ANTENNA STEERING FOR AN ACCESS POINT BASED UPON PROBE
SIGNALS Field of the Invention [0001] The present invention relates to the
field of wireless local area networks, and in particular, to an antenna
steering algorithm for an access point operating within a wireless local
area network. Background of the Invention [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 thEe EEE 802.11 standard an% its
corresponding letter RN SORS ¢ 02.11g, for
exampFI)e [0083] A p%@ﬁ?a?&ﬂ ﬁnﬂﬁéj P?ﬁotg%gﬁ:or%[%ﬁ the a?:cess
point provides low level transmissions by which the stations and the
access point communicateFiMmi/edﬁem’fystcﬁHayeﬁ.iﬁﬁ media access
cong I¥fC) Ia)i%r that growdes servic s such authentlc%hon
dea tion, prlva%y asées%majtl%veg %a§§OC|afe ion, o examp
[00604] e bpeation: avhenra se metewstaticn cameds on- finetd codrectionds an
first established 1_E)etween th hé(sicgl layers in the station and.the access
powﬁ tl%enﬁlA"(q: Iayers ganef'ﬁin connec#oﬁlplcally, for the 't remo?e
statapsraidithe accelss pointytheqilysical agel RErsignalstave rk .
transmitted and received using monopole antennas. [0005] A monopole

antenna radiates in all directions,
Background of the Invention

%Fld of

[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 1s often referred to as a distribution system.
The various standards include the IEEE 802.11 standard
and 1ts corresponding letter revisions thereof, such as
802.11b and 802.11lg, 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 disasscciation, for example.

[0004] In operation, when a remote station comes on-
line, a connection is first established between the
physical layers in the station and the access point.
The MAC layers can then connect. Typically, for the

remote stations and the access point, the physical



generally in a horizontal plane for a vertically oriented element. Monopole
antennas are susceptible to effects that degrade the quality of
communication between the remote station and the access point, such
as reflection or diffraction of radio wave signals caused by intervening

objegiselntesvening objects, inclyde walls «desks and pegples forexample;

These objects create multi-path, normal statistical fading, Rayleigh
fadifigRarPscforth CASAa6sult, efforts have been made to mitigate

signajgegiadation,caysed; by thase-gffects, J0906]:One techniqyefor. s ons,

counteractlnwe degradation of RF signals is to use two antennas to
provigeedivérsity. The two artenay drelcoupled® arfadtenfia divérsityally

switchsinpne-prbath.of the remels stations, andihe ageessspRiRkdhen1e to
theory behind using two antennas for antenna diversity is that, at any

givért k-t Iddst oneHFIRE BRtenna is flkEly réciviig a SigREFfhatas-1on

notisufferng fremethe affects of rauitbpathnGonseguenths dhis gRtENA issuch
the antenna_that the remote station or access paint selects via the

antérina TRt witch $5r randmitfigitédeiving sigRais® NoHetReledsonals
theresig stith a need ta egdeiessi the deghradation of RErsignalshetweenithe ct s

remote _stations a qlan access point in a wireless local area network.
Surnfiahy OFthe Fivetion {0067] 1A Viewiet e foregbity bABRTBURD, "5
embodiments af;tl@@p@gsm&iﬁyepm,seel_km@mrpma&@@@ﬁ@ﬁﬂcaﬁ@@ng,
betyeen an acoessRolnt andemote statiqns within a wircless jocal e,
have been made to mitigate signal degradation caused
by these effects.
[0006] One technique for counteracting the degradation
of RF signals 1is to use two antennas to provide
diversity. The two antennas are coupled to an antenna
diversity switch in one or both of the remote staticons
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 1s 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 between the remote
stations and an access point in a wireless local area

network.

Summary of the Invention

[0007] In  view of the foregoing background,

embodiments of the present invention seek to improve
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[0008] An improvement over simple diversity may be provided through an
antenna steering process for access points (i.e., wireless gateways) used
in wireless local area networks. Directional antennas improve the
throughput of the network, and increase the range between the access

pointaRel thesempte statigns fern Wikglessusardevices).A dirgglionalamote

antenna provides_ a higher signal-to-noise ratio than an omni-directional

antérit MBS stiedde sl tiusalidwifg the fMtiéto dperateltigher data
ratepp fHPP] Thaantenpasteeringpresass mayhe esidentinsthemedia: e

access control (MAC) layer of the access point, and selects a best or

prefetied diféetibhar BrAtena Rttt Based 6f sighal Ghaki§thettics access

avajiablefrom the=physicaldayerdipeadecaiving sighalsifromithe remeote ocal
stations. [0010] According to_the principles of the present invention,
durﬁﬁﬁ‘?ﬁoce??é@’&ﬂﬁsas re§istr&fion “SthentRBH6A0F Subseléi data =€

exchangesbgtweendhe apeesspoinbang a selectedriemeote stationea range
preferred directjon for the steered access pojnt antenna is_determined in

the Bbbdiments® IFoHE embeaiment s ft@é(?e brfirtvara perdting at - €+ 7
the ateess=peint: seakesdhiscdeterminatiol. ddwerdecess paintantennaovides
control software/firmware may build a ]ga£abasgﬁg%t includes th .identJC

of the FEmTote Station and the Antsnna. diréction Associated with that- - Honal
stationtfenrachieving opimuncgepenunications parfarmance. {6@l1]link to
I—!arg_w%rreang%y gece I S% to,gperat avséithS i_n_herent diversity selection
C|rcurtDry In typical 8g§ﬁequment fﬁr sgﬁectlng the preferred 3
[0009] The antenna steering process may be resident in
the media access control (MAC) layer of the access
point, and selects a Dbest or preferred dirsctional
antenna pattern based on signal cquality metrics
available from the physical layer upon recelving
signals from the remote stations.
[0010] According to the principles of the present
invention, during processes such as registration,
authentication or subsequent data exchanges between the
access pcint and a selected remote station, a preferred
direction for the steered access point antenna is
determined in the embodiments. In one embpodiment,
software or firmware operating at the access point
makes this determination. The access point antenna
control software/firmware may build a database that
includes the identity of the remote station and the
antenna direction associated with that station for
achieving optimum communications performance.
[0011] Harcware may be employed to operate with
inherent diversity selection circuitry in typical

802.11 equipment for selecting the preferred
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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

fror&i@%&?%&?a §t_aﬁ?ﬁse}'ih%_dié3$#%?" antgnna E‘c?é?eesasgaﬁ!‘&iﬁ]ce"}ﬁéy use
corresponding to S|gnals receive om the remote stations’in an
omusiidirectional modeds deteriirte ifamyEVE artépna stan shioulddsgsmit a

performed. If the.acgess paintdetermings, hat hidden nodes,are aresenty, ; ¢

it may invoke a protection mechanism using request-to-

sendfdcar®Serd (RT SIS, medsading as definellia tHergde11response
standarf]zfor example. [0012]. Lhe bengfits.of a Ntingthe-ACCess oIt g

with a directional antenna are two-fold: improved throughput to individual
renteRE SEHBRE AHA%GN abllityStTs@dfort FRFELEES in IHERetwWdiR. Infemote

mo%iﬂ%'f‘_ii%@roﬂmeﬁtdeQE%HﬁYe|éﬁ%%iﬁ%% a%&é?@@&ﬁé%ﬂ%etrics
can be improved by having the access point transmit using a shaped
antéTE BERAW IR ifrthe HfECROR of HeSStaliGh' ThetsHaped dhterRECTS

beagt may-REOVide a&3-24B pain advantage. forexrmpls, enerdhine if a
omni-directional antenna typically deployed with an accessdeoint. The

incrég¥ePRiGRANBveP atSws e fifik BStwBEH triedEiEss pdint andfthg CCess
remetg statioe te opetate atiighet datarates,espeeially akibeouier it may
band of the coverage area. The directional antenna steering process is
residBREinthe dtced B0 SHppoRtoperationwith e Fémots Sttfoms. £~
[0013)rMorel particularydnaccmdancerwith alicst agpegt of the presentd in
mv%ﬁgn§8§?£ip§¥g§ g&d, for example.
[0012] The benefits of augmenting the access point
with a directional antenna are two-fold: improved
throughput to individual remote stations and an ability
o support more users 1in the netwerk. In most RF
environments, the signal level received at the remote
station can be improved by having the access point
transmit using a shaped antenna beam pointed in the
direction of the station. The shaped antenna beam may
provide a 3-5 dB gain advantage, for example, over the
cmni-directicnal antenna typically deployed with an
access point. The increased signal level allows the
link between the access point and the remote station to
operate at higher data rates, especially at the outer
band of the coverage area. The directional antenna
steering process 1is resident in the access point to
support operation with the remote stations.
[0013] More particularly, in accordance with a first
aspect ©f the present invention, there is provided a
method for operating an access point in a WLAN, with

the access polint comprising a directional
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method for operating an access point in a WLAN, with the access point
comprising a directional 4 antenna for communicating with a plurality of
remote stations. The directional antenna comprises an omni angle and a
plurality of directional angles. The method comprises selecting one of the

renfife &THdNS O omMHE P aRTy St Te bte statiBAY Tifdridmiittin & Sfete
proke sighah ¥ia therpmn angle: abihel duastioned antenpaitodhe salested

remote Station, and measuri,n‘?g a first probe response signal received via

the DRI AndfElfr8mthe sfected fembte &iGtio Tadpaiding to thefikt
probe signal. J0ob4] Bresmethied-further campeises hansaitting astations
res r%[ive econ rr%ie %:}?nalfvia eac@ one oftthe pluratli%y of directional
angles of tthe tifdctional” aftePna t5 e Seretfed dhvote s oA a ying @
medSurslg arsevend pyokd responsbsignat iecrivedviafeachedirectional

angle from the s ecte%remot statipn responding to the respegtive
L R R LR R e R
respectiver iveasarddi sedoreiymobe resporsessignals flony gvee Setattod a

remofe stafion arg sfored . an.antenna database, [0915] Jhe,method

may further comprise selecting a preferred directional angle for the
selete@ramdig statioblsasedisorphrehaegswed second probe

respese pignals, and.compaying, thepeasied My Srobe iesponss ng a

signal from the omni angle with the measured second probe response
sigra SR e Brefered dirdetibralsdngie lTHeL.empRahglerst thd the

preferied, giregtional apgle-may e selaged based Upondi ectional

antenna to the selected remote station, and measuring a
second probe response signal received via each
directional angle from the selected remote station
responding to the respective second probe signal. The
measured first probe response signal and the respective
measured second probe response signals from the
selected remote station are stored in an antenna
database.

[0015] The method may further comprise selecting a
preferred directional angle for the selected remote
station based upon the measured second probe response
signals, and comparing the measured first probe
response signal from the omni angle with the measured
second probe response signal from the preferred
directional angle. The omni angle or the preferred
directional angle may be selected based upon the
comparing for continuing communications with the
selected remote station. The preferred directional

angle may be selected if the measured signal associated



comparing for continuing communications with the selected remote
station. The preferred directional angle may be selected if the measured
signal associated S therewith exceeds the measured signal associated

with the omnj angle by a predetermined threshold. [0016] The method
may e thhpriseSefttihg %%ﬁ??é?ﬁ&e%%%ﬁr%%ﬂ‘ébﬁ%ﬁ%y”&th
remote: statininsarepeatiog the frandmiting Dhdhe titst apelcsetond probe

sign@ %‘Ie next selected remote station, and the measuring of the, first
and s%%)ﬁ protﬁhr%s%gﬁieoiyﬁglg rg%é:i%}é& FroRt tHe néxt sse%egc a9 @
remotezstatiencothe stedsived finsbprofiergsponsé isignal @ndethete

respective measured second prgbe response signals from the next . g
selected remote sr"taﬁon are%toreg in the antenna a%tgbase. G‘T“he
selestingnthep ransmittigg ahd the stormgrers tepedtedferdeastnot ¢he

rem@ﬂﬁ%&5%@%‘2%%%%%&2%@& t%f IrsEpyobe 5&9‘1@6“%8"@8%?%&

request-to-send message an e first probe response signal may
coniprigesa cleapwssend {GT8) smasszriey Simifady thdsedGit pbkected

signal may. Compriss,an REpdmessage and the second prabe Lespanse

signal may comprise a CTS message. [0018] The measuring may

confprizeadetafdiniitfat: REBE 6 BF altesived SighaF sieh gtk $hdication,

a C%@?{Eéﬁé@teéffé‘?%ﬁsraf@oﬁa” @H@rqyé_&%r-%&aé@t@ad femote station
signal-to-noise ratio. Selection of the omni angle and scanning through

the PHRaRy OF etetfortdlarlé S AT 158 baiermted alliR MedRGictags the
controb AMAGaver afithe assesspinh J0RLY Thamsthad may furher of

Congggeggﬁggggéger@mote stations.
{0017] The first probe signal may comprise a
request-to-send (RTS3) message and the first probe
response signal may comprise a clear-to-send (CTS)
message. Similarly, the second probe signal may
comprise an RTS message and the second probe response
signal may comprise a CTS message.
[0018] The measuring may comprise determining at
least one of a received signal strength indication, a
carrier-to-interference ratio, an energy-per-bit ratio
and a signal-to-noise ratio. Selection of the omni
angle and scanning through the piurality of directional
angles may be performed at the media access control
(MAC) layer of the access point.
[0019] The method may further comprise updating the
antenna database for the selected remote station if
there is no communications between the access point and
the selected remote station for a certain period of
Time. The updating may comprise repeating the

transmitting of the first and second probe signals to
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antenna database for the selected remote station if there is no
communications between the access point and the selected remote
station for a certain period of time. The updating may comprise repeating

the L{lansmig[ing of the first and second probe signals to 6 the selected
remote station Cand tHe MRb8ufitg 6f- R iR Ant & bR Probe Fesponshe
signails-keceivet] semothe paletted remote stationglPo] Theareess from

point.may be operating based upon_ the IEEE 802.11 standard or the
IEE%hfoffgesétn%rfeﬁlﬁsté%irsjéggﬁ‘rz)tﬁ“é:i%htenna may comprise at least

onel &6E] elemetitanalcacpleisality Ofpassive blemegnrisa tihothesaspécupon
of ”{%Brﬁﬁﬁﬁ"‘é’ﬁfﬁtﬁ‘i’i IS, dicected o an %‘f%esfp?ém MANSING 8,451 g
directional antenna comprising an omni angl% and a plurality of wecﬁongl
anglase afld zecdnitroliet confiectod towthe direstiohak anterreafot contol

thergot. 102U The antgller seloels, anq ol hedepare  sfatians from e

plurality of remote stations, transmits a first probe signal via the omni
angfeeft fiex dredsiial ahtdrp@ tb ks sblectetvienidterstatiord igitted to

measurgs adust pobeesRANse; Hgn recelyed yia he empy anglefrom

the selected remote station responding to the first probe signal. The
contrBIEE Hithet tPdhsPHlsia PEsHERtiPe decorith probbidighdl Vi esgpt tonal

onexRfdhe plurality of dirgctional angleseffhe diretionalantgnpate the a1
selected remote station, measures a second probe response signal

recENEGIRE ebRh drektieRdl dnigf-R6rh-the selected remote station
resq@uling to therrespestive-sacond prebe signaband, staring iRaibte

antenna database the measured first probe
stations from the plurality of remote stations,
transmits a first probe signal via the omni angle of
the directional antenna to the selected remote station,
and measures a first probe response signal received via
the omni angle from the selected remote station
responding to the first probe signal. The controller
further transmits a respective second probe signal via
each one of the plurality of directional angles of the
directional antenna to the selected remote station,
measures a second probe response signal received via
each directional angle from the selected remote station
responding to the respective second probe signal, and
storing in an antenna database the measured first probe
response signal and the respective measured second
probe response signals from the selected remote

station.

Brief Description of the Drawings

[0022] The foregoing and other objects, features and

advantages of the invention will be apparent from the



response signal and the respective measured second probe response
signals from the selected remote station. Brief Description of the
Drawings [0022] The foregoing and other objects, features and.

advantal]aies of the invention will be apparent from the 7 following more
partictiat YESBAPIGH 6f prafdricd b sinmeriPsfipe iffetont agred

illustateddnribe tRCCOMPAY INthI@NGS , ThedrayviRgs LRl in the
necessarily to scale, with emphasis instead being placed on illustrating

the PRTEPIRE Y 1 irfEANGH I f0023T BTG R A SR heRfatiE tfagram of a

wirelesselocakarep netweods (W AN) empigyAg 476 prineplesPhRE o
present inv ntion;,[OT?Z%FIG._lB is a schematic_diagam of an access .
poirk TRt WPAN of B B8 pBRofifigRimatteRa Sscah; fatstrigntion.
2A i§ @oay of anractesspoid of FGhdAdavingrmngxtemnal tirectiieeless

antenna_ array; [0026] FIG. 2B | j[ew of the access point of FIG, 2A
havinacfﬁe d?r%éﬁven éﬁtmé%‘ﬁg aﬁrﬁal?/;\:{r\:' or%%? &d ﬁ?gané%\?erﬁgllﬁﬁfiéﬁs of
card; he027} 4En BAlis aevieéwai the directive antenna array of FIG. 2A,
[002 3B is hematic diagram of a switch, .used to select a state

of a BT ele et b e Sireiig S ata of LG 3K, [b28  FIE (o
is a blockidiagrarhof @hzldceds pdiGt of Fl@EsAfemployingsuksystams,
Iayeg%ggq an antenna steering process according to the principles of the

present invention;
[0025] FIG. 2A is a view of an access point of FIG.

1A having an external directive antenna array:;

[0026] FIG. 2B 1is a view of the access point of FIG.
2A having the directive antenna array incorporated in
an internal PCMCIA card;

[0027] FIG. 3R is a view of the directive antenna
array of FIG. 2A;

[0028] 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;

[0029] 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;

[0030] FIG. 5A is a signal diagram optionally used
by the antenna steering process of FIG. 4;

[0031] FIG. 5B is an alternative signal diagram
optionally used by the antenna steering process of FIG.
4;

[0032] FIG. 6 is an alternative block diagram of
FIG. 4 in which antenna diversity circuits are

employed;
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[0030] FIG. 5A is a signal diagram optionally used by the antenna
steering process of FIG. 4; [0031] FIG. 5B is an alternative signal diagram
optionally used by the antenna steering process of FIG. 4;[0032] FIG. 6
is an alternative block diagram of FIG. 4 in which antenna diversity

circhifP3R] empldystt 8'[0b33PFRE.INR1a SigRIFAHgHIH BSInY & hifdeh

nodgdeehniaue apterallydisashy the andeanasteehaganiasess ot Féering
4;[0034] FIG. 8 is a t(gg view of the network of FIG. 1 with bi-directional
sigrifiRG SB35 FIG- % is™d top view of the network of FIG. 1 with

indigaaaw)of the antenna heanas;HOP361ikENS. 4P iskdflawahastef @f FIG. 1
method for_operating.an access point.in a WLAN based upon spatial

divel2ify in"accordance Wil the’ prédehtM¥éntion; [0037] FIG. 11 is a
flowthaa®f a methdd.fof dperating>gn ateessqioinhi a¥Hwi basédFIc. 1

upon rgbe Sé%%%{ in accortgagﬁe with, the gge%é]t invention; [0038]

1 10ns O e anten 5] .
FIG%. and 13 are respective owehark 61" a method for operating an

accd9936iht in a WIGAN Hased apdni cenina frances m foataedarfthr

rev ' ' or [ resent i ion; and [ F 4

o o DY o ooty S Y A ohe Wi thadd
upoﬁWmmdéfreé@@m'ﬂdﬁmacc&ﬁhn@\ﬁimﬂ@préseiﬁwﬁvéiritﬁmz
DetainghRescriptipncof the Preferreghimbadiments [Q04Q) Flag present

invention will be described more
operating an access point in a WLAN based upon probe

signals in accordance with the present invention;
[0038] FIGS. 12 and 13 are respective flowcharts of
a method for operating an access point in a WLAN based
upon control frames in forward and reverse links in
accordance with the present invention; and

[0032] 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 Embodiments

[0040] 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 afe provided so that
this disclosure will be thorough and complete, and will
fully convey the scope of the invention to those

skilled in the art. Like numbers refer to like



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

emBoGMTBALS afe provAHEY S tRR AN dE8I08T AT Be thordiifitard
complete; and willrfully cosveyntherscope of the invendiosrnb thinsesskiled

int rt, Like n rs_refer to like 9 elements ughout, and prim
not ?c?r?‘ tlisjv used L%glfl'r?ad%a% Sirfil &r%égm?eﬁtsgﬂ a tEe%rria:%%m Bodi %%%J?S?S s
[004 2R éfexnirg initesthydo |G LAN A Vilifdle $sa Yooad arealnetwork (WMALAN)
100_havin istribution .system-105 will injtially be di cus%ed.Acce it
o R e e L D oAt B8 e
via Wil cohib@ictions] sltfasawired datee tietdorkaobhe cticrs: Haohtofon

the access poipks 110a., 1108 and, 110chas A respective 208 1d82uata

115b, 115c¢ in which it is capable of communicating via radio frequency
(RMSigraid withithe eémets statibash 204, 1heb atzes Theadnicte 110a,

stajan, 1208 1P 1296 ate ;suppored yath wireless focal agegnetmask ;p,
hardware and software to access the distribution system {o5. In the
follRirghdeseriporramedn- & geheranBiErdretistiadd doiRe hecess

poirtse thesremote stgtiansand e, Zepes.Hhe respactive Feference 120a,
numerals 110, 120 and 115 maéege used. [0042£ Present technolo??)é
prob’feR thd a8Cess Paifits- DS rémdte $288ns 138Rvitht 2R@nALe

diversipo Andenna diversity allows the aggessrRainiskliband the-deawede and

stations 120 to select one of two antennas to
software to access the distribution system 105. In the
following description, when a general reference is made
to the access peints, the remote stations and the
zones, the respective reference numerals 110, 120 and
115 may be used.
[0042] 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 example 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

environment, such as when a2 remote station 120c¢c is
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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.

AndtRéremBIETE With irftérfétehtBs tamdiy tis diffeféiht signai§cond

recejyaed at Essame BSkenna. el angthed regsaonfeswseleding one of the
two antennas is due to a changing . environment, such as when a remot
StatkSORAE 15 10°ASire0thord s BIREIOrRPERRD (HE ot BPLEcond s the
zones tiSak118® as Indicatedtwysariow FLP5. [0 3] kI&HBdR asbloekcess
dia rg@n%fifﬂ set Orﬁt e netwo%:éoo iIIustrateP ig FA?' %ﬁ\ in which an

access point'1 ,%n}lop 89@%8?% pr|n8’[5I-Le%cojfgfhée presen |ﬁvgr¥tfeosne,rlls

shommviargréaner .détails;kaidwrespecguoeah@dir@ﬁh@ia.intmim&Iobespect to
130p:13Q -&%%9%%“’&98&%}&‘%‘()88%% 1§%‘&§9§W&”.3'§8¢b}98 genexally; ye

indicated by reference numera e access point 1 sequences
throughahaaniairasiob894a 3dHikingid scan of itbenvirosmant to

detgrmyne aHugferied. aptenng direglion, [004d3 puring,a.scan. e o5 q¢

access point 110buses a directive antenna, as shown in greater detail in

FIGEL O2A 8ReDB1%6 Scah iPsedrchivt RM&ighar tlaizadittdd ithelng &
remote, statipn 120b. AL each ScaR dirgction: Lie; ARgle qf.anienna o

pattern), the access point 110b measures a signal or probe response and
cal BB R réSgeRalé fietric for that scan angle. Examples of the

metfig Jacjude argeaived signakstrenglh indicalion (BSHY. f10b uses a

carrier-to-interference ratio (C/I), an
directive antenna, as shown in greater detail in FIGS.
2A 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
peint 110b determines the preferred antenna angle or
direction for communicating with the remote station
120b.
[0045] The scans may occur before or after the

remote station 110b has been authenticated and has
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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 readi
it ST thoth SR 416 . BHESd TorFH FlasdiR sightis: the

qualifyi medicss teaecesscpainud 0bleteraunes thenpeferiethanterna MAC
angi%1 or dlrecﬂggéor commuglcatlnﬁtwnh the ,re[inote station 1%0b. [0045]

The sgaenlé‘may ocUrBetors oF after the Peniofe stafiGH 1168 has been
authentiegtéd ahd das =1k assdcidtechwitih ethevdistribatien systeimi0srly,

Thus, the initial antenna n may,_be accomplished, within MAC
B S e B 4208 0, e
MA@ibhen Simiadyl scahshecurssgaftercthe remidie stationiktiobibag ion

authenticated gad,has %§§°98Ee&n§@@§%%ﬂisﬂkb&ﬁi% SYSIeMt0n MY, o
be accomplished within the MAC layer or by processes occurring external
the WABHagES {02169 FIG L 2A g a ehdgranedf ameacdB¥s pgeinterl0 using

an eigh direckve;anteana aray 3008 e, dirgefive Aneana a5y 110
200a includes five monopole passive antenna elements 2053, 205b,
20585 205 HNISZO5E BAd CRETRABRGNGIe2BGRR dNtaAFE EletfdR 2067 he

They Passiveantennaalements 205208850, 2056 42Q5¢ apd 2RRR Bl e
generally referred to below by reference numeral 205. The directive

antBAFE Sl &t 200Rds SCditeeted ©°PR act@sPpoht %o iPad and
unigrsal seralbiis 3R)RAE 215 -Othat typasehtonoestiens efweenThe

the directive antenna array 200a and the access .
passive antenna €lements 205%a, 205b, 205c, 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.

[0047] 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 associated with
the number of passive antenna elements 205.

[6048] A detailed discussion of the directive
antenna array 200a is provided in U.S. Patent
Publication No. 2002/0008672, published January 24,
2002, entitled “Adaptive Antenna For Use In Wireless
Communications System”, the entire disclosure of which

is incorporated herein by reference and which is
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point 110 are readily acceptable. [0047] 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 RS SptibRallyS66 4GRS, fEmtratisnts hskbeiaRitPRRR the
nunbereefpassive antanpa elamens 295+ (0048 Aiaataleddisgussiaa of
the djrective ant%gna array 200a is provided in U.S. Patent Publication
No.%o'&%ﬁé’éh *pBlished Sartaly 24° 20052 Bfiftted- K aptigea LS Ly
Antehea &or diseilnaVuelesanGommunica@iis System dhednticaissed
disqtlgséléreiof which is incorporated herein by reference and which is 12
as&gnedetorihe current assignee of the present invention. Example
meth@d49dr optifiizingdantenna wdireotivarbased orergece@d onay also be

transited sianals by the drective antenpa array 2093 e plsg,, o
discussed thetein, @%349?+ﬁe directive antenna arrzfy)/ 2005 may also be
usediinertdmnidirestiorahmodatto provide Bnompicdirectoniat apterikfh may

pattern. The Sﬁ%%%d‘i%tééi]ooagi‘yepﬂ%et%QS”HBP'W?EQ %?rlipé‘ét%ﬁéé@x Qs

transmission or reception. The access points 110 may a%so use
selé@egrireefional Bnterfrzowlen bansiittiad %o Bad mRbeNintsRomthe

rematg stationsd20. [Q0S0L HG 2B 45,40 ISAREtic MW 0f 0 ACEE$S and

point 110 with an internal directive antenna 220b. In this embodiment, the
dirgcfive antavthal &8y PO6b e8P te PEME IC8E d12D. The PCMCIA

carq @g9d$ carriegry. the ageesHpQiabhlQ and IS, ¢aNected P dccess

processor ' . _
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.

[O051] 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.S. 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
and which are assigned to the current assignee of the
present invention.

[0052] FIG. 3A is a detailed view of the directive

antenna array 200a that includes the passive antenna

13
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(not shown). The directive antenna array 200b provides the same
functionality as the directive antenna array 200a illustrated in FIG. 2A.
[0051] It should be understood that various other forms of directive
antenna arrays can be used. Examples include the arrays described in

U.SS PRSI Rio? B 5130635 REuEF EEBRIAH) HSDB83 Sttt Addpiive
Antgneafros isedndNeelessKommuaicatior Sysiemsa apdiss. Patentalso
Publication No. 2002/003 58?%‘)8Ub|%8hed Marg[?‘z , 2002, entitled

"AdaBtive Afterthad Fortfseh i Tee Comminicansh Sy_ams * Yife

entise: teaahkings ehatich aredneqrporated helsin dyuplerance angiwbichsed
aregg,fi nedntortg% current a sigr%%e of tg§ present invention. [0052] FIG.

3A 155 détaiidd View bf the diréctivé “anténna array 200a that includes the
pas$¥e&titenna St3i élements 205 andithe BTUve dhtennaselemeat206as

dis ﬁ o) heﬁl' ctive antenna array 200a.also includes a
rodErenanle. 0o AH6E (RAVEIE A ARATe RANERRE 1gpe
coupR@l, asuliscliszedybdlownin aefepence IRIG:SB: [@058] StilldeRlhrg

to R 3A; the,dirgeiiveguieopaaay 2902 rovides a direglive.antsig,
lobe 300 angled away from antenna elements 205a and 205e. This is an
indigator? fhe th& antehna elembait20sa mad05 sretind rRftetives

mode.ahihe argepna Rlements 2@y 205¢and 205d e o ssion

transmission mode. In other words, the mutual coupling between the

actfie @ntenrid et 20841l thelpassivE ehteitiieldmenikedoseen the

allowsdhe directve ARIEMNSATRY 2 Ih SCRN NG iEeStve aliernalpbe

300, which, in this
elements 205 allows the directive antenna array 200a to
scan the directive antenna lobe 300, which, inlthis
case, 1s 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.
[0054] FIG. 3B is a schematic diagram cf 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
inductive element 320 or a capacitive element 325. The
coupling of the passive antenna element 205a through
the inductive element 320 cor capacitive element 325 is

performed via a switch 315. The switch 315 may be a

mechanical or electrical switch capable of coupling the
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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. [0054] FIG. 3B is a
schBfafit WagrahtBfan BxSMpRE flg tfat cARDeddred sehapre 330-

passive anienrd aements 2Qxinthe reflediveasransgission ssqdes.

The reflective mode is indjcated by a representative elgngated dashed

line BY5>3hd the HaMRATSSIST mddR i95iRURAEHBYE Povehed dakfied

line 3dudherrejrosdniative: mogdes 305 antk3hhare:lespectivalp segusedich
by c.ouplig%to a_%{ro nd eEI)J{::Ime 330 via an inductivEIele ent 320 or a
capatitive efsmiant 325 e SBUShe St FB PAIsRE artenns BRFfent
205aethroerpm thet indel ctives Blednant :3203drcapatitive elemebe325 tsved as

performed via a switgch 315. The switch 315 be.a_mechanical o
T i B SR GAng 6 1At B B JoBat e
to thre: grouviel plaherd39. cllerewitcHR9B& isvsiet vima wohtrobsighalr@85vith

[0035] LauRled to H}lecgi%‘i‘%de"i%?n%%?ﬁqy he ipdugior 32048 the: piq

passive antenna element 205a, which is effectively elongated as shown
by th& lofgerhrepresémativertasined kle365LFhig €8a benderBiasare

providing.a. thackpgard, Jor,an Bisignaleoupiad 10: thepagsive apienna

element 205a via mutual coupling with the active antenna element 206. In
the EBS86f FIG. SR pasAfe anfehnblitferfahes 205%cand 2058@re

congggted o the grqend plane330 via fespective sipductive-elgments 32t s

At the same time, in the example of FIG. 3A, the other passive antenna

elerRBAR/ 205c and 205d are electrically connected to the
ground plane 330 via respective capacitive elements
325.
[0056] The capacitive coupling effectively shortens
the passive antenna elements as represented by the
shorter representative dashed line 310. Capacitively
coupling ail of the passive elements 325 effectively
makes the directive antenna array 200a an omni-~
directional antenna. It should be understood that
alternative coupling technigues may also be used
between the passive antenna elements 205 and the ground
plane 330, such as delay lines and lumped impedances,
for example.
[0057] Jumping to FIG. 9, an overhead view of the
access point 110b generating an omni-directional
antenna pattern 905 and a directional antenna pattern
910 through use of the directive antenna array 200a or
200b is provided. The access peoint 110b communicates
with multiple stations 1203—1é0d. Since access points

110 are usually remotely installed without nearby
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205b, 205c¢ and 205d are electrically connected to the ground plane 330

via respective capacitive elements 325. [0056] The capacitive coupling
effectively shortens the passive antenna elements as represented by the
shorter representative dashed line 310. Capacitively coupling all of the
passive elamenie82 Soeffartivelys nrakbbahe directive. gntenhagliray2@0awall

an quniz dyeqlional apjenna. {tshopld, be pnderstogd that allerogive,
coupling techniques may also be used between the passive antenna
elerhéfts 205 sHdreretdrotndsplhn&sip, 8aéh a9 Hethytiheshaimped

Impedansesn JAE exyaple, [0 JUmRiNg 1P 5G9 an Quarbead view 9t

the access point 110b generating an omni-directional antenna pattern
905%#f-a directional antenna pattern 910 through use of the directive

anteyyesdfay 20aq er ;200bsis prevded cHasacerssointbidbhay make
communicates with multiple stations 120a-120d. Since access, points 110

are BEGalRremSteRGREhAEE Withb BERBA b 1820 IRt cHBHE b Rfowitag-2
reflectenade. o: rhighronta wallt or eeikrg)e thecselection ef thetetsfreroc.
antenna pattern direction is likely not going to change throughout the .
conﬁé’&id&o\ﬁﬁh RIGGET Fetho P Saficit 120t [do58] The itGSr AEF Gttedd Nt
pointd;it Ohgaay akemnse of aditertinndl anternan20@a tor«dawrdipg datal
frarTJC S tr%nsmitted to a ;ggﬁsted emote station 120c. For most bro qcast

2

RtroPH&Tes i acies’ pomti® may e the Shitidirectidhar

and contr
antererecpattesn D05card 1€ lowest availablerdata e tol ensureithatall

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 required to receive in the omni
mode. The potential added link margin of 5 dB
accommodates a throughput increase of 300%, for
example.

[0059] Uplink data frames sent from the selected
remote station 120c to the access point 110b during
contention periods (CP) are received using the omni-
directional antenna pattern since any remote station
may have transmitted the frame. For large frames, the
network configuration may reguire the remote station to
use the request-to-send/clear-to-send (RTS/CTS)
mechanism to reserve the wireless medium. In this
case, the access point 110b could receive in a

directional mode to increase the data rate on the
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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 Hetwidtk 100 HpbRats of IHEe dvinlikierfanéb pagehrcdss ilwate
trangter )= N6 Opligw is ichHse swliehathsratial diversity, WwheR thest at i on

access point 110b is required to receive in the omni mode. The potential
added Sk margin of 5 dB accommodates a throughput increase of 300%,

for egample. [0059] Unlinkaia framessaant from the selected - Le/oteoint
station 120c to the access point 110b during contention periods (CP) are

receNer uBIRY thE Sritf- dite tioHRPEitenARdhiteRRSHEE Sng He e

statiotn S@ytiave @@ﬁmmdab@zﬁr@m&%ﬂafgeanﬁh@@&ﬂbgaaew& ern
configuration may require the remote station to use the .
reqﬁglsﬁ{tg-s%ﬁggfeag%-ase]r:ﬁ’jt(?%TS/g?%) LRahidR o TBsEntgnERat a
wiretessonedisa Hh dhisoaast dhe acbess’peintElYrcald receive g area
directional made to increase the dat e.on the 16 uyplink. This, is

o R B e S Y A e eARER
the rerhote statiorsrl20ei {0060F émdoalink transnissiohsathecaccessat tern

poi(Bl%l%%We‘%?Cé%é? tf%.%%r[“'téf“a'lr%%etf’?d‘%ﬁ‘@ £ORY E‘é’r% “hidden
periods using the omni-directional pattern and a lower data rate. The
reaseIffor this e ien avhamete statiowonitke Sdthed'side dRthedcoverdgdear

areg J(SHch, AR LeMLR SAlign 1208) MAYNQt DAL G 2C8ESS ame ¢ ime.

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.
[0061] 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
associate with the access point 110 and maintain the
connection without the use of the directional antenna
200a.

[0062] A set of rules as provided in TARLE 1 can be
defined to take advantage of the omni-directional and
directional characteristics of the directional antenna
200a. TABLE 1 includes addresses of the remote
stations 120 currently associated with the access point
110 and their current antenna direction selection.

TABLE 1 may delineate example antenna direction
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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 av6iRisYSTBBIdAT Expetiallf foriargedasnframesr igdésetibBa beldw
in refersnes i FGa g1, £806Y] Thedisectionalanigina palfermsalithe  wpir~
access point 110 can thus prowde hlgher data rates for downlink an .
uplitk daEAfFSReBRERGRGOS with'ire rERtbtE 3ttioneRb tvhid thek:
bulks efthe network- {raffics 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 associate with the access point 110

and maintain tHe? EBnrectidm Witk the LEBBR S difsdtional BHtehna

200a. [00b2EAwseheErules as grovigedAn dABhE 1 carf be defined to tak
advantage of the omni-directional and glieetianabgharacteristics of the

directiond| eatenna 200a. TABLE1 inahydes addresses of the remote
stations 120 currently associatéd with|the access pointj 110 and their
current anteana direction selecgtiom. TARBLE 1 may delipgate examplen
antenna dlirection 17 selectiong based on frame sequences from the
802.11 stanmawd (EABRES 21 anoi22 thereinpin TABLEsde "BTE. 5B
indicates (direction, "UL" indicades uplipk, and "DL" indicates downlink.

TABIgS 83 IExampleddderna Setaction Rides Segencg DIr Astenil rules
Selection
t%at

determine when to select the omni-directiocnal
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.

[0064] 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 the
directional antenna 200b and supporting circuitry,
buses and scftware to operate the directional antenna.
The antenna subsystem 405 interfaces to the physical
layer 410 and provides RF signals 412 thereto.

[0065] The physical layer 410 processes the RF
signals 412 and determines signal quality measurements
417 to an antenna steering process 420. The physical
layer 410 sends processed signals based upon the RF
signals 412 to the MAC layer 415. The MAC layer 415
generates timing control messages 422, which are also

sent to the antenna steering process 420 in order to
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Beacon DL Omni Data DL Dir See FIG. 5A RTS-CTS-Data UL Omni/Dir

See FIG. 5B [0063] A process can be described in a set of rules that
determine when to select the omni-directional pattern and when to select

a directional pattern. For example, the access point 110 may select a
direztibtigh pahernaadrfiy eme tntehial SWhened nfiting iotefdcbingg mode
to/frgma @ singlg remete station 120. [0064] A block diagram showing the
interfaces of the access point 110 is shown in FIG. 4. The illustrated

accbf99Bint 110TRAUHES vaRyEE sty steri® afBraSea bd dieRRs 42°

subgystenh 405 pray-iaskide the odiregtional antenpa 200b.anehsiperting
circujtry, .buses_and software to operate the directional antenna. The

antEANE S8y stem A5t iales 1o M€ phidica*RyePRIG ARG pioGiaEs ™Y

RF sighads: 412 feretoy [QR65] dhewahysical layes41e praeassesghe Rihe
signals 412 and determines signal quality measyrements 417 to an,
A EREE BEbring TE08S I The pATcdI My Boa 10 SRS Brocbibed

signaisbaged fipondheitl signatsi4h2 ia theoMAL layendtalthe MkGory

layer 415, generales iming control messages 425, which, are algo sentiy,
the Zhtéiiha Steering process 420'in otdér t 8 SWitch the’ anténng 16 the © -
omiiidf6dé or dirébtorat teoden wherereuire g x[0066THE MAC 1y 415 an

alsq sends data frames 429 %’to%‘c?r Rrocesses ot shown), e ¢ or

illustrated &ysma??ayer ﬁ18, VA Fayer 415 %3ndGrténna steering

prodess: 26 aiaydidSideswithif uncdritrollep 400 NEh e carndrveadstebging 1

mﬁa%§§§%9WMQQ§5§EMQ%%@hHh% made during antenna scans of
each remote station 120. For example, the direction
table 425 may store a station ID and a corresponding
antenna directicn (A, B, C) for directiocnal
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 directicnal antenna control 427 to the antenna
subsystem 405. If the signal quality measurements 417
are above a predetermined threshold indicating that the
highest data rate can be supported in the omni-
directional mode, the antenna direction may be held at
the omni-directional (0) mode.
[0068] The following paragraphs describe various
techniques in accordance with the present invention for
determining the preferred direction to point a
directional antenna 220b from an access point 110 to a
remote station 120. The first technique employs a
spatial diversity selection mechanism. The second
technigque uses a sequence of probe signals exchanged

between the access point 110 and the remote stations
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memory, for example, which may be a stand-alone memory or an
embedded memory within a processor, for example. [0067] The antenna
steering process 420 maintains an "antenna table or database" or a

"dir r%téon table or datapase” 425 as a function of the received signal

quatify meaStfentérits 4175 8He Aefing Srtertildcns SieesaPreindfe: 9- 1

stat@k 13@. Easgxamapleathe direpiion tabie 425 mayasioreastaliondD the

and a cor,resgondi antegna direction (A, B, C) for directional .
receiy 11

commun|caef‘longlr\}vit‘%rﬁ%él rEmbte sttiBfs 420 F8RcE T HhtBTad t 110.
direttions il thie dicediohdakleid?2Sbave baen determined, theaniethand
ste%r(iar%% process lgezoti% gseg (0] %O\/ide directional antenna control 427 to
the antenna subsyﬁem X051t e’'signal quality measurements 417 are
aboldspiledeterihined threshalddhditgtiey that thvee higlest daterratettan

be rted,in the omni- directional mode, the antenna directi
o e e e e o ety
desttiba Aeeiobs ctechnidues atadevrdancd (ith 1Ae prosiere invertioh fers

detgipining, theqsy ?‘HE;TF‘B@ rectipn 19 pojntay diy eg‘iﬁ{iﬂ!%t%%%%
from an access point 110 to a remote station 120. The first technique
emplbys &S spitial dheasifif selbcliGehitcivhishe Teddcondl Rechbfrie 2

US%@%“%%H{OEQ@% %‘H?M@?c@%%%e%%%g%@
110 and the remote stations 19 120. The third technique uses control

medddgast(e7g. FIAeK R BTS)ke make signapquEmRnidadtrdmentsibitial

the sraceivesd antgnna dirgetionsAtihe A¢cqss: IRt 1@ MR tRkdwork

technique is applicable in both forward and reverse direction links.
layer protoceol. 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.
[0070] Referring now to FIG. 6, the first technique
functions as follows. The illustrated access point
110’ includes a controller 6007 connected to the
antenna subsystem 405’. The controller 600’ comprises
& physical layer 4107, which is given access to the
antenna control signals, and a MAC layer (FIG 4). The
MAC layer writes antenna selections into register A
605a’ and register B 605b’'. Register A 605a’ contains
the selected antenna position, and register B 605b’
contains a candidate antenna position. The physical
layer 410’ is also in communications with a multiplexer
610'., The physical layer 410’ sends a diversity
selection switch control signal 607’ to the multiplexer

610’ in a typical diversity selection control manner,

but in this case, the diversity selection switch
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[0069] 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/802.1ig/802.lIn will also support switched

diversity. The first technique is applicable after a remote station 120 has
AUSTHAR iAo RIBH el WHR B Wb ISl Bdhat the

initiale ghitenua Scapds accamplisherkwithinghe d4AC/networks iayer
protocaol. With a directional or multi-element antenna,220a, the first .

techhiQUe ¢an makESuSERRESGVARTS BiBtoRBFbReBp the aiternd 1Y
positinns e letiphripdeted. (0@ 4] Refetingenai i@ FiGnG abeditstat i on
techni% e fu ctior]ishas follows. The illustrated accessipoint 110" includ

a con ré%%?%ga conn%c%%nt\%]tﬁétgnt%ﬂ &'3UBsystém 405", THe 86%61%”
600acaraprisep @sphyisical fayer 1105 wehiemiscgivenr dtecessttbdhel mode) .

antenna cor}{[{ﬁlggqlnal% agg a MApC la) 1g;:-{(gFIG. 4). The MAC Iayrgar writes

anténna selections into rneglsr%gra A a and réais%ehraﬁ%S " ﬂ?egiaster A

605 restramsnitecselested am@nnafositios amilegisterc3€05bas been
contains. 3 Lagdidate aptenng Rosjion, I@%&é‘y%?gé éﬁl%[%%léég B‘ISO%IS(% n

communications with a multiplexer 610". The'p ayer 410" sends a
divepsied sefautionswitchreonprekdigdal 607’ to the multiplexer 610' in a

typialghuarsity sglection coptraluannar, hut i this gase, the dMersity ne
selection switch 20 control signal controls whether the contents of register
A 605 DFFadistet 18 50458 Ure $3BES[0DTIR ERE Sefeetthant@HA pbEition

is infially ; ehosesy dyring heRehwerk auieRtaation/asspciatipBt i o, multi-
path/equalizer metrics, etc.) for both antenna
positicons to the MAC layer. During the packet
reception, the physical layer 410’ functions as 1t 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 pcesitions are sent to the MAC layer.
The MAC layer updates both the selected antenna
position and the candidate antenna position. The
selected antenna position is replaced with the best
position based on the data received from the physical
layer 410'. Filtering/hysteresis may be used to keep
from “ping-ponging” between two antenna positions.
[0073] As stated previously, this technique takes
advantage of the current 802.11 antenna switched
diversity methods. It should be understood that this
first technigue may include hardware, software/firmware

or combinations thereof.
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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
received or after not receiving any packets for a predetermined time

perid@9087 2] AftBedsacessflp pecdiving Eopacket, the LpRysidd Ty the
410:8ends recsivedisignal auality metrics,(sianal sirength, sigoaktospaise

ratio, multi- path/equalizer metrics, etc.) for both antenna positions to the

MAE Iy e DarifigaNe bARk&2R2 pHBR B Ry Sfchl RBFE 86 Hifinitions Pe

as itdaoas) sewdfor 8P2x 1; thatds. 48 switthdheiween the twoantemiind
positions and to use the best antenna position for packet rece%tjon. After

valid PEERet T8 e SROHBY thé phySicHriE e A0 FRignal ytiahify mafits
for theitwp antennagiositiong ase senttesthe IMACHayer 1The MAG layz? 0b
updates_hoth th lected_antenna pasition and the candidate antenna
posi i%n. & ksgllggtéd an%é:rﬁ{bnﬁ&%)igﬁlﬁor%gﬁc%d ith lk%ieystoggsition
based bathe data receiredfforntibe gphysical tayel 440tenna 220b for
Filtering/hysteresis may bg used to keep, from "ping-ponging”,between

twio PTENH A G5 ok, 0731 RS STATAN brevisiidy Histeon Sane takede
advantagelof¢he suprent8inéd anterheosuatHRR0 diversitmethods. It

should he und ood that this. first technigue include_har re,
bt Ry I b Bl b L U Sl
FIGrloxa lowgharf of e abave desarised method for operating afation

accespPAPL 10103 WAAN 189 baged ¢pgn spatakyvessity yillgy e,
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.

[O075] The seccnd technigue is based upon the
transmission by the access point 110 of RTS messages to
the remote stations 120, and the reception of CTS
messages transmitted 1n response by the remote stations
to the access point. The 802.11 standard also defines
a probe request/probe response exchange, which is
typically used by remote stations 120 to determine the
quality of the link to other stations 120.

[0076] When used by the access point 110 to
determine the preferred pointing direction to a
selected remote station 120, as illustrated in FIG. 38,
the access point 110 transmits a probe request signal
805 in the omni pattern and each of the potential
directional patterns 130, and measures the signal

guality of the prcbe response signal 810 sent back from
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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 djrectional antenna 220b for communicating with

the FéiRofe"tati6n 120 dirigthe prednbIOR G omEd Bt BoEk 1020.

Respesfive isighals seeeaivedvia the current angle and the plurality of
altegbaé%ﬁgles from the remote station. 120 are measured at Block
. i

103 g the PrédibRTSRE BuREnt BFGIE of DReBtife PRAERS of -©
alterngte amgles is seleetedsAt Blogke104Q-a% aquefetrethangle basedrsity

t d signals f tinui icati ith th
rembTe SO 120" TR Heihod “aids ALHI0ER 1B (0074} ThaSeefd

techreque issh@s edsu pare ther flahgmissidrolye thesacdesspointnkd) of RTS

messAnes 0. e, fete stations 120, and (e (ecepianOf TS, o1 e
messages transmitted In response by he remote stations to the access

pointiTthe 802. Hicstandarbdlst dblifles diprobeaequébigprebe sesponsapact
ich i ical / te stat] 2 termine th
exchange, Which '%Eﬂ'&%%&i{?ﬁ}%&%&%ﬁ%ﬂ%@%& %Eé%)a/g% ermine the

quality of the link to other stati When use the access
poiritsld@eet dewehing eppreferadi goialing dbedtichese setediegges may
remote statipp as illustrated in FIG. 8, the access point 110 transmits

a probe request signal 805 in the omni pattern and each of the potential

direEB8 & JpatterRs 80 rdmy meakuies théSignkl (qualifloMplaitbef the

respense-sidaal8Lg,sent-hack fom g2 the remete,sfaion 1d0while, o nt

Ope¥¥gE£QthWLAN 100 based upon probe signals will be
discussed. From the start (Block 1100), the method
comprises selecting a remote station 120 at Block 1110,
transmitting a first probe signal via the omni 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
selected remote station responding to the first probe
signal at Block 1130.
[0079] A respective second probe signal is
transmitted at Block 1140 via each one of the plurality
of directional angles of the directional antenna 220b
to the selected remote station 120, and a second probke
response signal received via each directional angle
from the selected remote station responding to the
respective second probe signal is measured at Block
1150. The measured first probe response signal and the
respective measured second probe response signals from
the selected remote station 120 are stored in an

antenna database at Block 1160.
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respective patterns. [0077] Measurements of these 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

accé89B8iht 110 HBWRFEE tRetedd BAGHDARE o ABENGTKIEHICIERS) using

addifionatpeobersg@uestprahs aspepee signals) but thesgrexehanges 170
m é be infrequent. [0078] Referring now to FIG. 11, a flowchart of the

asfedchbed o@?@r%b‘é?&ﬂrﬁf&ﬁ%@cé’s‘%% nEAIBARIEWE AN LS -

1001hased-unanipabeisignals wilbe rdisgussed. Eranahe staskh(Blaek omni
1100), the method comprises selgctl a remote S atlon 120 at Block

1110 e shiitRg PR Bréte SRS HECothF Anda% fRe ur ed
d'reﬁﬁﬁﬁﬂicﬁmﬁﬁammseieqﬁd Temoten stamrpatealeekéaizo,

and easurj irst be re nal rec |ved via the omni angle
o R HE SRS T irBbe ok ySs 2
Blocle th3G: {00 69z nelSspeErcTioe seearmiage)be{sigmaieis fitarsmitted ot

Block 1140 via each oge of the Iurallty of glrectlonal anﬁ%s Pé,%gg

dwec?oﬁaﬁ an?ennag%l b ton%ﬁe sel%ct remoefe sFatlon ,
secord prolve. reSporiseasigral rebeivee vnehghrdivectivhahadglecfrpmi ses

the sel ation,r nding to th i d
M e Gt e T e D R
sigrestrapd the sregpEdtvanmeasgied setoad probe pPaxponse sigads from

the seleeled smole,iaion. 129 aie goied i A ARLENA JaIaBaSE Rl 1150

based upon the comparing for continuing communications
with the selected remote station 120. The method ends
at Block 1185,

[0081] The third technique exploits the control
frames used in normal data exchanges between the access
point 110 and the remote stations 120. This technigue
may be used in both forward link communications and
reverse link communications. Since the clear-to-send
(CTS) and acknowledge (ACK) messages are sent at the
lower data rates, the access point 110 can use these
messages to compare the omni pattern 905 to the
currently selected directional pattern 130. This is
illustrated in FIG. 5A with the dashed lines on the
antenna selection timing. This can serve as a methoed
to determine whether the currently selected direction
130 has maintained its advantage over the omni-
directional pattern 905. This advantage is typically
based upon a predetermined threshold to prevent
frequent switching between two antenna patterns having

similar signal gquality metrics.
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23 [0080] A preferred directional 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
resd@reg2gignal fione tke: preférred ddircatignaban gt SThe fiest peahe the

siongl comprises. 2, [eduestlorsend (R1S) messags and e fistprobe
response signal comprises aglear- ‘send (CT: message. Eimi arer, the
securd pralse Signakdamprses anfRTS message langlineisecond probe
respQIse SRRl ¢OMPHSSS A C 1§ Negsaag. he gmni angle.qr thg,
prefe.rredu}ilrectignal ang%gs gilected at Blocef< 11980 based uspon theenna
contpiarigfoeoomirimg cosmiunicatiohee with thdé $6ldeaRBRISOtEC

station 120, Jhe methid.gnds, 2 Black1195: (0081 The:tbird fechnique
exploits the control frames used’in normal data exchanges between the

accESE IS &fd tHeerehidie stafshsSEEP ThisStEEhAk UEU ialhe
usegldr bath-forward link eerpruinicationsand reverselitlation is made

communications. Since the clear-to-send (CTS) and acknowledge (ACK)
medsages dHBeEREAt thee|ovist 48 FARE athe Heeesd pBint 198 A fse

thesa: dnessages e compara dhe emni pattern, Q05 todhe1 cuiseRtb rovides
selected directional pattern 130. This is illustrated_in FIG. 5A with the

dasfiel A& bn IR "arktBARa BIELTOH fififitg: Oftid cBR {Brve 5SERA&HBANS

to detsymingwhethesdhe suieatly selestad ditestion 130 bas naiptainecbnal
its advantage over the omni- directional pattern 905. This advantage is

typicRiF BAged ib6ii & Srafetermined threshold to prevent

f0083] 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
guality measurement and compare it to an omni-
directional mode measurement or other directional mode
measurement. Comparisons may be conducted over several
communications with the selected remote station 110
before scanning a different antenna direction.

[0084] The direction table 425 in FIG. 4 may be
augmented with signal quality measurements from the
process or processes described above for the omni and
selected directional antenna pattern. If the advantage
drops below a predetermined threshold, the access point
110 reverts back to the omni selection and performs an
antenna search using one of the first two techniques
described above.

[0085] In cases where the remote station 120 goes
into a power-save mode or has long idle periods with neo

data transfers, the access point 110 revertis back to
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frequent switching between two antenna patterns having similar signal
quality metrics. 24 [0082] For example, during the CTS messages, the
omni-directional mode may be used to receive this message to calculate
a first signal quality measurement. During the ACK message, a test .
antéritfa dHeLtidT My Bl G5e¢ fictive Ml Resisye B ehicuidd e on
second sighebfiuality sreastrament , Compassor of theofirst and segsarnd
signal quality measurements is performed and a determination is made

as B STHSREr MRIEECMBRIE HRCTSGFERSUId be stored. That is,
whetbestbe direciefalpade prevides aitigher gaindhan dhnichiestendlve

mode. Co garisonsfmay alggc% bé?o%erformed between two déffersegt oint
directiona %t%ﬁng dirdction (T :%LI' &' Sam Jf)?p%saéjf MeSSurenents

andl2émparison.Atdyichrrchmtediduring anéverse finkidata in forward

wangmision, s shown . FIG- 58, uiina. e AGK message. e access
point 110 may calculate a signal quality measurement and compare It to
an didhp ciret8Ol mddeneashremenrerotsersdirsctiohdimoden the

measyement. GomparisansJimay e condupted, ovey SeVeral; rs+ antenna

communications with the selected remote station 110 before scanning a
diffé@reht gatennd direetich. {0084 TRe diredtRmabRIS PG, ihmayemote

be augmented wish signal guglityJpgaswimepts;fram the s RpCcess OF s+

processes described above for the omni and selected directional antenna

pattefrt.af tecdf ahtade eré S8 pER WS & PrddtitedtinBd AreshERC thend
access.pot Ll Oreyerts back 10 the, ompj-selection,and perfoHas A:enna

antenna search using one of the first two techniques
pattern of the directiocnal antenna from the remote

station at Block 1230, A signal guality of the first
control frame received via the first antenna pattern
and a signal quality of the second control frame
received via the second antenna pattern are measured at
Block 1240. The respective measured signal qualities
associated with the first and second antenna patterns
are compared at Block 1250, The second antenna pattern
for transmitting a second data frame to the remote
station 120 is selected at Block 1260 if the measured
signal quality associated with the second antenna
pattern exceeds the measured signal quality associated
with the first antenna pattern by a predetermined
threshold. The first control frame received comprises
a clear-to-send message, and the second control frame
received comprises an acknowledgement message. The
method ends at Block 1270.

[oc87] The method for operating an access point 120
in a WLAN 100 based upon control frames in the reverse

link comprises from the start (Block 1300}, receiving a
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described above. [0085] In cases where the remote station 120 goes into
a power-save mode or has long idle periods with no data transfers, the
access point 110 reverts back to 25 the omni pattern selection. When the
remote station 120 becomes active again, the access point 110 may

perfotfSintREL&ARenAE 385rchi fodBe] RetérimD ity PRESSEPaRd the

13, saspestivenflowehartsrof a oetrod feswperatingsabaecesspainh 120
in a WLAN 100 based u?ﬁsénngont_rol frames in forward and_reverse links

will B Wideusitl: Fioha thatdthit 18102k 1266y the REREd coriphges© the
receigingtin the: fotvearddinkmsi tisk castzol, framel vieez st tntermarirst
pattctirn of the directional antenna 220b from the remote statjon 120 at

Blo& 1219 &M rdndhmting S TPt AATPARe 6 tHetembte stéiffon at
Block. 122, ianth Teeaiving maseitond adntrat Famesvia aasecondant@ine k

pat f the,directional antenna from.the remate station at Block 1230.
SR a P cualty B A L i b et 4 S (O H SR
patteerr<aindeal sighal ghality of the seduntheontiat frame zeckived vierthe
secgnd An pattern e d C : ective
meagSL%ed 5{;% qaﬁlglﬁie?%ggcoi?séj{m% v]a}t:ﬁ%% ?rg%%d‘;%gzéi%gar%%en nge cond
patteiisiRe chaipardd atBR IRIZDHOr FheasecBAd alitehdrdlatteFhefor

tra@@g@&a%cwa%%@r@% H!Le_m%ﬁtﬁtégoré;éB&g%'g&tgﬂi%

Block 1260 if the measured signal quality associated with the secon
antéhyfa afen eRceetshrMeadietsignal Haalty asseciamupatthat

firsteardenna paerniy.a peedgigrmined, Hueshald.cthe f1st centoldrane i ng

received comprises
a second data frame by the access point 110 to the
remote station 120 is selected at Block 1360 if the
measured signal quality associated with the second
antenna pattern exceeds the measured signal quality
associated with the first antenna pattern by a
predetermined threshold. The first control frame
received comprises a request-to-send message, and the
second control frame transmitted comprises a clear—-to-
send message. The method ends at Block 1370.
[0088] The fourth technigques is a hidden node
protection technique that provides a protection
mechanism when employing a directional antenna 220b at
the access point 110 to reduce or eliminate the
occurrence of hidden nodes. Hidden nodes occur when
not all of the remocte stations 120 in the network 100
can hear communications between the access point 110
and a selected remote station 120, and therefore, those
that cannot hear can transmit when the medium is in
use. This causes collisions, particularly at the

access point 110.
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a clear-to-send message, and the second control frame received
comprises an acknowledgement message. The method ends at Block
1270. [0087] The method for operating an access point 120 in a WLAN
100 t%%sed upon control frames in the reverse link comprises from the

start BBBRR 1300)1ECeilinG £ 28 St ESHtrbh frahfe Hiath fiatantetha

pattera nbihes direatianal antemmar220-kemdhe 1@mpte: station ot rBlock
1310, transmittin%a second cgntrol frame to the remote station at Block

130" 3R F8cEving afitst SRS HERR FaIBDNA RGNS Paftdrn sARB NG

directienaliargdenrafronethdaenie statibhGt Bloclo 13380cAnsigral fiatitye re

of the first cgntr I.fratmg.@ggg/egovéaeéhe firhsg Ja:mtenna atterncggd a %iggasll
ata fr

quality of the Tifst deita fra

ame recened via the’Secohd antenna pat?ecrn are
measurad at Blocka} 340> Thef respeetive mesisatadsignaldualities he

assg [ e%\e/'thdthe fir%t.and cond. antenna patterns_are compared at, .
B D e s e B P AT e don.
frani®@®§Ae acc@ssfpaint. D10 tootheheernbteistation 4@0dsselécetcat 7, if

Blogk, 1360 ifithe ymegsured signal auality associated with the seqond ¢,

antenna pattern exceeds the measured signal quality associated with the
firsttairidfna pagem 1a spredetdimined gresistd Tthd k@t Edawdl frame

rececixs@gﬂmgisss@f@%@%@tg?%e%mgsmxén&mgeaﬁm Al s s
frame transmitted comprises a clear-to- send message. The method ends

at BI6dR 83 E8 90088 THE forrhietdiques’s & hidden rioHesproteéhdia -

technigue falqrewdes apigtection Jnechanisyavher enIRWRD 8tat ions

directional antenna 220b at

0 in the network that an exchange is to occur and not

to transmit until the exchange is finished. The access
point 110 then switches to the selected antenna
direction for the intended remote station 120 and
communications proceed. Another approach to preventing
the hidden node problem is to perform a four-way frame
exchange protocol (RTS, CTS, data and ACK) with a
desired remote station 120.
[0081] If the control software determines that there
is no potential for a hidden node, the access point 110
may not send the CTS message and communications may
start immediately with the access point 110 antenna set
to the proper direction. If required by the network
protocel, the RTS message can be addressed to the
intended receiver, resulting in a CTS message back to
the access point 110 as an acknowledgement, as shown in
FIG. 5A.
[0092] 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
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the access point 110 to reduce or eliminate the occurrence of hidden
nodes. Hidden nodes occur when not all of the remote stations 120 in the
network 100 can hear communications between the access point 110
and a selected remote station 120, and therefore, those that cannot hear

carfth@smft ithénlthetRédafris i ddel ThivtadseGifisfY to cause

partigdapyabthe fegesepeint 20027 [0B0] Yhaestiesacesss poimtHd 0
has data for transmission to a remote station 120, the control  proce

s
et T SEIeRIRT ARBnAA HraBior By SEarkiing Be dRediBriBlb £35 e
FIGs datoddatarming ifithepg cte poleniich bt eamodess Fonexample; the:d
access point 11% néalrg/ look far remot% stations 120 in the opposite

diréctiBR font the SeR It SHefiva HitSct oant.a[o 56]“ﬁéferring to the
timipgadiagram oREKe.rs; ihghenconttal softward determiiesvtiiabat for

potgntial for, hidden nodes exists, the gopess POINtALANIS, SIS 4pon

cTS message’to a known unu g&RAtA address  using the
omhiididectionadimodeafdhe. antemnai220ah €T his processtserved tontet] il
of the 1eMOlG $IAUANS 4hef) N “8%é‘e&‘%%%taa%%ﬁq‘?ﬁ@%@ec'éégﬁfﬁk{r an
and not to transmit until the exchange is finished. The access point 110
theaWgichas de thdsslecter amtamtd alirbetol fdrvheintehged Asiste

station 120206l SamMunieations Araceqd ANNGIRPRIoachln. cr i ve
preventing the hidden node problem is to perform a four-way frame ‘
excdhangETRetoToHIRTS AURS 1datacrirACRY W deriréfifembrrality

stafign 120009111 the contralsofiyare deigiminesrihat harg e ioye
potential for a hidden node, the access point 110
measured signal qualities are determined by the access

point 110 based upon communications with each remote
station 120. For each remote station 120 a preferred
antenna pattern based upon the antenna database is
determined at Block 1420, and a remcte station and the
corresponding preferred antenna pattern to communicate
with are selected at Block 1430. Based upon the
antenna database and prior to communicating with the
gselected remote station, it is determined at Block 1440
if any non-selected remcte stations have the potential
of not being aware when such communications actually
occurs. This is determined by comparing the measured
signal quality associated with the preferred antenna
pattern for the selected remote station with the
respective signal qualities associated with the non-
selected remote stations when using the same preferred
antenna pattern.

[0024] 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
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may not send the CTS message and communications may start
immediately with the access point 110 antenna set to the proper direction.

If required by the network protocol, the RTS message can be addressed

to the intended receiver, resulting in 3 CTS message back to the access
poirtt 43 el an 2Rk AGRK ISt e FRIFTHE-SR% TH FIGOBR. fito2Rbte tid

in theoprogess dlescribed B weferencede Mey Toefficiencyds nopivVed an
since the_ RTS message is not transmitted by the a¢cess point 110 28
sinc%“tﬁ%lé%‘}ﬁéjsscégg%% HIRAGE NeBESSHHT To Bafisd e TBMDIE EEnna
statipmstkthtochalt ttansramssionss the iremote Btatiorrh20 Tricdied irathe
ID section ftkge standar 802.&11 protocol header ens%[eg the s ecif'eqlC h
remdte SEtioR Tetsives I dati trams o085 RERRARG nbW BHIGC 14-5°
flonchaudtfer gperatingsad 28cesAddintb2q ive WLAN 100ubasedyvupgorame
hidden nade recognition will iSC d. Ergm the st lock 1400

the A Lo e Lo atHeIGH Al Snd AHaDAS b ASosaikg  Torned
betwédi tHehacceske pbind 116rapitee atharehmwite B24tichol 20- & vespective

megsuiad signahuality,coresponding ia the plutality of artenng PIYRIHs

at Block 1410. The respective measured signal qualities are determined
by th€@28dss pdfhti e bader dporeodrihmiuricatiopesuitiPeadhi camatel y

statign;120. Ry eachemate siafion 1202 prefered antenpa pajtern

based upon the antenna database is determined at Block 1420, and a

remRP SEHBANR e E6REspoHiding: prefbrfed BARHFESE Y td-hose

comypunicate with-are sglected at Blocki1430. Basgddponihe -antenng

database and prior to communicating with the
details may be made therein without departing from the
scope of the invention encompassed by the appended
claims. For instance, the access point is not limited
to the IEEE 802.11 standard. The antenna algorithm for
an access point as discussed above is applicable to
other types of local area networks, as readily

appreciated by those skilled in the art, such as those
defined by the IEEE 802.16 standard.
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selected remote station, it is determined at Block 1440 if any
non-selected remote stations have the potential of not being aware when
such communications actually occurs. This is determined by comparing
the measured signal quality associated with the preferred antenna
pattern for the selected réHfote SEHOH with ™ cfive signal qualities
associated with the non- selected remote stations when using the same
preferred antenna pattern. [0094] If there is a potential for a hidden node,

then a message i¢ broadtdSt SPERHck ABsBRAdEAMY tAGt AESRiaso it
pointA 19 andrthessaiedted semeie:-29 statios 120 (@IEA )commenisateswith
one anpther. As noted above, this broadcast may be in t?e form of an
unsBIfcita c‘f@g}gtlé}sselr{bgm%sgégréa\%gltﬁg%% il %?élﬁlnaa paftern to the
remotenstations 1 20T ke OT S had analrnusedcdidress tlatdoss nats, the

corrg;g%rg: to any of the remote sti‘n%ns 120. Alternatl\éelé, a foura{vv? ]

frame "exc éﬁélé—’l prc?t%cgl klgi I Sl datd and ACK)'is 51 T"o?mae%

the sélectetlirematé sthtionct2@teepresepnilthe , hiddenneideqstoblempTieing :

thod ends at B 0 [ IS J '
ey, o S A MR YEAI. czca cne

ibe eferences to preferre
emiyodimentsttherdof riedit be shddrstost by those skilled in the art that

various changes i formand. dgtails may e mads thegeigwithopt . pe

departing from the scope of the invention encompassed by the appended
clair@nForgiahcef tHe:acEsEoiitas adt IFRted s the IERE spplerted
standard.+ the,agtenya.algorithm for an access point as discussed above

is applicable to other types of local area networks, as readily
measuring a first probe response signal

received via the omni angle from the selected remote
station responding to the first probe signal;

transmitting a respective second probe signal
via each one of the plurality of directional angles of
the directional antenna to the selected remote station;

measuring a second probe response signal
received via each directional angle from the selected
remote station responding to the respective second
probe signal; and

storing in an antenna database the measured
first probe response signal and the respective measured
second probe response signals from the selected remote

station.

2. A method according to Claim 1 further
comprising:

selecting a preferred directional angle for
the selected remote station based upon the measured

second probe response signals; and
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appreciated by those skilled in the art, such as those defined by the IEEE
802.16 standard. 30 THAT WHICH IS CLAIMED IS: 1. A method for
operating an access point in a wireless local area network (WLAN), the
access point comprising a directional antenna for communicating with a
plurality of remote steaiansnthet Hreotionah ax@nhaisdudingen omaponse

andingnas Ruialty oL eeiona aadien, i PRLANANBNENGecong
selecting one of the remote stations from the plurality of remote stations;
trar’afitifg ZeMRPProbessignallvid dwn obfis apgfefetthedlidklienglional
antenna to the selected remote station; measuring a first probe response
signal received via the omni angle from the selected remote station

responding to the first probe signal; transmitting a respective second

probe signal via gach ogepf theplugality, ofbdirectiopat-angles of Ahether
directional antenna to the selected remote station; measuring a second

proE@%ﬁéé%i@%%Eé%dWe%ﬁléliré‘étﬁﬁl aﬁgf%hf?orﬁlfﬁéer red
selected reneie stadionresparding iR the respeetbigrsecong prabe
signal; and storing in an antenna database the measured first probe

respSHe A AriciiBYRSFEG M Tie Y rBd to&e oheSIobE Te S5aHRES

signats: froanthe selected remote station. 2. A method according to Claim
1 further comprising: selecting a preferred directional angle for
4. A method according to Claim 3 wherein
the preferred directional angle is selected if the
measured signal asscciated therewith exceeds the
measured signal associated with the omni angle by a

predetermined threshold.

5. A method according te Claim 1 further
comprising:

selecting a next remote station from the
plurality of remote stations;

repeating the transmitting of the first and
second probe signals to the next selected remote
staticn, and the measuring of the first and second
probe response signals received from the next selected
remote station;

storing in the antenna database the measured
first probe response signal and the respective measured
second probe response signals from the next selected
remote station; and

repeating the selecting, the transmitting and
the storing for each of the remaining remote stations

from the plurality of remote stations.
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the selected remote station based upon the measured second probe
response signals; and 31 comparing the measured first probe response
signal from the omni angle with the measured second probe response
signal. from the preferred directional angle. 3. A method according to
Claim 2 further comprising selecting the omni angle or the preferred

directional angle Based gpqn fhe, GOMPALNG I LOPUNBNG: yy 1 yherein

communications with the selected remote station. 4. A method according
to Claith 3 whefeir feepreieied: ditertioh? aAgle i$ ealketdd ff theend

meagired signakassociagditherepith.excepds the-dugasired signal 1
associated with the omni angle by a predetermined threshold. 5. A

metRBRRELSRInG teehafm L R dcdifipitingesstédig & Rexteisér

stationefrermadhe Plgralibeokremele statigns: rpeatingrhe tirasaIYRI Hiq
the first and second probe signals to the next selected remote station,

and"thE MESSRMGYIIRE fiFSSRIPSCoRHI PobeTe8psRSESigRalsT S
receiged fga. the next selected remote station; storing in the antenna
database the measured first probe response signal and the respective
measured second probe response signals from the next selected remote
station; and repedting the selectting, she-tsaagsmitingand dba storing:fosin
eac\l;lhoef tkr}leegesr{]l%lﬂlngg rcecgpn%gisst%téor}?etermining at least one of a
received signal strength indication, a carrier-to-
interference ratio, an energy-per-bit ratio and a

signal-to-noise ratio.

8. A method according to Claim 1 wherein
selection of the omni angle and scanning through the
plurality of directicnal angles are performed at the

media access control (MAC) layer of the access point.

9. A method according to Claim 1 further
comprising updating the antenna database for the
selected remote station if there is no communications
between the access point and the selected remote

station for a certain period of time, the updating

comprising repeating the transmitting of the first and

second probe signals to the selected remote station,
and the measuring of the first and second probe
response signals received from the selected remote

station.
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from the plurality of remote stations. 32 6. A method according to Claim 1
wherein the first probe signal comprises a request-to-send (RTS)
message and the first probe response signal comprises a clear-to-send
(CTS) message; and wherein the second probe signal comprises an RTS
message and thd Secorfdl proeaésporsa signal domprdsadia CTderein

message. daduethod aecowding 1o Haimyl whetein hemeasying one

comprises determining at least one of a received signal strength
indifatich! al&drhieffy intérfeferitérafio2BR eABrglipdr-HiP Fatibbarfandard.

signal-to-noise ratio. 8. A method according to Claim 1 wherein selection
of the omni angle and scanning through the plurality of directional angles
are performed at e médiReiceess RERPSIAMIC)Hayéerictithe hcdRggetn

poirth8. ATnetbed eearding thelairchiithes Comprising tpdatng e ve
antenna database for the selected remote station if there is no

consmERtEfioRd Hefw B it Al R FRSHI e SRS Femote

station for a certain period of time, the updating comprising repeating the
transmitting of th%grSt and second probe signals to the,selg:ted remot:
station, and the asu% BFtRE PR Seddi &oﬁér %%ﬁs ocd
signate eeceiradsiram theselectechremeten gtation. 33 10. A method

according to Claim 1 Whe‘r: inothglace?egg r?ia?t IS ogerating baggd gé?g:ts at
least one of an I@Elc:thﬁ. stifidafd antan IEEE 802216 Siahivard.
angle and a plurality of directional angles; and

a controller connected to said directional
antenna for control thereof, said controller

selecting one of the remote
stations from the plurality of remote
stations,

transmitting a first probe signal
via the omni angle of said directional
antenna to the selected remote station,

measuring a first probe response
signal received via the omni angle from the
selected remote station responding toc the
first probe signal,

transmitting a respective second
probe signal via each one of the plurality of
directional angles of said directional
antenna to the selected remote station,

measuring a second probe response
signal received via each directional angle
from the selected remote station responding

to the respective second probe signal, and
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11. A method according to Claim 1 wherein the directional antenna
comprises at least one active element and a plurality of passive elements.
12. An access point for a wireless local area network (WLAN) comprising:

a directional antenna comprising an omni angle and a plurality of

directional angles; and a contralter cbngedted 4o satdtdireciiodak apternat he

for control thereo][fﬂ sggdu%%rgrorllﬂ S%ele%tg}geone of the remote stailon

S
. . d th
from the plurality of remote  stations, ansmltt::nf“;agsggﬁrr}s%%rgt:)L rSl%nan%/Ia ©
the omni angle ofrssitheliredtisnalcamstennd testheosalegtediremote station,

measuring a first piofie-espepst, SRaleselued yiatigauniangle e

the selected remote station responding to the first probe signal,
transmitting a respective second probe signal via each one of the plurality

of directional angles of gaid directignal, apenga g fhe sglectedremotes o

station, measuring a second probe response signal received via each
diretiBR&1ahgfe frorf e séleerilrefadierstaiorrBRpdRGiAgafe theast one

respealiveSecPBfl dFrebe aignal, gindr 34 SIQFingrinasanteana datahase.
the measured first probe response signal and the respective measured
second probe response signals from the selected remote station.

14, An access point according to Claim 12
wherein said controller comprises a physical layer and
a media access control {MAC} layer, and wherein
selection of the omni angle and scanning through the
plurality of directional angles are performed at the

MAC layer.

15. An access point according to Claim 12
wherein said contreoller further selects a preferred
directional angle for the selected remote station based
upon the measured second probe response signals; and
compares the measured first probe response signal from
the omni angle with the measured second probe response

signal from the preferred directional angle.

lé. BAn access point according te Ciaim 15
wherein said controller selects the omni angle or the
preferred directional angle based upon the comparing
for continuing communications with the selected remote

station.

17. An access point according to Claim 16
wherein the preferred directional angle is selected if

the measured signal assoclated therewith exceeds the
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13. An access point according to Claim 12 wherein said directional
antenna comprises at least one active element and a plurality of passive
elements. 14. An access point according to Claim 12 wherein said
controller comprises a physical layer and a media access control (MAC)
layencarsch whe rein gseléctasoidhe omnivangte ahd soandingtigybeighythe

plurggi:té/ Cpgtdérgxgg%n%i atnlg!:ess%rg p%erformed at the MAC layer. 15. An
access point according to C?Ialm]l “wherein said controller further selects

a preferred directional angle for the selected remote station based upon

the measured segend p@geggg%%r};se?%ggﬁlsg%@%g&{%a% 08 .5m 12

measured first probe response signal from' the omni angle with the ‘
me&StRee second Probrvespénsy sighdl iom rrrprefdtted biredtiohpwing:

angle. 16. An access point agearding.lo Clajm s wherein,sajd.cntrgller

selects the omni angle or the” preferred directional angle based upon the
contpetiyl idreapfintiBg TetnrilifieA8615 with the selected remote

station. 17. An acgess ReINh gcealdingtorGlain d6nyhstein the praferednq

directional angle is selected If the measured signal associated therewith

excEEFSTHE B% pRsastist SidAaltassotftdd withIRé BFTR AngRE6Y &

predetermined threshelt: 18- ABRECASS HPINt RECEDINGt0GIRIMdZond
wherein said controller further performs the following: selecting a next

remiote BatibR TR Bife SbFRIRY Of FFRGtE staticnso fegeifing ke Selected
transetiding of the fiegt and '

storing in the antenna database the measured
first probe response signal and the respective measured
second probe response signals from the next selected
remote station; and

repeating the selecting, the transmitting and
the storing for each of the remaining remote stations

from the plurality of remcte stations.

19. An access point according to Claim 12
wherein the first probe signal comprises a reguest-to-
send (RTS} message and the first probe response signal
comprises a clear-to-send (CTS) message; and wherein
the second probe signal comprises an RTS message and
the second probe response signal comprises a CTS

message.

20. An access point according to Claim 12
wherein said controller updates the antenna database
for the selected remote station if there is no
communications with the selected remote station for a

certain period of time, the updating comprising
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second. probe signals to the next selected remote station, and the
measuring of the first and second probe response signals received from
the next selected remote station; storing in the antenna database the
measured first probe response signal and the respective measured
secareppobenespbrsd signatsiftfomtige néxttseledted stenaoté statiomd
and repeall ”Qi%;ﬁasféecé@_gt e tansmiting and, the storing.for eagh é‘;?f the
the remaining remote stations from the p?uraﬁty Ot remote statiohs 18, An
acc@sasoimtacordinglte Glains 12 awHeresicthedistpiobersignalnse
Compriges Alequestitos 3end (R T $hmessade.and he it prahe, ¢ 5 o .
response signal comprises a clear-to-send (CTS) message; and wherein
the second probe signal comprises an RTS message and the second
probe response signal comprises a CTS message. 20. An access point
according to Claim 12 wherein said controller updates the antenna
database for the selected remote station if there is no communications
with the selected remote station for a certain period of time, the updating
comprising 36 repeating the transmitting of the first and second probe
signals to the selected remote station, and the measuring of the first and
second probe response signals received from the selected remote
station. 37 ANTENNA STEERING FOR AN ACCESS POINT BASED
UPON PROBE SIGNALS Abstract of the Disclosure
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A method for operating an access point in a wireless local area network
(WLAN) is provided. The access point includes a directional antenna for
communicating with a plurality of remote stations, and the directional
antenna includes an omni angle and a plurality of directional angles. The
method includes seldgifigoRe STRERENDIEFORIBHS HSERER plurality of
remote stations, transRHNEG PAZIERrJHRC3 g FROBE tBd S 2ngle of the
directional antenna to the selected remote station, and measuring a first

probe response signal mceivesdMia die epwi pralefuunihe selected
remote station responding to the firSt probé " signal. A reSpéective second

probe signal is trAn8IRktEAvid PacARIESGHRG pRifality ©F Shirdt@ibRkl in @
angiesrefitbe giregtienal antennr:tothex selgeted remote statioleand arnhe
second probe response signal received via each directional angle from

the SS6LiEd PErhBle $tafioH ¥eSpéhdirtg &the ¥egde dre>BBEorPprobe
signabisnimensureth § heimeasurgddirst1 propedespenta sigpabanid e, and
resp! ctiv meas,,cured iecond probe response si%nals from the ielected
remots station are stared i 4l BAtehi fase omni angle and a

plurality of directional angles. The method includes

selecting one of the remote stations from the plurality
of remote stations, transmitting a first probe signal
via the omni angle of the directional antenna to the
selected remote station, and measuring a first probe
response signal received via tThe omni angle from the
selected remote station responding to the first probe
signal. A respective second probe signal is
transmitted via each one of the plurality of
directional angles of the directional antenna to the
selected remote station, and a second probe response
signal received via each directional angle from the
selected remote station responding to the respective
second probe signal is measured. The measured first
probe response signal and the respective measured
second probe response signals from the selected remote

station are stored in an antenna database.

38



