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AN ACCESS PO NT BASED UPON SPATI AL DI VERSITY Field of
wo b@4himsent i on [ 0001] The present invention rebPel/@s200€019601
the field of wreless |local area networks, and in
particular, to an antenna steering algorithmfor an
access point operating wwthin a wreless |ocal area
net wor k. Background of the Invention [0002] Various
standards allow renote stations, such as portable
conmputers, to be noved within a wireless I|ocal area
network (WLAN) and connect via radio frequency (RF)
transm ssions to an access point (AP) that is
connected to a wired network. The wired network is
often referred to as a distribution system The
vari ous standards include the | EEE 802. 11 standard
and its corresponding letter revisions thereof, such
as 802.11b and 802.11g, for exanple. [0003] A
physical layer in the renpte stations and in
access poi nt r(ﬁN?ﬁENA{ﬁF$%R¥NGt?%ﬁsﬁ*s%?%ﬂ%sb
whi ch the stat?QﬁgTaﬁésﬁﬁe039§é§?AEGPﬁtD&Mﬁ%ﬁ%

Above the physical l|ayer is a nedia access contro
(MAC) layer that proydes SET¥LECPnySHEIoAS
aut henti cation, dea — associ ation
and[@0635500|Hméo@reé@ﬁteXﬁﬁQheloﬂwkaméﬂéi14546he field of
PCT/ US2004/ 019601 [0004] In operation, when ,a renote
st af+ Pl edPesoohl FFRR, n%t%%ﬁ]ﬁgct%ﬂ +8 pprsgcular, £o an
est%%éﬁ@@%@@é%@ﬁ@ SBSOPBY%Cﬁbrl gyensckist pgigtation

e access point. "The MAC | ayers can then
conmeetat Typieathyn aomrhéesas ehotelsaachonstandkt he
access point, the physical layer RF signals are
transmtted and received using nonopole antennas.

Background of the Invention

[0002] Various standards allow remote stations, such
as portable computers, to be moved within a wireless
local area network (WLAN) and connect via radio
frequency (RF) transmissions to an access point (AP)
that is connected to a wired network. The wired
network is often referred to as a distribution system.
The various standards include the IEEE 802.11 standard
and its corresponding letter revisions thereof, such as
802.11b and 802.11lg, for example.

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

and disassociation, for example.



[ 0005] A nonopol e antenna radiates in all directions,
generally in a horizontal plane for a vertically

wo@eioenissds el ement. Monopol e antennas are  suscREL/UB1064/019601

to effects that degrade the quality of comrunication

bet ween the renote station and the access point, such

as reflection or diffraction of radio wave signals
caused by intervening objects. Intervening objects

[ Bcﬂmxbsn]wal | Sin dfgﬁémtairtdu,pemdxe a fromedeanpl &t iomhesees on-
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by these effects. [0006] One technique for
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theory behind using two antennas for antenna

di VEIR3L S SRIRRANESt any given time, at |east one of

t hey fy ””aSA%JHA Yo dBCEIYA nzga@la%eg@ainm@i i s not
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Consiegrugnitdnyg, td&rsemllle)nnﬂaﬂl% hehiez et ahral akat fehea
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addr ess the degradation of RF signals 2 WO 2004/ 114546
memmpe%%e%h% HecReht 28t 5P omed ahld® afccess
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ry of t nvention [0007] In view of the
forﬁgmanbs bzeokgrad Ung, isne robj By o] edies pr ekehervening

ggx é({%:éh%&&éqerov s,ngyEglgg Igggpngmgor eQample
These objects create multi-path, normal statistical
fading, Rayleigh fading, and so forth. As a result,
efforts have been made to mitigate signal degradation
caused by these effects.
[0006] One technique for counteracting the
degradation of RF signals is to use two antennas to
provide diversity. The two antennas are coupled to an
antenna diversity switch in one or both of the remote
stations and the access point. The theory behind using
two antennas for antenna diversity is that, at any
given time, at least one of the antennas is likely
receiving a signal that is not suffering from the
effects of multi-path. Consequently, this antenna is
the antenna that the remote station or access point
selects via the antenna diversity switch for

transmitting/receiving signals. Nonetheless, there is

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

w0 boosagis4@n ant enna steering process for accesBCT/pSiond/e19601
(i.e., wireless gateways) used in wireless |local area
networks. Directional antennas inprove the throughput
of the network, and increase the range between the
access point and the renote stations (i.e., wreless
uséretd@drces)e rAnditreecttisgnialnantrehnem poxepoint in a
hi%Per signal -to-noise ratio than an omi-directiona

antelE 57 NG e &4EE HIPH 1 owing the link to

operate at higher data rates. [0009] The antenna
steering process may be resident in the nedia access
control (MAC) | aye 1oThnd sel ects

1
on TOOFEN QuarT 15 et a5 SEme e Sl orta)

| aygr dporo  eqed \Wregersd ghatentfigintdhecs emybwove
stati-ons. [0010] According to the principles of the
pr§§>é‘ﬁ%un¥ﬁﬁéfﬂ4%r?etdiﬁqq1§rbra&%%%£§% gy remote

r egistdid On, 1 1Yt henti catd an M subsegien teair,
exchanges between the access point and a sel ected

renit0D &l at | Gy Iangprafemered ok iy extioie fdrvehel sy ek ed
access _point_.antenna is _.determ,ned.. | n one

erBEaT ST YoVt & br T i T opdi At g 91 tHe 20ce9s
acGRSS0I Nt . sBkes tdliss dejardnagd ) ansed The wicebsss local
poi nt antenna control software/firmvare may 3 WO

20 G SR 4546 PO USHTH D106 B $ePa° dHIRbaER that

| nclyides (e | ONtid Ol LRNDLE. SLALL Oy and e

ant enna tion associated wth that station for
acliewawn optée mooeomoi tatdmhsthperémepanseat jood 1{i.e.,

erchere TRy, e ol oved [0 £R8L 8L S AR LANSIED provices
a higher signal-to-noise ratio than an omni-directional
antenna in most cases, thus allowing the link to
operate at higher data rates.
[0009] The antenna steering process may be resident
in the media access control (MAC) layer of the access
point, and selects a best or preferred directional
antenna pattern based on signal quality metrics
available from the physical layer upon receilving
signals from the remote stations.
[0010] According to the principles of the present
invention, during processes such as registration,
authentication or subsequent data exchanges between the
access point and a selected remote station, a preferred
direction for the steered access point antenna is
determined. 1In one embodiment, software or firmware
operating at the access point makes this determination.

The access point antenna control software/firmware may
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802. 11 equi pnent for selecting the preferred

di rectional antenna angle. The access point may use
wG@k@naalismg to cause the renpte stations to traPGIUB2084/019601

probe response signal, wherein the access point

nmeasures the signal quality of the probe response

signal. The access point nmay conpare netrics

corresponding to signals received fromthe renote

St ahdiars d M= gbdectional iraiheha thoedel dagat Nisy a@tthes
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access p note station to operate at
hi ghert tats fat2sdiespecdmt] yamtenhe noderaghandtofetrics
the coverage area. The directional %n%enna steerigg

[

pr SRS FROPALRGeh? FHITHES abTeR5YPdi ht OFot Suppd?
opesadi o WM 1h LhecheIDY £r&t8l bOAB. mode to determine if a

new antenna scan should be performed. If the access
point determines that hidden nodes are present, it may
invoke a protection mechanism using request-to-
send/clear-to-send (RTS/CTS) messaging as defined in
the 802.11 standard, for example.

[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. 1In most RF
environments, the signal level received at the remote
station can be improved by having the access point
transmit using a shaped antenna beam pointed in the
direction of the station. The shaped antenna beam may
provide a 3-5 dB gain advantage, for example, over the
omni-directional antenna typically deployed with an

access point. The increased signal level allows the
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[0013] More particularly, the present invention is

directed to a nethod for operating an access point in
W@200M1A46 Wi th t he access point conprising a PCT/US2004/019601

directional antenna for conmunicating with at | east

‘one renote station. The nethod conprises

communi cating with the at |east one renote station

using a current angle of the directional antenna, and

scanning@pettweadrt erhatac @y epofntomrad pthue ai*eiamqtafstation to

alternate angles of the directional ant
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signals received via the current angle and the
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as a erred an upon neasur ed

Si gredI3If or Q@idd mm@@@mnypaﬁh@rprwémthEveatlon is
| east one renote station 0014] Sel ection of the

(nnq¥ﬁﬁcﬁ9%1%3éhdm§35ﬁﬁl Fre e Y t B naFecangPeihyin @
be ypenf oryed, athd f}scéé“& 1&@%@& @cﬁméf‘fs}%} e§8d@9éetlona1

The alt'ernate angle may be selected as the preferred
angirecdrfng h@mmm@ml@a@m wigs ot atedst herewrenote

exc s, the asur nal assog
cursredi é}lgl e y E) pred‘gl B ]fr:'fsh%sd IP#‘ hg\%‘ébmk/b‘géap the at

t he gaspentd weersdgnad SatByn €O | Secdetenti ahgyeadt the
| east one of a received signal strength |nd|cat|o g
carti iRtk tedRiRe #3Ei AN @neR gy pEFBFE angle

rat t 0= N 0 1
e CB004T 015005 ¥ [ S018]  Comini SaT g or ¢ n{ o aecrronal

I easttone riéwmt@omsmlaiq:@mmbe‘eh bials@datlpbﬁaah one remote
crelieteo! BREeLiSalar, SOMBL 2L o pLeptelereny, o
Curfégﬁeéﬁiﬁéf§ighéh§ rétéevoatei anghe @ﬁﬁr@ﬁasahgde and
during a sanme preanbl e.
the 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 remote station.
[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
associated 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 indication, a carrier-to-interference ratio,

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



Scanning the alternate angle may further conprise
scanning a plurality of alternate angles during the

wg aome/1ptseanbl e. [ 0016] The measuring rmay conprPGEUS2004/019601
measuring respective signals received via each
alternate angle during the sane preanble fromthe at
| east one renpte station so that the current angle or
one of the plurality of alternate angles is sel ected
as [tgvasipr ef eyorethndngle.nglhe 4 wiad idty lofast t@igatemote
angl es may be_scanned based upon a predeterm eolC
sediieriden [BOL PR PRE SRR dy FiFtange Fgeet data

st o/ :Lté'}.qlg R ¢f:erhgd angl e pfqdihe AadeastTinerespective
renote station, ‘and during a next preanble, the

st arieghglrefreraedd eahgliiea e onessrentheveahs rard @iyl e

and the steps are repeated fo el.ectin e

cuﬁjéhetrr’aﬂ?gqp@n(%let eall?eea}'snudieec{ Cgunrgjtneg aAlgsféerFena‘]t;Hl‘e %\éerflb%e'
| T fdrfli iy pRdelergdmad Ay mof funEhdo aewpphcket
data is received by the access point, then the stored
pr efeRER ARy IR Weddnes of e e TP aERyT A&t Y hehe

st | sgissed above are repeated for selecting
thg%ﬁ%e\?vs%rgérren%s'angl e or the alternate angle. [0018]

Onglaflélhe plliralnidaswfirad trexnat@u@nigs @ Suemsur Todpri se
an omi angle. The directional antenn conpri se

ot TERICOE SRR b Y Sthd ot 3&?‘%‘8?5@%?% angle
passivegletensne AOCES SF PSH NEh Byt bBe OPEr Gihé NPemote

based upon the | EEE 802.11 standard or the | EEE 802. 16
6 A 00N 1811546 PEHUSAD0RY T 95T © seanfa® do L f bre

exa -'R\{{\BV r SE1d IVENLEONe L S NGE th
Iirﬁr?&ejgajtlo h%%eals%%ﬁqd%egs%%]o%€9 é]Anot Cer aspect %f

t heops Bsendd i arwelnd | 0Tl pHirztiied ¢H ahtaccess poghes may
conprising a_directional antenna, and 4 controller

corR IR (S TH MR ghapredetermined 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 angle becomes a new
current angle and the steps as discussed above are
repeated for selecting the new current angle or the
alternate angle.

[0018] 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



antenna for control thereof. The controller perforns

the followi ng: selecting a current angle of the
walzeoeat4sacnal ant enna for comruni cati ng with t hBCHUS2004/019601

| east one renote station, scanning an alternate angle

froma plurality of alternate angles of the

directional antenna for communicating with the at

| east one renote station, neasuring respective

S: gralnsiareseiftad edaadlke  cloweanir angle mrebdrite invention

al ternate anglefromthe at | ea one renote station,

and-Ss &c ti A etk tu ngsaﬁd the alternate

anglod1dy a Prefaised a%@;gglcec fo GRNHAUEANE invention is

conmuni cations with the at | east one renote station

basEdagicnl tire areasinesd $iogmd] sSOmRrY ieflMe st rdigie ghi@tal

e e 00l e ool R, A, ol PRI L Sefona

appaneind ryn tdwet 4l |’d1twmg>ﬂror ermrdomcaner performs

descrlptlon of preferred enbodlnents of the
fcnwl %lr}q 1 FeaEd Y @ (W TSR GREy i g the

AMANS A MHmuBRCASSA Id Vel OrisCa @, 1east
%# enp aS| S %st ead bei ng pluaced on 111 usk%ratl ng =as

th@rmmmquieesstﬁtltdm isnEaTtinon. an [&)Uza#naﬂl{iallg\lil sfrom a
sch mati.c. .di agra wi rel SS, o area nefwo

A i oy B B0 o e b et STt
I ngitdra {022 mtdGcalBrics v&.ﬁ@hﬁ@ti’@ Té &gt aomef ramote
access point in the WAN of FIG 1A perform ng an
antsértal Ols.c dFE 2 UMD D OTHPEIABS6® FETY IS0 047 ¢R06ed via the

[0Q rézrltﬁ nr?(ilé S5 VE ﬁt@h@@&e&ﬁ P@' f‘for@ftll[f%@at] least

| A having a ternal ectlve antenna array;
Fl GneBrémsotae vétea iofn t Iwchcx:eelsssctpm@ttloé FhgrenPpangle or

having the directiv i
i nt’fé}%gaﬁ%ﬁj eanagsena{’]apraer%eayrégcgrrlgfé s CI:gntJ_Hulng
communications W1th the at least one remote station

based upon the measured signals.

Brief Description of the Drawings

[0020] The foregoing and other objects, features and
advantages of the invention wili be apparent from the
following more particular description of preferred
embodiments of the invention, as illustrated in the
accompanying drawings. The drawings are not
necessarily to scale, with emphasis instead being
placed on illustrating the principles of the invention.
[0021] FIG. 1A is a schematic diagram of a wireless
local area network (WLAN) employing the principles of
the present invention;

[0022] FIG. 1B is a schematic diagram of an access
point in the WLAN of FIG. 1A performing an antenna

scany



[0025] FIG 3Ais a view of the directive antenna

array of FIG 2A; [0026] FIG 3B is a schematic
woltegnamuof a switch used to select a state 0OPCHEHEIS2004/019601

antenna el enment of the directive antenna of FIG 3A

[0027] FIG 4 is a block diagram of an access point

of FIG 1A enploying subsystens, |ayers and an antenna

steering process according to the principles of the

pr E[;B)@lztsl]: nvemtﬂgnn;bzp[ GL%Z&] vHle@ dFAars sacHgnaloiditagrardIc.

optionally use y the antenng steerin rocess of

FI @2 havigenop PEemB i §1&s s r?éﬁe\;%lagiagtﬁ%ﬁy 7

di a@io3ny optimnal Ixs used hy LheanteNna &oerdditht of FIG.
process ‘of FIG 4; [0030] FIG 6 is an alternative

bl @&k hdivagroarhtef diFle@tidrd rnisingtr @t@iha Micepaiged in
circuits are ed; )031] FIG 7 is a signal

di fé]r%ﬁ[fsﬁ% ?%Cg[éenda de techni que optionally used
by [fdresant ennarcst €8y ing a priesesst athdF |l rekt (W3 tenna

FIG 8 is a top viewof the network of FIG 1 wth
bi aditeetctdforfalGsi4fial i ng; [0033] FIG 9 is a top view

of et wor f i j+ndi catd t ;
ant[tedr?%aeribeans%‘lcf)'oogaﬁsﬂjae%ﬁoéﬁdsﬁ;g ?c?loa\{/\i:ﬁh]az? ?gfofi]ZSWltCh
metdsed far sedpsriatd gy are acdtess Fpoienna re EeniaN dasidee

upon spat. al iversity in. acgordance with the present
imi%ﬁ%o mve 926%?4/01%4%&% / US2004/ 019601 [ 0035]
FI Gooklyj s a dfiowchard Hfpasdretdiodyfaf obpet aicdgsanpoint

access point in a WAN based upon probe signals in
accur difte Vi tn ey PresemsY vkt okrYST903%] ® cyrtenna

12 sq{%%gl%garperégéé)secéég&éiwrﬁﬁe o;grinciples of the
present invention;
[0028] FIG. 5A is 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;
[0030] 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 technique 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-directional 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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a method for operating an access point in a W.AN based

upon control franes in forward and reverse links in
waeceanvsnce with the present invention; and [ ORPGTPSIoD4A19601

14 is a flowhart of a nmethod for operating an access

point in a WLAN based upon hidden node recognition in

accordance with the present invention. Detailed

Description of the Preferred Enbodi nents [0038] The

ﬁr e[mmsf]i nvemt[ieﬁn i lils ke fdeseihiabed afbree mefalddy for

ereinafter wt referencetdthe an

dr &Heﬁg‘%”ﬁgn aPhiPCE S5 PP 1Ehi5o ?% 5}/& tL%on probe

| NUERLIZAR ame s3hAMiantl S/iitlyeHd ¢rdBht howarediobe

enbodied in many different fornms and shoul d not be

cor{sqolrslﬁéd as FIGH -t d@ 2t H8 esodiafdncdista Flotaparts of

herei n; .ra Vi

t hi%s (?th %%ﬁjrfeo\ﬂ%%saecb&gﬁg}oug esssa %clg{rrtgller?zad nd\G Bseq

W [dporf Wdrt reanviantdie iscapervefrd hafnd Meerd 1t 0 thmltshaisre

skilled in the art. L| ke nunbers refer to |i
eI mréiat%d@ﬁdh hey RF idTHe MBIEREGRG & ed to

Oﬁ‘gofo%t si nmiggay. ol ements ﬂrb@ﬁaefma;ﬁ Lo dent Se

0039 eferrlnglnltlallyto FIG 1A, a wreless

| oaglemrteaagwmmdce(aﬂ_mlmtodrhaauwbh kzﬁ%qd i WrRRn ghidden
syst 105 WI|| nitially be di Scy d nts
11(3"690{n % e éc:/coonrndeac lsoce}} he di th5 i on
sysitremnk3vi a wired connecti ons, such as w red data

net wor k connections. Each of the access points 110a,

110b and 110c has a respective zone 115a, 115b, 115c

in 9 Vgggggfé&1ﬂéé§rE£¥A5§2g94£ﬂé9§9éfeﬂgéahEhboH§ments
capabl e—of—commmrTatt g via radi o frequency (RF)

si gnE38 i t h THee penpE: siramrdnsorl%?all Heokesgppeed more
The_renote stations 120 b, 120c_ar suppor t

wi tH 31‘&}%%%”}50% a"i”e%l n%? ¥ Hart d?/\/a?ekéeaar‘}%gompggylng

drawings, in which preferred embodiments of the

invention are shown. This invention may, however, be
embodied in many different forms and should not be
construed as limited to the embodiments set forth
herein; rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will
fully convey the scope of the invention to those
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 115a, 115b, 115c¢c in
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software to access the distribution system 105. In the

follow ng description, when a general reference is
worawe/1145¢6 t he access points, the renopte stati oPGT/EAINN4/019601

the zones, the respective reference nunerals 110, 120

and 115 may be used. [0040] Present technol ogy

provi des the access points 110 and the renote

stations 120 with antenna diversity. Antenna

di wasdH yial 4 OWsagdiel el sSorpaiit Sa iy anth tihedis enot e

stations 120 to sel ect one of two antennas to rov#gga

tr ASPAYCRAE e SATAS 51 HaskHe ot TR HeaFieys

Si gIEdsS, bW, I e@Rl el o1 es ¥ £3589 DS 0a SEL B0 | N2OREare
antenna over the other occurs in the event of

mul guppat ted adi iy, wwelﬁms%hhw@l gt a takiwgrk thwrdware and

diffe ent t hs cause ncellatio ur

ot ST B To T e oT e E P8 In the
mefblmﬁiﬁcfr@é%riﬁtmu,saﬁh@y &V\@eﬁéfiErﬁ@feﬁéﬂﬁal $s made
recei ved at the sane antenna. Yet another reason for
seleethiiy apred? RO EH0 Hi SFIBRLS sSHEL 2BS a2 eRahyf ng

en%r? nEhe !]%fétri’%enréféfé@ég StALEQDs 1296, 1820 and

carrle ron1t d zone 115¢c to the first or
secbh®l mzpnes dddd, 115b as I ndi cat ed by arrow 125.

[ 004 G 1B is a bl f t_of the .
et 145100 1 TreRtThce e F e HACTHISR! ERC sRCGRERaROINES
poi o 1408, + LOPtays g émtiadsm@cmb egi oh amemasamersity.

invention, is shown in greater detail with respect tq
t heArit¢Rd | VeV art BN+ bhes 1BPacas0Ps TRENEFrLtP| 9ed the

ant Q@?t %@ﬁt Q- ﬂﬁ@'t&”éél?&?soQg £nef8l L¥tennas to

IC erence nunera e access pol nt
10 ybeD@é/ﬂﬂéﬁéﬁlﬁtﬁthﬁ@@éi@éQﬁﬁﬂleil@@seéquentbe

t hrough, the antenna | obes 130 durin foit
eV EhieN: OF 0 (A S} HeLBZ pFRF L PRS- afiBnfgason fox

di regt&fPing one antenna over the other occurs in the
event of multi-path fading, in which a signal taking
two different paths causes signal cancellation to occur
at one antenna but not the other. Another example is
when interference is caused by two different signals
received at the same antenna. Yet another reason for
selecting one of the two antennas is due to a changing
environment, such as when a remote station 120c is
carried from the third zone 115¢ to the first or second
zones 115a, 115b as indicated by arrow 125.

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

indicated by reference numeral 130. The access point

10



[0042] During a scan, the access point 110b uses a

directive antenna, as shown in greater detail in FIGS
WQ200ant1528, to scan in search of RF signals trBOEDB100€019601

by the renote station 120b. At each scan direction

(i.e., angle or antenna pattern), the access point

110b neasures a signal or probe response and

cal culates a respective netric for that scan angle.

Exante safudrnes mtrdwesh iticd wdetennacdedved B3@nakring a

strength |nd| cation RSSI), a, carrier-to-int rfero?nce

ratSER @F )Ltsfrv %rt%.qefrﬁmﬂdl? Eh/RNojteore

ot el i abl & cihRasUres, such as a signal -to-noise

ratto (SNR), of the quality of the received signal or

si gif42nv| r GNRBHTY 9\ XTHDI ridte GIC@FSe Heaknt 110b uses a

nmeasur ement s al so bhe d det n e, best

or O%’rreefc Ted Hhtenny past tsg?o nW% o Jgea%{%@ (gp%%]lelc ia e%lIGS
by zm@sﬁj ski ) 1vesl ddmrt hien fﬂéar(ﬁﬁ&ﬁﬂ RDI’ISi@reaI@alsmmﬂnltted
Si qual i ty metrics, the access oi nt $

det rﬁf}?esrﬁ% % r e Y Ja?rﬂ%nna%n@ﬁ?%h o?cafm EeFohen
for communicatd ng Widedhe somien st athoncdddP. point 110b

[0043] 'I’he scans may occur before or after the Trenote
st atdaomidDe rmsgrtﬂelemlamm i caseenamdamdscalculates a

associated wth the distribution system 10 Thu th

i ni %S 5 ANt En s scHn %éa%cco?%l?n a S%EF}?W{?%% IF the
MAGed By . it T eddad | vedivddiesidumal aétﬁ@ra@tmyn@ecation
acconpl i shed external fromthe MAC layer, Sim|larly,

sca %Te)c'urar‘|W%@%TtQ‘h@?@ﬁ%?%e%?r%t¥%’F11‘11©%/¥1bs an
authe %gﬁ @g@' 0as; 8s h%ﬁd t&ﬁﬁf gdi st xboytion
e

system acconpl i hed WI in the MAC | ayer or

by npramesses sm:cdmram g exdmexhat othel MCrdayer (SIS[EL) Wt the
2004/ 4546:quéU82004/01 601 £ﬁ044] FIG . 2A | -

di 8t TREHOTT 219" hsf ho L&k 1 67 Faf Snmen

di rectdiei /at £oRao ArFiyYs 0asdP8ments 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.

[0043] 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 processes occurring external the MAC layer.

11



directive antenna array 200a includes five nonopol e
passi ve antenna el enents 205a, 205b, 205c, 205d and
WQ@0®e/1845d6 one nonopol e, active antenna el enent PRDES20041e19601

passi ve antenna el enments 205a, 205b, 205c, 205d and

205e are generally referred to bel ow by reference

numer al 205. The directive antenna el enment 200a is
connected to the access point 110 via a universa

EernowlzmhuE (38@. @n ti21h.diGdrerm tyfesn cdcomsmeantimnsl1o
etween the directive antenna array 200a and :
acCEE9 ol mxterR A i Ye aaé“cfe%t%amaef.riﬁboé@fa The €

PasHi e BREE MR SIS 2GR0 dd) fhel udlis eet vy enaibEima
array 200a are parasitically coupled to the active
antrerasal v @mermnR06 teongermA05radfi iy 283 s 2P ripd

it J&s nMeant that at | east one gnt

di ée%? \%lo;n?%enn%o%?gige’zfoé@lcﬁ ge ror?gﬁée%?r%n{ "o6. The
oEtpa(y‘%lox}ey a?r?:(brd@r@e@neﬂtrs i 2052 TE20 30 ASZV5E At 2056 41id

the nunber of passjve antenna_ el enents 205. 046] A
detZlie P IRITDN-BILTHRFIHT R i?/%lt% Sénﬁég%ﬁ%?e

2008, is-Pr ovdgled i Uy S.o Ratwntan Fubhd cat émenNo200a
208%]%00%672, oubl 1 shed January 24 2002, entitled

" Adaptrieces dhtemnehdorcdses |pp Mt el B@ svidoamunl ¢af $dhs

Systeni,. the entire discl re of [ S :

i nCOTpSHated hggée]%)n By ¢ erénccgt%ér/}@d %%%1 ¢f connections
assgignpted cchded L deNVe asst gnee afrape2pdasent the access
i nvention. Exanple nethods for optim zing antenna

di reitiont HASHEE ofea@thy vt HPsnitted signal s by

the;déc%lﬁ“v Lenna; arr ay: 2002 &fsnahss doscussere

t he n.” [ 004 e directive antenna array 200a may

al sii hect isedantemna oantayli 2@Q2 i anal papdeltbcpt byi deupled
an omi - 12 WD 2004/ 114546. PCT/ U 4/019601. .

di riett Fiohat S aht e nAat patt e?%?m%%sgggeécs) Borits 1907 Re59-

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 assoclated 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
assigned to the current assignee of the present
invention. Example methods for optimizing antenna
direction based on received or transmitted signals by
the directive antenna array 200a are also discussed
therein.

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

used in an omni-directional mode to provide an omni-

12



use an omi-directional pattern for transm ssion or

reception. The access points 110 nay al so use the
w@edloeatssds di recti onal antenna when transm tti NnRCT/OSZN4019601

receiving fromthe renote stations 120. [0048] FIG 2B

Is an isonetric view of an access point 110 with an

internal directive antenna 220b. In this enbodi nent,

the directive antenna array 200b is on a PCMCIA card

221 rivec iREMI Arcserth24fb i tsexar r i Bek byccéhie potess 110 may

point 110 and is connected to a ro essor

shotif) .2TTHEY; rdéc‘%ei%%ﬁﬂjerﬁﬁat% ?ﬁ%‘%%{%%ont He

sangs ddisitdpnality as-dde h1.ecd Im%ywﬁs@ru% the
200a illustrated in FIG ZA. [0049] It should be

undelstamd thateaardrous ottherna fwiers ofardmpeetineg to and

ant.enna array %@{@! | ude the
arraycsel et f[s) (5‘? %Iggm%a en 58 i%§l5 635 i ssued
Febraocasg) 4, 2003, &ntid I@d isAakapt 1 v ev et evfaafroactses

In Wrel ess Cormunl catio S sterrs" and U. S. Patgn&
PUBGicHt i 1P NbLt G/ BY AR SHRe P VEFRR3 2820b.  In

2004, ; endridd £Gne rﬁdapéﬂé/edff‘é@@f@e FOFeMse &f‘r%\?rﬁbﬁsis on

Conmuni cation System " the entire teachings whi ch
ar e iBPEH Foreetml 229 ei nTIb@ ?@ﬁ@ﬂén@@rdmov\m chanréed by

assi.gned to the ¢ nee of the resent
v e gods e B0 58 L G rhe Pavd of TpRessor

di r gedd venowit ennmearcﬂﬁlyea@ﬂaetmemml agdesyt PeOb provides
passi ve antenna elenents 205 and the active antenna
el et P06 By Cli Gessed abovee Fhecarieet AUECRRR eRRB2Y

ar rfdogolo_@l@@até@qudgﬁ;a gk ound plane 330 to which

the passive antenna elenents are electrically

cou[:ﬂ@tﬂ] as dIBC&lSCSLEﬁd bel ondénsted@renge varkbGs GBher
%\D 2004{ 0&4546 PCT/ U é004/ 019601 005% St i Idl

ref TR FheSUrT etttoes can use

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 includes the passive antenna
elements 205 and the active antenna element 206 as
discussed above. The directive antenna array 200a also
includes a ground plane 330 to which the passive
antenna elements are electrically coupled, as discussed

below in reference to FIG. 3B.

13



antenna array 200a provides a directive antenna | obe

300 angl ed away from antenna el enents 205a and 205e.
wahbeog/1i454@n i ndi cati on that the antenna el emrenPGI/R8HA4/019601

and 205e are in a reflective node, and the antenna

el ements 205b, 205c and 205d are in a transm ssion

node. I n other words, the nutual coupling between the

active antenna el enent 206 and the passive antenna

el epeoB 1] 205 @liliowsrdferdinectd VIEL@nt Bnat e rdyr 200ave

to scan the directive antenna | obe 300, which, in

t hidnt ey, 252 iSRG &F AET Shovih HsTeCT SR M oF M Ehel 0P

noARSo | Jho WU Gl dner RBS e 8l PR 205 8652 S8hd 205e.
D fferent” node conbinations of passive antenna

el €iteirg 205 eiswditcatiiondifiat efite ot eemaa | ©bem3yQds 205a
patte nd angl es, as_. readily understood by
PRITTR 0 SE e ot ¥ pBoeA S s it e ShE g oRfa

di agréamofs AomXAMYR: 0id 20%dthed Lana berasedi & o1 set

t he passive antenna elenents 205 in the reflective or

t r a2 ssibh GigtRes . Worrhe ridie dettye!l nedeP 5Ny napkyeeq the

by a-¢ &L egendatd vaerﬁé@@%@daﬁagg&?% ﬂ>£§§%§95an§§§na

the transm ssion node 1s | ndicat y a shortene
dasheshhdnine Z0D.allhevs rigdpe et ative andesnd05raad 300a to

SRR G AR O S et “h3t ofod” BRI T aPERES
el exmad | 325. giThect £oupd | 1o wh 4 Hes passhve a@pt €RBamodes in

el ement. 205a through the inductive el enent 320 or
capdei ¢l vehe | Rpent v 25l ¢ienher QP npge viat a shiféfrsns, mode

The i - ical CHRHEC ;
R
el edrefhif e 205 drotdrives grdond3Q0 apet 880ns Jheé smpleh, 3d5

is set via a control _signal 335. 53] . Coupled to the
grdﬂﬁﬂjh}%h%nééﬁﬁRQ%Qfmg g@%ﬂ%c?giggﬁg RS Fﬁ% ﬁﬁ%sive

ant paigwep £l ementc 2058, 1 Whi Chchdfa V028944234546 an example

PCT/ US2004/ 019601
circuit that can be used to set the passive antenna

elements 205 in the reflective or transmission modes.
The reflective mode is indicated by a representative
elongated dashed line 305, and the transmission mode is
indicated by a shortened dashed line 310. The
representative modes 305 and 310 are respectively
caused by coupling to a ground plane 330 via an
inductive element 320 or a capacitive element 325. The
coupling of the passive antenna element 205a through
the inductive element 320 or capacitive element 325 is
performed via a switch 315. The switch 315 may be a
mechanical or electrical switch capable of coupling the
passive antenna element 205a to the ground plane 330.
The switch 315 is set via a control signal 335.

[0053] Coupled to the ground plane 330 via the

inductor 320 is the passive antenna element 205a, which

14



is effectively el ongated as shown by the | onger

representative dashed |ine 305. This can be viewed as
w@e@nildisng a "backboard" for an RF signal coupP@musmo4/019601

the passive antenna el enent 205a via nutual coupling

with the active antenna el enent 206. In the case of

FIG 3A both passive antenna el enents 205a and- 205e

are connected to the ground plane 330 via respective

I ndisc teiffe caliemant ©1320atAld e starvm tiymechd Modriger

exanpl e of FIG 3A, the qther sive antenna el ement
P0SBP TSGR SOSE G diid Ao |y Eghiiet RF 16 TH

gr eund ipl;ane 33%\61@&&%1@6@@/%&@@%@:&/& AdQPENES to the
32 [0054]" The capacitive coupling effectively

shoeserige t&ﬁ@%@slaﬂ@w@m%l‘@rﬁem@@ reEpHeksiart ggith
by haorter oI es sh I

Capghlﬁé%ﬁv (ﬁﬁ? |ng %ﬁgﬁ§62¢§:pg§§|ve e Iﬁﬂﬁ% %&%
ef BRegt bty pd’%(iefe tahe ddinectlieneraid A0Ba alridiy2 PBH a3

omi - directional antenna., It should be understood
t hECNPARTEh AT Vs SHNUTY RIS iy SRS e Qs ed

bet; 3@3&&% @Se%ae\f&sarstﬁmaﬁé eaw@tssan?&&ﬁﬁ@ tie the

groun pl ane 330, such as delay Iines and [unped

|npaﬁamd&soffRﬂGeiﬁmehe[dﬁﬁﬁﬂ phﬂﬁﬁvgjamtéﬂma Qlemgnts
OV M oy e 30558 PN AI0P SEIELEL0 e

di rgGhiren a1 a1y SBR Wiat tefdpe Sli0rd mm@nwxee of 1dents

dlrectlve antenna array 200a or 200b is provided. The
&3 point 110b conmmunicates wth multiple stations

?@t""‘f‘{)". st AT S Thalr NEaPbybagt Ut bne grnortens

m)\bmg peefdiect arscdreng. eldmeg’rtsorasa webptesartediby nigk)e

1o TEe! L Rl LR Sl e 8 D%, £ { i civeny
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 pro%ided. The access point 110b communicates
with multiple stations 120a-120d. Since access points
110 are usually remotely installed without nearby
obstructions or moving reflectors (e.g., high on a wall
or ceiling), the selection of the preferred antenna

pattern direction is likely not going to change

15



WO 2004/ 114546 PCT/ US2004/ 019601 t hroughout the

connection with a given renote station 120. [0056]
wab@4itl45uet r at ed access point 110b nay nmake UBET/0$2084/019601

di rectional antenna 200a for downlink data franes

transmtted to a selected renpte station 120c. For

nost broadcast and control franes, the access point

may use the ommi-directional antenna pattern 905 and

t ha Hrawegiowy aila kbl enrtadtal aratvel 1o @nsiuren thatotad | station

renmpte stations 120 receive them The directiona

ant'@fha 200a may not increase the coverage area of the

netpgyde1100, e Maymdncdeaseddes datsi fate1f®rmaptidake
franes sent to the renote stations 120. The i ncreased

dowrdld i€ raatd nectisafal Peciuse MR nigordeynbink Héata

data_ tran I ..ave e

B A e D, (e d DL ABRERS, Ol Croe.
OPtFON nics i bseicdt chedl spatdcl fhiasss) tyhahencéde point
access point 110b js required to receive in the Q&Qiand

nod&Y HRE Jdte it~ el 19K M TPt U

acoquEMdates: a Jdy oUghpUad Norpase Ofe300% 08t all
exanple. [0057] Uplink data franmes sent fromthe

Zelmcetda senptenstE20 oredPiee tiheme ateesdiporhionadb
urj ti | od ' '
o q:gecf‘ilr‘?agg(ﬁ]oa Iri(l)an%ﬁr?é% olI%CIg e A r(?&%f[%g? g%%?% 6Eethe

rmrl na enna pattern since an
st atdtror Epo havieat g i ddesh ddecie ati®eta Foatéafge data

franes, the network fi [ [
r envoi BN a‘-’tq’@h Q) t%gx?e?rhclé’geurg‘éég{]oggylzrgqm irl_‘k?et Jr_]r?creased

requestr {0z sendl ig%ééﬂaf%&é@ﬁ!g@maﬁ@gb@yiéfn tRe

reserve the wreless nedium In this case, the access
poidrtd 10taceid dredcever the anctioekt10Pabraegeston the
i ncrease. the data rate on the

link,,This_i
sorfiWR L e pEhdént %%bt%%g%a§%¢$§fén§%le L2an3rers). One

option is to use switched spatial diversity when the
access point 110b is required to receive in the omni
mode. The potential added link margin of 5 dB
accommodates a throughput increase of 300%, for
example.

[0057] Uplink data frames sent from the selected
remote station 120c to the access point 110b during
contention periods (CP) are received using the omni-
directional antenna pattern since any remote station
may have transmitted the frame. For large frames, the
network configuration may require 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 point 110b could receive in a
directional mode to increase the data rate on the

uplink. This is somewhat dependent on the data rate

16



WD 2004/ 114546 PCT/ US2004/ 019601 sel ection algorithm
i npl emented at the renpte station 120c. [0058] In

wa@loaml1i4ske t r ansm ssi ons, the access point  110PCTrHE2004/019601

decide to transmt small packets during contention
periods using the omi-directional pattern and a
| oner data rate. The reason for this is that a renote
station on the "other" side of the coverage area
( syeh eas ivenatlgostiatimon riAGReje ey redt trearrdrive: eacossision
point transm ssion fromthe directional antenna

dn 910 poi nt ed anay fromit. This is the

fa Moois®] " hi déerowdade R @M t Whd &fidss point
statlons 120 do not hear each other and end up

t r ik mayn@le@tldtehét%éa@rtamét g lidhine deles tHer b
rennt .0 r Q
B
de%ﬁfd kaedob@ro\Mam refter encethd add<€an For [tOOJEQ]ls'I'htéqat a

directional antenna patterns at the ac point 110
CarAIGE FroviaB MIgHere dRPat o dor0r dothl THICTREE area

upl ('snd&hd%tsa AR exchanges 2dd)h dde ndemdLr stiad | fhGess
120, which is the bul k of the netmork traffic.

Netpwdmit dormentiisditon i amitdteai Hetb afi idnahenomaarattern
gaidy Of th%ﬁ] alw_agyl J Cotn'l onal ai‘H &nng, af, 4 %r%%f§fs“hidden

poin renot e atirons 1
assmziea’c @ radilent hmaoa:as,so pmmﬁtellél:aﬁmldarmil IRQi do thet hear

connection wthout the use of the directional antenna

20@6*{ OUB0H: Arsetenst YRl e ¥ hroidett | Th T ABES 1" t4%-
dn{jg{ Hined. 40 take agyantage oft ddhemi i 12t i 0@l 120e.

rectional characteristics of the directiona
antPemm?:hcﬁ)Om arABLE uhlmqmm@lseraddfrm@sabirytf@r large

L R
Sdfﬂﬁsgyh ﬁﬁﬁL@i&éﬁ%ﬁéﬁﬁlf&ﬁﬁéﬁ@%@%ﬁf@ﬁﬁ&e@ﬂathe
dlr;ggé;g]point 110 can thus provide higher data rates for

downlink and uplink data frame exchanges with the
remote stations 120, which is the bulk of the network
traffic. Network connectivity is maintained with the
nominal gain of the omni-directional antenna of the
access point 110. That is, the remote stations 120 can
associate with the access point 110 and maintain the
connection without the use of the directional antenna
200a.

[0060] A set of rules as provided in TABLE 1 can be
defined to take advantage of the omni-directional and
directional characteristics of the directional antenna
200a. TABLE 1 includes addresses of the remote
stations 120 currently associated with the access point

110 and their current antenna direction selection.

TABLE 1 may delineate example antenna direction

17



17 WO 2004/ 114546 PCT/ US2004/ 019601 sel ections based

on frame sequences fromthe 802.11 standard (TABLES
WQ100ants522 therein). In TABLE 1, "Dir" indi caP@BUS2004/019601

direction, "UL" indicates uplink, and "DL" indicates

downl i nk. TABLE 1 - Exanple Antenna Sel ection Rul es

Sequence Dir Antenna Sel ection Beacon DL Omi Data DL

Dir See FIG 5A RTS-CTS-Data UL Omi/Dir See FIG 5B

[ 006 e & Poroc asssahmbef tasersdetdendea Sedmofheubes. 11

that determ ne when to select the omj-direct] I e

PR TGS WD Sol S 4 diReEtithal ba FARRE Eor"Dix

exaip oo tdle @ccessi o] Mudd0s ey sek echppi dk | eghdonpt”

pattern during time intervals when transmtting or

r eceiddeteo/dowminlsi ngl e renote station 120. 10062]

A bl ock di agram showi ng the interfaces of the access

point 110 is shown in FIG 4. The illustrated access

poi nt 110 irrAsimdeés-vBkEAPIeSBhsyahansecardt ibay®udesAn

ant enna_subsystem 405 may include the directional

ant ennal 989BERSR support PRy |AHetit1dy, buses and

softwarle to operate thd dirdcte¢bp@tiient enna. The

ant enna Bebsyst em 405 i|ntlér fldewsi to the physi cal

| ayer 410 and provides |RF sijgnals 412 thereto. [0063]

The physpgak | ayer 410 |pmacesses the RF | Sieghalls . 452

and determ nes signal qualitly neasurenenfs 417 to an

ant enna REEEFTBOLREQCESS AZ0. orbE/ BIYS| C?See! LY

sends processed signal g based upon the RF signals 412

to the MACHayer—415—TheMAC tayer—415—generates

timng control nessages 422, which are also 18

[0061] A process can be described in a set of rules

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

[0062] A block diagram showing the interfaces of the
access point 110 is shown.in FIG. 4. The illustrated
access point 110 includes various subsystems and
layers. An antenna subsystem 405 may include the
directional antenna 200b and supporting circuitry,
buses and 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
18



WD 2004/ 114546 PCT/ US2004/ 019601 sent to the antenna
steering process 420 in order to switch the antenna

wo oooshetsaéemi node or directional node when repUi/U804/019601
[0064] The MAC | ayer 415 al so sends data franes 429
to other processes (not shown). The illustrated
physi cal |ayer 410, MAC | ayer 415 and antenna steering
process 420 may reside within a controller 400. The
antsemnia st edrd regh Eroce s§ eA20 npyp e et r4kD vt lprder to

menory, .for exanpl e, whi may be a stand-al one ne y

or St tsithddtfod MR e Sl st 1 PSS L Foce
[ 0QR)n Thenantenna steering process 420 maintains an
"antenna tabl e or database” or a "direction table or

datl9edd" 425 hes MBG Uit Torf G alRe rrRAY RS ghegmes 429
quald ty ! AUSIRS, 216 Gy i ng]?}?étqthlgf%?sr‘éfﬁ@d()f

each reno on 120.  For exanpl e, ection

t alphey Ai25 Ivelya yed10r4l 0, SM7at i larydiD 4kl end arespondiingering
antenna direction (A B, C). for directio

ORISR (1D T 1 SHEIS GHOT TS T O ate B ¢ HEPe

antgna (i r&dd ongy igrdhes digaetion sabdeA2d havein a
been determ ned, the antenna steering process 420 is
usetkntary privceg dexatiplent ivgrath arenva ®otitand-abyng gnemory

t he__ant enn bsyst em 405., .If t ' uakity
nmeasurénent seCffslJ et o"{/lethalrbr e elt%ecfgegnsaén%lg’ t J?%es ) Iglple'
i ndicesNg t hete thetedighesietatia pateecadd@ maintains an

supported in the omi- directional_ npde, the ant enna
di r St THPHeADES 1T 2P dthi 2 di et ol (LS ©F
mode, + JO066] M o014 omi e R agr aphs deseribe yaghaus

techniques in accordance with the present invention
f orqualet twy mier sigrenen oy f €T meadeli deeinorenbeper nscans of

O reck] el ot Snfes G2k d oD ScsEpepALEL 10,508

spatdislle UYBIEL T YsiS@t € | Oa theshanD samd Thecsecomdonding
antenna direction (&, B, C) for directional
communications with the remote stations 120. Once the
antenna directions in the direction table 425 have been
determined, the antenna steering process 420 is used to
provide directional antenna control 427 to the antenna
subsystem 405. If the signal quality measurements 417
are above a predetermined threshold indicating that the
highest data rate can be supported in the omni-
directional mode, the antenna direction may be held at
the omni~directional (0O) 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 technique employs a

spatial diversity selection mechanism. The second
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19 WD 2004/ 114546 PCT/ US2004/ 019601 techni que uses a

sequence of probe signals exchanged between the
waecwedsispoi nt 110 and the renpte stations 120PCTTH82004/019601

third techni que uses control nessages (e.g., ACK or

CTS) to nmake signal quality neasurenents of the

recei ved antenna directions at the access point 110.

The third technique is applicable in both forward and

r evercdm idiveeaidan d i kguer] B0 p‘lﬂ‘tﬂaé iﬂﬁ@ndh@kﬂ?ﬁk@h&i’lged

assunes that current 802.11 devic ncor porat e

AR S (et VR Y Sk bl il ¢ Hapat ions

futypie 8GZ Lk eVl GesshsUAl 8fses control messages (e.g.,
802.11a/802.11g/802.1ln wll also support sw tched

di V8IS, CTIEh)e o meake exhoniafueriasl Hpplneadiecnénies <af the

120 h
B R S R R

anteiya 1sican ﬂéck&@ﬁgf@li§hﬁ§bwdam]rb the mmnmmakd and
| ayer protocol. Wth a directional or nulti-el ement
ant@rﬂ?&”?zc’hlr@%@qfil rjs%n]f%chm que can neke use of the

di vegod1y gﬂ[ he &t £0nRe POshit OB rrent
selectlon up ate 0068 Referrlng now to FIG 6, the

firgn2 t@cﬁ&mreesfumrmusam 4ot ¢rows . sTheched udivaredty

coCes RO 10, pelUdes B SO0 O LA 000, suon 2

corggol 18/ €00, 1 CONPO2 SEBn i Physi €8l shgyett 4301t ched
which is given access to the antenna control SI gnal s,
andlivewsd hayerThE G ugt Teenipes | by erPivti ¢kl %n@%ﬁ%ﬁ a

Seg%%ﬁ&@g sﬁi%fbﬁeﬂﬁétﬁ%s/ﬁuéﬁgﬁklég@%&eghét§§s§%1ated

gister A 605a' contains the selected antenna
positsant wahch registecrB. 606h' is consamad bheanthdateitial

anteqne, BosLLLO  ThE-BINELcol | AVELo 440, hacal 300D

| ayefydd Qo rSehes1 a difversityirectional or multi-element
antenna 220a, the first technigue 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 410’ 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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sel ection switch control signal 607" to the
mul tipl exer 20 WO 2004/ 114546 PCT/ US2004/ 019601 610

WO pooa/114ppé cal diversity sel ection control nmannRCT/USI04/019601
in this case, the diversity selection switch control
signal controls whether the contents of register A
605a' or register B 605b" are used. [0069] The
sel ected antenna position is initially chosen during
t hesTroert vior ke autdiierstll clitveard iass o lat ¢ toiron prattocml .mdieer,
candi dat e ant enna position is any other antenn
podith o (Hha (dfiSty d i LS Seat i it S nge) SWL

candifat antenna Rasitded dreahangat ddhents of
predet er m ned sequence, after a valid packet has been

r ecsigiett o Paf@@ia’norr reewishary P hiclkars yerda

pre m ned..tine -period. [.0070 . SUCCES

r ecgﬁ/ﬁi‘g a grahc eﬁe,l(?#ee(gp%rg/tse?}:na% ﬁ%ﬁl%ﬁ& gs%%%éiglly

r ecgiosash signalg dited idetwamt rdwCishdrsi gret 1 st fengddiation
signal -to-noise ratio,, nmulti- path/equalizer petrics,

et EHOHO ot Kt A3 i A G @ PheE MEE Ry other

Durd ngdhe }f@.s_cilﬁieiton recePilPihg the dhysieptedeyshaftlode) .
functions as i1t does now for” 802.11; that is, to

swiTtheh deetdietat ¢ rentteamna g siinioposs t¢lorsgedd i ase

t he best, ant.enn osition for packet,reception., Aft
vali'df eatc%?lr}eé%e%ﬁ%?{l%?/’ ?%eelgh%/s‘f%laﬁ 12yerS 2197 fen
t heresdginadd quial d tye et st CSed@ividdeatWwpantennator a
positions are sent to the MAC | ayer. The MAC | ayer
updaiete Rtk SR RREH &Mt enna  position and the

cangigag £ ant p%ééé%%%%ﬂg S8l eeied AnbeaRs: the

position is replaced wt est position based on
t heoldag icalece weed 410M sdrdphystetied | sy@raliguality

FLSILD0 sl sLep! S TR fe Ve P ACeR LM ig -

As st pthpd evi Obishysridd 5 deehni gye va@kgSantenna
positions to the MAC layer. During the packet
reception, the physical layer 410’ functions as it does
now for 802.11; that is, to switch between the two
antenna positions and to use the best antenna position
for packet reception. After valid packet reception by
the physical layer 410’, the signal quality metrics for
the two antenna positions are sent to the MAC layer.
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 understood that this
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advant age of the current 802.11 antenna sw tched

diversity nethods. It should be understood that this
WQ200MD14004/ 114546 PCT/ US2004/ 019601 first ter¢iU§L004/019601

may i nclude hardware, software/firmvare or

conbi nations thereof. [0072] Referring nowto FIG 10,

a flowhart of the above described nethod for

operating an access point 110 in a WLAN 100 based

upai rspatdcdhrdiqeey sidy widlude hahtdelssedsoFrwamd hei rmware

start (Bl ock 1000), the nethod conprises

corRFIMPRINAF Wtsh HfF St e station 120 using a

Cur[r(ﬁﬁzo]aw' Rfe thefidgeti onalg antenna 220k-hatt of the
Bl ock 1010. Scanning through a plurality of alternate

angllesveofddadrer idig atdtdral 2ot eyper 220k far access point

co icati j t e renpte stati f‘gl - ' th

pr 1e* iasq@;é{\ﬁ olrrbrgegyaa “BI'gek ﬁ%to egép)lec |énggy WELL be
Si gited sud LRl Viatbyitthd het ottt r @fllo@ingl@o@nd tie method
plurality of alternate angles fromthe renote stati

12 0° AR s QU B ok 1058} B i e e reahnt efﬁ‘o
; ngscléﬁgf ento.anglif anpne of the Pl idyaofamdéehaasgon

es 1s selected at™ Bl ock 1040 as a preferred angle
based Ripork tHE reasirath Signaisodor zantipul Hygy of

co nications wth t renpte stati 120._The h
b B SRR (0791 T e T Sohrs HiR 720 0
bas@shportdthithg twais Mi1ss | Semdbye t fitn Bteesb2@odutiddOthe
of RTS nessages to the renote stations 120, and,the

r ecRRAHN D L TES - fRERedeat (P hochi 1029 | P eRpohsES by
the,ramore Slaliohs v10 e sceess:polhle Jhe 802. 11

st an r al’'so defi nes a proope request propbe response
exohangel ivhich dktetypicathylaselrdy rteaorenstat sbasion

129,48 S Aias e, uelLi v o LR 1oL DBl

tO the current angle or one of the plurality of alternate
angles is selected at Block 1040 as a preferred angle
based upon the measured signals for continuing
communications with the remote station 120. The method
ends at Block 105.
[0073] 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 transmitted in response by the remote stations
to the access point. The 802.11 standard also defines
a probe request/probe response exchange, which is
typically used by remote stations 120 to determine the
quality of the link to other stations 120.
[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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determine the preferred pointing direction to a
selected renote station 120, as illustrated in FIG 8,

w0 b@4acsess point 110 transnmits a probe requesPCEHUSINA4/019601
22 WD 2004/ 114546 PCT/ US2004/ 019601 805 in the ommi
pattern-and each of the potential directiona
patterns 130, and neasures the signal quality of the
probe response signal 810 sent back from the renote
staosonnltfAewbinhe ppetarhngniinekhkd orfespecrioyential

t . [0075] Me f
101 CRERRODALS PR hBF 851 LRP a0 Bt BERRTGGS LhanTREL

di %ﬁéﬁ&f:% osckget heBpteebppgHecdeseghihediabeeat Baick from
second echnique is preferably enployed at |east once

| nh’ﬁdi ﬁﬁ@byeaﬁtétlanr &bt ¥hddat PBRTEEG Has Naddbei at ed

W th the _access,paint 110. However, there is an inpact
torﬁéPﬁSF%VSfPFgESﬁgﬁ'using addi ti onal probe ™

r equegs/pr obgcuespenseatsi giakie sbutretshess eexoraege 810

may be infrequent. [0Q7

6] Ref [
f | BdRal-fist 2 ﬁl@rea%&éa&ﬁ& Frpoe Ii%ﬂwngga%grt%&ié’tleir thY
ansggg%%ﬁoﬁfkgghn%ﬁgei@e%c%&ﬁ@dl%%o&%ﬁedTM%EWé@dﬂﬂd

signals w i'scussed. Fromthe start (Bl ock
11@exhntik@endishpd e ferapiliys esrdelvect iatg l@asdnsiee
station.120 .at ock 1110, . tr Lt fdr ohe

si éjﬁlﬁ‘[e%\}ia%etlléfe a?%r?ir AngiEo5F St%[]é:cméaltnr &% glr?zﬁ aZ%}StOg}lna d
22Q8 t1ho thike s8jeet edinenui®. staticoremt Bleosk 1120y impact

and neasuring a first probe response signal .received
viﬁotm§QW%W<éﬁ@%@%ﬁqﬂﬁﬂ%@fwééiﬁﬁQ%?qﬁ$nﬂﬁ9Qﬁznion

{g%g%%%k@g@r%bteh9efsipro§1tseo§q%§1alsg 9Nt alhdd Ok diles may

_ Spective secon obe signal is
t r &as dintfreditatmtBl ock 1140 via each one of the

glntj[ré)%lr']gl)zlzonge%errercltnigorlllaolw %rgquE%.Ofllt,hea q&fo%%ﬂa%@'of the
above described method for operating an access point
110 in a WLAN 100 based upon probe signals will be
discussed. From the start (Block 1100), the method
comprises selecting a remote station 120 at Block 1110,
transmitting a first probe signal via the omni angle of
the directional antenna 220b to the selected remote
station at Block 1120, and measuring a first probe
response signal received via the omni angle from the
selected remote station responding to the first probe
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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to the selected renote station 120, and a second probe
response signal received via each directional angle

WO p@ni1i45e6 sel ect ed renote station respondi ng tRPCT/H82004/019601
respecti ve second probe signal is neasured at Bl ock 23
WO 2004/ 114546 PCT/ US2004/ 019601 1150. The nmeasured
first probe response signal and the respective
neasur ed second probe response signals from the
sellacited rErtneesimtddE ik armolst arethbomsans amtahnand the
dat abase at Bl ock 1160. [0078] A preferred dir,ectiong%r
andlSEHRGTC tife MG BB P T STt i GIPAZST sS5812ct et O

at {Bloodde 1LAQ g based dpan i, neas W ed sesend py obe

response signals. The neasured first probe response

si gmdlerfyepatiadasmiat dhglak ikl&bnpared at Bl ock 1180

W t measur.ed secon robe response Si | m
théﬂgbggerregg]%ﬁ%éﬁﬁﬁﬁﬁtilﬁﬁﬁ;%ﬁaﬁike??$%?@€$d%ég

Si grelle anpriaest @ staquestt2m-isentk &Sy d nes seheclantil 70
the first probe response signal conprises a _

cl EFSGD-URGTY YT e FHHSAFRECH HiBL RS, TR FRORER ofrggnals.

prahe signal &PNPriseSrdk @ém%@mﬁthﬁoﬁ%@%wi

probe response signha conprises a CTS nessage.
om@Englreyliess aromprerepralf dilrark di¥&Qtwbbal thegheasgred

sel ect ed, at ock 1190 based -upon theh%o a£éggefor

I P
comTTIhd R FENThe T Th The setedied Fehdt e
st afii r@ttliztha Then s hodriendsi rat Btosk d19%a1[OOMStises a
The third techni que exploits the control franmes used
i n GRSRIRE Ede e h Rt SREh AMe EHekebsrshoPRePa 10

andrdéélbﬁor{)mjfgégfté&mﬁg%o dhifed £CONi QMg (BYsPe

use oth forward mmuni cati ons and reverse
| i miesconyrIni catnioisrl b ndes thecal@grrolbe sehgnal GIS@)prises

and a w edge (ACK ssages are sent_at the | ower

P e B SR e S
comprises a CTS message. The omni angle or the
preferred directional angle is selected at Block 1190
based upon the comparing for continuing communications
with the selected remote station 120. The method ends
at Block 1195.
[0079] The third technique exploits the control
frames used in normal data exchanges between the access
point 110 and the remote stations 120. This technique
may be used in both forward link communications and
reverse link communications. Since the clear-to-send
(CTS) and acknowledge (ACK) messages are sent at the
lower data rates, the access point 110 can use these
messages to compare the omni pattern 905 to the
currently selected directional pattern 130. This is
illustrated in FIG. 5A with the dashed lines on the
antenna selection timing. This can serve as a method

to determine whether the currently selected direction
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nmessages to conpare the omi pattern 905 to the
currently selected directional pattern 130. This is

WO bdwat4sad ed in FIG S5A with the dashed |ines PeT/U®04/019601
antenna selection timng. This can serve as a nethod
to determ ne whether the currently selected direction
24 WD 2004/ 114546 PCT/ US2004/ 019601 130 has
mai ntai ned its advantage over the omi- directional
pal3erima 90baiTha snadvans agévastagei edprythpasadiopon a

predet er m ned t hy eshol 0 vent . fr : i tchi

D SOLel ThAe ALEEEDol Soko PEYENL. LREANEN. S WL ShLgy
quakity WBLAT £Spr&8880tnEREdexnrpbRolduEbNg rehen€TS
nmessages, the omi-directional node may be used t

r eCeegecthi swikebingebebweanchrat 8naeRPRsPASIEGHAS Paving
qual it a 2+ Durj : ACK nessage, a test

an %ﬁﬁ%arg?%@%%ﬁgﬁﬂééiEgehggggggé receive this nessage
to[ooabyul at Boa seenpdesi gnalinguahkt ¢TReassseges,. the
Conparison of  the firat and second .si gnal %ualig%.
mealsh} efEAESTI SNper FEPReleEniCatist e M AECTON S & Hade

aspLo-whet ber chheut gsk anterna dibaeli enadhey d be
stored. "That is, whether the directional node provides
i a

a méglheregahh-t hanrongi thier BEK BRaPaFGde 2 EGFrad
may,.al sp.be perforne e di.f.f:er ent
diﬁéf??gﬁgp ggﬁt%ﬁnggggrégfggﬁ%&gfog@f% T g?@ﬁﬁ%tfypes
of cABasuUkesERt Scanfld cdnpali sons imyy ree scorrdiectted

during a reverse |link data transm ssian s sh '
FI EoMBBripaRi ARG he AEKSthedgagec e S 9&’@33 qpuo"’}%mi}lgo

na%e%@h?%h@h%sai%i%%@for%%@l%bﬂ.%E@%ﬂéﬁﬂﬂﬁaﬁﬂﬁh is made
conpare it to an omi- directional node neasurenent or

ot her tdi whethemalt hepde s tmeaggnae St.r eCoHiPar i SuHE

e Gt 78V, SOHSTALy ERTMLARY S i rovies
a higher gain than omni-directional mode. Comparisons
may also be performed between two different directional
antenna directions.
[o081] The same types of measurements and
comparisons may be conducted during a reverse link data
transmission, as shown in FIG. 5B. During the ACK
message, the access point 110 may calculate a signal
quality measurement and compare it to an omni-
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.
[0082] The direction table 425 in FIG. 4 may be
augmented with signal quality measurements from the
process or processes described above for the omni and
selected directional antenna pattern. If the advantage

drops below a predetermined threshold, the access point
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before scanning a different antenna direction. [0082]

The direction table 425 in FIG 4 may be augnented
wowak/1sisgeal qual ity measurenents fromthe prBPCEES2004/019601

processes described above for the ommi and sel ected

di rectional antenna pattern. If the advantage drops

bel ow a predeterm ned threshold, the access point 25

WO 2004/ 114546 PCT/ US2004/ 019601 110 reverts back to

t ha 1omiieveattec iaok ard ther foonmis srleantanmmd ggchorms an

using one of the first two techni ques . describe .

D GTS TTGOREE T RIS \#Er Sk M ot SUA | Ore Pisbynes
g0e% s AR A APRWRS.- save node or has |ong idle periods
with no data transfers, the access point 110 reverts

badl0Q83] t he Iomeiassat téyar s dhec i taniim tHe et eces
T10R] @ HENEIS RS Rl Ya 298] Nodd' S AP A38y RS wich o

_ r er antenna se
Referyd ngamidre ,FIES e d@int esiectéwerts back to

flowharts of a nmethod for, operating an access pojnt.

126-hen AN AR TG h & E TRt conthdt FrameeTe £ 3 Wat

and JERISHdd ek Wd lader di sausseshe 58 g ide Sl@rhay
(Block 1200), the nethod conprises receiving in the
f orpgarftbdn ke sintcoma cdedradme via a first antenna

pat of the directianal ,ant b th
et ot G20 I HBbc TOR0S ad THhnoH (FPRESEive
firstowdtade J rae nedhedl resmtepstatinn at Btoeks 12300t
and receiving a second control frame via a secon

d
ant’@thaln pattleith 10 RS rEett drfit -5t &NEF ot herward
1[?:%& %ﬁ%éoﬁogﬂlk@wfﬁ 523041 A-signal apabhtynef sther

rame received via the first ant enna
pat tRlrack dRD® sitgralmnefiadd t gorpri s seeopdv Ebnt £l the

1o S5 MG VIALNE S5O0, a1 o ol oL Bt Cantcna
si ghattaaldf i18fe directional antenna 220b from the remote
station 120 at Block 1210, and transmitting a first
data frame to the remote station at Block 1220, and
receiving a second control frame via a second antenna

pattern of the directional antenna from the remote
station at Block 1230. A signal quality of the first
control frame received via the first antenna pattern
and a signal quality of the second control frame
received via the second antenna pattern are measured at
Block 1240. The respective measured signal qualities
associated with the first and second antenna patterns
are compared at Block 1250. The second antenna pattern
for transmitting a second data frame to the remote
station 120 is selected at Block 1260 if the measured
signal quality associated with the second antenna
pattern exceeds the measured signal quality associlated

with the first antenna pattern by a predetermined

26



associated with the first and second antenna patterns
are conpared at Bl ock 1250. The second antenna pattern

wo ero4tirsmem tting a second data frane to the rRODUS2004/019601
station 120 is selected at Block 1260 if the neasured
signal quality associated with the second antenna
pattern exceeds the neasured signal quality associ ated
with the first antenna pattern by a predeterm ned 26
VO 2064 d 114 54 6T HRCTY 1US20 040 01 86D 1 £ r éthe eshob tivedheofprsses
control frane rg&eived conpr

Ises,  a clear-to-
ned sahRA T Ak T §Eﬁﬁﬁﬂg%bn??€lt??aﬁ%co?%cgg%éggg frame
COP@&&§@§dHEoﬁ§£f9¥éeQ@e@@nﬁoﬂﬁééggﬁenﬁhﬁesaaghod £hds
at Block 1270. [0085] The nethod for operating an

acsessoponds 120 Bleckh Y@M 100 based upon contro
frf&@gsin the LeYeLsey rLpk gngE&ﬁﬁsanQ?bégg sbant 120
(BFoC 3 tr r

300), recerving a rst co ol ane via a
fiistaantenNROPabsect opotheonticoécfiremak ant éhrarg2elyse

fromthe renpte sfation at Bl pc 310, smtting.
setbhll EBHPFoPefr ﬁ%mtBb?h@taangPiogga}ﬁéﬁ atIEFS%%l%g a
1320, sandohersi ViRgna fihash rdata HhaBBnYi padteeaodd the
antenna pattern of the directional antenna fromthe

r edbrectiathbnanteBhack20k38ponAtEpgHaNO§GaFEay 6P Bite
first | . i ved vi h .
ngiSFEOQEQB L£gnanE€ESPY$ys%F%PﬁeQPB%E§E ghLeaNd s the

a srgn qua Irst data frame
regeinved vitatibe secBhdckamBennaapat treceisiegmeasired

at Bl ock 1340. The respective neasurgd si gnal
quaPtei E52REsBERale8SHPEA 2PRENRAr BAT ﬁ&nsggoﬁ&e

angenpa, pPahLer DR+ 8heaCeMBAr dcatemBliacktld33@n HReBlock

secongéantenna pattern for transmtting a second data
fr a880by Rheigoeésgupdiihy ©f0the thestr epptacdt &HE

1208 tueched gl Bhok 1360, Checmesyied wgpeh
exgeads thhermeasuredssi gagk @ualet yeceived via the second
antenna pattern are measured at Block 1340. The
respective measured signal qualities associated with
the first and second antenna patterns are compared at
"Block 1350. The second antenna pattern for transmitting
a second data frame by the access point 110 to the
remote station 120 is selected at Block 1360 if the
measured signal quality associated with the second
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.
[0086] The fourth techniques is a hidden node
protection technique that provides a protection

mechanism when employing a directional antenna 220b at
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associated with the first antenna pattern by a
predeterm ned threshold. The first control frane

WO e@ailvasde conpri ses a request-to-send nessage, PENUS100€019601
second control frame transmtted conprises a clear-to-
send nmessage. The nethod ends at Bl ock 1370. [0086]
The fourth techniques is a hidden node protection
techni que that provides a protection mechani sm when
emihey iatgas digagett Al tantrenhae220b «tir2haMe the
2004/ 114546 PCT/ US2004/ 019601 the access point 110 to
r e ARG 1R ndtiel e DS 1 &t P fdesrnen

H dggn nodesrs aarur-en Aokt iddds afad hgn re®teetwork 100
stations 120 in the network 100 can hear

corramitestt argbativedn artie hedoesn pdigtaadess arfitnt 110

sel encé ead sr e_LnDctteeo?traetIﬁ YL ]S%:%ttl d f r ea(r% echéf@ﬁ?re, those
t hdt Cahndt fear- can 11 ansm en t’he mediumis in
usehakhisargams ese 00l ddrsitnsm sopat twicen athey mddidre is in
access point 110. [0087]. When the access. pojnt 110 has
dat#Sor Thirarsh e 6P ol s PehotRASHH T 12T tHe®

condrQls s EPGass et s the selected antenna direction
by scanning the direction table 425 in FIG 4 to

detE08He if Wher eharacgpmemiat HRidnhodrisa For

ex | e, the access oint 110 may | f r

o e T e Btk e T T8 e SR for
sel@ed etk and enhac ek rectd oed 410088)a Ref esct hgn tioy t Heanning
timng diagramof FIG 7, if the control software,

det'diqr Hese ¢ HERD aL PotRr2 %117 LG hi Hden FoUREERest§, there

t h%ﬁéﬁé&@@%{%&é&%ﬁ r$daed I ansgh t S 8IS, Messagect 8s

a kno unuse ess using the onni-directional
nmodsooft t he0 amenheo R20ar rdhdse psozesensety@sinothel |

Il _of th te statj 120_ip_t twor k_that_ap,
R e e R

excheoge] | S frOFsSPEOng The @€esStming 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.
[0089] If the control software determines that there
is no potential for a hidden node, the access point 110

may not send the CTS message and communications may
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point 110 then switches to the sel ected antenna

direction for the intended renote station 120 and
weormnunise@t i ons proceed. Anot her approach to pPEWERLN0HII601

t he hi dden node problemis to performa four-way frane

exchange protocol (RTS, CTS, data and ACK) with a

desired renpote station 120. [0089] If the control

software determnes that there is no potential for a

hi ddentnbeedt heeagcesshpohat amessrrayimbt 1d@ndntrana set

CTS nessa and communi.cati o 20 4/ 114

PC’TPU@?@O%F@EQGO@%P&FPH mnlggl 51‘%?15?\% geaggesgrk

poLpbrddBiantepnarseheskagkheanr @@eéddllrl’e%@;teldoﬁlo lthe

required by the network rotocol, the RTS nmessage can

beiatdndsdedersivhe, FREEAEEHTr dBePVERS Ff@@@@ﬂleng)a% &°

acknomﬁégg%sbﬁgﬁnEo1lbhgsagﬁe§§kﬂghﬂ%d%%%e%§ a%s shown in

as Sshown [ 0090]
t hatrGi. n51Ahe process described in reference to FIG 7,

ff d RTS
Cr ARORPAL oa D CEnEVAcags Thi AECTED® SPRed TRE TS

mess2gechs.cakl, %ﬁ@t 7S REFRSIBNY:yt Q SCARPR oVidE SNt @he
stations 120 to hal't transm ssions. The renote

st &fBomes2@giendisc aodd tiranshé tpds &ot ithe greaess point 110

st andard 2‘(026:311% %re%ts%c%l llge% gl o %urless n[%%gg%%%%} fHftause

recerv at a r ane.
Reftelrer Ir@glolt@zwstt@ﬂo@s Mo aof Ih(a\ﬂxtha:rrtarfsmlsalplersatl Mghe

an access point 120 in sed upon _ .hi dd
nod&meECogriatiion vid9 lB’éi &3% %ﬁ g[rR ltosﬁeé: :'sotnarctefn the
( Bls%%‘ﬁd%g%o)802t I'le:lb RAOHYHRES LILAUINE AN specified
ant enna dat abase by associ ati ng between the access

poiremot 0 sauactlentlrercam’te@ sthet idertal Z0-ama-espect i ve
TG SO B T, Ay
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 associlating 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
corresponding preferred antenna pattern to communicate
with are selected at Block 1430. Based upon the
antenna database and prior to communicating with the
selected remote station, it is determined at Block 1440

if any non-selected remote stations have the potential
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nmeasured signal qualities are determ ned by the access
poi nt 110 based upon communi cations with each renote
wat@titors4d20. For each renote station 120 a preCBUSBA4/019601
antenna pattern based upon the antenna database is
determ ned at Bl ock 1420, and a renote station and the
correspondi ng preferred antenna pattern to communi cate
with are selected at Bl ock 1430. Based upon the
antognma td aleahas envant pHeor sterhc armumirciats tnigone tadreitdwel 1y
sel ected renote statjon, it is determ ned at Bl ock

148G Y5 -any Hich ISl tEd NGt TS have e sured
potential 23 1UP 2004 4r46: REHHISZ04/Q1A60d 4 afntdiina

bei ng aware when such conmmuni cations actually occurs.
Thiplﬁﬁt@rdwetfemﬁ‘aieaj 9yl axpshrremy teh & trddsur edl thsi il

qgqual it ssociated wi th .t. r ef ’ t L

o R NG B P S o T e TRapeatt Ve

Si gRale e itdres cassnci afred widrh thiemgndibe sedmet@eferred
renote stations when using the same preferred antenna
patere iy FGIASU%- there is a potential for a hidden

NogRypgdhen is proadsasts ate Bl ocks 148 node,
mg@catl]ng that the access poi nt a110 and the se| erclz? gsed
r erdtesy s treets YL 205 dreoadradmivni Blea@k w430 oiedicating

anat her. ,As noted above,..thi s br.gadc By, be | he
f orm Hif Aoty S8 c%le&ar%q&g-tgiend Essage J\%ﬂé %e
ONMY+t AN ENNR 0 Patd erd d@miel demotvel gt abnensndZer TheAs

CTS has an unused address that does not corr sPond to
any:agfed r@ovwk@%t%%ﬁ@%tzmaw%rh%ﬁ%|§? of an

fo ﬂ%%ﬂ&éfﬁﬂﬁfcf%§¥k &“ﬁgégaé£u§&acgﬁé Sahf Senna
A I's performed wth the selected renpte station

12t qarrevient t hdererhd del est aioiden Hri20 em T eCHet hadl an

ends at ‘F%ﬁ( 146OJé {)O 593% Wiile this irr11 e@(t)i on hgf the

beelf9 i MWERTY Cish Shd YesTri bedP W e h 7 ef &Y efces

to juefied rehtions 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 may be made therein without departing from the
scope of the invention encompassed by the appended
claims. For instance, the access point is not limited
to the IEEE 802.11 standard. The antenna algorithm for
an access point as discussed above is applicable to
other types of local area networks, as readily
appreciated by those skilled in the art, such as those
defined by the IEEE 802.16 standard.
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enbodi nents thereof, it wll be understood by those

skilled in the art that various changes in form and
waledoaili4s46ray be made therein without departi ngpd¢T/Oo82005@€19601

scope of the invention enconpassed by the appended

clainms. For instance, the access point is not limted

to the | EEE 802. 11 standard. The antenna al gorithm for

an access point as discussed above is applicable to

ot her types of | OCEBHABIWHICHRtIT®r&AINED rBadi |y

appreci ated by those skilled in the art, such as those

defined by the | EEE 802. 16 standard. 30 WD 2004/ 114546

PCT/USZOO4/O@9601A-Hé%Bdﬂmfgﬂ|d§éga%ﬂﬂ§3éﬁiadce§% point

met hod for operating an access point in a wreless
| odal aaméaedetworloqAl ANea tied waddesdTLAYDi ntthe access

conpr.i si ng_a _directional t. f i cating
wi TR FRIBFISHES Emote it B THE et Hod
C O RRinSinAga td eRyTiitdatd thg asistth drikke ramdteastt aonieon endie

station using a current angle of the directional
anfiSined SCHRFLTY T alternate angle froma plurality

of alternate apgles Oftihe divieaHonal aHeNhd OFemote
conmuni cating wth the at” | east one renote station;

measartiing nespects veusigralanalec el i ediayi i teet L gk ent
an%{?{eC and the alternate angle fromthe at |east one
re €Yt i on; and selecting the current angle or the

alternate an@fshrisi o ef ergwdangleybastcbmpornolleality
measured signals for continuing communications wi%(l)wr

t hefarltemrtomndantd dh iBred iRkt HFrra
aceOp g d AQRch Wil el 14 ddectdpbed sniens;
conprises at J] ast one active i
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 a preferred angle based upon the measured

signals for continuing communications with the at least

one remote station.

2. A 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
one of the plurality of alternate angles comprises an

omni angle.

4. A method according to Claim 1 wherein

selection of the current angle and scanning of the
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el ement and a plurality of passive elenents. 3. A

nmet hod according to Claim1 wherein one of the
w@bamalk4sty of alternate angles conprises an OPEI/US2004/019601

angle. 4. A nmethod according to Caim1 wherein

sel ection of the current angle and scanning of the 31

WO 2004/ 114546 PCT/ US2004/ 019601 alternate angle are

performed at the media access control (MAC) |ayer of

t heaicesstpaimile mrd peet hothad cor dilng hedChabordss

wherein the alternate apgle is selected as the

pr F R TRt aﬁﬁﬁ’c‘e) e‘{?y?%eoﬁe%%r%%c%?@n%?l%gsoci at ed

therewith exceeds the neasured signal associated with

the current angle by a predetermned threshold. 6. A

met hod according th '@iEied 12okerélrd heaSlaifgltHeerein

respective. si I S 1 Qi 0

of 0% Gt G PR e TR H G Caf B BLebeesta®iigle

carif efhd andédd erd@rengeal adsoochntedetlgyrpeithbi exceeds the

ratio and a sjgnal-to-nojse ratjo. 7. A nethod

acdBRHT WL S I ASHPetef 7 Ebhuhit@afthgSt ARERE PV @

at | easd. ORRi feOtierS4RE1QN is  based upon an exchange

of ‘packet data conprising a preanble and a data

frame; and wherein the respective signals received

via the current angle and.the nat e e-a .

nmeasur ed duriag aqgé%%e%?%a%%?%gagsgA?%e 2ggha%cg§85ﬁén

t 0 fd@dmr inyher€i fesseanivagsihraabt eomptésangbetermining

conprises scanning a plurality, of alternate angles . .

dur?hglehet same %Ee%n%?%?lvéﬂdshﬁ%?%iﬁtFﬁEgﬁﬁa%gPFﬁatlon'

conpri Pfi@?ﬁ§H£iH?erf§§Q§§é'¥§t§b9n§hseﬁgﬁng§@er§t

each alternate angle during the sanme prea e from

t heratid easd @neigeabteo-soaseonatdothat the current

angl e or one of the

7. A method according to Claim 1 wherein
communicating with the at least one remote station is
based upon an exchange of packet data comprising a
preamble and a data frame; and wherein the respective
signals received via the current angle and the

alternate angle are measured during a same preamble.

8. A method according to Claim 7 wherein
scanning the alternate angle comprises scanning a
plurality of alternate angles during the same preamble;
and wherein the measuring comprises measuring
respective 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.
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plurality of alternate angles is selected as the

preferred angle. 32 WO 2004/ 114546 PCT/ US2004/ 019601
w@200/1mst60d according to Caim8 wherein the PCT/US1004/§19601

of alternate angles are scanned based upon a

predet er m ned sequence. 10. A nethod according to

Claim?7 further conprising storing the preferred

angle of the at |east one renpte station, and during

a next prean.e, tzhenetdtaat edtquretfierg e dhiglien bk comese En

new current angle an the steps .are repeated for
seld& ipﬂﬂﬁaﬂétg’eﬁiﬁteerﬁna%gﬁpn@]ﬁs t%é)asf?ael?rh%(?ebased
anglfn bl pRdeidhed R yddinithdo, G aim 7 further
conprising storing the preferred angle of the at | east

one renote station, and if after a predeterm ned

amount  of tijge ng @[}ee}]/%e}%g:fkaeéc&g%{rig}%sté eCLl M0y by, Lhge -

access point,, ‘then ore rred angl e becones
a rewpriwirentstanglrey artcte tdee Sepsd aargg Iepeatede fat least

sel ecting the new curren ngle or the alter e

andi"e TERONR o he Bt i‘ﬁbtg]trl"g d diT% 4 %%E?‘Ig?ai]e’ t Hee
aACCaSS RPIgHe A5 1QRETAIG NG hasatbIpomat ¢easén®NengPé and
an | EEE 802. 11 standard and an | EEE 802. 16 standard.

13.the redtemed Sy wprmattdhgi an skesElpdi pie new gcurrent:
wrel ess | occé}lloe arga net.wor k VéLAN), t he access point
a di

Co&ﬂq elnogr ernate anagl

a . . .
rectional” antenna for comunicating
with at | east one renote station based upon an

exchange of packet data conprising a pre | e _apd
data frane, the n&ﬁ%t%ﬁ?%?%n%oﬁﬂu% Cor- 1l EgEV\fﬁﬁer
the. @ol 8aSty WS F &P E e SIALFOPC &S| DYy Pe CHET ERE ARl Bast
of t[ﬁﬁepdll recti onal antenﬁ% during a preanble; 33
one remote station, and if after a predetermined amount
of time no new packet data is 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.

12. 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.

13. 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 exchange of packet data comprising a preamble
and a data frame, the method comprising:

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

antenna during a preamble;
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WD 2004/ 114546 PCT/ US2004/ 019601 scanning through a

plurality of alternate angles of the directiona
wa@pienng4d or conmuni cating wth the at | east PEEUS2004/019601

renote station during the preanble; nmeasuring

respective signals received via the current angle and

the plurality of alternate angles fromthe at | east

one renote station; and selecting during the preanble

the current s&ﬂgh&n@rt@m@u@h bh@lpk@ﬂ&h@tpﬁﬂélternate

alternate angles as a_.preferr angl e based upon the
RS RS I S R g i Rl S
thgiah keastroneassenphe r%h@&b@%takﬁon“dﬂﬂﬂﬂ@jthe
according to Claim13 wherein the directional antenna

coppepgbdeat | east one actlve elenent and a plurality

of passive el %g%g}llﬁhﬁé eﬁ@r %ﬁ‘@ AL LARIMa the

13 wherein one a ternate angl es
CORRIrireas armgl@malncangiee pllﬁra]A‘dyetdﬁ)(hlaIHIU‘rachmgiItgjles
Cl aim 13 wherein one of the Iurallt ternate

anglre8 {§esditedted adn S HETHY gﬂ%@%f t he
measur ed si gnah 2$SQE] 2hed nd ft@{eewéan@qqeeaﬂﬁe tderrent

nmeasured signal associated wth the current angle by
a @n@d@t @rtmorm@d Otﬂwrté@hmldlraﬂﬁtyA qfeteHlde wetor AHgLeD as 2

d
O lml3 whereln . TRASH 10! 19, GRRECHIE S5 0081 S cor

at east one o1 a receive

Si Qﬁ)@lltlslﬁlrl@l@gtdbrdlﬂiﬂilctﬁiﬂl@hs A tdargticerat atéadterdes enereote
rati o, an energy-per-bit ratio and a signal-to-noise
ratSt@t1o%4 WD 2004/ 114546 PCT/ US2004/ 019601 18. A

nmet hod according to Claim 13 wherein the plurality of

alternate angl es are scanned based
14. A method according to Claim 13 wherein

the directional antenna comprises at least one active

element and a plurality of passive elements.

15. A method according to Claim 13 wherein
one of the plurality of alternate angles comprises an

omni angle.

16. A method according to Claim 13 wherein
one of the plurality of alternate angles is selected as
the preferred angle if the measured signal associated
therewith exceeds the measured signal associated with

the current angle by a predetermined threshold.

17. A method according to Claim 13 wherein
measuring the respective signals comprises determining
at least one of a received signal strength indication,
a carrier-to-interference ratio, an energy-per-bit

ratio and a signal-to-noise ratio.
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upon a predeterm ned sequence. 19. A nmethod according
to Cdaim1l13 further conprising storing the preferred
wargkalssiic t he at | east one renpte station, anPCTiUsi004019601

a next preanble, the stored preferred angle becones a
new current angle and the steps are repeated during

the next preanble for selecting the new current angle

or the alternate angle. 20. A nethod according to
Claim13 further conprising storing the preferred

angle of the_at least ,one renote statiaon, .and if .
after a pr edé{%erm' S TR RCCS W%%%g&ﬁae]ﬁ Sjaéclé” erein
datad $1recaiived J1y dihe reeessneistard hamiihel siafad
preferred angl e becones a new current angle and the

st apSnare DrEFeiee@ingd MEBWRGa- preanble for

sel ecting the new current angle or the alternate

angle. 21. An access point for a wireless | ocal area
net wor k (WLAN)O .compmiesimgt aacadinctictg drval Clamire nhd; fancher

a contraqller connected.to said directianal t enna

f oC BB FHUoY %ed RS9 Al o i gt east
curdntraR@ee ofatihg, dideetduanalg antenna d@&famble, the
communicating with the at | east one renote station

scanminey ardflamrathtan@dgylkedansd & Phuralyignipfangle and
al t.ernat.e _angl.es of sai 3 4
T Rat oA Poes £ R st iR B e boreanble for

corsalicdaliNghd trtew thersdnt easiloner remtel séataion, angle.

measuri ng respective signals received via the current
angle and the alternate angle fromthe at | east one

renote statigQN, afGiethod according to Claim 13 further
comprising storing the preferred angle of the at least
one remote station, and if after a predetermined amount
of time no new packet data is received by the access
point, then the stored preferred'angle becomes a new
current angle and the steps are repeated during a next
preamble for selecting the new current angle or the

alternate angle.

21. An access point for a wireless local
area network (WLAN) comprising:
a directional antenna; and
a controller connected to said directional
antenna for control thereof, said controller
selecting a current angle of the
directional antenna for communicating with
the at least one remote station,
scanning an alternate angle from a

plurality of alternate angles of said
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selecting the current angle or the alternate angle as
a preferred angle for continuing comunications with

w0 b@4at4sheast one renote station based upon tPET/US2004/019601
measured signals. 22. An access Point according to
Caim21 wherein said directional antenna conprises
at least one active elenent and a plurality of
passive el enents. 23. An access point according to
Caim21 whetietactnmadf arhteerplairfdi tgomofural ¢ariag evith

angl es conprises an ommi angle. 24. access poi nt
accordi ng to &%ith g]iean%]é?rbﬁgﬁf%?ztae c%ﬂﬂjo??’er
conprises a physical | ayarsianthg a-desh e AEEES5gEOTE I Ol

(MAC) layer, and selection of the current angle and
scanni ng of tiRcelted et iyl @rEgnt pErdbe nddd athe he

VAC | ayer. 2540 Access, ol iy 6G0dINg 10,8 8l erote

25
wherein the aﬁjterna e angle is selected as t
preferred angieathyorsaiahdontrol l er if the neasured
signal associated therewith exceeﬂf t he nmeasur

ed
signal associ ated wit B3HETIHY eft® angfeshy ardle or the

pr edet er m ned, 1 ¢ b eshol £hgB6 WD 20044 AdABLE angle for
PCT/ US2004/ 019601 26. An access point according to

C ai m 21 wher@dmt el e asemreeh 5¢rbPes cohph | ske agt least
| east one of & regsived.slonal SLIEAdhoh nEhEaL obnr8a
carrier-to- ifterference ratto, an ener y-per-bit

ratio and a sigmalsto-noise ratio. 27. An access

poi nt according to Caim21 wherein comunicating

Wth the at | east one renbte station is based upon an

exchange of pagketpdaldce SO St NYcBoPHERFILS @ndia 21
data frame; and wherein the
wherein said directional antenna comprises at least one

active element and a plurality of passive elements.

23. An access point according to Claim 21
wherein one of the plurality of alternate angles

comprises an omni angle.

24. An access point according to Claim 21
wherein said controller comprises a physical layer and
a media access control (MAC) layer, and selection of
the current angle and scanning of the alternate angle

are performed at the MAC layer.

25. DAn access point according to Claim 21
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.
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respective signals received via the current angle and

the alternate angle are neasured by said controller
walxongisas same preanbl e. 28. An access poi nt aPCDUS:004019601

to Caim27 wherein scanning the alternate angle

conprises scanning a plurality of alternate angles

during the sane preanble; and wherein said controller

neasures respective signals received via each

alternate angle during the sane preanble fromthe at

| east one re ée station so that the current le o 1
one of the %D T alftt VOIS RN S QY e st%ztpga&%dﬁ

as He-c i efis r@bm&-si@aam EEGESBs PO N1 RESOTShAGof a
to Claim28 wherein the plurality of alternate angles

ar sl s vl UponEpricgti @ oied & efriehter ~BoT

An . ' ol di i 71 Wher e i d
contr o S it Se MR o R b T A

pr efignrdd-tav el of tdiei@at | east one renote station,

37 WD 2004/ 114546 PCT/ US2004/ 019601 and during a next
preanble, the stored preferred angle becones a new

current angl eand ghe;steps @t epededindyrSactaim 21
controller for selecting the new current, angle or

t hevhd ek at @uapgl @at 319 it acdes sapol e staced? dr g £o
d ai,m. 27 er.ej i.d . c r i y
LR Ay WEELR g polh Sl g gOTRE | 568, 8 TATL
r emdngoisiain®ns pasuhbfe afriidra adptredet @neat nedd anbenéin the
of tinme no new , packet data is recejved

by sajd
COTTITENL TS HRHTAhE KRR DI prEtor red GNP bedbibs and
new i cUrd el - gk ex e 4 he R epsrad epy epsat edoRyrsai dr

controller for selecting the new current angle or the
al termete angee B8eamble.

28. An access point according to Claim 27
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 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.

29. An access point according to Claim 28
wherein the plurality of alternate angles are scanned

based upon a predetermined sequence.

30. An access point according to Claim 27
wherein said controller comprises a memory for storing

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

or the alternate angle.

31. An access point according to Claim 27
wherein said controller comprises a memory for storing
the preferred angle of the at least one remote station,
and if after a predetermined amount of time no new
packet data is received by said controller, then the
stored preferred angle becomes a new current angle and
the steps are repeated by said controller for selecting

the new current angle or the alternate angle.
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