WO 2004/ 114460 PCT/ US2004/ 019604 ANTENNA STEERI NG FOR
AN ACCESS PO NT BASED UPON PROBE SIGNALS Field of the
wo pwenid46m [ 0001] The present invention rel at eBCT/0S100€019604

field of wreless |ocal area networks, and in
particular, to an antenna steering algorithmfor an
access point operating wwthin a wreless |ocal area
net wor k. Background of the Invention [0002] Various
standards allow renote stations, such as portable
conmputers, to be noved within a wireless I|ocal area
network (WLAN) and connect via radio frequency (RF)
transm ssions to an access point (AP) that is
connected to a wired network. The wired network is
often referred to as a distribution system The
vari ous standards include the | EEE 802. 11 standard
and its corresponding letter revisions thereof, such
as 802.11b and 802.11g, for exanple. [0003] A
physical |ayer in the renpte stations and in the
access point pr SNREH FTHERENC (FOR M LGRS by

whi ch the stati oRSIBRIBRAREP UECYs PBOPEt SEGHALRI cat e.

Above the physical layer is a nedia access contro

(MAC) layer that prouides serylces,, such as

aut henti cati on, deau#heﬁi%eaffﬁﬁr—ﬁffvaeyT associ ati on
andiabeEissocimid e fart exanphiel oMO 20044 14460he field of
PCT/ US2004/ 019604 [0004] In operation, when a renote

st A GH TTELTH- 3457, Ne-EoRfect #3% 13 PeFsicular, to an
est i VYRR Physi y [

sté??%%ﬁgﬁgﬁ%%% accé%gﬁﬁ%int.:ﬁ%ﬁeé§%§§?%§gr%g%%% t hen
commeztatMypivcallyy & oritdlkeess ehotel staed onstendkt he
access point, the physical layer RF signals are
transmtted and received using nonopole antennas.

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 the IEEE 802.11 standard
and its corresponding letter revisions thereof, such as
802.11b and 802.11g, for example.

[0003] A physical layer in the remote stations and
in the access point provides low level transmissions by
which the stations and the access point communicate.
Above the physical layer is a media access control

(MAC) layer that provides services, such as
authentication, deauthentication, privacy, association

and disassociation, for example.



[ 0005] A nonopol e antenna radiates in all directions,

generally in a horizontal plane for a vertically
woriogniado el enent. Monopol e antennas are  suscREI/UB1084/019604

to effects that degrade the quality of comrunication

between the renote station and the access point, such

as reflection or diffraction of radio wave signals

caus i nterveni ng abj ects I nterveni ng objects
i nclfpg)é}%al |'s, T IR F greTdhpt e t Lo ggues on-

obj aeGire Crae%cﬁqﬂﬂ-&ﬂlo'rpaitshafl&oiﬂ"aésﬁﬁlsﬁ{é&%etvg@&ﬁ Nghe
Rayl ei gh fading, and so forth. As a result, efforts

hav@l”b@@{?arﬂacﬂ@}{@ﬂﬂlm (Fdtee sgiggmiain dﬁgi dtht | orce sRUBENT -
fects [ O] e. techni que, for

count er aénfl ng %%rs glg(rsca %lcooﬁmo F gj;}ﬁ)na?all %orus%he

t wo ramtcerasc 410l oy addle il \wricd 4y .poliher t whantiepsiasal

are coupled to an_ antenna diversity switch in one or

bot Ha3fCh e rEhfited S St5& it SiHd 197k 2R SRCHBTFH . U

thegioh NN d Usifihs two antennas for antenna
diversity is that, at any given tine, at-I|least one of

t he [BR0HInas % ndrkglgle raelt@'mimgreaiisi’fg&falin tmtlis not

o Bt A4 et & A pang ok @

I ematea tSitcd 1 10N i AGGRE S 1RAIdHL . Sel®ESoM ardtf¥hnas are
antenna diversity switch for transmtting/receiving

si gPAIsceNiihdie L Tadiar &£had dagyadey Heqyality of
address, Ihe degladatd o of RF slanal 5,2 W0, 20044 1%ﬁle‘“%)ccess

PCT/ USZOO4/ 019604 between the renpbte stations
accessirgni rfudn s ne el adsiorn @naldzafiﬁetaacrieiwmrdcﬁ radio wave

Sunmmar f the inventi,o e[0007] In VJe t

For Gaug DAERTBLTY, S OBPORS G AT Br esdiervening

I NVeIHiicit d Siddl dd@AME s ,CRIEBKYE Gald Afsoded Weedl adkkample.

aCC%%ZggnggjégELré¥ggéé multi-path, normal statistical
fading, Rayleigh fading, and so forth. As a result,
efforts have been made to mitigate signal degradation
caused by these effects.
[0006] One technique for counteracting the
degradation of RF signals is to use two antennas to
provide diversity. The two antennas are coupled to an
antenna diversity switch in one or both of the remote
stations and the access point. The theory behind using
two antennas for antenna diversity is that, at any
given time, at 'least one of the antennas 1s likely
receiving a signal that is not suffering from the
effects of multi-path. Consequently, this antenna is
the antenna that the remote station or access point
selects via the antenna diversity switch for

transmitting/receiving signals. Nonetheless, there is

still a need to address the degradation of RF signals
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stations wwthin a wireless | ocal area network. [0008]
An i nprovenent over sinple diversity is provided

w0 booauglac@n ant enna steering process for accesBCT/PS1004/619604
(i.e., wireless gateways) used in wireless |local area
networks. Directional antennas inprove the throughput
of the network, and increase the range between the
access point and the renote stations (i.e., wreless
uséretdmarced)e embrecctionabnandednan piovédespoant in a
hiqper signal -to-noise ratio than an omi-directiona
ant érﬁwealef% ?Pnos%a%caas%%sf BRULHF 1 owi ng the 1ink to
operate at higher data rates. [0009] The antenna
steering process may be resident in the nedia access
control (MAC) | ayeSuEmauyk off che Imnrgniomnd sel ects
a pr r ' L O based
s B S s
| aydr’ eaupore r eded preperst gharsntf fam 1 heto eimpecve
stations., According to the principles of th

010
pr 6S8HEHH Fiome ?rhga’br%%(éefs%gsp%% ggd remote
regitsuaddOngi trat hentd catd o8 DEcsubsegaenttfata.
exchanges between the access point and a selected
renktQO&YL at i dil Hprerenel OvWR¥ eziphe f @k vehalsyedfed
ac nod nt | S ] .
s e S ST
acgesisitpoi fit. apkesi tdissdegatavaps ) onsed The ateedsss local
poi nt ant enna .contr o) softmarf/firnmare

may 3 WO

OGS AHR0" PO USIO0HT O1H80AL B P dBtBBaYe FRa:
I nadridasgihe: iglenind ynofwdhe, &€a01€cséattopnandahhe
antenna direction associated wth that station for.
acRISWaRy opts mrrebimRei et dohsthperenphansbationsl)i.e.,
H.arvsjivﬂ,rleeggiytfst@r %@P&lgg) t 0 ﬁpc?{fl%gt%ﬁgl éﬂggﬁﬁgt provides
di versity selection circuitry in fypica

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

antenna in most cases, thus allowing the link to
operate at higher data rates. |

[0009] The antenna steering process may be resident
in the media access control (MAC) layer of the access
point, and selects a best or preferred directional
antenna pattern based on signal guality metrics
available from the physical layer upon receiving
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 point and a selected remote station, a preferred
direction for the steered access point antenna is
determined. In one embodiment, software or firmware
operating at the access point makes this determination.

The access point antenna control software/firmware may
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802. 11 equi pnent for selecting the preferred
di rectional antenna angle. The access point may use
wak@adld4eg to cause the renpte stations to traPSIVIIB2084/019604

probe response signal, wherein the access point

nmeasures the signal quality of the probe response

signal. The access point nmay conpare netrics
corresponding to signals received fromthe renote

st &tuidis a mlad adhiarsec ttherial iramtetem tiode dgdiinst gfetirhies
corres ondln to si l.s received from.t.he renote,

st a0 SR e AP st 1 it G e 1o

newy it Etl]hréﬁ sear ishoddd berperdioigrest ifud homesessations
p0|nt determ nes that hidden nodes are present, it nay

CEMsréteect i on nmechani sm usi ng request-to-

thgﬂggfg?a ;?%n §%R$§$;I§anp e§%%%g%f?§¥ﬁﬁgtene its
ofJaugnﬂnﬁlmgvmhflagceeiqmﬂﬂgy omnduxﬁfyrrﬁﬁfypmdal

ro
angﬁ } a{%?%E%F%RS&EFig%§%%ﬁ&Q%J£hﬁ!ﬁé%feﬁQ?%upport
NOIE SN e elaver; Af{qlé N st ReeNVHIONEIMS use

the signal level received at the renote station can

be Sigmedvied e W@\Hsﬁg thve s Poithons r@wsﬁﬁanwmga
d t th
o TR A SRS MR R SRS s o

gainte aadmvary age, Sfl(Z_IﬁhEéX&IfﬂEUﬂ,t}O\CeT ttmae probe response

onnL-directl naI antenna typically de oned w th an
2cCESHA0i i NSTREGETS SRSt SHhACTRARS T 1oV t he 4

WO 2004/ SRR, PEH lé%%@%&%véd i HEtREN-dhis:

access point and the renpte station to operate at
hi ghtert igatsa imateeslinssPelcival | \ardtentive deragdigngt gietrics

N e S
opeyaddi@h mitrh drhenrertie-sdtatdradls . mode to determine if a
new antenna scan should be performed. If the access
point determines that hidden nodes are present, it may

invoke a protection mechanism using regquest-to-
send/clear-to-send (RTS/CTS) messaging as defined in
the 802.11 standard, 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
to support more users in the network. 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
omni-directional antenna typically deployed with an

access point. The increased signal level allows the
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[0013] More particularly, the present invention is
directed to a nethod for operating an access point in

W@ 200MiAMeo Wi t h t he access point conprising a PCT/US2004/019604
directional antenna for conmunicating with a
plurality of renote stations. The directional antenna
conprises an ommi  angle and a plurality of
di rectional angles. The nethod conprises selecting
ond iafk tdeewettithstaddayss pdiramdhe yHairadmdye dtation to

renot e statlons transmtting a flrstégtfbe s“gg?
vi #RIFE Gt dHghe ordatie TahiTectd TRl plerer

SehRGILG F QI &SI RN MY MRAS WA L@ dd SladiObes

response signal received via the omi angle fromthe
sel%@dﬂ%@@@%tm%mesmmmgth&) adeedd rseipt dbe
nal 3%0014 The netﬂ&? further L0 rlses
ve

tr n§ﬁQ:t %f Hedhdt 1%ecéﬁ%f)pro e S|gna1 Vi a

espec

eacjoousy of there Qiéﬂ@dd]}eﬂfy,dltﬂ@é:tpl@é@én@@h@énﬁon is
the directional antenna to the selected renote
st ﬁﬁwt%ot%@asf%ﬁ*’q}r@ af%l”e&i?ﬁif J&tﬁé%résia%’%%s s@% in a

reggimMed id, eagh acdae,r g to tﬂﬁa}%ﬁéf&gg %E&é@f&&é’l

renot e 'station respo espective second
pr@maenQﬁuﬂor'Hmmmummﬁanxngfthh Pprobera ksponse remote

d th t d d be
;e DRI oS PR e SRS et Srar o A
st Qfrefl d mrad At e 1 tatabaser:e 119045 1 Theg es hodrmay

further conprise selecting a preferred directiona
andlei ot e syt s@note one £F oW%a%@ﬂO%o%t%%ons

me d 2004/ Onitt
C%gg &iﬁe%%a%? nal s, andssc%gr%parl%g ae nelasulrré .

f|rﬁmrqnwﬁmbbeesppnsbx&wgmﬁefwmmntimglﬂnmfah@¢e mﬁth

t he,_nmeasured . second probe resg Qse signal fromt

pr éFerTed- O T it Ghgie s 5%%60%%%0“' and

prefefdi@ding a first probe response signal received via
the omni angle from the selected remote station
responding to the first probe signal.
[0014] The method further comprises transmitting a
respective second probe signal via each one of the
plurality of directional angles of the directional
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
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directional angle may be selected based upon the
conparing for continuing comunications with the
wa@edogai«do renot e station. The preferred directPONaERE2004/019604
angl e may be selected if the neasured signal
associ ated - therewith exceeds the nmeasured signal
associated with the ommi angle by a predeterm ned
threshol d. [0016] The nethod may further conprise
selsgt@hbugt, ata_n@e&bmp@mitr@ shat mer sfurem the gl wrralkbe y of
renote stations, repeating the transmt.ting.of th
fi FSEPRRES SACBRE Errg’&ib té)iegﬁ&lnsl 5 Re b W Sred
r efé%fcgmdgﬁ%*b%n r A e STRAZU |fri9>npft}ieh$>1fé'ﬂe&_{réiﬂd

secon ) obe response signals received fromthe next
seldacteet i onertpeaditcat | ghe Tmeingasthe P ithg proberred

response . signal and _the.res ti.\ cand

pr %éecgésoﬁ’@ﬂsénsﬁgeng}ag fbreomspet%‘r%edtr?gjxt se eggéczf?r enot e

St AR ridf frorRmthtimdiie anrenna cetiaesevitiheche

selecting, the transmtting and the storing are .,

Egﬁﬁé@?;dorr%? ortatdqm o er{"ﬁ}enimigefree?ﬁﬁ% %t%??%ln%l?al
ISt ré%’é’e i Lo d S& i

r equeq]sjte- t (;%_-Jsged S(%I’S nogsl?ggéehi%e t he fc? fflt@?)?lobaessouated

r espenseyitilgreadcarmis conpricssurad esrgnal sepp¢iergyd with

message. Simlarly, the secand prob y
corptd S&%Hn @é%é%aagep%encge rél?ls%%%n%{%ér]%%%@ésponse
Si gRj1dRY COMY inge oL h essageer [E@Rid)idheselecting a
measuri ng may conprise determ ning at ,cheas% one of a
Yy ©O

r eqehited Wil sE eyt e omdikatk Brea b remote

carrier-to-i (o ; Yspe i 4 [
L R
VO 20605 d 1480 RCTShISPH 0dd 0196 0de x ane ke aheld stahak fig

i oueh e PLorall oL, ecthorel - o0gl osp ey, b

th%nﬁﬁ993§e§56ﬁ§e signals received from the next selected
remote station. The measured first probe response
signal and the respective measured second probe
response signals from the next selected remote station
are stored in the antenna database. The selecting, the
transmitting and the storing are repeated for each of
the remaining remote stations. ~
[0017] The first probe signal may comprise a
request—-to-send (RTS) 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
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[0019] The nethod may further conprise updating the
antenna database for the selected renpte station if
WO b@ra14460 Nno conmuni cat i ons between t he accessPEDURL004/019604

and the selected renpte station for a certain period

of time. The updating may conprise repeating the

transmtting of the first and second probe signals to

the selected renote station, and the neasuring of the

I Ih é&t;l.@ndnageeﬁdnﬁlhnghm&@@niaes ipdradas irtec eifv etf feagrmonal
e selected renote station 20 he access 0| nt
nayRee c§pBRAt PRgPEELEFMGTo [t%L? F‘%?él%aS@fcffsst A

or hhe,! §§§e§0%f1§h§t %qu@'s@ polie di rectional antenna

may conprl | east one actlve el enent and a
pl umnszﬂy of Thassietdodl ewentislr thaTotdesP Hejfe dPHF L e the

pr %51% | nvemé;b%%’cltl odl e esdeltecte%p AGEESS PNy i

co naI antenna conpri sing an omi

an%'h%x@“(isan@ Woatmiuinyt. caft idir'se ¢id taveadn t&r&gla&s:em@mint and
controller connected to the directional . antenna f

coﬁ‘{heolsetlh?étw reffmﬂ]StW%rﬁ%la} &SR H RO o‘?f
@Ot & S tu% s, LY (gl idpeofidenie

statlons transmts a f| rst probe signal via the omni
angi@rm‘mﬂrthmgj|qﬁmhmr1‘alr$;ntMaS€tC€DItdwéﬂs<é¢%cﬁwlalS to

rempt e station res a fit ro n

si gl &SGR Iiﬁ e't hse ao T ’angrf I}égm%{ Pﬁ% ?E Fhe
r efmt&tstaa{d QIR R grd Spdiiee fd igia s abecsi gaal from
The controller further transmts a respective second
pr diee sﬁ%jlrﬁﬂte\ﬂ Fenadch oIt he plurality of

dir hal %?ﬁl et s d N1t ML) | habp &Rl enng EQsé@eupon

sel renpte station, neasures a second pr obe
r esmwsu&:m At . Teceiaethvd 207 WG 2IJH5E|E 1&(212161)6 standard.
PCT/ US2004/ 01960 ch directional g { %

AT it

sel B8 & oL R NG JEROnTT AT 19T the TespectTve
second; i abersd Bnaing 3éfldplurallty of passive elements.

Another aspect of the present invention is directed to
an access point comprising a directional antenna
comprising an omni angle and a plurality of directional
angles, and a controller connected to the directional
antenna for control thereof.

[0021] The controller selects one of the remote
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
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storing in an antenna database the neasured first

probe response signal and the respective neasured
wa@eaandsepr obe response signals fromthe sel ecP@mUsS2004/019604

renote station. Brief Description of the Draw ngs

[0022] The foregoing and ot her objects, features and

advant ages of the invention will be apparent fromthe

followi ng nore particul ar description of preferred

enbedchediseofitheli aughei dnpmashil kestratead remotrthe station

accgnpanyi,ng drawi ngs. The draw ngs are not )

nec%ngg?¥giggo£82%£%,rﬁf?ﬁCgﬁﬁﬁa§%§0Pﬁ39é8§ebéﬂﬁ§al' and

pl agedrongi hhushr aht 88nbh8aPEbASEPLRS REaLN®ed first probe

invention. [0023] FIG 1A is a schematic diagramof a

wi r 6FeReNSpogarnat eanAetier keEMEAR) venpleyiimgdt Becond

prineiple e t -l.nvention; -[0024] FlI 1B

e DR eraf et e AR e 2ROHCBhEc a6 PhE Y AopREeu AN

of &Ft&idA.performng an antenna scan; [0025] FIG 2A

is a view of an access point of FIG 1A having an

external directive antenna array; [0026] FIG 2B is a

view of the aceegerPobllr@lbthilks oé%ﬂ@wﬂéﬂwi}%

directive antenna array Incorporated rmam 1 rna

PCM?P®22hr d; Too27¢regaGingrand athitewobfethe, difeettires and

ant y_of G _2A.10028 IG 3Bis a

sch%ﬁg€?Eg@%§g?gn$o% 5n§%PF%ﬂn ﬁ£%§ b5 sBPacenh frgpethe

of ol howenganetenentt dfulle ddseechtyvenaptepparetred

FIG_ 3A;.8 W 2004/114460 PCT/ US2004/019604 [0029]

FI MROFEMeNEE ook Hiagtareotian, ageedslpsinntedst in| the

| A £opbayang: Sydey Sl oips | ayRE Saalf: A0s0LENABY

steering process according to the principles of the
necessarily to scale, with emphasis instead being

placed on illustrating the principles of the invention.
[0023] FIG. 1A is a schematic diagram of a wireless
local area network (WLAN) employing the principles of
the present invention;

[0024] FIG. 1B is a schematic diagram of an access
point in the WLAN of FIG. 1A performing an antenna
scan;

[0025] FIG. 2A is a view of an access point of FIG.
1A having an external directive antenna array;

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

[0027] FIG. 3A 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;



present invention; [0030] FIG 5A is a signal diagram

optionally used by the antenna steering process of
Wob€4/144460 0031] FIG 5B is an alternative si gnedT/US2004/019604

di agram optionally used by the antenna steering

process of FIG 4; [0032] FIG 6 is an,alternative

bl ock diagramof FIG 4 in which antenna diversity

circuits are enployed; [0033] FIG 7 is a signal

di A eRB US| NgFEG hi ddedn a node-it etiug tare optionattysuspoint

y the antenna steering process of FIG 4; ‘Ii 034]
FI @f FiG A RIS THRSHESIT A HAYEFE and FRgrtenna

bi -didectip rpéoééwaéé&grda[&%@, HHE &ﬁélﬁléé)pof"@k\{‘é

of the network of FIG h i ndi catlons of the
antmrﬁeaxmverﬁmﬁﬁa FIG 10 is a flowchart of a

upolLH)dj3 afl aI ‘JFZQ ;" (’icmeiorloalriz]t nt(?P%/\% sz nged

| NugAtien; anti&%e?]sﬂ:é&lrigl podeds oyehare. of; a net hod
for o erati ng an access point in a WAN based upon
pr olRP3%Y gnal BLF n 2R bt el Wi i1 thee pikgept diagram

'nV%i&{bn#O@&&ll %Ct}? 12,806 A 3 BE & { SSPSELEYEs of FIG.

flo arts or operating an access point
in 4 WLAN based wupon control frames in forward and

T, Tt 00B6r S IS R TR Y ORkar Chpogen of

netiagl, fOrin oper el | g & ACEESSr POt Pt ci Acai Wk Alrbased
upon hi dden node recognition in accordance with the

pr e¥eEntCYeYWD 2004/ 114460 PCT/ US2004/ 019604 i nventi on.
Det pdd o5 Descri@tion of , the bref ersed-Frhodh Fent 81 agen

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 antenna beams;

[0036] FIG. 10 is a flowchart of a method for
operating an access point in a WLAN based upon spatial
diversity in accordance with the present invention;
[0037] FIG. 11 is a flowchart of a method for
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

[0039] 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
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[ 0040] The present invention will be described nore

fully hereinafter with reference to the acconpanyi ng
waolc@aiings) i n which preferred enbodi nents of tPeT/US2004/019604

i nvention are shown. This invention may, however, be

enbodied in many different fornms and shoul d not be

construed as limted to the enbodi nents set forth

herein; rather, these enbodi ments are provided so that

t hisnehsicil@sure wi Il be thorough and conplete, and

will fully convey the scope of the invention to those

skilled in the art. Like nunbers refer to like

el grrenbatameagbegt:mgr&doar b#e taat @Eé@@zr&%dui:ﬁ@o(ﬁments
i ndi catTe" st

[ 00mq4021ef er rThn@ preseat| ymw’ﬁ@ &mll abw desessbed more

havi a distributio
sy ek OB AT o TS Teter Shetoed e caedBhbiivine
11Qaravaﬂr€)jas Anth Mﬁ)ﬁclarpr@pémg@a esntbodihentls SbFi bb}él on
system 105 via wired connections, such as wired data
net WOTR cetih 628§ oPROWEachl S t eV et EEeR PaY nt 8O1§War, be

1108306 4 0, hasn ¢ %fi?f’@?éﬁﬁ’ erZope d13asnddbl. né@5ﬁe

in which it 1s capabl conmuni cating via radi o

f r ecprgicyuddRP s sl ynat sd wi ¢ hthdeemiodimest at sensf¢20h,

12 b, 120c e stations 120a, 120b, 120c are
cﬁ?%ﬁf\ﬁng%fTeT %iel%ﬁ%ﬁd%W%%tﬁe?ﬁBr?rﬂgf fdrac that

andthﬁs)fdi/@dﬁoé@r@Cﬁ;EE§ pheclbsbtdRuih@NcSHsl 80 105nd will
In the follomﬁgghdescrlptlon when a genera
reffé#HweC%V% ct¥Cehe akcel’s povarsliorhecrehpee

e@nth tﬁl};% &P0ES, ﬁ%ﬂ@ﬁa @&g@&fé | ¥§fégf %effﬁe

nunera s 110, and used
20 0=l it 5H) @Nﬂdmﬁﬁ@@ﬂ/Oa@@ogrim@Oﬂataﬁiesehs used to

 cclinsl oy PLOYI 53 Ll aceess, boL L, 0. aRg he.

di vegediy al lmwsetPengceessi HOIPt 8o 1Pcandat hg wireless
local area network (WLAN) 100 having a distribution
system 105 will initially be discussed. Access points
110a, 110b and 1l10c are connected to the distribution
system 105 via wired connections, such as wired data
network connections. Each of the access points 110a,
110b and 110c has a respective zone 115a, 115b, 11l5c¢ in
which it is capable of communicating via radio
frequency (RF) signals with the remote stations 120a,
120b, 120c. The remote stations 120a, 120b, 120¢ are
supported with wireless local area network hardware and
software to access the distribution system 105. 1In the
following description, when a general reference is made
to the access points, the remote stations and the
zones, the respective reference numerals 110, 120 and

115 may be used.
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renote stations 120 to select one of two antennas to

provide transmt and receive duties based on the
waor@kitiqs6@f signal s being received. One reasonP€DUS2004/019604

sel ecting one antenna over the other occurs in the

event of nulti-path fading, in which a signal taking

two different paths causes signal cancellation to

occur at one antenna but not the other. Another

exgmolae]i s whercnnt erdgireneey reatiskd byhd woccess points

different signals received at .t : t et .
andtife 21t &86n TEBIC T S SNy ed“?lactqﬁea%} enrgaﬁtdejn‘gea%ﬂty'

I's et @i¢RandiRg a1enld AHEMocSHE A Wem® and the
renote station 120¢ is carried fromthe third zone

115eEnod et ke aftilosts 3120 dcoriel enexiel a, twa sintgnnas to

i ndi cat.e arraow 125, [0043] F|G. ' b
di fdﬁ’oéfrﬁd?ﬁ‘ %a%& ¢ eeceln‘%e m%u&mi%&ﬁ%%ﬁr?%%% in
FI GuabA tiyn oshislyran saceeissy faiaitveld Ob,Orenptays oy fdre
principles of the present invention, is shown jn
Igr ieﬁl@rc’cdé’tgaiqf}@watwerr&apéb‘fe]f d-he HERET RITVES aht 2
0 I [ tlye . e ;
130??%%%&@% o kg fgagcﬁler#%'l Ily@n’is ndi caétl ed yal taking
r efterce niief freurmrtalpali3ts ddhes e celsIPbi gancalibption to occur

sequences through.the antenna | gbes 1 L g n:
of ¢t s?%\ﬁrfr{cﬁﬂ'?%ntmchco_rb% :ﬁ’ n%ﬁﬁe%‘r e%gr}? edépaen‘?aerﬁé%g S
di rgedd ot dA44n dAIri N ss@by tieo atTessr ot nsigddbs
uses a directive antenna, as shown in greater detail

i n RGEVePRUANOBAND BN IH- s e PP sTRAPR for

f:hr ?Qe%gé%ﬁg% icgge t(!!gngkféméﬁo siatdon, 4200. AL €8Ch 88a8Rging

on -, gle or antenna pattern), the
acoessl poinentl,1 0hichreas uwlesn aa signate ortprobe 128ponse

ond 2Ll g2, Y0 20084114800 PV LRODHL Q1080 con

et £4.68s | eddider gew esei vedi shgsal bgt aengih12vdi cation
[0043] FIG. 1B is a block diagram of a subset of the
network 100 illustrated in FIG. 1A in which an access
point 110b, employing the principles of the present
invention, is shown in greater detail with respect to
the directive antenna lobes 130a-130i. The directive
antenna lobes 130a-130i will also be generally
indicated by reference numeral 130. The access point
110b sequences through the antenna lobes 130 during a
scan of its environment to determine a preferred
antenna direction.
[0044] During a scan, the access point 110b uses a
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

11



(RSSI), a carrier-to-interference ratio (C/1), an

energy-per-bit ratio (Eb/No), or other suitable
wor@gduiEs) such as a signal-to-noise ratio ( SNRT/US$004/019604

the quality of the received signal or signa

envi ronment. A conbi nation of these nmeasurenents nmay

al so be made to determne the best or preferred

antenna pattern, as readily appreciated by those

skit¢gdethitdenatrtic Basedthaon tbenneagueed Bkghnples of the

quality, nmetrics, the access point 110b determ nes the
pré?%F & Sah@%%%%?aﬁg¥%0%+ve®.?é@@?%nsFB?ngth indication

conias AL | A0t hetbeo L oL prstabbonya 4290y c09945£n

The scans may occur before or after the renD e

st atneng1-10er Hakt bezhi aut Beiotat ed a‘n]dehasultable

ass C|ated Wt h the dlstrlbu ion s sten11 th

i nitTal antenna sd%% nay e %Cgo i ghet® l?h g“?hé OF the

MAGrud Byey . oAl ties nedtaBvyd &hgnani bralslgﬁam aﬂylb@nment
acconplished external fromthe MAC |l ayer. Simlar
scahsCoRR bR FhoR ot P edR m%ﬂ%Fée@?%FFOWailé%sﬁaée Yhade to

aUt@§@é££f$§dtﬁ@de§§ @ésgféféfﬁe&ﬂéﬂtéﬁﬁagg§§£é?ﬁt'99

system 105 may be acconplished wthin 'ayer or

by pradebgesppreciaieag lextehoat shelMaC iayéhe §®G46]Based
FIG_2 |s a_di agram of n ac nt using an
oxt e PRI Ob ShfemhaTar a0y BRRE 1 he CBF, BEEPOS
antesng: a1 1oy 2O0erhnessidese f pyerspnepobetepassSktgle or
antenna el enents 205a, 205b, 205c¢, 205d and 205e and

oned HEPBHbPR, LRE t FUENERE @ARANS| BiBRAt LhB6reTRBe pasatven
antepga el ements 205a, 205b, 205c, 205d and 205e are
generally referred to bel ow by reference numeral 205.
The[@045btiveTm@temmmsemayentcﬁﬁOhefereconnefted the

t he_access o nt 1}@ Ia a univers % V[)2g04/ 14460

PCTT Deg0a7 0A660 01 B oHESY L) PpEF 1 2180 CPeras

tygﬁ§s@$1§@@@eﬁit@n§he 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 layer. Similarly,
scans occurring after the remote station 110b has
authenticated and has associated with the distribution
system 105 may be accomplished within the MAC layer or
by processes occurring external the MAC layer.
[0046] FIG. 2A is a diagram of an access point 110
using an external directive antenna array 200a. The
directive antenna array 200a includes five monopole
passive antenna elements 205a, 205b, 205¢c, 205d and
205e and one monopole, active antenna element 206. The
passive antenna elements 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

12



between the directive antenna array 200a and the

access point 110 are readily acceptable. [0047] The
w@asgiivge@nt enna el enments 205 in the directi VECHDEB0H19604

array 200a are parasitically coupled to the active

antenna el enent 206 to permt scanning. By scanning,

it 1s nmeant that at |east one antenna beam of the

directive antenna array 200a can be rotat ed,

opts';@rﬁadl YoB60(WERY e@syt i 215 ncr@ieat st gssocoat ednmethions

nunber of passive, antenna el enents 0

deﬁ%\ PEP I SResSHTEoF VS R Rt 1T Ve Y aﬁgg"ﬁn% ‘g é& access
ir$e POy ged fé‘acﬂ}gy fateftap bl i cation No.

20 2/ 0008672, published January 24, 2002, entitled

" AdEfR4 T Ant B 20 Fo% 1 Us 2 FEIVER @b@@en@n%%u tattoas
Sys ef]gct \l}‘ r?’éérgr?a déf\‘fef%(?a oagr %?%Jhé%%ally coupled

|ncorpora Herein by Tref erence an

assigngate tabﬁi‘i@e cautf @nia assimgnee 266 the peesent scanning.

i nvention. Exanp|le pethods for optinizing antenna

di rRetIAPbEREd bh Feceantd ek rahsheis dOR¢ gRaFenpy beam

the, difnectdye. &l LOngnabidy 2 a3Go&l Son dﬂ:é%é@&@ed
therein. [0049] The directive antenna array 200a may

aI szzpﬂaleonaﬂsleyi 360 aqleg)mﬁs,dlxreclmcon@hewb@eawogquademth

glrect onal aqgquga attern. ?§ ess
p0|n s " onti rec?l%%%? paftein for

trajcod$pi on A)rdeilfﬁ}ﬁ@d{ l@i\stéf@lca:@C@:SStﬂ@@i At SeddOvany
al so use the selected directjonal antenna when
tr SRR RYTYRY afitPa rbt P XATIAPS ob t HeS r efRERNT

st ad j,ons. 120, [1@95%0@/3?10@@57.? ffgﬁéa' SaMh&WM,0b 4,

an access point 1 an inte rective
antZ&ining, 220bhitled TkmapEn®©dAmmﬁmnath@rdU$ecInv@1re1ess
antenna arr 200b i s, on,

PCMCI A, card, 220. The .
R 0T S KR e By 1 20047 193608 ©OF which
PCT 4JS2004/0388043 herein by reference and which is
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 200a are also discussed
therein.
[0049] The directive antenna array 200a may also be
used in an omni-directional mode to provide an omni-
directional antenna pattern. The access points 110 may
use an omni-directional pattern for transmission oxr
reception. The access points 110 may also use the
selected directional antenna when transmitting to and
receiving from the remote stations 120.
[0050] FIG. 2B is an isometric view of an access
point 110 with an internal directive antenna 220b. In
this embodiment, the directive antenna array 200b is on

a PCMCIA card 220. The PCMCIA card 220 is carried by

13



the access point 110 and is connected to a processor
(not shown). The directive antenna array 200b provides

wo b@4da460 f unctionality as the directive ant enPer/as10ay019604
200a illustrated in FIG 2A. [0051] It should be
understood that various other fornms of directive
antenna arrays can be used. Exanples include the
arrays described in U S. Patent No. 6,515,635 issued
Febithgr fc4es2008ingntlilidl edd lAdaphineetdat erna foddsor
In Wrel mrupi catj.on Systens” and U.S. Patent ,
Publ 25t EIR R0 2065 60365567 BUBFFoHed MR 0 provides
2002heestint! edncAdaphilve yARLeRRR JFOLUS&d %n\é"efnﬂ?e%ﬁfray
Co nication System" the entire teachings of I C
arggBREOF&éPéﬁéétﬁ@réﬁnFHQ-réﬂerence and which are
assi to t I t . ass| f th present
vearroh. [oosf EFEY SR PhOREGeBhe Bar ekt e thes
di r éeringeofadi ernaiaer ayt20a bhabysnchudes tked.

passive antenna. elenments 205 and the active antenna
eleﬁéﬁ?pgﬁé éEClaﬁgcgg§e8r568§e¢e?ﬁé18?ﬁeépi@esanﬁéﬁﬁ@t

array. 260818) 895 iBshudeF8-0LOYNd, pb@@%_ﬁ%ﬁt&%r@‘&i ch
the passive antenna elenents are electrically
coupﬁ@@?tagedﬁgéa§§édFObeUea/En HeftelenseCbomEhGcalRon |

[ 00 L fergin Q FlI A _the_ direc

ant SRAGoAT T o5 So0a r B9 HBE SUHFBEETO8 Nhe cnn Y 8085506,
300painbi sdedwayrthorBantenona ehenentd 2RGapande2@becnna

This is.an indication that the antenna el ements 205a
and” 26565 ar &% 1 5L 8F FeLPTYEDHBAE CBNEYEREMafit ERRacntire

el epeat 81 ROSbo £ 208¢cANY 2054 -8F othQFFBégéghsﬁgogeﬁerence
mode. In other words, the nutual coupling between the
act?y@ @hiehnarel erehongd6tantheéheupasstvesantapnaot the

el 0 ws_the directive antenna array 200a
toégggéﬁn%h£?9%$?%%?rve antenna | obe 300, which, in
t hi pod=l2] FIG. 3A is a detailed view of the directive

antenna array 200a that includes the passive antenna
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 passive
antenna elements are electrically coupled, as discussed
below in reference to FIG. 3B.

[0053] Still referring to FIG. 3A, the directive
antenna array 200a provides a directive antenna lobe
300 angled away f{om antenna elements 205a and 205e.
This is an indication that the antenna elements 205a
and 205e are in a reflective mode, and the antenna
elements 205b, 205c¢ and 205d are in a transmission
mode. In other words, the mutual coupling between the
active antenna element 206 and the passive antenna
elements 205 allows the directive antenna array 200a to

scan the directive antenna lobe 300, which, in this

14



WO 2004/ 114460 PCT/ US2004/ 019604 case, is directed as

shown as a result of the nodes in which the passive
web@aanidso 205 are set. Different node conbi naPCDNS200§/019604

passi ve antenna el ement 205 result in different

antenna | obe 300 patterns and angles, as readily

understood by those skilled in the art. [0054] FIG 3B

is a schematic diagram of an exanple <circuit that can

be osed, t bss@trédiecpassi yroant eana rekemendbs 205 hBdes in

the reflective or.tranfnission nodes. The refl ective

nnd%ﬁf%hi [ RREU Ry RlPBRRESEAPAt 7TE S@Fonggigéerent mode
dasBedol haei S5, o ANFa § BEvLET ANSHHSST ONHRHE 225 result in

i ndi cated by a shortened dashed |ine 310. Th
repfe5Enratt vanhoies BobeaR@0 3nat heensespdcenydby, as

ndnctiveY arinent fab® By SRS Rk PTGt oraneRe 3z5: he

coup0OBuy] of tIEG pa3Bive antensaael enenig2fhacthraughample
the _jnductive el enent 320 or capacitive element 325 is
per FHFAEHE ViRAh S ted 898d TReSehi Eleh BasSHug Betanna

”EQQE@méﬁisQZO@'f&tfﬁéaie§Mé&€Dv&a@§b£§a9£m§9§gbhnﬂodes.
the passive antenna el enent 205a to the ground plane

330The Tref ket te 315d¢ sisetndicaeddny ral repgaakn8abive

[ 00 e 0 . gro pl ane_330_via the |, ,

i nd%g%%%%g% C?asél%%éehfg)%fg%i %@gan?%%n%h%l%ﬁ%lﬁ?mﬁﬁgé?n mode is
whi tididsted flegtd v yr ednagateshas sheswnsby. t henkonger
representative dashed line 305. This can be viewed as

pr oV SRETE 2 Rtk geRee® 307 2 LG yhal TesRprelve by

pr . i P EvE:
W e rnt Job T o the” Easaof

FI Gnd@# ittt greayst V32 @ntermacgbenent ve 20banand 205e  The
o SRR s g BLate 0,02 Sezperiive,,
exaripd ertfud Ge A eridiet BIEIoPASTHVE RINENDPRELAEDSS 15
205b, 205c and 205d are electrically connected to the
performed via a switch 315. The switch 315 may be a
mechanical or electrical switch capable of coupling the
passive antenna element 205a to the ground plane 330.
The switch 315 is set via a control signal 335.
[0055] Coupled to the ground plane 330 via the
inductor 320 is the passive antenna element 205a, which
is effectively elongated as shown by the longer
representative dashed line 305. This can be viewed as
providing a “backboard” for an RF signal coupled to the
passive antenna element 205a via mutual coupling with
the active antenna element 206. In the case of FIG.
3A, both passive antenna elements 205a and 205e are
connected to the ground plane 330 via respective
inductive elements 320. At the same time, in the
example of FIG. 3A, the other passive antenna elements

205b, 205c and 205d are electrically connected to the

15



15 WD 2004/ 114460 PCT/ US2004/ 019604 ground pl ane 330

via respective capacitive elements 325. [0056] The
wa@apadi44sve coupling effectively shortens theP@BEESI00€019604

antenna el enments as represented by the shorter _

representative dashed line 310. Capacitively coupling

all of the passive elenents 325 effectively nmakes the

directive antenna array 200a an omi- directiona

ant émeand e lsheul3@ O e lan derssteadd vich atapaal itteratd gnent s

cougb%ng techni ques may al so be used between the

passi Ve antenna el enents 205 and the ground plane

330,[09B@E] as d%bababb@ﬁ%la%dddﬁﬁ@¥$ ‘ﬁﬁ%%yféﬁb%tens
exaw%Ie [0057] Junping to an over hea

t he thegc Pessiysi pntenos @é@éﬁe@ttﬁn@sarre@masemtleebﬂqmrtaie
510 PRARE Leph S 00 BLLREl M8 A R ey

910 t hrough u ectlve antenna arra
200bouplpngyiedéd ofThaeapeesd veoientenkh@l GREMaTiA @S cly
wth E%Itlﬁ]e stations 12%a 120d. Since access points

110M8FESushs B TPENBTE FRERENAI PET 2N £R08t SRe RFFY. -

obsHh beti0B$20r aAB¥HAY . re&ke%h%ﬁid(%egundg'%Qo%% Rhat
wal | = or ceiling), the selection of the preferred

ant @AR&rNpALver RodPLénti tRchaibiukel payoklgoi hg Lsed

CtarPeneoo01e Bbat V5n PR TG Plelhhecale” Bicn E pL g ound

maypiake 389¢ efich dir deflhgnaknast anaalaa?édf @mpedances,
downl i nk dat% franmes transmtted to a selected renpte
st atPon®¥2BE©-For nost broadcast and control franes,

the[e0se$s POilhpiABYLHSPTENEg0M - diLegtianal, é&”%%”%%
pat{ern 305 and p%ﬁg | owest avai bg gata ra% ©
ensafEepRaPoant 1i6hngensrat&ogsam26mneedurecthenalThe

d'r§ﬁ£éﬁﬂglpattern 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
obstructions or moving reflectors (e.g., high on a wall
or ceiling), the selection of the preferred antenna
pattern direction is likely not going to change
throughout the connection with a given remote station
120.
[0058] The illustrated access point 110b may make
use of a directional antenna 200a for downlink data
frames transmitted to a selected remote station 120ec.
For most broadcast and control frames, the access point
may use the omni-directional antenna pattern 905 and
the lowest available data rate to ensure that all
remote stations 120 receive them. The directional

antenna 200a may not increase the coverage area of the
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antenna 200a may not increase the coverage area of the
16 WO 2004/ 114460 PCT/ US2004/ 019604 network 100, but
worg4iingisease the data rate for data franmes sSeOL/USI04/019604
the renote stations 120. The increased downlink rate
is useful because the mpjority of the data
transferred over the network 100 appears on the
downlink (e.g., web page access, file transfers). One
optreiwaesk t DOVSebsw hehethspad sal titk veasa t yawbenot héata
access point 110b is required to receive in the omi
no&g?i hg
ac

Forent? af t¢ ket gin 405 dEhe increased

£Sr - & hr oughpsity i eE£ase 06 309% {04 of the
exanple. [0059] Uplink data frames sent fromthe

sel@&tedtraesieered adveon W2Oeovene Beeessrparatonlhe

durin contenti on riods (CP) are receiyved using the
omfiS T HE L [ordl” A RritATpatTET e o1 hbES anb-Tehpte) - One
st adpioion NBY haveséd ransrahé@dspdiei 41 adBve FOIty akwBen the
frames, the network configuration may require the ,
rerAfeEEss B Hnt t BLOR kS t eduired to réceive in the omni

regueed -t %ﬁ@?‘&é%ﬁ@{éi 05§40 iﬁT}@_/Igﬁ%in NgE hﬁ”&ém to
reserve the wireless nedium In this ase, the access
poiancdidhdaioes da revedwghput aindrease i ohab0dddefoo
increasglthe data rate on the wuplink. This is

SO Yependent on the data rate selection

al goyasdm i npyenenk eghied £ Rend £NHEeL St Bbh Ofhe 128Tected
[0060] In downlink transm ssions, the access 80|nt

11055 deld bECR ol 29@ansti the mtFepacket 8t dhit Pgduring
co i.on: per.i i t i = dj ti t o
and S Soer M SR MR L e e PLE SR pO0Ry PRL B
rembite= st adnah amt¢ines " thies'n ss decof athereoves ageation
area (such as renpte étfﬁé() 120e) nm ot hear the

[ f

accby6 DHBT ntZ2p SR it he HPf ettfBhaf-ames, the
antgiingo PRLESRAiguration 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
directional mode to increase the data rate on the
uplink. This is somewhat dependent on the data rate
selection algorithm implemented at the remote station
120c.

[0060] In downlink transmissions, the access point
110b may decide to transmit small packets during
contention periods using the omni-directional pattern
and a lower data rate. The reason for this is that a
remote station on the “other” side of the coverage area
(such as remote station 120e) may not hear the access
point transmission from the directional antenna pattern
910 pointed away from it. This is the familiar “hidden

node” problem.where two remote stations 120 do not hear
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910 pointed away fromit. This is the famliar "hidden
node" problem where two renote stations 120 do not
whean/11460M0 2004/ 114460 PCT/ US2004/ 019604 eachCDURBIN4/019604

and end up transmtting at the same tinme. In this case
the two renpte stations are 120c and 120e. A nethod

to avoid this problem especially for large data

frames, is described belowin reference to FIG V.
[006&¢hThEhdkrenﬁienalu@nteaﬁEmpattﬁgnstathbheamacce&s

point 110 can thus provide higher data rates_for

mﬂ?i%@lﬁnﬁaﬁﬁlFﬁﬁ HgParﬁpaﬁ% @?éﬁéﬁﬁ@saﬁﬁtﬂzpﬁeand 120e.
ren@tﬁeﬁﬁé&|@85a%8@d whiicholspi b, buk eeaa&@9 %%EWﬁa%ge
traffic. Network connectivity is maintained Wth

nonﬁﬁé@ fapmedf thedemmiridedebelovalinancénmance theFIG. 7.

neobafsPl i RiPnaBRbetdphi et ST SRR R AT hE™

conmecésgnpmiﬁhomlotbenUSHusfpthelderamghemaﬁaaatQamas for
200a %¥0062] A set _of rules as provided in TABLE 1 can
+Hed 289t HRé1aHvEAtagET IRt RECBARE i MaEDi 6RhE

andreﬂéf@C£tQB§bngh@§actﬁﬁhéhl§§ eﬁeteslﬂla%0£h%nﬁEtwork
antenna 200a. TABLE 1includes addresses of the

renbreféiat i oste@@kcapneattyvasgotsanednwathetheith the

access. po nt ,110_.a their urre t antenna directli

So ST BRL " Be s Phe, OBbt A hP kel B R e R bAneT 2he
dlr£©¢$@@ psehectiions bagedlgn thanmecseqgueneas ibheML20 can
the 802. 11 standard (TABLES 21 and_22 therein). In
TABLESQC1latey yathi RRpcaFessdi PeebFohl0 apd padngatdesthe

20 oSt L b ERL e ovel g TOBE Dy apsgrne

Sel 2@@aon Beacon DL Omi
[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 current antenna direction selection.
TABLE 1 may delineate example antenna direction
selections based on frame sequences from the 802.11
standard (TABLES 21 and 22 therein). In TABLE 1, “Dir”
indicates direction, “UL” indicates uplink, and “DL”

indicates downlink.

TABLE 1 - Example Antenna Selection Rules

Sequence Dir | Antenna
Selection
Beacon DL | Omni
Data DL, | Dir See FIG. 5A
RTS-CTS-Data UL |Omni/Dir See FIG. 5B
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Data DL Dir See FIG 5A RTS-CTS-Data UL Omi/Dir See
FIG 5B 18 WD 2004/ 114460 PCT/ US2004/ 019604 [0063] A
w@er@adassiccan be described in a set of rules tpPar/US2004/019604

determ ne when to select the omni-directional pattern

and when to select a directional pattern. For

exanpl e, the access point 110 may sel ect a directional
pattern during time intervals when transmtting or
recf0963p to/Arpmvaessnghr benvtecstBeionnl30sef00864)ules

A bJ ock di agram showi ng the interfaces of the access
poi }Ea‘lil(ge)? TR R RR FF 8, Salethethe| gEPL aflégechdondd

POi it ddFh i A6d Udesn vasi QESesUbsYSt eoB 2pHa1 ! gx%%éFnAn For
antenna subsystem 405 may i nclude the directiona

ant @RFEP DOOLT ap r eeppdrpehgt cliGuihayyselpates dadectional
sof o) te.the.direction antenna. .. The
e R R b O P PPN F R Sni£htRe or

| ayeecdil®i mndcpf fwomles Ringlgnabsodd 2sthereno12pQ065]

The @Q jcal |ayer 410 processes the RF signals 412

and! %/ mi nes %}%]él dh%%??@ysﬂ%‘&é%ge%ﬁt gntggfaggsanf the
ant £80Es $1EST A N D6 0L8SSh R 1 ThBTENYS1 Caby | ﬁi?Ps%%%Eed
sends -processed signals based upon the RF signals

t 0 2P MNP EYerl ¥ 5inThedd\Craajyers 448bsygehenat esd

tim tr sages 422, whic re also .sent to
tlhcreﬂ %g?lgéri'ﬂa 5 e%}%?%%lg%r%%%g%sa% ?%golpﬁ%rl?glugﬁ/i F%ﬁ
t hedand@niand 0 diitecromami 20mdleand shpestt 0Agl cipdaitwpen

requi redﬁg 0066] The MAC | ayer 415 al so sends data
fr 9791 (P otFREFe prOceRSERTE nble shbyRFtignal antenna.

i | 1sd ratechn Phvg Sale LARYE6S 4&%3%&@@5_ éﬁgngg%ical

antenna steering process 420 may reside wt
contaxsty #1000 d Theovidk R sigerlngdp2 ockessedd0 may

e fgEstl W WD & JRIDI V1 fOL FKETR S SDLEN BV b
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
switch the antenna to the omni mode or directional mode
when required. _

[0066] The MAC layer 415 alsoc sends data frames 429
to other processes (not shown). The illustrated
physical layer 410, MAC layer 415 and antenna steering
process 420 may reside within a controller 400. The
antenna steering process 420’may be stored within a
memory, for example, which may be a stand-alone memory
or an embedded memory within a processor, for example.

[0067] The antenna steering process 420 maintains an

“antenna table or database” or a “direction table or
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or an enbedded nenory within a processor, for exanple.
[0067] The antenna steering process 420 mai ntains an
wO aovtanaao t abl e or dat abase™ or a "direction tedO/@SING019604

19 WO 2004/ 114460 PCT/ US2004/ 019604 dat abase"” 425 as

a function of the received signal quality

nmeasurenents 417 made during antenna scans of each
renote station 120. For exanple, the direction table
425dabhgbetef e4a5seat aohuhBrand afceheesperdived signal

antenna.direction (A . B, for. directiona
coriT £t | GRESAPEHEERS AEholECs: Sirons EE6SmoRcEoeRE of
anteasn deneeki ofstidntgodiresti aratgbke 422 BaVection
been determ ned, the antenna steering process 420 is

uset@Pde APBVIRAE dFpret roRbRtannefRaandner obr42Eppboding
h . 405. he si . it
|ncaRPienneq: sUbEVSLoMICE, U LhE B oRtkagua L)

measur enent s are ‘abové a reshol d
i ndtcamiingcéhavns heithi ghesretlata sateieaB b20. Once the

ted in,the omi- directional node, the antenna
i AT PO iy BETHRN Y b LEReCORRFEdPRebEPoRaiZBopave been
nnd@etéﬁﬁﬁﬁédIhshé0&&@@&H9_Q%éégiﬁahﬁrgéégg'HQOYQ%hEB%d to

techni ques in accordance with the present Inven
f orPreet de nilhrpgtivreaprefieened donecotilod2Fotpokht antenna

di i 20b f access point 110 to a
e ke M R I R e,
spatral aldoversipyeset €phiondmeshashsi THeis8€9AE that the

techpi que uses a sequence of probe signals exchanged
betEEHethedab 63t Ptk 22 0saRBCEhedr éRvtkespanions

120u1 AhG LAl hEEONT GO Li5ESnGONLE LHPSHAFES (€. Bong at
ACK or CTS) to nake signal quality neasurenents of the

r ecely ednaht éhnectdiomtl | 0hs modehe access point 110.

TreSqReg oChL e 3, 2R Leable LneboLh Lopuer g a1,

asstueisnl fads cut r&fdordance 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 probe signals exchanged
between the access point 110 and the remote stations
120. The third technique uses control messages (e.g.,
ACK or CTS) to make signal quality measurements of the
received antenna directions at the access point 110.
The third technique is applicable in both forward and
reverse direction links.
[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/802.11g/802.11n will also support switched

diversity. The first technique is applicable after a
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802. 11 devices incorporate antenna switched diversity
scan/control and that future 802.11 devices, such as
w@o4a1a6@02. 119/ 802. 1In wi Il al so support sw pChes2004/019604

diversity. The first technique is applicable after a

20 WO 2004/ 114460 PCT/ US2004/ 019604 renote station

120 has authenticated and associated itself with a
network. It is assuned that the initial antenna scan

i s aeconpl sshedow 1ADNhtbheaMABEnet warkd bawebssociated

pr ot gok VV%E a di%ect'onal or multi-elenment antenna
2208, °thé FirSt 3t BERKPHle cah hkesa¥eegr thRs the initial

di verskhyapsehacek E@cgﬁfPigﬂédaﬂEQHﬁﬁ eaaiEnghgthﬁg

sel ection updated. [0070] Referring now to
firs2YeBcRAP§AEolf unditbng dsréoflionsl Fhemiilkusthatedt

acc§§§e3§5?%2?%10£hgngkyggst gontral ler 60

connect e & “antenna su %ys%%ﬁ?46%“.m%%8 use of the

condiveteitG0Procoopli seskedppbysi 6atehayepo410ion/
mhichlisESiven access to the antenna control signals,
and> 2 KRETPRYBPIREPE 4). The MAC layer wites antenna

sel eed7OPS | nkorEpgistenoh +80pa; apd rggdi gter, B -
605b' . Register A 605%‘ cont ai ns tﬁé gg?e%%g%taﬁﬁgﬁﬁéque
postinehlonndasefpsiers B 60BL' iltoatanhsdaacasdsdabant

i ti;on._ The physi cal 410" | | i
o0 DACLLLED. o BEn PRI 2R 0ab ™ EhnicCiaa sy Eheal

| ayentddifd sebsgsteni #855i t yTheebeatboN18W 568’ COBLHO)i ses
signal 607' to the nultiplexer 610' in a typica
di ver2iYSicet et?¥on 480t r ofhhehnes, 9iver RACERBsteathe

t hey g vk Si ci it ol _sLgn
control s mh%?%€€$§h%i%%%?%%tég%fgo@%%ig?gégA?Eagaé)br The
r ediAE eka B 606bl tas eanisatha [ §OV4¢t Toes sehect edgastenna

LONLEn AR ALILLY 5 oAB07, QULLO0.L0e DOLMBLK oot

anﬁﬂ&n&%ﬂpééﬁé@naﬁﬁéﬁﬂéfﬁ&i&%ion, 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
control signal controls whether the contents of
register A 605a’ or register B 605b’ are used.
[007;] The selected antenna position is initially
chosen during the network authentication/association
protocol. The candidate antenna position is any other
antenna position (including an omni-directional mode) .
The candidate antenna position is changed, in a
predetermined sequence, after a valid packet has been
received or after not receiving any packets for a

predetermined time period.
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antenna position (including an omi-directional node).

The candi date antenna position is changed, in a
w@e@datgsoi ned sequence, after a valid packet PeEUBBOH019604

received or after not receiving any packets for a

predeterm ned tine period. 21 WO 2004/ 114460

PCT/ US2004/ 019604 [0072] After successfully receiving

a packet, the physical |ayer 410" sends received

si gp@d72ual i tyrtart sh€Seésfenty sécehgihg a packet, the

signal -to-noise ratio, nulti- %ath/egualizer metrics,

et Y2 botw&ht thPa ST tTOre Y% t FeIRAE fdgetty

Durjdg-{he packseir é@f&ﬁ’&}?ﬁ,si 2 PhySLigat sLaygr1410pu1tq-
functions as | does now for 802.11; that Is, to
swi pahh beqwekhz ¢ hent twicant ebna) pbstthbons antdetpause

t he best. ant i 1] f ket tion, K Aft
valRe pabRht Tecehti MCopvehe prgsteal Cheveechen o
t hersdgmted oguathé Yo {1 ¢£5 fHVer tABOLt WOUABLEBNA as it does

positions are sent to the MAC | ayer. The MAC | ayer
upda@est oot $0% hel setleet elis antentidl tpashervacanghehbwo

cangi Siti I d s
oo loate, SheeRgslinnty JI¢ el Eeled Aol ER o ion
t hefdatpaclecei vedeproomt heAphwsi cal idl ageked10eception by

Filtering/ hysteresis e used to kee rom .

o R A L LR e o ARE e SnsE Brah iY wpmaps for
As shatero pievéeus! Yosithbss tecdnsahe takere mfdvanhage.

of the current 802.11 antenna switched diversity

met Herl 1AG t Layeu| dodetendertht obde t ateehed apfesha

¢ . . q i
BB TSt CEAUTE-TRLSAPE Cop SRR MEBECLET B ey
a fiolehasd aitétea adboveidescsi bedlaetétoditbr the best

operatjng an access point 110 in a AN 100 gased ,
UpdPPShat Pl PHFGRr St Y% #7Eher ©oF S¥ES sEHOTFFBf PREscal
stardyé Bl £y 1008} 1tthengphP9beresis may be used to keep

from “ping-ponging” between two antenna positions.
[0073] As stated previously,. this technigue takes
advantage of the current 802.11 antenna switched
diversity methods. It should be understood that this
first technique may include hardware, software/firmware
‘or combinations thereof.

[0074] Referring now to FIG. 10, a flowchart of the
above described method for operating an access point
"110 in a WLAN 100 based upon spatial diversity will be
discussed. From the start (Block 1000), the method
comprises communicating with the remote station 120
using a current angle of the directional antenna 220b
at Block 1010. Scanning through a plurality of
alternate angles of the directional antenna 220b for
communicating with the remote station 120 during the

preamble is performed at Block 1020. Respective
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conprises comrunicating wwth the renote station 120
using a current angle of the directional antenna 220b
waroBlioeko 1010. Scanni ng through a plurality oPCT/US2004/019604

alternate angles of the directional antenna 220b for
comuni cating with the renote station 120 during the
preamble is perfornmed at Bl ock 1020. Respective 22 WO
2004/ 114460 PCT/ US2004/ 019604 signals received via

t hesdgnpeént ranglieedndithehepkutrakhty aatylal beunahe

I f th t tati 120 are neasured at
Bl 0K 1030 OilF | A ERE>pFeaRBles TERE ClFr RTOMiGRE a6ron

oneib the pbusakblyaef pabternabe. angkes iksesehechede,
at Block 1040 as a preferred angle based uponthe

nmeaStbfefUsrgRal 3ngse esnphaupbfigtheomumbdativons ‘slilt:ll-:gé:nate
t he e;stati 0..T t ends at Bl oc .
[OO%E ﬂ% eléeg%%%gFééhﬁFqggogg Egggdaﬁpgnp ﬁgerred angle
t r ahssedsiponbyhtheeascess pognhlil@oef cBRSiABSSH3geEs
he reno statigﬂs 120, and the reception of CTS
n

Lgsgéﬂ%gn%?% gﬂ??t%ﬁ thespehskebytehécreddPe The method

st ath@psattel1bbe @gsess point. The 802. 11 standard
al so defines a probe request/probe response exchange,
whi ER0781 typTleal $9cosddtbghniégoeeist hasedsupdf the

det ] - | i f the link, t t her ations
R R R Rt Ly E e
det ehei nemohe prefeonedlpoj nahagtHer ectépRibA 8f CTS

selected renmpte station 120, as illustrated in FIG 8,
t hemBReRESS pbf FSHIB ¢F ahRnF EEPAN PR OPE ERQuUESHOSEgAGRTions

805t b n-hbes onmis RaL1eE N apd. eggh of é@g?ﬁ%£§P%%§F defines

directional patterns 130, and neasures
qualiPyolE réruesoler ks poaspossgnakcBdfgsentvhbankis

Igg@%pﬁégifg %gdﬁégtigﬁo%éosygékgngpfégt%ggdé e%gfne the
pecti ve patterns.

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. 3,
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
qualify of the probe response signal 810 sent back from
the remote station 110 while operating in the
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 access point 110. However, there is an impact

to network efficiency using additional probe

23



[0077] Measurenents of these response frames 810 nake

this a nore reliable technique than the diversity
wa@edogai446m t echni que descri bed above. Thi s secpomUS2004/019604

technique is preferably enpl oyed at | east once

i medi ately after a renote station 120 has associ at ed

W th the access point 110. However, there is an inpact

to network efficiency using additional probe 23 WO

2004¢£314460p P6F¢ US2004h €4 9604nal epupest/ phebe ELERONGEs may

signals, but these exchanges may be infrequent.

[089%]1¥£F%9??%5'nOM/t0 FIG 11, a flowhart of the

abo cri e i ngqan.a Ln
OO0 ROTPLSS 0E SBEESEL O SRR ETRAREL L e

di seeseddefeoibvehanstiard {8F ocketd D)y aheagwlsehedpoint
i i te stati 120 at. Bl o
COTBLOSES SHLEL! 160 L EIR! SpSAL LA, 120,30,21 00K e

ransmtting I TSt

angliesefisséhe Hromcthonatasnt eBDacR20bobp, t beeSREEEHEd
renote station at Block 1120, and neasuring a first
pr obFPF eePDNIRI STy # cERNQkd Fhatine bARiahngleck 1110,

fr : t t t S dj h
| oy el o5 oL okt na poRchaD il Mgy or
secomel @iovbetsonmhblansenna 220t tedtlae Bbbektdd4Pembhe

each_one of t lurality of directional angles of
Che i reRti Shar S bbb 680 TP Fhe- S8 BoPoteT onprRe
st até 9Pod2, s Bk B EEEONFe QT 9he tlﬁ@s&ﬁﬂi@eaﬁ%!{l@afrom the
received via each directional angle fromthe sel ected

r enBRECSERE | BNl prirli o t eeshendieg peet e Sbeshdprobe

probe,si gnal g Meapidgd at Block 1150. The neasured
first” probe response signal and the respective

nmeabled] secohdrgobet iesponsendi gnabs $tgnalthe

3:!@%%§%n%$g%§§%§t%%ééglffgbaéfaségéﬁdoﬁg gg tggtgfggality
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 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.
[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 response signal from the preferred
directional angle. The first probe signal comprises a

request-to-send (RTS) message and the first probe
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[0080] A preferred directional angle for the selected

renote station 120 is selected at Block 1170 based
wap@a/114360 neasur ed second probe response si gnaPGT/USIN€019604

nmeasured first probe response signal fromthe omi

angle is conpared at Block 1180 with the neasured

second probe response signal fromthe preferred

directional angle. The first probe signal conprises a

r egeepbnie- $6R6a(REShpressage addarhe d-sestd pCdlge 24

WD 2004/ 114460 PCT/ US2004/ 019604 . response signal .

COMEEISSES -a SHEEL A Ysehdhe( é‘?@ondné%&g? e S1GHHY &ARprLees

the seeand pry SgNah C QRIS e S rMe RESJRsRAga aand.

the second probe response signal = conprises a CTS
nmessage.i sEe 20107S arglseger- t Fde mmefiemnsd idediicvonal

angle is selected at Bl.ock 9

co%ﬁ&nfjieﬁfﬁ SR gglh]’?u%sc %?e ?L%gcs%qgm%t% rEteihoeCk 1190
selgeled Jg@;‘fpt&eskaiﬂpé&il@-fo%&diﬁiﬂ?ﬂﬂrﬂjldﬁmm&lnﬁaddlons
1195. [0081] The third techni que exploits the cotrﬁ rC?I d
framdd F3ed Sl ardaralrsante Stataifjes bt @i?t“i?e od ends

access;1 ol Rty gkl 0 and the renpte stations 120. This
technique nay be used in both forward Iink
conogdidat i orkhearchirdeverdmilquik eummid € dthomentSiake

S B o ARSI, g e

nme rates, €ss

POidH1 kil OL A AtS & Hdheseno e SSageisot® ITa0parehihecarmiique
pattern 905 to the currently selected directional

patitasr pel30sedrhis Rath | e iht BenF e e 520 b 1 13
dashed |1 nes. ! ; el ' hdN B0 5 A0 S d
can serve glrggnée ot rgtag&g%}sz'r m'e%téﬁ%e% her thae seh
cur ) yarsel eckesv bdget (ATK) 186 hagemadnt asered af sthe
advant age_over the o

advEH A7 & T TH | 57° AR :o%?%f‘[&t Bﬁedg‘%ag? RS

thrgshol ded or prevefre 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 advantage over the omni-
directional pattern 905. This advantage is typically
pased upon a predetermined threshold to prevent
frequent switching between two antenna patterns having
similar signal quality metrics.
[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 antenna
direction may be used to receive this message to
calculate a second signal quality measurement.

Comparison of the first and second signal quality
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frequent sw tching between two antenna patterns having

simlar signal quality netrics. [0082] For exanple,
walmmngashe CTS nmessages, the omni-directi onaPCTVDE®04/019604

may be used to receive this nessage to calculate a

first signal quality neasurenent. During the ACK

nmessage, a test antenna direction may be used to

receive this nessage to calculate a second signa

quahetpumemsucenest perConpati sad af deherhiihst-iandis made

second, si gha ality 25 WO 2004/ 114460
PCT?@SE@E%E@%@%%4tkﬁz5§ﬁFeﬁﬁﬁ?gmﬁsdﬁé?F@ﬂﬁ@dS&ﬁﬁlg be

det gepiBal | 9AakS iBBAQheRB O WRCLAGE LRE LGS ! '
direction shoa[dlbe stgrea. That is,cwhepherhfh% pEoides
di réchighar #ede pheui desi-diheghépngdi motkan Comparisons

C : ; | ‘ '
o 157 et e aabs e e AT PRrERE TaL e L GRAT P fdRRg onal
di recteons. df 0688} ohbe sane types of neasurenents and

congg&%ggns naé be conducted during a reverse link

dat nsm S Foﬁ?mﬁst§ﬁ6ﬁnofnm?P€PrEB?HEﬁrﬁﬁ@ t he
A@*boﬁ§§§§§§nstHﬁyaﬁgeéénﬁﬁbﬂédlagrﬂ3§ calcylake &:inx data
signal  quality neasurement and conpare it to an omi-

di resengnabshode aeasbrenent BEGot hBr dDnechibonak AvdHe

t. riLsons _nm conduct ed over severa
LR S R e
bef guel scanneaguacdeht engat canpenaa; di £8CLh0BmnE0084]

The direction table 425 in FIG 4 may be augnented
wi t AR EFghaPRlialPey WeasuFeRent soFr eihekhedippetéssadr mode

prQﬁ§§§@§eﬂ§§€fib@QmﬁQQY?oEQrT%yfﬁgnEénaﬂ taéeggg%ggeveral

di rectional antenna pattern. advanta
bel evnaupt edei ensgi vietdh theesbbédietiheemotesstpoiinh 110
110bé§verts back to sel ection and perforns an

ver tge gnni
ant SAna- SeAr oA L8P ng GhEroFcThe PEPRESt ROTBEEART ques
[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 no
data transfers, the access point 110 reverts back to
the omni pattern selection. When the remote station
120 becomes active again, the access point 110 may
perform another antenna search.

[0086] Referring now to FIGS. 12 and 13, respective
flowcharts of a method for operating an access point

120 in a WLAN 100 based upon control frames in forward
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descri bed above. [0085] In cases where the renote
station 120 goes into a power-save node or has |ong
WO doog/1pasd ods with no data transfers, the accREFURIONDII604
110 reverts back to the omi pattern selection. Wen
the renpte station 120 becones active again, the
access point 110 may perform another antenna search.
[0086] Referring nowto FIGS. 12 and 13, respective
f| cwchaftve refe d inished florbeoparsatismpdn dooes stipoigitart
120 in a WLAN 100 based upon control franes in forvy%aed
S

26 (RO 4PPLI46FNECTIVSSCO HVRICTS S drid TelretSe' i
Vﬂ‘%{%ox@o%r@f seussed. £ iRramddig siardranddBlwick s1200)st tdecenna

ethod conprises receiving in the forward link a
fi st teomt of] thead na et iorfad k antaneh 2 O aft@p ity remote
t he dir.ecti | anf.enna 2200 fro ! S [
1ZOSta?ttlé]noc;k(%?fltO,rgl§ncg( transni a[r%cl{nn%&gq%ﬁ%ﬁl%a% Zﬂ%]t
framed ¢ridie remite staidion statBlacktd220hclant220, and
recei ving a second control frame via a second antenna

pattesai omd fe SHTA | T Aht SRS Fom T STt -enna
ig a{rtg{ér?‘fr & agle 1230 A Sianalptiild tyrgh the fémste

~Trame received via the first. antenna pattern
ancstatsignat @latdl Y1230 t heA setpmal wmlb¢Yf@gn€he first

recei ved via the second t I
At S IR P T BUoCHT Vo WRabt 60 2 grars BeEforn
qualid i £5si pES0ChEd oW ¢ h the §ésstd atshsesbnframe

antenna patterns are conpared at Bl ock 1250. The
SeceRrP iR IfR Jdte eFPCOSr R B3 Ty 3BEoRE2Garee 2t

fr re j i Su est t ¢k
158508 R LETELE polpl e i sl ol iy o e
t hea sesoiHk ahtwentia tipat fer st exceesscone apbsunadpatterns

oL 07al ARl Ssragt el 0 A0 LIk kLR pacresr

contg Pl F441R1 ¥ €LEL VEAs 85PN I §86a 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.
[0087] 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
first control frame via a first antenna pattern of the
directional antenna 220b from the remote station at
Block 1310, transmitting a second control frame to the
remote station at Block 1320, and receiving a first

data frame via a second antenna pattern of the
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a clear-to-send nessage, and the second control frane

recei ved conpri ses an acknow edgenent nessage. The
woretrads4ends at Bl ock 1270. [0087] The net hod POT/US2004/019604

operating an access point 120 in a WLAN 100 based

upon control franmes in the reverse |ink conprises

fromthe start (Block 1300), receiving a first

control frame via a first antenna pattern of the

di rétréonabnaht ampen220brémonhe heenehot ststabhoataBlock

Bl o 310, transmtti a second control fra o the
DonEfa03 0n LT R0 8 3P ORRE FORLT ObabEETE, Feahl
dat fed&a08d W da a6 CONEs Nk £PBANRabLeF BrRf ahhea 241 Y05 1
2004/ 114460 PCT/ US2004/ 019604 directional antenna

fr oW hetY ebt RSt BT oR dRtB| Hewme 1880¢1%edi ghal the second
qualh{ ¥n Q5 ég%%éfﬁsér&QQéégﬁréﬁa BiSSF:¥§QOVIaEéQe

first antenna pattern and a signal quality of t
firstsplatial fe anea seced vetgrvah dhel Setendasanteabad with

pattern_are ured at Block 1340. The respective

meast e%l§?§2§$§dﬂ3T?? SN LRRR| R BECHRE 2T heorppsed at

anB BeEIONIB50| eIMa Pkl NSn B €n & OPREE 88n 8k or BLOGKsmitting
1350. The second antenna pattern for transmtting a

secontF@td 43 eael 131 Hev aeleesacposntpaiottb1@heo the
i an, i | 60, t
oSSl AN IS P el el ah M ogkodZ00aE8 Theine

nmeasur ed Si Ity assSociate _ Seco
antrexmsu pad t e gnaek cpelsi t ea sresUs edd sirpnial tgasétynd
associated with the firséﬁantenna pattern by a

, Dy ,
pr eHET T At He SHEF LA ThER ¢ i PR S eBRd r o 9 hnguality

I eced ek LOIPIISES thd eftiest -40: send gessage. pand the
second control frame transmtted conprises a clear-to-
serressagelnethet e Hooll @ndsTle Blosk d@T0ro] 0088he

ISy SR AU LS Ryl fden, e, rELeEl oty o

enEaydmnd coriractiongd @ esna: 2Ldbc@dbprises 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 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 can transmit when the medium is in
use. This causes collisions, particularly at the
access point 110.
[0089] When the access point 110 has data for
transmission to a remote station 120, the control
process sets the selected antenna direction by scanning

the direction table 425 in FIG. 4 to determine if there
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the access point 110 to reduce or elimnate the

occurrence of hidden nodes. Hi dden nodes occur when
woedo4dald46of the renpte stations 120 in the net NOT/KSH00019604

can hear conmuni cati ons between the access point 110

and a selected renpte station 120, and therefore,

those that cannot hear can transnmt when the nmedi um

is in wuse. This causes collisions, particularly at

t hearageessnpbaht hddden [ 00893 . WiBor t Bea@ptesSthoi Btcess

110 _h for _transnm ssion to a renpte_station
12001 he EhPer LorBcits Cetert nefabfant ctnt Bnhae

di regds oM Hyd seappifg Fhem dihecst 08t @bl 8ndernbnaftGotion.
4 to determine if there 28 WD 2004/114460

PCTIQ®EPBD 4/ 01860arctre ‘potere i Blmhhddéhagodesof FBEG. 7, if

[ . f enpt e
SO S0k RCS588 B0 AL AR Y LRGK [ofplemBle: ror
selleigidsh ant@avaexi sect i dne adOO99] pRefertiogriosthe

timng diagramof FIG 7, if the control software
det G TR TEECT At CBS JBTRTAYSI 10 oF R WCHI RRRsVAG sfdress

t hen BGEeSsh P01 1d0rdd ¥ 8dnal rROSE &8 8r LTS PESSRU826Q.
a known unused MAC address wusing the omi-directiona

noddigt RRecens esmaveROw tahl sapt G@és’shseraleite gstetions
' 201 h t { hat
STy APSFETRIS AAtlane o170 i neyerk Lhat g .

excnange 1s 1o occur an

exchangeansnit nished. tHdeeactesge P9I AinddedhenThe access
sw t ches iﬁ%%@i sel ected antenna direction for the

i ntRshded e%t%ﬁ%?ﬁb%ﬂd“%hﬁhec%%%%%?%%t?%ﬁ%ﬂna
progeat:+ ANOLHSF @pPraacdhdy PFEYSL i .t 1he hhgdeny

node problemis to performa four-way franme exchange
pr ctesIn{ RIS, ot rafzed anRGK)e mi dpproadesto edreventing

L LR 0 pLOORAL LS (b comtrolo ST, o

nodescidtegagsessodsl NRAL0 CcTS, 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 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 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
since the CTS message is all that is necessary to cause
the remote stations 120 to halt transmissions. The

remote station 120 indicated in the ID section of the
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may not send the CTS nessage and communi cati ons may
start imedi ately with the access point 110 antenna
W@ edo4/11464 he proper direction. If required by P&EUS2004/019604

network protocol, the RTS nessage can be addressed to

the intended receiver, resulting in a CIS nessage

back to the access point 110 as an acknow edgenent,

as shown in FIG 5A [0092] Note that in the process

des&ﬁdﬂﬁﬂkdFBOZEIBrpﬂ@EbéﬁﬂFﬂéidék ehfuetenelei Specified
nproved since the RTS rressage is not transmtted by

thereérécb%esss%?h‘?n 198°e LV e et el Heddage is all

thafodgaecesgaryrtfn %w tdhergenpse §t§1569@§a}€0f&9
halt transmn ssions. renote station 120 I ndi cated

in Cmferqt}%%cam oRCoES$ heo 2O E2Q 004 /4 1WUBKY 100 based upon

P O 9604 st andar d 11 rotocol header
egs%llré:%e he” seere(fo%%lltrerm Jgﬁgt]% |(gn %%?%s he™ the

datadﬂtaneglcﬁce]ogﬂo@ef et Ngetioyd t Cofp £ sd4, cBeating an
flowchart for operatl ng an access point 120 in a W.AN
10@%%3 PR RS Iden FoRCTechymi ke orean | Fhpeaccess

di ssasssed1drom thecn standtd E%%l&ﬁoﬂée L hecgpLhod, o

conprises creating an antenna dat abase by aSSOCI ating
betersgtdd acerss gpal ity 1d0r aesbeading enot ehetptuoality

120 spectiyv nmeasur.e i gn al i .

cor r%sapngcné) di g t%%rnf)l?ﬁ d}%f?%k aibi*ﬂght eﬁlﬁ% patrerhsvat

Bl ofda shddd Shend espestivees Neas ete shanad Hyathéi &8cess
are determ ned by the access point 110 based upon
corRfiittc att Dria S8 HRQR BB -2 5t QR § o%lﬁlzoeaqﬂ@rr@a@he

renptg fAati 0. 120, 2 pI&f efdfd o %%&@P%W%é ‘é{; g%géfggred

upon the antenna database Is determ ne
l42hteamth raepote Isdstd apandiideanitonnespanabage is

o eSS A0S, PRLL T o o SO el WAPBLE, e

datahases et DEd O r & Pe COIANMHN €M AN M t Ot NEo 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 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.
[0094] If there is a potential for a hidden node,
then a message is broadcast at Block 1450 indicating
that the access point 110 and the selected remote
station 120 are to communicate with one another. As

noted above, this broadcast may be in the form of an
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sel ected renote station, it is determ ned at Bl ock
1440 if any non-selected renote stations have the
w@odoani44ad of not bei ng aware when such conmuPCT/aEB200H619604
actually occurs. This is determ ned by conparing the
measured signal quality associated with the preferred
antenna pattern for the selected renote station with
the' respective signal qualities associated with the
nonins&l Bei € r €14 £- 56 At ¢ @ smabesgeisv g the SARAE antenna
preferred antenna pattern. [0094] If there is a
potRAt TS e B BrRBAt ot t 1Pt 20 nesEageCTs has an
br 0ggeasq @&%ﬂé’gkt&‘léodéé‘ |G 1 BGrrd n&hﬁo%ﬁgséf the
poi nt 110 and the se?ecte renote station 120 are to
conmmbtat etai ttnonk2@nothbrerpstivet ed abbver-vhysframe

br oadgast be in th f 30 4/ 114460
TR TR0 hnbol o1 TEGY et -Thesang) S SHGBTomed
Vi avitie @i sendenda rpadtera-ioidhnelzenpbepstakhonshe

120., The CTS has an. unused address that does_not
corteiPRMAReSe apyeRF e he Thenptened atRonsaioBlock 1460.

Al t j vel y, - p g

(R T g A T v i Durt hephet ShLarly
sel sotved ardodesstabednwiliZ2) tofpreveas tbeprbfddead
node .probl em The nethod, ends, at. Bl ock 1460. 009

| TR ST 1 ehiF DRO hast babh bt 1 CURSF T §o0¢oinE BgS
desgii besd Wi hehef grencest tea PI 8her£8enge8hodi ABRRSand
thereof, it will be understood by those skilled in

t hedelraitharaydee ongde hblgesin nwibrevbnderdetanpsfray the

be t her.ei i e ' h S
R S R T e
I nstanoes . t heoactessapoe Ntths aotess npdedrt Le hbe LERFted

802. 11 standard, The_ antenna algorithmfor an_acce
poi Irft EE?d¥%%%s%%%'§%o%Ea$%a% p!i%%%I%“F%nnétﬂ%9°F§g§@ for
of docal-aLea,nehMosksyi aSusSadi Ayove 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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appreci ated by those skilled in the art, such as those

defined by the | EEE 802. 16 standard. 31 WO 2004/ 114460
wEDUER004/ 019604 THAT WHICH IS CLAI MED | S BCT/BS2004/019604

nmet hod for operating an access point in a wreless

| ocal area network (W.AN), the access point

conprising a directional antenna for conmunicating

with a plurality of renote stations, the directional

ant enna incl udi ng AMHAIMWHIONW XS OQIRMEDp|II8al ity of

directional angles, the nmethod conprising: selecting

one of the renote stations fromthe plurality of

renote stations; thapsRhbli Rerachekst iRHORG $igRAls WA nt
the omi angle of the directional antenna to the
sel edt edwiredese svaelopremeastvpmy dWLANSt phebeccess

r espqQt i . .received via the omii__angle fromthe
selggpgg ?8%%?%Slé§a i8§KF8§§8HS§n8g?8“Pﬁef%Fkst probe

si goalwnuh i aastihtt wighaar pspeatlive s€certopcole s3iignal, the
via each one of the plurality of directional _angles of

t he94F PEEL PBAAI 2BHhEBAR PG PHE g PBCPER L eRstle and a

stabhQPa1 1 FRASYT HAG2+$68AANIARERRE, M @BROAZE HRIINRnprising:
received via each directional angle fromthe selecf%&
renot e stati oselespdndi nget oft hber aspetki veagdomsd from the
prob§u§igggl;0?ngest ring %n an . ant enna dat abase t he
measured r§ prgs r & 8 nSe Signal and the

respective neasHheflitseagnd prebe pespense gwiadnNalis the
fromthe selected remote station. 2. A nethod
accBFBingResSCPai e FirERELONESNPRISNRG: to2the 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 éignals from the selected remote

station.

2. A method according to Claim 1 further

comprising:
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WD 2004/ 114460 PCT/ US2004/ 019604 selecting a

preferred directional angle for the selected renote
wat@kiloraecbased upon the neasured second probePCEERINEE19604

signals; and conparing the neasured first probe

response signal fromthe omi angle with the neasured

second probe response signal fromthe preferred

directional angle. 3. A nethod according to Claim?2

further conpdlsdaigiseleqbiare il aimiecngmabrandgke for

referre di rectional angle based on the conparin
D e LA Y ORI o T3E9 HEoel T T BReT
st ald hd brdbdretdbaec i d 0 L@ m 3 wherein  the

preferred directional angle is selected if the
nmeasur ed si gredmeRsigw difel neRTErRd h esele desoRperesponse

measured signal sQcj.at | t.h ' b
e R e R
d airodle frgdhetse conpid 5ihgmn seiegpiafeareéxdirepptenal
station fromthe plurality of renote stations
rege¥liSy the transnitting of the first and second
probe signals to the next selected renpte station,

and the neasuring of the first and second probe
response signals rkcoedived faerridiengeke Sbpaptddfurther

renpte station; storing i.n. t n t S
e S = LAY A O 2L 00e OBt phase:L berrcs
r especddtveonEasaiele 133s D 2004/ 11d466mparing for

PCT/ US2004/ 019604 second grobe response signgls from

t hePRRBANSBP S CERIIRBFREEO'ST af  bh; TARgSeLected remote

station.

4. A method according to Claim 3 wherein
the preferred directional 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:

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 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
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repeating the selecting, the transmtting and the
storing for each of the remaining renote stations

wo e@waiiidaeo pl ural ity of renote stations. 6. A netho82004/019604
according to Caim1 wherein the first probe signa
conprises a request-to-send (RTS) nessage and the
first probe response signal conprises a clear-to-send
(CTS) nessage; and wherein the second probe signa
congxtsrs anoltd Sreaessage aihghalhefsemobhdepneke selected
response signal conprises a CTS nessage. 7. A nethod
accorEPhg %%aE}gPthn erein the measuring conprises

determi ning ateheasin®nendfsalectecryednsi gAahsmitting and
strength indication, a carrier-to- interference ratio,
an ‘energyopengbferrad¢le ahdtlhe spyaanipg- Asmeker akpblons

8. net hod a | iml j sel ecti on of
thef%%%ipgﬁg gggégigga%ﬁi%%ﬁ%ﬁ%oﬁgﬁﬁéﬁgg'plurality of
directional angles are perforned at the nedia access

control (MAC) |ayer of the access,poipt. 9. A pethod .
accor di ng to)@}aynglm?ﬁ?? e?ccﬁﬁﬁbggsgﬂgcgﬁaﬂtEﬁaﬂFﬁSln
ant gppardatabgseptosighel «sgbected hemph@estatboBeht

there is no COHﬂUﬂIC&?IOﬂS' bet ween the access point
and (RB8) sekectgd aedptke §iastonrPbe zeERPRAENSPEPRS

of tinme, .the updating, _conpLisj r i.ng :
CraRSHOELPRS Bf CCREFTPSPoBAd  oeboRd arhe ShanrsTes™
t hetsel eeteddr probe sighhdncoddrV©=2084/ RT4468ssage and
PCT/ US2004/ 019604. and t he neasuring of the firsET%nd

g
secbRfl prEBBY PESPBNEBSEPRAEI S1FBRS CREPEASRTt Re
selﬁgggg%ﬁennte station. 10. A nethod according to

Caim erein the access point is operating based

upon at | east one

7. A method according to Claim 1 wherein
the measuring comprises 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.

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

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

S. 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,
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of an | EEE 802. 11 standard and an | EEE 802. 16
standard. 11. A nmethod according to Caim1l wherein

wo b@4diq4ect i onal ant enna conprises at | east ONBCHUB200€019604
el ement and a plurality of passive elenents. 12. An
access point for a wireless Iocal area network (WAN)
conprising: a directional antenna conprising an omni
angle and a plurality of directional angles; and a
cordrdl ey memmnecired db e dfidi stecdndned corahteneiae f or

control thereof, said caontroller el ecti ng one of the
AP | THsa e Dy 7 el S8 ot
staddOhsentransmtting a first probe signal via the

omi angle of said directional antenna to the
sel ected renote station, nmeasuring a first probe

; | . . ' . ¢ _
response si @gg@ﬁﬁ%%)gé%%gg%ﬁgiyoEﬁ@%f@ {omihe; n

sel ected renote station respondi t he rst probe

si gited , adc@nspdinng & sEspeciny e>ossedndooprabelsagnadne
via each one of the plurality of dir IO gl es

of &hidf dtFeettnat! %ﬁﬁr&%’ﬁh‘gt%n‘{l ICh Sﬁ%@@@é  Bfiopeencard.
station, 35 WD 2004/114460 PCT/ US2004/ 019604

measuring a second probe response signal received via,
each directiohhl dhghethdd onsehedted ek edladnpt evherein

st at,i on,respondi to the re jve_se p e .
R L e S
measwerdnt i 858 Prbera BsSpPnse sagnale aatlenbets.

respecti ve neasured second probe response
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
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 to 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,
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signals fromthe selected renote station. 13. An

access point according to Caim12 wherein said
waloogaif446mal ant enna conprises at | east one ae¢CT/V82004/019604

el ement and a plurality of passive elenents. 14. An

access point according to Claim1l2 wherein said

controller conprises a physical layer and a nedia

access control (MAC) |ayer, and wherein selection of

t he ommi angle and scanmeagutrhngughsthendpbupeki trgspbnse

di recti onal |l es.are erf rned at %hg NM&% éi 1
15. An access 88Pﬁ% 588 ?HF g"t6 BR&InTi3eChi8rEinangle
sai d control | eromuthBescsekectisranptef 8Eb€don responding
directional angle for the selected renote station

based upon th&onthsurearsetsrd peepadr pspBAseignghal snd
and conpares the neasugﬁgggggs&npggb Egﬁﬂgnﬁgtﬁgggglthe

from the omi angle wt nEasure second probe
response S|gmahsﬁred1EEESprpEebeededpbeSE|emghaanghd.the

16. An access_point accordin 15 where
o d ot ror T eR SR ar e h e e ShopBUoProhe FEsBonse

preferred dirgethanal rasgl enbagedeupan YBRoERMRRLIAGH.
36 WD 2004/ 114460 PCT/ US2004/ 019604 for conti nuing

communi cations with the selected renpte station. 17.

An access poi acgor 0 1er ei .
preferred d|r2§f|oﬁglghgg P§H§§ré%?85ggﬁg #Eehﬁ%lm 12
nmeasheedisi gaal a$sectabﬁdlthetemnhhcempeedsstbe least one

measured signal associate EE t he _ommi b

pr eBEF&VRi REEMERFeERBI 8. P18ra tﬁcegsgaﬁéﬁﬁ &@é@&Fﬁg
to daim12 wherein said controller further perforns
the following: selecting a next renote station from
the pluralityléf rBnotecssat poist 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 controller 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.
16. An access point according to Claim 15

wherein said controller selects the omni angle or the

preferred directional angle based upon the comparing
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repeating the transmtting of the first and second

probe signals to the next selected renote station,
wan@4tingeoreasuri ng of the first and second prPOEUS2004/019604

response signals received fromthe next selected

renote station; storing in the antenna database the

nmeasured first probe response signal and the

respecti ve neasured second probe response signals

f r ofiPrheonéknusebecrBBUNicabLonst diitbn thgndelesdad mgmote

t he %glﬁgting, the transmtting and the storing for

each oF he remai ning renote stations fromthe
plurality of renpte stations. 19. An access point
according to Claim12 wherein the first probe signa
conpri ses a réaue399t690§éﬁdpPﬁﬁ§)aﬁ€§§§§ggaﬁ@ {Heim 16

firgheRPE@RELhESPOBSE$LANEL ref@ABhLGCENG1C! 82 HOeR8RY if
(CTS) nessage; and wherein the second probe signal
conphesmsaanrRISsAessdgesandid7eiOt2e04witp4@&ceeds the

PCT/ US2004/.019604. th , . |
ConpFFSBE e 18 hoBasge 207 A Aolees hone oL by a

accprddagetnigkdi Ahidsheherei n said controll er updates
the antenna database for the selected renote station
if there is no communications with the selected renote

station for ajgcerhai BcE%%isogo%_tt ia%orb?%g“%%??dl%t&m 12

conprising repeating the transmtting of the firs
andwsecend spridbeosignallert dutrlibesebectfedmsermbtee following:

station, and tgi geasugin% of the fi%%t %nd ge%pn%he
probe respons8STEFGAEFs 3 BE& Y EF PFEMSERE 188 &&C8Y
renpterstati;oBf 28mote stations;
repeating the transmitting of the first and
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
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.

19. An access point according to Claim 12
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
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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
repeating the transmitting of the first and second
probe signals to the selected remote station, and the
measuring of the first and'second probe responsé

signals received from the selected remote station.
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