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AN ACCESS PO NT BASED UPON CONTROL FRAMES Field of

wo b@4iinaent i on [ 0001] The present invention rePal/@s2000019507
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 [00021 Vari ous
standards allow renote stations, such as portable
conmputers, to be noved within a wireless I|ocal area
network (WLAN) and connect via radio frequency (RF)
transm ssions to an access point (AP) that is
connected to a wired network. The wired network is
often referred to as a distribution system The
vari ous standards include the | EEE 802. 11 standard
and its corresponding letter revisions thereof, such
as 802.11b and 802.11g, for exanple. [0003] A
physical |ayer in the renpte stations and in the

access point pr ONUEEH FWHERRG ECR M LGRS by
whi ch the stati GENHEAFS FERS SRERAL FHRMES cat e.

Above the physical layer is a nedia access control

(MAC) layer that prouides ger iecglsﬂveshq__clhonas

aut henti cati on, dea%ﬁhegiftaffﬁﬂ7"1ﬁ+ﬁﬁﬁﬁh associ ation
and 0ficddssociTatd @redart edamlteloMR2R0H I 145%he field of
PCT/,US2004/ Q19507 :40004] I n operation, when a renote

st A6 SEoneL GH- a4 SFe R fectatsh is Baykcular, to an
estakldrshed Relmegn ' I [ the station
and the access poi nt%l%%ﬁmﬁrayﬁgéccaén% ﬁgﬁlrﬁg

commegt ingpivddiiiyn o orineless drptadl strad onstvandk t he
access point, the physical layer RF signals are
transmtted and received using

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 trénsmissions by
which the stations and the access point communicate.
Above the physical layer is a media access control

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

and disassociation, for example.



nonopol e antennas. [0005] A nonopol e antenna radi ates
inall directions, generally in a horizontal plane

wo evo4ai1448®rtically oriented el ement. Monopol e POT/ERIVAE019507
are susceptible to effects that degrade the quality
of communi cati on between the renote station and the
access point, such as reflection or diffraction of
radio wave signals caused by interveni ng objects.
| Nt XA ng Tobjasisat et udehaval d syemieisk ss et PeoPbees on-

f . | e. Thes bj s create mul ti-path, nornal
[or A Somplhese o] el o eale L palhy ho Rl
a nesiical efdyats havenbesnvade 4,09 nind %&@%ééé 9P nt .

degradation caused by these effects. [0006]
t eclirfl U flavgsuntast ddtemgcaeecldegrdatcahl pf RFr the

si ghalsd - t te s to _praovi di versit
The s e ari T OB eRrs P SHY encat droes 54y
swiltagter REOrE gora lootdreoft thresmenmmdde amsd atd@nsvandus heg
access int. The theory behind using two antennas

oM AYT WLAREFERy is that, at any given tine, at

| eqgioowye Of A heRPEashishdd kelyi av&ceiying a

signal that is not suffering fromthe effects of
MuIACasdtion sGorsefuently, it b hanitznrzl plahe 2ot enna
{ hfe de 1S HATPLE SO 00 AGESSS, RO o SELEGHRY S
t r ssmetting/er eceiad Tt gitalts .ddNonetideliessqud her e 48
still a need to address the degradation of RF signals

2 WO"ZUHCELAAEY NS 00 RIS Pertieth ané Femrecess

St YJioRs ANEHR AGLESS RO dn (ﬁfIfMa{&il dPR 2 Gave

networ k. Summary of the Invention [0007] I'n view o

t hé ifomedgoiasg seak kgr durigrvaming objects. Intervening
objects include walls, desks and people, for example.
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 i1s 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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obj ect of the present invention is to inprove

comruni cati ons between an access point and renote
wat@uiloasowithin a wirel ess | ocal area networ KPCT/USDO8)19507

An inprovenent over sinple diversity is provided

t hrough an antenna steering process for access points

(i.e., wreless gateways) used in wreless local area

networks. Directional antennas inprove the throughput

of betieremet Wibrek remadd miregasmd kend angeacdretsvgsminthein a

access ,poi nt ani the renmgte stations (i.e., wreless
us & T FiS s P2 (Tirregcﬂ%r%%ntenna provi des a

hi gher signal-to-noise ratio than an omi-directiona
antenna in nost cases, thus allowing the link to
operate at hi gher GHPR3ZY] FAgve ant enna

st e pr oGess, . f, t _.n the i ccess
ot G S S S gt e R 66 ¢
a bé&sear ofr eher ped seinte dinvenalioraniserma ipaiters based
on signal, ality trics available fromthe physica
| 8 ST A aOR g ey Rl & GGG B Herfoich Lemote

st @@ Snsl QAEBL AGC NG L0 11N P NG R8sy t he
present invention, during processes such as

redif®08dt i onAn dnpFeneneatti orvesy ssﬁmbs‘leaqwbimerdl%ﬁtw ids

ex b t cess paint.. and a selecte

r e%{%gg“s S ?g]\r%i%%ghplrgglf S ?Céa nadisfr%:eec 1Y ForoThe SJ{O ered-==°
acpedatpoi(it. ecant erinaliess deftemayigd.uddd ARe wireless local
enbodinen% software or firmyare operating at the

acBE8e pEtHOTKSkes DiRieS tdOrSrnmaniareins HHE o dde
POitRt-calhenRa GORKEOl Qi tvar e/fd rmare By 3, WQ

Do e s O e s, Hrgl st Fanas

i nbkGdesnt hbei dereissy pofintthend dérst erestcatd @rianicdrthe(i.e.,
gghﬁg@?ﬁggggc%%gﬁﬁggﬁ%%H?EZ%(ﬁ%ﬁg%€¥g§éfH§§€égkg(grovides

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

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

[0008] 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 receiving
signals from the remote stations.

[0010] According to the principles of the present
invention, during processes such as registration,
authentication or subsequent data exchanges between the
access point.and a selected remote station, a preferred
direction for the steered access point antenna is
determined. In one embodiment, software or firmware
operating at the access point makes this determination.

The access point antenna control software/firmware may
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performance. [0011] Hardware may be enpl oyed to
operate with inherent diversity selection circuitry

WO poouspidsal  802. 11 equi pnent for sel ecting theCT/US2004/019507
preferred directional antenna angle. The access point
may use signaling to cause the renpte stations to
transmt a probe response signal, wherein the access
poi nt measures the signal quality of the probe
r espdnsk a sigredaselhehac cassl pd ttmyi conpat ¢ FEtthEs

correspondi,ng to sigpals received fromthe renote
ey Siite ﬁqtagﬂofff} @a% ondl HHtBHia HoRE att it aetated
conriespaH Gt idrgnals Jacel Vet f&omihe &MRLSi cations

stations in an omi-directional node to determne if a
neWeAHtemfI%an shoul d be perforned. If the access

poi term t Dig e es._ a resent, it.my
[ nv[owlgéqg pr otgeég?jlvyoarnperrec a%é;rﬁ?ﬂ??gllor%e# g%cge%lf%%acﬁe with
seddhelreart tdi-weard (RESIGES): aressaginig o defi perkdan

th 02..11' standard, for exanple. [0012] The benefits
of %Qégﬁéntﬁ%@wfacf&é’gsge&mﬁmw e P FRteOnal
antgea: taldh dWarfQldha IR IQved rHhrouohnut 4 00 may use
i ndi vidual renote stations and an ability ™ to support
NoE IBSdrigd 1 i@ st Wdrek reme trostt aRA orenvii o dnmemdisi t a

h%.r%ib%n%ledéio&e%e rse_L(r:chgqiat ed at.the € n%:aeccﬁ?stasnagpi?#a?nﬁgrng

t
be "I 'nprove avi e access p

a skapedcant@rnaikeam peialtied, ¥ the @hdectiapaisd he
stat,i on.. The shaped antenna beam may provide a 3-5 dB
gaiPt 9EdVant g€ G BAWIE, ercqigare metrics

oMoy R AR aNtanp 1ty @'e&%i'we@fi%
access point. e increased signal level allows the 4
WOs2ab4/0nE4 4590 aPCTH/MeS2G04ya01 350 nd modretassemdthenetrics

ac%%?:?:e%%io%tdi%%d ttohesirg%a tse rsetcaetiivoend tfo rom the remote
stations in an omni-directional mode to determine if a
new antenna scan should be performed. If the access
point determines that hidden nodes are present, it may
invoke a protection mechanism using request-to-
send/clear-to-send (RTS/CTS) messaging as defined in
the 802.11 standard, for example.
[0012] The benefits of augmenting the access point
with a directional antenna are two-fold: improved
throughput to individual remote stations and an ability
to support more users in the network. In most RF
environments, the signal level received at the remote
station can be improved by having the access point
transmit using a shaped antenna beam pointed in the
direction of the station. The shaped antenna beam may
provide a 3-5 dB gain advantage, for example, over the
omni~-directional antenna typically deployed with an

access point. The increased signal level allows the
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operate at higher data rates, especially at the outer

band of the coverage area. The directional antenna
Wwat@erni4ag9 process is resident in the access poP@T/USIH04/019507

support operation with the renote stations. [0013]

More particularly, the present invention is directed

to a nethod for operating an access point in a

wi rel ess local area network (W.AN), with the access

poilitnke depviesinng hee dideests grdntartrehnad aremote station to

comuni_cating.with at | east one renote station in a

foPward i ik 1§ ek eGP St ook dt ddi outer

COMRNIJS Y tAePlddrlddge afraaont Fole fJianRs: @ith B Hatdhna
frame. The directional antenna conprising a plurality

of SAREERRE PAROCESSs 1sTHE ssterdd icorifd serest advimy to

fir tr I j.a.a.first te attern of the

i FoST el SAtaanE Tt he dehe ot o

st d0i0d3] t r a®miet tdang izufliardty  datte fomrmeertto ideraiion is

| east one renote station, and receiving a second ,
CORLFEr CFrame Vi At SEL g SheS n&atat%bral“?Qﬁsst Reint in a
di heetileral 1a3rbanRa S eBtRe Kt (WIeast, QneH &M & ccess
station. [0014] The nethod further conprises nmeasuring

a Peighalcogpalistydof heaelitdonadommyteinrfa dime r ecei ved
Vi f .enna ,pattern d_a_si.gnal, qual.ity of
{h Bonkl LaSb TR LA B0 Bl il o o
antfemmardpatingr iva saad uponpan kgdhaegesegidolet data
measur ed si gnal ualities associated with the first

and°SBE A En et * Sgatte Cts COTHE Yeddiidehi®tha data
pesn 2180 S shon sl ARSI LR AEEDY Piasicy
me&éupadegngnaa tdgaist.y Tass oeitatosd cwintdr itdes gegoridring a
gg%ﬁ%%gog%%%%&go%§%%%g%i%h% %i@gtzggéé%%éfﬁ%&tern of the
directional antenna from the at least one remote
station, transmitting a first data frame to the at
least one remote station, and receiving a second
control frame via a second antenna pattern of the
directional antenna from the at least one remote
station.
[0014] The method further comprises measuring a
signal quality of the first control frame received via
the first antenna patterh and a signal quality of the
second control frame received via the second antenna
pattern, and comparing the respective measured signal
qualities associated with the first and second antenna
patterns. The second antenna pattern is selected for
transmitting a second data frame to the at least one

remote station if the measured signal quality

associated with the second antenna pattern exceeds the



measured signal quality associated with the first

antenna pattern by a predeterm ned threshold. [0015]
wae@adm4se i ng the first data frane may be perPOT/IBZN04/019507

using a preferred antenna pattern of the directiona

antenna, and wherein the conparing further conprises

conparing the respective neasured signal qualities

associated with the first and second antenna patterns

Wi 8, S B @ned geriml diby1 asgossasetanedhwihe theeférsed

antenna pattern. The second antenna pggterg &s

sehteRRR oA T EPERSAY t 21 PEEASSeEBhacdat A¥FPARE Y o t he

355#??@1 onengﬂghftﬁiﬁ&i@HeifikB@ geesurednsi gagl be

assoclated wth™the second antenna pattern
expeefisrhbe ueasyradpsefaareduahtenas nas6eirat 8§ Weh

the first an referred_ant enna t n ; th
pr@ﬁé?%?h?ﬂ%g g%?%%ﬂ%rd?n?OBQ%fe$ﬁe£E%rg?géﬁ?éﬁgafur °r
patLepPiBY E6MPALSBgafheORBEpanglies andstitedsedgnel
antenna pattern may conprise _a directional an

| e.
Al terhatieel ysseréatprstikht ERRatTpatt 8° ﬁﬁ&ogl&wﬁfﬁts‘?éma

a fi%%érgérﬁﬁkhogaéiaﬂghe u@@gtghgss%%%gﬁ@da%ﬁQ%n&he
pa??ern My conprise-a segond irectional angle. The
fi psbreentdobnteane petéeved Rhy sesprids@ngenna pattern

I -to- . and, th I
¢ codi T80°hag cORDr FLa AN SERNOWEeGamE, ArEedaphe o the

[ 0017} cABet hee aspett @fathenprigsent meventdenh signal
directed to a nethod for operating an access poiq} in
a MBANELyweskorhetgegc @ddhpsibgt S | gifgrpa pattern

di rectional . a for..: i cat: i i d@astwith
on&*E Sethgtg%ggﬁgﬁﬁpgl eggyg%&%fﬁﬁgﬁﬁgggxﬁ%on an
exehange reft apalc kete featra o @mpreingian g ad fsirysald i 2 of
control franes A and a._data franme. The directiona
anﬁéﬁﬁétééﬁﬁpﬁ§iﬁ&r§5h§ﬁﬁ$ality of antenna patterns.

[0016] The first antenna pattern may comprise an
omni angle, and the second antenna pattern may comprise
a directional angle. Alternatively, the first antenna
pattern may comprise a first directional angle, and the
second antenna pattern may comprise a second
directional angle. The first control frame received
may comprise a clear-to-send message, and the second
control frame received may comprise an acknowledgement
message.

[0017] Another aspect of the present invention is
directed to a method for operating an access point in a
WLAN, with the access point comprising a directional
antenna for communicating with at least one remote
station in a reverse link based upon an exchange of
packet data comprising a plurality of control frames
and a data frame. The directional antenna comprising a

plurality of antenna patterns.
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6 WD 2004/ 114459 PCT/ US2004/ 019507 [0018] The net hod

further conprises receiving a first control frane via
wa@20mns445ant enna pattern of the directional aPCEURA04/019507

fromthe at | east one renote station,. transmtting a

second control frame to the at [|east one renote

station, and receiving a first data frane via a

second antenna pattern of the directional antenna

frd@ol8d at |Téastmedhed dvottéest a:tdnmisfési%naéivi%g a

ual.ity of the first control fra received via the

P S R ool G & g R R of the

fi cstrecdatcnfr ame eheceifvesh Wi e 1286andANLeINA o

pattern are neasured. The respective neasured signa

quaGAGies . dIseerattddng ©h seeerd rasintad el to the at
anhenng Rl eINS + A& ¢qRAY ea%léi [QQ13], :The tag“-‘};nigros data

further conprises selecting t secon
patireme fdr tar @esointt ang earse gond «dat af fotamelinedthieonal

access _poi to,the at |east one renote station if
EhETToRR dToB G quArFey S0SodioRad ittt Ae B signal
_seeeRd iant enanpattiesh exceedy theEasiead & 9nal the

quality associated with the first antenna pattern by a
pr édétér RNYEITEhPasRsIra. ang020]s itme If iqustl gt erfhathe first

pa r.n c ri an._ommi_ angl e, . and the secqnd
DRSS ATBHCCOTELSE SO T Tl B MG S, e
Al trersatriede| y Theheekprst: iart arrgureal ts8ighaTRyguEANRT e
a first ,directi, ﬂa% angl.e, and the second antenna

i

paftEPT AL 8 B3 TdESbn dPiSeE b RAt ARG @athpens

fi est eenbekdframe received may conprise a
request -t o- send nessage, and the second control frame

tr dR9HHt ed Ahy Belpedsduatilecaconprsend swssageg the

[0Q2thbntetnateh 22086 2 12 RIE8h ) WAL ata
frame by the access point to the at least one remote
station 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.
[0020] The first antenna pattern may comprise an
omni angle, and the second antenna pattern may comprise
a directional angle. Alternatively, the first antenna
pattern may comprise a first directional angle, and the
second antenna pattern may comprise a second
directional angle. The first control frame received
may comprise a request-to-send message, and the second
control frame transmitted may comprise a clear-to-send
message.
[0021] Yet another aspect of the present invention
is directed to an access point for a wireless local

area network (WLAN) comprising a directional antenna
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is directed to an access point for a wireless | ocal

area network (WLAN) conprising a directional antenna 7
wOR020045414459 PCT/ US2004/ 019507 conpri si ng BCT/US2004/019507

plurality of antenna patterns, and a controller

connected to the directional antenna for controller

thereof. The controller may be configured for

communi cating with at | east one renote station in a

forwapdibing aspdesslibedoabaneenhht pahatirnel yanthe

controller may be configured fqQr communi ati Wit
th@onréaé%eén@OPéﬁﬁF%dsgatFBﬁ hracgnsaPi '%EHSSQOI

alé@ntﬁ@§%%kb€ﬁe§99¥e TREI gbnPescibpt ey Bk thafigured
Dr aw ngs he foregoi ng and ot her objects,

f efibur esmandicadiagt ajes of thestneent 6RO ptgéion in a

appar ent the .follo g pa 1 th

de BFWBF?oElB SPeQSFFea%Q ggl(fr%ent étllg%%h%rtlve Yo Bhe

i N¥gRtirBNLc@smbll Wst ahedguretth€oracoompanyiengng with the

draw ngs. The draw ngs are not necessaril,y to sc Ie

wi $Ra2ERpRASI SeMR$eed aEéPHglon‘ac‘f@He&ﬁel PRt A5t P

th BLi-ngiLpl 650k the invention. [0023] FIG 1A s a
enatic diagramof a wireless |ocal area network

_(V\LAN)_ enpl oying the principles of the present

i nvention; [0Q24, IDG 1Br|, S; & sghe | Gl am of an

access point %ﬁﬁ%&%&%@ an

ant[@OQQf] scanhed 3028lofhG a2A o harviodyeaft san &etesss and
point of FIG 1A having an exter naI directiv %nt engc?h
ar payante@es] ofi Ghe2Bnivent 1preWidil Hife %b

" Foag IR B SR R s
3Acin® cal iviegmw sofo ft rtéledllm@mt\z@nanta@nndlustrated in the
accompanying drawings. The drawings are not
necessarily to scale, with emphasis instead being
placed on illustrating the principles of the invention.
[0023] FIG. 1A is a schematic diagram of a wireless
local area network (WLAN) employing the principles of
the present invention;
[0024j FIG. 1B is a schematic diagram of an access
point in the WLAN of FIG. 1A performing an antenna
scan;
[0025] FIG. 2A is a view of an access point of FIG.
1A having an external directive antenna array;
[0026] FIG. 2B is a view of the access point of FIG.
2A having the directive antenna array incorporated in
an internal PCMCIA card;
[0027] FIG. 3A is a view of the directive antenna

array of FIG. 2A;



array of FIG 2A; 8 WD 2004/ 114459 PCT/ US2004/ 019507

[0028] FIG 3B is a schematic diagramof a switch
waosed/114a5sel ect a state of an antenna el enent BPET/URB04/019507

directive antenna of FIG 3A; [0029] FIG 4 is a block

di agram of an access point of FIG | A enploying

subsystens, |ayers and an antenna steering process

according to the principles of the present invention;

[00B30)28l G 5AGs 3B signalsddicagramn apidonah | yf usesibyn

t he ar%e(tnnasr?;ﬁe ri ng process of FIG 4; [0031] FIG 5B

i s Y AlteritatiSe it dagram it o al $5enis o pyhe

t helianienne siraeiing Hr aeess of, FIG  4; [0032] FIG 6

is an alternative block diagramof FIG 4 in which

antl&BR1di verSiGy it telarle diamtayeal, 4:0083teF4 Goint

71 i g ' m usi a_.hi dde node techni que
optolsfo%ﬂaﬁﬁi 'yrl%!seegkgl%r @T?egu asﬁi%r?]nséc < Se’elrrhiar%er%r Cgsasn gtitenna
FI Gtedri@03oddsad dtdardintproimw gfrihe presnosk e
FIG. 1 wth bi-directional signaling; [0035] FIG 9

i s ISV iEW AN network of FIG 1 with

| ndiopaoons afrd.heantenna Heams;q {ﬂﬁoﬂﬁii Bed
flomchart of a nethod for oOperating an access point

i n by \WhAN apdsedauFdre sspatd glroatiseercsi tBLG.n 4ccor dance

Witk At pre invention; 0037]. FIG, 11 is . a
fl o[vl?\)é)r#aa\' t of %?Eﬁet%odl% i ac}ptgeel%ﬁ Y ard s SRR
i N opt\MbAN 1085 ed adp @y pﬂ@%mtﬁr@ﬁa@:éd’ri&@gﬁ%&ﬁs Wi .

the present invention;, [0038] FIGS. 12 and 13 are
respective flowharts of

[0032] FIG. 6 is an alternative block diagram of
FIG. 4 in which antenna diversity circuits are
employed;

[0033] FIG. 7 is a signal diagram using a hidden

node technique optionally used by the antenna steering
process of FIG. 4;

{0034] FIG. 8 is a top view of the network of FIG. 1
with bi-directional signaling;

[0035] FIG. 9 is a top view of the network of FIG. 1
with indications of the antenna beams;

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

[0038] FIGS. 12 and 13 are respective flowcharts of
a method for operating an access point in a WLAN based
upon control frames in forward and reverse links in

accordance with the present invention; and
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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
waec@andance With the present invention; and 9 REX/US2004/019507

2004/ 114459 PCT/ US2004/ 019507 [0039] FIG 14 is a

flowmchart of a nethod for operating an access point

in a W.AN based upon hidden node recognition in

accordance with the present invention. Detailed

Despr03R] on &fIG.hel Prief e rerbrthodi ehts md00dd] £dhe

present invention will be described nore fully

her W HEF TR it RIGST ditldt ol He WA m#sA ngeon hidden
dr 3 digSse ddyritichh PRefard st shodi MentshOf ptheant
invention are shown. This invention nmay, however, be
enmbgtisy-ian-many different forns and shoul d not be
construed as limted to the enbodi nents set forth
herein; rather, these enbodi nents are provided so that
this ddstiibed cDesdtipeibhobbughe ande€eppbdt Embatiments

wil | 094{9% 'y cglnvey the scope of the jnvention To those
skil9%PY n” t HESaMEesKe WU on affer] tRe |99@cribed more

el GnENts Hiughows MG, AFBEARAUORAS USe8hllhying
indicate simlar elenments in alternate enbodi nents.

[ OGWHvWIRafser Mimghiimlt iratd fie tmedrldBodd men v ref etsise

| ocal_ _ar.ea_networ WL.AN)_.100 havi ng a distribution

sygl éfr%%.ltd%nvwalrle isnlct(wlna'l | Vb dirSETESsd ke dOBorwis be
11Q@abcliGhl dmd mblGc GErfercanectaand addiesihstd i Rt i
system 105 via wi red connections, such as wred data

et TG Ect oA tesh P dthe IRhrstiern ipbivrs Ga0Hh

1 10RanG 1106 MAS A HRSPEGH KA AANS il o Ao HI2E that
in which it 1s capable of comunicating vVia radio

f r éduiencli SARB)s vgiegnallsl wid HHdmeoudnotred staip ontse 1208 will

12%Qﬂj%g%%mvgge€ggn§é%ﬁgng(¥H%:gﬁgéné%gthgjgﬁggge

skilled in the art. Like numbers refer to like
elements throughout, and prime notation is used to
indicate similar elements in alternate embodiments.
[0041] Referring initially to FIG. 1A, a wireless
local area network (WLAN) 100 having a distribution
system 105 will initially be discussed. Access points
110a, 110b and 110c¢ are 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¢ in
which it is capable of communicating via radio
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 the
following description, when a general reference is made

to the access points, the remote stations and the
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supported with wirel ess | ocal area network hardware
and software to access the distribution system 105.

wo nooshes459 ol | ow ng descri ption, when a gener al PCT/US2004/019507
reference is nade to the access points, the renote
stations and the 10 WO 2004/ 114459 PCT/ US2004/ 019507
zones, the respective reference nunerals 110, 120 and
115 may be used. [0042] Present technol ogy provides
t hesrees e sishd ot e ctlifde anelf ¢ hencenmiresahs | bhE, 1220 and
with antenna diversity. Antenna diversity allows the
acces 'PHi PR U990 and the rempte stations 120 to

sef@Fhopne 0f,d W @NtEANES1 &Gy @f@Vi@@stfﬁ@sﬂt&eﬁﬁdp01nts
recel ve duties based on the "quality of signals bein

r ete0 vaukl One r@m@kﬁl$¢ﬁt1@@$e@gpn@lghea@%?@ﬁﬁadbv%Fglty
ot h t '
Hg%%$%ﬁé gf%rs}%fa%ffbwgvgﬂé Q%?QEE opath {adi Bgd th

I'ng two different paths causes
Slﬁ@@btéaﬁﬁgti@m$onzmot@csalecatonaeoﬁntennanbannﬁstto
the other. Another exanple is when inferferenc

capEedl By EuRnemit erRft TeFghErsIUFLRE| DRFe toPhghgane
m%&gggg%\@f éfgxggfé 15@91%8”ré9&1v§@| ecbhBgrensoaf rohe

nas is due to a changing environment, such
asSmbeotangeuneeastemm@nOIQﬁcthg oEhRPEi BECREEMLEhENS

third zon c.to the flrst or _se 1

1188°4E Pr WE Fédp%éhaF?g izsln[Béggﬁ El%?géﬁ&iggglng

bl ok di ageashef patsybsetiset bhignaletwarkll@@ion to occur
illustrated in FIG 1A in which_an acces%Ih poi nt

Ob,,
enptoghagankenpai hekpnes &het RENFFreseAf™© ﬁ%eﬁ?@@ﬁi S 4°
shown in gt gt akl respegh be rrihendi seghiavue
an g%ﬁag g g§g§%8 1%5 cggﬁgddl?ectlve ante#naslgggs
130act30kdwikl| thkseahe genenakl.y Yemdipogtdgrbyeason for
reference numsralf gg ﬁhe ac ess RO i.nt

t a

1
CCHEOREES N PBEGRL AOaht EnAL FOREE 130 by iy % 2nT

environment, such as when a remote statlon 1200 is
carried from the third zone 115¢ to the first or second
zones 115a, 115b as indicated by arrow 125.

[0043] FIG. 1B is a block diagram of a subset of the
network 100 illustrated in FIG. 1A in which an access
point 110b, employing the principles of the present
invention, is shown in greater detail with respect to
the directive antenna lobes 130a-130i. The directive
antenna lobes 130a-130i will also be generally
indicated by reference numeral 130. The access point
110b sequences through the antenna lobes 130 during a
scan of its environment to determine a preferred
antenna direction.

[0044] During a scan, the access point 110b uses a
directive antenna, as shown in greater detail in FIGS.
2A and 2B, to scan in search of RF signals transmitted

by the remote station 120b. At each scan direction
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scan of its environment to determ ne a preferred

antenna direction. [0044] During a scan, the access
w@oiati1didb uses a directive antenna, as ShowpCT/S2004/019507

greater detail in FIGS. 2A and 2B, to scan in search

of RF signals transmtted by the renote station 120b.

At each scan direction 11 WO 2004/ 114459

PCT/ US2004/ 019507 (i.e., angle or antenna pattern),

t he(iaecesarpiantod HilrerdRagpatasm)s] gad fcioOhint 110b

response and cal cuI ates a respectlve metric for_that

scHF2ANHISE BEmEids BT IRPe RasiEs s mdidekculates a

r e%sﬁ%tﬁ@%e% rceq‘_ggzh ’d}{éqf Cs%érf))ncm%l%s.g )Exaﬂnples of the

carriér-to-interference ratio (
enaredgy-igey -iidluds ico Y iNEd sdrgrcﬁlheertzs&ngiablimdication

Una Sl By Or i Tter Ve e e arnd 1) ¢

eNWneayEHoe r-A 1ok viad | @b Afot, heﬁe d@a&urmﬁ&@ay
al so be made to_ determ ne the best or preferred

anf@FFA SRt FUEh &5 & eddinad dppreisg é@ﬁwthﬁi\?@ of the
k t
S '4&&% ey rhec,%ﬁs\zee% s%p o g JEE?%E& term Yonment .

ity metrics, e access ol nt
pr@fezmrédrﬁmii@na)mmjieeseomeachumgm firy also be made to
co n| catl ng wth the renote sta 120b. [.,0045]
g e e theroid e e i3 SRfern

St %@a@ll@%ﬂl@cﬂﬁﬁéﬁ at f’c@fgs!&%]&dllaé'tﬁ NaSche art. Based

associ ated with the distribution system 105. Thus, the
| nia aqh&ame@rﬁmfegicawqm/l tsB1hlcictofte tethiees wi i RIIRSS

Y.
?hloﬁgﬁe%%}ﬁ& eér gcr%e: Rﬁ%\%é]{ ayer . l{ngflaargielye, or
scmmﬂ I figr addnerurt e rienptvel 13t athonciddie haisation

authenti cated and has associated with the distribution
sy *105 nmay be acconplished within the MAC | ayer or

[0045] 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.

[0046] FIG. 2A 1s 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, 205c¢, 205d and
205e and one monopole, active antenna element 206. The
passive antenna elements 205a, 205b, 205c¢, 2054 and

205e are generally referred to below by reference
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by processes occurring external the MAC | ayer. [0046]

FIG 2A is a diagramof an access point 110 using an
wezdannabo di rective antenna array 200a. The dPCEUB200€019507

antenna array 200a includes five nonopole passive

antenna el enents 205a, 205b, 205c, 205d and 205e and

one nonopol e, active antenna el enent 206. The passive

antenna el enments 205a, 205b, 205c, 205d and 205e are

geneiadtdy a6 er fﬁ@et@mb@é*@wé)yameéM£n©beméﬁt szma is
2004/ 114459 PCT/ US2004/ 019507 fgral 205 1
dlcr@mEFG:i@@rﬁCénﬂae e@‘é‘ﬁ%ﬁ 2ot |% c%h%e%tlélal‘{%r?%

??e jﬂg%‘% h Arupiyersglneserypésbys ¢&BByctions

s of connecti ons et ween t he
d|b@@W¢@m ﬂMiemnaeetlag 200enamdathey ad@@3sangorhe 3§6°5S

are readlg% acce Q g 0047 TY passi ve antenna
el%%%%?s FTh 14Y r 8CtFe®ant enna array 200a are

E@§4?103||Wh@oﬁQEEﬂvet@ntéﬁnacélymeahseana ehetrbnt
to pernit scanning zgscannln

tdieastlmﬁea@hggﬁﬁaa§§aﬁ] Patﬁéedg§§e§ﬁ%écgﬁ?¥nﬁgup&ed
% E%%Oa %f@ebgngggﬁgeg%emQHEiQB@'k% BE0ndegEeasning.

t$ associa he nunber of passive
ang9n§@aﬁh@ngnt $t205. mp@A48EhAtdetall Fed tdPseussitenngf beam

the directive antenna array 200a r d

PatEnERC PbFFERLTEn RaS 20057 6066879 Fabl Lendd = >

JaBb!\?EX 241y 38025egntikl edn” éd@@bméaténbe@mlﬁmdmm
ess” Communi cati ons Systent, the entire

di stkosumbenf ofihipeksiive ﬁﬁ@@pﬁ@rgggaeﬁg§elﬁ5by
2538825 © anghghlcgle dﬂ%%hggﬁgnt%ftQ%epQﬁﬁﬁﬁgtlve

ese i'rnventi on. anpl e et hods
fogn@@hhﬁlémmgyaabeﬁnas @mb@aﬁedn1@a§e@ .orfatesdi ved or

200806255 GPcistd 000062, " Punis FUL WM AL s,
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.

[0049] The directive antenna array 200a may also be
used in an omni-directional mode to provide an omni-
directional antenna pattern. The access points 110 may
use an omni-directional pattern for transmission or
reception. The access points 110 may also use the
selected directional antenna when transmitting to and
receiving from the remote stations 120.

[0050] FIG. 2B is an isometric view of an access

point 110 with an internal directive antenna 220b. In
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therein. [0049] The directive antenna array 200a may

al so be wused in an omi-directional node to provide
wa@nrooami4s9 di rect i onal antenna pattern. The acCBSEUS2004/019507

points 110 may use an omni-directional pattern for

transm ssion or reception. The access points 110 nmay

al so use the selected directional antenna when

transmtting to and receiving fromthe renote

st athiieNembd@i k@90l hel Qi R disraAmitsoNet rdre-awi @Y is on
an access point 110 with an internal directive

amaerﬁ’ﬁéﬂczf@warﬂn 2293 \WBheo PAMCIAY 55 PCHAISAG) 4730805ty by
t hi h
o e ARRERERbe D919 Ll R Gl Hddbor

by (nt OhEs@@@@QS p@h@tdlr@ammie sargeEmec tetr &y 200b provides

pr essor not .sho The directive antenna array
B GRS RETEAE Y e o GG S H P e

antzwaaﬁuﬁ;@xra%@@alw lrusfratzed in FIG 2A. [0051] It
shoul d be understood that various other forns of

di rl@@5hle antiénsicarcaps cafays ipssy tha@(afrﬁmjé%lls other

?f%q%?,g i ssue%ﬁeb?%gey&i% Z%Or%y%encf%il ed uajg%‘d’apt ive

Antaedam@llé@r ided ulde Meelm@rﬁmmaiacbmn Iy ersdtent
and Pat ent. Publ i cati on . 2002/ 0036586,
pubia- sﬁe&lﬁalﬁ@ﬁ 2@511?6’058%1%51 o At i Anksshna

For Alde® thiR Mhn@le@ss G Lat] Gt XY LMC! Mﬁuféﬁ’dfcﬁq

teachi ngs of which are incorporated herein by
r efarsdreges ” a‘m@i\NhlSohP@rt@ré;sﬁ@ﬂeldiatt@qrhé\l%ur%@ﬁ/ow6586

oS MG P R DY B e

t hator neleudes wtihe 1pass icemant ietuta orel BreEgdns, 20Ghanshtire

the active antenna el enent, 206 as
teachings of which are incorporated herein by reference
and which are assigned to the current assignee of the
present invention.
[0052] FIG. 3A is a detailed view of the directive
antenna array 200a that includes the passive antenna
elements 205 and the active antenna element 206 as
discussed above. The directive antenna array 200a also
includes a ground plane 330 to which the passive
antenna elements are electrically coupled, as discussed
below in reference to FIG. 3B.
[0053] Still referring to FIG. 3A, the directive
antenna array 200a provides a directive antenna lobe
300 angled away from antenna elements 205a and 205e.
This is an indication that the antenna elements 205a
and 205e are in a reflective mode, and the antenna
elements 205b, 205c and 205d are in a transmission
mode. In other words, the mutual coupling between the

active antenna element 206 and the passive antenna
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di scussed above. The directive antenna array 200a al so

i ncl udes a ground plane 330 to which the passive
wandiannssel enents are el ectrically coupl ed, asPCT/US2004/019507

di scussed below in reference to FIG 3B. [0053] Stil

referring to FIG 3A, the directive antenna array

200a provides a directive antenna | obe 300 angl ed

away from antenna el enents 205a and 205e. This is an

i ndilealne’ 0% shewanternaieleimnts aehnand 206€00a to
are in a_ref|lective node, and _the antenna  elenents
20552™205¢ sidergsdcaretionrg tohsAti sthiqfoden IFhis

ot her, words, g t ual i wesn t [V -
an?eﬁgﬁé é%%%%f%gi %%d % %g&pgggia\?gteant gnn(%efzt%oaees =
20044t 45e PEHsUS2004/0E2307 208 ementsset205 bl ffmwertthenode

oESAR R 0RE B ke DR A
shews rasca tf esilennef 1dre Madepdite MY Ghd hevJuassi ves

elements 205 are set. Different node conbinations of
pagsigd lan uases séloofemy oD sceiitl liaf idi fifher et -

t | ob tt I : [
and80BRlod by tHoos dh 11 SaRne shetigbdl A grappte
I S cd rsoiemathat diaagbamuefedan cexatplithe giasaiive taratercan

be used to t.he passive antenna elenents 205 in
UnELFEENCEL BPB O (P ainioe gl Afodds TP 57 B (s

Mg d $dmdgated Red ilepmesentald W, £hagalfhtative
dashed l'ine 305, and the transm ssion node’is .

i ngileagad asy dasdiest tldmed PPshed d ithe FIRnsTHegesion mode is
re (& re re ti
e N S Fr

I ndegtreserglagiert 3@ 0305 caphE10 el mimidctdZbe 1 yThe
coupling of the passive antenna el enent 205a t hrough

t hEIRFEL W E¥Preft P26 - Rapha e Bkt 325 is

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.

[0055] Coupled to the ground plane 330 via the
inductor 320 is the passive antenna element 205a, which
is effectively elongated as shown by the longer
representative dashed line 305. This can be viewed as
providing a “backboard” for an RF signal coupled to the
passive antenna element 205a via mutual coupling with
the active antenna element 206. In the case of FIG.
3A, both passive antenna elements 205a and 205e are
connected to the ground plane 330 via respective

inductive elements 320. At the same time, in the
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performed via a swtch 315. The switch 315 may be a
mechani cal or electrical swtch capable of coupling

W0 b@4/1passi ve antenna el ement 205a to the groupdr/pbzne019507
330. The switch 315 is set via a control signal 335.
[ 0055] Coupled to the ground plane 330 via the
i nductor 320 is the passive antenna el enent 205a,
which is effectively elongated as shown by the | onger
r epresehtabitveIdasized kihre o302r HaisSican e arrened eaagent s
prgxgging 3 "backboard" for an RF signal coupled to
th asév€ aRcer2%rPere Rt eo654 Child YmadI® EsithIich g e

Wi G oubhbe paghiey 8 3N EaRNe LleRAl 208 pdd iRk CASE Ot s

FI G . 3A "both passive antéenna el enments 205a and 205e

ar 825connected to the ground plane 330 via respective

in i.ve el nts _32Q. .At the sane tine, .i.n the 15 WD
J0R8PEEda50 BET GRRSGAGT8567 Eataipiot o ErE S AT E RS
ot hae passiive amniremhd ellefRnts ad0%eprilhe it KRO0%he

are electrically connected to the graound plane 330

vi 8NPESFECEPPE SCEPACIHvPe ‘G RENT S N3350 [ 06582 OFHe Ve ly
caee%tmala ¢auplimg ref fecliivel léal%'ﬁ%rﬁt%n%zst he fassive v

antenna el'enents as represente y the shorter
r eppésentaei vé réadhiow lanfendt0 arCayaddday elry omoupl i ng

all,.of the passive elenents 325 .effectivel na t.he
G P ErYd R ety 3008 RN Lo, RO T BRA Rt
ankerBanakt vehewhe ihe undehsiiced st Raty =aldenmtu sy

coupling techniques may al so be used between the
paS&itVE RN LEfN 23615 Ven £ L2005 3a fd HIFe tr AR 21t dife ground

DTN TR A 2R huped e s L.

t héoraexesplpoi nt 110b generating an omi -directiona
[0057] Jumping to FIG. 9, an overhead view of the
access point 110b generating an omni-directional
antenna pattern 905 and a directional antenna pattern
910 through use of the directive antenna array 200a or
200b is provided. The access point 110b communicates
with multiple stations 120a-120d. Since access points
110 are usually remotely installed without nearby
obstructions or moving reflectors (e.g., high on a wall
or ceiling), the selection of the preferred antenna
pattern direction is likely not going to change
throughout the connection with a given remote station
120.

[0058] The illustrated access point 110b may make
use of a directional antenna 200a for downlink data
frames transmitted to a selected remote station 120c.
For most broadcast and control frames, the access point
may use the omni-directional antenna pattern 905 and

the lowest available data rate to ensure that all
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antenna pattern 905 and a directional antenna pattern

910 through use of the directive antenna array 200a or
wQ@O@a/1iespr ovi ded. The access point 110b conmuPdT/EBEB®4/019507

with nultiple stations 120a-120d. Since access points

110 are usually renotely installed w thout nearby

obstructions or noving reflectors (e.g., high on a

wal |l or ceiling), the selection of the preferred

antrennae pabteévnsdilR@ctricoriive hhikel.y Mble ghimgtdional

chan%e thrggghout the connection with a given renote
st APF6A"213003] BAESTOFhd O EGSer &06d CRYEESSH AR Pioghe

mayeRkex 496,0h2 %b&e%hkg%%%ea%%%h@%t%OQ%f%D&or data
downlink data franes transmtted to a sel ected renote
st dtE@asl12eet tPoithepgenoteadtadt. cawd 1@6nt r Jihef rimmesased

b PRF T33P AN Ene roias P LIA abl € Javiarave o h
ensidre thahs@klrria \We20Q4k] 14459 RCT/OUSZ2QA LD the

renote_stations 120 receive them The directiona
anteiR&12604 Sndly - nUER REOEaSECERS rc Sveradd arde ) t héne

net,wer k,19Q, +But, ga)éwii%%@u%@ls%%)Tab&gaqaﬁﬁxfe@s@tfyorwk@{ acéie
franes sent to the renpte stations 120. The i'ncrease
downkenk peteti 310befigl recpduse ttoe nemjedviet yirofthtechemni

data transferred over .the netwark 100 appe on the
dotiFenk ?g?gp?%ﬁg%lﬁgg§%§€§eﬁgP§fFP&QPPhﬁgig%éﬁ% One
opticeBminsdbh@cdSe $WrbeleghusPahicale adiev @Fsizion Whembt he

access Eoint 110b is required to receive in the omi
no&&3MPRE -pot enti al added |ink margin of 5 dB

T L e R R

selregbéd steibbe IR G I2EC aroetsive padoes Lk miurliiGh

dugbg%ention 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 reguest-to-send/clear-to-send (RTS/CTS)
mechanism to reserve the wireless medium. In this
case, the access point 110b could receive in a
directional mode to increase the data rate on the
uplink. This is somewhat dependent on the data rate
selection algorithm implemented at the remote station
120c.
[0060] In downlink transmissions, the access point
110b may decide to transmit small packets during
contention periods using the omni-directional pattern
and a lower data rate. The reason for this is that a
remote station on the “other” side of the coverage area

(such as remote station 120e) may not hear the access

point transmission from the directional antenna pattern
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contention periods (CP) are received using the omi -

di rectional antenna pattern since any renbte station
worgoshamso transm tted the frane. For | arge fraresUs200€019507

network configuration nmay require the renote station

to use the request-to-send/clear-to-send (RTS/ CTS)

mechanismto reserve the wireless nedium In this

case, the access point 110b could receive in a

di ret? i prbteddevdy fnonedse thieidata taéergmith8r “hidden

uplink.,This Jjs s%%pmhat dependent on the data rate
sel BET orP BT tHIT T Frot ENeRe Rt @t SEhkl pRfot 80sdat neh hear

120sach 0968 r | dhlownd ik Ef@@éﬁi§§iﬁﬁ;TTt@ﬁeaggﬁéstime.

point 110b may decide to transmt s packets
durthgthborirass i tdre pere oosneise ngta heonsmixeli 128t andl 120e.

pat ata rat The reaspon for _this is

Pht Sdtnalee AR S AR ol ner SR oY £ Tarse

ﬁom‘faegefm, (m@emimt@em@ti:gméﬁ&ﬁéna@ytmhs. 7.
e € access olnt transm ssion fromthe

di ?L%Ci%‘um é'?ﬂeeﬁﬁa‘eﬁ%ﬁjt%?hl PP YD O R 1959 at the

PCHA2004/ H19507 o Ly pai Y gggﬁ% %g%é% gL Sedfes for

the famliar "hidden node" WO T eno
st &lqWgRsiii b upolti e atat aathamdt hetclandyendeiiph the

transmtdi t _th me tinme.. In this case_ the two

r enot € gse{ agtjcl%otﬁsonasr g‘_ZEOCW}h]anFfﬁ)EC.he ARHEL o e v gerk
t hitsrepf ol emNeaspRQd aldnhd@ritaige s d e AES wiSh the
described belowin reference to FIG 7. [0061] The

di FEEHHal9 3R &rfndNeatamringl igie atHeon sl coszerpoi mt 1ige

can ddusss AW 1y ghern, datsa, rates far . do L i anty op

uplink data franme exchanges with the Tenote Statio
12@sspiigtr s gitthe the leafedsheamiettwdl0 drdfifdintain the

LIRS SAECLNL L5 L Sned U L rori
200a.
[0062] A set of rules as provided in TABLE 1 can be
defined to take advantage of the omni-directional and
directional characteristics of the directional antenna
200a. TABLE 1 includes addresses of the remote
stations 120 currently associated with the access point
110 and their current antenna direction selection.
TABLE 1 may delineate example antenna airection
selections based on frame sequences from the 802.11
standard (TABLES 21 and 22 therein). In TABLE 1, “Dir”

indicates direction, “UL” indicates uplink, and “DL”

indicates downlink.

TABLE 1 - Example Antenna Selection Rules

Sequence Dir | Antenna
Selection
Beacon DL | Omni
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access point 110. That is, the renpte stations 120 can

associate with the access point 110 and naintain the
w@ooaacisson wit hout the use of the directi onal PenUsI&019507

200a. [0062] A set of rules as provided in TABLE 1 can

be defined to take advantage of the omi-directiona

and directional characteristics of the directional

antenna 200a. TABLE 1 includes addresses of the

renot e |§tzatd ons 120 cufrentlpiassoci at ed ged hprthe s
access|point 110 and their current ant enna direction

sel ect ifQfg—cABIFE L My gl g%e%aﬂm ST ETEA 55
directijon selections Based ranme sequences rom

t he 802—tt+——standard (IABLE 2t+—ant—22 TII‘@TE‘I"II) —+—
TABLE 1, "Dir" indicates direction, "UL" indicates

uplrionie31and AD@kode&@i@ahe&ed@@@dﬂMbedT&BLB ket of rules
Exanmpl e Antenna Sel ection Rul es Sequence Dir Antenna

Seﬁééﬁlgﬁ SEEEEGN "DEPOMRT SE o@D IbG4/ordgny rectional
a@%%9%4%9&9%gén Q%tée@%c@ %%%é@ﬁ%o pattern. For
-CTS-Data UL Omi/Dir See FI 5B [ 0063] "A process

caﬁxb@pdescmh@e@qqese petingf 140 emy tdedtecdeteerdiinsstional

when.to sel ect, the .omni, rection attern nd mhen

o PR S Pl Ol e E, TR TR Lo

aceessiRANRt thlF riFay aselieel «a réeeet lsmaa-JlozpaImer n

durin% time intervals when transmtting or receiving

t o/lPP&Rla si Agibd ocemetie Jseay isGrWize o061t eafifcsek o the
d' %% -I0sS BoWiHRg 1t1*ae INGLelACes, ¢frd.he . a%%sﬁla‘?is@rated

is shown i n Fl G. 4" The illustrated "access point
11@cwﬁebu@esxuaﬂﬂ@USHSQM§$$t@mglam$ 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.

[0065] The physical layer 410 processes the RF
signals 412 and determines signal quality measurements
417 to an antenna steering process 420. The physical
layer 410 sends processed signals based upon the RF
signals 412 to the MAC layer 415. The MAC layer 415
generates timing control messages 422, which are also
sent to the antenna steering process 420 in order to
switch the antenna to the omni mode or directional mode
when required.

[0066] The MAC layer 415 also sends data frames 429
to other processes (not shown). The illustrated
physical layer 410, MAC layer 415 and antenna steering
process 420 may reside within a controller 400. The

antenna steering process 420 may be stored within a
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| ayers. An antenna subsystem 405 may i ncl ude the

di recti onal antenna 200b and supporting circuitry,
whpreeai1aneg software to operate the directi onal PeanUsIm&019507

The antenna subsystem 405 interfaces to the physica

| ayer 410 and provides RF signals 412 thereto. [0065]

The physical |ayer 410 processes the RF signals 412

and determ nes signal quality neasurenments 417 to an

antenda yst e R&pHACES ¥ hd20. mike tehysisgaind-laaygre 4kbhory
sends processed signals based upon the RF signals 412
t 0 OFh8PVEEPESE AESOTFh# LREN Ry &1 OFFS SQfen gxample.

i odg7qont r o JTessages 422 MICh YR A @0 $lhddns an

the antenna steering process 420 in order to swtc
t hé aatreemaa tiad lishe romEt alpede "o rdiar ctiirgrdliarndeblshenr

required. [,0 The C layer al so sends, dat a

fr aePiss B e frOcsabs Sfndr ey Fhe L dhal

i lgusitl iatethe spirsinealt d aper e, dMAGHAYertAlt atthns of
antenna steerin process 420 may reside within a

CORBEH [F6MOAE0 STt 0tad?Onna EStre SRl 5o ddiss UXP Gy
be re i thi /11 (JS20QQ &1&@ 7
ner%?og,e ]S&g‘ry g%fmsﬁg}%m\%)ﬁ%%f]ﬁbgﬁg%gfr%- al ongg neno?lyg
or aarn eambe ddeck atenor y(AM EBhi I€)a ferockEssart,idmerl exanpl e.

008l T8, A0S0, 5100 18 JLOSOR5 (20 MR LIS, 20 e

dat:alasea 485 cas idrdfdinet itoR ofi e ilecaiagd sigpalave been
qual ity nmeasurenents 417 made during antenna scans of
eadieteargne bt dtticopREFmNaE S eetdms Pragrsdiddtiiomsed to

PLSAGE, TUSIIA SRR R £ 1R o

corsminsycatenro O 5M t ML Heher aigrmls_tcma'ldrw 120 s Oregeertthee 417

ggté%rén ?ab%lvree Cat Ipornesdeltnertmhlenecg rt (?rtel S%I’g) lt da bilnedi4c:2a ihnac_:}/ etha’c the
highest data rate can be supported in the omni-
directional mode, the antenna direction may be held at
the omni-directional (0) mode.
[0068] The following paragraphs describe various
techniques in accordance with the present invention for
determining the preferred direction to point a
directional antenna 220b from an access point 110 to a
remote station 120. The first technique employs a
spatial diversity selection mechanism. The second
technique uses a sequence of probe signals exchanged
between the access point 110 and the remote stations
120. The third technique uses control messages (e.g.,
ACK or CTS) to make signal quality measurements of the
received antenna directions at the access point 110.
The third technique is applicable in both forward and

reverse direction links.
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determ ned, the antenna steering process 420 is used

to provide directional antenna control 427 to the
wa@ndannsso subsyst em 405. 1 f the signal qualityPCT/US2004/019507

measurenents 417 are above a predeterm ned threshol d

i ndicating that the highest data rate can be

supported in the omi- directional nobde, the antenna

direction may be held at the omi-directional (0)

nod®.069Q068] Thee ffialdtowdrthniaiagaphisncde strdthewardraus

techni ques in accaordance with the present invention

f 0P V2detle ARVACRG ERE POt Pe drdiereet S8 i gsbitversity

di reehi/eRal 20t enlA 2240 £1QPaR BCaaSHRAIds 119, 41p &
renote station 120. The first technique enpl oys a

s p&0iall 1di/\B8es iLfly /$é12s dtlinonirhec kdrsics MUDEeer ts eodiritehed

t echni que,uses sequence of probe .signal.s exchanged
betAGEA "t -acd08e Jpoim CELO MY e PeRILS Lidt ione

12@embte Ghiatd ohe 20 (s useSceiidadledressngasdE.had
ACK or CTS) to make signal quality neasurenents of the
redéisfed HrtdnRa NGitEEt-ond tatl 5t Fe SAdESs £h3di rither fipitial
Th | ni;que, J | - f y-Tole
Feqeren d Fecti on Frearis 6D Yoo LAty et
PCTay$2004000e507 [0069]a FHe datrismatle chmimgue: iassiament

that ,curre 802.11 devi.ces incorporate antenna
SWeDAREGEaRa0Ps ) o cartrO S I gl Of the
803i¥kréetyCesotade ap 1KBQD Hna/ 80d.cHry 8% i ivn | |

al so_support swtched diversity. The first technique

i s Sgppiatdah Pgpiteéd-a renpte station 120 has

f‘;“[!&%%i]cat e%e%‘?:ﬂ%ﬁ;ogo% %% EiItGS.e'6f VMhtJ] & At V@J&mi.que

is assuned that the initial anténna scan 1s
acdonpitiished aw tholdl dwre MAGEenathiorsk ratareraqurestoqalint

Wil durectionsl o il eGS0t R 2208, 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
610’ in a typical diversity selection control manner,
but in this case, the diversity selection switch
control signal controls whether the contents of
register A 605a’ or register B 605b’ are used.

[0071] The selected antenna position is initially
chosen during the network authentication/association

protocol. The candidate antenna position is any other
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di versity protocol to keep the antenna position/
sel ection updated. [0070] Referring nowto FIG 6, the
wao poogtii44echni que functions as foll ows. The il POBUSEDECIS07
access point 110" includes a controller 600
connected to the antenna subsystem 405'. The
controller 600" conprises a physical |ayer 410,
which is given access to the antenna control signals,

angna MAG ayar iohl Gidcl ubieig MAC dnayield Wd ditiSoradTt exuiee ) .
selections into register A 605a" and register B
605he cregisede ANGESRS EOftidies ihehsdiaaded i enna

po?fe'd%%erﬂﬁ%_eﬁﬁ%‘e%ﬁ%%c%,6%¥‘Eer CoRLAing 6%(9@'@'% $een
antenna position. e physical layer 41 Is also in
comegEiicat ons aditielr aorultdqaiexiery 610'nacReE physi ca

| a erd4 o' sen%f a diversit sel ection switch contro

si ﬁ§|§§§%mlp e ™ulPfitgi%er  610' in a typica

di eogi2lly sehgetirorueRlsstu1Imnneicei Wiy i) dddietcasee
the diversity selection swwtch control, signa

coRtWSIiSathdrier O’ comrein & astelviasyissiama A Busd tor
regi-gtar. B (@9%%5.1%%%% o (%Qg;arlaﬂ'%%—%%i%%t %@H,e%ﬁt -

positionis initiall hoden ring the networ
authéeht/iccmibilomeas sectirdidsgn etpr.t deal bokhe scerdirgat e

antenna .position._is ot her 21 WD 20Q4/ 1144589
PCRPOSS0RPOES807S Mot SFusi B E RAU AT S
OMtlec@igtaehi, ORdle MBRER).calThe eandiidat & i€ as it does
position is changed, in a predeterm ned sequence,

af tew Foraltild -gdckéhafad shedrp swddeihy dxgtaresar ttdre doto
[MVA] . ts f t ] ti o
r e%%‘t%%n%%oga%]ﬂﬁ%%ﬁg SO A U §4RL glJuned L e gogition

perio r ‘successtull'y réceiving a pa
t h&or playdetalrelcayperi ohl0' IAferds veddel wedtkitgnadception by

aual i ty, etrics (31003l St S0 SO UNNSE s oo ror
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.
[0073] As stated previously, this technique takes
advantage of the current 802.11 antenna switched
diversity methods. It should be understood that this
first technigue may include hardware, software/firmware
or combinations thereof.
[0074] Referring now to FIG. 10, a flowchart of the
above described method for operating an access point
110 in a WLAN 100 based upon spatial diversity will be
discussed. From the start (Block 1000), the method

comprises communicating with the remote station 120
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pat h/ equal i zer nmetrics, etc.) for both antenna
positions to the MAC | ayer. During the packet

w0 eaapid4em, the physical |ayer 410" functions BST/UB2004/019507

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 |ayer 410", the signa
quakiihy nzebn;jmnfcorangtliee otfwe hanidena tiesiall eiteara 220b
sent t MAC | ayer. The MAC | ayer updates both the
SePbcPeantinla SOSPEION RS camidRe ehinna

pOé&EbQﬁatEh%ngﬁ%%e%Ee%h%nHS%%%tﬁ9§ﬂﬁ!%&ﬂé%déﬂQZﬂH“%or
with the best "position based on the data received

f r cammha ighysingalivithayée 4:E@foteF|slttaé:ruqmg/1t%Dstderrem% the

AP ERREE RS ) BRETOTB07 3] AL e atRR b e s

t eghghgue takes veadvant age ef:rihkercwan HBRL.thke
antenna _switched diversity nmethods. It should be

unBerEedad Yt Rt adfiesnatier shotledhdirgie tr]i’@ ferdtidetation

ha&éwag.ece sebinare/ Hirr pwar % 1%@ocormrq f@he,
[ 0074] Referrlng nowto FIG 10, a fl omc art

abbhe descenttedrnogichod boe ofertdts mguamladgeséfmmhurnate

a WLAN 100  base on.s t|aI di ver si wll b
i epiled, Mshren it R ag, R 2 EiEaedtld e
COBRELSESpSANMHHRI 6Rkishg tsﬁgﬁﬁ@.sr @r&t e Sakimgl20 22
WO 2004/ 114459 PCT/ US2004/ 019507 wusing a current

an§PBMgNichE 1gnse #iitdn dhcakedmis 2268 1ot Wbek Thyigethod

Sc ng+t Rrough @aspl urality of alternate angles of
@ g%rggt?onal antenna 220b for communicating with

théOOéBﬂte sﬂ&@u&&ebﬁ@.d@mhmgthezfpmﬁﬁﬂhlmpqm the

p < E:g hgemg&?sfl@ﬁlt n &%1@2 %ﬁ&gtesf?g %%tlln 1 lsd %I}a | R$I' g %Ceesl svaegde s 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.
[0076] When used by the access point 110 to
determine the preferred pointing direction to a
selected remote station 120, as illustrated in FIG. 8,
the access point 110 transmits a probe request signal
805 in the omni pattern and each of the potential
directional patterns 130, and measures the signal
quality of the probe response signal 810 sent back from
the remote station 110 while operating in the
respective patterns.

[0077] Measurements of these response frames 810

make this a more reliable technique than the diversity
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plurality of alternate angles fromthe renote station
120 are neasured at Bl ock 1030. During the preanble,

wo b@4aussent angl e or one of the plurality of pdT/@srvat/el9s507
angles is selected at Block 1040 as a preferred angle
based upon the neasured signals for continuing
communi cations wth the renote station 120. The net hod
ends at Bl ock 105. [0075] The second technique is

baseledypobnt Rechhfanendssicenbbyl thevatCcegs ipigdcchtD
of RTS nessages to the renote stations 120, and the

r eE8FPROAUEF LETBrekESSReEs SPaRYRt Bdd Lo Ste SPsitse by

t henheARhE S ALIFRRS of @chiBe 256833 OBy KHHe RAokLted
standard al so defines a probe request/probe response

exwhahgehewhicchsiss potiyypi 3a0l.y Howeviey ,r et sitsatarorignpact
12g to etegni%g.the uali,ty of t%e link _to,other

st 5P BREVL26. A6 e MelStddd 26y {HE " adc &4 %50i nt 110

t oredetetnbRebhe cpiehekr edgpairt i RtditiRGd Akdirdjes may
sel ected renote station 120, as illustrated in FIG 8,

t hB€aéBEés§dpSit- 110 transnits a probe request signa

805 i he omni ; nd e of;jth t '
o TobTelne, MRS, B deate LS A or ene
quabbtryg Ok stiré bedo e thesp dose opiegmadlingl Grs ertcdrac boint

fr the r e ation 110 whil e, oper.ati in_th
eBBei e BRRNe R’ beag 7 F PRSP E R ST & Bgd P
r egpanse skuanes ol @ nhameke richi(® 12 gna 0!, alee method
techni que than the diversity 23 WD 2004/114459

PCTPUBZOG£E0 F3GT L 156 éciecdn teeshritded d&krathédock 1110,
SEONSpgPILS HE T LD BUe SR, SOV - o
hashassldcieattadnaii o ticheaa @203 tpoithie Kl e ddcabvermote
thg%gtkgnagti %%& 1120, and measuring a first probe
response signal received via the omni angle from the
selected remote station responding to the first probe
signal at Block 1130.
[0079] A respective second probe signal is
transmitted at Block 1140 via each one of the plurality
of directional angles of the directional antenna 220b
to the selected remote station 120, and a second probe
response signal received via each directional angle
from the selected remote station responding to the
respective second probe signal is measured at Block
1150. The measured first probe response signal and the
respective measured second probe response signals from
the selected remote station 120 are stored in an
antenna database at Block 1160.
[0080] A preferred directional angle for the
selected remote station 120 is selected at Block 1170

based upon the measured second probe response signals.
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to network efficiency using additional probe

request/ probe response signals, but these exchanges
worg4/1bese nfrequent. [0078] Referring now to Fp@/ustp4/a19507

flowchart of the above described nethod for operating

an access point 110 in a WLAN 100 based upon probe

signals wll be discussed. Fromthe start (Bl ock

1100), the nethod conprises selecting a renote

st aheofed2Qratl Bhiogk bibBe rbkapeRd tslikgaa fidest tHOkenni
signal via the omi_angle of _the directional antenna
228B9L6 LRecsBPa&red atefdrek 480 i tht tBodeaptymd

and EBASULE Y2 LLLsh R A08nNeTRANSE Y ghal rd.ae8 ved
via the omrmi angle“fromth sel ected te station
respordtngntd thglei.r stther dhiestsipgrdle atidBlaocicabiBlises a
0079 spective ond probe sign
5ﬁ§ﬁl?Feg Fe§906§&%§4@e§ﬁé ?a@ﬁdoﬁg'oﬂf¥?ﬁ; probe
pl wedbbh¥e 6f gdibnecbinpralscanal eg «afr-trhe sdinectdmnal

antenna 220b to the selected renote station 120, and
a §§§§ﬁéeproﬁémlﬂé§édhséh§|@ﬁ@pnﬁe@§QRﬁjﬁhgﬁﬁ%uﬂPmPrlseS

di LECEI gna'es@ag% antl QL e %%'de %% nssteat
respon I'ng to resp ective se pro S|gna
measupedsat Bl 0Tk m]e]s&&ge'l.'he Tma@nmd amiglst qur alies

res se sig and th r ective _neasuye cond
Tt el M Lol i o chné%%@& 1190
st ahisen %%@naﬁﬁesE@&@@rh%ga%ora%b%&ﬁ®dxﬂqﬂﬁﬁﬁh&ﬁlcatlons
Bl ock 116 [0080] A preferred direction angl e for

t heitheltbet 66 leemete remgiticos tR2E ans 128 -ectTde ateBlastiends

11 d n the measured second probe response
gga gg%% iim% 2004/ 114459 PCT/ US2004/ 019507 The

neasoseq firgheprobed espomseus gixall diramtite amirol

an%&gmgg %gg%aggdn%&mgho%gtgl%gagggég;“%égﬁgggw¥%e 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
130 has maintained its advantage over the omni-
directional pattern 905. This advantage is typically
based upon a predetermined threshold to prevent .
frequent switching between two antenna patterns having
similar signal quality metrics.
[0082] For example, during the CTS messages, the

omni~directional mode may be used to receive this
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second probe response signal fromthe preferred
directional angle. The first probe signal conprises a

WO egAasi4ss 0- send (RTS) nmessage and the first ppOb®S2004/019507
response signal conprises a clear-to-send (CTS)
message. Simlarly, the second probe signal conprises
an RTS nessage and the second probe response signa
conprises a CTS nessage. The omi angle or the
pr efeishee dior ecllicanalcanrgl riss saleetiednatl Blyock 1190
based upon the conparing for continuing connunlcatlons
wi fIRaEHE cEeRECt edUreRtt &Dst ACKMEBPRISThe rrétSHo P IERIY!

at d&'r%%l%%%ay[ %%%Jseﬁh% '1‘efc% iLRC R ﬁanges %éett% t he

control  frames used in nornmal data ex t ween
t headcrdsse poisptondl sayuhatlheuadnidtye rstaai s rii20.

Thi_s echnl ed | both ormar I|n
coﬁﬁﬂﬁ’&&ﬁl gfang% %é€§ s@q I&%§¥me
t hecGl@aenteatsend peCEo)rnald a@%@‘&&@%a{rﬁ@@on is made

messages are sent at the |lower data rates, the access

poidit tPIUhckheEséhehéset medsages dig asdrsar &rRe brhf
90 | t
patstt%rrréd ghta%]tllge. W?lléli:lrhl%@ theS é&lceﬁ gg%%dvﬁ]ﬁlﬁ(ﬁfeldes

pattern 13 is’is UstT at
dashéd ghieregiadn tthen @nmaﬁmanaﬂhﬂdﬂaﬁ1mddémeC6ﬁparisons

can serve agla met_hod gﬁ et erm ne

-t he_, '
PP o0 BP0 EPad CaTFEL B S CPa e el S mel 7 fonal

advwaiage @1@%CEH@HQHHI- di rectional pattern 905. This
advanta%e IS typlcally based upon a predetermn ned

t hrl@9$Sd t o Theevere thipeguert mﬁmauﬂﬂﬁﬁgﬂbéﬁmb%n t wo
ant ?@%r@%&%@zf}% %%' N9 n CH':' rdusfl % J_Iéle link data

metri o exanpl€, urlng nessages,

t he: raommisdiioet iaenahowed e nray che SBs.ed Hurzrm;:etm/ee Z—td’K S

255@%5%%%é/%%%4%%cgg£/%%%%.4&9.9%%@'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.
[0084] The direction table 425 in FIG. 4 may be
augmented with signal quality measurements from the
process or processes described above for the omni and
selected directional antenna pattern. If the advantage
drops below a predetermined threshold, the access point
110 reverts back to thé omni selection and performs an
antenna search using one of the first two techniques
described above.
[0085] In cases where the remote station 120 goes
into a power-save mode or has long idle periods with no

data transfers, the access point 110 reverts back to

the omni pattern selection. When the remote station

26



message to calculate a first signal quality

nmeasurenent. During the ACK nessage, a test antenna
walzoogai44em may be used to receive this nmessageremUS2004/019507

cal cul ate a second signal quality neasurenent.

Conmparison of the first and second signal quality

measurenents is perforned and a determ nation is nmade

as to whether the test antenna direction should be

st needbethatksi actikhet hgrihhetdier acteeBaborpde 1p00tiages

a higher gain than omi-directional node. Conparisons

ney Salfs6mparpeResr ABECBBEWEEATERD di f f er ent

di 18eBisgNal R@@E%EgﬁgdBBQCEb°%§GSL09§3£nﬁh§3§aﬁ%sb%%%%ve
of "measurenents an conpari sons may be conduct ed
dutiingcharegeprseal mpkhddt &ort paprsALSSiIcoORN ascsisewWPOimt

FI G, 5B Duri K - th int. 110
g 20arBural e 40§nEFEeqURP Ty CHBs G oteal Snan Torazd

CORpAr ecivbrke ann@BANivi1di hecHhehalsskade MR LGRE R 201
ot her directional node neasurenent. Conparisons nma
be (BéRGHcLE8OdveENgeReFAPT EERRIASESt L6RS1NILDNY fRe the

se r e.s Len e S Ni,NgG
di%?%&égﬁ gg?%nﬁakg%%ec?%égFOFo%g%ﬁeT%ggdFrg&?ﬁ%nantenna
t abb&t425 i EhG ddrpeyibealasgirenned 2Ri0bh fsiogndhe remote

i h
dostribel a8y et B ke Tnhr “anl CEERBnTGaTae Sotigni
anggnpaspakkern. tht thfoadvantagen dropsocbel Qw2®, and

predeterm ned threshold, the access point 110 reverts
ba&RCESVERE BnAFCSBFeEPNEHCANd rPEEt TRt 2alccanCenndenna

se [ . first chni_qu
deBerrly BR.TE8 RusbBF:bhal, shtRnne Ehfh B sepote
st atetnobh2@tgdéscki ARB0a pawergsave quade tgr ofashleorfg rst

idle periods with no, data . transfers, the access point
1160PE689t§rB§8krF861Fﬁ§ grrfh gEtFéFﬁtsépgéppénPa &

t henkeapke ehat bAA1ity of the second control frame
received via the second antenna pattern are measured at
Block 1240. The respective measured signal qualities
associlated 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 associlated with the second antenna
pattern exceeds the measured signal quality associated
with the first antenna pattern by a predetermined
threshold. The first control frame received comprises
a clear-to-send message, and the second control frame
received comprises an acknowledgement message. The
method ends at Block 1270.

[0087] The method for operating an access point 120
in a WLAN 100 based upon control frames in the reverse

link comprises from the start (Block 1300), receiving a
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26 WD 2004/ 114459 PCT/ US2004/ 019507 120 becomes

active again, the access point 110 may perform
wapaithessant enna search. [0086] Referring now pOT/BER1884/019507

12 and 13, respective flowharts of a nethod for

operating an access point 120 in a WLAN 100 based

upon control franmes in forward and reverse links wl|l

be di scussed. Fromthe start (Block 1200), the nethod

C OMird sSe e dreed Vi Mehnied ihke a formar hdddina gddsdrn of the

conirol franme via a first antenna pattern of the

di rEGSSrinaintBHeR 22 @2 0 dhIth e e e t & t 33 fokPm 20F
at Blpok =221, %gﬂlaa&mita NG & fd rS8nt 48] 8 fLAMB & Oche

the renpte station at Block 1220, and receiving a
seqmm tooratragl 1 dr aate Blicarka ls?&ﬁ)nohrahtm@ivm teerifrlmt
the, directional. antenna from¢the rengote sta

Bl A FH A G SRR G T ST T Cortiol

fr ane-gaceined adwerdhe fddnsterant.enn PadiLfion and B ock
si g’nal qual ity of the second control frame received

I sdeonnEt ehred idat 1o Fhe eflne%‘sﬁ%tml Bragek

12 T E5Ras
as;‘f(o%c|eatn}::e<§I |%}(iOg}Leeffll rst %ﬁ% secg&ldt ant enna patteQPrlal
ar eyuednpay et dtheBlfocketl 260.a Theanse acerck ard e nnisa patd execond

for transmittin asecond data fra ta t e e

ot RIS G o SR BT AR T THAS roalih ed
si gradpdtitald }fneaassiﬁfécﬁtsﬁi%ﬂ/ﬁlt hyddves second it eniey with
pattern exceeds the neasured signal quality associ ated

wi the Hel 75t andamesmg @emamﬁ A e pretleaer ragrpred at
t hf %JEQJ_ ql.35-61e&[fﬂé' Sstec%qm JILI?J“SE%CO es-} V%fg{@%ﬂ&ﬁ&tlng

ear to-send nessage, contr rame
recaelsadambnmhase’srm axykn:m/d edgsrentporessaged  theche

nmet hod .ends Bl ack, 1270. [0087 The t haod
O p R 0 S b a2 g n St e S f588" e the

measured signal quality associated with the second
antenna pattern exceeds the measured signal quality
associated with the first antenna pattern by a
predetermined threshold. The first control frame
received comprises a request-to-send message, and the
second control frame transmitted comprises a clear-to-
send message. The method ends at Block 1370.
[0088] The fourth techniques is a hidden node

. protection technique that provides a protection
mechanism when employing a directional antenna 220b at
the access point 110 to reduce or eliminate the
occurrence of hidden nodes. Hidden nodes occur when
not all of the remote stations 120 in the network 100
can hear communications between the access point 110
and a selected remote station 120, and therefore, those

that cannot hear can transmit when the medium is in
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in a W.AN 100 based upon control frames in the reverse
link conprises fromthe start (Block 1300), receiving
W@2002/11448 2004/ 114459 PCT/ US2004/ 019507 fi r st PCDOBZ004/019507
frame via a first antenna pattern of the directional
antenna 220b fromthe renote station at Bl ock 1310,
transmtting a second control frane to the renote
station at Block 1320, and receiving a first data

frawe.vi ghd ssecond ariania ipailst, e i rafi ddie r1dt regctdrenal
antenna fromthe renote station at Block 1330. A
si §REESGuRPIY df%-he first control franme received

Vi gololsef i r syynant enna Ratder g)oam 319 WAl gauplddy of
the first data franme received via the second antenna

pattrensrdss ivgadur ed ramoBleock 21340, IRk  thes pmnﬁlwét
measur ed SI naI altleﬁg‘s |ated with, the f

and *SEEGd ° |J1Ct e SRS e@é)r?péjrl&fc*‘tlor’s|bé’ckscannlng

1350 Theecsedond tamienm@spatt e .f ar 4o arsdddntimg i@ there
second data frane by the access point 110 to the
re%@ep%%téﬁllm dens glosiesed tOIBIeé@@PllI?GO ﬁhre tar%:ess

nmeasyned1§ipgnal, gyl gfssexa%%t%t ed A td?lstq

ntenna pattern exceeds the measured signa qua |ty
assppoatied wWitdedtherf ifrsm atﬂnteem@depaietobranﬁgnrw direction.

pr Lm ne r eshol eflrst contr ol

CaBBYR " OB BeE T SRUSSE t g SarkF G hd ¢ Lf
seedrd ceRRrtrical sforanm e @é&@ﬁﬁl%scctmyﬂ Sate cﬁaéﬂtﬁf@ﬂ tQ5r
send nessage. The nmet hod ends at Bl ock 13 ef£0088]

Th&1Pgert Roceshiixdisds i $18 RiCEGES medat g

Loshaba LR BOUSERR ROLESELgN, (JRIRDIT MElkeos

pphnrstln]gl@hteo omeﬁu@amctebnmlnatoeid lef e wnrtenoe &20a.

M S0 fedes, Hdden nodes ggeut wngh 9% e i1 ons
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.

[0091] If the control software determines that there
is no potential for a hidden node, the access point 110
may not send the CTS message and communications may
start immediately with the access point 110 antenna set
to the proper direction. If required by the network
protocol, the RTS message can be addressed to the
intended receiver, resulting in a CTS message back to
the access point 110 as an acknowledgement, as shown in

FIG. 5A.
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can hear conmuni cati ons between the access point 110
and a selected renote station 120, and therefore,

WO bagai44shat cannot hear can transmt when t heP@EUB2003/019507
is in 28 WD 2004/ 114459 PCT/ US2004/ 019507 wuse. This
causes collisions, particularly at the access point
110. [0089] Wien the access point 110 has data for
transm ssion to a renote station 120, the contro

pr qo@eRiset s Mote selLactied @ e dlid etdd Oty in
scanning the direction table 425 in FIG 4 to
detr&SFTFE G thdrlE - alve 9fotichitansty Hildew rots . sHepe the

ex% ?nestsj'é AGELHt p&amsrﬁllllpc /) OLCH% faocfcé’§ &int 110
5 TE t

stations 120 in the opposite ion from
selssctoed thrt €Msa mdissectd dre alI009G t Ref ergd¢awpsdoy the cause

timng diagramof FIG 7, if t ontrol, software

e a0 o A2 S50 I P G RSP o o1 4

t hecaeresstReiitin 1D fiddtcatdansMdte afls MBSSRISE tohe
a known unused MAC address using the omi-directional
mo - agydatrise 84t-din®dtreol Taslgyr cuessrserivess srecified

al | of ;the . remte Isetcaetllvgergs h]ezodéi‘{h tﬂea etwork that an
exchange is %o occur an noﬁ to transmt until the
exditDepd i s fRafiesheichg Ther aocce®G. Aol nta Hflbddiesrt for

svvitch%%,to the selected antenna . direction for the

i NtEITdEE PG 3RS o O WorimiHidht Phgpased upon
Progerdn ARIhele ARPTCaCH t 10 eenti N sdde, highden the

node problemis to performa four-way frame exchange
pr éttedd (ERPSk GPO0)dattdhanttAvd adndrBedestealging an

tJ Q. 9 If_.t.h I ftware
detir B Bies SR Y S s B e T e
nogeirithd lac cess qauintrddde nebatnioin SEAW 4 hee dJ&tive

message and communi cations may start inmediately with
t hE'SEENESS Foige @ antehmpggsponding 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 anywnon—selected remote stations have the potential
of not being aware when such communications actually
occurs. This is determined by comparing the measured
signal quality associated with the preferred antenna
pattern for the selected remote station with the
respective signal qualities associated with the non-

selected remote stations when using the same preferred
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to the proper direction. If required by the network
protocol, the RTS nessage can be addressed to the

WO ndoandedo recei ver, resulting in a CTS nmessagePOBUR2000019507
t he access point 110 as an acknow edgenent, as shown
in FIG 5A 29 WD 2004/114459 PCT/ US2004/ 019507
[0092] Note that in the process described in
reference to FIG 7, efficiency is inproved since the

RTSrmssagedt:gief. transnmtted by the access point 110
since the CTS nessage is all that is necessary to

caufO%lhe r écﬁfott.éleé%%tjiso.r‘?s P.‘PZ’{?Tﬂbi%ﬂalﬁoﬁ ra %%TF grede,
The.ndremte statd o 120 4 ndi Lagé; dglrbélbelié% Sﬁﬁ&ei@é‘tfﬂg

the standard 802.11 protoco er ensures t

spedidti adhe rrenstss statitort Ieceid/eshd e ldattzed rzamote
[0093], .Referying nowto FIG, 1 a flowhart far

opéS?C G grgdaé’%eesgcop&oﬁ@%a} d“’wthl@%@rb%@%edrupﬁ
hi d@aredede vescagnid idbaMdd stend) KlssedhFramd er an
start (Bl ock 1400), the nethod conprises creating an
antiéyfed ittt s Ay deswEng iR etaneeii ttHe agtessantenna

poi d c t.at i a -es [

Do e B RO S LA 1 TR W i

of tantsethadoatetsey thadat Blcacindd b rrdmarespectanie of the
measur ed si gnal ual.ities are determ ned by the access
poirrﬁm%sﬁ el(?n%pg‘ﬁoco TR o it 1R TEROt prame
st abdnnkrR0 p riodlo RACh HeyTOer St atdQn akr0 Aoy ef ergedrormed

antenna pattern based upon the antenna database i's
detierthi té¢ selBicderk raPmtandaanti?d statievend thre

CORFERRATILNG BEEAALLED EYA AL LS, L8 SOD FALE
ant[©o9s Jdat ab@sd eand iy iiorvdr iconmmed taddmepatiedherly
selected renpte station, it is determ ned at Bl ock
14§%own and“%escrlbed 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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i f any non-sel ected renote stations have the potenti al

of not bei ng aware when such conmuni cati ons actually
woecauns44sdhi s is determ ned by conparing the nepeEUSBU4/019507

signal quality associated wth the preferred antenna

pattern for the selected renote station with the

respective signal qualities associated with the non-

sel ected renote stations when using the same preferred

30 WD 2004/ 114459 PEATUSRRCA/ BE0GRATMED @gna pattern
[0094] If there is a potential for a hidden node,
then a nessage is broadcast at Bl ock 1450 indicating

that the access pOArlﬁeéﬁl&daf‘&'rt%‘\ﬁ%ﬂfﬁ{;egnr%g?ég%point

station 120 are to conmuni cate oné” anot
notied abolesleds sldrohduesds maywdek i (WLAR) f othe ofcaass

patCEr T (O T B LT D o R Cr e has an

unuseehadiEessnd hat doasriotd corresporg 40 aaysefotbe
renote stations 120. Alternatively, a four-way frame

ex cHes priotlokdl s wrs: aatexamhgeigacket data
per . Wt |.ect S ' 0

b v o R PO R he B e Al e e
Bl attard=l60:he [@Qi0G5}t Mhid e dihisnhaventpobshag deghurality
particul arl shown and described with references to

pr e?%eréfréibemértﬁ?&m%' ttﬂé&? deFthod WP b hder st ood

by those skitdedi +ind he arist hadnvesi opisacbangesai Birst
formand details may be made therein w thout

deparisme fRdatie oksddpe dfrediel¢myvemiornencbnpassed at
by -t P ' . For instance, the access
poilngt}iesltgl %%‘?%e?qnn?%e?&ol{%’e | EEE 802. 11 standard. The
ant enna al gortitdmsriortiren actesst patd Bsamk scossied at
abaove is applicable to other types of |ocal area

¥e, St

net LR g yStation;

receiving a second control frame via a second
antenna pattern of the directional antenna from the at
least one remote station;

measuring 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; and

comparing the respective measured signal
gualities associated with the first and second antenna

patterns.

2. A method according to Claim 1 further
comprising selecting the second antenna pattern for
transmitting a second data frame to the at least one
remote station if the measured signal quality

associated with the second antenna pattern exceeds the
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appreci ated by those skilled in the art, such as those

defined by the | EEE 802. 16 standard. 31 WD 2004/ 114459
wEUER894/ 019507 THAT WHICH IS CLAI MED | S BCT/BS2004/019507

nmet hod for operating an access point in a wreless

| ocal area network (WLAN), the access point

conprising a directional antenna for conmmunicating in

a forward link with at | east one renote station based

upote e hange ofqupedcket daicdci SO StMotRe first
plurality of control frames and a data frame, the

di PRt TBIRalP 3ttt Yo i e Enplagt d}hlt%ﬁh‘b*dant enna
patterns the nethod conprising: receiving a first
control frame via a first antenna pattern of the
di rectional ant enrﬁ)anfertdmct hecatrdimasto dl’ﬂ&airerﬁ:)t&ﬂqerein

st at QN transm.tti fi data frame to_the
Ie%s SITE GRSt & TSt arivol 4;32%38 Y S RN o r‘b‘flng a

frarefdmcal seceitha @am pat tetd of rddel A ecdhonaha;
antenna fromthe at |east one renote station,

e &4 “H?gérﬁlét s wa%ﬁ%ffqﬁéﬁn GNP AR c;comwameng
reqeived d ga ke, %tg% DAt £ and
the second contr

quality o receive V|a
seodrid diftee rfriar spfatatnet secand] coripatian g thies fres pect i ve

measur e al uaI|t| ssociated with the first

o G A S 5 Aireuit s RHE AR
d glamtkfurt her  conprising sel ecting the second
antenna pattern for transmtting a second data franme
to the at |l east one renote station if the nmeasured
signal quality A method according to Claim 3 further
comprising selecting the second antenna pattern for
transmitting a second data frame to the at least one
remote station if the measured signal quality
associated with the second antenna pattern exceeds the
measured signal qualities associated with the first and
preferred antenna patterns by a predetermined

threshold.

5. A method according to Claim 1 wherein
the first antenna pattern comprises an omni angle, and
the second antenna pattern comprises a directional

angle.

6. A method according to Claim 1 wherein
the first antenna pattern comprises a first directional
angle, and the second antenna pattern comprises a

second directional angle.
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associated with the second antenna pattern exceeds the
32 WD 2004/ 114459 PCT/ US2004/ 019507 nmeasured signa
woakitigasassoci ated with the first antenna paPCEUR200¥019507
a predetermned threshold. 3. A nethod according to
Caim1l wherein transmtting the first data franme is
perfornmed using a preferred antenna pattern of the
di rectional antenna; and wherein the conparing
further conprisesAcanephvidngccbheingspectileémméasiesedin
signal qualities assgciated w,ith the first and 3gcon
antBRnSLpatt EPRSTRLt AT ANCsFGAREF VGHalrrlyLas§Sc Pafedar -0
W tBnthgeRsaher r gflaaphensaconat tehRrod- rhafRt hedeived
according to Claim3 further conprising selecting the
secomgrantenna paknewheflgementamesiseieng a second data
frame to the at |least one renote station if the
nmeasured signal quality associated with the second
antenna pattern excgeddotiheccoradumedosiCran quahirtiuhes
“associated with the first and preferred antenna,
pafPBPRS SB{JachPeterer An8E ERPEsAGIEAPSS A g the
accardingite FeakM-dawberabn olhe ifiikst aBkeARRed with
pattern conprises an ommi angle, and the second
antérndipatit end seppnidsestendir petiteals. angle. 6. A
nmet hod according to Claim1 wherein the first antenna
pattern conprises a first directional angle, and the

second antenma paht eefhedmpricsesiiag secand i neduiratrar
angle. 33 WD 2004/ 114459 PCT/US2004/019507 7. A
metRBBTaSEHOdSRG SEE 1Eraithel fiffeteigmtenna pattern and the

second antenna pattern, and wherein the selecting are
performed at the media access control (MAC) layer of

the access point.

10. A method according to Claim 1 wherein
measuring the respective signal qualities 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.

11. 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.

12. A method according to Claim 1 wherein
the directional antenna comprises at least one active

element and a plurality of passive elements.

13. A method for operating an access point

in a wireless local area network (WLAN), the access

34



the first control frame received conprises a clear-to-

send nessage, and the second control franme received
w@oopnisess an acknow edgenment nessage. 8. A nmeP&IDUS2004/019507

according to Claim1 further conprising creating an

ant enna dat abase including the respective neasured

signal qualities associated wwth the first and second

antenna patterns. 9. A nethod according to Claiml

f U?oli%ﬁ: ORI IsSinRg aS ali eeldtN@®rihe dddesinartanna
pattern and the second antenna pattern, and wherein
t heoseluagdang nar &1 the Pltovad tatonteh e afsdioa Hadesdr 1n a

control _(MAQ). .l r he _a ' d
oo ars conl BESee parbal SGETRRR B it TROEC
Si gralprgudlnd izepleaatitses £ detrermiInifmpnets |agabta aleeta
of a received signal, strength indication, a carrier ¢
{0 TiAEtEnT Giencl PALTON o GG SRR TH 1A & A WY
Si gl PRI $R Ak, the AdBidodagaording to daim
1 wherein thé access point is operating based upon_at

| east one ofreareivEBEE 0L 1w stemdarad g ViEER first

802. 16 standard. 12.. A.net C.C i bl o £
whér e I?e';‘%&err@cﬂfor%@an%gencﬁcaloggaﬂlp%%egm% aJ‘ffegast < e
one AGit e eleatmid st iorpl urality of passive

el emrents. 13. A nethod for operating an a]::c SS %Oi nt

in a wirel es$13E e fetIRFRE WAERHLC Peesy the at
34 0 2004(114459. PCHAIS2004/ 019507 poi nt compr i si ng
a

irectional antenna for communicating with at |east
one renpte stmdegving & fiaver statsd nkraes edlaponsepend

crchange, oL BAckel CRLa . LIS o2 Blutald (gl e ac
antiefs: CHP i idi: astpliral ity
measuring a signal quality of the first
control frame received via the first antenna pattern
and a signal quality of the first data frame received
via the second antenna pattern; and
comparing the respective measured signal
gualities associated with the first and second antenna

patterns.

14. A method according to Claim 13 further
comprisihg selecting the second antenna pattern for
transmitting a second data frame by the access point to
the at least one remote station i1f the measured signal
guality associated with the second antenna pattern
exceeds the measured signal quality associated with the

first antenna pattern by a predetermined threshold.

15. A method according to Claim 13 wherein

the first antenna pattern comprise an omni angle, and
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of antenna patterns, the nethod conprising: receiving
a first control frane via a first antenna pattern of

wWo b@4digqect i onal antenna fromthe at | east ONECT/@RTINE019507
station; transmtting a second control frame to the at
| east one renote station; receiving a first data frame
via a second antenna pattern of the directional
antenna fromthe at |east one renpte station;

”e@ﬁgrbggoﬁdsbﬁﬂéhnguﬁbt%%rﬁfcbﬁ%rﬁb%%ta.Qﬁﬁﬂﬁiﬂidﬂaaﬁe
received via the first antenna pattern and a signal
quahipflyg.of the first data franme received via the

second antenna pattern; and conparing the respective
nmeasured signal qualities associated with the first

and second antenna mpahbelr as.cokéling ret itdc iac der dihmyein
to Claimi13 further conprising selecti n%,th S concﬂie. nal
antt8fnd iFatt 8NFePER PREAFSH J & Se fortd g:t & %ne
bya%%%e@?%%%ﬁtﬁ%‘@%cb%d Lhe And gt ane dePtitses a
statrron’'it the neasured signal quality associated

W tslecionel sdcend iamednragdat-t ern exceeds the neasured
signal quality associated with the first antenna

pattern by a predeterm ned threshold. 15. A nethod

accordi ng to1GQ.ai m k3 tker eidtoddiend itrestClantreriria wherein
pattern conprise an omi angle, and 35 WO 2004/114459

PCHAISIGOH0 PIBETO 1t e 3k orink Hritsh it 13 @ Teduest-
conpr.i j [ ® . cnteihog-aggor di ng

t or% as%ﬁnl%lgneﬁw%gg'n%?ihgkﬁq%sfcoant ecnna attern

conprarsas tadfd resimpdiirsect ionaleamnig s ehdie he2 $econd
antenna pattern conprises a

18. A method according to Claim 13 further
comprising creating an antenna database including the
respective measured signal qualities associated with

the first and second antenna patterns.

19. A method according to Claim 13 wherein
the directional antenna comprises at least one active

element and a plurality of passive elements.

20. An access point for a wireless local
area network (WLAN) comprising:

a directional antenna comprising a plurality
of antenna patterns; and

a controller connected to said directional
antenna for control thereof, saild controller
communicating with at least one remote station in a
forward link based upon an exchange of packet data
comprising a plurality of control frames and a data

frame, said controller
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second directional angle. 17. A nethod according to

Claim 13 wherein the first control franme received
W@oopniess a request- to-send nessage, and t hePGEUSIIU4/019507

control frame transmtted conprises a clear-to-send

message. 18. A nethod according to Claim13 further

conprising creating an antenna dat abase incl udi ng the

respective neasured signal qualities associated with

the first and second antepBavpayt 8 B$rstIcoAtmBlinedame via
according to CGaim 13 wherein the directional antenna

conpri ses at ? ebk¥sbnenberngeratiengnpfafdid plueatitpal
of passive el gneals, ngmA@§§?%§A§§QQ&nEnEoEeﬁote station,

wirel ess |ocal area networ conprisin
di rectional antenna conprassmgtaipbuesafitrgt dhtanteama to
patterns; and_a cont{oller connected to said

directional Bntehna -FoFC cONEr bFMPher 8bRT185y d

control l er communi cati Agc¥i¥hngt 5| 888bnANECHEMBYE Frame
station in a forward |link based upon an exchange of

packet data Vbapriseeend @DD?@natpabieébnpfoEa fames

dad 004/ 114459
PO soa0as o1bEhget BahG Rt LON, PEe SR Y2804 24885 0ne

a first antenmenpatteratobnsai d dlrectlonal antenna

fromthe at | east one renote statlon transmtting a
first data frame to tHRS3EUFLRdt2 oﬁég?%nnﬂéa§%§Y| ﬁ the

receiving a secegd @@mﬁf@i frage r¥b@l@e§6999dtﬁat999§t
pattern of said directional antenna fromthe at | east
one antenna pattern and a -signal quality of the
second control frame received via the second
antenna pattern, and
comparing the respective measured
signal gualities associated with the first

and second antenna patterns.

21. An access point according to Claim 20
wherein said directional antenna comprises at least one

active element and a plurality of passive elements.

22. An access point according to Claim 20
wherein said controller selects the second antenna
pattern for transmitting a next data frame to the at
least one remote station 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.

23. An access point according to Claim 20

wherein transmitting the data frame is performed by
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renote station, neasuring a signal quality of the

first control franme received via the first antenna
w@attan4asand a signal quality of the second cpar/et004/019507

frame received via the second antenna pattern, and

conparing the respective neasured signal qualities

associated wwth the first and second antenna

patterns. 21. An access point according to Caim 20

whesein sahtrdligetiional anpesnrareeAPahsesnat pheastn of
one active elenment and a p urallt% of passive
d

el efiehlsdipect ppnatcestepbint 2adcohdirAgnt 6hel gompa@ing by
whepgky sahd-GPNLEO |  0g.S enna
R e e

| eastspaetienoheastatdonighal hquakastiiesdaskghabted with

qualjty.,associated with the second antenna pattern
exct%asffﬁ% B sﬁ?%ﬂnéi@ﬂgﬁnaﬁaP?F§eﬁg§oHF5gea wiigRal

theqhhl sty a8t680a-PAtLEER BYecappPLedetenMhA®dnna pattern.
threshol d. 23. An access point according to Caim 20

wherein transmtting the data frane is perforned by

37 WO 2004/ 114459 4 07 i contraoller
using a prefe??éd gﬁ?ééﬁéggaégégg %?cggggggd?9e§b98Wa?3
ant ehaaciansaiMiecehtrbheecospaetng bye satdngoahrehher

furthe{ confrises conparing the respective neasured
si gRAFTGERAI 19T ST 2REBLTRIRD @i ERCOPAefFRsframa Secshe at

ant 8883 Pahé eF deo e t br ar sbgnak +guahbiy,asgock ghed quality
with the preferred antenna pattern. 24. An acceéss

poi Afsaetat e ngltlo Thai apeendwhrtennaspititeont eskkeds the
sel e a _pattern_for transpjtti.n
Seé@%%§%%$§ $%§§%Pt€@%ﬁggl S gssoc1a£ed w1%ﬁ ghe flgs% and

a
preferred antenna patterns by a predetermined

threshold.

25. An access point according to Claim 20
wherein the first antenna pattern comprise an omni
angle, and the second antenna pattern comprises a

directional angle.

26. An access point according to Claim 20
wherein the first antenna pattern comprise a first
directional angle, and the second antenna pattern

comprises a second directional angle.

27. An access point according to Claim 20
wherein the first control frame received comprises a
clear-to-send message, and the second control frame

transmitted comprises an acknowledgement message.
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| east one renote station if the neasured signal

gquality associated with the second antenna pattern
wez@edadsss he neasured signal qualities associ BCBUSW04/M9507

the first and preferred antenna patterns by a

predeterm ned threshold. 25. An access point

according to Caim20 wherein the first antenna

pattern conprise an ormi angle, and the second

antenna patterg. cprdsessa pdlinteddanadiengte. CL2oim AnO

access point according to Caim?20 wherein the first

antEHie Patdah CUHPII s $19%FeS AT AR TMRA GRighe?se
and i, AaPN {%&;ﬁ@c@m &l 5 QU 4 55 B %@é??ﬂgles

di rect’i on An access point according to
CI aasmdzﬂlatm:érvatrh ttee firsit comd redcdndnenttenesd viegtterns,

t d dth d
oMbl TP T3 AT TRd Rt e an

acknovvl edgenent nessage. 38 WD 2004/ 114459
PCT/ US2004/ 019507 28. An access poi nt accordi ng to
d ai m 20 wher@n i BEMET PRt et EdIan Bt ehpdm 20

dat@?%fee 'éhcl&'dé fcbflé]ﬁs&ﬁr@#vgegeﬁ fgléégnﬂayer and

quali associ a dwt I rst a second
ant&nm@dimtatcméss camidr st ofMEC Y heamat ephacdavcabagethe
An access 0| nt_accordin

to daim?20  wherein
sal | B cDntPOr e dep P s gm%i TAFOTAyRPT GG Rattern
nedi A aCeESEONt L0l t kMG Bagesel ection of the
first antenna pattern and the second antenna pattern

are perforned at the MAC | ayer. 30. An access point

according to £ ai m20.cubet b 48l doCophigkl €6 caain 20

nmeasures the respectlve SI itres based upon
det@h@iéﬁmgsﬁddl@@ﬁtr@hbeﬁfmaasures the respective signal

qualities based upon determining at least one of a
received sigﬁal strength indication, a carrier-to-
interference ratio, an energy-per-bit ratio and a

signal-to-noise ratio.

31. An access point for a wireless local
area network (WLAN) comprising:

a directional antenna comprising a plurality
of antenna patterns; and

a controller connected to said directional
antenna for control thereof, sald controller
communicating with at least one remote station in a
reverse link based upon an exchange of packet data
comprising a plurality of control frames and a data

frame, said controller

receiving a first control frame via
a first antenna pattern of said directional

antenna from the at least one remote station,

39



recei ved signal strength indication, a carrier-to-

interference ratio, an energy-per-bit ratio and a
wGe2@aal+s®- noi se ratio. 31. An access poi nt f oPCHUS2004/019507

wirel ess local area network (WLAN) conprising: a

di rectional antenna conprising a plurality of antenna

patterns; and a controller connected to said

directional antenna for control thereof, said

control [ er comuni catifganbhit@ind€astcOPLdr 85RELoL frame
station in a reverse |ink based upon an exchange of

packet data ‘onpresihgleapt uensirsmete coheEobniranes
and a data frane, Sa'dr§$92%Qé#e£ fffgtvggg af%é%étvia a

control franme via a fiTrs na pattern of s
directional sstendaafiteomidhhezateteast eaedrenmpeetional
station, 39 WD 2004/114459 PCT/ US2004/ 019507

transmitting A SRR EIR TR FFah®?St R Rer FOFBaSEATION,

one renpte station, recghyingidgfarsighal aghsaieyvba dhe
second antenna pattern of said directional = antenna
fromthe at |&bsstopentepbteranatiorcivedsuianghg first

signal quality of the | I trol. Lve
via the firstgn%% %%n%?%%?f%r%ggn% %l 5§%§ﬂ5§§§f¥t§fthe
the first datbrftanetseceinedrytaivbe segobde astenda
pattern, and conparing the respective neasured signa

qual i ti es assderabed Mpthe¥he #2¢st and second

2Pt¢nnglpatterns- 32. ARLRGEESSy PEhOt r8669EH P hQasured
alm
signal qualities assoclated with the first

and second antenna patterns.

32. An access point according to Claim 31
wherein said directional antenna comprises at least one

active element and a plurality of passive elements.

33. An access point according to Claim 31
wherein said controller selects the second antenna
pattern for transmitting a second data frame to the at
least one remote station 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.

34. An access point according to Claim 31
wherein the first antenna pattern comprise an omni
angle, and the second antenna pattern comprises a

directional angle.
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wherein said directional antenna conprises at | east
one active elenent and a plurality of passive
web@santss9 33. An access point according to C BCTVUSH04/019507
wherein said controller selects the second antenna
pattern for transmtting a second data frane to the at
| east one renpte station if the nmeasured signa
qual ity associated with the second antenna pattern
exceeds the 3measunedcsiegbabodual bicycasse atedlwith 31
the first antenna pattern by a predeterm, ned :
t hvbskelia. the. TAXsic GEIETPGI PR TACLEr MY TS SOtaith™ st
Vm%lﬁ.etlegttigﬁa{}l' S22t enka Al LRI neO R824 irn
angl e, and the Secornd antenna pattern conprises a
di reapirasals anglee.ord MDe2B04NE1445Q1RCT/ US2004/ 019507
35. An access point according to Caim31 wherein the
first antenna pattern conprise a first directiona
angl e, and thg seqend l=eNp ipal teyddrdionpricesiam 31
second directional angle. 36. An access pojnt ,
acedediedg ttdeCfHinnt3 ronrerdeif aife TGtV b rRFHI T FFSHe

recelved COIDIISES AL RaUeshd areend dmssagstand e

conttol  frame trardsmtted conprises a
cl eatarisarisendl nesgagesesAk clear-to-send message.
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