hat Bl ock 1460 0010‘1’{]6 ﬁ% th| s invention has

w %‘e&‘? pERTTHUFHTS 2CEFEYMPCS JHIRRI(CAFRTING transmitting an
unsolixited efsaeto- $emdpmf&)rmesbagerdimd1elmmhis aﬁtbﬂli£©étterht(9%}| fo the
plurdfty BE R, SRfns e Rt S51 GISURotidR g 9 hused adaress
thatRICEs USZI@@'&;#MSQ&W digha plusaiityeyf rdrectaathtionhideea,ri20b).

wi t hout departing fromthe scope of the invention

enconpassed by the appended «clains. For instance,
t het. accésmethofl mecordingde Qldin t wheretndhe ipkirdliBEE S0¢hnhlpatterns

(1364-75H21 $bs) TRMpABLL HAoRAhO GhtehtiN daEm (905); and wherein if it is
determined that at least one of the non-selected remote stations (120b) wouid not be
aware when such communications actually occurs, then further comprising:
transmitling in a forward link a request-to-send (RTS) message via the omni
antenna pattern (905} to the pluraiity of remote stations {120a, 120b); |
receiving a clear-to-send (CTS) message from the selected remote station
(120a);



an access point as discussed above is applicable to
ot her types of | ocal area networks, as readily
appreci ated by those skilled in the art, such as
those defined by the | EEE 802.16 standard. 34 THAT
WHCHIS CLAIMED IS: 1. A nethod for operating an
access point (110) in a wreless local area network
(100), the access point (110) conprising a
dir I ) i [ it h ,
ol cPap i g & 8382 (GATAIrRRne) SORENDLERY il sdiof 120a)
anddlrectlonal antenna (200) conprising a plurality of
antEQRA PR} LEHBRICH &t%&@k medS) t%%%ﬁs%%d rmote station
conprising: creati an ‘ant eénna at ase y
(12 soci ati ng bet ween the access point (110) and each
rennte station (120a, 120b) a respective neasured

nal quality corresponding to the plurality of
ant n na%p'at"“”théiEI recording da Sy H) wherein teg phtality ef srderyarnagerns

(1306d- O30, %59'dotﬁpﬂ§esb%hn&nﬁ|ebﬁtéﬁh§%tt@ﬁﬁ 1908); a&ﬁcﬁﬁﬁ]e%ﬁ'\ it is
nuni cati ons each

det‘é’t’é{tetd&ﬁat(ifiﬁrg OT%’g)the BRIt B IRtRd ﬁeg“?tarstaéige%(}@nbyvguid not be
awatd Fhérsudhlodunicaf®s dctpligbesure dhamﬂmaomht.@g n

oA 7 BoEIOR. - o0 e (e D OPeBeR AT selectec

rempfeedtationgt20mjit enna pattern to communi cate wi th; and

det r%nsqt Enggﬁg%%aerqg cp (&?ME)( ﬁr?%sﬁgé‘ a éﬁ()j F\ gf’elc e%%e?otg ns?ation

(120;i)at| on (120a), if any non- sel ect ed rermte stations

(1 , t L
SuCPAINEY ot A AR EAMMED 1881 1m0 SLP ¥ WtBi (120a),
anddet er mi ni ng conpri sing conparing t he neasured signa

QU) L

R B K P P o e E s "aefy tater
ﬂ2¥ﬂe respective signal qualities associated with the

non-sel ected renote stations (120b) when using t he

sane preferred antenna pattern. 35 2. A neth

acor di Ay PY¥heY Akerdingn & e@'ﬁ'”?rehs‘ﬂf?qrﬂ’ﬁ thee aF%@ﬁeé?'m/é”U)

conmrfhihiztes \ﬁﬂﬁﬂhbtﬂltﬁéhtyﬂ amémet@aaﬂcﬁtse(ﬂ pod) Imab)ah d eAsdd fM€based

upogfanaexrcﬁgn%evef packeqnd%ta ggrrrtp?nns%tgha Ipn.lrah%y otJ controlatrames (CTS, ACK}

and a data frame (DATA FRAME), and creating the antenna database {(425) comprises:

receiving a solicited first confrol frame (CTS) via a first antenna pattern (130a) of
the directional antenna (200) from a first remote station (120a);
transmitting a first data frame (DATA FRAME] to the first remote station (120a);



carrier-to-interference ratio, an energy-per-bit

ratio, and a signal-to-noise ratio. 3. A nethod

according to Caim1l1 wherein the plurality of antenna

patterns (130a-130h, 905) conprise an onnmi antenna

pattern (905); and wherein if it is determ ned that

at | east one of the non-selected renote stations

woul d not be aware when such communi cations actually

oc r DL r

ung% évmg{ Qggcc{ngaérd?' é‘ send ﬁ%ﬁ? %e%ggmeglb%% ﬁég‘e{)ﬂnﬁiwb) of
the diredbinmal aptenna (200§ BoB)the st iemotepstaiianl (rl?.@a)of renot e

st

angec e, Sorel Gy o BE ML cEli) AERRSESS) p8Kd e s
anterime ngttendi39a) apf a donsl guaingef tbﬁ§e<€011d219a’ff011°@m?) ACK) received

via {HeisBOshd g ip3deinq150)i dA4l wherein the plurality Of
antenna patterns (130a-130h, 905) conprises an omm

ant'@pa7ing Hierabope pigpsior agn EPWP%PWeﬁ"fa patterns (130c- A30n).
determ ned that at | east one of the non-sel ected

renpte statjons 12‘Ob)t (\é&)u| d not be aware when such
corfruni ERTFBRY agcrdiag ], C e Biferther saMPFTIRG FRppating the receiving

andaeamRmitig or nisael iy 4 bighg dualitd of ewastteontrBlkraine (CTS) received

e t-10-sen message Vi a the i __antenna
via BEEE APeOs Ptesh haba) Firod SiapHLAuanet Be ceatitb ol frame
(ACK) 26rajved 2Rithe sembdiantanga paitdre §130bbfos each DS statsqaRm.
fromthe selected renote station (120a); 36

transmtting a data frame (DATA FRAME) to the
sel&ct ed rettodeaspatingpin Clad0ag whesawl thee frst \conkgpl drame (CTS)

! em?%@?s%?r%%eag-fbggg dnri‘g’l%ﬂ r‘ﬁeé%a%%1 d%ﬁ% élgere é,ggén%dcontrol frame

reGEﬂ)I’%ﬁ gemprigeeaeacknpiedpernent(ACK) oessageenna patterns
(130a- 130h, 905) conprises an omi antenna pattern
(905); and wherein if it is determned that at |east
oné. of t*hengibed skqceringd t¢ eksine bt wiherains tel Zopgssweaint (110}

comMUniddfes WIRIh8 ﬁM?ﬁlﬂy SHMARS Qi%’ei'éHsC@hOaP W&oﬁfﬁnl@:lewrse link based
occurs, then further conprising: receiving

UPOp APePXSEANGENK RACKRI AR COMBTSinthA Pyl ofre%régﬁam%m%&w)
and%{aéae@trtaﬂe (DATRIFRAMEY Lamr(eéta{t@a)m? aht@amalse@t?ﬁads@gm) comprises:
Cl ear 0-Se 0 e sel ecte re
St TETaNS BB SOl e, (R S) Vi st SR CyeHR T ATR) o the
diretticpal drhenraqReg)tieth & Grsdieencé aiation(1@ea0a) ;
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and transmtting an acknow edgenment (ACK) nessage to
the selected renote station (120a). 6. A nethod
according to Caim1 wherein the access point (110)
communi cates with the plurality of renote stations
(120a, 120b) in a forward |ink based wupon an
exchange of packet data conprising a plurality of
control frames (CTS, ACK) and a data franme (DATA
cotnmmifh’ B bl RO ANIE A 183G fBh (1200,
( CT®eivjngaa frst dats tframet{éwf A FRAMB) yvia @ B80ed asftennahattern (130b)
ftr%'cf:% 1 te station
of 1R B el Sl T @O Wl FaTS oo ﬁ’i TA FRAVE)
t o mer?éwﬁnq §t5'9néhwéé'tys@fdh$ drpt caston frameIRTi5 crdeiMed (yiathe first
antéﬁs%eﬁp 3h9 ahd %ﬁaﬁ&é} lity! G the iRG UL %H%ggﬁim} FRAME)

pattern di rectional antenna rom

recet"f?é' g W@tse? r@ergpé_\la;tgr@ (130" neasuring a signal
quabpdain@ihetdbovd bepd foF ARy féakaurtu@gf&er{r@p%)neﬁ%qmeeﬁbam a
the first antenna pattern (130a) and a signal
quality of the second control frame (ACK) received

Vi aot he AsReipbd aadtréing & PRirk effintHet B&Jﬁbns:rig‘h%péﬁp@ahé R@siving

and|F36R SRy Merourit . SR O PR TG OLTA S PR Reqeived

via thenfpsti anterar pgtieat (’rsgal bed b esigmialy quedity afntéle tirsa romta trarh@gDATA

f firnst c I
FRAVIE) (EERRALIE it sato B Bis I sty Plaobl Br pefier i tafin (120a
1200)130a) and a signal quality of the second control
frame (ACK) received via the second antenna pattern
(130b) for each renote station (120). 8. A nethod
acddr di Agmethodiasrend®avin é?lei'rrn9 twinerefin thet firstoenntrol frémameceived
corrfpfided a rdfiesl JM &dné mgé% nla%e £Q:oR8 Bntkdr Fralne transmitted
nessage, secon con rol frame receive
COMPHAfS §*@§r'taﬁea@ﬁm@%ﬁjéﬁ%nt (ACK) nessage. 9. A
met hod according to Caim1 wherein the access poi nt
(11Q9) communicates with the plurality of reno
StdP] ond PEVUH, ScopBH)S 1Ol L wheen INeiiateRs apisona (200
com%ﬁs@(&h@ﬁ@!eaﬁéleﬂ%&indd@bmrélwalfdc%aaaﬁétéﬁ 3day13@ﬁ) and
a% frar%? RTE EF%I% and a data frame (DATA
cre a“%m'& ? e Bife8nna dat abase (425)
coplecivess firseeriowe stgtian fikekht control frame (RTS) via

At AR o vk &8P TS BgboiGanels (5o irectonal

antenna (200) to the first remote station (120a);
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38 transmtting a second control frame (CTS) to the
first renote station (120a); receiving a first data
frame (DATA FRAME) via a second antenna pattern
(130b) of the directional antenna (200) fromthe
first renote station (120a); neasuring a signal
quality of the first control franme (RTS) received via
the first antenna pattern (130a) and a signal

qggtéa%é J‘Pg{/ Fgfﬂrfo'béﬂs gg%@ﬁfﬁ@%ngl%gé\fé%%mm aarr]iale {905)
from thedisst irergote Istatiaih 6128akrespendingrto de/firstemebiersigngl (REHNna
pathtaﬁg ﬁtlrfg]a?’l%g éc’%lgg)seccﬂvg ggﬁi@i"ﬂ%ﬁ gi A5G géaﬁgonteoof gxeablmality

further “co I'sin e recel ving
BRI A N, hegriechonsh antenue200) Tofthe fist remote
statfoh($30a§apr ol frame (RTS) received via the first
antenna pattern (130a) and a si qnal quality of the
f i raYasHARh2 SEeRRs PTORET ACSPRREQVEIRNS de@ivre 0via) pach digectional angle

(136LC30H R/ BRNMAstDRIRS Bratid ¢1D0af fdspBasith foemét r@s%cﬁ% @Bcond

%@0% 120b). 11. A nmethod according to Caim9
pro ) §9Pfle f| rst control frame received conprises a

request-to-send nessage (RTS), and the second contr ol

fr transmtted ise | ear-to-send (CTS)
med8age A MIFMOR At diaaoRAEBE & RgFeOmPIRRR L wher i n
t hescictirecd hai edmatatseztioa ({2080 romdlonpluiadiy ©f ssmaeBtations (120a,
120F{1]g| e (905) and a plurality of directional angles

30a- 130h), and creating the antenna database (425)
c orrpaating thedeinemitiimpofahé firsé and savote pslbatsmals((ﬁzem)o the next

oA B0 (2364, BEOHS ABRy TRL S8 e

resfianse signalenife BS)geeetiveagifromm healext Sedmsrsmoleragationf(1 2880, and
pr | el
QFSeaglﬁ%E‘;@a?@ové Gleph 151 9AR of e ?én‘{mn Feindil %%E@gﬁ% (120) from

fromthe first renote st t| on
the P'é'%b’rﬁilfﬁgo'f?é’faﬁlﬁ'és f2Pst probe signal (RTS);
transmtting a respective second probe (RTS) signal
via each one of the pluralit of directional angles
( 13da- 130R¥thet apFrsdipy .t%@ta'raﬁéwwﬂ"ém%ﬁrﬁtm@ae gna [KAMPrses
a requééiIto—ézﬁm?(Rﬂ'S) ﬁfe@&égéfhnﬁl%)ﬁr)si %ras@l régs@ﬁﬁ@l 1 @atn&;%ega clear-
esponse Si recei ved via eac recti onal
to-s Ewﬁ éTé)( i"g@@ e’%fﬁi”t $g5oa¢ W%P'@”@t SRTRSiges an RTS
medsigdand messacmﬂﬂ pighd RshhieersifareiniprieesSe CTBMnessage.
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probe (RTS) signal. 13. A nmethod according to Caim
12 further conprising: selecting a next renote
station (120b) fromthe plurality of renote stations
(120a, 120b); repeating the transmtting of the
first and second probe signals (RTS) to the next

sel ected renote station (120b), and the neasuring of
the first and second probe response signals (CTS)

gl ved, fn‘idéi’r‘fBot he d?&%sé pecaghes v!}rfe'f‘aﬁ S AL point (110) is

repeat ove S or eac
operaélﬁauhaﬁe@ Up@mﬁt bagft @na ohan 0&@@)80£r1d>mtartda@l grdipallEER 802 16
starRard enot e stations (120). 14. A nmethod according to
Calm12 wherein the first probe signal conprises a
request-to-send (RTS) nessage and the first probe

r esigons e, Rl adcBriid RECIAC GRkreird ﬂfeS&F&n&r%T Shienna (200)
nessage, and wherein the second probe signal

COMPYRPT ?fsiégsf e RFYS Hpveaid@Oanc %@'Uéaé%?fooaﬁ%% glements (205a-
205epsponse signal conprises a CTS nessage. 40 15. A
nmet hod according to Claim1 wherein the access point
(110) is operating based upon at |east one of an

I EEE SOZ\nJabcesIsaﬁﬂal(ﬁwami aawirdidsEfoda0ared Getv@ﬂé(ﬂ day ddmprising:
Ccor

ai e BrPBRE Sl B EO DI Bter e TuHlY o isadt raems (130a-

130bc®05):=ndl enent (206) and a plurality of passive

el ea'@o'ﬁ&r%lle{r%?%ﬁ@gpgrge%@d o W&}ﬁ%cﬁ%}g%rﬁgﬁr??ip&lbg)l(f#glggntép{hereof,

r el ess area ne
saldjpwré@ﬂeroﬂﬁo) avniignred fpaoajwmohpnirigswmg aaplpality aif irempotef stations

and a controller
(12%£889905ﬁ2%h@%@§{o%%gﬁg1§%$§EP%gﬁ ant enna (200) for
control ther éwating $ai enteena database (%@)bycmbbigm%with each
f Orrerﬁefé"gﬂé‘cloﬁ% 26&9 1%5)ha ?esBéé%ﬁ:é'n‘Iéa\é ih s g‘ﬁﬁpcﬁu%gﬁtc%ﬁleﬂ%%dmg

(120a, con ur ed or mt

cr é%ftheheiuafi at?ftaésma sﬁv&s(é3‘eati§43h 1905k sheptaspedtivg measured
Wi tslign@a@mtrésemﬁged@cé%hémbéslea%on %&Qmjn%aﬁcﬁéﬁﬁﬁtéa\éﬁ remote

nmeasur ed si guality corresponding to
pl lﬁtaci'Ppl(VO@f 2Qmenna patterns (130a-130h, 905) t he

respective maa@;uﬁmg ot Haah rabhald Bia86n kqezoag 120b) a preferred
deta%{errrllng %gttern ase l?p%ﬂ tﬁeo am%rr#lacg‘attél?agg (90455 h each remote
selecting a remote station (120a) and the corresponding preferred
antenna pattern to communicate with, and
determining based upon the antenna database {425) and prior to

communicating with the
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station (120a-120b), determ ning for each renote
station (120a, 120b) a preferred antenna pattern
based upon the antenna database (425), selecting a
renote station (120a) and the correspondi ng preferred
antenna pattern to communicate wth, and determ ning
based upon the antenna database (425) and prior to
communi cating with the 41 selected renote station

( 12QMcted fenRRy stﬁ@cﬂf ﬁQb@)th %E h8ARERCRY %met@%tén%%Q P120b) have
have the potenti al ei ng aware when such

contﬁﬁﬁPT@&’t'ﬁ"@ﬁgmé@ﬂQaﬂW%Ve &’B@‘iﬁ P%Ch tAMrRuUnicatiangiagteqlivogrye, with

C ONRE | dekdM@hirfiy T BRhpritehgt EfnPERIAG UhE tnedsOrRal s:W'qUél]ly assomated

asso%bﬁﬁgd with the greferr% qﬁ%enna pattern

S eIRT A2 0R3MER R re’P%*&p%*@i“?'\x@%qab gfh the

qualebpdctite &igggg ;qaﬁlvﬁés vdskbcidtbe Mﬂﬂﬂﬁeﬁheﬁkfélécté&g’@hﬁte stations

st ) en us sane, preferre

an?‘éhﬂg "}fﬁ%tu&nﬁ the gam %Hretﬁf%gfé‘?%‘&ﬁﬁ?ﬁ%ho) accor di ng

to Caim17 wherein said directional antenna (200)

g?%: |Ste§n %%cesggpsﬁn\;ng gcco cfnsg t nt Oﬁgre%gga@ndirecﬁonal
antesmae@@(}pommwns(es B )Jeamt one @p‘m@ etemehia(aﬂb‘)l gndvia ept@nlity toh @assive
clePEAS 2 sosgpal  qualities conprise at |east one of a

received sighal strength indication, a carrier-to-

interference ratio, an energy-per-bi t ratio, and a

signal -to- noise ratio. 20. An access point (110)

according to Caim17 wherein the plurality of

ant Bhna Afadgceshroipti3H-acowring 4o Slain d dpesirs theanessuied signal

quaﬁlﬁ&'slorﬁﬁﬁﬁnﬁaleﬁﬁt &rﬁ! Bf aalf@gelvé’éh§f§;ﬁélnstiefngﬁlai'nglcatlon a carrier-io-
-controller (400) determnes tha | east one of the

interfgrense radior aencsapP-Pilyplin. iapA @ SIANBbI9y neitirdonot  be
awar e when such communi cati ons actual | y occurs t hen

said controller 0] S con smt
e SO A ShesE ey rabSadonnd i abims st WhBTR i pluraity of
antpaial pattergOQEY0at 13042 908 comprisaisi ry ofrini r(emt ant&inat p&tisn; and

el i R ol et Ee! 3088 ot oL Bk, B igomote

sta@omg {020k)heoyid nplabe bywast whemsteh cahmtnicat®mng b2tally occurs, then
saic}'%glmdller (400) is configured to transmit a clear-to-send (CTS) message via the
omni antenna pattern (905) to
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21. An access point (110) according to Caim17

wherein the plurality of antenna patterns

(130a- 130h, 905) conprises an onmi antenna pattern

(905); and wherein if said controller (400)

determ nes that at |east one of the non-sel ected

renote stations (120b) woul d not be aware when such

communi cations actually occurs, then said controller

i Nk Q4 r f
the . p‘ﬁJrQI%f of %g g’l[(o‘ﬁg (Elgéél]]eti{ﬁﬁ o‘ﬁsﬂe%gl A?%a'rggx-sgné g%*’ée \B‘%ssage
havmneamnmﬂsed eﬁdﬂ@ﬁﬁ athqiaﬁqee met consspond ta hey pf Ummiunaytyoff remote
statfoﬁg?fz%asizﬂb ons (120a, 120b); receiving a

clear-to- send (CTS) nessage fromthe selected renote

station (1 20a); transmtting a data frane (DATA

FRANVE) 10 hQ@sS Yot t{efh)! £uBlcthgStALIAN (714A8mkin tt‘%nﬂurahty of

recei vi ng an _acknowl edgenent nessage. (ACK) from

anteNop cRatiEHS, é%ﬂﬁéfﬁghaPP@nCOf‘('a”Sz@é)n ol apignag Fedemp®laL and
whe(rélﬁﬁl’)saﬂﬁ@cﬁﬁralléigmm dat@;rrmeﬂhatf&n@sﬂoﬁéw@f 1Bk WoRlskle¥teBfremote

statﬁuﬁf Zﬂﬂ%} B\%{u dep(ﬂst(q(g%\ggr% \él?ﬁ%h lﬁ%eci,o)gr Etllgrgﬁe%ct"lf}::ra]lly gcrcrzﬂrs then

saiobcﬂmtrblcdr I|ﬂongé@9d tcdﬁr&ii-mtfﬁbe&lié\hia% th I east one of t he
t r tation
RS RE O FOTRG I Boerires IEeTOnR 5 gtettate Yot o
antmaqbaﬂemt(%ﬂ) tethe(phOBIty bbrecid stefions ¢120a, p20thHor m t he
f o'r!ec?e‘% r'féig a Etggleﬂo(s%s?@) d(ﬂ' S@Sﬁ'\ggs%r gefrgnln ﬁge }&Iec&eid L aemote station

requést -t o- send age Brom t
(120anot e st ati on (120a) transmtting a clear-to-send

| Va5 O ) MBS 0 20,

andsel ect ed renote st at| on (120a); and transmtting an

ackmi@m%abwmgéﬁgﬁ rh¥eKde | Abk)ﬁ?on?llo fetbd BABISstation

station ™ (12 An accesSs poi'nt accordi ng
1208 O ai m 22 vvherel n said controller (400) is
configured to repeat the receiving and transmtti ng
for_measuring a %Ugnal quality of the first contr

fréfe (OTsjerEroPREdTINACARIT 1osClalft WnitaeTshy f"@rﬁ'ura'"‘)’ of
ante(nhaowﬁemdﬁao@ﬂgoml 905) comprises an: omni antenna pattemn {805}, and

wherein if said controlier {400) determines that at least one of the non-selecied remote
stations (120b) would not be aware when such communications actually occurs, then
said controlier (400) is configured to perform the following:

receiving in a reverse link a request-to-send (RTS) message from the selected
remote stafion (120a);

transmitting a clear-to-send (CTS) message to the selected remote station
(120a};



quality of the second control frame (ACK) received

via the second antenna pattern (130b) for each

renote station (120a, 120b). 24. An access point

(110) according to Claim22 wherein the first contro

frame received conprises the clear-to-send (CTS)

nmessage, and the second control frane received

conpri ses the acknow edgenent nmessage (ACK). 25. An

ac ( [ [ [

ACGESHIRY é BEta afﬂ}aﬂ%} ﬁ?&?%gﬁﬂﬁgtﬁ%ﬁg@ é@gétég ‘Pnér}ﬁ&g s?ﬁt%ﬁ‘ f20a);
and( 905) and a plurality of directional angles (130a-

13

ot S RS o AT RS PGA0 o dected remorg staton
1208)t enna dat abase (425): selecting a first renote

station (120a); transnitting a first probe signa

(RTS) via the omi (90 of said direction

ant’enna ANAFETSStRYILRE! ‘g |3P%‘t"d‘P% F@"%?%t"’hsfﬁ'f(slazb%mm”ef (400)

is cOMRSIEd tﬁgepedctltﬁéfec@fvﬁ@eaﬁoﬁﬁ@%ﬁﬁtﬁnd g@ea’%hﬂf@aa SIQnaI quality of
v the first renot

ei ve
the SREEPR rana P TSLEFOHERE 16 TRV R B g siona
quality asisthe tstecasrgi aommis% ;aeml*el ts)emead?qag@bmaeegaail aﬁtBFﬁTi) pattern
eac t u 0 irectional angles
(13¥Q3 g %FEHW1@§§3 gﬁ*éctlonal antenna (200) to
t he flrst renot e statlon (120a); and neasuring a
secgnd pro e |ved Vi
i et nareuess 3PRF Ty 08k B ah 2 iRl Fe it donrol
framey eeceiyad (compagesr ’@SMWHQQEIN) (ETR) mespge! anve thesssond control
ccording to
fran%’%?&v &{A}ﬁélrs glgﬁ‘eségﬂ ?ﬁc EW) ﬁ%%&b@s confi gured
‘to further perforn1the follomnng sel ecting a next

remst e ghakdats %3%93‘)16) ré?:%rtdh"l? ! G'IE] 1 Ywireif SRS ﬁir%c];tional

stations (120a, e transmttin
antgrpa (290 semarizes a8 B aﬁﬁ'@t‘ @uagﬁ él@rfflj?r@i) dinegfiqngba (130a-
130R]; e£Rt Rh&feedail Q!Bﬁir@lle’?t(ab R é&'@igﬁbd BNSEroRR the following for

nmeasuring of the first an second probe response
creating the antennpgiptabase (4284 from the next predet er mi ned
remaben@aﬁrlsﬂ’@n(oﬂe?ﬁbﬂon (1204); r epeati ng t he above steps

fo transmll&lng a ft rst probe S|gnaI?§T§) via Ehee c?nt"% tah8i2?9555 qusa;d directional
antenna {200) to the first remote station (120a);

measuring a first probe response (CTS}) signal received via the omni angle from
the first remote station (120a} responding to the first probe signal;

transmitting a respective second probe signal {RTS) via each one of the plurality

of directional angles (130a-130h) of
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plurality of renote stations. 27. An access point
(110) according to Caim?25 wherein the first probe
signal conprises a request-to-send (RTS) nessage and
the first probe response signal conprises a
clear-to-send (CTS) nessage, and wherein the second
probe signal conprises an RTS nessage and the second
probe response signal conprises a CTS nessage. 28.

sasd%lre%ﬁ&%%nt@ﬁr‘sd“(tzoé)]ta@e ﬂ%@ﬁw@fé&atbﬁ (ﬁtﬁg Mng? wherein

said controller (400) 1s configured per at e based
updFeARLINGa Secykerrgpe mepprEESi (@Is)sneaﬁu%q ¥ia #ach difectional

angleERR08430H0rehand kg refete station (120a) responding to the respective

second probe signal.

26. An access point (110) according to Claim 25 wherein said controller {400)
is configured to further perform the following:

selecting a next remote station {120b) from the plurality of remote stations (120a,
120b);

repeating the transmitting of the first and second probe signals (RTS) to the next
predetermined remote station {(120b}, and the measuring of the first and second probe
response signals (CTS) received from the next predetermined remote station (120b):
and

repeating the above steps for each of the remaining remoie stations from the
plurality of remote stations.

27. An access point (110) according to Claim 25 wherein the first probe signal
comprises a request-to-send (RTS) message and the first probe response signal
comprises a clearto-send (CTS) message, and wherein the second probe signal
comprises an RTS message and the second probe response signal comprises a CTS

message.
28. An access point (110) according to Claim 17 wherein said controller (400)

is configured to operate based upon at least one of an IEEE 802.11 standard and an
IEEE 802.16 standard.
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