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 authentlcghon
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, generally in a horizontal plane for a
vertically 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



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 objects. Intervening objects include walls, desks

and peple fpr %Z%HB?S These jopjects craate multiipath, pormal \1sing

statistical fading, Rayleigh fading, and so forth. As a result, efforts have
beéthadetomiigatersignat degradation caused by these effects. [0006]

Ong trpdwjaue for goupteractingthe degradaiion: 96RESIgNAIS if; lOUSe ons,

two antennas to provide diversity. The two antennas are coupled to an
ant&FRe Tdivertity sWitch in 6R& bF Botef thE+émdte Sfiond artkiReically

access paintdrhe meory behindising bve raniepnas forantannagiversity «o
is that, at any given time, at least one of the antennas is likely receiving a

sigifdl 174158 not-8afferiiFioR e efetts HVmbit-Patht EonSefettly-ation

thiscanteaea isthe antghnas that the remale gtatiga onaceass pelit:selectsuch
via the antenna diversity switch for transmitting/receiving signals.

Norethelee! fiere RistifP & nébd o adiresE: the degradaion e stonals
sigrais betiversy the frempiersialions:and an accesspaiBfanwiglesssject s
fored T Ak Fon ! nBaAmeReb! fiEsHbdent Fen bR These
impmfmgt@mmcatimnSMW@emap agmss_ajpir&aadirsmls_taﬂ@ﬁing,
i Sy sese i s Teyior 008 A vt et sl
accessye 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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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 point and the remote stations (i.e.,
wireless user devices). A directional antenna provides a higher

signaliqnneise-rafigthan arigrani-directona| -aatennadn mast cages, thugore
allowing the link to operate at higher data rates. [0009] The antenna
stedthrig ploRBsy iidybe Fedideirtif Sthemedia dtceds BBRIBIFMAC)

layeraddieg access paitrand:selactsashest arpieferredidiectiondl may be
antenna pattern based aon signal quality metrics available from the

phyBTeal IgEFu o FEEIAG Sigas AdntiHesremite RERiGHSS (0616 2Ccess

Accerding o the. principles of thespreseat:dventioeduring RROELSSES 1ocal
such as registration, authentication or subsequent data exchanges

betWEER the HCcEss Hdit atdh & Teletét remote 5EBATa profétede  the
directienfofipe steered ageess potiwantgnnasisddeteimined thehe range
em%o?ments. In one embodiment, softw, re,or firmware ogrﬁra}ﬁingnat tqe

acceSs PSit niakes this G8teHninAtion The- Ecese ifit armenhig Controt € - 7
software/fisnwaresmaydeildadatabase that dotludes thesidestihyzofthevides
remote station and the .antenna directionﬁ%so%aéed with that, stgg%ré é%riona 1

achmvmg%r?ﬁ%t%%%%munic%%%ﬁg pgﬁormance. fodaﬂ] Hardware may

be employed to operateith dalverent diviersity seléctiairgreuitngin fyjpidal to

SOZO{?e%%@em_%r% f%r fgeP?{g%n%gl@ aorc}affg&rg% 3 directional ant(_anna angle.
The access point may use signaling to cause the remote stations to

tran$AH0& Iprob&hresporisesignal; ederein theaceess peintbe 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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measures the signal quality of the probe response signal. The access
point may compare metrics corresponding to signals received from the
remote stations in a directional antenna mode against metrics
corresponding to signals received from the remote stations in an

omni-directional.mo termipe if.a ne te n b
per ojf%%%dg.{ﬁ%ﬁgrgcg%qgge%%ﬁ%t?eagrirﬁihes mgghic?d%%qéggdeg%%%ri%%, Hae
it mayoingoked pratectionFrechanisrelsiig reguestitons to transmit a

sendlclear-to-send (RIS/CTS)messaging as definediip the 80201 1 e

standard, for example. [0012] The benefits of augmenting the access point
witiig e Etsnal tdrenrid dretwo-gdldlintproved thfdghmitdemdividaaonse

remote stations apd.an ability, Lo suppgrtmore l!'n?%'}s in the NEIWOTK. e+ + s
most RF environments, the signal level received at the remote station

canBERfFiovEd byhavit) thélstizess poifft Afdristait usingra shdped remote

antepna-beam QM'{“%P' i@ﬂ?@c@i%%@ ofthe stationcHae m%%mﬁl@%ics
beam may provide a 3-5 dB gain advantage, for example, over the

omAisdirseiBRarERtEnna & picaty tebfoyetRiith 4R SaccessThoirit Fhe remote

increased signallgvelallews theslink-hatwegn the.aecess poiiandithe if a
remote station to operate at higher data rates, gspecially at the outer

bandf te C5VEage”area. The dirctiohalitentd Steering protess i§ccess

resigentin the aegessReINt-19z sUppeitieperatior: with the rereterstations. may
[OO;% M%%-:; particularly,in accordance with a first aspect of the present
inverltibn thereds provided 3 Hilthodfor opertig artateéss poitiEs = =0~

WLABRLwith] theraccess @eint cEMPsing ja ditectiongl A@ntepnader ined in

commMUniGAIng With 8 plurality pT remote. v amp e .
[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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stations. The directional antenna comprises an omni angle and a plurality
of directional angles. The method comprises 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

renfife &THONT 8Rd SHBRSIHTFE HRGE probe résgohssslgral rédeivsdraiae
the emni angle, fromrHbe selected erotesstation Jespapding & thenfirstin 1
probe si nz;la.e%OOM] The method further comgrises transmijtting a
resﬁéagi And prdird gihhbvigedthTSie o e LoRdiy 5f dirddtfonal
anglescobthecbrgstioralsastehaata tlae salectet renote Statton, atdtions
me?suringt?h secpnd ol%e response sjc%nal received viateach dir%%tional
ang e from the el&cted temote station resﬁgﬁgiﬁﬁ?g the Feasrb%%ﬁve ng 4
secona prolpe sigaak Tinea neasaradhfirstprobearegpons< signal and the

res%ective measEred %econd %rgbgﬁgs%or}fse gzi%rgjals from the selected
0

irectichg ntenna c sEtario and
remote station are S? red in an antenna da aebase. [d:(ﬁ%?tr%e method *

mayferther iooinpristisetdctingcd prefesmeehdirectibpakdngle ferithed via
selegled remote, stationasediyponthe measyred sscand prohe,
response signals, and comparing the measured first probe response
sigrizd fpR tharamppaiigle with e meaberedisecond probe response

signaj o the preferred dirsetienalangle Jhg.omolangle gidbe tting a

preferred directional angle may be selected based upon the comparing
for ESRRRMIG EEMPRFHREHioOPEWith thegsealeciefrendstt statre Thehe

preferrechditeciiongl @nglespayheselacied & the measuied sighabnal
associated S therewith exceeds the measured signal associated with
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



the omni angle by a predetermined threshold. [0016] The method may
further comprise 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 station, and the measuring of the first

and 'SARBRY L HrbLRYEEF6sd BGnaR FELEFEd TP te ARSI Yeleti&d With
remote=station. fhe measyred firsk peahe-respedse Hsigral end.the

res [ easured second probe response signals from the next. |,
selg&&? ?é{r?”lote S }a(@%lifﬁiorrf1 ea?r?é%aorxgaifn%ﬁlgrg%%ﬁn%odnaﬁ’gﬁass%. SI“‘}aﬁeQCtlng a
selecting, themtraasmitting and fhestaring aréuepéadted fofeaemot: ¢he

remaining remote stations. [0017] The first probe.signal corpprise a
oL e e e e e G Sl A P
conpiseraicleacte sendi(GIS) medsagen Sirhilarhy, ¢lod sdcarmnprobe

signal may, complise,aNL.RTSmessage and he.second,probe resnanse
signal may comprise a CTS message.”[0018] The measuring may
conipridecdatesniniricats kkaize dre beageteided signat beengthtindieats,ed

a cagjeriig-ietierence rafigean ENeIgyRerfitalio apilé response

signal-to-noise ratio. Selection of the omni angle and scanning through

the pRAARY A dfteERGhal SARRES ey Beperfdiptef aEPRrMmBdaRR cess

co ”&f@_%ém '_@X%fn%fltge AeeasRINL Q1Y hhe-methadmay du ré'%_%rt ion
comprise updating the antenna database for the selected remote station if

therd%i§ ndicOiffiubitaliBfs BBAIEREARaS Point BE felsdsdme, the
rempie; stationfong carainpaiioskef ime. Ihe updating Mmayeampise, of

P s TR e oL Do S g p sec0nd probe signals to ©
{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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the selected remote station, and the measuring of the first and second
probe response signals received from the selected remote station. [0020]
The access point may be operating based upon the IEEE 802.11

staq: ard orf'he IEEE 802.16 standard. The directjonal antenna may
comphee K 1ES Bhe” BHVE eRhitnt Qhd £PHrdiRy offaSNe B dnt e
Ancftiersaspect of theopre semichee tiapisriire cterhion 88 aceess petdt from
comprising a directional antenna_comprising an omni angle and a plurality
of g%gtio%eai eé:r?gﬁés,raeﬁndo § %or%gl le(?:%hnected to the directional
antdrifiz2fo} contrdhihesenfe[092pThe coatyolter sepects bhadfithkesed upon

rempfe, sﬁt' 58f om,the lurality of remote stati smits a_first
probe signaFc\%":at e on?ni%%ag%itgfr ieoéiré%}%nggg%teggg‘g hé Eglré%?e%d'
renmble swdiiva ¢ aheméasures mrfirstrpbeyespdisse signakrestivedaia

the oy 9@9@1“&%@&@9a%%ecée%&‘%m%tfisé?i% r§§%‘§1‘11'%9 gig}fefri{ 8t
probe signal. The controller further transmits a respective second probe
sigHel Ofah @BCch BPRCST thé plirality Of efetticn emblesrofifie ddiratibadl to

antena;tobeseleniad rempiestation, measpiesa sA5aNd RS, 5

response signal received via each diréctional angle from the selected
remotE BiatiDA1 e spendTfi toRRE HespEttlve sBédrd pidhe signaliargtional

storingyineay) agteang dadakase themeasied fiesf nrabe Hespense-signak 1
and the respective measured second probe response signals from the

selEREF PR ofe” StatfInt Bribf BRSE&Stn of the Drawings [0022] The
forepogngiand othe objests. featiwes and advantagesse the dnventigawill

be apparent from the 7
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



following more particular description of preferred embodiments of the
invention, as illustrated in the accompanying drawings. The drawings are
not necessarily to scale, with emphasis instead being placed on
illustrating the principles of the invention. [0023] FIG. 1A is a schematic
diagF&rh STl RFeBRE CloBaIErEE HedFo ACHATARF RIpIGing aRf erred
prineiples ofmthetesentinwentions 10024 FIGs1Bis aschgmaticdiagiam
of an access point in the WLAN of FIG. 1A performing an antenna scan;
[00F BIEPIR YL BYiclh ¥f 2RI cess PEIntBRERDIFA REFING%n external
direglivesanianna array; R0 @28 isayviens oktherancess pedtof
FIG. £A having the directive antenna array incorpqrated in an internal |
CIREPEEA P00 12 SA TR VIR oF TGS dHteiihs arfFor Lon-
FIG.[2A2B028] FIG.G3B ixa sehematit diagtara of basyviteh sised taseleless
a state of an_antenna element of the directive antenng of FIG, 3A; [Q029]
O LR DR D Forl WebBls SURL /G, I EnBRyiE ee of
subsystemselagers dmdranfaitenna steering process according to the
pringi f the ent invention; [0030] FIG. 5A.is a signal diagram
optigr{?al yéL)]Ised b%r%?é a%ltgenlnsel sateércf(ri:lge é?otc:égs%ﬁ%%é% [8 3T FE BB ®
is apaharhative signdfbidgran Bptionally used fyrthérantemna steerning
pro%eégxpj FIG. 4;[0032] FIG. 6 is an alternative block diagram of FIG. 4

in which antenna diversity circuits are employed;
[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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8 [0033] FIG. 7 is a signal diagram using a hidden node technique

optionally used by the antenna steering process of FIG. 4; [0034] FIG. 8

is a top view of the network of FIG. 1 with bi-directional signaling; [0035]
FIG. 9 is a top view of the network of FIG. 1_with indications of the
antdfi®35dams; [B6S6] FIG: 51 FisSHISih AL 60F AfbtHSd 16 BpBrfifgh

an asess pei i g WL APhaseshupprispatiab wWiversity it aseidane@ ring
with the present invention; [0037] FIG. 11 is a flowchart of a method for
ope?éf%é)efr?a@dtesg%mtaih a WLAN based upon probe signals in
accqanag with thegregentdngentian; 0038]dHHGhd handhddlaref FI6. 1
respe.cti%/le 11;I0\Lv harts of a methad for Ofera_ting an access pointin a
WLXﬁtbase%i uE)“éCrﬁa Egﬁt?SIaf amag it f]0 Ward and reverse links in
accdidBbé with thedpreSenitdnwention; and{OQ3O| €. Adtisaflowchartiaf. 1
a methad for, operating,an apcess point in. WLAN based upon hidden

node recognition In accordance with the present invertion. Detailed
Destfipdii of thefR@fertéd Emnbzodimhentsh 00409 The presémtdnention

will pg descrbed morg fully 9%%%@”1‘%”%%%&@9858&'&3 upon spatial
accompanying “drawings, in which preferred embodiments of the invention
are ShownsThiy invertiopondgrisswendrhbé lembadiedris niangedifféamt
formsp@iag phould gt be; gonsirued:as limjigd o the empodiments set

forth herein; rather, these embodiments are provided so that this
discteiFa Wil Be #MordEgh shdsorlete) and WUl ssdvelpie stopes

of the ivgaton fo thosg gidiiedt inheyart ke HuBbers referdQ ik, ;
[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



9 elements throughout, and prime notation is used to indicate similar
elements in alternate embodiments. [0041] Referring initially to FIG. 1A, a
wireless local area network (WLAN) 100 having a distribution system 105

will initially be discussed. Access points ;[110a, 110b and 110c are
confeRts tothE R SHEROH ’sy@lg(?n RSN A5G coRRedtorsS SHch 3s
wireehdatea hetwankiconnestiens itachiof the aeeesscpoisihbllaehtGh

an as a respective zone 115a, IiSb, 115¢ in whjch it is capable
T & R bt 1) Sor bt e e e
stafions2120a;e 220l t320ck TheLaMotd 8tatibas 120a a1 20l th20cwEreen

supported wi ireless local ar etwork hardware and spftware tQ . ¢
i LE R resdel e Lok eSS
gerietQrefdrdAbe EdalidOw thecactess points] the rémetaldtationdbandon

the#@%%%ntﬁ%?wfﬁtimﬁfﬁr%&’?&g‘%@%y%é@x@ and Ll may be,
used. [0042] Present technology provides the access points 110 and the
remstés $edtions CZ0ARIEE antennaldivirsiy. Rhterrrcdivershy Hilbws o2,

acopsppoUNs 119 @udihe emalelalians.120,10.56l8e 0N 90 115¢ in

antennas to provide transmit and receive duties based on'the quality of
sigiald Peinktretaivedr BnksreaBor PIMSBILERTd BAe Bhferncdver the

other-aegiis iy, ther eyent glynulli-patbriading, inanliel assigraldaking2oa,
two different paths causes signal cancellation to occur at one antenna but

not*R@Bther2RRothet BRarfllse whenlinierdiAs chflBd bl4le are

diﬁ%&%‘é&%é@ faqqived atthessame aptennae X ehanqibekreasamdote and
selecting one of the two antennas is due to a changing environment, such

as WREHYAEMGE siifssfodde 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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10 carried from the third zone 115c to the first or second zones 115a,

115b as indicated by arrow 125. [0043] FIG. IB is a block diagram of a

subset of the network 100 illustrated in FIG. 1A in which an access point
110b, emplo :r,%g the principles of the present invention, is shown in

gre&tet té fiPPeshREt {0 i dfeafeldmenitg Id0es fabestadr TRecond
diregtivie santeseg, lobesk 30a- 1301 Wil alse heygenerally lirdicated by
refefence numeral 130. The access point 110b sequencges through the
ante[l(%a)rg5 %%es 130°dtringta *aft i?gr)t%ce}ﬁvﬁjrﬂ)ﬁﬁéﬁ tooget%rrﬁm%ggt of the
pretesraco akteh®@ direttion r®044] Darieg@.scah, the adcess paintakitis s
uses a. djcreiti' antennil,O as shmgg in igtreater‘dc:itail in El % 2A and Z%t

to Skan in searc ’of%?‘—psigxé%gtrans?n reni Atidn 120b.

]éant%}ﬁwe remote S
eachrswcantdllmtiori gi.ehanglelor gm«aanapattem)imaxddﬁess_mdgom
measpies A,519nal oL PLORS 15shonsg ANCRiIgles 2. TeSARCING PIElFiG e
for that scan angle. Examples of the metrics include a received signa
stre@@ﬂemaﬁ@beﬁ?ggﬁﬁa baﬂierwé:i_meﬁémdéeraﬂ@r(l@ﬂ)%bm
enefgyrperbil sa4q, (Ehibo). or othersiitable {AgASUreS, SUCBASA point
signal-to-noise ratio (SNR), of the quality of the received signal or signal
envirbflert IALRTSIn&tGTPBRihe B enéadiramenisnas alst’heniddy 2

to determing the bestgn prafeied apenpadatiernas; readie - req

appreciated by those skilled in the art. Based on the measured signal
quadiffelfesdiHec4dce?s - point 110b determines the preferred antenna

angi@ oy gjrectiom{r GMAUBICAHNT WA the cemote,steHen 1420 JAe4d],

The scans may occur before or after the
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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remote station 110b has been authenticated and has 11 associated with
the distribution system 105. Thus, the initial antenna scan may be
accomplished within the MAC layer. Alternatively, the initial scan may be

accomplished external from the MAC Jayer. Similarly, scans occurrin
e B TAMBE STt 1166 HAL® AEHEPG B BRI A0ciatdl Wit £he
the thsttbution rsysiena 182 amawmbe dseomplishest withiadhe MACHayersomMAC

by Rrocesses 3i%urrin extergal the MAC Ia)i;e,r. %0046 FIG. ZAkiJS a
£l §ad) cf ’usﬁﬁ& ahtxterfial dirétlive Zhtéina array

: r TiV
dlagra¥n of an‘access point i
200acddwep tlitettive anternaatray 200atiheudes fite pronopotel paksivey ,

antenna elements 2053, 2%5Eb 205¢c, 205d apd 205e and ongpole,
LRt s e S
205z, 2065d tahda 265k arelgérerally sefeletad beliovn by refediérmderibut ion

numeral 2054 pie firective antenna elament 2004 s copnegiedio e, . op

access point 110 via a universal serial bus (USB) port 215. Other types of
COrPEChgNS 4RpRee? frudirddtivecaritenna arrap 2 00AGntetie ccess

poingbldkqre reagdily; aceaptatle, [QPA(].THe passiye anterna elements 10
205 in the directive antenna array 200a are parasitically coupled to the
activé diferdia erhfert 20644 PRffhit e aRRRENBY Scafming 408 medite

thatjatleastone anteBnaPear £f the diestiveianiesna 9@@%@&0@%@[\9

be rotated, optionally 360 degrees, in increments associated with the

nurRBESS FasiVeaHten id Blefidrits P52 0 #BP A A s disBassiah of

the zlrestive. AnieRNakaYy 2002 is providediindd S PatantinBubliecason  The
No. 2002/0008672, published Januarg 24, 2002, entitled "Adaptive .

AntBARS FEF LEaYRWRemigments 205a, 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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Communications System"”, the entire disclosure of which is incorporated
herein by reference and which is 12 assigned to the current assignee of
the present invention. Example methods for optimizing antenna direction
based on received or transmitted signals by the directive antenna array

200%°AEHIES disRus S THEERT Foass Enedirsdiveihi e eS8y 200a

may alsenke dised inaapimai-gieactional mede g pravide 8§ eaRienna
directional anteng%tgattern. The access points 110 mgy use a

n,
omAdiFSCHbRAI PASHH fOPr ATSHERM G récepioR-FAE ccebdiftdY
1l10cimaydiseusd the seteetechdisectionak antenaasvkantsaatmitting tod

and_receiving from the remote stations 120. [0050] FIG. 2B is an
. th?reln. ) . . . .
iIsometric view of an access point 110 with an internal directive antenna

2200004 Ghis emBbdinént,ghe Uirectivee antenmnararegy 200nisery aalso be

PCNCIA 1 220, Tne FOMCIA card 320 s gartiad by e access gt

110 and is connec edq tlo a processor nofn shown ?Tﬁe %‘l%ctlve antenna
arr®i 2601 provide s e samerdandctiornality Shtheadirsstive rpiarirm a8y may

200g sttt FIG, 220051 1 shovld e undersioad Bl gk,

other forms of directive antenna arrays can be used. Examples inclu
the 2eR8RIdextribed e USS (eg@enPNG! 655 15 838:isuel Febigarytdre

2003, eptitled; “Adapiivg Antenna-frartise L Wireless Cammunication g
Systems" and U.S. Patent Publication No. 2002/0036586, published

Mafc2s, o2, Erafled edaistie tentehad srud b Wireless

Corpgysuqation $ysiemsgthe entire feaglings of which ae ineprparated

herein by reference and which are assigned to the current assignee of the
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
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present invention. [0052] FIG. 3A is a detailed view of the directive
antenna array 200a that includes the passive antenna 13 elements 205
and the active antenna element 206 as discussed above. The directive
antenna array 200a also_includes a ground plane 330 to which the

pasShA Shten A Ae AR R QEEHERIPEITIEE &6ReNsetP Beriy in

refeieaes s kG 2312180531151l referdpg 1o &1Gn3Anthe diteciiye200a also
antenna array 200a provides a directiye antenna lobe 300 angled away
or A ehe B AU B0 R GAHS0RE0 o et RN HBCHE
antennaelemesisRdbasand 205e are: in a saflective upade] anddhei scussed
ant%rérl%welelmegg Q:de 205¢ ang 05d3%re in a transmission mode. In
otherwords, the mutdal c%%pﬁr?g % Ween'the active antenna element
206[AESE passive ddtenadealements 205 atfows Ahe diecti/erantenna

array 20080 scan ihe ey angnna lobe,300, whieh. n i case, iy
directedeas Shown a5 a result of the Modes in WﬁiCFI the passive elements
20534 smobiféremanode coombinations eflpassivesai@haa elam@@Se .

205ggsyitin differgptantenng,lobe, 300 pattemns,.and anales, 35, 1§adsa
understood by those skilled in the art. [0054] FIG. 3B is a schematic

diagrath 8P&® exampie circtift fHatchhvise Tsedfto setdhé passipsenna
antenna,&lemeaiss205 bobe reflectyg=y tansmissign Mmadesy e on

reflective mode is indicated by a representative elongated dashed line
3057@A8 the HrandFtission frivtr is tindicardd sy asherehed dasheg fine the

310 dhevEcnigsenialive Mages305oand 310 arr-respestively causedby

coupling to a ground plane 330 via an inductive element 320 or a
Cap%&ﬁWg%%ﬁn%ﬂ§3?§}ﬂﬂ§ 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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coupling of the passive antenna element 205a through the inductive
element 320 or capacitive element 325 is performed via a switch 315.
The switch 315 may be a mechanical or electrical switch capable of
coupling the 14 passive antenna element 205a to the ground plane 330.

TheP&witch'$15 188 Aa S OREDF siGRAP33E? [BSSPESUPRREORE 330-
groumg panecd) vieshe sinduetoy 320 ds therpassivesagtenna Bhyment

205a, which is effectively elongated as shown by the lon

er
repr%%%ﬁ?altive dashBBiRe 5. Thes EPHed &s Srdviliry &he
"backbbasd tlor 3R E sigted: cpupled te tha passivesniaria elpo®ant which
205a via mutual, coupling with the active antenna element 206. In the
cast of FIGC G ol pabSUgahtshrelohents s6sa Aid YoRa%he
conneptedderthe gioundiplaine B3Divia résiictivahihductare élemeinsidd0.as
At the same,time in‘@ae

ample,of FIG. 3A, other passive antenna
L e RGOl o f1e SIS SN the
planea830 via respestive cdpanitive @ehrntsi 826u{0056]) Fhewhpagitiveth

coupling gffeqtyely, shartens éﬁ%ﬂ%ﬁ%‘."ié‘gt.e””fne'%ﬂ‘§”§a%% of FIG.

represented by the shorter representative dashed line 310. Capacitively
couphng B o thpadsive ateheante 32bastfentivel? Obakesnthe@ibectives

antenng,anay 2008 arnamgl: slifggtional antepwia. J:should pe updegstood

that alternative coupling techniques may also be used between the

passivéuHténita elerens 2082thd thetgrbtisd Siae B3Desuckas Belay

lines andlympse impedanges, for example. (90341, WmpiRg A0 F1G1 2ndih e s

overhead view of the access point 110b generating an omni-directional
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 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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antenna pattern 905 and a directional antenna pattern 910 through use of

the directive antenna array 200a or 200b is provided. The access point

110b communicates with multiple stations 120a-120d. Since access

points 110 are usually remotely installed without nearby 15 obstructions

or nfdig taflettors (e.4. fhigh oo awal eorteeiling) ethe seléctivn gfthe wall

prefgired apignng paftamn diceelian;is ikgly najigo#}%@eqmeantenna

throughout the connection with a given remote station 120. [0058] The
illuskatdeeaeeeds A irDbimay rakey use of acdirttibRalci®BaRa 200a

for doyynlinkidate frames yransmitieq, (9.4 sglegted: iemotesiaton 120G 5 on

For most broadcast and control frames, the access point may use the
omri&frectional antenna pattern 905 and the lowest available data rate to

ensyigotbay all rempte stations A20ugceivedbemp g directignalagnigana
200a may not increase the coverage area of the network 100, but may

incré&&e e Gatd rafFiot Rt FRIMERE8nH40 Pe ot uaidRk 196 ta
Thefnereased rdownlinkdete tscusefdldlecarse the-majerity whtieal@oc.
transferred over the network 100 appears on the downlink (e.g., web k
pagh HccB8sS Tilk hARERIST GHE oG 1th USEEitehed $patigFess point
divetsity when the: agerss ot d40bris lequiredrindegrive #xrthes®®nand
mode. The potential ad link margin of 5 dB,_ accommodates
throBb o G HE g 1 30054 Tof SANHIE Yo S0l A arfdd
sentfomttbe seigciec sebifie statwihvE Ocierthe aChessipaiatiitGnal
during. contentigngeriods (f) are received ging the gz direetiong) ¢
antenna peﬁiaern since arYy remote station

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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may have transmitted the frame. For large frames, the network
configuration may require 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
direBidrid! fnodelilificicaseame watd ratermniens wlinkhFhidasa rate

somewhat depgndanian thedatagate, sglection algorithm dmplemented.at

the remote station 120c. [0060] In downlink transmissions, the access
poirthffbb may decide to transmit small packets during contention

peripds geing the omridirectignakinatiosn iawh a lawerngatafates Jhepoint
reasan for this is that a remote station on the "other” side of the coverage

area (2BcMaY r&lfiGt Station 1oBRF LY mithbar RAFEEdessIpoitd

transplission from thedirattional anrfenna patie- 919 heinted awaysfrem@rn
it. Thisd's the familiar "hidden node",ProbIem where two remote stations

12045 nét hedfCdadti Sthet A end G trafiéhiftfing SEthe sSeind Snid dt 2
thiscase the tra terateostatines are: h2Gc’and d20e.£ Achethashiorampid area

this problem, es ecia% for large datg frames, is des ri?led below in
refe%ﬁlc%gto IGg.ean[ %6fﬁ%%ﬁe(%06nea)l aﬁiae%n%opat &S afc e 2ccess
access. ptint £20 san shusprdudehigher dataratessios ldammlkandattern

upligk gata f xehang ith.the remate stations 120, which is the.
bulk of thgon%%vrgc%rclg tra?f?c.ﬁe%or teéonigﬂ(l:%i\%tyl% n?gienta]gl)ﬁén jﬂE\kvlltlaﬂnrtheE:l“dd(:m
nonfipgiegail bpthkeomnheirectional aaerna of the laortesd POindd 100t hear

Thaé?cﬁh%%@ea%“%%l%% C@Qa%%%r?f- ‘%r%‘f"that(b,e&?‘ée%%ﬂ‘ém{%%

and maintain the connection without the use of the directional antenna

20080 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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[0062] A set of rules as provided in TABLE 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

curreht &riehfs Yirkefens serclisanTy ABTE E RgAddrratd Brafple 11
anteia-disgciondapsaliactonshasesbon flame spquenggs figat e wpir~
802.11 standard (TABLES 21 and 22 therein). In TABLE 1, "Dir"

indic&tes Chreeford R frdBates Uplink eheP BLesindrcatdd dodRfink P
TABLE 1 -fo@enplentenna Selection Rules Sequence Dir Antenna
Selection 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 determing WHEH t0 seldet AW oMnDirEoTbhaP Patfert BRdRH&Pto
select a diregtigral pattern. For example, the agcess rﬂomt 110 may seled
a directiopal pattern during time interyvals whenitgansmitting or receiving
to/from a jspgie-remote station{126x, [J0&AL A block diagram showing the
interfaceg of the access point 110 is shown in FIG. 4. The illustrated
access poink 10 includes varigupsulgystems and layessArrantensm
subsysteim 405 may include the diregtional antenna 200b and supporting
circuitry, {lrises @nd-spftare tb operaterthe diseetional anfenmac Thep
antenna subsystem 405 interfaices to the physical layer 410 and provides
RF spnaisi412 theretoo0065] dhe nhysicaklayendlO processes theRFules

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 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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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 Sftdifia Sleeriag brodessu0thoraenthd I eRitel tHelamehhang thawode
ompi{upde oxdirectipnal mode when required. [0066] The MAC layer 415
also sends data frames 429 to other processes (not shown). The

illustPed Iphysica faydhd16 MR fber 218 Andedtiennie sefingmes 423

proges42@ mayresideswithinaeondrRligr #00. The antennra steesing
process 420 ma% be stored within a _memory, for example, which ma%/

be,
a sBRUSAGAE mehiEry 818n eiffeddataheftbry AAiPE broERasSE $6F 119
exapilee $306i4 d heanterrd steefingHiracessc42(t Malntains400. The

"antenna table or database" or a "direcjon table or database" 42
AT B he TEESHGD igr T GaLaHer i 407 Taadts HUARg

anteren® sgansofr eaghngmeote stalioh 1zfyFbeexamplentheadicertiatemory

table 425 may store. 2 station | and.a conesponding antennadirection ,
(A, %chﬁr)for irectional ‘commuinications with thie femotd stations T26. -
Ond@ &7 hntenrighdirections i thetdieection table2ish@&0beerintains an

deter iged the antenna ste ( rocess 420 is,used to providﬁe
. ha t t 1
direclonal SHieaRs contral 497 (o the antona® subaystom 406, IFReS ©F
sigeed tepeladisehed@8rearents 4ucirecabove & predetarerined tirésheld

indigating thatihe highest data g9 GROde SUARNIIEAIA NG A Weoans of

directional mode, the antenna direction may at the
om#idifectionat®) siadel $006H Orhe foflowkgararagraphdedtibetion

varioysi e 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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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 technique uses a sequence of

probé Signald Exdhardd - BERTEEH he e ss Pt 11 0P ReT8mtte 9 - 1
stat@is $9 120sThe thirthleehsiDyealsesconirolnessagesit: gt sACK ahe
CTS) to mak si%ncal qualitgmea u,rementgcoft trr11e received antenna 110
direéctions at eaacc?ensgapowﬁﬁ%. PRE tird tecﬁn%ﬁg?ss %pBIlocla%ife i
botirHerward aidt eevenderdisedttorakinksi (G060 The fissttibcliniguard and
assumes that aurrent 802.1]1__.dq¥ices incorporate antenna switched

divécr%}ﬁ? *§can éo’%?r%?éﬁ& that fiture 802.11 devices, such as

SOZEMSBQ.IIQISO.QHHSI Will :addo S@mbmigwﬁplmwhwsitylémmstent
techug is applicable after.a semate station 120 has puthenticaled an.,

assoclated itself with a netwo IS assume at the Initial antenna
scatdgmtecomplisiedwithintthe MACHEWBAL |ayer eatbeels Witvgh as

direggonahar mybi-element Anfepng, 229a.fhe firgh igehinigue can make
use of the diversity protocol to keep the antenna position/ selection
updéi&g Jo0%0)- Refeiind A6 to FRchBi thedirstteehnibleafuhetionsas 2

followscthe Uugtaled acsgss RNt LR Arcludas-a CQRUOUI0U! ated

connected to the antenna subsystem 405'. The controller 600’ comprises
a physiedfayer-dL WREN T GivenHeckSs Bemiagnafidimtcdmirel initial

SIgRRIE AN aMAL layver{EiE M1 1R MALilBNEHWEHISS aeMmR cwork
selections into register A 605a' and register B 605b'. Register A 605a’
contdiner protocol. With a directional or multi-element

antenna 220a, the first technique can make use of the
diversity protocol to keep the antenna position/
selection updated.

[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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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
seléctiBh Tontro L AAhe - OBithR His CaeBhie divsrstyRERRESN Svitch

20 casdrod signahcausals Whetherdhe contentsobegistar A16@28' or
register B, 605b' are used. [0071] The selected antenna position is injtiall
chodd g the HEnduTk SCHEh IR RS GARIOr PotbEok TheLe 1Y
candidate: anttnnarpsition is ey otes antennaipesition(Rclsdiog ni on
omni-directio%al m&zg%). The.c o\|tidate acntennagositiﬁn IS chang;d, in
pre&’éigﬁﬁﬁloe ‘seque cg,aﬁge]r avaﬁiaaﬁla&ré?ﬁa badhfdteivadGrafte
not eeveiving apy packets fod acinedetermine cbtime-perioelc {00424 Aftecde ) .
suc sesflg%/nrgfgiv{%g a g@glﬁ(l%tatr%geo ﬁbt\ffi&gl layer 4%0' S&st received
signal quality “metrics (signal strengt

her
.

: S|gnal-t%)-ncg“|1§eIr1 o, matti-
path/equalizer mietads, sstg) fordsoth aftenneaa positibds e tHeeMAG: layeeen

During fhe-packet. regeption, the E@é&%iﬁyg@%@aﬁé@ﬂ%’ﬁa_%iatrdoa?s

now for 802.11; that Is, to switch between t enna positions and
to uB& eie besramernd positipa fopPacket reception. After valid packet

recepjipnly the phygicallayel A0y the. Signal guality metrigs fqr, the o,

antenna positions are sent to the MAC layer. The MAC layer updates

botiPihesdéladtetizarfténrfd Gospncknd greccaritaté Ghtenrialsdsition.

Theyselected antegna Posilivn,is replacadwith 1he besh pESIHgR baseduiti-

on the data received from the physical
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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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 technique may
inclU®OA4dware RedreyaremiFniviare tLor &dibinhfions tHekeychanbop4] the

Refeisingan oy - Fi® 10 aHowecharhof thee ahove deseribed metiodfon «

operating an access point 110 in a WLAN 100 based upon spatial

divetdif Wil Ge HiddsE88. BRrthe'®an BREkIFdo0} ihetmethggwill be

compiises €98uNUBeaitng with dhe ramote $iation 480 ) Ysing @ Guretd
angle of the directional antenna 220b at Block 1010. Scannin t,hrouqhzg

plurSRYRSE Qi SRR e S BF e HBn A S e AR 9206 4 +on
communigatingwith4he remetesstatiort A20 dlurisgtherpreambteisna 220b

perform ((j{at lqck,1020. Respective signals received via the current
P e ARt of SHETHALE b SR TG e PG il 20
are aleasured at Blogkd0©30f During dhie preainile) the carrent &2gie ofor
one of the Ry of afemote andles s seledted 2 Bladkl040.49.8 e
preférred angle based upon the measured signals for confinuing
conpmgricatiensiwitr e remetd statidhl 026 THEE hethdik apes tat Biock

105, [0 he s nigue.is based upon_the. tra ission by the
accesgsgg(%%;sr 1% %%%Qigséemgégéalé%sgtoct rer%%otaén %t%or%s?l Oé,}éér]ld the
recaption=of TFS orhessagesrdsmitted s résponsetby themetmotestation

statippg to,the,access pEINt. Tha 802. 11 signdasd alsq defines, anrghe. |

request/probe response exchange, which Is typically used by remote
statione 12opaidtegnineeher 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

22



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. 8, the access point 110 transmits
a probe request signal 805 in the omni_pattern and each of the potential

direEh6ndi PaeenS 136 3% AtQstifeblifie QRfER tGidity Bf thRSrobe

respnsesgnal8 khsant hack from 22 the remote station 110 while
operating.in the respective patterns. [0077] Measurements of these
restIb Hames B10° HERBSHSS Rioré PIRBIE GERAEE thERTHS 810
diversike seleiction teehirique Ueserikedcakovei dhis seconde lechiiduerisi ty
prefereibl emdplo%edﬁwtleast once immedi tekg after a remote station 120

S e

d
has associated with the sttes ep%‘fn]fjl B HBRRVEr, therd'ig a%%ﬁwoﬁ%\%t to
netwerkhefficieacy. sisimgeatietionky proiyel sggie sifprdlesrgsponse signals,

but these gxchanges may. be infrequent. [0078] Referfng now to FIG. 1,

a flowchart S%ﬁgga (I)F?/:eey deScribe %rl’rlclgthso[%afgrl %Ber]jél |ﬁgga%sa(:acse%gcp)%?ntéd
110viAaEhWLIAN 400 dasedeipoh pkdle sighalsawitithe tiseusséd Ponimpact
the starf, (Rlock 110Q), the meth r ect r te station

120 at Block 1110, tran%m%tltl?égo 3#?5% ro%g %%%%fé%gtr%é%gn%%i angle of

the Gfraticrial RREIha220lrsheseisvtddrernote shaion aBlbekgez0may

andﬁgegﬁw&g%géiﬁ%probe response signal received via the omni angle
from the selected remote station responding to the first probe signal at

BlodiP8¥83. [0078FA e&spadiveRécsnd Pidhe Signalds fHansrhiasd sf the
Blogh 1140 yia-eagh,ene RENeRUBIY operating an access point

110 in a WLAN 100 based upon probe signals will be
discussed. From the start (Block 1100), the method
comprises selecting a remote station 120 at Block 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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of directional angles of the directional antenna 220b to the selected
remote station 120, 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 at Block 1150. The

medSt88 lirst préb@ Fedpnsedighisr anl traaespasthe heastted

secgnd prakerespapse signals fiam e selecledaemate stationsk20 are7o
stored in an antenna database at Block 1160. 23 [0080] A preferred

dirdeBeFal dMgRE o iR "SASUEE femBRPEE BT 198 i€ SERTIRFaBgER 1S -
1176n based Upek ther measurath sRCORE YOS Lespanselsignas. The omni

measured first probe response signal from the omni angle is compared at
Blo6R #1850 i (RERTESEIES SoLOR pIBDrabhoheb T HOM o
prefesredn dirgatisingl angleod he figsiqrabe sigmal eomprsesarred
request-to-send (RTS) message, and_the first probe response signal .

o RES o QBRI RLENE (TS Indaigh. BhiRey: b Sdodidpbess @
signat gumprises -aeRI S(RESageasd dee secdnidhproberesponseoe

signal Scorp}psrtiesegia CTS message, 'I;;he om iGaarig_I%g“rSthe rggelr d
directional angle is%elected ot Bidck 1190° based upon?ﬁe comparing for
contingingemmGnicafiens wittthe sstectedirgmoteestalignd20cThprises

methodends, gLBlogk 1195 30811 The A ehiole SxRIas Begna
control frames used in normal data exc anges between he access point
110campbthesendie StaRionssE20x T his Beknigue imaydecusad iisoth

forward Apk commynicatiqng, agd Jeugrse Jiok comipynigatigng SIRGe fifgo
clear-to-send (CTS) and acknowledge (ACK) messages are sent at the
lowBpE&a rary) tHé1accssenpssidbl (fean gsaithigseing communications

with the selected remote station 120. The method ends
at Block 11985.

[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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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 method to
determine whether the currently selected direction 130 has maintained its
advant@elover thee ommi-adipdotipndlypdttern 996, THS achasagsis the
ypicaly; based upon aupredeteimined {reshold to prevent fredusnt
switcrﬁlng betveen two antenna paﬁgrns%avmg similar signal quality
metries.s243f0082] Fol exdmpte, @ufing site ETSmesgagas, tive
omalisctiandl pode v g used 1 seaivebis, messagede calgulale.
a first signal quality measurement. During the A ﬁ message, a test
antéhirze diréetiomaiayise used td recedecthisemebsaganes saftealdie a

secand signat guality measurement: Compptison gt the firstand second

signal quality measurements is performed and a determination is made
as toditistRaéchR tedt Ahenha BRecanishafepe stved Tatad ity

wheiber-hedirectianalyngde pravides mbighergain thamn emniwirestionale
mode. Comparisons may also be performed between two different

direkffortal 4hehR&Hirelhons 35083 Sarfld Fisdsiormaaaurethédifts

ands eprparisansmayhe qorducded dHdngia reversedink ddde provides
transmission, as shown in FIG. 5B. During the ACK message, the access

poirit TYBIREY cARTaE RASigRAM usity FidasaRémeRPaNd cofpaRg its ons

an erani- glirestignal eade Measuragaler other difettionahmoderectional
measurement. Comparisons may be conducted over several

conMGFREforERRf tHE B8lected remote station 110 before scanning a
diffqreoBantennatiitectieme 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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[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?§ tE"BhnPa&iEeidh aRd petbrRs an'ARfenhESeaFaY bSing GHe or
the fipy twe deshniques: descabed above.d0085]de sages wheld thenay
remote station 120é?oes into a power-save mode or has long idle periods

withPS TPE tARSHPS ThahicREE pofft 198 reverts back to 25 the omni
patteavs@lgction. ¥ lien iie temote statia GIR0 Necomes actjveragainctheve

access point 110 m erform apother antenna search. [0086] Referrin

o I FIES TP a 13, FESpBGue TTow CRaRS of & malhod Tor Spering.
an dé@esspointWL20Nin& OV baNekDQipasedupdrredntitt fragsesim forward
forwarg and1sversq nis il discussed. Fram fhe siart,(Black 1300),
the method comprises receiving in the torward Tink a first control frame via
a firéBamehna294tiern Withedirbotiordmptehma2 20bfedmihe rémotére

statign 120.gt Block 1210, and tansmiting afirst, dgta,framestadbe e enna

remote station at Block 1220, and receiving a second control frame via a
secBad batehmaf paherrdémpetdireetionardrteriin #8@thé yemotée remote

station,at;BInclk 383Q+A signak ayality of thesfinst conirol frame received:
via the first antenna pattern and a signal quality of the second control

frarfé trecéivalwid hetdeohtliHienid pRerh ate idaxsiffed %t OBlogkd
1240 Ihe yesppclive Measired signal aealifies asspciated watthefirstina
and second antenna patterns are compared at Block 1250. The second
wﬂ@ﬁﬁ?ﬁﬁﬁﬂﬁf the directional 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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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

recéivéd tofifhises a ERalfo-SéAd inddsade, aRd HilSeRHd Caitratt the

frange egeived £oMyKises an ackmewiedgenen nessage. Jher mathed
ends_at Block 1270. [0087] The method for(r_?gerating an access point 120

in atWPAK 190 Basdd GpSA EAtBFfraAmES FPRiE /BUBIE ink E6Mprisgs e

front ¢he starsBlackoh3C), rEoeting 3286 fissicoptekftamayia afirgtst

antenna pattern of the directional antenna 220b from the remote station
g6k 1 s

at 6fnf3raﬁslrﬁitt?ngsg %%%8n5%5ﬁ98|afr§rﬁ§ tEHE ¢ & station
at Bidoke 320y remnt reseiwingea firstmdatadraremuiaea seeanicbantetnBlock

pat f the, directional antenna from the remote station at Block_ 1330.
P =t A b hat MGG St et
patteerandecsignal  gbality of the frst dateeframé regeivedhdiastheisprahd

ant patterpare,me a C The re ti r

o e e R e SIS TR Shcona
conigHresza Bletk €350 aFife Beeond adtedha phaten fo? 4nsniiting a

second dafa frgme by, the,aceess point 11019 1hg Jemote station12Q,is

selected at Block 1360 if the measured signal quality associated with the
secbh@ &ritbhfa pateFroitedsithemeadundd sighal guality ausdtidedt

withgthedirsg amignnapatieubyng Rredatermined tueshald, The ffstn: tting

control frame received comprises a request-to-send message, and the
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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second control frame transmitted comprises a clear-to- send message.
The method ends at Block 1370. [0088] The fourth techniques 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 eSS the HKTReHE o Fickeh MSUAEt Hidder ASAEESEou When

not ak of e eemote statiensrkadbinethetnaiwerk 10® cantheatontrol
communications between the access point 110 and a selected remote

statr°T20 Sandf therefdfe, T0S’ st IhnGPR8aFddttrarSiit toheP iR 119
meditm idimeusel dihisednisesaadlisionss particularty alcthe radecessipvinthere

110. 27 [0089] When the access pojnt 110 Fas data for .transmission to a
remote spa?%r‘%rﬁjo? e (::Lc?r%%} S?%‘é%g’s' se sciﬁe%}é?en&%f an?%rg\%aaccess
direptiom bykstanning thedireftion tadbite 425 i E1G oh o Bt rminecifithere

are tial hidden notdes. Far example, the, access point 110 may look.
for S M R Sho SoH TR A e RIS ARC8tion.
antd@PlitectionR{0690]iRefetring teetheitiming didgranaof BIG. FAZH. the 1f

conrpl soifware determings fhat a.patgptiglfor hidden, npdes axists, the, X

access point 110 first transmits a CTS message to a known unused MA
addrdsiderimpiesonmiidifettiofltmage ©F theoadtehnd PR04 1 mis

progesssgrves to teliall gfdhe 5@@%8@“&%&%&@&9@@%@kﬁ!ﬁ%&@@s

exchange is to occur and not to transmit until the exchange is finished.
The'&ddesst pEinPTRa e s\Witchuyth thedelcefed hftehf b camscttior

the iHended seragle Slglion 420 and. eammunicationg Procaed: ANORRT; ons

approach to preventing the hidden node problem is to perform a four-way

fram&@? 1n 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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exchange protocol (RTS, CTS, data and ACK) with a desired remote
station 120. [0091] 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

POt PEF ahtehinalsetMe%Ré Proget dirkttibhak rdquiRiRF fRethdricause

protacel, tBadES smessaga sande addressaed torthesiterdechkeceiviie
resulting in a CTS message back to the access point 110 as an

ackhTRteFgehant 38 sheWnif Rie2 B¢ (36057 ottt &6 tHE Prédess™®
desectibeddrdefarence tp ks ok efficiencieis impsonesksinee thepREF i ed
messz{ge is not transmitted bg the a %ess aint 110 28 since the CTS

meSSANE 1S Alffhat fhecess Pf/etg catie ‘G ehictE Stations 120 to halt
traniedigsipns. The fremaiestaiion k20 iRdEatddiin the iDsectien of flrer

standard 802.11 protocal header ensurgs.the specifi gf]r e.statio
A o R R icahow o 1T, [P arEror "

receives a frame. erring now r
opératidganrantess porya20 ima WLAN 130 Hased:gped -hidderrnotée

recagaifion VY be,discyeged. From e siat (Ripgk 1400). themethad o

comprises creating an antenna database by associating between the
accers epoiat 120 ahd eachyemoie statibhriQOke fospeitivd eneastred

Sigjib@ﬂ‘r@”iﬁ‘é”é?&?%@!'f}g tpdhe plurality: 9Lanteaga paltems.atBlock

1410. The respective measured signal qualities are determined by the
acdea3a spaintl1 50 pasdd upan Ebhmadicarne WM 8atk réheted Sitibhity

12Q, o pachgmole siation 120 apreigrred 1@tenna patleuphasety e
upon the antenna database is determined at Block 1420, and a remote
stafiGf8HdeRe 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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corresponding preferred antenna pattern to communicate with are
selected at Block 1430. Based upon the antenna database and prior to
communicating with the selected remote station, it is determined at Block
1440 if any non-selected remote stations have the potential of not bein
awa & Wt s ddP cGhfunic R R AT SotdUrt. TRE igB8iMRied
compsting thedweasuwrd ssipRalaualibtassogiated with-the prefefresit an
antenna pattern for the selected remote station with the respective si%nal
quaﬁﬁé&ﬁ%&?&%d%ﬁ%‘éﬁ?&rﬁ RtedlES FtAbte St GRE WRBR LisHY-ffia"2
samexpretenied canteana patier. {3084 dhithetes.a poteatialior adudden
node, then a message is brpadcast at BJock 1450 indicating that the
ccRE B 1905 AnE e ForREte 55 SIS g G CF the
conmmuaitateswith oresariRifer. A3 Lheted=abiove ithis broaucastvanay Hesime

the form.of an unsolicited clear-to-s message via,t ni.antenn
e e R T e A ] i opmea
does ¥ioh cohrespend o ady véthet eerabtetstatiodS QZ@.OAntmaa_Wéiy,téle
fourmway frame, exchangs protocql(RTR, Gl daia and AGKLISy 1460.

performed with the selected remote station 120 to prevent the hidden
nodé€GR8BEm. THE inkthddénds avBlotkdaeda 0088 "Whie thisularly

invention.has.been particylagly, shown apd descibed with references to

preferred embodiments thereof, it will be understood by those skilled in

the efttRdLT@IoUs EheiRalin forn Had lddgils g rrdeiefdipse
withou departing frefo the rsopeofihe inygntion engampassed by, the, 4

appended claims. For instance, the access point is not limited to the

|EERSHEL 1 STEtarE. THEEniehRBEMIGorthfort 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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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. 30 THAT WHICH IS
CLAIMED IS: 1. A method for operating an access point_in a wireless
local area network (WLAWe%’EE‘éEs Ip%ir‘ﬁlﬂﬁg%iﬁ& a directional
antenna for communicating with a plurality of remote stations, the
directional antenna including an omni angle and a plurality of directional,

angles, the methdd comPri&ingS8ledfiy SRESAETRNGte Xe&tHS st
the iplurality;afaeenie statiohsatransmitingoa kirstiprobie signabviadbess
omni angle of the directional antenna to the selected ren%ote station;

meddUting &P probe fespofisd SighaP Paceidth il the ofiini angle from

the seleniadiremategstatioh respahding] totthe difstypobe signadticns, the
trangrﬂictggg ao%zas?e%ti\gce %enconfl c:r?b ls!i?gnagL ﬁ/i% eggh ogelof t%% Blugality

of diréctionar angles ot “the directional anténna to the selected remote

statiphy meelastying & sEcondtprobe tesponse sigridiereveiledd/izensirising:

drectional angle g he selealed el SondesPandng e on che

respective second probe si ; and storing in an antenna database the
medsiivad firstyproberespdissessighalarethe respective measured

second probe resppgse sigrpls.fiom the seleciadiomale,3atioga2 Ane

method according to Claim 1 further comprising:
omni angle of the directional 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 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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selecting a preferred directional angle for 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 anglec@mfaméthgd tFreordiag tor€ldirh 2cfkirther ckomprsipgnse

selectiga he oy angle qrihe areleried, diceotanel angle.hasecunan, o

the comparing for continuing communications with the selected remote
stativrelac Anfétherissccotding to Giam 3ihepainfterm@éfsiiapctional
diregtignal angle is selected if the measured signal associated therewith
exceeds the measured signal associated with the omni angle by a
predetermined threshold. 5. A method according to Claim 1 further

comprising: selecying a pexidemote giation oy the, Riurglity of rempig e -
stations; repeating the transmitting of the first and second probe signals

to tRETHBR StIeded Féfmiote "Fatidi aftthe ATEBSEIAY of tfe Rist ARgred

secang roheragpensslsigpalssaceivec fremsthedigxs selegted, remote
station; storing in the antenna database the measured_ first probe

respoHSe SigHA AR TR FaLhe MedirBd to&eortt iobe TeSFaee®

signats: fropnthe next selected remote station; and repeating the
selecting, the transmitting and the storing for each of the remaining
remote stations

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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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 the second probe response signal comprises a CTS

message. 7. A method aecording fo Claim, L Wherein 1REsNRASUAE rein

comprises determining at least one of a received signal strength
indiE&fon. BrErrie R nteifefeic Q@B LarF BAeRyysarasiB iatiocarikad

signgktar-nojsesatige8 . Methad accarding 1o (clajm Jowheeein ;3glegtion
of the omni angle and scanning through the Iﬁlurallty of directional angles
are pRHBINES 2t the Hiddia R tass EorlrdITMASSapeeof thehckBggein

pointh8. A &rethad geserding ihGlaichFthee Comprisirg HpdatRg: theng
antenna database for the selected remote station if there is no
contiEnREHHY HRRAEEN HFSREDRER poithtl theTedted rémbte”
statigssfes g«ertain 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 ffam tha setedted reraoter atatign £33 ADaAmmeth@derein

ding to Claim 1 wherein . th int i ting based t
least e "GP &1 TEEE G07"PF Sy atd ANIEEE 602 16 Sndhd. Tt 2

A methed secbrdingrieClaimdrwhéreimdication, 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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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 controller connected to
said directional ahfennaiforebhirdl ereresafddaid controflerisefectng vRen

of the, ceratestations rem;the pluraliy; of yepote, _c?t%‘g:%}% fransmilting g
first probe signal via the omni angle of said directional antenna to the

selétted Ferh8teistfich, headiniiipd drstpfolseircEpbhsé Usighdl rekarearad-

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 pluralityof difect®haranGies o daaditeetiona* Enteifaab RS

selegted rareterstation, Reasig a saeendRbeIespaRe SigNalct ive
received via each directional an%le from the selected remote station

resportdiig toRE réspetive SeEdn @ réibSdra, SAE™$A 5fring in an

antenna database the measured first probe response signal and the

respective measured second probe response signals from the selected
ERR decbRin B ]

remote station. 13°An &tte? f)%ﬁﬁa% oktin crhifl' 1 whéfei %gfadl
direstienalrantennskcOMpASes atleast eneg :

a directional antenna comprising an omni
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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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) layer, and wherein selection of the

omni angle and scanning through the plurality of directional angles are
performed at the MAC layer. 15t Aniacgess paint actemirzyg tteClimk? the
wherein said con}[rlglgeg Jggge?&!ggs arggjeée@e@ds dgrrgggon@ angle g%r O{h%he
selected remote station based upon fhie measured secon p%’be

response signalsyase scompyaresthe nisasussd-first probebresperpense

signal from  the o ahgle WiR i Measyied seconifobe resaqnss, .

signal from the preferred directional angle. 16. An access point according
to Claim 15 wherein said controller selects the omni angle or the

preferred directional anglg based ypopihe compagng ;fog coptiruingn 12

communications with the selected remote station. 17. An'access point
acCBRrARG 1 Crantl 6l iissibirine lorafdr Rt dir kBRAL &gl 48 sdlgafel one

if the-measueatrignal agseciated therewith exeeeds e3> meagurad; .
signal associated with the omni angle by a predetermined threshold. 18.
An access point according to Claim,12 wherein said controller further

performs the followang: salegting angxd 1emote-station frgm thecnldrahityl 2
of remote stations; repeating the transmitting of the first and second

proBB Sl RS rieXt Sefettstlrer iR  dtifisn Zaktl M fRasdingsr and
the dirsteaniceseconds probenresponsgaignalsa geeiyed dmy Hieraex
Sa%%ﬁgction 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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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
remotastatiors sfiigmadhe phsalty of eemeie:-statibes. dith Ansacckessippirt
acc rldérggatcoegnajm %OZS %hreé%i}rll Otljg ]‘irst prc_)be signal comprises a
request-to- Send ﬂ'\? ) message and the first probe response signal
comprises a clear-to-send (CTS) message; and wherein the second

probe signal compgses an RIS messade apd e Seeppd Rrabe response

signal comprises a CTS message. 20. An access point according to ‘
Claivf ¢2ewhe fid dafduvhtollécupdates s apenhadatatidse forithewing:

selected remote station.i there is po commyunicatians, with the- selected.

remote station for a certain period of time, the updating comprising 36
rep&atitiefthetharshiipigoiehes fisst Bpssecond probe signals to the

selected remote station, @ndfhe nweasyrneh ot ihefiystand gecand-proben g
response signals received from the selected remote station. 37

ANTEQRRISPERRENBLEIORIAN e EES S PEINTSBASEBFUPBIRP PROBE
SIGHNALS bbstrasiofihe Disciesure fymethad tor operating-an aecessd

point in a wireless local area network (WLAN) is provided. The access

poirﬁ’fﬁaﬁd§§§%‘?rré§ﬁoﬁa]1‘%fﬁf‘érﬁwarﬁ?edﬁ’rﬁ uﬁﬁ%ﬂnﬁ‘@ﬁtﬁ’fﬁﬁxréﬁ}%@@d
rempégnstedions adiithn ; '

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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the directional antenna includes an 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
remoterstatiamanthmeasamnsga ficstprobd rebporfser signahrdceiednda
the 8@85@”%‘? fom éh% Selected rer % %{atrogn {r)ecsgongan&to the flrs fhe
probe signal. A respective second probe signal is fransmitted via 6ac
one®f #faplindity 6f dieclionatanylet siethemtireptioksl artemwntocthe
selegtedyemote station. anda,5econd nobe Lesnense, signaleceived 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.
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