WO 2004/114546 PCT/US2004/019601 ANTENNA STEERING FOR AN
ACCESS POINT BASED UPON SPATIAL DIVERSITY Field of the
Invention [0001] The present invention relates to the field of wireless local
vapeammetwsacks, and in particular, to an antenna steering algarithsrdor@nsot
access point operating within a wireless local area network. Background
of the Invention [0002] Various standards allow remote stations, such as
portable computers, to be moved within a wireless local area network
(WLAN) and connect via radio frequency (RF) transmissions to an access
point (AP) that is connected to a wired network. The wired network is
often referred to as a distribution system. The various standards include
the IEEE 802.11 standard and its corresponding letter revisions thereof,
such as 802.11b and 802.11g, for example. [0003] A physical layer in the
remote stations and in the access point provides low level transmissions
by which the stations and the access point communicate. Above the
physical layer is a media access control (MAC) layer that provides
services, such as authentication, deauthentication prlvac association
and disassociation,_ f SWWM Igé §2004/019607
D
[0004] In operation, When a remote staI'EIon COmMes on-"line, a’ connection is
first established between the phyS|caI Iayers in the statlon and the access
point. The MAC layers cafiHses3 e g

[0001] The present invention relates to the field of

wireless local area networks, and in particular, to an
antenna steering algorithm for an access point

operating within a wireless local area network.

Background of the Invention

100021 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 802.11lg, for example.

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

and disassocilation, for example.



remote stations and the access point, the physical layer RF signals are
transmitted and received using monopole antennas. [0005] A monopole
antenna radiates in all directions, generally in a horizontal plane for a
wertinallyssiented element. Monopole antennas are suscepiidiatemiieais
that degrade the quality of communication between the remote station
-and the access point, such as reflection or diffraction of radio wave
signals caused by intervening objects. Intervening objects include walls,

desk ﬁziq; eople, for ex e._The bjects create izpath, normal
statisﬁlca ﬁading%ﬁa?l%?&%’lg?ﬁg', a‘frig(% rsg)o%o%ﬁa.m i:%a rséqg% t,l%e fodftcg e?ve!m

beentiiztle o FitgHesigralidfedgradation séaiskishy thdsteReas too06)
One technigde for gauateracting the: degradation ehRFsignals isdeise
two aTrg}tenna(s: ti rovide divetrlslit% The two gnter&nas_ arej[(iouplgd to an
antenAg ditetsi f?‘ Witchin one 6r b6th of the remate ™ Stitiohs and the
accessmpoiet. Fiwtthoory dehirdasinge twe antenrias forantdmsa dadersity
is that, ot any-olven tie. atleast gpeofithe antennas.isdikely regelying a

signal that is not suffering from the effects of multi-path. Consequently,
this ZMRARGLE FRESRfEAMa that the remote station or access point
seleagtsiss the antenm divelsitypswiteh forr iransadttingfreseiving signals.

NS S RS2l e s e o0
vertically oriented element. Monopcle antennas are
susceptible to effects that degrade the guality of
communication between the remote station and the access
point, such as reflection or diffraction of radio wave
signals caused by intervening cbjects. Intervening
objects include wails, desks and people, for example.
These objects createlmultiwpath, 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 technigque for counteracting the
degradation of RF signals is 10 use two antennas to
provide diversity. The two antennas are coupled to an
antenna diversity switch in one or both of the remote
staticns 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 cr access point
selects via the antenna diversity switch for
transmitting/receiving signals. Nonethéless, there is

still a need to address the degradation of RF signals

2



wireless local area network. Summary of the Invention [00071 In view of
the foregoing background, embodiments of, the present invention seek to
improve communications between an access point and remote stations
within a wireless local area network. [0007a] In accordance with a first
aspect of the present invention, there is provided a method for operating
an access point in a wireless local area network (WLAN) , the access

nBelft sompgising.a.girectionalantsqua fefcommunicatiog wi ageast,
one remote station based uponan exchange of pacci<et ata'‘comprising a
Vpreahfslé ard a dat franie thé Fiethod comprising: communicating with

the at least one remote station using a current angle of the directional

antenna; scanning d;égilr&gng Ere%@bl&% p!ﬁralietxtof %Iternate angles of the
directional antenna f st one remote
[stgsien; measyringduring thesame-preamble respective signals, received,

via the current angle and each alternate angle from™ the at least one
Crenoté stafiGh=8ElectmGFatnng thd Ealime  Preaffiblie the GRTEATEME BFns
bene:ofrthealternatesangleso asa preferred-angle baseg-upenrithe:ithin 3
wmeasured siana’_s for continuing communications with the at least one

remote station; and storing ‘t%e"“pr'eferred angle of the at least one remote
[SRRiGN] andlduritig-a e prearhble, thefstosed refertedanglesheconresit

18ew current.angle and the sieps.are repeated for selecting the new,

current angle or the alternate angle. [0007b] In accordance with a second
agepe& dfthéprégent wireless local area nestwork (WLAN), the
access point comprising & directional antenna for
communiicating with at least one remote station based upon an
exchange of packet data comprising a preamble and a data
frame, the method comprising: communicating with the at
least one remote station using & current angle of the
directional antenna; scanning during a preamble a plurality
of alternate angles of the directional antenna for
communicating with the at least one remote station;
measuring during the same preamble respective signals
received via the current angle and each alternate angle from
the at least one remote station; selecting during the same
preamble the current angle or one of the alternate angles
as a preferred angle based upon the measured signals for
continuing communications with the at least one remote
station; and storing the preferred angle of the at least
one remote station, and during a next preamble, the stored
preferred angle bescomes a new current angle and the steps
are repeated for selecting the new current angle or the

alternate angle.

[0007h] In accorcance with a sscond aspect of the present
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3 invention, there is provided an access point for a wireless local area

network (WLAN) comprising: a directional antenna for communicating

with at least one remote station based upon an exchange of packet data

comprising a preamble and a data frame; and a controller connected to

said directional antenna for control thereof, said controller selecting

during a preamble a current angle of the directional antenna for
1lcommiupicatingavith the atleasticahesremotesstation . scanning duringdhess
18811 Preamble an. glterpate angle from g plurality of altemate, angles of .

said directional antenna for communicating With the’at Ieast oné remote
astationa measuring during the same  preamblesrespéetivie signals receivede
syadhecuent andle.and fhe allsimate. angle fiom e ot least one Jemate,

station, and selecting during the same preamble the current ang]inepor fhe <
2 akéThatecangléas agprefetrediargle for acontihuingrconarhlinicationswith ed
=the &l least.ane remate, station based upon the, measured signals; said .. 4

controller comprising a memory for storing the preferred angle of the at
Cfddst Bne fémdte- StatiohiYafd dufiiga RoaPreamble, Ctherstotedengle of
+ peeferred angle becomes, anew cuprgntangle.and the.steps are repeated,

by said controller for selecting the new current angle or the alternate
CARgIES[O0BT cFihccordantedwith aZhird a5pect dFthe e sértanvsntona n

a thereris provided a methed for ;onerating an agcesspointina wirgless -

local area ngtwork (WLAN), the access point comprising a directional .
Sahtenfix FG-Comfunicating With at Wast GHETHHh6Ee Station based ifon &t
Lansexchange of packer data LoMPrisinbneasuring during the same

preamble respective signals received via the current angle

o

nd the alternate angle from the at least one remote

station, and selecting during the same preamble the current

w

ngle or the alternate angle as a preferred angle for
continuing communications with the at least one remcte
station based upen the measured signals; said controller
comprising a memory for storing the preferred angle of the
at least one remote station, and during & next preamble,
the stored preferred angle becomes a new current angle and
the steps are repeated by saild controller for selecting the

new current angle or the alternate angle.

[0007¢] In accordance with a third aspect of the
present invention, there 1s provided a method for
opesrating an access polnt in & wireless local area
network (WLAN), the access point comprising a directional
antenna for communicating with &t least one remote
station based upon an exchange of packet data comprising

a preamble and a data frame, the method comprising:

communicating with the at least one remote station using
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a preamble and a data frame, t:he method comprising: communicating
with the at least one remote station using 3a a current angle of the
directional antenna; scanning during a preamble a plurality of alternate
angles of the directional antenna for communicating with the at least one
remote station; measuring during the same preamble respective signals
received via the current angle and each alternate angle from the at least
aonelrenote statiore selécting durihtrthe samespreamblerthe curremnning

1Angle.er-one of the alternate angles,as a prefetred angle based upgn the

measured signals for continuing communications with the atlleast one
cretnetelstation; andestoting the prafered angleof thie alt leabtonetrefmte t
ostation.and if after.a predetermined amount of fime,ng.new, packet data is,

received by the access point, then the™ stored preferred angle becomes a
rRBRFETTEIt afigle and the SStepE afe répéatédifor Seléétigithehews and

egurensangle.of cihe alternate angle. [009Zd] inaccordance with a fourth. .

aspect of the Eresent invention, there is provided an access point for a
Siretéds’ l0tal-are 2 nEtwarkEWERAN) Comptiafg 4 it t6nalt “antémia for "
a£gmmuicating with ahleast eneemote station based upenr anrexchange.

of packet data comprising a preamble and a data frame; and a controller

L 2BRMected 0" said difectioREFANtERNa for cERGdItherddt 'said CEbhtHIEMY
cseleptingduiingsa preamblea eurrentangle-ek thesdiractiopalantenana forq
communicating with the at Jeast (_:ﬁne remote station, scanning during the
ségﬁ{éqgreé%‘%lepéhexerred angle of the at least one Temote
station, and if after a predetermined amount of Time no new
packet data i1s received by the access point, then the
stored preferred angle becomes a new current angle and the

steps are repeated for selecting the new current angle or

The alternate angle.

F00074] In accordance with a fourth aspect cof the present
invention, there i1s provided an access point for a wireless
local area network (WLAN) comprising: a directional
antenna for communicating with at  least one remote
station based upon an exchange of packet data comprising a
preamble and a data frame; and a contrcller connected *to
sald directional antenna for control thereof, said
controller selecting during a preamble a current angle of
the directional antenna for communicating with the at least
one remote station, scanning during the same preamble an
alternate angle from a plurality of alternate angles of
sald directional antenna for communicating with the at
least one remote station, measuring during the same
preamble respective signals receive via the current angle

and the alternate angle from the at least one remote
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alternate angle from a plurality of alternate angles of said directional
antenna for communicating with the at least one remote station,
measuring during the same preamble respective signals receive via the
current angle and the alternate angle from the at least one remote 3b
station, and selecting during the same preamble the current angle or the
alternate angle as a preferred angle for continuing communications with
StHe at'ibast bHe FEmote “LatioH baked tiort BT Meattifed Sigris: Saigent
agohtroller cemprisiig asmemory:fog storiag the preferred angle ofdhe ator
Jeast one remote station, and if after a predetermined amount of time no_
AoV PACKSt dath 1e received by sdid” dontroffer, then thié Storéd freferred
saaglechecortesda newrcurient angleuard the stepsare repeated by:said er

controller for selecting the.new current angle or the_alternate angl
c i EMO .

e.
oS a I TV TOF .STQrih ref . £ th
”1?(3{‘(5)08]8,5&;1 %npro@emen over sﬁsnpcfe diversi yem%"f/eofeerprf%%la%%gtf?eroﬁdh O
aanterae steerng process foratoess puoints {i.ea fwireless gateways)usedd
affbtireless local.areq, netuorks, Difegtional antenpas gan improve the.
throughput of the network, and increase the range between the actess
Cpointahtethe rehfote stations(ies wirstdssrusal devices) bacdirectionahew
c@pienna can provide, lglghﬁélgngkg%gmsgr@“o%@gg 4 by said
omni-directional antenna in most cases, thus allowing the fink to gperate
Cat higherdatarates J0009F The afteana Steeringrprocessanay be resident
= in. dhe medig access control (MAC) layer of the access point, and selects
a best or preferred directional antenna pattern based on signal quality

[ooempits available fromdhephysicabver simple diversity may be
provided through an antenna steering process for access
peints {(i.e., wireless gateways) used in wireless local area
networks. Directional antennas can 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 can provide a higher signal-to-noise
ratio than an omni-directional antenna in most cases, thus
allowing the link to operate at higher data rates.

FO002] The antenna steering process may be resident in
the media access control (MAC) layer of the access point,
and selects a best or preferred directional antenna pattern
based on signal guality metrics available from the physical
layer upon receiving signals from the remote stations.
[0010] According to the principles of the embodiments of
the present invention, during processes such as
registration, authentication or subseguent data exchanges
between the access polnt and a selected remote station, a
preferred direction for the steered access point antenna is
determinsd. In one embodiment, software or firmware
cperating at the access point makes this determination. The

access point antenna control software/firmware may
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layer upon receiving signals from the remote stations. [0010] According to
the principles of the embodiments of the present invention, during
processes such as registration, authentication or subsequent data

vaxehangesas between the access point and a selected remote-gta¢ig/d 601
preferred direction for the steered access point antenna is determined. In
one embodiment, software or firmware operating at the access point
makes this determination. The access point antenna control

software/firmware may 3c WO, 2004/114546 RCT/U /019601, huild a
dat;%%gé%hgt %%%uaégegst%eﬁ Ele%titlyng t'}lé ?er%%?e %ﬁd%%%q;%% ﬁ?e gﬁigenna
direétfdPasscdiatetPwitithat Btatfor: e HEVIRG bptimursociated

commucatiens pesformance: [QRLLIHardyvarpmmanbeLmplayeskio ons
operate with inherent diversity selection circuitry in typical 802.11
equi%?ﬁc %‘Fgg%tting the preferred directional antenna angle. The

accelgypdiht mayHaselvsigralingtdocause theyremite stationt ¢o wrerismit a
probg response $igalswhereinhe.acgess paint; measres he signal
quality of the probe response signal. The access point may compare

metide cotrepohemfto Sighafereeied rbhftieehidte®dtations in a
directional endenna nadmagainsy metricsheorsesponding i 8ighals use

received from the remote st%%ons in ar%omné-direction%l dee to_.
51?na%lng]to cause =] rﬁmocf S a%lons ﬁ ransmit a
determine if'a hew antenna scan should be performed. It the access

poinpdeReniined drstchiddenabdesh@esiresEhe itnag SmverRe:

protgetion;mechanisn Using reUestd9- 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
naw antenna scan should be performed. If the access
point determines that hildden nodes are present, it may
invoke a protection mechanism using regquest-to-
send/clear-to-send {RTS/CTS) messaging as defined in
the 802.11 standard, for example.
[0012] The benefits of augmenting the access point
with a directional antenna are two-fold: improved
throughput to individual remote stations and an ability
to support more users in the network. In most RFE
environments, the signal level received at the remote
station can be improved by having the access point
transmit using a shaped antenna beam pointed in the
direction of the station. The shaped antenna beam may
provide a 3-5 dB gain advantage, for example, over the
omni-directional antenna typically deployed with an

access point. The increased signal level allows the
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send/clear-to-send (RTS/CTS) messaging as defined in the 802.11
standard, for example. [0012] The benefits of augmenting the access point
with a directional antenna are two-fold: improved throughput to individual
remote stations and an ability to support more users in the network. In
most RF environments, the signal level received at the remote station
can be improved by having the access point transmit using a shaped

1 antennatheam peinted-ndbe sdirestion ofithe station-Ehetshaped antgnnas

heam may. pravide a 3:5 dB gain advantage. for example, over the _
O%?nrnﬁ-ﬁrec%onélggﬁténﬁg}ﬁpigglvaéplg\s}g%w Ia“‘ﬁ] gc]!ée?csl%epo?r%?hebam

Cincreased sigizi tevekaliows thelhdinkibetvedrrtiisl aceesspoint anddhéna

prerpete station t@ .aperate at higher data rates..espegcially.at thg ouler, .+
band of the coverage area. The directional antenna steering process is

OR&GiaERTT the decess FSiRttTsipport *dFeration with the remote stations.
[ [B0138] Morelparticutzssly embodiments efithel present inventioremay beent
; fieted o amethod forpperating an. access poin in 2 WLAN, with the _
access point comprising a_directional antenna for com_mumc%tlng \I/V|Itjlﬁ'J at
afeast oneCteinote statiBhhe meéthod ifay €6fprisE Communicating With a
athe-at least oneremwgte;station usingrarcusent anglg afthe directional ope
Ifglrr[}(tjefnena gng“,scnann' agﬂgﬂgrqgte angle from a plurality of alternate -
SRGIes Of the directionsl Bntenna for communicating With the At 1&48t dhe ™
tremete station. The method maytfarthen comprige measuriagtrespectivest
t§@n@§ﬂ@§§@@ggﬂaQH%%%%QOt%%&?@Q%Hﬁing an alternate angle
from a plurality of alternate angles of the directional
antenna for communicating with the at least one remote
station. The method may further comprise measuring
respective signals received via the current angle and the
alternate angle from the at least one remote station, and

selecting the current angle or the alternate angle as

A7)

e
preferred angle Dbased upon the measured signals for

centinuing communications with the at least one remot

0

staticn.

[0014] Selection of the current angle and scanning of
the alternate angle may be performed at the MAC layer of
the access point. The alternate angle may be =selected as
the preferred angle if the measured signal asscciated
therewith exceeds the measured signal associated with the
current angle by a predetermined threshold. Measuring the
respective signals may comprise determining at least one of
a received signal strength indicaticn, a carrier-to-
interference ratioc, an ensergy-per-bit ratic and a signal-~

to-noise ratio.



alternate angle from the at least one remote station, and selecting the
current angle or the alternate angle as a preferred angle based upon the
measured signals for continuing communications with the at least one

wenalestagion. [0014] Selection of the current angle and sgarniashednibgi
alternate angle may be performed at the MAC layer of the access point.

The alternate angle may be selected as the preferred angle if the
measured signal associated therewith exceeds the measured signal
associ%tiad with the current %n%le bvy,alfl)re%etermi ed threshold. N
Meagarlnalthe recs%menélf‘l?/é%?gﬁa malf/t canperis%tde gﬁﬁﬁliﬁgn 3t feat one
of aseseived signabstreagtrindivaitioan ascerhents interferehed ratid;an

energy; %@iiﬁ?ti%?Qeaaaigfél-atgm_segegc’-ééﬁﬁg.ZO%{élééégectm
PCT/US2004/019601 [0015] Communicating with the at least one remote
statih$Ray Be5asad Gifori 4h Schdiye 6P padid tatd“Corhpfising a

preambhlemanca datg feamesThe sespectiviu signals received visathiel e .
current.angle and the_alternate anale.are_measur urin me
Tt r%kg aé%g n§€e I%ﬁ%rﬁgy %ﬁ?@ﬂ%r é%%ﬁ@lse

preamcb e. 'Scanning the alternate a further comprisé scanning a
pluraifepon dherfatelarigiéd during thetsaprtsreansdies[0d16] Thethe
meagHpAg pRa%ceMPrise measuring respective signals received via each
alternate angle lelErLin the same preamble from the at least pne remote

statiof ¥bhat the Rarift BRGI G SR of & iy 8F Bitéihate angles

is setectpdcsithe signals received via each alternate angle
during the same preamble from the at least one remote
station so that the current angle or one of the
plurality of alternate angles is selected as the
preferred angle. The plurzlity of alternate angles may
be scanned based upcn a predetermined sequence.
[0017] The method may further comprise storing the
preferred angle of the at least one remote station, and
during a next preamble, the stored preferred angle
becomes a new current angle and the steps are repeated
for selecting the new current angle or the alternate
angle. Alternatively, if after a predetermined amount
of time no new packet data is received by the access
point, then the stored preferred angie becomes a new
current angle and the steps as discussed above are
repeated for selecting the new current angle or the
alternate angle.
[oc18] One of the plurality of alternate angles may
comprise an omni angle. The directional antenna may
comprise at least one active element and a plurality of
passive elements. The access point may be operating

based upon the IEEE 802.11 standard or the IEEE 802.16



preferred angle. The plurality of alternate angles may be scanned based
upon a predetermined sequence. [0017] The method may further
comprise storing the preferred angle of the at least one remote station,
and during a next preamble, the stored preferred angle becomes a new
current angle and the steps are repeated for selecting the new current
angle or the alternate angle. Alternatively, if after a predetermined

samQuntof time-na-newdhacket data;isteceived by the,ageess, pointgthen,
the storedxgreferr,ed angle becomes a new current angle and the steps as

Phisesed above e Tépeated for SElétihgtthe Mawr Gurrdht sHgiélor the
[aRéFate angles {0048 Anesetithe pluxality: of akernate anglesmay. s ing a

compriss.an ompiangle. The directional antenna may. comprise atgast

.one active element and a plurality of passive elements. The access point
ApiaFbe OpratigtBaSed tpon tHeEEE 8623 1%tandard 6FtheIeER-11er
mB8026-G standard, foriexample: However; the embodimentsietthe of the

aPresentlnvention ar notimited ig, eee standards, [0A91AISG coae one
Isclosed Is an access point comprising a air ctiona anfenna, and a

rgBAfr6ller Conhoeted tothendirestiondl antehrafor Eentreithefeof fThe &
pcantioler, may perfornthedollowing:selecting a current angle.of the tenna
;gi[ecéiggggqup%eanvn&for cqr{lmug'}g;atingwil;klthe at least one remote

F Statich ScHmning Ah‘altéinate angie from: &2 Blurality of aftériate Ahgles or
nmeffesdirestioral syntenna <fos conmanicating with thesat-leastome semotegle
astation,.measwing respectiyesigralsreceived yia the.curent Angle o 1
station, and selecting the current angle or the alternate
angle as a preferred angle for continuing communications
with the at least one remote station based upon the

measured signals.

Brief Description of the Drawings

[C020] The foregoing and other objects, features and
advantages of the invention will be apparent Zfrom the
following more particular description of preferred
empbodiments  of the invention, as illustrated in ths
accompanying drawings. The drawings are not necessarily to
scale, with emphasis instead being placed on illustrating
the principles of the invention.

[0021] FIG. 1A 1is a schematic diagram of a wireless
local area network (WLAN)} employing the principles of the
present invention;

(00221 FIG. IB is a schematic diagram of an access point

in the WLAN of FIG. 1A performing an antenna scan;



and the alternate angle from the at least one remote station, and
selecting the current angle or the alternate angle as a preferred angle for
continuing communications with the at least one remote station based

wepzn4ihesaseasured signals. Brief Description of the Drawings G20 a1
foregoing and other objects, features and advantages of the invention will
be apparent from the following more particular description of preferred 1
-1 embodiments of the invention, as castrated in the iil accompanying

dravgpgssfhe drayinas,arg poLngeespaily 19, SCale, IR EMANASS prc.
instead being placed on illustrating the principles of the invention. [0021]
FIG XA I2d SeHemtatiR*diagnah SHaRielesd ftatanéa ABRREk (WEAN)

empleying the principles of the present wentienz[0022% AHGLIR ivd FIG.
schematic diagram of gn access point_ in the WLAN of FIG. |A performing
o SR St P O S0 A A S350 0T RO IR LI
2A ism Vieweofrarl aBEESE poirmst FIG. 1A having an external directive
antephgoagyay; [0924] FiG. 2B ig aNiew eftheraccess pointef BlG.c2Aa

having the directive antenna array incorporated in an internal PCMCIA
card® 625 FE B iS4 View of the directive antenna array of FIG. 2A;
[00260 2@ 3B iserschematie diagraineod aiswitthegram of a switch

used to select a state of an antenna element of the
directive antenna of FIG. 3A;

{0027] 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;

[0028] FIG. 5A 1s a signal diagram optionélly used
by the antenna steering process of FIG. 4;

[0029] FIG. 5B is an alternative signal diagram
optionally used by the antenna steering process of FIG.
4;

[00301 FIG. 6 is an alternative block diagram of
FIG. 4 in which antenna diversity circuits are
employed;

[0031] FIG. 7 is a signal diagram using a hidden
node technigue optionally used by the antenna steering
process of FIG. 4;

[0032] FIG. 8 is a top view of the network of FIG. 1
with bi-directicnal signaling;

[0033] FIG. 9 is a top view of the network of FIG. 1
with indications of the antenna beams;

[0034] FIG. 10 is a flowchart of a method for
operating an access point in a WLAN based upon spatial

diversity in accordance with the present invention;
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used to select a state of an antenna element of the directive antenna of
FIG. 3A,; [0027] FIG. 4 is a block diagram of an access point of FIG. 1A
employing subsystems, layers and an antenna steering process
vaecardingde the principles of the present invention; [0028] Gy SoiBo@osor
signal diagram optionally used by the antenna steering process of FIG. 4;
[0029] FIG. 5B is an alternative signal diagram optionally used by the
antenna steering process of FIG. 4; [0030] FIG. 6 is an alternative block

ciagrauel FIC. fu hieh antgnaa divsraly ciuls aie employect

[0031] FIG. 7 is a signal diagram using a hidden node technique
optiGRERAGSE LY thRSGREANRIIEETIAG Frotess oPRRES4 YRR FIRe 8
IS a taRyMieVy Oim%B@M@Wé:l@_tli with: b diseetianalsignaling; J0033]

FIG. %(ﬁgtop w?% grligf EJICGe %evs\/ltg indicati sof;1 s of

antenna beams; Yis & fl6wehart Cme‘tzho or operalng
an azcessipointinm WLGANtbaS;edau}pgﬂgﬁaﬁaP@liv@stllrﬁa@é@ﬁ@a}ﬁ@éed

with {pg Presapt-inveption.8 WP 2004111440 PLIVHR20040196Q1,

[0035] FIG. 11 is a flowchart of a.method for oEeratlng an access pointin

a WEAKPHE8BG 2 pEhprobRe SRIFRIETH adCoraRhEE Wit THE present -
inventioR7 10036 FERSS112 anchl 3 bwe cbspective floweltartgiofor

operating an access point in a WLAN based upon hidden
node recognition in accordance with the present

invention.

Detailed Description of the Preferred Embodiments

[o038] The present invention will be described more
fully hereinafter with reference to the accompanying
drawings, in which preferred emboediments 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
skilled in the art. Like numbers refer to like
elements throughout, and prime notation is used to
indicate similar elements in alternate embodiments.
[0039] Referring initially to FIG. 1A, a wireless
local area network (WLAN) 100 having a distribution
system 105 will initially be discussed. Access points
110a, 110b and 110c are connected to the distribution
system 105 via wired connections, such as wired data
network connections. Each of the access points 110a,

110b and 110c has a respective zone 113a, 115b, 115¢ in
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a method for operating an access point in a WLAN based upon control
frames in forward and reverse links in accordance with the present
invention; and [0037] FIG. 14 is a flowchart of a method for operating an

WALHR3S faekgt in a WLAN based upon hidden node recognitp@iiis2004/019601
accordance with the present invention. Detailed Description of the
Preferred Embodiments [0038] The present invention will be described
more fully hereinafter with reference to the accompanying drawings, in
Whicfhpreiflerr%d embodir%%nts Of_t the invention are shaown. This invention
may‘:“' oWever, be émbodied m%%rflmdllﬁéfean orns and’shoutd not be
constrseriigs fimitetFio theoembodirhehtsdet forthohereifiatathas théde ,

embogipentsae, provided-spdhat dhisidisclosureowill ke gaoroughand-c
complete, and will fully convey the scope of the invention to those skilled

in thEHPVikEDubEr S TLFE - ik Aterhe AT hrBEGHORE ahgstifage and
notatiofitiwaisedito mcheate simiad eleméhtstihaltesgatecembdBlimeits. the

[003 rring initially:to.F1G, 1 irel | k

00 e T i o e aayalf 48 e
point 1910, 490B%En 2 10Eare tdohnedtsy: fo fHerdishibutie sysem 105
via wised sonaaetions:sieh; as wikethaatac sehvarkcannections1 Eachrof
the a}_(i%ess oigts 110;61% 110b and 110e has a respective zone 115a,
115, T15¢Hh O W°5604/114546 PCT/US2004/019601 which it is
capalflé 4% tomminicatiny Viaghdiplogy 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
twe different paths causes signal cancellation to occur
at one antenna but not the other. Ancther 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 i1s due to a changing
envirenment, such as when az remote station 120c is
carried from the third zone 115c tc the first or second
zones 11ba, 115b as indicated by arrow 125.

[0041] FIG. 1B i1s a block diagram of a subset of the
network 100 1llustrated in FIG. 1A in which an access
point 110b, employing the principles of the present
invention, is shown in greater detail with respect to
the directive antenna lcbes 130a-130i. The directive
agtenna lobes 130a-130i will alsc be generally

indicated by reference numeral 130. The access point
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frequency (RF) signals with the remote stations 120a, 120b, 120c. The
remote stations 120a, 120b, 120c are supported with wireless local area
network hardware and software to access the distribution system 105. In
wtbeoitelioywileg description, when a general reference is madectatheosoiveot
access points, the remote stations and the zones, the respective
reference numerals 110, 120 and 115 may be used. [0040] Present
technology provides the access points 110 and the remote stations 120

with argenna diversity, Anjenna diversity allows the access pois 110 4
and the remote stations 120 t0 select one of two antennas to providé

tranSmitartfreeveatiias herel &Pt tREm{ 6 sigharsaingd
receiveds:QRe masoRfarn selecting one antenna over the other occurs in

the nt, of multj-path fading, in whjch a signal taking twaq, different paths
R {7t gl i e el S
Anothierexahysleas bwhena inkrferbava is tagsed by twdadifferertsigivas -

receé\@daﬂht@ss,a@s %QH”%Y@EQE@H@%QQ%OM nselectingone et the
two antennas is due to a changlng environment, such as when a remote

statiB¥ 1292 SRR EreMm-HE 7oné 118 THHFfiFst r Sebhg™
zones 1#5g, kioh asdndicateshby greowd25) [0041d FHEGcdBsisca btocki10b
diagram of a subset.of the netwaork 100 illustrated in EIG, A inwhi
S e et LSRG e a0 o
showi iy grddtee detdinhithfespsbefo v dirasdicantdhmiipbes of the

130awd:301.che diseclive Antenaalebes ighail30dwilkalgo hesgenerady
(RSSI), a carrier-to-interference ratioc {(C/I), an
energy-per-bit ratio (Eb/No), or other suitable
measures, such as a signal-to-noise ratio (SNR), of the
guality 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.
[O043] The scans may occur before or after the
remote station 110b has been authenticated and has
associated with the distribution system 105, Thus, the
initial antenna scan may be accomplished within the MAC
layer. Alternatively, the initial scan may be
accomplished external from the MAC layer. Similarly,
scans occurring after the remote station 110b has
authenticated and has associated with the distribution
system 105 may be accomplished within the MAC layer or

by prdcesses cccurring external the MAC layer.
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indicated by reference numeral 130. The access point 10 WO
2004/114546 PCT/US2004/019601 110b sequences through the antenna
lobes 130 during a scan of its environment to determine a preferred

whRApa difpction. [0042] During a scan, the access point 110 1usgs a. o0,
directive antenna, as shown in greater detail in FIGS. 2A and 2B, to scan

in search of RF signals transmitted by the remote station 120b. At each
scan direction (i.e., angle or antenna pattern), the access point 110b
measures a signal or probe response and calculates a respective metric

for tH4P4&h angEI Exafibles of the SFeticCihcide® s rédaived Signat™©
strengthrigdicatient:€RSSI), dicarriei-te-intetferenceratioyCIPPan The

energy:ner:hit ratio (E/NO), ar.othefguitahle. maasures, sugh 4581

signal-to-noise ratio (SNR), of thé quality of the received signal or signal

enviksfrfiélie AesfbITattiEBrteseifeasurdntntsafaf al$fBe Made to
detepmiee thaibesiompeiered aAniernapalietyas readiheapprmatedrhe

by those skilled in the art. Based, on me d signal quality, metrics,
the HRER B O A0 Gto S B O Aoy
dire@refor consmuaicatihy with e eemote seation 220bf003)The

scang may.accks before qr afterthes semate stationh100.has heen is

authenticated and has_ associated with the distribution system 105, Thus,
the iARAPERiiItha Scdi 68 Bt cBptishbd ithi the RRAES R,
Alternatively, the injtiEcaponaydiss. Other types of connections

between the directive antenna array 200a and the access
point 110 are readily acceptable.

[0045] The passive antenna elements 205 in the
directive antenna array 200a are parasitically coupled
o 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.

[0046] A detailed discussion of the directive
antenna array 200a is provided in U.S. Patent
Publication No. 2002/0008672, published January 24,
2002, entitled “Adaptive Antenna For Use In Wireless
Communications System”, the entire disclosure of which
is incorporated herein by reference and which is
asgigned to the current assignee of the present
invention. Example methods for optimizing antenna
direction based on recelved or transmitted signals by
the directive antenna array 200a are also discussed
therein.

[0047] The directive antenna array 200a may also be

used in an omni-directional mode to provide an omni-
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accomplished external from the MAC layer. Similarly, scans occurring
after the remote station 110b has authenticated and has associated with
the distribution system 105 may be accomplished within the MAC layer or

WRY 760GeRses occurring external the MAC layer. 11 WO 70Q4/41438%s19601
PCT/US2004/019601 [0044] FIG. 2A is a diagram of an access point 110

‘using an external directive antenna array 200a. The directive antenna
array 200a includes five monopole passive antenna elements 205a,

205b, .205¢, 205d and 205e and ne monagpole, active antenn
e e b ang ShEahay

206. The pééjsrﬁ\?e an?er?r?an 3Ie?r?ents%5
are gaterstlyyefarred tebelow by reféreace rﬁmﬂetam@@nirmwﬂe@twe

anteppaglemant ZOQ%isae@@a%ctﬁQﬁﬁéBeme S8 pointdd 0@ ane
universal serial bus (USB) port 215. Other types of connections between

the difEtRESantehha e 2003 HtP e HOCH3sT Pt bHeseuignd
acceptablev 1004 3])rbhhe passiverarttennaetementsi2@5 in the directive

anteppg ayyay 20Qg.areparasiticall copple, 1o ifie active aptenna, . .
element 206 to permit scanning. By scanning, it iS meant that at least one

anteRfaTHedrh0 ol fid dRBctivE-Sktemh aCdrF a7 POUS calntisarstafdfe- In
optionally 360 degires: in Meremenisassaciatadtwith the-aymbeiofis on

Crodies Aetinds A 0b0a L rou I DG PAEN: PUSTEATORNGY

200/Be08672s published JduanyR4,s 2002neatittat] tAdaptivecAntarma

For YsgdnMYIelesS The directive antenna array 200b provides
the same functionality as the directive antenna array
200a illustrated in FIG. ZA.
[0049] It should be understood that wvarious other
forms of directive antenna arrays can be used.
Examples include the arrays described in U.S. Patent
No. 6,515,635 issued February 4, 2003, entitled
“Adaptive Antenna For Use In Wireless Communication
Systems” and U.S. Patent Publication No. 2002/0036586,
published March 28, 2002, entitled “Adaptive Antenna
For Use In Wireless Communication System,” the entire
teachings of which are incorporated herein by reference
and which are assigned to the current assignee of the
present invention.
[0050] FIG. 3A is a detailed view of the directive
antenna array 200a that incliudes the passive antenna
elements 205 and thé active antenna element 206 as
discussed above. The directive antenna array 200a also
includes a ground plane 330 to which the passive
antenna elements are electricaliy coupled, as discussed

below in reference to FIG. 3B.
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Communications System", the entire disclosure of which is incorporated
herein by reference and which is assigned to the current assignee of the
present invention. Example methods for optimizing antenna direction

wases RNsgceived or transmitted signals by the directive agienpa,aflaYsco:
200a are also discussed therein. [0047] The directive antenna array 200a

may also be used in an omni-directional mode to provide an omni- 12 WO
2004/114546 PCT/US2004/019601 directional antenna pattern. The
access points 110 may use an omni-directional pattern for transmission

or r ibh. The®4ddess Faifts 116 nrsy Bt usdne- Relsttggetive
directiohahaatennaawhettsansmitting 0 anditecetving fram dae semote:

stati 120, [0048] FIG. I isometric.view qof a esS_Rol 10
With%ﬁnfgegrﬁgegilré(‘%\i ﬁ%ﬁ%%%d%%ng%h?s Srr%bso m%%t,gt g we%%\'/e
antefhd arfey 200B18l6f2 B iPEMEIAcArER 20 BROPCMETERAR 2983

carrigeldyz thwe ageess point: Al and is;eonnected 10 @ prasessek(nat

shown). The directjve a na_arr, b provides the same functionality
e e B e e T e TO0437 K el
be ungdrstood thattvariowsother foneswofidirectivewrnténga aerayswanthe

used, fexqrples nclude ihe.anays glescihed . Use  Balent.Noe ny
6,515,635 issued February 4, 2003, entitled "Adaptive Antenna For Use

I W S RRRG S A En RS Sh RS SR L7, PRRSPUGERAENADA to

20024003658@, directive antenna lobe 300, which, in this
case, is directed as shown as a resuli of the modes in
which the passive elements 205 are set. Different mode
compinations of passive antenna element 205 result in
different antenna lobe 300 patterns and angles, as
readily understood by those skilled in the art.

[o052] 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 1s indicated by a representative
elongated dashed line 305, and the transmission meode is
indicated by a shortened dashed line 31¢. The
representative modes 305 and 310 are respectively
caused by coupling to a ground plane 330 via an
inductive element 320 or a capacitive element 325. The
coupling of the passive antenna element 205a through
the inductive element 320 or capacitive element 328 is
performed via a switch 315. The switch 315 may be a
mechanical or electrical switch capable of coupling the
passive antenna element 208a to the ground plane 330.
The switch 315 is set via a control signal 335.

[Q053] Coupled to the ground plane 330 via the

inductor 320 is the passive antenna element 205a, which
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published March 28, 2002, entitled "Adaptive Antenna For Use In
Wireless Communication System," the entire teachings of which are
incorporated herein by reference and which are assigned to the current

wassigheaabthe presentinvention. [0050] FIG. 3A is a detajgg,wigw 0§48
directive antenna array 200a that includes the passive antenna elements

205 and the active antenna element 206 as discussed above. The
directive antenna array 200a also includes a ground plane 330 to which

the passive. antenna elements are electrically coupled, as discussed
belone reTer SRR 31 5 WO 200 4B (S504/019601
[0054¢Stidlefarringte FG:IBAl therdireiiive afilehnacamap200asgprevides
a directive @riignna ‘ohe. 300, analed away, fiem antenna @@ur%q@a 2058 he

and 205e, This is an indication that the antenna elements 205a and 205e
are P& TefECtRRNTONR, AhEHE arfthfa VeRnidhtd 2056095 L Hhd 204y
are irha tramisinissient arode. d hateerrwaods, thamuthal eawpling: betieeen

the agtivg anfenna glerment, 208 and.the passive gatenna, elgments 205
allows the directive antenna array 200a to scan the directive antenna lobe
300 RARSC e thi§ ocdde, g HrertePadshodRlay dresaRRE e Fifodes in

whichhtheqpassive elgmments 209 are set.{Rifferentmedrcompinations of
passive ar;{enn el men%ZOS r§sult %:r}t different antenna lobe 30Q patterns
and EhYIES; A Tebdify unBerst88d B 1RbsE 3RS THE S F0 (e

3B ig@Séchetfiatic diarafbdf amexahsplerically connected to the

ground plane 330 via respective capacitive elements
325,

[0054] 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.

[0055] Jumping to FIG. 9, an overhead view of the
access point 110b generating an omni-directional
antenna pattern 905 and a directional antenna pattern
910 through use of the directive antenna array 200a or
200b is proﬁided. The access point 110k communicates
with multiple stations 120a-120d. Since access points
110 are usually remotely installed without nearby
obstructions or moving refliectors (e.g., high on a wall
or celiling), the selection of the preferred antenna

pattern direction is likely not going to change
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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

vierisaded by a shortened dashed line 310. The representatp&mgg%&g)én

and 310 are respectively caused by coupling to a ground plane 330 via
an inductive element 320 or a capacitive element 325. The coupling of
the passive antenna element 205a through the inductive element 320 or
capacitive element 325 is performed via a switch 315. The switch 315

may BE 8 HECRANIAT of BeGREar&vitctt Bapatie St otiping th& tphdsile
anteh®@ element 205a to the ground plane 330. The switch 315 is set via

a conpggbggnal 335,[0063) Gaunled ta the 9505%1319@”91%%0 M%t%a ke

inductor 320 is the passive antenna element 205a, which 14 W
200471£4846P CTRFSS00F01 0601 cTPefféARR I efongated a8 sHéwit by
the langer sepresentative:dashed line1305 dhis-eanthe wewetbas 120¢.

providing a "backboard” for an RF signal coupled to the_.passive antenna
Gl OB AT Sl S 6 shod Sotorit oS dt o b e

the @se OERIGh 8ol phssvbiamehnadiement20se snd2285&are

connegted &g the greund plane 330 yia-respactiveninductive glements 320.
At the same time, in the example of FIG, 3A, the other passive antenna

elerteits “505% 23058 8nd FosePaie diechritilly cohfcted e ytdund
planer33thvia r2gpectizey capacitive etementh828overage 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 1s to use switched spatiazl 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.

[0C57] Uplink data frames sent from the selected
remote station 120c¢ to the access point 110b during
contention periods (CP) are received using the omnil-
directional antenna pattern since any remotes station
may have transmitted the frame. For large frames, the
network configuration may requlre the remote station to
use the request-to-send/clear-to-send (RTS/CTS)
mechanism to reserve fhe wireless medium. In this
case, the access peint 110b could receive in a
directional mode to increase the data rate on the

uplink. This iz somewhat dependent on the data rate
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[00541 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

vigediiaeivg antenna array 200a an omni- directional antengigy A S so:
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. [0055]

Jumping to FIG. 9, an overhead view of the  acce oint 110b generating
2 ORI D R ARG P S & & it oh B Shfor e B
910 #2@ugh use of the directive antenna array 200a or 200b is provided.

The pggess point1Op cammunicatas,yilksmuliiple sfasions-120ad20de

Since access points, 110 are usually remotely installed without nearby
obstdR A% AR réfe e @Y.t higiron ARG drc&lifg the
seleetian of the preferracdantenhag patierrcoinéctibinrisdilkelynabdt geinigeton

change, 15 WO, 2004/114548, BCTILIS2004019603. hgughoptihg, .. o

connection with a given remote station 120. [0056] The illustrated access
poinE3tObemaY Fiake w8k 6P& direehibral &eRna2 0 efor AeARK d&ta2

frames{ransipittegito-a sefegted remmte station L2Ac.nEar most ieadeast
and control %rames, the access point ma()T(.use he omipi-directional

anteRRE Patteri i SRACthe Towest Availabledata Fate f3 snatie thar i~
810 pointed away from it. This is the familiar “hidden
node” problem where two remote stations 126G 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 avold this problem, especially for large
data frames, is described below in reference to FIG. 7.
[0058] 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
assoclate with the access point 116 and maintain the
connection without the use of the directional antenna
200a.

f0060]} A set of rules as provided in TABLE 1 can be
defined to take.advantage of the omni-directional and
directional characteristices of the directional antenna
200a. TABLE 1 includes addresses cf the remote
stations 120 currently associated with the access point

110 and their current antenna direction selection.

TABLE 1 may delineate example antenna direction
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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
wiovilinksEake is useful because the majority of the data trapstefred@NeSsnr

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 Iink mar in of 5 df? accommodates athroughgut intcreaSB%gf i%O%,
for e%(%rﬁﬁle.lﬁ%‘s%aﬁg Nk Bata fiames SBRTION the %@Iec}fgd renio
statiorr 4206 1d tHE8 EEeSs Pbirttl (I dbrirg edontentidm pBABUE (CP) drex”
receiygd:using the opanix directional-antgnnga palern, SNCean% femefs,
station may have transmitted the frame. For large frames, the network
configifatich- iy Rigut the remote station to use the
request-to-send/clear-to-send (RTS/CTS) mechanism to reserve the
wireless medi this_c the a oint.110b could receive in a
directional mode t%%n@reas%%%%pd%eta%%?ééépﬁ ?hesl e]ulp ﬁﬂ% ?%ls? fgs?seg’mewhat
dependen} 8Aherd A rate 16 WOr208dEI546 PCT/US2004/019601
selection algorithm implemented at thé ¢e@6te Sfation 120c. [0058] In
downlink tH&R&RR%ions, the adcd¥s pGiRE-110b may lecide to transmit

small packets-during--contentipn-per m@#eeugnalfanern
Data DL | Dir See ¥iG. 5

RTS~-CTS-Data UL | Omni/Dir See FIG. 5B

[0061] A process can be described in a set of rules
that determine when to select the omni-directional
patiern and when to select a directional pattern. For
example, the access point 110 may select a directional
pattern during time intervals when transmitting ox
receiving to/from a single remote station 120.

.[0082] A block diagram showing the interfaces of the
access point 110 is shownlin FIG. 4. The illustrated
access peoint 110 includes various subsystems and
layers. An antenna subsystem 4085 may include the
directional antenna 200b and supporting circuitry,
buses and software to operate the directional antenna.
The antenna subsystem 405 interfaces to the physical
layer 410 and provides RF signals 412 thereto.

[0063] The physical layer 410 processes the RF
signals 412 and determines signal quality measurements
417 to an antenna steering process 420. The physical
layer 410 sends processed signals based upon the RF
signals 412 to the MAC layer 415. The MAC layer 415

generates timing control messages 422, which are also
i8



and a lower data rate. The reason for this is that a remote station on the
"other" side of the coverage area (such as remote station 120e) may not
hear the access point transmission from the directional antenna pattern

Wq;gbmm% away from it. This is the familiar "hidden node'l',@ S /019601

where two remote stations 120 do not hear each other and end up
transmitting at the same time. In this case the two remote stations are
120c and 120e. A method to avoid this problem, especially for large data
frames, is described below in reference to FIG. 7. [0059] The directional

anteRHA patterne it HE SR8 55t 19 Pt htE provide higheffate’
rates#ar dowrtimkzariceuphnk datd: & aover &xoleairg escwith the triemete mode
statiggérgzpemgégs_ the bulk of the network traffic. Network connectivity
is maintained with the nominal gain of the omni-directional antenna of the

accdPB6iht 110TRRaC tHé Y&hotd 3ttt BRPean dadshfammfith #7
access peint 1 10:antkmadtaimite Lonnectionwyithoul the vsewefdhe

directional antenna_ 200a. OOIQR A.set of ryles as rovidﬁed in TABLE 1
o DY AR 1 Voo Tt SF G omes e I SHIF (e e
charzetarstie s4A thadircetiohafafdnhe 200a°TABLE ¢1nédlfBes The

addrgssesof the sempte stationss 120 syrrenlly wssqeigted with-the-aceess
point 110 and their current antenna direction selection. TABLE 1 may

delifERR BhanifiE AHERRAHiretibR™ FRO R 11138dp2 lone memory
PCTduS20044048664 selectipns bdsed an frameesequendesfrexethelie.

802%&065] 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 directicn
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 directicons 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 gquality measurements 417
are above a predetermined threshold indicating that the
highest data rate can be supported in the omni-
directional mode, the antenna direction may be held at
the cmni-~directional {0) mode.

[0066] The following paragraphs describe various
techniques in accordance with the present invention for
determining the preferred direction to point a
directional antenna 220b from an access point 110 to a
remote station 120, The first technigue employs a

spatial diversity selection mechanism. The second
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standard (TABLES 21 and 22 therein) In TABLE 1, "Dir" indicates
direction, "UL" indicates uplink, and "DL" indicates downlink. TABLE 1 -
Example Antenna Selection Rules Sequence Dir Antenna Selection

vREAGON [l Omni Data DL Dir See FIG. 5A RTS-CTS-Dat ' 'r)
See FIG. 5B [0061] A process can be described in a set o?)gt[s%%%m(m

determine when to select the omni-directional pattern and when to select
a directional pattern. For example, the access point 110 may select a

directional pattern during time intervals when transmitting or receiving
to/fr&REARHTBIE rafdte StatRMER6 S (066 PFR Bfock diad iam SHRARGIHe

interfacasehtheh acaess pointditxisidownd EHs. 4ehhe dlustiatedns
access,point.110,includes vayi su ems and_layers. An antenna
subsystémn4’E mta%/%%%lu%%%%y%?%gﬁgﬁél gr?t%ﬁﬁg%d% ¥ sﬁpp%ftﬁ‘fd
circ i, puseEandtsoiéie Bloparatauhe Hirgclicaallaeanas Tife the

e e B et g DA pLagees
signhails 4 thereto. . e SIC ayer prOC sses the
iy e siteeiliet bt I e Al i oy et g B

antengaesteeridg peotess42@nkhe physical layer 410 sends processed

signaisdased upep theREsignals 412,10 the.MAG layer 415, The MAC
layer 415 %enerates timing control messages 422, which are also 18
802.11 devices incorporate antenna switched diversity

scan/contrel and that future 802.11 devices, such as
802.11a/802.11¢g/802.11ln will also support switched
diversity. The first technique is applicable after a
remote station 120 has authenticated and associated
itself with a netweork. It is assumed that the initiszl
antenna scan is accomplished within the MAC/network
layer protocol. With a directional or multi-element
antenna 220a, the first technicue can make use of the
diversity protocol to keep the antenna position/
selection updated.

[0068] 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
a physical layer 410‘, which is given access to the
antenna control signals, and a MAC layer (FIG 4). The
MAC layer writes antenna selections into register A
605a’" and register B 605b’. Register A 605a’ contains
the selected antenna position, and register B 605b’
contains a candidate antenna position. The physical
layer 4107 is also in communications with a multiplexer
610’. The physical layer 410’ sends a diversity

selection switch control signal 607’ to the multiplexer
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WO 20041114546 PCT/US2004/019601 sent to the antenna steering
process 420 in order to switch the antenna to the omni mode or
directional mode when required. [0064] The MAC layer 415 also sends

witadrames 429 to other processes (not shown). The illustgated physica);
layer 410, MAC layer 415 and antenna steering process 420 may reside

within a controller 400. The antenna steering process 420 may be stored
within a memory, for example, which may be a stand-alone memory or
an embedded memory W_ifhin,a processor, for example. [0065]

The 8hfennd steerifiy Siotess Uoh martaCST “amtdifE tite BRRRET
database'lor gh'térection talilecord thatatzdse) 425 ag aifuncterl ofthe

recejyd signal. quality measusements 41Z.made dusing.antenga scans of

each remote station 120. For example, the direction table 425 may store
a statfshi iy &hdta EBRRSpORdIRGY Apt&n & df@ton & SB PEFfor
direqtoed jcomnunicatians-with thenemuiestationsoh?2Q.<Ongethaily
antenlqa dire%ions in tgg direc;cion tﬁble 4%5 have bceen etermineg the
chosen durin e WOr uthenticarion/assocliation
antenna s‘?a‘teerlng prgcess 4267 086418 prodee QiraClidral Entenna
contrsid2Z g the GhtenpandiiBsystean 4650 # the signadeuatityany othex

MeagHrements,417 raihahave apredsternmingd threshold indicating thay
the highest data rate can be supported,in the omni- directional mode, the

antehia GRedisifiayBE RBRFaP 97 bhR-dift HRRRPRS mdBe 2[0066]
The fekekingrpanagiapiks;deserhe yatious atechhitfiiesan leecondan e atith

the present Lyention ok deigimining 1hg preferred dirsetion e poigt a
predetermined time period.
[00T70] After successfully receiving a packet, the
physical layer 410’ sends received signal quality
metrics (signal strength, signal-to-neoise ratio, multi-
path/equalizer metrics, etc.) for both antenna
positions to the MAC layer. During the packet
reception, the physical layer 4107 functions as 1t does
now for 802.11: that is, to switch between the two
antenna positions and to use the best antenna position
for packet reception. After valid packet reception by
the physical layer 410, the signal guality metrics for
the two antenna positions are sent to the MAC layer.
The MAC layer updates both the selected antenna
position and the candidate antenna position. The
selected antenna position is replaced with the best
position based on the data received from the physical
layer 410’. Filtering/hysteresis may be used to keep
from “ping-ponging” between two antenna positions.
[0071] As stated previously, this technique takes
advantage of the current 802.11 antenna switched
diversity methods. It should be undexrstood that this
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directional antenna 220b from an access point 110 to a remote station
120. The first technique employs a spatial diversity selection mechanism.
The second 19 WO 2004/114546 PCT/US2004/019601 technique uses a

WwBAHsHGE:94 Probe signals exchanged between the accesspqiptl 9,204,
the remote stations 120. The third technique uses control messages @.g.,

ACK or CTS) to make signal quality measurements of the received
antenna directions at the access point 110. The third technique is
applicable in both forward and reverse direction links. [0067] The first

techrigtfid tadtmhed W Afivent" 863945 BeRENE FifcorfOIHE R g Tware
switahe dodivBEsityr sean/aomnod and that future 802.11 devices, such as

802. llg/802.1lp will .also port switched_ diversity. The first
tech n‘%ﬁ%% appli%éf'—jigiaerélJ %? a I§r%(iBm(]jc%t(()e Sséf'ggén g%() ﬁaas§I %3’[‘%%%1%@5&%%%& ©

assoehkaEe HesIEwiPea natlhbRd Ithis askpfiE- g the imGaeaptamat
scaniig@ccamplighad wibinsthedMAGInatwark: layer pretossk With a1 be
directional or multi-element antenna 220a, the first technigue can make
g et et i e L T e Bt
updated {0068} Refering newitod-IG. 18] thédirstamchirigsea fuptioh2ts

fo”o‘%i-ﬂga‘:‘ét”@@@ﬂ@%&%é)oﬁ 140" igcludes;a controller60Q 220n

connected to the antenna subsystem 405'. The controller 600' comprises
a phidic&tiggér 498° whithaspiven &Lvediad thePatiehhheoritiol
signalsiantacMAGdayer (FIGeTherectional antenna 220b for

communicating with the remcote 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 Bleck 1040 as a preferred angle
based upon the measured signals for continuing
communications with the remote station 120. The method
ends at Block 105.

00731 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
messages transmitied in response by the remote stations
to the access point. The B02.11l standard alsoc defines
a probe request/probe response exchange, which is
typically used by remote stations 120 to determine the
gquality of the link to other staticns 120.

[0074] When used by the access point 110 to
determine the preferred pointing direction to a
selected remote station 120, as illustrated in FIG. 8,

the access point 110 transmits a probe request signal
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MAC layer writes antenna selections into register A 605a’ and register B
605b'. Register A 605a’ contains the selected antenna position, and
register B 605b" contains a candidate antenna position. The physical

wayaffiQsig also in communications with a multiplexer 610pcEhesRRYRIGRE:
layer 410" sends a diversity selection switch control signal 607" to the

multiplexer 20 WO 2004/114546 PCT/US20041019601 610’ in a typical
diversity selection control manner, but in this case, the diversity selection

switch control signal controls whether the cantents,of reqgister A 605a’ or
regiépgBLEOEB%r%mﬁ%eE.B[B%%ﬁTTﬁreldse?é—ﬁc‘::tqéd%r}rtltg%lﬁa%%ﬁ%ﬁiggnitially
chosémelatingrthé nethiork asitiéfticarion/assoeition phctogslThe

cangdidaie aptenna pesitionds any-pibes AnfepRa Pogitipnsdngludinga ron
omni-directional mode) , The candidate antenna position is changed, in a

predtermfief Seqlahde tarler Vhiid BalR&r s Ben recefved or after
not recepdngiany packetsifer a predetermined time period. [0070] After

SUCGRAS Y fGC%VAQQLZ%Bﬁgl]%% the: Rhysical Jayer 410 sendsdeceiygd
signal quality metrics (signal strength, signal-to-noise ratio, multi-

patiadgaliZzey metier etEF idrbon drehRd PesitivRstdiire MIACTaydrY
Durigg thepasket Jeception, thesphysieal layer410' fungtonsasitdoes
now for 802.11; that is, t(% swi%:lhe betwefn thg twg ?nte na Rositions and
to us& the b ante R HEST on@r'mﬁéc%?rec%ptio%?%te? vafid packet

receptioadyately after a remote station 120 has associated
with the access point 110. However, there is an impact
te network efficiency using additional probe
request/probe response signals, but these exchanges may
be infrequent.
[0076] 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 (Bleck 1100), the method
comprises selecting a remote station 120 at Block 1110,
transmitting a first probe signal via the omni angle of
the directicnal antenna 220b to the selected remote
station at Block 1120, and measuring a first probe
response signal received via the omni angle from the
selected remote station responding to the first proke
signal at Block 1130.
[0077] A respective second probe signal is
transmitted at Block 1140 via each one of the plurality
of directional angles of the directional antenna 220b
to the selected remote station 120, and a second probe
response signal received via each directional angle
from the selected remote station responding to the

respective second probe signal is measured at Block
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the physical layer 410', the signal quality metrics for the two antenna
positions are sent to the MAC layer. The MAC layer updates both the
selected antenna position and the candidate antenna position. The

vpelarled aagenna position is replaced with the best position, paged.eh a6
data received from the physical layer 410'. Filtering/hysteresis may be

used to keep from "ping-ponging"” between two antenna positions. [0071]
As stated previously, this technique takes advantage of the current

802. tenpa switched diversity methods. It should be understood that
this S0 2088 THRAR e TS 2S DO L AT A B a8 T
includesipardivare, sefware/firmuaredopcoinbinatiopsithereofgfddr/2] from
Referfing noyeta-EIG - 10,2 flowchartof theg ahoye descdhed method for

operating an access point 110 in a WLAN 100 based upon spatial
diveRitySiMb e Aearse i ErBiPie AR%Block 1000), the method

compasgs rommanicating yvith thie rereetestatioanzle usig amwsrrent

angle of the directignal. anten tf %Zg.%atj,%'og‘éigé%a Ca@;%‘?&é‘ﬂ"‘i&%
pIurallty O? alternate angles o tﬂe Irectional antenna 290 or
compifcatiPwithlihelteafdis SHaieiT IR0 diFivlecthee premaplesisgnals.

perfanmaedak Bloca102Q.Regpesiive- signals decaived Viarthe CUHENLmn 1
angle and the plurality of alternate angles from the remote station 120
are meastred af Bi%%rﬁﬁ’z&toﬁﬁ& lgh&]p?éar‘ﬁﬁfel? {HeS HFETEiSte or

one séthenpluraktyof cteppates aniles:is dotectetiat Bloelk4046das a

p“*%ﬂ%@é%&%%al 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 anglé or the
preferred directional angle is selected at Block 119C
based upon the comparing for continuing communications
with the selected remote station 120. The method ends
at Blcck 1195.
[0079] The third technique explcoits the control
frames used in normal data exchanges between the access
peoint 116 and the remote stations 120. This technique
may be used in both forward lirnk communications and
reverse link communications. Since the clear-to-send
(CTS) and acknowledge [ACK) messages are sent at the
lower data rates, the access point 110 can use these
messages Lo ¢compare the omni pattern 905 to the
currently selected directional pattern 130. This is
illustrated in FIG. 5A with the dashed lines on the
antenna selection timing. This can serve as a method

to determine whether the currently selected direction
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based upon the measured signals for continuing communications with the
remote station 120. The method ends at Block 105. [0073] The second
technique is based upon the transmission by the access point 110 of RTS

WeEssagesje the remote stations 120, and the reception ofP((‘,:',E1 S2004/019601
messages transmitted in response by the remote stations tothe access

point. The 802.11 standard also defines a probe request/probe response
exchange, which is typically used by remote stations 120 to determine the
quality of the link to other stations 120. [0074] When used by the access
point 12016 Va&teTntiAE thé PréffredMPainiiRg @fetion 1A Beftteds an
remefersiatian 424 s illystiatesis HE. §;etheiaccessyapinkLhd trapsmits
a prcc)geS (r:%ci%ee% sailgn%lezz WO 2004/114546 PCTIUS2004/019601 805 in
the omni pattern and each of the potential directional patterns 130, and

mea$@fRB3the sighal ¢edity shiepidbe rEspohse Sigiidl @10 Séhtdseek

from; the remgts station 21 ydilepperatingdp ghe Jespgetive Rattems: no
[OO7§] Measurements of %tglese response frame 18 0 maketthi%a more
reliaBie- @ chihfftie el the 8iv%?scff€s§e%%3fi%ﬁt chniqae dederited ansve.
Thistsesondn fechriijeens pedferablyrempléped at least oncee imediately
after;3 pepolestation 14Q bag associated withthe agcess poyy 114,

However, there is an impact td network efficiency using additional probe
requUBSHHRIBR PESHOHYE SiBRERIBUP BFESE exchanges may
[0084; Referring now to FIGS. 12 and 13, respective

flowcharts of a method for operating an access point
120 in 2 WLAN 100 based upon control frames in forward
and reverse links will be discussed. From the stari
(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 contrcl frame via a second antenna
pattern of the directional antenna from the remote
station at Block 1230. A signal gquality of the first
control frame received via the first antenna pattern
and a signal quality of the second control frame
received via the second antenna pattern are measured at
Block 1240. The respective measured signal qualities
associated with the first and second antenna patterns
are compared at Block 1250. The second antenna pattern
for transmitting a second data frame to the remote
station 120 is selected at Block 1260 if the measured
signal guality associated with the second antenna
pattern exceeds the measured signal gquality associated

with the first antenna pattern by a predetermined
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be infrequent. [0076] 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),

whegnethegs comprises selecting a remote station 120 at BIPE’F/’%Z%QMOI%(H
I _

transmitting a first probe signal via the omni angle of the directiona
antenna 220b to the selected remote station at Block 1120, and
measuring a first probe response signal received via the omni angle from
the_selected remote statign responding to the first prabe signal at Block
113303:({08‘—7‘?] Rarégtﬁg&?v%gségésn %‘rro %%%%a?i‘ge]f}r)a%reniﬁe at Block
1140 viecessicinene wf thre plurdfiy. of tirketiedalaarigies ot the diréerdral
antgnna 2300 fo the, selected remote station,120Q; and @ se¢and probe

response signal received via each directional angle from the selected,

renfote Bi&Rdn FEEOGTHIRG 16 SRR pEERVEREEDTE pRate Sighal i V-1
measwiErkat Blogk=23 W2 200A/ k47546 £CT/US2004/019601 1150. The

o e resban e T e oot St 128 are
storathih-at aaehmpaatanede Meplder 1158 [(078]ZC Pt =
diregtionakangle fox the: 1salectedrepmetestation 13043 selected at Block
1170 based upon the measur%g‘geg%%d [Rﬁraol%% response ssignglgt TQ%
medSHRYHTEE Brobe E¥pohEe iGnal oM thebmai angte 1s Gompared at
Block #480iwith tlzey nieasised to receive this message to
calculate a second signal quality measurement.
Compariscon of the first and second signal quality
measurements is performed and a determimation 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 perfocrmed between two different directional
antenna directions.
[oos1] The same types of measurements and
comparisons may be conducted during a reverse link data
transmission, as shown in FIG. 5B. During the ACK
message, the access point 110 may calculate a signal
guality measurement and compare it to an omni-
directional mode measurement or other directional mode
measurement. Comparisons may be conducted over several
communications with the selected remote station 110
before scanning a different antenna direction.
[o082] The direction table 425 in FIG. 4 may be
augmented with signal quality measurements from the
process or processes described above for the crani and
selected directional antenna pattern. If the advantage

drops below a predetermined threshold, the access point
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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.

wiBilarly«dhe second probe signal comprises an RTS messageand e

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

remate station 120. The method ends at I?ock 1195. 079 The third
tectmgtgesdioits ﬁ{‘eecér?t’fgl RICULS ﬁ A fmprises

T RGrmaldata exchanges
betweehdhe-aocessngom: 449sand dmeirérhetesstatiods cm@tim?s frame

tecwggﬁv@&%ﬁyﬁfgég bath fevarghlink communigations.and fgyerse

link communications. Since the clear-to-send (CTS) and ac nowledge
(ACKYTHeds&gES afd sehPaktie T0wer data rates, the access point 110
canssipse mMessagasiedcdupace hexommng patteec86540theént 120

currently dﬁh ? V%Ctsonc?@ﬁg%r%%%@r hisds Jlustrated NFIG R o

with the ines on th fenna selection timing. This can serve as
a mbiindd q@r@mﬁﬁmefmtﬁéa@th@t@tﬁen&w&&aocﬂPectmcmweg a

2004{114546,RCHUS2004/01960% 110 reveris-backtgthe-amiof the
selection and performs an a earc usm f the flrst two
oo GEES (LECHBE SB800 00831 1 Ensh SWhEH fre FemoroStatt

HPEasEEWhETS tife Fermote Station
120jees inRLa powerssane tode or kastong idferperdds withendo 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
guality of the first data frame received via the second
antenna pattern are measured at Block 1340. The
respective measured signal gualities associated with
the first and second antenna patterns are compared at
"Block 1350. The second antenna pattern for transmitiing
a second data frame by the access point 110 to the
remote station 120 is selected at Block 1360 if the
measured signal quality assoclated with the second
antenna pattern exceeds the measured signal quality
associated with the first antenna pattern by a
predetermined threshold. The first control frame
received comprises a request-to-send message, and the
second control frame transmitted comprises a clear-to-
send message. The method ends at Block 1370.

f0086] The fourth techniques is a hidden node
protection technigue that provides a protection

mechanism when employing a directicnal antenna 220b at
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data transfers, the access point 110 reverts back to the omni pattern
selection. When the remote station 120 becomes active again, the access
point 110 may perform another antenna search. [0084] Referring now to

wd@esAAaRd 13, respective flowcharts of a method for opgiatipghalnissot
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

statibR A AFEEBRRCEPT0, Hitd FEnERHRG £fir<t d&taFdfietB%he
remeotecsiatienat Bldck 12268n anddeeceiviRdusecandiesnisokiiamenda a

secong agenna: paltern gt e diectionalantegna ram hg Lemols 100

station at Block 1230. A signal quality of the first control frame received
via thaTirSearteRPAPEHsA- RS Q%ﬁ%?ﬁﬁaﬁt@%ﬁﬁé%%%oﬁ@%tﬁo’ro
framendeceived i Hie second anteiapalien) ahmeassred atBlotkose

124Q. The respective measured signal gualities ociated with, the.first
and%ré%%ng aarr%g%ngl %%ﬁe?r?g gcr]é%nosr%n E)“gre“éjathB?%S%E ﬁi%lulrﬁ e'Secdnd
antewpa -patidrias foraratsmittind dssaevhd datatfiamdasibeatnidie

statign ispsgﬂggegl&vtﬁlock 1260 if the measured signal quality

L=

associated with the second antenna pattern exceeds the measured signal

qualky &&dciatedHiith thE PSSEENRS Phttetd By PrétidiBrmitied 26

WO 20044546 R Cild 1dS2804403: 3604t i 30 has maimtainedttsol

adV%nggggsps\/egél%% o{%@' selected antenna direction by scanning
the direction table 425 in FIG. 4 to determine 1f 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 difection.
[ooBg] Referriﬁg 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
point 110 then switches to the selected antenna
direction for the intended remote station 120 and
communications proceed. Another approach to preventing
the hidden node problem is to perform a four-way frame
exchange protocol (RTS, CTS, data and ACK) with a
desired remote station 120.
[0088] If the control software determines that there
is no potential for a hidden node, the access point 110

may not send the CTS message and comuunications may
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directional pattern 905. This advantage is typically based upon a
predetermined threshold to prevent frequent switching between two
antenna patterns having similar signal quality metrics. [0080] For

wRXamplgdyring the CTS messages, the omni-directional pade 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, qualit
gt T e S R e
the test@nteponadiectidnshoitthbe StoredaPhatsd, Wwhetther thetwork

diregignalsgede piavides adughsroain,than ampkdicectional made.
Comparisons_may also be performed between two different directional
anterHEBR et GRS T008 T THE Sahtd BheofmEASuRSRERG A RFCK to
conpasisonsanay heicondudied fluringea reverse dipkndata, transetission, in
as spfalvn 'FhFIG. 5B. During the ACK message, the access point 110
may calculaté a signal quality measurement and compare it to an omni-
dired¢@&38Imode¥réasimenteritoribhcp Bhetfonalanedéatealtirement.

Compafisans: maybereendyctedraverisaveral Somrpuaications ywith thes
selected remote station 110 before S%?nrgiing a g'fferent antenna.di[tec]gi{)g.
[00821°T RS Gi8 8o taBle u 25 AIEME- 4 Rthy Be Aligmishfea with digna

qua&tyrmeasnmrﬁ@ﬁtsnfmat@e peoedss ohprocesses deserbied abovefer
the pmini o, selected disgctional antenpapatien ihihe adyantags,e

remote station 1260 indicated in the ID section of the
standard 802.11 protccol header ensures the specified
remote station receives the data frame.

[0091] 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 gualities are determined by the access
point 110 based upon communications with each remote
station 120. For each remolte station 120 a preferred
antenna pattern based upon the antenna database is
determined at Block 1420, and a remote station and the
corresponding preferred antenna pattern to communicate
with are selected at Block 1430. BRBased upon the
antenna database and prior to communicating with the
selected remote station, it is determined at Block 1440

if any non-selected remote stations have the potential
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drops below a predetermined threshold, the access point 25 WO
20041114546 PCT/US2004/019601 threshold. The first control frame
received comprises a clear-to-send message, and the second control

W 1esgived comprises an acknowledgement message.[he . Methnd,
ends at Block 1270. [00851 The method for operating an access point 120

in a WLAN 100 based upon control frames in the reverse link comprises
from the start (Block 1300), receiving a first control frame via a first
antenna pattern of the directional antenna 220b from the remote station

at BY6cRT318°tRASAERG 4'2680d SontoTTPaRE O the ferRble &tatidn
at Bleekk320, andl keceivineg acfirst rdatadiyamenia aisegonickanteasared

patt%r{g%%tf%ﬁ%ﬁ#gﬁ%‘s&é’g@@g ftpm.thg remote station atBlaek. 1330.

A signal quali first control frame received via the first antenna

pattedicasda fignal-ytaft sitrtikenateirafrteaivet-iiathé second
antepggeattarpAareigeasuhat Blook 1340 diha ¢aspectivermeasured
signal qualjties associated with the first and second.antenna patterns are,
O BEHET A BIbOR 150 The SOk AH AR B 167 anCh DL
secant-datsfraaietkyrthe access point 110 to the remote station 120 is

selegigshat Block;136Q,if the smeasyred signai quality Assogiatad yythsthe
second antenna pattern exceeds the measured signal quality associated

with th&%irét ARBARE DatferR AL Fraluetdmingd threbhdid- Fhe fifst™?
conttoldftamee received comptisebi® raguuestHe-sentemessageprane the

station 120 are to communicate with one another. As
noted above, this broadcast may be in the form of an
unsolicited clearwtOHSénd message via the omni antenna
pattern to the remote stations 120. The CTS has an
unused address that does not correspond to any cf 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.
[0083] While this invention has been particularly
shown and described with references to preferred
embodiments therecf, it will be understood by those
skilled in the art that wvarious changes in form and
details may be made therein without departing from the
scope of the invention encompassed by the appended
claims. For instance, the access point is not limited
to the IEEE 802.11 standard. The antenna algorithm for
an access point as discussed above is applicable to
other types of local area networks, as readily
appreciated by those skilled in the art, such as those
defined by the IEBEE 802.16 standard.
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second control frame transmitted comprises a clear-to- send message.
The method ends at Block 1370. [00861 The fourth techniques is a hidden
node protection technique that provides a protection mechanism when
employing a directional antenna 220b at 27 WO 2004/114546
PCT/US2004/01960tste ercess poirtrki®mm raduce or eliminate the
occurrence of hidden nodes. Hidden nodes occur when not all of the

remote statiorrs £20:18dhedetwerk 100, canhearcomMMUMGAtIoONS: wireless
Locaibgween the, %gemmm 11% aa@&sglegé%%{e@ote ﬁstat'o% 1204and . oy

therefore those that cannot ear can transmit whenthe medium i1s in

antenpaet Gi‘h|§%§U§%§C%ﬁ%§ioﬁ§tﬁaﬁc&%ﬁra{)ﬂ% T5CEESs ot 1100688 7jro an
exchapgiferrthetacéess poirit 1rhasdata for Rraasmissionto a réaicte Station the
me thol2@ctherdaritigl: process sets the selected antenna direction by scanning
the direction table 425 in FIG. 4 to determine if there are potential hidden
nodes. Eomexanaple; thevaicdesshpoint 130 mayteok forremste stations ing a

currek20 bhthe oppasite direction from the.sglecgted antenna direction. [0088]
Referring to the timing diagram of FIG, 7, if the control software

determipes-thaia potenyakfos-hidden nodesexists; the aceespPAINLId0.s of
ihe Jlirst transmits a CTS message ta a knoy unusedJ\zIAQ - address u&mg -

iJ,c:i LTI Cal e noTe

the omni-directional mode of the antenna 220a.” This process serves to
lf:élﬁ all of the remote stations 120 in the network that an exchange is to

occur and not_to trar&sml.t until tge exchange 5 flrkshed The access .
measurlng ring the sSame "pre XESDEC ive signadls

received via the current angle and each alternate angle from the at least

one remote station;

" selecting during the same preamble the current angle or one
of the alternate angles as a preferred angle based upon the measured
signals for continuing communications with the at lsast one remote
station; and '

+

storing the preferred angle of the at least one remote
station, and during a next preamble, the stored preferred angle becomes
a new current angle and the steps are repeated for selecting the new

current angle or the alternate angle
2. & method according to Claim 1 wherein the directional
antenna comprises at least one active element and a plurality of passive

elements.

3. A method according to Claim 1 wherein ons of the

plurality of alternate angles comprises an omni angle

4, A method accerding fto Claim 1 wherein selection of the

current angle and scanning of the



point 110 then switches to the selected antenna direction for the intended
remote station 120 and communications proceed. Another approach to
preventing the hidden node problem is to perform a four-way frame
exchange protocol (RTS, CTS, data and ACK) with a desired remote
-+ - Statjon 120..[0089].If the control software determines that there is no -
a”’"te'*p%éarﬁiaﬁgf[ae h?drc}eenpﬁé &%ﬂg%cacf%és% %ginrﬁ 0% may 1ot senc %reoc}TéMA“)
LayeméssaganicésHimunications may 28 WO 20041114546
PCT/US20041019601 start immediately with the access point 110
antenna’set té the propeedirectiondlf reqlited by thelmetwiork thmtedslernate
angldhe RTS&:message sande-addressed 4o the, dntended receiver, resulting iny;, -1
pesodd ngdmgggg e b%%k to the access point 1ﬁ1ro as an acknogvledgement, s
as shown in Fit: 5A. {0090 Note that i the frocess deschted im 2 tec with
the geference RIG: 7 efficignicyds improveddssinde theh RTS. message is not
transmitted by the access point 110 since the CTS message is all that is
necessdry to dausetthe remotedtationis’ 1204orhalt trarsmrissiorssTheng the
respdemote station, 120, in@igﬁ%%diigé@e ID-section,of the standard 80211, -
protocol header ensures the specified remote station receives the data
FECE Hame. T089 T RETERTE fiow t0'F1G 214 %4 floicharthl Sperafing af- erence
raticaccess pointd2irra WitANI0based apenghidtlencode reeogaition. 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

point 110 based upon communications with each remote station 120. For

each remote station 120 a preferred antenna pattern based upon the

antenna database is determined at Block 1420, and a remote station and

the corréspéndiii§ pretérred &rftarna patterfi to Eomiunicate “Witiy afer  the
plurselecied atBlogk1430= Based tpoadhe -antenna databaseandpriori@on =
Dredggénrmnugiggti%%\évghgg% ‘selected remote station, it is dete_rmined at Block
§ 1440 if any non-selected remote stations have the potential 29 WO

2004/114546 PCTI%S%OOZ}]Ol%Ol of not being aware when.suci}}
commun'c‘ati%nlsm a&tia yadc%%¥§%Lﬂﬁs isde érangilﬁed b")%%ﬁ?p%ﬁn he®“-=5%
pelnmeasurak signalquality assouiated aith the preferred afiteana Jpdtter® for. 11
s+ anihe-selectedyempte: station with the. respective signal qualities associated

with the non- selected remote stations when using the same preferred

antenna pattern. [0092] 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. [0093] 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

details r’gayAt%e QQ;%%% Sthert?:-Linf_w;E_tcr)lguE'E1 dqpraeriingsfr(im Eple _Scope gf "tgh%_K (WLAN)

_ in_vention'encompasseoplgy%ﬁe aﬁpenHéd cfaims. For instafice’ the’

“oMPaecess point is not limited to the IEEE 802.11 standard. The antenna

algorithm for an access point as discussed above is applicable to other
types ofloCaf &feéd Nefwofits; d'feddily spprEciatsd bythbse skilled fittte o1

remo g, shehias tHosecdefined bythe IEEE80245 standard. @0CFHATprising a

preaWHICHUS CIAME DBl Amaethod for operating an access pointin a
wireless local area network (WLAN) , the access point comprising a
directional cantennaifer commeunicating withzatdeast onectemete stationna for

cont Rasedupan an exchangeof packet data comprising a preamble and a
data frame, the method comprising: communicating with the at least one
remote station-using aveurent angle of the directiongl antenna;scanning e
a:re4Uring 2 prgamble agplurality, of allemate angles of the directiopal antenna,
. for communicating with the at least one'remote station; measuring deurlng
SLet 458 same preamble respective signals received via the current angle and

each alternate angle from the at least ]
scannlngTauring the same preamble an aliternate angle from

a plurality of alternate angles of said
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one remote station; selecting during the same preamble the current angle
or one of the alternate angles as a preferred angle based upon the
measured signals for continuing communications with the at least one
remote station; and storing the preferred angle of the at least one remote
station, gn,d du_ri'no%a“znext ;eample,fthe stored preferred angleﬁQecorgEs
1rectlional 4 »e?na oL Copm--lca+1%% Wﬁpn e
] a new current angle and the Steps are repeated for selecting the new
Leasgurent arrgle o tie-alterdlite angle. 2. A method according to Claim 1
wherein the directional antenna comprises at least one active element
and a pluralityof passivelefenténts s3rA nretheddccomingdotClaim dignals
recewherginane ofithe plyrality:of altgmate.angles,comprises-an omp angle < o,
. 4. Amethod according to Claim 1 wherein selection of the current angle
the at least.on% he Te, station yate| .
and scanning of the 31 alternate angle aré performed at the media access

control (MAC Jager f the access 7gvoint. 5. A method according to Claim. |
nate™ ATgle is Selettda a8 the preferréd angie ifthe? "9 1e ©F

at

wherein the after
the measaredisignabrassociated 'therewith’ exceets thegheasured signal: inuing

conm@gsQGiated with, the cuprent angle-hy a predeterminedthreshold 6. & o 1 on
th method aqcorglng to Claim 1 wherein measuring the respective signals
© ESMprisEs detéthiining at least one of a received signal strength

indicatian, acartier-tosinterference, .ratio, an gn%@)ﬁ@f}c—bhféétios%%@ng the

fsE?al-to-noise ratioJ.F 32 7. A method according 1o Claim 1 wherein the "
prelaialty Srditeriate Aiglas até $2anfet baded fooitgation, and during a

next preamble, the stored preferrad angle becomes a new current
angle and the steps are repeated by sald controller for

selecting the new current angle or the alternate angle.

10. An access Point according to Claim 9 wherein said
directional antenna comprises at least one active element and a

plurality of passive elements.

11. An access point according to Claim $ wherein one

of the plurality of alternate angles comprises an omni angle.

1Z2. An access point acdording' to Claim 9 wherein
sald contrcller comprises a physical layer and a media access
control (MAC) layer, and selection of the current angle and
scanning o©f the alternate angle are performed at the MAC

laver.

13. An access polnt according to Claim 9 wherein the
alternate angle 1s selected as the preferred angle by said
controller 1f tThe measured signal asscciated therewlith exceeds
the measured signal associated with the current angle by a

predetermined threshold.



predetermined sequence. 8. A method according to Claim 1 wherein the

access point is operating based upon at least one of an IEEE 802.11

standard and an IEEE 802.16 standard. 33 9. An access point for a

wireless local area network (WLAN) comprising: a directional antenna for

commuqigati%%with at least one_remote station based upon an exchange

of packet data Gomprising & ‘preambre ai§ a'tata frame® afid a ¢ortroier  “he
measghpfiected e said direptionas antennafort control thereef, saideontrdllesignal

streSglacting duting a,preamble a;cuyrrent. angle ofthe, directional antenng, . .,

for communicating with the at least one remote station, scanning during
P~ ine shiie Préaible SnERmate Aigie Fror “a Plurality of alternate angles

of said 34 directional antenna for communicating with the at least one

remote statior:meaSGHTF duPing the Sarme praarible respective signatsersin
scanfeceivedvathe curentanglg andthealtemate anglefrom theatjeast: v, o+
.1+ 2N€ remote station, and selecting during the sameéJrevambl%thebcurre_:nt .
&+~ ahgle or the aiternate angle as a préterred angis tor éonfifiling’ e+ &+0  saic
cont gommrmdnicaicriswith theratleast ore reraonstation based. upon thiéa  each
altePigasured signals; sajdicantrollgk. gamprising A memoly forstotng the, s+ one
o preferred%ancgple of the at least ope remote station, and during a next _
TERC Breamble; the' stored préeferred angle BEcomes aflew-Surrént  ©1¢  ©-

plurality of alternate angles 1s selected as the preferred angle.

the

16. An access point according to Claim 15 wherein the

plurality of alternate angles are scanned based upon a

predetermined sequence.
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angle and the steps are repeated by said controller for selecting the new
current angle or she alternate angle. 10. An access Point according to
Claim 9 wherein said directional antenna comprises at least one active
element and a plurality of passive elements. 11. An access point
according to Claim 9 wherein one of the plurality of alternate angles
comprises an amnpisangle! 12oAn aceesstpoig aceording-tosGlaine9nt in a
reWherein said controller comprises a physical layer and a media access _ .
w‘lre?zontro??MAC)Eiayear, and se ecti@?%o;8 tbh’e ,cur?entl ar?g & anc '%caﬁﬁﬁ%%fs mg‘ ¢
direie ahérhafé afigiecare Perforied at #ie MAC Wayer. 3. Afattess poipErote
stataceording ¢a Clajm:9 wherein the: alternate anglecisselested asdhgrising a
] qjgrre ] Cf;magl% bé/ﬁsanld controcllrtler if thgmgasured Si naJ associated
prea[ﬁ%erew{flt excee%sd;hrer%%%’sure(f sfa%a?gssgc?gt%alv%ﬁﬁﬁie current angle
by a predetérffined taresheldv35 14 AR dccess point ateordimtPiocClaimt 1on
9 whereirsthe, neasureg:signals comprise at least one of a received
iy si_gnal strengt_h indication, a carrier-to-interference ratio, an energy-
irec 18?a b.od 1L§31’1Ha; . . . .
per-bit ratio and a signal-to-noise ratio. 15. An access point according to
Claim 9 whevein Lscarthing-the alterrgtaisingle eomprises scantingal ternate
plurality of -altesnate angles:dwing the-same preamble; and-wherein said r o
. thcggtéollgr measures res ecti e Si na?ls (r)%c"eived via each alternate angle
dﬁrlng?ﬁe ‘same pream fé'from the“at 184t one remote station so that the
current angfle vronetofthe: plurality of zilterpatezarigles keselectetvas thegnals
preferred angle;d6. An-access paint ageording to Glaimdswhereinthe, - o
angle from the at least one remote station;
selecting during the same preamble the current angls or one of
the alternate angles as a preferred angle based upon the
measured signals for continuing communications with the at least

one remote station; and
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plurality of alternate angles are scanned based upon a predetermined
sequence. 36 1_7. A method for operating an access point in a wireless
local area network (WLAN), the access point comprising a directional
antenna for communicating with at least one remote station based upon
an exchangeof packet data.comprsing 3 preamble and a data frame. e,
method comprising: communicating wi e at least one remote station _
statiging arcurkéntangle of thedifdctivhalanteiiiaiscaphing-déring arev packet
data Preamble-a plurality ofaltegnate sangles of the:dicectional anterna fereferred
cammunicating_with the at I%ast one rem%;e,“srtlatior]d' measurin durin%trgf:
angle DEeCQUes A ney CUL%T}T@I} aﬂsgwg.e =Aal cne s @L}i)s at:f:e %e%e% e for
same preamble Tespéciive signals’ Teceived via the current anglé-an
se le@ahoalternates angle front thienatleastonéd remotessiation; seletting during
the same preamble the current angle or one of the alternate angles as a
preferred@angle basedripon the:measured signals formcontinuingierein  the
a: reS0TNMURICatioNs with Ihe, gt least gne femote station; and 37 staring (e, -
preferred angﬂe of the at least one remote station, and if aftera
plurptddetfefmined Bmotintof HTE1RE new packet data is received by the
access point, then the stored preferred angle becomes a new current
angle arid the steps-areirepeatediforg selecting the héwwtuwrrentrangle oo the
p1urdig allemnate anole A8, Ametbad agepiing o Glaip A7 whetelnthe
Irectional antenna comprises at least one active element and a plurality
of passive elements. , , 1 , , .
20. A method according to Claim 17 wherein selection of
the current angle and scanning of the alternate angis are
performed at the media access contrel (MAC) layer of the access

point.

21. A method according to Claim 17 wherein the

alternate angle is selected as the preferred angle 17 tThe measured

634

ignal associated therewith exceeds The measured signal associated

with the current angle by a predetermined threshold.

22. A method according to Claim 17 wherelin measuring
The respective signals comprises determining at least one of a
received signal strength indication, a carrier-to-interference
ratio, an energy-per-bit ratic and & signal-to-noise ratioc.

23. A method according tc Claim 17 wherein the
plurality of alternate angles are scanned based upon &

predetermined seguence.
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19. A method according to Claim 17 wherein one of the plurality of
alternate angles comprises an omni angle. 20. A method according to
Claim 17 wherein selection of the current angle and scanning of the
alternate angle are performed at the media access control (MAC) layer of

the accegs paintt. 1.?A method.accarding to.Claim 17 wherein the _
et angd 1B L hE B Grerieq ARGTE I e Ao gfsloeos
poiniassaciated tHarewithaseeeds the atedstited sigial asseciatdeEwith thel 1

standdirentangle-byra predetermined thresheld, 22. A method according to
Claim 17 wherein measuring the respective signals comprises

determining at|gast one of g, yeeeived signal sirength indicglion, 8, 1o¢yi05-i
carrier-to-interference ratio, an energy-per-bit ratio and a signal-to-noise

(WLAPS0C2BPA ARethBd according to Claim 17 wherein the plurality of
alternate angles-are-seanned based upon copredatermined sequence. 138 s+
24. A mg}lheodraccg{%ling 19 Cllgirrp 17 therejnotrklleaapccgsgh[a)oin€tE is gl,}peraa;ig N
based upon at "Least one tfan] 802.11 standard and ah IEEE" -~ -
data gpAE staritard. 25 A aktess pointdora WiFeldss logaParea network

(WLAN):caorpprising] adirectionat anteppadfar gommunieating withatdeast cor

_one r%mote station based upon an exchange of packet data comprising a
conrtrol [511916%;_ Sf}llﬁ CO_;LIHL_L@I . . .
preamblé and a data frame; and a controller connected to said directional.

antenna for coritealtheiredt, Said-confrollecsElecting dufintEa préamble @ the
current angle-of the. dirgetionakantennaiarcommunicatingwithithe at 1eas:
least N .
one remote station,
scanning during the same preamble an alternate
angle from a plurality of alternate angies of said
directional antenna for communicating with the at ieast
one remote station,
measuring during the .same preamble respective
signals receive via the current angle and the alternate
angle from the at least one remote station, and
selecting during the same preamble The current angle or
the alternate angle
as a preferred angle for continuing communications
with the at least ons remote station based upon the
measured signals:
said controller comprising a memory for storing the
preferred angle of the at least one remote station, and 1f after a
predetermined amount of tTlime no new packet data i1s recelved by

said controliler, then the stored preferred angle



one remote station, scanning during the same preamble an alternate

angle from a plurality of alternate angles of said directional antenna for

communicating with the at least one remote station, measuring during the

same preamble respective signals receive via the current angle and the
becoagerngte angle from the at ., .-east one remote s~_a'tion, and selecting .

Gifing the Yarma [reambid fheScurént afiglebP e aftémafangRass 521d

cont preferred fangle forecontinuing:eommunicatiomstwith¢he ableasteneiternate
ang1Eemote station based upon the measured signals; said controller

comprising a memory for storing the preferred angle of the at least one

remoteg tionAgnd if after a Qredetermin g amount of time no new o

packet data is‘fecéivied by Laid coRfrofter: thén fife Stoiel prefefrser anglesac
diregyiseromesafiew: carenrdngle and thestepsoare repeated by saicht and a

p1ur£ontreller forselecting thesyew current angle or the alternate angle. 26.
An access point according to Claim 25 wherein said directional antenna

comprisgs at least one active element and.a_plurality of passive elements.

27. An a%:i'ess%loi%tcggcsosrdﬁﬁ%l%tc%Tr“ﬁ%\:}v%geré:lﬁ c}%%ag?t e pliraiity of ¢
of thftefdateahgles esmplisesantemanangle. 28mAniateesspointaccornding .

to Claim 25 wherein said controller comprises a physical layer and a

media atkess montrot«MAG) layeraand selection-ofthe currentangle andsz i 4

cont S5200ING.QL e altematg angle are peformed atthe MAC 1Yer. o oneror
(MAC) layer, and selection of the current angle and scanning of

the alternate angle are performed at the MAC layer.

29. An access point according to Claim 2% wherein the
alternate angle 1is selected as the preferred angle by said
controller 1if the measured signal assoclated therewith exceeds the
measured signal associated with the current angle by a

predetermined threshold.

30, An access point according to Claim 25 wherein the
measured signals comprise at least one of a received signal
strength indication, a carrier-to-interference ratio, an energy-

per-pbit ratioc and a signal-to-noise ratio.

3i. An access polint according to Claim 25 wherein
scanning the alternate angle comprises scanning a plurality of
alternate angles during the same preamble; and wherein said

controller measures respective signals received via each
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29. An access point according to Claim 25 wherein the alternate angle is
selected as the preferred angle by said controller if the measured signal
associated therewith exceeds the measured signal associated with the
current angle by a predetermined threshold. 30. An access point
accordlggttgﬁCIalm 25 w@ereg tpe me@grega%gn%% cgmgeﬁ;é%gs%he o

riagie. din UzZ1nd,. & .
one of & received sighaf strength indication, d carrer-to-interference ratio,

LeastarpeaergiPet-bitratiodnd:a sigral-téiHoiseratio) B1a A dccessPointet the
oiuraaceording to Elaim.25% wherel: scanpingthe-alterpate angle-comprisesngie.

pluratdtich s that e Gimentangls df dhe dtifie plGAEFEST alféiR&e anghss’

scanning a plurality of alternate angles during the same preamble; and

wherein;said,, controller measyres fespective signals received vigeach 40, 1,

alternate angle during the same preamble from the at least one remote

&3]

predds selectestiassthe preferred angle. 32. An access point according to Claim

25 wherein the plurality of alternate angles are scanned based upon a
predetermined sequence. 41



