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HI DDEN NODE RECOGNI TI ON FOR AN ACCESS PO NT Field
woteshedbnventi on [0001] The present inventi onPCEUSL084019324

to the 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 layer in the renote stations and _.in _the

access poi nt prOVEERRR |SFRERING AND, ALRREN JiPE,y

whi ch the stati BRSOGRETIAN ECRAN PeFRES:BRAMIAI cate.

Above the physical layer is a nedia access contro

(MAC) | ayer that provides services, such as

aut henti cati on, deawmiednl icfatthen Inyantgicon associ ation

and di sassoci ation, for exanple. WO 2004/114457 :
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establ i shed between the physical layers in the station
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connect.., .Typically, for. S i O t he
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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 éxample.

[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
w@eioeni«adr el enent. Monopol e antennas are susce@I/UB1084/019324

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

caused by intervening objects. Intervening objects

i nqlogda wal | 30 desks tand, peoRle s i@l ionhesfes on-
objects create nulti-path, normal statistical fading,
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These objects create multi-path, normal statistical
fading, Rayleigh fading, and so forth. As a result,
efforts have been made to mitigate signal degradation
caused by these effects.

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

still a need to address the degradation of RF signals
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communi cate with the access point. As a result,
collisions occur at the access point. This leads to a

W@ Raat446n cal l ed the hi dden node probl em whiB¢T/US20d4u@19324
to the fact that not every renote station in a
wireless |ocal area network is able to communicate
directly wwth every other renote station in the
networ k. Sunmary of the Invention [0008] In view of
t hedtareagoivng: haekgoundtidths ehj®n dcddes pgesentin a
invention is to_inprove conmunications between an

accegesintlonid PEiRst #etdittions within a wirel ess
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di vergittey statipmovisdedtt kvough Breanttenrecstserpoignt and a

process for access ch.nts (i.e., wrel ss%(%at.e ysr)l
used 'er?*iﬁ_ 18K 9 5CA A & St WTRE: D et onal ™€
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i ncrease the range between the access point and the

r efE R A engith ghe afqeaeReinfer devidesgsul,
di reatlanal, Aenna i ek I ANel: SToRAls DR SEs 4
ratio tjhan an omi -directi onacf arnt enna 1 n nbst cases,

t husi ald mwirngalied ithle tha ddsperaide girdbhigher wateh is due

rates. .[ 0010 he .ant enna steerin rocess may be
GRS AP Mo ATESS RIS (IR e phreless
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antedifiy pdthesr irepded s isiqyhaln i inscyiestlEi cs

avai | abl e from the physical |ayer upon receiving

signals fromthe renote stations. [0011] According to

the principles of Swamargseft thenvimvdrdniorduri ng

processes such as registration, authentication_ or

subLAfnt  ddta Veith &g dd D eterigP e background, an

object of the present invention is to improve

communications between an access point and remote
stations within a wireless local area network,
particularly with respect to hidden nodes.

[0009] An improvement over simple diversity is
provided through an antenna steering process for access
points (i.e., wireless gateways) used in wireless local
area networks. Directional antennas improve the
throughput of the network, and increase the range
between the access point and the remote stations (i.e.,
wireless user devices). A directional antenna provides
a higher signal-to-noise ratio than an omni-directional
antenna in most cases, thus allowing the link to
operate at higher data rates.

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

point, and selects a best or preferred directional
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access point and a selected renote station, a

preferred direction for the steered access point
wanienneasis determned. I n one enbodi nent, SoPCTWEHRI00019324

firmvare operating at the access point makes this

determ nation. The access point antenna contro

software/firmvare may build a database that includes

the identity of the renpte station and the antenna

di reeddrih asE0cd Bt ashsod tdh tdiagn st adiomi € pron@ehi @vi ng

opti mum comuni cations performance. [0012] Hardware
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selecting the preferred directional antenna angle. The
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metrics corresponding to signals received fromthe
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renmote stations in an omi-directional node to
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If the access ptq% nt determ nes that hidden nodes are
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r equastad@ss S5 el ealtdrons esh{ RIS/ LIS waBS sA0HNER AS may
defined in the 802.11 standard, for exanple. 4 WO
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au . C 0 . o] -
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I ndvMirdugiatt estd el at aféonsclainel ang alypt ihym ¢@uswppostions
nmore users in the network. In nbst RF environnents,

t P g1 Sel received at the renote

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

the 802.11 standard, for example.
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station can be inproved by having the access point

transmt using a shaped antenna beam pointed in the
walkooeai446m of the station. The shaped ant enna PERDS2004019324

provide a 3-5 dB gai n advantage, for exanple, over the

omi -directional antenna typically deployed with an

access point. The increased signal |evel allows the

i nk between the access point and the renote station

to [oopenat e ghehivghestidal @ alemeraspeciild adtedhgoint
outer band of the coverage area. The directi onal
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[0014] More particularly, the present invention Is
di reec tsegpioe ta meetechod <oy igpehat ined warr kaccess mpontRE n
a wreless |ocal .area net acces

h
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CORFaRiGal idRg Wel b wRldyt Yhaafi neeridee sdcdd PNRsairand
the directional antenna conprises a plurality of
anttERRgTR&t PEAAS TR ARSh Gd \COMFY IREE" Rdtiaty gh the

amd‘i%%tg%ﬁua%%setk@/ ASRAY AL | ARG, DEd :)ag% LA A6ELSeam may

poi nt" and each renote st ation a respective measure
si gralvigealal By 5c @ espondidwpritadehe ﬁﬂmr@iam;yleo,f over the

ant enna att rnS The respe tlve asu \
e B i My i St i D g an
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The method further conprises deternining for each

r ertgt& dredfieen & hsr eferased paiténma patheripisedtajpoan to

oIS SaaRaE oA SR LIRS .0 MR cuter
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communi cate with. Based u the a enna dat abase and
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[0014] More particularly, the present invention is
directed to a method for operating an access point in a
wireless local area network (WLAN), with the access
point comprising a direétional antenna for
communicating with a plurality of remote stations, and
the directional antenna comprises a plurality of
antenna patterns. The method comprises creating an
antenna database by associating between the access
point and each remote station a respective measured
signal quality corresponding to the plurality of
antenna patterns. The respective measured signal
qualities are determined by the access point based upon
communications with each remote station.

[0015] The method further comprises determining for
each remote station a preferred antenna pattern based

upon the antenna database, and selecting a remote
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stations have the potential of not being aware when
such comuni cations actually occurs. [0016]
woeaenm4ni ng i f any non-sel ected renpte stati POBFURENE019324
the potential of not being aware when such
conmuni cations actually occurs conprises conparing
the nmeasured signal quality associated with the
preferred antenna pattern for the selected renote

St adt o0 oM tdhd Rehd espesddpen SN roftat idd Esntenna pattern
associated wth the non-selected renote stations when
usi iy B UEEGRE SHrEfdl r e BaFRE iRt IR ANt apea database

me - ' i | i4t i
et e PO R e L SR T T e
carsiaridam- ditntier fdatenoelned i 0f @y emergye pectdiltremote

rati.o, .and signal -to-naise ratio., [,0017] The

o R o hak ari B e T, iy ot S BRmRen
antaa Qadnhelibadithd fadtud 81y ded@irg ned that at

| east one of the non-selected renote stations would

not L} Gvar e RAHGETTEIT € okfm At 1SS L et e Fymote
occégasciér{ke%at%e% %@%i%#réf]q{o§%@f € ware when

transmtting an unsoli ci ear -t o-sen ssage Vi a
t heswrinicantuenina tpiadrteractwa e @prawsas | ¢ompf i sesotemnparing

stations. The cl ear-to-send, message has an pnused

AddrES ST ot L 917 BEpbrtr T8 Hhy 01" He e

Pl Wadddirf dremiey datd ons. rdP0IR] Alesnayivahyiel f
it is determned that at |east one of the

nors el ieut et e ridie BaR e Ohsvawnl dabtJudbkl BiRe easbenlated
such. .go icati C . 0
T R A0 Al 08 T 2 s GG g0 S PERG O
200zH el 4bnelt RCH ISRO0 D 932k e Fror Witk | hedksatr¢@ct | on

a request-to-send mssa%F, via the ommi antenna

patlfe_e?ﬁ?‘:ttol‘f%eslpﬂ%]alqlf biLeemite cqRETnsat Least one
recst i N @& Gl LBrsighsensk ressage AdomEhen, a carrier-to-

interference ratio, an energy-per-bit ratio, and a
signal-to-noise ratio.

[0017] The plurality of antenna patterns may
comprise an omni antenna pattern, and if it is
determined that at least one of the non-selected remote
stations would not be aware when such communications
actually occurs, then the method may further comprise
transmitting an unsolicited clear-to-send message via
the omni antenna pattern to the plurality of remote
stations. The clear-to-send message has an unused
address that does not correspond to any of the
plurality of remote stations.

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

the method may further comprise transmitting in a
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selected renote station, transmtting a data frane to

the selected renote station, and receiving an
wacelnow4etdgenent nmessage fromthe sel ected renPCEUS2004/019324

station. For a reverse |link direction, the nethod may

further conprise receiving a request-to-send nessage

fromthe selected renpte station, transmtting a

clear- to-send nmessage to the selected renote station,

receinwiangl a iged alifrears dn emddgisss -eni-etbi®Mmdtsage via
st at| on, and transmtting an acknow edgenent nessage

o then&maw) @é’tt@dmraeﬁ?@tt&eﬁnat‘%%r?he[ ozahtgqalérf@ét%gr%we

antsecrmoqﬁg AbaRe ML Pe PeIfonRdd iy led £a31 £4L& he
ways. One approach is to use control frames in a

f orswdred:’dadwkcerravt@e@a@d;la?gpr dachsnistingise o ripfame to
fr areversellg%] andath rd 2R roachlsto

usgt%gr dbe & ﬁjal td’ éja(t [ t'he Entéth

datahasay usidithet Nt sadd afmsn ithe Sorawi«h |ﬂéﬂfote
conpri ses the access poi nt cormunl cating with the
pl FrAGHAR -of Foehst & SStetSnsi ik Jtrrﬁé:?ld%rv»arfdlq ifkthod may

ba f t.
ﬁgﬂty & onfé@%%eqvﬁ?g%e é&d% age

pl trol franmes and a ata rame
cr éamnngl'tehesedmcmmﬂa mhartceilya & a0oinpr i stssartslmttlng a clear-

foIIovmn recei vi sol i irst contr frane
vi g% f“easrﬁaegr?ng:% %ht %Iﬁ‘ ectaﬁL e |%1}?%loé?ﬂ enna
fr Qr@@;@‘vlrrﬁj d i fStaadd Wront NS Mdtd e Adriste dat a
frame to the first renote station, receiving a second

corﬁtﬁ(ﬂloﬂ”’rrar?éqch|tdfaé15§§c?5ﬁd19hrﬂférﬁ?d<fb%‘(ﬂt%i%mﬁm% Heessage to
d”%%“s%ﬁ%ct%ﬁ% irst renot e station,

measuring a signa quallty o the first control frams
red@iodey vi aCIﬂwtfnrrgsttmtaemmlmtdaarabm neesilgmal 7
WO 2004/ 114457 PCT/_.US2 34019324 quaI| of the

se&GTd BoiRY dit AfanE F%ecdVEF VI $he O GORF Hftlentta t°

pattRr fonkhese steRs ane 4 eRgalad foink, a second approach
is to use control frames in a reverse link, and a third
approach is to use probe signals.
[0020] Creating the antenna database uéing control
frames in a forward link comprises the access point
communicating with the plurality of remote stations in
the forward link based upon an exchange of packet data
comprising a plurality of control frames and a data
frame, and creating the antenna database comprises the
following: receiving a solicited first control frame
via a first antenna pattern of the directional antenna
from a first remote station, transmitting a first data
frame to the first remote station, receiving a second
control frame via a second antenna pattern of the
directional antenna from the first remote station,
measuring a signal quality of the first control frame

received via the first antenna pattern and a signal
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any remai ning antenna patterns. [0021] In addition,

the nmethod further conprises repeating the receiving
wa@pa4titansni tting for measuring a signal qual P€YUSI004/019324

the first control frame received via the first

antenna pattern and a signal quality of the second

control frane received via the second antenna pattern

for each renote station. The first control frane

I ecgia/eck € ofpriisess écehatotOr SENtlram@ssagei vadidvifiethe
second control frame received conprises an
ac kIR geetR e bRt { 00221 G it T nyt ¢ heCRpt bpdal o

datahaseiisi Mo Ot £ Ohna fEBSCAY, @ reverse link
conprises the actcess point receliving a first control

frafi02ih a fimsidantierma tipatnerimodf fuheher rechponats
ant enna ,[_from ahfi rster%rm e c?t atilclan .t{ansn_jgtti Ng.2.rin
secont Tort? or “F raReC T H P he ¥ i Fet P Rhbt 813t BT oS uring
receigidihn fiasit@dada fHaANBi VS8 c@nSLEDNHr &fé eRBdeived
pattern of the directional antenna fromthe first.
rerbt® Statforst ARt o REFE ! sihat Sl t guatitnect

firsle Csoé&gﬁ’é ééﬁEfP?I ef&}ﬁ{éedré/é'f-éii@& viirshe 2DLEHRA
pattern and a signal quality of the first data frane
r eceibvatha i pat hers eCondeart erareopat $eanion TheBlee sfepst

are repe eﬁ%for any renmni ni ng ant enna atterns.
OGP e TR TR TTET GO Se8. 7 opheat reoTREnd
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quality of the first control frame received via the

fi reInRintEehaepaderer renetyiadseRr@eity of the

fir ta f i ' e n a
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and the second $ WD 2004/ 1%7:)14 7 PCT/ US2004/ 019324

com T ot FHade? tF ih3h 2R 8esV 4 cf ebt L ¥ b- 3BAERA

pattern of the directional antenna from a first remote
station, transmitting a second control frame to the
first remote station, receiving a first data frame via
a second antenna pattern of the directional antenna
from the first remote station, and measuring a signal
quality of the first control frame received via the
first antenna pattern and a signal quality of the first
data frame received via the second antenna pattern.
These steps are repeated for any remaining antenna
patterns.

[0023] The method further comprises repeating the
receiving and transmitting for measuring a signal
quality of the first control frame received via the
first antenna pattern and a signal quality of the first
data frame received via the second antenna pattern for
each remote station. The first control frame received

comprises a request-to-send message, and the second
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nmessage. [0024] Creating the antenna dat abase using
probe signals is based upon the directional antenna
we@eopniasng an omi angle and a plurality of  PCT/US2004/019324
directional angles, and creating the antenna database
conprises selecting a first renpote station,
transmtting a first probe signal via the omi angle
of the directional antenna to the first renote
st atdriolamd- apeasird mgniac t dd r&dmpprioles re spoanse- So-gaahd
received via the oomi angle fromthe first renote
st &t50i#9%esponding to the first probe signal. A
resggﬁm Ve Secondt HHbe,SignalndS déﬂmt&@nglﬁrobe
eac ne of the plurality of directional angles of
t hes idinedct ilgndlasad erpen t’a:hét Iﬂslrefcrtrls;maderm’@ersm@t i on
and. a secorhd proboe fespo naIlur 1_yed :(\:/I(’%l t nal
di rectonal gangr} Fom't q‘l rst it e of at irectio
r espyidi=g drad td@d@&pﬁ@dhy@nmdjapﬁam%esl Ghdbrises
measur ed. [0025] Wen usi ng t he probe signals, the

et C i fert idoHpri g S et tedtiany & IRian e a first
St i g T4y alt %a"'*&ﬁ@'dr&rﬁ 0% %1%7%? SAtd OASetional
repeating t transmtting o he first and second

pr C&Ié:%”lnglaj@ e ﬁjhlssmes@tmcsta evitagdl orenotred stt@msl@:ning a
urln theflr%t and. second pr,0 1
%ﬁse Psﬁo Tal’s Peocfé%%édlgrfar MG e tVJsae|%*&‘? e%f“nl ang-e

r emrien Sih ifQstThesosd epSsaieh rapeatethd ofo eaed Ofrst

the remaining renote stations from the plurality of
r e RSt Ss 1S TS, ﬁ]erqsm%th%tf@cwbr@ok&m%@% s

r e%i%%%sr&ﬁt%@f‘%ﬁﬁ%@cwqg e Eéfﬁé%

response signal conprises a to send
me shiages t iamh It heen slecp noif pirf&beizsnegﬂa:lona:brmnt&a:sa aro Rise

nessa and the second probe respons si.gnal
Corite LS ttS TSR, S0 FOUHTE MEE Tesponse
PCEHQ§%QQ4&Q&§§2§§ via each directional angle from the

first remote station responding to the respective
second probe signal is measured.

[0025] When using the probe signals, the method
further comprises 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. These steps are
repeated for each of the remaining remote stations from
the plurality of remote stations. The first probe
signal comprises a request-to-send (RTS) message

and the first probe response signal comprises a clear-—
to-send (CTS) message, and the second probe signal
comprises an RTS message and the second probe response

signal comprises a CTS message.
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[0026] The access point is operating based upon at

| east one of an | EEE 802.11 standard and an | EEE
wW@o4464455t andard. The directional antenna conpCT/E8R08019324

| east one active elenent and a plurality of passive

el ements. [0027] Another aspect of the present

invention is directed to an access point for a

wirel ess local area network (W.AN) conprising a

di rl@giaeinal anfeerrae sEOMAirsd Ng agdnatalnd yoafednipimaat

patterns, and a controller connected to the

di rERTorRRe & efha B 8 Workr ot Al band R TEEE 802.16

CotdQd 85 .COMMINIBARS W antIiHAlddnpofsd £t €l east
stations by creating an antenna database by

assuw a@dtrigewistiemeadh arehot e lstzatlicy @f mespeictd welements.
neaﬁﬂﬁfﬂ SIgQ@J1ﬁ%g§I§ Gy res r&“ﬂ%@ééﬁ%!g%vention i
pl uraldty of “anténna patterns. e ‘respectiVve freasur e

Si ghadedtsrl idd em areodat eratimeddasedridiness local area
communi cations wth each renote station. [0028] The
coMaIqdr R niGReR Fisiinghch Herstiel o atd bt rpa

pr - t: dpen e
da?%%%gggug%%gggﬁégggjhBPéﬂg?ggétatié%ﬂgﬁaﬂgﬁémw&ia
coraeespondiary qureferiest mntE@rmalipadteironalo aoremwm cioe
with. Based.upon the _antenna database and prior to.
CorfHA (AR ¢ HOS ol et ot N R e s 1
detgryddied f ket rams onsSed Bate ¥ e £ Siqtdonsn haviea
the potential of not being aware when such ,
corfiiiARERg s SRRRIaBATEE Clird) BGefraRaled i pralbirnfa

t h . Y .f g . . . ,
g s WS LS IHLOMNG AN URSafAEAS to the
apparerliftnomf ket drold etigemos e pard imedective measured
descri pt.ion of, preferred, enbodi ts of the

e Sl s S e T Dt atfhg

dr aWnRgsh 1 HE SHAWRAS & éh Nedmdi: W3 20044 114457

PCT/ US2004/ 019324
[0028] The controller determines for each remote

station a preferred antenna pattern based upon the
antenna database, and selects a remote station and the
corresponding preferred antenna pattern to communicate
with. Based upon the antenna database and prior to
communicating with the selected remote station, it is
determined that any non-selected remote stations have
the potential of not being aware when such

communications actually occurs.

Brief Description of the Drawings

[0029] 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
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necessarily to scale, with enphasis instead being
pl aced on illustrating the principles of the

WO pweni446m. [0030] FIG 1A is a schenmatic di apCHISHD4/619324
wireless |ocal area network (W.AN) enpl oying the
principles of the present invention; [0031] FIG 1B
is a schematic diagram of an access point in the W.AN
of FIG 1A perform ng an antenna scan; [0032] FIG 2A
| S ngceisesrdfl yancaceeds ,poiith eihhdbaEis IAdt@adpamg
external directive antenna array; [0033] FIG 2B is a,
Vi B K& ddddSTEdilmY SheFPEinaRies iy thfe 1nvention.

di neeiioe antepna 1ar 1ay J RCYRRIAIEd i rAD dNtentdleless
PCMCI A card; [0034] FIG 3Ais a view of the directive
antflogad aae@aynedfvoEkG (WLAN)[ @088joRIng B3R iprigiciples of
scht%mat irce o(lei r.%@eof 5a swtch used to select a state

of “aff amtenta e errélrtﬁ of the directive antenna of

FI G003A] [ 0036]c.Fl1IG i4% ias stHeneak didigiguanofo Ammetasss s
point. of FIG 1A enploying subsystens, |ayers and an
anPermd 18 &&ve HgAHY @c}fe§sl<”§cc1@r HSd A e Y iaE PIES

of Jfhe . present invention; [0037] FIG 5A is a signal

di agram optionally used by the antenna steering
prdo®s2lof FIEGG.4;2H (638 Ele® &EBadrs arveds erqiatt vt FIG.

S SRR U R LA
al trerowd]i ve biteck 28 agy amvafew Gtk idtodiLhbanten®a Fic.
diversity circuits are enployed; 11 WO 2004/ 114457 .
PCRAUSZOUND 198241 Jegi401e ANGeTra ST gitdoiRUg R 10
using s&u.44en pemcta card;
[0034] FIG. 3A is a view of the directive antenna
array of FIG. 2A;
[0035] FIG. 3B is a schematic diagram of a switch
used to select a state of an antenna element of the
directive antenna of FIG. 3A;
[0036] FIG. 4 is a block diagram of an access point
of FIG. 1A employing subsystems, layers and an antenna
steering process according to the principles of the
present invention;
[0037] FIG. 5A is a signal diagram optionally used
by the antenna steering process of FIG. 4;
[0038] FIG. 5B is an alternative signal diagram
optionally used by the antenna steering process of FIG.
4;
[0039] FIG. 6 is an alternative block diagram of

FIG. 4 in which antenna diversity circuilts are

employed;

11



node techni que optionally used by the antenna steering

process of FIG 4; [0041]] FIG 8 is a top view of the
woeinot4dsof FIG 1 wth bi-directional signal PemyyUS2004/019324

[0042] FIG 9 is a top view of the network of FIG 1

wi th indications of the antenna beans; [0043] FIG 10

is a flowchart of a nmethod for operating an access

point in a WLAN based upon spatial diversity in

acqoodiarice WRIG I he j esentgridiventdiim (H044]a Rl Eiddd

is a flomhart of a nethod for operating an access .

poi¥as i+ SS NN S L3 Aot proisd B g s2rpenna steering

acerdance Wty d hey present invention; [0045] FIGS.

12"and 13 are respective flowharts of a nethod for

opdiO&4ilig an Elcteds jpoianttdm e oW AN bdsedetupork of FIG. 1

cont.rtgﬁl f.rapes in forward and reverse links in

acdordarce WHH THE B S i R%Ent i on; and [0046] FI G

14 fiop421f | owdar t ofia freidpdrfar o Ppeiatl Mgk aSEESEG. 1

point in a WLAN based upon hidden node recognition in

actoidaddel iGathialtfe Y ddentanfanentissHLs Det ai | ed

Des@o4ayl on %fzé.heﬁfj]eé‘ & ffngo | At s m%ﬁf’cﬁglf@e
present ‘i nvention w T be described nore ul Ty
herogienafttierg wirt lnaedey grcientt alrit ke WEHEQDipEswd ngoon spatial

drawi ngs,..in which preferred di ments of the .
R R o i T e oGt dp
empedise i n nany. dif fareptefardm and shouhsbmed her

construed as limted to the enbodi nents set forth
herEiafailqicher 3¢ aiai Mehtas HAN s detPed RIS

t h'ﬁigﬂfa%]%{ asH raecé/ééﬂétx%xpcee tJ!LOJhOL{T%!% %!Ede&%?' E{x?er%@{‘%h;
W | ully convey € Scope o e Invention to ose
12 M045)04/ 15T, PCOT/ 082 A0/ 90 3 pesskit 1 v df 1 swdleerts of
art. Like npunbers refer to |ike _ .
a metho or operating an access point in a WLAN based
upon control frames in forward and reverse links in
accordance with the present invention; and
[0046] FIG. 14 is a flowchart of a method for
operating an access point in a WLAN based upon hidden

node recognition in accordance with the present

invention.

Detailed Description of the Preferred Embodiments

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

fully convey the scope of the invention to those

12



el ements throughout, and prime notation is used to
indicate simlar elenments in alternate enbodi nents.

WO o48)44Referring initially to FIG 1A, a w r ePE€BES2004/019324
| ocal area network (WLAN) 100 having a distribution
system 105 will initially be discussed. Access points
110a, 110b and 110c are connected to the distribution
system 105 via wired connections, such as wired data
netawirk eebninecilieoonstt Eachi iof dithaes esstooi vé s111ka,
110h and 110c has a respective zone 115a, 115b, 115c
i n eAARH S (thROuHERIb e 319 Gomifmi kA3 FEPYi BS riagied to
fr equencyt  RRlnSianal feii i tHe 4 BN0LE 8L aLh00g: deles .
120b, 120c. The renote stations 120a, 120b, 120c are
supgird8dd wi the s rel res siniockd L lar ezo netGwr kA haa dwareless

and o Laare 18, 26Ges Ry LA ¢ HAELOT, SYSLEM A0 o

oW ng desc n a gene

referanee 105 nedel  1:0i § el BE RS sAPatUd Sed ! heaE€8®s epoints
stations and the zones, the respective reference

nuretCRts WP b WP ans P eder ooad)sprienton
t echnal Qo gy Qv fes: 1he AG6ess: Ao tssuéiq'oaé‘nxgi%gﬁn%ata

remote stations 120 with antenna diversity. An
di vertsiank aldrowscttihensaccdssclporntishd lcamss theintenblea,

statiqgns 1 t el ect one of two ante to I ovj .
e i o d 1 SR TR APt 87 o e in
si giaileh bed ngs regeived. o Oneonieastikd Big $E4 egidng one
antenna over the other occurs in the event of
mulfGePe s adiing, STanakt chl e siharenelks ngtatiwns 120a,

di f4f nt hs i caneel | 0 oc

at lcﬂbe’anltzé%'a biﬁrt?éjﬁlg%nﬁegr%%er. s,inib?(?ée'r njé%(%bnbl gﬂz‘?% are
whenipmirerdde vetde wisrebisedl dyyal vworah frietent k shgnalsre and

(cosiied al he sae o enna Yol anohes (SaoRl O the

13 ﬁ@l&&%&%ﬂ%f&&%r@@%eral reference is made
to the access points, the remote stations and the
zones, the respective reference numerals 110, 120 and
115 may be used.
[0049] 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

13



envi ronnent, such as when a renote station 120c is
carried fromthe third zone 115c to the first or
w@ewandi4szones 115a, 115b as indicated by arr oRCT/RS2004/019324
[0050] FIG 1B is a block diagramof a subset of the
network 100 illustrated in FIG 1A in which an access
poi nt 110b, enploying the principles of the present
invention, is shown in greater detail,with respect to
t herdiiresinare  ariemnad ebes: E30andQd .stHe «h rexdd vies
antenna | obes 130a-130i wl| also be generally

i ndiccaied By Fefdferded g HFF trhd i déssspothtsecond
11%@%%%%68 1uBough te Aplenng, 1ahes, 134 during a

scan of its environment to determne a preferred
ant[é)r%@]dl r edtlicon.1H QG5 H bDlﬂqmgimgswm oft e sadeests of the

P st L wetede e AR FY SR (R AR 4l pagess
of P%rlff‘d anas teﬁf@ﬂ%fiﬂﬂrigeetheb)pxtlhﬁ:lrﬁr@ & Statd grd2ob:

At each scan direction (i.e., angle or antenna

patﬂ‘né"e‘@th“”‘e i GOSITPGIMIITERIIRT medsires sl Grre et to
Pt SRR B AR RS, RsddRRel T L e

es of the nmetrics in
r eceiteethasilghels 30ergtIoi m’:ﬂdata]mo HeRS\INgrally
carrier-to-

P Ry e St RO Aifer U1 dfEess point

MEAYWLE e RGeS thrh@RItHO-NH St atdked W) ,d@fing a
the quality of the received signal or signal

envigean et t sA egoriFioratardn tof dee@ e surerfeiR BT ¢y
al sa%goe%nrga%ﬁgectl et erm ne the best or preferred
t

anténna pa as " readily appreciated by those
skijdosdli n tlmrantg Baseth, dhd hecoras yeihisi o uses a

quality netrics, the access poi nt 110b deé er mf
pr EReTEd i BETT g 138 ot rétd iR tr detall in FIGS

CONRUINLALING M thdrhe J e/me st ion 5200 s Mransmitted
by the remote station 120b. At each scan direction
(i.e., angle or antenna pattern), the access point 110b
measures a signal or probe response and calculates a
respective metric for that scan‘angle. Examples of the
metrics include a received signal strength indication
(RSSI), a carrier-to-interference ratio (C/I), an
energy-per-bit ratio (Eb/No), or other suitable
measures, such as a signal-to-noise ratio (SNR), of the
quality of the received signal or signal environment.

A combination of these measurements may also be made to
determine the best or preferred antenna pattern, as
readily appreciated by those skilled in the art. Based
on the measured signal quality metrics, the access
point 110b determines the preferred antenna angle or
direction for communicating with the remote station

120b.

14



WO 2004/ 114457 PCT/ US2004/ 019324 [0052] The scans may

occur before or after the renote station 110b has
whe@a/1ayshent i cated and has associated w th tPeT/US2004/019324

di stribution system 105. Thus, the initial antenna

scan may be acconplished within the MAC | ayer

Alternatively, the initial scan may be acconplished

external fromthe MAC layer. Simlarly, scans

oc¢opbRng af ree thansenmieostati defbl@b Mrasfter the

authenticated.and has associated with the distri tion

sy$FBRT 205 Rk °Be 14080 Fi SREF RHtHER Hre tRRc A Sor

by a@%%%%%%%{ Qﬁ%r EhRJge%ker Bak ibhe sMAe a5, [ G0R3, the
is a diagram of an access point 110 using an

exuenhalaldlanéemme sgatenay ber agpc20@d.ishissl wdithdet ithe MAC
antenna ar 200a.incl ud fi.ve <10 opole ve
R T B R AR e L A
ongchBARPaleedacki-venant emnda ehemenic 206erThe Fasdiad v,

antenna el ements 205a, 205b, 205c¢c, 205d and 205%1are
geRERRE| P CEFaingd 2E6 eBeltof meéfeer%ﬁ&éonn

The ,diLective an ta%?n a8l eRal1200q S tCMe Qfl%q: rthbut) ion

t he access point via a universal serial bus (US
postyszaasw. 105hewyt Peescebmpdisded ershilyetiseiAthdlayer or

directive antenna arr 200 d.t t 110
ar 57 By SEeoBpE A SR GOBET e PHLiF b0 HE¥ETn
el qoesiy 205 FTE.t ke i@ kecliiaveaanicng aircrc@sSZQQ:aLraf €10

parasitically coupled to the active antenna el enent
208 sta9pernicEtecandi fgrecly vec amrianga |atrlﬁasy G- t e
at 4. e nna foat N qng
argégeé%'ggcgﬁQgg %oﬁg?% Q%%ﬁlgngf{y 36 degéees |n
i NpBesBIves casorisatadmsintts 2t0t5@1,nlaﬁﬁé:r &0GxasA0kl and

an na el enents 205. 055 Ad t d di f
hE DR oS VB TrroRndar AR S60 e e o T & T
Pab%%%lv%u@dt%@ltn'aoréllgﬁlen%QOQ/MSQ&b,pl-ﬂUSCS,h@bSd and

January 24,
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. .

[0054] 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.

[0055] A detailed discussion of the directive
antenna array 200a 1s provided in U.S. Patent

Publication No. 2002/0008672, published January 24,
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15 WD 2004/ 114457 PCT/ US2004/ 019324 2002, entitled

"Adaptive Antenna For Use In Wreless Comrunications
weyaan4s7t he entire disclosure of which s PCT/US2004/019324

i ncorporated herein by reference and which is

assigned to the current assignee of the present

i nvention. Exanple nethods for optim zing antenna

di rection based on received or transnmtted signals by

t heodir, eehiry e 12kt emdaparifay A28@anar €cal sodiBcusised ess

therein. [0056] The directive antenna array 200a ma

: y . .
al S6TRENIGSEd O & SHR  ditPECEPSAAIS rBde i WhoAtderhich
anign@hafgb%%%tee%n HeRNLERRA RN THRY ARERSS is

points 1 may use an omi-directional pattern for

t r assnigssidomoorcher evepringn asThignaecc ess s mreskrd may

al so_use .t he elecggd di ecti%pal ant.enna whent

Cr ARTRTTECRg ¢ 3 GNP & BESTVE Ry FroMP e rams @ htenna

st glirers ib20ba[RRPEh MeGeiBd ®ran rasBiTH] Wiem=fs by
an access point 110 with an internal directive
antt®8fn&1Z2eh 1 ven anfeng e REEANEN02 PHe dilrssctdhreussed

an .array 200b is on a PCMCIA card 220. The
Pckéﬁxgégfd 220 is carried by the access point 110

and 0i0$ 6d onne dthed dio- e tpvec essemna( rotragh@Qa rEhe also be

directjve antenna ayr.ray _ 200b _provjd t he . .
f URGEForta Py R I K MG dCPAYe TRkiCerva BATHRC S0 o -

i | lustcatiechaln AotGnn2Apat@Re8]. | trrshadst e goidersStiam may
that various other forns of directive antenna arrays
cafiSige ajs &N 1 -Bigfs tePnadc Pade sttie T &y RS B8H 3

U'§ec%§f§ah&Iw%héiégg§§p§§h%§#§qjﬁﬁQEHa%ﬂ{blggg%he

entitl daptive Anten Use In"Wrel ess
Commlrictald @ reSysitcensl’ sanendaS.wheat entarfull titciatg dro and
No. 20Q2/,0036586, ubl i shed rch 28,:%£02, entitled

" Ad&SET Ve At Tj%bﬁﬁﬂﬂ?ﬁl? a5 -4 mmuni cat i on

Sysloe®7y the @i 8 is an isometric view of an access
point 110 with an internal directive antenna 220b. 1In
this embodiment, the directive antenna array 200b is on
a PCMCIA card 220. The PCMCIA card 220 is carried by
the access point 110 and is connected to a processor
(not shown). The directive antenna array 200b provides
the same functionality as the directive antenna array
200a illustrated in FIG. 2A.

[0058] It should be understood that various other
forms of directive antenna arrays can be used.
Examples include the arrays described in U.S. Patent
No. 6,515,635 issued February 4, 2003, entitled
“Adaptive Antenna For Use In Wireless Communication
Systems” and U.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
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teachi ngs of which are incorporated herein by

reference 16 WO 2004/ 114457 PCT/ US2004/ 019324 and
wokioeh14as2 assigned to the current assignee of PCHES2004/019324

present invention. [0059] FIG 3A is a detailed view

of the directive antenna array 200a that includes the

passi ve antenna elenents 205 and the active antenna

el ement 206 as discussed above. The directive antenna

ar ray 20ahlase dgiciqides @ greurdiqdarne 330 grieav £hche

t he passive antenna elenents are electrically

cmﬁﬂe&fntaslndfeéﬁié%’ed below in reference to FIG 3B.

[00&fso3t i | | wief eryn ngs tp (:Fét%ll% 4ihg, dif egtd Vc%_rebctlve

antenna array 200a provides a directive antenna
30Grarrgired aaway 2008 mmm@mt@@mw 208eenna

Thi iS an i j cat t hat the ant t enna 5a
and e%ar gbl%ln o dr g{i} ecai% Y ot e, ena{lnad ?e‘lh nﬁ eznﬁg as

el enBuess2RbbRREC antk 2056 @arierd mre N At Ssy @00a also
node. | n other words, the nut ual coupl.i nta@betvvee.n t he
actingd Ushise mn & T BYre il D06 33 Ghed Rt THHE

el ea'PPJétrﬁlaz%iegrllénocV@ d.he digagti '%’a%blé}‘soo V\ﬁ M Ys 2c@f’écussed

scan the recti ve antenna
thllzzelooasm, et edigrest 6tb d8LGhd@# as a resul t of the

rodedd) Mg e passive clenEnls 205 are SElici.

el efREn0 S mresulZoda pididren @ntaitard aber S lobe
patterns and angl es, as readi |l y understood by those
ski3Aednd ehevwmt . LIQoeTtang Spiants s%%%mw% 205e.

di agram,Qf AN XAl rF'tkoéJdtgié‘aatn #’?xﬁ&gn’EQ 5642

t he passive ant enna enments I'n ere tive or
t r anshni2Heommodes.a r‘l&lfélafcsﬁhm:tmackenmied itshe rahicated

) S SRS | Vg 005 dashed |1 ne 208, are
da%ﬁﬁ&é]"ﬁ%:%H%e£H%%rds, the mutual coupling between the
active antenna element 206 and the passive antenna
elements 205 allows the directive antenna array 200a to
scan the directive antenna lobe 300, which, in this
case, 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.
[0061] FIG. 3B is a schematic diagram of an example
circuit that can be used to set the passive antenna
elements 205 in the reflective or transmission modes.
The reflective mode is indicated by a representative
elongated dashed line 305, and the transmission mode is
indicated by a shortened dashed line 310. The
representative modes 305 and 310 are respectively

caused by coupling to a ground plane 330 via an
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representative nodes 305 and 310 are respectively

caused by coupling to a ground plane 330 via an 17 WO
wQoe4n14udA57 PCT/ US2004/ 019324 i nductive el eneet/USD04/019324

or a capacitive element 325. The coupling of the

passi ve antenna el ement 205a through the inductive

el ement 320 or capacitive elenent 325 is perforned

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

or iedeetriveaklsmweheh3eapakl @ ehpeeupliveg cikmenpasisue The

antenna el enent 205a tq the ground pl ane 330 The

sw.cp@ﬁlm PE SBE PRESEVEORPLEATS gﬁrﬁme@éis OF@oeféﬂrough

e BheQDbﬁcEE%eg%Q%ﬁ@n@|§Q© %§Od%g%dﬂ%§vé RAWGIR: 328 is

e passi ve antenna el ement i's
ef pectfiorsiey @u@ngasedtag SaSun H%etWMlﬁﬁngéﬂS may be a

re re entative da hi S c

e 8L Bk POGE" Py SR SRRl S B T the
th@as@aw v tanhenea celkene 252052 \tIh@ r@i{dﬂ,ﬂid @Aupld 1BBO.
wth the active antenna el enment 206.. In the case of
FI &he 3Xitsdt BlBadsi v&tantenda CONEFett $155%5d /7P -205¢

oggdnect gd,, %@.eﬁh%og[t‘?llén%zglu@ﬁe 3% eV iz g %%e@ﬂeve

|n uctlve el enents 320. At tthe sanmg tine, In

exdmoletoflr BRG. i3Atheheastshier a@ﬁanm@.&ﬁﬁaﬁma @Qﬁﬁmﬂ%hiCh

205b %ﬁfc and 205 are electrl nected to the
e %@tu SISt

v8dy \? LUPESSEC AT & s

32@eﬂ1@l@ﬂta¥ﬁ%ec@ﬁ%¢ﬂeﬂ V€ 0 Bos .ng T@flfset‘dam/@ey viewed as
shortens the passi ve antenna el enents as represented

by ptiey idsmer er beskbesent atiiore adadfedidnsd Frypled to the
%%Cslstllvyela%te léplellrégn g%é 2Cg5a h&a"%ﬁﬁdu\éﬁi %ﬁfﬁﬁt 34%h

t1ve the rective antenna array 200a an
omthe chd*teﬁzta camﬁlenam elrmenitt 206ul drbehenderst god F1G.

et L nadi xe coupl ing echnl ques, qmy alpo.de used

gr (hected 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, 205¢c and 205d are electrically connected to the
ground plane 330 via respective capacitive elements
325.
[0063] The capacitive coupling effectively shortens
the passive antenna elements as represented by the
shorter representative dashed line 310. Capacitively
coupling all of the passive elements 325 effectively
makes the directive antenna array 200a an omni-
directional antenna. It should be understood that
alternative coupling techniques may also be used
between the passive antenna elements 205 and the ground
plane 330, such as delay lines and lumped impedances,

for example.
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pl ane 330, such as delay lines and | unped i npedances,
for exanple. 18 WD 2004/ 114457 PCT/ US2004/ 019324
WO 0@8A4)443unping to FIG 9, an overhead vi ew of P€T€S2004/019324

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 point 110b conmuni cat es

wi tlloodd]t i pl uwdpdinicon® F2Ga- PR0din Siveotheact esiewa htthe

110 are usual l r.enot el install ed wi thout nearb
obSEREES S IO 96 et tord GBI Tt AR A
valah t i L @i doe s3@l ectdiarafi dihe piefamedattern

antenna pattern direction is likely not going to

ch&i§e thusalghest afthdheosiasdtoyavarntenng vieiraedfta or
st atien . 1 .0 ] i t.rat S ' -

i OB BRIt At PO h At o0 Fariin o
downlitnknidatiaol o rsangs onsan2od-t1abd .o @iseledskgemiimt s
station 120c. _For nost hroadcast _and control franes,

t he 18 C&&s YsaintlY gp % RESHALSH rEdtBHamSiithna
pa%ﬁa%@:%cﬁh{éﬁ o RBi0wesle AvAid Akl e dafa nald th a wall

ensure that a renote stations 120 receive them The
di oettdediding)anttérma 260 irray afotthien ez tdie antenna

coverage area of .the. network 10 but I ncrease
{NEATE T AL 0T Uatd Frares KonO S N 1 ABtE

st atrighl2t tHee domereeasesh wdamld i vat erdnsotuseftdtion
because the majority of the data transferred over the
nethd®k 100 appears on the downlink (e.g., web page

acqepes]l i | € tANSHE Hra e o QU Ohd hit Q188 k
switched spatial di versﬁaty V\haen therb access poiHr11aty 1mlaObe

| s usequifr ed diora@deingd. iamttdreco@0a noge . doftrel ink data

{J (ﬁt &%%ttaﬁqaﬁ%%ggclstg%olf{a ({3 %IO(% e%;eoc?c edoF &5 oemschaactiegn 4 20c.
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
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.
[0066] Uplink data frames sent from the selected

remote station 120c to the access point 110b during
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exanple. [0066] Uplink data frames sent fromthe

selected renote station 120c to the access point 110b
waeleoingi4519 WO 2004/ 114457 PCT/ US2004/ 019324  PCT/US2004/019324

contention periods (CP) are received using the omi -

di rectional antenna pattern since any renote station

may have transmtted the frane. For |arge franes, the

network configuration nay require the renote station

t 0 comserntthen eatEsidd aCIgnede emdcdiorsatnes (i S/HE §mni -
mechanismto reserve the wireless nedium In this |
ca$é regid cicde S 5581 PELGIS o IR G BN &g te station

di Fr{”aﬁ/f HARA RIS HC T8RS & AR dat@, F al L QD £hiGes, the
upl 1 nk

. This is somewhat dependent on the data rate
seedwicark alogdriigthmating ementrediEtre Heha emtetsttdtoipn to

120c. 067] 1 n downlink nsm ssi ons, .t S
polie "THon S et AT b o o | ARgATE
dUkdeRthanG@it &lY irs3efd adse Wsimg dd1e nermi urd] r ext i oniad
pattern and a |lower data rate. The reason for this is
t h&258 &fotAE CHsat IR gn Y RHE "TaGfe D11 e

co r:zg%gc- NESTle s T &t [

he\aﬁ?L the 123211;%:188 poihtndtasltI{ ansnsfes:él% %]Coarlnz‘{)%ee B 1%

di ngdtimdnal Tanitsenira geatdwdrat SferpEmt eth avwey datomigte

This is the famliagr "hidden ode" pr.gbl em where two.

¢ eI AT G0 b RN S bth Other A GHef U
trappE.tting at the sane tinme. In this case the two
renote stations are 120c and 120e., A nethod to avoid,

t hi[P9§7dbl emIreshetilaitly Fom Il onrat atHe Afees§ oint

desGlob e el ow 4 I eTerangs f %nE’;Le Jackd0968] - I

di rectional antenna patterns at t access point 110
cardriestpraay ipger o dihers idat alrates f-odi relowndnak padtern
uplink data fra exchanges with the enot.e, statians
12670 QIS (bR UHE fhdigik ToF This i thet 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
each other and end up transmitting at the same time.

In this case the two remote stations are 120c¢ and 120e.
A method to avoid this problem, especially for large
data frames, 1s described below in reference to FIG. 7.
[0068] The directional antenna patterns at the
access point 110 can thus provide higher data rates for
downlink and uplink data frame exchanges with the
remote stations 120, which is the bulk of the network
traffic. Network connectivity is maintained with the
nominal gain of the omni-directional antenna of the
access point 110. That is, the remote stations 120 can

associate with the access point 110 and maintain the
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traffic. Network connectivity is maintained with the

nom nal gain of the omni-directional antenna of the
w@ewedstpdi nt 110. That is, the renote stati onBC/RS2004619324

associate with the access point 110 and nmaintain the

20 WO 2004/ 114457 PCT/ US2004/ 019324 connecti on

W t hout the use of the directional antenna 200a.

[0069] A set of rules as provided in TABLE 1 can be

defdomee ctta chake tadvanttage wafe tdfe thrmnididie@ctdronialararehna

directional characteristics of the directional antenna

20F292FABLE 1 incl udes addresses of the renote

st glg 120 peuiientd 1AsoG At ddy tihe Beeess can be

poi nt 10 and their current antenna direction

seldedtingq, toTABKE Echmntda@a r@e‘%\ttéleemm-ei:aﬁﬂcéwwal and

dlr ction Ie |on S e r

55020 ST SRR  L R SRUBNEER,IT Aeenna
TA&MBal, "MRLE ﬂlﬂﬁdﬂﬁ&ﬁscﬁd&nﬁssﬁs 'ﬂﬁrhermhmmﬁes
uplink, and _"DL" indicates downli TABLE 1 -

Ex&rhpite oAt difffa C8mEEY 1oh A% SEids B FRTImPOINt

SellQ.Q)t 200 +BeaconR Bl LMia g Dlg iRd e G edAon.
RTS-CTS-Data UL Omi/Dir See FIG 5B [0070] A process

camARd.Fdds crivhe lilmen tsete:pfmpld enttdrata déteg et en when

to s t. the.omni;directional attern and e

sel® g‘tec léar\‘se&alsgﬁjal a]fliaé(}n rlceexsa fﬁom %e%a(g:cess
pOls‘ttangQdTB(}TMEﬂltZla Hd et lmfeajeirp)at t erm TABLMJL, “D:Lr”
time intervals when transmtti rece|V|ng to/from

a Singdice tesmstig esttdiqron g 1[16817016] CE0 BRIt atft@m DT

show ng. 4 (%Idgﬁ{ﬁm agges of the access point 110 is

shown i n e illustrated

TABLE 1 - Example Antenna Selection Rules

Sequence Dir | Antenna
Selection
Beacon DL Omniu
Data DI. | Dirxr See FIG. 5A
RTS-CTS-Data UL | Omni/Dir See FIG. 5B
[0070] A process can be described in a set of rules

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

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

directional antenna 200b and supporting circuitry,
21



access point 110 includes various subsystens and

| ayers. An antenna subsystem 405 nmay incl ude the
walkeoeai446nmal ant enna 200b and supporting circuPCT/¥s2084/019324

WO 2004/ 114457 PCT/ US2004/ 019324 buses and software

to operate the directional antenna. The antenna

subsystem 405 interfaces to the physical |ayer 410

and provides RF signals 412 thereto. [0072] The

physiseal ahayebré@rpr ccespesatke the ddirgnali®ndl2 aanetnna.
determ nes signal quality neasurenents 417 to

antt&fin §n§€é‘§|al ﬁ&bﬁﬁf §EETs 42?0 InFREIFRFS A th@aﬁw S5

Seaq§,eer %@S%ﬁé gh_»%@h%sb@%e@l@%qst g oRE hesiegnal s 412
to the MAC | ayer 415. The MAC l'ayer 415 generates

ti moAg2dont r@herrel;ts(ag@§1422,ye\ml4dlﬁ) @rr@C@IS§@s géwt Rio
t he ,ant teerl rocess, 420 i r der.
th§l§8€2 %1 Pﬁe % %rmln S s1gnﬁgeg&%ﬁ Hy mﬁ?@ Réh§$ts

e or “d i ‘ona

requir ed. ahoaﬁ%]en?&ae sMé@ﬂl@)gelpr%s@ deosendhddattaysical
frames 429 to other processes (not shown The
i | lagerattdd SpR{S PAPCraPEC F1ERAECH uwppR dhe RE

ants%?gxl%]l%t a8hi 1Y +RLOGASS 142R /ey o esinge Wrdin Rr 4 415

cont er 400. The antenna steering process 4
begsm@m@deW|thmnn@ coBOIOy, mamsagaanﬂ&? \Mhuﬂhrﬁnﬁkﬁiso
a stand- e nmenor or_ an .enbedded ne Wt hi
pr5€@§559 %3 r SBXEMGPe STFOITH) pﬁ?cessiggﬁg S é@?#ﬁb‘to

Pr @6ATEH 28 cMnfeAinAS taN theaerinadabler @ridaiahase’ mode
or a "direction table or database" 425 as a function
of whisa recwilved-signal quality measurenments 417 made

durioie 3Nt ENRA S GARS 10f, oz rOnD &AL i 12920k 420

exanpl e;” the direction abl e 425 may store a station
I Dt@n@t@e@om@@mm@sngnoantsémw )di réﬂie arll (st Bt

| OLptest O, SUTUULEELLGNS W AP IRIBLE, cooring

di reGdaan w2kl 425 AR Reahin a controller 400. - The
anténna steering process 420 may be stored within a
memory, for example, which may be a stand-alone memory
or an embedded memory within a processor, for example.
[0074] The antenna steering process 420 maintains an
“antenna table or database” or a “direction table or
database” 425 as a function of the received signal
quality measurements 417 made during antenna scans of
each remote station 120. For example, the direction
table 425 may store a station ID and a corresponding
antenna direction (A, B, C) for directional
communications with the remote stations 120. Once the
antenna directions in the direction table 425 have been
determined, the antenna steering process 420 is used to
provide directional antenna control 427 to the antenna
subsystem 405. If the signal quality measurements 417

are above a predetermined threshold indicating that the
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determ ned, the antenna steering process 420 is used

to provide directional antenna control 427 to the
wa@niennes7 subsystem 405. I f the signal qualityPCT/US2004/019324

measurenents 417 are above a predeterm ned threshol d

i ndi cating that the 22 WO 2004/ 114457

PCT/ US2004/ 019324 hi ghest data rate can be supported

in the omi- directional node, the antenna direction

mayibgchel daata rthe ommi bedi sepportald (10) tmedemdiG075]

The foll om ng paragraphs descri be various techniques

i nd&desid WIoCK 1t @ SpPadEnna RidiRGige glay be held at

det Mg dihe RLehenr aé)didseel.i on to point a

directional antenna 220b from an access point 110 to a

r erf®0§ 54t at | Ginel ZO1 1P nfol Pstr atgerstpdiso ke senmilgy s7ar L ous
spati al .diversity selectian hani sm_ The ,secQ .
RIS s "o 2SRGIORE o T bt S M S e Rga™ For

€ SsIrgnal s exchnange

betieeet g rac eess ppeifftr ret0 cdndddier e isttatd ons
120., The third technique uses control nmessages (

ACRigECERgNalo 2RHEE TS GFAP Fura™ A REESHeRNEYE ?i'flgq He @

regel t iofgect i t-dihe AGGH Q .
Thg%méﬁ%d%ﬁggi%qggoies ggﬁif?a{:bl eeCi n bot e;f)orn\(/\ﬂjalr anad

r eveagd adi eéotdrmidyi es.e JOOT6 meimrfiamst tWehrdgpand
assunes .that current 802.11 ?vi chrs1 i ncor por atXe hanaed
ant- &AL SHS UeF G vERITS Sdah™Sont ro19shd tHat o

f utdner 02 thle d\HeGRS poeh 1A and the remote stations
802.11a/802.11g/802.1ln will also support swtched

di Ve&0Osi t FRETHAMSG Se et as HPppHitadtesdidst &-9-

ST LA (g AN ted Attty oo

antrenra v&eh it nace ahipld hieth snviathitrhe hec s ey KL10.

| 245k Wiopel ot 2 st Lonal, or i i o STER, e

di versiitde RIotaalod o skeep t he antenna position/
[0076] The first technique assumes that current
802.11 devices incorporate antenna switched diversity
scan/control and that future 802.11 devices, such as
802.11a/802.11g/802.11n will also support switched
diversity. The first technique is applicable after a
remote station 120 has authenticated and associated
itself with a network. It is assumed that the initial
antenna scan is accomplished within the MAC/network
layer protocol. With a directional or multi-element
antenna 220a, the first technigque can make use of the
diversity protocol to keep the antenna position/
selection updated.
[0077] Referring now to FIG. 6, the first technique
functions as follows. The illustrated access point
110’ includes a controller 600’ connected to the

antenna subsystem 405’. The controller 600’ comprises
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sel ection updated. [0077] Referring nowto FIG 6, the

first technique functions as follows. The illustrated
waewedstpdi nt 110" includes a controller 600" PCT/US2004/019324

connected to the antenna subsystem 405" . The

controller 600" conprises 23 WO 2004/ 114457

PCT/ US2004/ 019324 a physical |ayer 410", which is

gi ven access to the antenna control signals, and a

MAE bayet cGEl Gader 1O’ ,MAGilcayedrs wiiviees santeermneo the

sel ections into register A 605a" and register

B
605t ENREGICONET OA GiTRaISonfEChE Mre 1Seifdct &d Garfdennd e

POSiaL @Ry e@NG 18U S LeR B8O 1 e AR NH11R Gandidal:e o
antenna position. The physical |ayer 410" is also in

coffGai’ c anicors distte ra BmAOS) |- ex &egiGt®r. ATHO S5y slcgdiains
| ayer 41Q' sends diversity. selectjo NI o
P18 S S BN Bi et e

di vensiatinnssel ecthidiriagentandenmanmersitilit. | midighcaisel

t he diversigy_selectiqn switch,K control si%gél .
conB¥6its A0t Her Al dontcoRTengeatiagiss tertha de @yl tigylexer

reghgter BrROSh areuseded Q8] sthrisel eatrd antyenna
position is initially chosen during the network
autskérritdan enwidssocicatingd sgosedc 07 THe dddimalitelplexer

antenpa .posi tion is any other _antenna posit.io
(iﬁgpudﬁﬁgaa%x9ﬁﬁéiﬂ42§:i%ﬁwl %%}(gﬁlo iﬁ?%ﬁﬁé%(ﬂﬁ%?er'
anternanPesiild Pudess, changedergitdy dyledadedrndiedch
sequence, after a valid packet has been received or

af CONtAGE FdcEiali MPrdiplFacked Forthe GTEdetet fhed
i & perigda [%@] A tergssiiccessigldy raceiyvidg, a

packet, the physical |ayer 410" sends received signha
qudloiotag] net rites Hesliegriald strtemgteh, posdigniain tics noiselally

ot P saunl oo ucics ste ) o ot
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.
[0079] After successfully receiving a packet, the
physical layer 410’ sends received signal quality
metrics (signal strength, signal-to-noise ratio, multi-
path/equalizer metrics, etc.) for both antenna
positions to the MAC layer. During the packet
reception, the physical layer 410’ functions as it does
now for 802.11; that is, to switch between the two
antenna positions and to use the best antenna position
for packet reception. After valid packet reception by
the physical layer 410’, the signal quality metrics for

the two antenna positions are sent to the MAC layer.
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reception, the physical |ayer 410" functions as it
does now for 802.11; that is, to swtch between the

WO M4/1aa5ENNa positions and to use the best anP@mnns2004/019324
position for packet reception. After valid packet
reception by the physical |ayer 410", the signal
quality netrics for the two antenna positions are
sent to the MAC | ayer. 24 WD 2004/ 114457
PCThUSRAQ44819324pdEhesMACthayer spdatesdaint anine
sel ected antenna_ position andgtthe candi dat.e antenna

poBPELEAONTRED $8Fe CPEF I4RTENRR T FISFL POt Fepl

W thitRechesht cpesi I&Jo%ritg%%e(_;iso&e acdat vireceinedest
fromthe physi cal ayer 410'. Filtering/ hysteresis

mapobétisedbesekeop theoniatp mecpdingichd't dvethiise Phividg cal

ant.enna i,tions. 80, .ed_pr.evio i
CeaRTEQuaTDY dicod L 5T anCagd Sor Trae i aNt Buee £ Heep
antrepha “pwhiye et g itigre keithe efe tthed sin tlennsh @d «d tieons .
understood that this _first technique may incl ude.
hal@R8P8, softwaieeic Wéouérlyco%%ilﬁatﬁe&“ﬁ?%% ggrkes

[ O%%lr]agé:g?free%rfi RY NN LR §021Q1 arfdweharti wfndde

above i bed nethod for operating an access point
110iversiWANetOOdsas ed tupiwudpaticalundierstsiady tidlt tHels

di scussed. Fromthe start ock 1000), the..method..
coﬁiﬁlrisiegeg i% &% gm\ﬂlt&get Ejéa rrdgvr?orzeé ssto%ﬁwoanrel rmware

USio?d camtunsentorange efot.he directi onal antenna 220b
at Bl ock 1010. Scanning thr ougEh a plurality of
al tlO08dile andede S nche W rtéctilénall Cantte iR WSHF § ¢t the

co i.cat AT ' d the nt
o S eC SR M i P e e g 2 s (i
Si gl snr ec DA M0 e mpeentspaiglad ahivatgity will be

o hakbiotel sl noke Anales e Wiid ST, Sl en

t he grienRts aRghtirflcanePhvithe tHdinandie oftliet mae
using a current angle of the directional antenna 220b
at Block 1010. Scanning through a plurality of
alternate angles of the directional antenna 220b for
communicating with the remote station 120 during the
preamble is performed at Block 1020. Respective
signals received via the current angle and the
plurality of alternate angles from the remote station
120 are measured at Block 1030. During the preamble,
the current angle or one of the plurality of alternate
angles is selected at Block 1040 as a preferred angle
based upon the measured signals for continuing
communications with the remote station 120. The method
ends at Block 105.
[0082] The second technique is based upon the
transmission by the access point 110 of RTS messages to

the remote stations 120, and the reception of CTS
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angles is selected at Block 1040 as a preferred angle
based upon the neasured signals for continuing
w@ormnni4sat i ons with the renote station 120. TPEeT/nsi0hoel9324
ends at Bl ock 105. [0082] The second technique is
based upon the transm ssion by the access point 110
of RTS nessages to the renote stations 120, and the
reception of CTS 25 WD 2004/ 114457 PCT/ US2004/ 019324
e g22ges s ansmishli @ ddn iresReRsA oy dheeeminbte stations
stations to the access point. The 802.11 standard. _,
al $6 ddE RESeSE PrEBE -r ediss 805 dhe STERHISE Fh&h4iRfe-nes
WhizC Ikﬁm;%%hﬁ@gﬂW!fgﬂé;Bég £ SIS 14D &P is
determ ne the qualplty 0 tﬁoe ink to other stations
126@.ydiee83y Wsen byedamptchetaddess ddhttal eteymine the
determ,ne t referre oi.nting . dir.ectj 0 a
sel ¥ &roth estléﬂkogcdgﬁfhefs%ltla\t&s nrsa:l:ebd}'i n FIG 8,
t hgooaaEgss paihkin LR ANRd S cedyoh@iraquasy 6 gnal
805 in the omi pattern and each of the potenti al
di degEddae faet e eried i nEasurlsate Qi grala
quald ity iy e RIOhe SESRONSH ,S!#nam&ﬂsocﬁaeagd backrrc. s,
from the renote station 110 while operating in the
I e syhec taé ores gEatetoaimits .1 100 0874 n vEdsuree memttse ofeqursse signal
res se frames 810 ke this a re reliable .
t ed r#qdﬁ]e ar™He pcﬁ{}t‘aeﬁ%} t%}quseealc Gt tedigetat
desgridiad ARaveatthimsaamd adeetvrigued scHy ef afadl y
enpl oyed at | east once immediately after a renote
st &tiadi t e hahasediatearraith simae &L shtbaglp. from
FOUBNE o T & 0% ) 1THRRGIn s 10 ag%%m&gefifa Cigncy
using additional probe request/probe response
Si gredsscthitte s exchanges may be infrequent.

0085] R '
[ [0(J84]ef er rl\/}er]atgsur}:oevr\{letnotSFIoc;;:L t]hle'sea rfeisopvgrpsaer tfJ§)<3Lfrr1ets|']e810

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

[0085] Referring now to FIG. 11, a flowchart of the
above described method for operating an access point
110 in a WLAN 100 based upon probe signals will be
discussed. From the start (Block 1100), the method
comprises selecting a remote station 120 at Block 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
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above described nethod for operating an access point

110 in a WLAN 100 based upon probe signals will be'
wale@susastd. Fromthe start (Bl ock 1100), the neCTo82004/019324

conprises selecting a renote station 120 at Bl ock

1110, transmtting a first probe signal via the omi

angle of the directional antenna 220b to the sel ected

renote station at Block 1120, and neasuring a first

pr ebeccrespersetsi ghakivacecvedndiagt he amei famgite probe

fromthe 26 WD 2004/ 114457 PCT/ US2004/ 019324 sel ected

r efo083dt atti BACFEspdAling to the first probe signal

at [Bbagh 113Q. rbggéékieer 88Pechi Beopecandnanohe signal
is transmtted at Block 1140 via each one of the )
pl trahismy ttefl ditr 8¢ricknalL48nglies eafht haediofedhicopdiurality

antenna 220b taq the | ect r t tati-o 8
o SBcond SonohE"Tr Ebganee 8 Tal SR e arkkip e 2o0n
di kectihenale1angld remomet beaseloactied,r amt @ Steatdnoh probe
responding to the respective second probe signal i

NEASFPORSE SBIOSEK TELSOVethd ige&SGhe d1ASCIt gng'e
re i I r.e ta e BRIV

pr %&%&E}?g%ps)eo%%gesﬁ%%%a%%fortgm%Q%%eloéeI ected C?Lglr?ls)tecgp%e
st atedisprclt2Greasecsinor edobe @i gnadt émnacdatialsas @ tatBLlock

Bl 116 [0087]. A preferred directi f
t hgcllégel e d e gdstfe&trisécn pffg)el sr%é,sl %glgslteegﬂ%n | %I:rf(d the
117Q shased Upen he deaswned mesend gypalisd esponsies from

signals. The neasured first probe response si.gnal

fr et e laatied &efIod s Stedipay % TS GHerPrsd ?‘%
th q,lsh%r %%\Iiﬁa%%%d R ehe iespypse signal fromthe

preferre rectional angle. The first probe signal
corpassHs a XA eoudstrrtent sEnck(tRES)e ImtessrAge famd thwe

S PIEE e S AT UGS 2 P oo

COMYdtElupon 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
response signal comprises a clear-to-send (CTS)
message. Similarly, the second probe signal comprises
an RTS message and the second probe response signal
comprises a CTS message. The omni angle or the
preferred directional angle is selected at Block 1190
based upon the comparing for continuing communications
with the selected remote station 120. The method ends
at Block 1195.
[0088] The third technique exploits the control
frames used in normal data exchanges between the access

point 110 and the remote stations 120. This technique
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an RTS nessage and the second probe response signa

conprises a CTS nessage. The omi angle or the
wee@iar4ed directional angle is selected at Bl BCRUSH00019324

based upon the conparing for continuing conmunications

with the selected renpte station 120. The nethod ends

at Block 1195. [0088] The third technique exploits the

control franes used in nornmal data exchanges between

t heagcpessiseoiint bd1h d@pdwhbhe Admyt ecstratiiors 1b2G¢. and

Thi s technique 27 WD 2004/,114457 PCT/UE%294/0193§%

§98§r§§eélpﬁ SOIRUPSCR&R QT nk SdamtunCatlsRe &g send

r g@&%@ ik a%%rﬂasuﬂle@@te' 8%% ) ShidGR alghe Glrealse@- $@Ndhe
S) and acknow edge “( messages are sent at the
| oﬁeweetatd@traatr@stesnhéhsc@@§§S|§op@tln$1(}1@ar¢aunsélstehé§l@se

nmegsag to.co h a # 0
PR P TR R B o huall® 20D el e
i | custreatted isr 1cdBedbAiweich ibhe 1dashed dn N8P .on THHes is

ant enna sel ecti on t|n1ng' This can serve as a neth

t oideprstFiate et Bl -t hE Edithe ey ISabe&t dd NG &8t |

13%n@%§m@'s@l@cﬁﬁ%d tt%.nﬁgﬁllgant 398 OV the-RMiy a method
directional pattern 905 his advantage is typically

ba$@dd@¢@aﬁanﬁradeﬁéﬁﬁlm@@ chrreshndl 1y tse lmadeshtdirection
ﬁ]% t SVVI tchcl n%l b tueen fwo ., nto gﬁaelgact Herns .havi ng

y TretricCs. or exanpl e,
dum&@dﬂi@rﬁﬂsp@ﬁfe&gﬁaoa he Thdmniaddiargcigeonal typdecally
na be used to. receive this nessage to calculate a

es PN quALade LRSS e FEYe S UG A (e VRBE
nE 65t A 'H%tﬁ@éﬁ“%ﬂd”éﬂgghﬂ§a§5%¥%ﬂd% having

receive this nmessag cal cul ate a second signal
quahmuyjneaﬂunﬁﬂbnymaluﬂMWMﬂﬂnmmﬁ .of the first and

def[g)::b%gﬁa?:’]glrﬁq ual 1t le, adsuq_”rlenngencthse ICsl‘Soen{efsosrarIgeeds ,aq:qlea
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
measurements is performed and a determination is made
as to whether the test antenna direction should be
stored. That is, whether the directional mode provides
a higher gain than omni-directional mode. Comparisons
may also be performed between two different directiocnal
antenna directions.
[0090] The same types of measurements and
comparisons may be conducted during a reverse link data
transmission, as shown in FIG. 5B. During the ACK
message, the access point 110 may calculate a signal

quality measurement and compare it to an omni-
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as to whether the test antenna direction should be

stored. That is, whether the directional nobde provides
w@20ghas7 gai n than omi -directi onal node. ConPer/USm0$019324

may al so be perforned between two different

directional antenna directions. [0090] The sanme types

of measurenents and conparisons may be conducted

during a reverse link data transm ssion, as shown in

Fl Gir2Bt ibwailnghodee mdGs uressage.r tdtfhea:CGHSEcpﬁjmtath@Jde

may cal cul ate a signal  quality neasure
CORSAPELEMENS -an GRS NG J604, F1L Perppspicted Bver several
PCUoQ@%%%/a%%%% witly agld QRale JrREE BRI eyt B 110

other directional node neasurenent. Conparisons nay
be bediodec tsed naviery @e\ﬁerfeﬂerecﬁm@meéma cHsradtiPr-he

sel re e s atl r
di f@(gﬁgg'ﬂt a%ﬁnzﬁ di T ec | on &%ﬁﬂﬁﬂe fggr ectior
t abhend2% ddn wilG i grmyl beia lJdugnetized: mirtdn s gmjm the

qual ity neasurenments fromthe process or praocesses,
de§éf|0io€é3§ &BoRE 1S 197 demGr AiTd aRaetRr dite @bngand

riré%t%@ tO?ﬁ:%Ct'lOﬁ e AAvAnRlA9R 1 UQPS bet W& advantage

pre eterm ned threshold, the access point 110 reverts
back ops ded coma p;@caiiemr@mﬂd t@e:re‘&irqﬂsi,arthearﬁce@ﬂﬁﬁ point

h usin one f th first .t hni_ques
deg rl Féd © at% ﬁqi) en Ocrznélsle\gev%eecfce Cfrheanr% ?rforms an
st @Ht@hnﬂezté@&aﬁl dsﬁtrﬂ; DROWET -3y ef nde fo hasciiingies

idle periods wwth no data transfers, the access point
110lesevdies B3 e0 the omi pattern sel ection. Wen

t hq:db@ﬂt e st@alion.J20Hecamms AGidNe A9 fbn tI¥D goes

access point 110 may perform another antenna searc
[OGQﬁ]o I%fpememgsamm/vmcn:ddzlc% hal? laovdhy 13i1e asmemd?veﬂlth no
fl owmcharts of_a nmethod for era.tin access pé)lnkt

126657 &SRNS0 b e‘eo‘a‘q}:p cpoorftr}to%' anes i ot ward

the omni pattern selection. When the remote station
120 becomes active again, the access pcint 110 may
perform another antenna search.

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

and a signal quality of the second control frame
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and reverse links will be discussed. Fromthe start
(Bl ock 1200), the nethod conprises receiving in the

wo coomardstink a first control frane via a firsPCHOB®OMG19324
pattern of the directional antenna 220b fromthe
renote station 120 at Bl ock 1210, and transmtting a
first data frane to the renote station at Bl ock 1220,
and receiving a second control frame via a second
antepgavepattar anef sthendi sacenonalpaatkeenna fer omatshered at

renote station at Block 1230. A si I [i.t f..th
fi P4PCkcdRtPol FPEMECPBEEITHER %Pie&sél %%%f isﬁﬁ?lagn%{?éﬂ%%&tlees

Pa&%%giaéee % %’;,9 pak qyalsict ¥nef skhensecond eent@iterns
frame 29 WO 2004/ 114457 PCT/ US2004/ 019324 recei ved

vi areheospeord afit 8Angkpdlb8rn dhe REgSM‘edrdenig gatern
1240. The_ respective neasure i_g ual i ti,es

as§85i F@HSWﬂE lPﬁeafFFangn%aggcg%%“%h?éh%%ﬁhéf?gfﬁé

ar eteenpar edoat sBlsetk ct2%0 atTha cesc dRéOaritfertie pattsermed
for transmtting a second data frane to the renote

st aopA 11203l tyePEEOEd 2ACIBIGR 1960 SSCAKe Feasiied

Si%%%ke%HaE%Ege $S Qeiated Ay e n%QCQP%lﬁﬁﬁe%&%ociated
pa

attern exceeds the nmeasured signal quality associated
Wi i thhéhki fitrsanberieanpatedte iy by pr ededs e meidied

threshold.. The _first. caontrol_ fra recejived co ' :

a 5%&&?- &ﬁsena%ﬁe§§5§ ,%ﬁﬂ?ﬁﬂﬁ;giﬁﬁﬁw %ﬁﬁﬁéééngééﬁﬁéses
I egeicv ed rCORPISSEs il 2 0Wrel gene e dmsb agmt rfidie frame
nmet hod ends at Bl ock 1270. [0094]. The nethod for

OPEESEILTEG daF CHEEESS SpSi 2 CRIP Y SIS MRIAN TR0 diised The

Upggt%%@t@%hsf% Mes 4k theyg everse link conprises
fromthe start (Block 1300), receiving a first

corioosi4 1f r anEhel aneerHdd o rarmtreseer ipat taoy re@fegsheooint 120

& LSE 909 AP BPOR L O SR AL AN, Freree

remtg HRidraneat Black n32taand Blesat i3, fi¢stiving 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
directional antenna from the remote station at Block
1330. A signal quality of the first control frame
received via the first antenna pattern and a signal
quality of the first data frame received via the second
antenna pattern are measured at Block 1340. The
respective measured signal qualities associated with
the first and second antenna patterns are compared at
Block 1350. The second antenna pattern for transmitting.
a second data frame by the access point 110 to the
remote station 120 is selected at Block 1360 if the

measured signal quality associated with the second
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data franme via a second antenna pattern of the

directional antenna fromthe renpte station at Bl ock
wa3®d/n1445si gnal quality of the first control fPEIES2004/019324

received via the first antenna pattern and a signa

quality of the first data franme received via the

second antenna pattern are neasured at Bl ock 1340.

The respective neasured signal qualities associated

Wi thtehhe phtstrandxzseedsdtant ewnaupeatt eringhadr guality

conpared at _ Bl ock 135Q0. The second antenna pattern
f oRSEPEASHEEL ITAGD 5h§egéﬁ§tdépgeppénﬁaﬁieFﬁbeﬁﬁ6%53

IO0'g%délgrh@neaeth&@g%qut atrih@n £32Q 4 $o3Rleat ad-aale
Bl ock 1360 1f the neasured signal quality associated

Wi tkcehizesecondr3oewa2004uEEI45 P -PETICUSEGOAHFLI3P4 the
antenna pattern.exceeds.the ne r ' al ity v
N e e
pr edeiergisaadet hr @akoind thble ehidsstatc @itocd! 3 70ve
recei ved congrises a request-to-send nessage, and, the

r

sed8R8@5dont r hef £aRE tr ASSHNLRE Scdrfp A AT R4S t o-
_Sl_ﬁgq']p%%% 98 +LhenARHROE HeRdS, Rty iBlack 1370 edi008D]

ourth techniques is a hidden node “protection
t ecleohgoe sithahepr evpdey iagprotddateicdn onpec arissman?dPb at
enpl oyi ng a directi | ,anten 22 t. .t S
POt FIEs PRatibe 10P 411 MEaals fhe S hce o

hi ddemrmedes. o dderenodesiceccumiuan matesldcair twteen
renmote stations 120 in the network 100 can hear

co@ﬁﬁn@é&tpén§hﬁéﬁﬁﬁ¥%¥%lﬁ?%%ﬁﬂ%ﬁ;Hﬁﬂrﬁniﬁﬂ? DfHdrk 100
sel Gt ed renny 6,513 R Ge ANt 4 haref G sd hasamt 110

t hat cannot hear can transmt when the nediumis in
usendThi sedauses! eelddts eristimar 12 @atd Hiegdfeore, those

20055 RO 110 1 00861 Mot e 250ear, AeLal 10, e

COMdD! This causes collisions, particularly at the
access point 110.
[0096] When the access point 110 has data for
transmission to a remote station 120, the control
process sets the selected antenna direction by scanning
the direction table 425 in FIG. 4 to determine if there
are potential hidden nodes. For example, the access
point 110 may look for remote stations 120 in the
opposite direction from the selected antenna direction.
[0097] Referring to the timing diagram of FIG. 7, if
the control software determines that a potential for
hidden nodes exists, the access point 110 first
transmits a CTS message to a known unused MAC address
using the omni-directional mode of the antenna 220a.
This process serves to tell all of the remote stations
120 in the network that an exchange is to occur and not

to transmit until the exchange is finished. The access

31



process sets the selected antenna direction by
scanning the direction table 425 in FIG 4 to

waledenm4se if there are potential hi dden nodeBCT/BS2004/019324
exanpl e, the access point 110 nmay | ook for renote
stations 120 in the opposite direction fromthe
sel ected antenna direction. [0097] Referring to the
timng diagramof FIG 7, if the control software
depeintnesot batnaspbdtehtsatof bhe béddehedode$eemﬁsts

t he access paint 110.first transmts a, ClTS to
a RbsGRATHADSEAT MARS adB 8§§edu§FW§chétéﬁﬁPPdg? CFIOHa

anSmﬁEnEEQt@BB@”ﬁ@o@@Q@ Kﬁb%h@&0§%§%o§%hVQ% et ing
all of the renote stations 120 in the network that an

exthangeddsntOOdecBrObhamnéﬁ tPoPEEARSHI £ FRUir-vele frame

exchange i s f| d es 2 1 7
LA LT aaN o v Wt b
SeH@@&Qédambﬁﬂﬁa sdateohlmaofor the i ntended renote
station 120 an conmuni cati ons proceeg Anot her

appPBA8A to 5ﬁe§€ﬁtFﬁﬁtrpﬁesﬁﬁ&&éﬁengﬁ ﬁﬁmﬁHQ§nqh§tt&here

peﬁgoﬁg‘@oE%HElﬁ@yfEEaﬁehlgﬁ%ﬁaﬂ%@eprQ%%C%bck@gapdzﬂi 110
data and ACK) with desired renote station 120.

[omga]nbt BbedcbhﬁrﬁﬂSsmﬁﬁﬁaQ@ detce OPITES. HORd v MY
St ﬁ%\tﬁﬁgéﬁgg A h d%%n %%%%sst ga%l%cth_sﬁ) %%%na set

i s
115 S nessag ommuni cat1 ons

MY o %h@rbrbﬁﬁﬁddatéb%ﬂwih Hﬁeﬁ%@ﬂiﬂédﬂhﬁWﬂﬁi&etwork
antenna set to the proper dlrectlon | f rigﬁlred Qy
t h®TREORE K tbﬁoﬁgéom68§ﬁ@eR?§ h

adg%%%%%%dt%eEggvek %%@%gtﬁ§ﬁﬁ'%ﬁ%@dTgﬂﬂéééﬁbé'bétk to

nessage back the access point 110 as an
ac kinensetgeme poings 198ows am dRkBOYEAAdIBIY], Not ehown in
that |n he process described in reference to FIG 7,
ﬁ%y is inproved since the RTS nessage is not

t r qmd]t ed hypddhenaecass PR Hrokdks described in
reference to FIG. 7, efficiency is improved since the
RTS message is not transmitted by the access point 110
since the CTS message is all that is necessary to cause
the remote stations 120 to halt transmissions. The
remote station 120 indicated in the ID section of the
standard 802.11 protocol header ensures the specified
remote station receives the data frame.

[00100] Referring now to FIG. 14, a flowchart for
operating an access point 120 in a WLAN 100 based upon
hidden node recognition will be discussed. From the
start (Block 1400), the method comprises creating an
antenna database by associating between the access .
point 110 and each remote station 120 a respective
measured signal quality corresponding to the plurality
of antenna patterns at Block 1410. The respective

measured signal qualities are determined by the access
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since the CTS nessage is all that is necessary to

cause the renpte stations 120 to halt transm ssions.
wab@4/11aapt € station 120 indicated in the | D sSECT/USW040619324

the standard 802.11 protocol header ensures the

specified renote station receives the data frane.

[00100] Referring nowto FIG 14, a flowchart for

operating an access point 120 in a W.AN 100 based upon

hi gdent nble besedgniponncemhhinbeatiisvasyadh From rRBote

start (Block 1400), the nethod co Lses eatin

ant BAh OHa?%Base9%§ %@ggcfﬁ??ﬂﬁ ng&égﬁ %%é gcggggggred

PoiAt A0 BREreaRNLEEERt @pshathenad2Bnaar 6SREBEERE LS

measured signal quality corresponding to the pluralit¥

of daheemhncpattePheckt 18RBckand10. reRetrespatippeand the

measur ed_si gnal L1 er,ni by .t CEESS
32000 08P ST a5t PErF DR300, B18308" par At 10 Bacaq "o
upenthoamEnseak-oad wit Aleakhlk80nt eBastdt uppnl2be For
each renote station 120 a,preferred antenna pattern

Wi the

badBBenpencehabantedia BAt3base FE™YE{-EFMHE

Bl geko142Q. randta sepptenst ati 98 aBdet-hened at Block 1440
correspondi ng preferred antenna pattern to comuni cate

wi tfi ang sehestédchedBremkte430atBaged hayen thige potential
ant enna, dat abase and ior C [ [ '

sechPSE %8&89e3¥€5 igh?gifhgg ge egﬁﬁﬁégq%F@E%%§%EQly
144@cuirk .anyhaen4isebected ihedpby sbapiaaringhdavne tieasured

potential of not being aware when such onngg%cations
actharpy weddiy. aTRPSipS edetidihi hEF BY SdopaT g eHE
”Egé%E%@n $ognah auah bby «@s $eGialed vaitibnl ha iy efer red
antenna pattern for the selected renmte station with

t heespespeoti e gsiegnaghadadlicsi essessadiest ed thi tthe fen-

S B

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

skilled in the art that various changes in form and
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then a nessage is broadcast at Bl ock 1450 indicating

that the access point 110 and the selected renote
wGe@iilons120 are to conmuni cate with one anot hP€T/US®04/019324

not ed above, this broadcast may be in the formof an

unsolicited clear-to-send nessage via the omi antenna

pattern to the renote stations 120. The CTS has an

unused address that does not correspond to any of the

r eeteiskatbonbel@Bde Atheraahi vekiipua Heprrwangf fapm the

exchange protocol (RTS, CTS, data and, ACK) is
SoPPoPRea? Ghen PRENLAPBCrBACTEROPRUSPHS tBR TEBepged

preyentst herpchi ddennede prebheresihgorpthed epds1amited
Bl ock 1460. [00102] Wiile this invention has been

patbi thealEFE §AdwAlantaddseri bedhai ehteenar apgesitym for
preferred _enbodinents. [ y N 0

Dy PnBSECogk PGl A PheCareorhaP Ve feudteiaaee s i

f ophand t33e¥W002004£214458aPEELWE20G64/ @F9324didet ai | s

may be made therein w thout departing fromthe sco
of 2PRESFAGERET B Eﬁ@éﬁpﬁgég&egylPhEhgpﬁégdeéugpaPﬁsE%ose
Foaekggbe{n% thide 1ageess 2PNt thsdRey . limted to the

| EEE 802. 11 standard. The antenna algorithmfor 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 | EEE 802. 16 standard. 34 WO 2004/ 114457

PCT/ US2004/ 019324 THAT WHICH IS CLAIMED IS: 1. A

nmet hod for operating an access point in a wreless

| ocal area network (WLAN), the access point

conprising a directional antenna for conmunicati ng

with a plurality of renote stations, the directiona
antenna conprising a plurality of antenna
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patterns, the nethod conprising: creating an antenna

dat abase by associating between the access point and
weawh/11aAbt e station a respective neasured SiPEEIUS2004/019324

qual ity corresponding to the plurality of antenna

patterns, the respective neasured signal qualities

bei ng determ ned by the access point based upon

comuni cations with each renote station; determ ning

for each renote StBHADIWHICHrES CLETMEDtEBna pattern

based upon the antenna database; selecting a renote

station and the corresponding preferred antenna

pattern to comuniXaanod thyr apd datieldridi nhasedboint

upon the antenna database and prior to conmunicati ng

wi il eherises lectsed amenoteareas trgttivir k | (I ndmes el &a

renot.e .st ati ans .have the at enti al_.of not i ng awar e

V\hé)r?léfll]ccr?oén i cat C)C{rq%srecgcc Oﬂla]1 36/%‘lrlotcecnunrnas.f . A net hod

acenhivig. d=ar idpivnth wheyleiral idst eyfiitdmg-d fst@yions, the

non-sel ected renote stations have the potential of

notBIBEIGTY AR SRS KRR GatRoHS Hdtifh ypntenna

OCCUUS LUPN SRS (LATRRY iG] i fpasured si gnal
qug#{ty associated wth thé;pré¥gf}ed antenna pattern

for the sel ectrhirienptan stratarg wiatnlgs b Y G0y Adigsing
PC}( S2004/,019324 the re ect'%g ﬁlqp%&ﬁ:uaLégéf%% 3
asSOC At W FIHE® Aon-"sel®ct ed Tenpt & st at 1 OAS Whien
USiMéiélﬁ:i&ﬂﬂEnedHLﬁjeﬁi redyradlt ennd ipat t@s e Sporflimes hosl the
according to Claim1 wherein neasuring the respective

si AT Uy tAfe LG S tddter MR P Reteast Ripsured

based upon communications with each remote station;

determining for each remote station a
preferred antenna pattern based upon the antenna
database;

selecting a remote station and the
corresponding preferred antenna pattern to communicate
with; and

determining based upon the antenna database
and prior to communicating with the selected remote
station, if any non-selected remote stations have the

potential of not being aware when such communications

actually occurs.

2. A method according to Claim 1 wherein
determining if any non-selected remote stations have
the potential of not being aware when such
communications actually occurs comprises comparing the
measured signal quality associated with the preferred

antenna pattern for the selected remote station with
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per-bit ratio, and a signal-to-noise ratio. 4. A

nmet hod according to Caim1 wherein the plurality of
wa@pienngspatterns conpri se an ommi  ant enna paPCEDR2004/019324

and wherein if it is determned that at |east one of

t he non-sel ected renpte stations would not be aware

when such communi cations actually occurs, then

further conprising transmtting an unsolicited

cl ene- tospendinessageali qubhetdani aanbenndepavtiehnthe

the plurality of rempte _stations, the ¢lear:to- d
ne%@%géeﬁ8€Fﬁ§ éﬁmaﬁﬁséﬁagaaPﬁsyh?ﬁaPs&BQS%HSSSg%g

Cof)E@?ﬁQQQth QneBYnaf phbecphurality of renote stations.
A net hod accordlng to daim1l wherein the

plurallty of antenna patterns conprises an omi

ant enna pattgrn nde%ﬁereF 8%%8h%§'%°d%&33 qe@hgggﬁg

at | east one~o6f the non-sSe nmot e sta i ons wou
nohehguanage twaenespebteoamenpeali onslacteal cynpcdses,

then further conprising: transmtting in a.for

| | ARtaTFég}BSt 2ol e88RORESSAgE W&egﬁégoﬁﬁgnﬁfégﬁﬁngth
pa&hﬁ&ﬁa&ﬁohhe QE%E@E&L¥OQEn%%&?%%e%E%t&%ﬁ%o, an energy-
recerving a Clear-to-send nessage fromthe selected

r epetrebstatretnp, 36nW0a 268040214457 nPECFLUS2004/-019324
transmtting a data frane to the selected renote
station; and receiving an acknow edgenment nessage from
the selected.remt eeshati adcotdiAgmetchad adecdr dieg etio
Claim1l wherein the plurality of antenna patterns
colrpei Pesradidmmict &ﬁ?@ﬁﬁé P& %F@Fﬁs SRERHEFeiRR iy

ISaQ%%%%%’?%@t%&%t gﬁ M%%%%l%h%foﬁiin% elieEedhat

note Stations woul not be aware when such

communiicaatt ome adt takl noocewlscted remote stations would
not be aware when such communications actually occurs,
then further comprising transmitting an unsolicited
clear-to-send message via the omni antenna pattern to
the plurality of remote stations, the clear-to-send

message having an unused address that does not

correspond to any of the plurality of remote stations.

5. A method according to Claim 1 wherein
the plurality of antenna patterns comprises an omni
antenna pattern; and wherein if it is determined that
at least one of the non-selected remote stations would
not be aware when such communications actually occurs,
then further comprising:

transmitting'in a forward link a request-to-
send message via the omni antenna pattern to the
plurality of remote stations;

receiving a clear-to-send message from the

selected remote station;
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then further conprising: receiving in a reverse link a

request-to-send nessage fromthe selected renote
wat@iilons7transmtting a cl ear-to-send nessagePCDUSIV04/019324

sel ected renote station; receiving a data frane from

the selected renote station; and transmtting an

acknow edgenent nessage to the selected renote

station. 7. A nmethod according to Claim1l wherein the

access poi nt teansnni-cahegs awidbhat Heapleurtal ithy efelected

renote stations in a forward link based upon an
exERERGE St3540Rét 288t a conprising a plurality of

control frameg andidgdaha alkamk rerheatidigadee from the
ant enna dat abase conprises: receiving a solicited

f i sstlecdridr glemotgmsteitaona first antenna pattern of
the directional antenna from a first renote station;
transmtting a first data frame to the first renote
station; 37 \40 2004mktA4e57 2RCHIS2Q04/019334 1 wherein
recei ving a _second control franme via a second

anﬁ@ﬁh@luﬁéﬂﬂéﬂho§faPﬁ@“@@r&Eﬁﬁﬁﬁﬂ?zﬁﬂmﬂﬁﬁfQﬁ(ﬁﬂtQQFi

Fi 5t SRMIPLR 1At 0nin STRAS R & Sitgnal dRlinihaf that
the first “control frame received via the first

anteénria st taeyen o faridhea noingrse 1 aptiald tprstte e adelcdird would
control frame received,via the .s I &g

pattPér e AF e pdsti iy The A &vnelca%g&%$ggr any ly occurs,

r erfdt oh r e vppaldiergts. 8. A method according to

(a:lngl tmr ;nfsumr: Pqeqrg:gaj*vg.r%%prilnsIangrerveepresaet Ilnignlg hae rreecﬁ?elsvtl—ncgo—send

message from the selected remote station;

transmitting a clear-to-send message to the
selected remote station;

receiving a data frame from the selected
remote station; and

transmitting an acknowledgement message to

the selected remote station.

7. A method according to Claim 1 wherein
the access point communicates with the plurality of
remote stations in a forward link based upon an
exchange of packet data comprising a plurality of
control frames and a data frame, and creating the
antenna database comprises:

receiving a solicited first control frame via
a first antenna pattern of the directional antenna from
a first remote station;

transmitting a first data frame to the first

remote station;
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measuring a signal quality of the first control frane

received via the first antenna pattern and a signha
waee@kili445pf the second control frame recei ved REEHUSI004/019324

second antenna pattern for each renpte station. 9. A

nmet hod according to Claim7 wherein the first contro

frame recei ved conprises a clear-to- send nessage, and

the second control franme received conprises an :

acknomﬂedgeneebemeisgge s&@onA menhodladoend Wgat@ second

Caim1l wherein S _poi nt _cqmuni cate

t hePHPBPE PRy E6F™ Pgngfl “SRaBesAeE A SRPS E Hh i | ne
bagedsupeRrdne @xehange of packet data conprising a
plurality of control frames and a data frane and

creating themeaﬁﬁéﬁﬁﬁ dafidpass compiitsest tdceifint®y a
flr%gt%%ﬂt%gl r%@%e&b@davahr%% E%Qn%ﬂ¥g$ﬁ¥gﬁgkern

the“directional antenna froma first renote statlon
38aM0 ao&éghh44ﬁﬁaE€I&USZO®&kob@&b@d1maﬂhndktﬁnﬂmaa

second .cont rql ame to the first te stat
reggcﬁﬂﬁﬁdavﬁﬁr§%edﬁﬁgoﬁﬁaﬁ§tﬁn§aap?z nna

pattern of the @b&%%b‘@%@la@ﬁh%n%%é§§ﬂﬁﬁﬂ“én ideSfaining
renote station; neasuring a signal quality of the

f|a®¢6n®@nmﬁ¢¢eﬁﬂ§ne received via the first antenna
pattern and a signal quality of the first data frane
received via the second antenna pattern; and

repeati ng the.abowensttépsl faarccamyinerna Mikgin ahtennzher
patterns. 11. A nethod a ordln t.0 Cla| 10 furt

C OIFSFIPS g e FERER TG "o & %Ygl%&f} é}mﬂ%ﬂﬁfgfgmg for

;ohe§§%¥¥ﬂ@ %gsﬁg%bgn@uéﬁﬁﬁytdf(Hhéiﬁiﬁéﬂwﬂodﬂ¥ﬁl(ﬁrame
rame

received via the first antenna pattern and a signal
quality of the second control frame received via the

second antenna pattern for each remote station.

9. A method according to Claim 7 wherein
the first control frame received comprises a clear-to-
send message, and the second control frame received

comprises an acknowledgement message.

10. A method according to Claim 1 wherein
the access point communicates with the plurality of
remote stations in a reverse link based upon an
exchange of packet data comprising a plurality of
control frames and a data frame, and creating the
antenna database comprises:

receiving a first control frame via a first
antenna pattern of the directional antenna from a first

remote station;
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received via the first antenna pattern and a signa

gquality of the first data frane received via the
w@ewandisant enna pattern for each renote statiPOT/USR04/#19324

nmet hod according to Claim 10 wherein the first

control frame received conprises a request- to-send

nmessage, and the second control frame transmtted

conprises a clear-to-send nmessage. 13. A nethod

accordi ng t otChaismittuher ei secdnel dionggtdlorfalamenttenidre

conprises an omi__angle and a plurality of
digg€§ﬁoﬁﬁpoﬁﬁgﬁg§%lgﬁd creating the antenna database

conprises: sekeelivigqaf ifilst EAIL fSldld Gla a second
transmtting a first probe signal via the omi an%!e
of arfiendier eetiternal odntlenaiveatierdl smtengptigon the

station; .39 WO 2004/:,114457 PCT/ US2004/ 019324
measuring a first probé response signal received via

the omi angheakstamniche fairsialr epatle tystcl itdre first

responding to the first probe signal;  transmtti a
r eSPEH Ve TEEEGN G SHPITE i‘@ﬁ’altﬁ\ﬁ Jale%?éh B e —ern

Pl R it % 10fhadi IeGhiieRalo fangle st idfst tha difeeid oddeived
antenna to the first renote station; and neasuring a
seodad Gheolse cceshanmdergiagmalt tamveiarst vi a each

di rectional angle.fromthe first t tat.i .
respondi ng t o egtrlélgpécgiel va%ms‘ée(:osng(f3 prf?) ]'2 ag{l%%ma]lrﬁl.ng
A netthothaageadinag.to daim 13 further conprising:

sel ecting a next renote station fromthe plurality of
renote stations; repeating the transmtting of the

first and 11. A method according to Claim 10 further
comprising repeating the receiving and transmitting for
measuring a signal quality of the first control frame
received via the first antenna pattern and a signal
gquality of the first data frame received via the second

antenna pattern for each remote station.

12. A method according to Claim 10 wherein
the first controcl frame received comprises a request-
to-send message, and the second control frame

transmitted comprises a clear-to-send message.

13. A method according to Claim 1 wherein
the directional antenna comprises an omni angle and a
plurality of directional angles, and creating the
antenna database comprises:

selecting a first remote station;

transmitting a first probe signal via the
omni angle of the directional antenna to the first

remote station;
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second probe signals to the next selected renote
station, and the neasuring of the first and second
w@r@bal4ussponse signal s received fromthe nextPCERUSINEI324
renote station; and repeating the above steps for each
of the remaining renote stations fromthe plurality
of renote stations. 15. A nethod according to Caim
13 wherein the first probe signal conprises a
request - t o- sewra suffRTS) areSisage rarude e faarste prighwel
response sjgnal . conpri.ses clear-tq-send (CTS
o dBlga T &P e tsieo qa Bt B o g Temote
cCong-itSes aRsRhadIRssage anrd rithe seem irghe ;

response signal conprises a CTS nessage. 40 WO _
2004/ 114457 PCRASSEF04/® 93 28 SPEE t I g h&iokf ytonal

to ai reid .the : [ '-Egﬂgr '
upcygﬂaater%Ccle’la\séglt?l%o%é"d1 toré fﬁq@é%zﬁlld%t an aél’rﬂcfmaga an of
| EEfRe800.rEG tstoavadarathterfid A neteh ol rasdc aragiaige tsot 0 adm

1 wherein the directional antenna conprises at | east
oné’éctive elenment and a plurality of passive

el enents. 18;A%AGGRFS RAIGENd WrdbaM FdB5iSsd 0CBInal
area network (WLAN) conprising: a directional antenna

condesiviegl & il wealh A1 resft i Pl tierais; thmdf st
control.ler cted t a] [ r [ n

con ermc()Tcet hséC ?age:#]% sard Oglo%t%{rc‘gli%er %rP oerrcrr%k? % a%]ﬁglcn%r?CE
W tgrobeplairgaldlty of renote stations by performing the
followi ng creating an antenna database by associating
with each renpte station a respective neasured signal

quality 14. A method according to Claim 13 further

comprising:

selecting a next remote station from the
plurality of ;emote 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; and

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

stations.

15. A method according to Claim 13 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.
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corresponding to the plurality of antenna patterns,

the respective neasured signal qualities being
waledenm4sed based upon conmuni cati ons w th eakdT/Us2004/€19324

station, determning for each renpte station a

preferred antenna pattern based upon the antenna

dat abase, selecting a renote station and the

correspondi ng preferred antenna pattern to

conmuni cate with, and determ ning based upon the

antenna database_and prior to conmunicatin ith the
41 WD 2004/ 1?%457%@%5%%06&}38{5%?2 t?eﬁé@ﬁ%‘dwr é“%r?trgln
st ahbopcckbsapyinenisebgetadingepakedsigbnons hawestt bee
potential of not bei n%. awar e when such _conmuni cati ons
acblabkhyIEBBCAPE - 1195t Andasdesadparnt EEEC6Xdi-d¢ SFandard.
Claim 18 wherein said directional antenna conprises

at | east one active elenment and a plurality of

passi ve el enents. A2BetAndaecessdpoigntca€deridi Ag wherein
Claim18 wherein said controller, for ﬂeterm ni ng itf. -
anyhRoALTEEFECPBY PEIGIESSFRIPSAS Rade 176 Shotoait it tY
of cAQhenkebng avanewhen Sueheemurl eatdwemsAct ual |y
occurs, conpares the neasured signal quality

associated with the preferred antenna pattern for the

sel ected remyt.e station w th.the eclii.ve signal.51
qualities agggcﬂ at'éd ac%ets\r%ll %D%é %orﬁogse%eg{lgfﬁr%ﬁ%t e e

st atleans cwher kUSimgN) he orpart® ipigef er r ed ant enna
pattern. 21. An access pqint accordi n% t.o .daim

8 .
wherein the RedddPEESGHaP GRS dmiM S & &ruratlity
| eagt ;,@Ren0f p%tﬁ;%(i@jsv;e%nﬁj gnal strength indication, a

a controller connected to said directional
antenna for control thereof, said controller for
communicating with a plurality of remote stations by
performing the following

creating an antenna database by
associating with each remote station a
respective measured signal quality
corresponding to the plurality of antenna
patterns, the respective measured signal
gqualities being determined based upon
communications with each remote station,
determining for each remote station

a preferred antenna pattern based upon the

antenna database,

selecting a remote station and the
corresponding preferred antenna pattern to
communicate with, and

determining based upon the antenna

database and prior to communicating with the
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carrier-to-interference ratio, an energy-per-bit

ratio, and a signal-to-noise ratio. 22. An access
w@ointiastording to Caim 18 wherein the plureCT/U$2004/019324

antenna patterns conprises an omi antenna pattern;

and wherein if said controller determnes that at

| east one of the non-selected renote stations would

not be aware when such comruni cations actually

occurs, thenssaiedtedntreabler steansm,t S fa any non-selected

cl ear-to-send nmessa vi.,a the omi _ant enna pat.ter t%

42 WO 2004/ 1E8HE SPOTASSO6ATOTERSEE R N ﬁ%ﬁ

rempte stati @R3ngWal Ah@neheaicdhocoreitth MRSSadss actually

havi ng an unused "address that does not correspond to

any of the plgicaltsty of renote stations. 23. An access

poi nt according to Claim18 wherein the plurality of

antenna patterns conprises an ommi antenna pattern;

and wherei n i1fo.saircth cerigsel erntdetceraridiesy tthatClatim 18

| east one of the non-selected renote stations mgyld

not'E& Saa B8 1fh & teGcH {CEROR0 ORISR 13F 1east one

O0CGWS wel RERMEAI RN QJ1he%a1Renf i ddia vd ol avirigs .

transmtting in a forward link a request-to- send

nmessage via the ommi antenna pattern to the plurality

of renote statijons; receiving.a.clear-to-s ;

fromthe se% Ct ezmr SNt st atﬁncgcn;a(i%’ioartr}é;lrﬁ(‘ﬂlcldong@%slgrgtela8

f r iR HeQ it ke iselReiteth 1 e ot 1S tdait cam i raindy et edn ngpn-

an acknow edgenent nessage fromthe selected renote

st &AIGETPY TP T E Bt e It P YT G Aot

whetaidy LA A Uil 1L 8] AHERNERALLE NGAPTY Sesodls,

omi antenna pattern; and wherein if said controller
compares 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.

21. An access point according to Claim 18
wherein the measured signal qualities comprise 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.

22. An access point according to Claim 18
wherein the plurality of antenna patterns comprises an
omni antenna pattern; and wherein if said controller
determines that at least one of the non-selected remote
stations would not be aware when such communications
actually occurs, then said controller transmits a

clear—to-send message via the omni antenna pattern to
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determ nes that at |east one of the non-sel ected

renote stations would not be aware when such
weoomnuni4sati ons actually occurs, then said coPCT/051004/019324

performs the followng: receiving in a reverse link a

request-to-send nessage fromthe selected renote

station; transmtting a clear-to-send nessage to the

sel ected renote station; 43 WD 2004/ 114457

PCTh&S2D04A019824F remeiwi ngadidasa fiiahe theomiehg—to-

sel ected renote station; and tragﬁnitti

2cRRDW BAgenERt AZ4Cdge™: BhUrRg SBresesd Tarng=s mot

renmote

stabi-eBspdBd AB aeGess paenblaesohdiyngrt eefogiems24tions.
wherein said controller repeats the receiving and

transmtting for neasuring a signal quality of the
oL controbslyaly Leeabueflorha hiediuinh &l etan 10

pattern and a signal quali e second control
f r anereeaeicved plivaafl he ys econd tannen pa tpatner ¢ oy 16&ch an

renote station. 26. An access. point accordi t i
24°mﬂﬁeF8Fﬁnﬁﬁepﬁ?F?FnCoﬁP o PEFEHE ﬁgggﬁG‘dgﬁgﬁﬁﬁgiég

a gehkeafihessendmessagestaneet be seeondroerilicetdd arsnote
recei ved conprises an acknomﬂeggfnent message. 27. An

acetss iposnwoadcomnditnget avers MNES STy SioFggigations
di rectional antenna ri n i LAt an
pIﬁF Wi Eyb “ F%éth%%a S&%gfé%;tgggjfﬁﬁggéin said ©
coffbnabkemngrerfornms the following for creating the
ant enna dat abase: selecting a f'rstI%F tﬁistation'

t

transnitting &3S IG0 Bs Py Q™A ShifieAitgi e o~
of ssaid disecld nal 1t enpa L tdhe d igdttern to the
plurality of remote stations;
receiving a clear-to-send message from the
selected remote station;
transmitting a data frame to the selected
remote station; and

receiving an acknowledgement message from the

selected remote station.

24. An access point according to Claim 18
wherein the plurality of antenna patterns comprises an
omni antenna pattern; and wherein if said controller
determines that at least one of the non-selected remote
stations would not be aware when such communications
actually occurs, then said controller performs the
following:

receiving in a reverse link a request-to-send
message from the selected remote station;

transmitting a clear—to—send message to the

selected remote station;
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renote station; neasuring a first probe response
signal received via the ommi angle fromthe first

WO esmafieldsst at i on responding to the first probePGI/gRzENN4/019324
transmtting a respective second probe signal via
each one of the plurality of directional angles of 44
WO 2004/ 114457 PCT/ US2004/ 019324 said directiona
antenna to the first renote station; and neasuring a
second probe rEsFoniesiegd@ita rfereievdtton ateactelected
dir iqnal_.angle fromthe first renote station
res%%%ﬁﬁ%bfﬁa? %?’rgggtctive second probe signal. 28.

An access poi nirzagedrdiing &0 EAHIPRALdheE hedide to
con%roller further perfornms the following: selecting

a néRe PEIGCE oSt G ef BEMtiE -pl ural ity of renote
stations; repeating the transmtting of the first and
second probe signals to the next predeterm ned renote
station, and % nmdasacicrgsobotimé feiccstrdindy secaidhim 24
probe response signals.received fromthe next .

r eABEEF AT G e OTE  OLAET o PPRAA 5T Geatians HEBEEFE
st epgahemieathgoffdrh@eas@ffaing BY shigatie Hi-atigNS ff (o8
the plurality of renmpte stations. 29. An accéss point
accordShg COSTERdi hrare wREEAIVRSt Wd af ithst firmetie agitgmala
co ' a guest:- (RT sage t

T oE B0 ¥ Saponed S oRar 5ot St avgrar 1o %esa

( CTSyames sage,lvand vwhekeien setbads eatrtngr @he tsirgndor each

conprises an_RTS nmessage and the second probe
r espoiS& sigAalonpri ses a CTS nessage.

26. An access point according to Claim 24
wherein the first control frame received comprises a
clear-to-send message, and the second céntrol frame

received comprises an acknowledgement message.

27. An access point according to Claim 18
wherein said directional antenna comprises an omni
angle and a plurality of directional angles; and
wherein said controller performs the following for
creating the antenna database:

selecting a first remote station;

transmitting a first probe signal via the
omni angle of said directional antenna to the first
remote stafion;

measuring a first probe response signal
received via the omni angle from the first remote
station responding to the first probe signal;

transmitting a respective second probe signal

via each one of the plurality of directional angles of
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30. An access point according to Caim118 wherein

said controller is operating based upon at |east one
wototan1¢4FEE 802. 11 standard and an | EEE 802. 16PCT/US2004/019324

standard. 45

said directional antenna to the first remote station;
and

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

probe signal.

28. An access point according to Claim 271
wherein said controller further performs the following:

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

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

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

stations.

29. An access point according to Claim 27
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.

30. An access point according to Claim 18
wherein said controller is operating based upon at
least one of an IEEE 802.11 standard and an IEEE 802.16

standard.
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