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FOR AN ACCESS PO NT BASED UPON CONTROL FRAMES Field
of the Invention [0001] The present invention relates
|eId of wreless |ocal area networ
wé%?“t“ni“ ar, to an antenna steering al gori t%ﬁ@%?“ﬁ’ﬁ%m
access polnt operating within a wireless | ocal area
net wor k. Background of the Invention [0002] Various
standards allow renote stations, such as portable
conmputers, to be noved within a wireless I|ocal area
network (WLAN) and connect via radio frequency (RF)
transm ssions to an access point (AP) that is
connected to a wired network. The wired network is
often referred to as a distribution system The
vari ous standards include the | EEE 802. 11 standard
and its corresponding letter revisions - -thereof, such
as 802.11b and 802.11g, for exanple. [0003] A
physical layer in the renpte stations and in the

access point pravdEes l<awrkens! Fbﬁaﬁ@'}l&%ég‘s by

whi ch the statishaR R deBeuBERSS 1 lepRuNi cat e.
Above the physical layer is a nedia access contro

(MAC) | ayer that provides services, such as
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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 comnected 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
802.11lb and 802.11g, Ffor 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.



| ayer RF signals are transmtted and received using
nmonopol e antennas. [0005] A nonopol e antenna radi ates
in all directions, generally in a horizontal plane
W 304;1 vert| cally oriented el enent. Monopol e nt ennas
areideptibl e’ to effects that degrade thE (49307
of comuni cation between the renote station and the
access point, such as reflection or diffraction of
radio wave signals caused by intervening objects.
| nt pyocanyi Ny r@bhgetstide] udeyal lr%moggsgﬁa@:ﬂ%x p&ﬂr@se’on—
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di verslt)é21 The two antennas are coupl éd
anteiex &EvELINEYS sare chransmird egr 2b0t heotivdrk wsdmyt e
st gidrRpo1@ndnthgnagccess point. The theory behind
using "two antennas for antenna diversity is that, at
anyl00@5jen t Rneonegpol @it ame @?fadnhéeani@rﬁﬂa]s i s
I ket 15 8a81 vViog ering _from
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dat i ff gp@l! e e renpte
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ar ﬂgrn@tlmphusswnhmryntérxtdmrﬂgnmbnéc’om. 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 haﬁe been made to mitigate signal degradation
caused by these effects.

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

still a need to address the degradation of RF signals
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[0007] In view of the foregoing background,

enbodi nents of the present invention seek to inprove

comuni cati ons between an access point and renote

stations within a wirel ess |ocal area network.

[0008] An inprovenent over sinple diversity can be

provi ded through an antenna steering process for
beAGReSS thBOF&hS:  Ist@td oWkl 8h@SSn GRicRARYphiHseth id

wreless |local area networks. Directional antennas
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i ncrease the range between the access point and the

renote stations (i.e., wreless user devices). A

directional ariemsacat tpreovirdesra ikirgher
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steering process may be resident in the nedia access
cagomrright (VA béiayean ¢fn tdusegscposnt poidtreraid: sel ect s
saRest o pesferped directional,, antenna pattern

asedon S|gna? qua?l?y nmetrics ‘availabl'eé fromthe

TqUinegi calenl ayproupesnt ecedyi idnsi@rilverisiem the be

renote stations. [0010] According to the enbodi nents
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exchangées between thé “access point and a selecte
arsenoedwsttati onhizepriefrerr editedinpectionifiorotshehe

steered access point antenna.is_determned. In one
RPN DT SOT (VRN M mIGRESSaper T | I t he
beAGeensS L ROI dtcdmkesihhi andeties MapatkoBtat Ides aGcess

poi nt antenna control software/firmvare may 3 WO
WiXG0LFE1438D P ASP004A0 1956716071 R s@Eabase t hat

pf&yydgdgshigﬁeic&%&ﬂéﬂit%tngﬁge ratio than an omni-

directional antenna in most cases, thus allowing the

link to operate at higher data rates.

[0009] The antenna steering process may be resident in
the media access control (MAC) layer of the access
point, and selects a best or preferred directional
antenna pattern based on signal gquality metrics available
froem the physical layer upon receiving signals from the
remote stations.

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

The access point antenna control software/firmware may



renote station and the antenna direction associ at ed
wWith that station for achieving optinum
communi cations performance. [0011] Hardware may be
enpl oyed to operate with inherent diversity
’WQEB @%f@% circuitry in typical 802.11 equi BREMS200H§19507
selecting the preferred directional antenna angl e.
The access point may use signaling to cause the
renpote stations to transmt a probe response si gnal ,
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detlérhﬂm@st ﬂhae:hmgj emlmmle;sararce.xpﬁﬁs-.e@t ini typByal

\/nge tipn.mechani sm usin yest -t o-
send/cl'ear4 %ngleng eé’le‘é') gﬁ%“ﬂ%‘fll ned in

theil&eztlb‘nait antiammia afrcglee.xarmieeac[cQ@éZimﬂ'ﬂ@ may use
bengfJ.t ugrrenté the access pqoint wth a
di rect) ona it 8RR are tWol s Fratpréveq transmit a

t hrpmwg:leputeSponsedsi/g:chJﬁl wWitifdie: That heRssangh At
abi |el res t pﬁort gore users in the network. In
most EnviTonhEnt | HaltheePEPLE cERIRAAF AL

t heigmant.e Thtahtosssabie inHy Q:‘éﬁ@a% havi{gs t he
access 0 I nt transmt a(L;LrFI ng a sh ed ant enna beam

poFﬁ’trgg SPROERBY P r T &fecieﬁ-éfegt &FPBnthahesmsttaped

antﬁm‘&aoheaﬂhn’ﬂ)/dlﬁ@d&cﬂﬁla a3rterdB f8hl AYANM@AYRLrics
for exan‘g over the ami-directional antenna

tyFiCC&FPYOREpNBy R TR tosedaed fopht thetremote
| neteasedssignah divielaidd@WeNemode to determine if a

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

[oo12] 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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4 link between the access point and the renote
station to operate at higher data rates, especially
at the outer band of the coverage area. The
directional antenna steering process is resident in
the access point to support operation with the
renote stations. [0013] In accordance with a first
ligkpeetvein tthe apresentCimyemd dhe t‘fﬁ@%eu%t%ﬁrlé\ﬂ ded a

opgggpigdag Otlllghoe%erc%ttk ?@@%ﬁscg ScPOI Y A @ Wirekess

ocal afea e access poi nt
baﬁamﬁfl shag-aredigee eivicanallhantd enaat f@ra lc amigmingat | ng
in a forward link w.th at t one renot.e s&atlon

I
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suﬁbe:@l by Bfi £ORLRSl theapBsor@nst A idalsa frame, the
directional antenna conprising a plurality of

[OﬁﬁﬁénnaIpa@C©©n@an¢®emﬁﬁtﬁbdﬁééﬁp@ﬁ§ﬁﬁ§ ofe&Bfving a
cont r

OXERET i FRREToral aniBihe T Foirsat Taa P d Mo

enna east one renote
opstating; aﬁréﬁﬁﬁﬁst@bmgtalﬁldsﬁlﬁhnamsfﬂamaltarehe at
| east one renobte station; receiving, a second contro

nefpark (THAR scdth®SREEnRR I Pat EBFRT b3 19he di recti ona
aigatenpa-{romdhe at, eashanesFeApt &, st atdQRird 1ink

measuring a signal quality of the first contro
withame Leeetvete vienottchethition bateAnaPPatdreraxcanaIa

signal quality of the sec onLro d
oty PACERE SabortP G ZpRLPeP L Compar T hg the Fanee
anﬁeépaﬁthverﬂiﬁésurﬁcé siighRal i ogyal Bht esnassagEtsdthgnat h

the first and second antenna attern; and sel ecting
pluge ity sef opnser P aHEERFa Egﬁt@?ﬁh%@ T rising

- RioLonek a0 sann hosat-9a g, srommer S 014
patttaranbft thg aiseconthadataatnase fromt hiee att |leasit one
- remote station; transmitting a first data frame to the
at least one remote station; receiving a second control
frame via a second antenna pattern of the directiocnal
antenna from the at least one remote station; measuring
a signal gquality of the first control frame received via
the first antenna pattern and a signal guality of the
second control frame received via the second antenna
pattern; comparing the respective measured signal
gualities associated with the first and second antenna
pattern; and selecting the first or second antenna
pattern of the directional antenna based on the
comparing.

[0014] 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



renote station if the neasured signal quality
associated with the second antenna pattern exceeds
the 5 measured signal quality associated with the
first antenna pattern by a predeterm ned threshol d.
[0015] Transmitting the first data frame may be
perfornmed using a preferred antenna pattern of t he

megs"u?%h' an onprcﬁses %%%o‘éﬁﬁ‘&?ﬁ”wﬁ‘ﬁ &

npar e T éspec |ve neasured
arsiegnal patuath thesa mdercat:mﬂnmnthﬂdmdhdr st and
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pe%%%?ﬁ@daﬁéﬁwaa Rﬁté&fﬂ}ed‘ %n%%hﬁ&tﬁéit{@fn tdans tting
a second data frane to the at |east one renote

dlsleattuonalf anpenmmeasure @Fh@lrgmal thy u@mmwrzas;s deirdhed
h the second an! enna g ern exceeds the ﬂeasured

clfbhharS qedi 0 asBod CRPBt - or T F T o) PepTa

qupnetees eds ant eal pattherhs byra ameda%tce)ml Af8€enna
threshol d. [0016] The first antenna pattern may
Pa&?ﬁﬁﬂﬁs@%ﬁﬁ a o?ﬁﬁmaa]ngluélléﬁdaﬁﬁ@%%%%dﬂaﬁﬂ émfa

pr%@%&?éa Qﬁ%?ﬁﬁﬁﬂﬁéé%%rﬁa dTB@CEéegﬁﬁ §Hﬁgﬁ%rn§attern

Al'ternative tthe Tirst antenna pattern
iscorpecsed afdn restanging eting rmalseamgbedaaam df tdwes ththad

tenpa pattern ma onpri.se,a second directional
ﬁr& Q %’ﬁ% W”llcg% c%r‘?t%ﬁé’ ?aﬁ%e rEE e S ionpri se
qu@l@.k:?aésb@cﬁ@tf@d NESSAgGRe akdohheasesond pLoaol
frame received may conprise an acknow edgenent

cxpesdagehe [MPAFYrath desetdaneel W eh agsssdengdaspelet of
h%h%lre'&eéﬁé?tﬁé‘ﬁ@ﬂé&%mt‘é&%&epéﬁt&ﬁé’ '&gda a net hod

oper ati’ng an ‘access poln na wreless |ocal
pr&rcmetermej:rm khndehcdet.ess point conprising a
[0 16 Ctl% glflrst antenna pattern may comprise an
omni angle, and the second antenna pattern may comprise
a directioconal angle. Alternatively, the first antenna
pattern may comprise a first directional angle, and the
second antenna pattern may comprise a second
directional anglie. The first contrel frame received
may comprise a clear-tc-send message, and the second
control frame received may cbmprise an acknowledgement
message.
[0017] In accordance with a second aspect of the
presaent invention, there is provided a method for
operating an access point in a wireless local area
network, the access point comprising a directicnal
antenna for communicating with at least one remote
station in a reverse link based upon an exchange of
packet data comprising a plurality of contrel frames
and a data frame, the directional antenna comprising a

plurality ¢f antenna patterns, the
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antenna for conmmunicating with at |east one renote
station in a reverse |link based upon an exchange of
packet data conprising a plurality of control franes
and a data frame, the directional antenna conprising
a plurality of antenna patterns, the 6 nethod

me%gggréé%I%%sfh%qe%%kggvﬁ?gi%Sfi tdaﬁtrépa%EaMéav a
I'rSt  antenna-“pattern of “the directional antenna from
fitbe abté@astpaane rrerdt eéhst dl Feotidnansmiteninag faom

second control frame to the at | east one renote
thet gt ofRSt rEEeiNAIY Ca %?Fé?nﬁai@%ﬁﬁlggaa S hd
co??E?ﬂrEkaﬁgﬁkbeEHeogtti@ééﬂrdﬁé'f@ﬁ%ke?@t@ﬂﬂ@nfron1the

east one renote station; neasuring a signal
regaality affite fdatst freont vok 4 ragronceceitesdavi a the
first aptenna .pattern_and_ . a sighal Lty of .t
PALFPEE Tatd T r Crtégélﬁie%n%le%nat rgmsgggn%{ an aeSanlazl)%e
reRBtEesst GRNPaEkRdri e 4 esipeeili vealheasef ethesifgnalt
qualities associated with the first and second
cogirehnBr PBt terGt vashd Selt8t L A5t RN TSV St Por ~S5RcHMY

] td he,; dit egti onalaRntepnaybaseds  on
@ %Eéﬁgg a%lntg %Fggti%] ?':IL'EEEen(g% hod may f%rt hgr con%ri se
theekecthagathenns qeorick ramt epngapant etlre frgspective

transmtting a second data fr by .t acces oi, nt
IR L L R teai IR b e SRR R T
sesicgRahn Od@hd tps1asSed;aked velbctime srCcEngsanbenna
pattern exceeds the neasured signal quality

scaondc bat ednairat tHe! O §heafi Bagal gl et epypagbased
rede i hed threshold. [0020] The first antenna

Onggflﬁe?ﬁ&%%c npri se an omi angle, and the second

[cantenna piad trestthothyneso furicher acomhriest iseialctangl ghe

Alternatively, the first antennpa . pattern
SeCoRpr PEeCRN? Bagten de aﬁﬁrlsah‘g‘F 2 netree data

frame by the access point to the at leasl 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 directicnal
angle. The first control frame received may comprise a
request~to-send message, and the second contrel frame
transmitted may comprise a clear—-to-send message.

[0021] In accordance with a third aspect of the
present invention, there is provided an access point for
a wireless local area network (WLAN) comprising: a

directional antenna



second antenna pattern may conprise a second
directional angle. The first control frane received
may conprise a request-to-send nessage, and the
second control frame transmtted nay conprise a

cl ear-to-send nessage. [0021] In accordance with a
third aspect of the present invention, there is

COPFEViSdEd énP&@€@§§H&NQQ FGEONZ PEtdeEdS | 6841 ar ea

oMK \A%I}De e hoSiddGia &1 QG anah R-eNnR 7
conprising a plurality of antenna patterns; and a

capdantololtherr ecdnnectied dooteaild afi rsotiphast B enina Bor
control thereof aid contr ni.cat i w th
1eG PRt e Erabthi R o et AR S b O

arURGIEhaty XN anRge&k-af Rackeiongatia ey iSivigldty of
plurality of control franes and a data frane, said

cowmoflmﬁr@rme% S06l Vi LR G ¢ RIDICHY AR M a
derlsvtl %stp%totn%rr%l()fflsa@déj Xﬁi'ar %thl% a@ﬂ:te@fﬂ‘éa

fromt e at east one renpte station, transmtting a
pdtitrestn del &af:rchmﬁraaj:itdmlatariteasta e et etstlatason,

rece|V|ng secon contr frame via.a co
orig i st ol Le R T A AL R e ¢ e

cattﬂee%&t Qe A efen&i@ | Akt RS Wddid v rgj gnal
gquality of the first <control frame received via the
sedarst cmittditia fraitcerh @ ahdP eI idlt gus mﬁt@rrrt et
s SEF A LN farr%&%ar e ey the secand Anpana
pat tern,” conpari e respective neasured signha
sttal drt i e@ea&smmgatt&cblgmam qlhaehfuy sif arice sEcod
ant enna_patterns,, fgg sel ecti the first or second

CHtEhna patd SO ER 2 difte |2 R Hh B! on
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aspect of the present invention, there is provided
regeiacebssigpdiing second antenna pattern, comparing
the respective measured signal gualities associated
with the first and second antenna patterns, and
selecting the first or second antenna pattern of said
directional antenna based on the comparing.
[0021a] In accordance with a fourth aspect of the
present invention, there is provided an access point
for a wireless local area network comprising: a
directional antenna comprising a plurality of antenna
patterns; and a controller connected to said
directiocnal antenna for control thereof, said
contrecller communicating with at least one remote
statien 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 cof said

directional antenna from the at least one remote



for a wireless |ocal area network conprising: a
di rectional antenna conprising a plurality of antenna
patterns; and a controller connected to said
directional antenna for control thereof, said
steonbnel ternemmmnigati agcahthcantreadstrene tenthe
station in a reyerse_li.nk based.upaon an_exgha of
2t oaGREL H3Ca EORDF SCAG X bl OFaTire o odntrel FFanes
frapd aidatasbrang, zsakdneopkrakl-ar oregaiivi ng a first
control frame via a first antenna pattern of said
digergérnarabPnaRNEANE TPFofPENE tal SPE4sPIENESFEBt e 8
L.on I it e : r-0 r o the
st P aeregn e Do re SRt o S Ving s TSt data
cohram® ¥irama secefdeantreanahpatfiest ehtsaind pattern
directional antenna fromthe at | east .one renote
angt a1 PO e SaIing & sighal 1G04l ey Sof "CHE ArFst ved
71800l fhame sheeeinked avica rinhe dompst- 1art emea pattern
and a signal quality of the first data franme received
regpg crhe es cond rant enuadpativelddt iesnpasiong atise with
respecti ve neasur [ I LLities [ ALt h
Rl RS R o e e Gt s R L
t neh e ifrish's o rOrs es@eeN irartern & spatstrer ©fofsagal d
directional antenna based on . the conparing. Brief
dipesdriopeilof eI e PN Kgs ‘625 'f Fregoi ng and
ot her objects, features and advantages of the
invention wll be apparent fromthe follow ng nore
parti cul arBrdedcDeptirdntbbn ppefEre dirawdmesdi nent s of

, invention, as illustrated | nyi ng
Ooégzmﬁng .e1%%?%%%%&9n6§8é?%“ﬁbfmﬂgéggéaﬁ%ﬁﬁﬂggbgégale,
adiahh 268BNas I shd nstwead ibei #Re1 pliasegbirerid lfusinr akéng

the principles of the invention,
following more particular description of preferred

embodiments of the invention, as illustrated in the
accompanying drawings. The drawings are not necessarily
to scale, with emphasis instead being placed on
illustrating the principles of the invention.

[10023] FIG. 1A is a schematic diagram of a wireless
local area network (WLAN) employing the principles of
“the present invention;

[0024] FIG. IB 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;

[002e] FIG. 2B is a view of the access peint 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. ZA;
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[0023] FIG 1A is a schematic diagramof a wreless
| ocal area network (WLAN) enpl oying the principles of
the present invention; [0024] FIG 1B is a schematic
[ f an access . point in the WLAN of FE 1A
Wgé?@é?‘%gﬁg an antenna scan; [0025] FIG 2AP¢§USO3%4I’O<%WO7
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
ant pruEBIar r ag1NC OB Pos &t esbrhadlc KE |
card; [0027] FIG 3Ais a view of FE%S%%?e%ng\\//eq“étCh
ant toyspagchf appptomt aa ADteoDa/ elemss: of the
PCTd 139200440 18684na [ 9P28] Fls@; 3B is a schematic
diagram.of a swtch used to select a state of an
ant lel enBhE- of iher Riigcdcdiveramt efiren cicdsE pPRARE
[ 0Q29]r1id. G1 ndeh1 8y Ph§ sl AGLAD oﬁ_a%rg%gf SP UM nna
of FIG 1A enploying Subsystens, |ayers and an
antTRFF 117Gt BEPFRTS proceskinge dor 8hagprbnchml gy iatciblees
of dheenkr egoshtiHyention; [0030] FIG S5Ais a signal
diagram optionally used by the antenna steering
pr ofg)@s:'@]of FF&F- 452 [ D93 |sipnal SBagsamromit taeraidlyi veed
Si kndi age optdonal byt ant enna
st gieyrai nq pr o%lg?;% %t'féé FI Gd %#%?%83% !E—f% 46’ is an
al ti03i ve BISckSRli byraamadterBrGivd siondli chisamtenna
di [ i, QL r I d; 331 FIG 7 i
o o Rl e e P iiest R Bre.
optdsonal | y used by the antenna steering

00321 FIG. 6 is an alternative block diagram of
FIG. 4 in which antenna diversity circuits are
enmployed;

f0033] 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;

[0G35] 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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process of FIG 4; [0034] FIG 8 is a top view of the
network of FIG 1 wth bi-directional signaling;
[0035] FIG 9 is atop viewof the network of FIG 1
th indications of the antenna beans; [0036] FIG 10
Wosz"%‘\”]fl‘f“a?/\chart of a method for operating aRCHUERLLN57
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
acceggsgoi nt a e a
accg?dagrzjge vle‘tIE t%yggegzﬁ?&?%gﬁt Igggg mfg%g‘g] l:%f
12 ePREAE NG 8Ny aSpessi peift ok lhaitléNobasadmepbmch fditen
OpesSdd % AnEEBHS 1 H%Q&oicﬁ‘ag?ce\/\%@hb@figd 800
control frames in forward and reverse i nks i h
accHitRIHE®™i th the present invention; and 9 WO
2004/ 114459 PCT/ US2004/ 019507 [0039] FIG 14 is a
flowmhart of a nethod for operating an access point
in a \Pakeded Pagsainidient el Prafitggsid Esbodiments

ccesdance v Hhe0nesilordnention, gL oL, cor.
pr eSehty |h¢¢@m_naﬁhewi Wit]h)ereejm@nicaedonbhe aé@d:ﬂlyanylng
herELIALE! Wit D elereles lo s AtgomanyL

dr aw ngs, . &r T ed.
[ nv-‘ermalm:l-oar ers halmwn Th| ‘:Sh:nm\ttewtemmormmay h omwwarer,be;e

emb |n f erent f and sh e

conés%‘?dr‘ljae1 aégﬁ%n? % Jt%eﬁ] %rr%mgl ﬁ%ﬁtg %‘é dflbcr“ft BPe

her@rrstxruatih es, limised eﬂ:ﬂsdxhenmtrb@damen’ps oyé¥lefb: S

th clos e wll rouhandp | ete
FAEREE Do Est skt HPR P ST s fopat

thoshas dlsclosure will be thorough and complete, and will

fully convey the scope of the invention to those
skilled in the art. Like numbers refer to like
elements throughout, and prime notation is used to
indicate similar elements in alternate embodiments.
[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 110¢ 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, 115¢ in
which it is capable of communicating via radio
frequency (RF) signals with the remote stations 120a,
120k, 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 des;ription, when a general reference is made

to the access points, the remote stations and the
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skilled in the art. Like nunbers refer to like

el ements throughout, and prine notation is used to

indicate simlar elenents in alternate enbodinents
Referring initially to FIG JA a wrele

W%gg 143 ea network (W.AN) 100 having a di st?‘f%’cﬁm%ﬁl%m

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

e%%ﬁgs!( Ct%%”?%&b@@’glvg%@féifeﬂéée ndfE88S5s Prid} S12lGavd
11 nd 110c has a respective zone 115a, 115b, 115c

|rﬁ1ﬁWWaM1hetuﬁ§deapable of comunicating via radio
v Y (BEkoshOnalenybidy heouemBLechbalions Liines

e renote stations 120a, 120b, 120c are
squmrare:u ‘inet mempEel sEatlerall2: @4 the PREFRIM A REE tY -

| %ﬁg‘rﬁ{# ‘@1 b9 CLEEPSyL NendiRddsRULLPAL SYBi@mrkdhe

ow ng-descri ption, when a general
r ef enee esnas:maaelzﬂ ot® heelrale SDep@iEntE0 FRECTRADIE

SLALLONS, AN Le: 10402004 AR PELLE2ER 4] 5507

e'respectrve reference nunerals 110, 120 and
115uaﬁhyt3beaﬂ1$39na960h€}n@r3e%€e¢ﬁtquechﬁ’@ﬁo@?aﬁ‘?’évf%s
Access p0|nt

{ e RECERS DOLNLAC A0 B0L: 1S rAIRLE oBLALLONS 420

verS|ty all ows the
aCéesﬁt pai mhﬁ.tli:@aahdfahengr etmtvhishae shgnaotaking

ect .p of tvvo nt t 0 t
obapyalhiras BRLRY EROSRs Lo MEA ARG, calcn:
r egei yed. aﬁeemaemmnnbnr the ed:‘elmzmg ‘oyshgmt enpapP by eks
t he, ot her, occurs |n t he
e BAr O SERRC ab St by irelahE Saghas
si gaakicancal ltale @amktoantenna. atYejn@r@rlr&lemnaebaonnmr

t he ot he Anot h Xa
select£ng one o t%e ggge

ahgennas is due to a changing
environment, such as when a remote station 120c is
carried from the third zone 115e¢ 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 seguences 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

11



when interference is caused by two different signals
recei ved at the sane antenna. Yet another reason for
sel ecting one of the two antennas is due to a

W‘;ig@ggi}@% envi ronnent, such as when a remt%cf;ﬁ@%&?o%sm

carried fromthe third zone 115c t
first or second zones 1l15a, 115b as indicated by
arrow 125. [0043] FIG 1B is a block diagramof a
subset of the network 100 illustrated in FIG 1A in

whi Gh ean a66e8Soy PO Nkl QR: +8HR) OVERG L 0& Y IG1HR! §|§0b

of the presént invention, is shown in greater detali
wi feasgggece sdgnzheolinrobe vespaneanand gielgulates a

13%'s}>%9itiv3hﬁe9££§%féﬁ’ &h %”"s‘éﬂga hgpes 1&%}&%@ of the

-wll also be generally indi cate %y ref erence nuner al
13@etThesadnessdeot Mmecelivgd séquehcebredgidugndilgation
ant | obe [T f i envi-ronnent

o el i Reoarbret ot e Baaas il by P OO

Dureneg gy -peanbit heataice ed® /Poil nt ot 16bhesesuitable

dir [ ant.f ' er_det aid.dJ,n

ri AR CT O ey OF SORMI LD ARERL bl Sr ot the
t r avediitivedf byet heceiormst eighnali on $2@w]1 Andaohmeoan

di rection . 2004/ 1144 P 04/ 019507 i.e..,
alngjﬁ %Og'?) lg# %%?aogaﬁeesren)m,%%tsﬁggéggé%smé%ian Solfﬁélma%e to
neastreeniaestyaabest qur ghefeespdnasstamt qedtchdrat, essa

res tihve ric for .th can,angl e. . | es of
et elBERLRLE 1Y TngbC R iang, s - maseo
I ndirc &hieomeabRESH ) signaarguiaditiyomehtes orgne eadealsiso

(C1)s,..a nergy-per-bit rati Eb/,No). or_ ather
Rt 11 0B EE P EREed el BirlBet bl \Rleoifa Sl o
( SNR)rectifi ohh&or qoedmiiryi caft inlge wi.ehet e dren@alstait ion
Si %r%}b envi ronnent. A conbi nati on of these
neasurenents nay al so be made to

[0045] The scans may occur before oxr 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 is a diagram of an access point 110
using an external directive antenna array 200a. The
directive antenna array 200a includes five moncpole
passive antenna elements 20ba, 205b, 205c¢, 205d and
205e and one monopole, active antenna element 206. The
passive antenna elements 205a, 205b, 205¢, 205d and

205e are generally referred to below by reference
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determ ne the best or preferred antenna pattern, as
readi ly appreciated by those skilled in the art.

Based on the nmeasured signal quality nmetrics, the
access goint 110b determ nes the preferred_antenna
WOAHEIY® direction for communicating with PhEUZNAIE0

station 120b. [0045] The scans may occur before or
after the renote station 110b has been authenti cated
and has associated with the distribution system 105.

Thus, the jjuti ant : JIRY b 1a56ARPR OG0
ot Dirsth dfc gygﬁsg%ie??a}}ivelay, Rer Tl
scamnmaytdie tcadbenpbishedb@itterldd YHeom HREVRRREL

layer, Si.m | ar]y. n cc ' I oEN8oho®t
st ?F]o?wls ﬁﬁoa(ﬁjg’)sé ) gﬁ? ge?l:{'lg'cat%e‘Lr elalﬁd Eaa% agsocii&at edjﬁms
W battden ditst dibetcitdne sysemm oS ayay08e aeeobpt i 3HHRFS

W thin t MAC | ayer. -or sses occurring
exPBINGI E%eaﬁé%gﬁég. afg%%%&%ﬁ'a 2A is a diagram
of [a04aTCcesSTHOiRissite anbemue el amardsn&05diinetheve
ant enna_array ,200a. The LLect] t a

T OrOGELTT P RGpar oY paadf et Rt e Lo
2053, tRO5kct 2AbGNt205d ahdmeR050G i @eemiBnegareing.-

active antenna el enent 206,, The AY; n

el BifeAEANDIRY, P55 %‘gg, t’i%gda%%sa%ztog’é‘%a%g‘%ﬁna beam
gener ahbydi eé@riws dmdhabownrbyy r200s erge bE2 rgpated,
2004/ 114459 PCT/ US2004/ 019507 nune 05. . .

di OBELPPRLER e LTSRSt lﬁobgcf%me%iggn nagscstsc’ecziJ‘;‘EE %dt e

aceessSnppbat diGadfiw wniteensablesarial2dfus (USB)
port 215. O her types connecti o sthebeéiv\fe%. e

of,
di rl08ERYe ant eFPAlGhy 15685548 Yhe Bccess 6t6Alant
11Qrakenheadtly 20septiablevipeadih The. pestsinte

an%ﬁ&ﬁ?&itgggnég.255%5}6&3%%72, published January 24,
2002, entitled “Adaptive Antenna For Use In Wireless
Communications System”, the entire disclosure of which
is incorporated herein by reference and which is
assigned to the current assignee of the present
invention. Example methods for optimizing antenna
direction based on received or transmitted signals by
the directive antenna array 200a are alsc 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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directive antenna array 200a are parasitically
coupled to the active antenna elenent 206 to permt
scanning. By scanning, it is neant that at |east one

W@n})%nng 9beam of the directive antenna arra¥ 200a can
e"Vot4t%d, optionally 360 degrees, in i ncFeHEMELH019507
associated with the nunber of passive antenna

el ements 205. [0048] A detailed discussion of the
directive antenna array 200a is provided in U S

Pat.gnt i io ‘34 /;QQ0 ' ;

J ar;fg{%rsy e@%%hﬁ%&' %ﬂr%i%ﬁ%%%%'lﬁgagtgg%%n%nﬁfnaﬁg%gg rb 0Se®"
| n aNBCHCé8scaBdnd@fhi catlicoPEMEYat eatd 221 dentdargied by
i SEOSMEET UL 1d SldGQ RIFALEALAEID M cessor
reference "an ich 1s assigned to the current
assingrieghofni he Prestintectiiveeantonna Exargy €003t podyides
for_.optin zj nte di rectiqn_based on cei ved

or hregﬁgﬁet #grgc%%%%mgqbyas ?C %‘S g%?%c Ve Hhtenna ™2y
ar rZpa200auvateaaddoindiBousedd therein. [0049] The

dir i,vye antgenpa 200 | so.be _used in.an
onn'i%fbgﬁl:ject [ %ﬁa%hcr’r%{a% % uf)]r g\}:irégéogné%%i‘far 1T O ORAl
antiemma pdt deract e access parays dd0 myusdadse an

|- di rectional  patt for t i SSi
oddIIEAES THELAIE AUl SRS TRaoRRgSal Bb Lk BRgent
sehect &d s5dEf 685 i hnaledrteaimarwhen Loaksnititligd o and

SRS A e, AR S o0, 420 cL0000) Ele
an syiitesmadl afdrecs] vesteaierm@1228bioh Mo 1320M2/0036586,
200411445 FCTLUSO04 Qo001 (1hs Aol fenty e,
22GorTe cPOYONAr8B& sk 220mim iCAE baASPY el JTe BGLRST ire
polé&aé%%gggngfighfé{”§¥gE?%Jg%p%xg£gge§§§gin by reference
and which are assigned to the current assignee of the
present invention.
[0052] FIG. 2A 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.
f0053] 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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(not shown). The directive antenna array 200b
provides the sane functionality as the directive
antenna array 200a illustrated in FIG 2A [0051] It

under stood that various other
wgqge‘g?‘f“vgg antenna arrays can be used. n%{?@ggzoomwsm

i nclude the arrays described in U S Patent
6, 515, 635 i ssued February 4, 2003, entitled
"Adaptive Antenna For Use In Wrel ess Comuni cation

Syshemntandob) a?’llc?t% e RUNIEALLORN NG na array 200a to
2002/ 0036586, published March 28, 2002, entitled

" ACEIFE Vaeadi spahl vE@nsmal dower 808 s switorurine Athiisn
Sy%ae.s@ J_Eh EQE’&&& Q._."’}ﬁmm%% gf r@@gf@ @feche modes in

|ncorporate erein y reference whi ch
asgitgisdid the phestue remmendsi §88eant she. maeﬁsfigﬁent mode

'n\e%%aﬁatlkggk%t &1 ft&gza ; Z%?{e}ﬁ%‘éées tl%fes Jihe i

directive antenna array
pasv‘snf\f@rant:emﬂu’aerneéti ehebﬁ §02D5>aaﬁérnheamtanlgel@1t @ersna

antenna g'?ggya}gﬁ%g (gl oq;qmastél()\é 11108 gﬁrﬁgetl

I 'ncl udes a groun 1 arie 330
t o BAH9SE therGssBE/els antsmheaaclienghagran epf an example

el ectr I 1 0 C e |l ow in
Corariis Khaf thh Gt A0 4R e ILONIT antenna

3A, eJtel!rendtlsr é@ﬁl Ve tlasntmﬁil@mrvazy ©0200aapsoid dies amodes.
directive ennal 300 .angl ed. away_from a

el éfr%rlent S alg% RS i%s%aﬁyl RAdT ST o q’ta%&
theelmmtgeutled dhehe@thlﬂ)mS,aradle&iﬁe ’armmmsaslon mode is
ref.l ecti de nd t he n eIe S 5b, 205c
an&r‘fgﬁg\é rTB enecgsdt Ehed li'jne n° ot Hel® wor ds,

t hecaprteta;aelnta@mpé [ m@dénatm mrich 8l0aeteVveespdeEniialy

eIC_eﬁr%%th% 6 and aSSI ve 0arllltdentltaml43¥}p v2iOaOA;_1/ 114459

P Y0 TSR 1ng a grou plane n
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 grouna 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 antennaz 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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el ements 205 allows the directive antenna array 200a
to scan the directive antenna | obe 300, which, in
this case, is directed as shown as a result of the

nodes in which the passive el enents 205 are set.
WO XHE? node conbinations of passive ant BRFS2004/019507
el ement 205 result in different antenna | obe 300

patterns and angles, as readily understood by those
skilled in the art. [0054] FIG 3B is a schematic

di agr.am, af oé%‘fé‘?‘“?}ae 1% Tt %Q%@Q%E’? WLl Qent s
set t passi vé antéhna élerrents 205" f e

r efd05&t,i €@50r andakedd ssioreleotes calThecomi¢@nid k@ the
no .S 4 neicat by. epr at,j .elo t ed
ool BE-GRLSS0L LIS e £ 00O St

i ndd23at ed by a shortened dashed |ine 310. The

re tati modes 305 an Q_are.respecti vel
R e RS MR MR Ond e LEBPEAI Y Sbrtens
I nduet passeivenente3240 aterentapaci tepeesdeinahiby3 e

The, coupling._of the passjv nt enna ement_ 205a
g e REPr OB T SRR 390507 Rapati i vdLveLy
el emeptl 188523 opethorpmhivicacdepantgsh334 efflttively

switch 3 be, a nechani_cal or ctrical .switch
amite ERe Bl s PR e M s Bradk FafR o i boba
t 0 dihecgionnll phBeens30.1t Eheusw behuRddrésoseithivita a
cont.r.ol s';cgnal 335 I510055 Coupled to ihe round

pl AESE36TI7S FREPLIRAIE OIS Ba¥ nal pasey wred
anterthecal enenba2fbee attictiha edentfiest 208| anelORgGrednd

h th . tati dashed |
308151 330an BEn P BRI HE L B By P A S baRs e

f orrcan eREmpignal coupled to the passive antenna
el enent _205a_vi a_ nut ual_coupl i ng wth the active

anti@dlel endHEP308. ¢ Fie Jcadl BYeFReRd BigW it e
PasHice8 sapbental o8 Bt crA0%e aRdoRADed af Sct Lamylect ed

to the ground plane 330 via respective
antenha 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 cor moving reflectors (e.g., high on a wall
or ceiling), the selection of the preferred antenna
pattern direction is likely not geoing 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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i nductive elenents 320. At the sane tine, in the 15
WD 2004/ 114459 PCT/ US2004/ 019507 exanple of FIG 3A
t he ot her passive antenna el enments 205b, 205c and

d.are electrically connected to the ground plane
wé%g“(}?"é‘%r espective capacitive el enents 325?%’5%@%’]’0195“7
The capacitive coupling effectively shortens the

passi ve antenna el ements as represented by the
shorter representative dashed |line 310. Capacitively

coyRbiore 8kt ind N PassicigeeLRERNt ST1A2% Bffaatiuel y

makes the directive antenna array 200a an ommi -
di FEEEPBAPOBMITERINAICY tinseare bee trReITOGreFas the

al LRARABLLVLoEOURL Btk f GGRALAUES FRYGAIS NG URED gata
bet ween the passive antenna el enents 205 and the

gr dEFgesphafie BBChas wEmode gERrayons 2l andHaunpedeased

i BB rafor; . ' Q. F
S v A
an 9gi¥Ri tERREERIFAloOVettdsnacpraor br OGP Rk on the
di reGhi@nRl (@ng enna.p ftg%ccgég,t AU AREl) L Neone

directive antenna arr aor "2 i S provided.
Thepr&éeasss pod msel Fob tedmdusbebias disatsimy tihghethe
staldaas Ag0a 10 9 N66 388580 PALALS e 140 1R1® omns
usual ly renotely 1 nstalled wthout nearby
obgodeact | Bie rrtartiglg addeldedinksmdegin ,ofhisghiBon a
wal_| i ling) sel ecti of t Lf erred
ancsseiboified W dES Thbple 8t S B o
chaxgepléehr oughout the connection with a given renote

gl 12 00T L oA g0 S Sy

dowsiriohk dhition 120c to the access point 110b during
contention periods (CP) are received using the omni-
directional antenna pattern since any remote station
may have transmitted the frame. For large frames, the
network configuration may require the remote station to
use the reguest-to-send/clear-to-send (RTS/CTS)
mechanism to reserve the wireless medium. In this
case, the access point 110k 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 covefage area

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

point transmission from the directional antenna pattern
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franes transmtted to a selected renpte station 120c.
For npbst broadcast and control franes, the access
poi nt may use the omi-directional antenna pattern

and the |owest avail able data rate to ensure
WPH&‘E““&‘F“F"” 16 WD 2004/ 114459 PCT/ US2004/ 01950FC /PRy Uos07

stations 120 receive them The directional antenna
200a nay not increase the coverage area of the
network 100, but may increase the data rate for data

fr agEd i@i‘ﬁtécp at.nrg? EEHBt EtSt afljlic@%_ %Qle ¥a§1i9$£ e‘ﬁélegden

downl ink rate is useful because the& maj or |

dat BEP arkgdrlemd wbese the nenaior lﬁtla(moappbmsd@mcbmezear
dovgh b ko €29 andVeRg P fid estransfers)

opt| onis to use svmdtg%eﬁ 5%? S \?grélﬁ?y %%ntjt
acceBstipbi masel0bei swe eqwcp’eed a“fmmemel weei modaeamnnzoe

nDdﬁIMﬁhﬁxPQk@be%h @ﬂg iéﬂ%&pﬁ S?Céﬁbgg f%ﬁ large

acconmpdates a throu I NCredse
exafpte. L{20659] l@pdewrﬂa@@ Helamednsenfefenm the rFic. 7.

sel re e 1 Oc to_the cess point
110 dﬁﬂ ng %@%n@%&g. %%g%efl ods %Pfaglgﬁr?%c% Vet
usi ¥ e pormit- 180 r ezt i Unad  @mntwriekahpghéer daisd NG N For

renpte stati aye tr nsmtte the franme. For
a?%)e‘ﬁ}frlé%tesa,?lat ng i’nﬁ A{ oaﬁlﬁ JeFaerens rf‘c’l’ytl?*e‘?ﬂﬁ re
ther¢mﬂﬁﬁ(§bgtébhsn12@, WEEDHIHB the bulk of the network

requests{0-sen [clear-to- RTS/ CTS mechanismto
reserve 1te \%ge egsccﬁ%%‘?% v"l i g‘al%%%’e“eq peith the
acoewsiipdi ghifhl6b tlowl @nipcRinetibngl ShfSeid W@lihe

no .eas he tarat on the uplink. This
sdegcoénegs\%g% gpg%{)jent tjﬁsef aTFEPEe %%?@zﬁf}soﬁzo can

aI goFddadimtienpl eheth e ch @te dN@IIRADLL0SAAL I 0 nh20C the
connection without the use of the directional antenna
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 i, “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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[0060] In downlink transm ssions, the access point
110b may decide to transmt small packets during
contention periods using the omi-directional pattern
a lower data rate. The reason for this is that a
WP@{-}%{léMg% ation on the "other" side of the cBYEPSe/019507
area (such as renote station 120e) may not hear the
access point transmssion fromthe directiona
ant enna pattern 17 WO 2004/ 114459 PCT/U82004/019507
910 poimH away-—frompit bt-s-ts—the ur|
"hlddentkﬁbde problenhb e g WO rennte %lonSIEZO

do not H r ag || oth Atendsap—tFaps ||1—|.
t he sarﬁﬁ% CTS Athi 4 Rise TRE Pib ren%r s*%ﬂf%%s
are 120c—and :2“° —A-ret-hod—t-e—-averd—this—preblem
especially for large data frames, is described bel ow
in U(E)fGBI‘]enCeAtpr&l:éﬁs 7::an pROGeEcThieedi 1rec isenalof rules
ant.enna tterns t s, point 11 an .t’hu

o G 1Ato RGBS Aot e SHGET BOGPTH G Lo
datpmﬁtmmaﬁ&chmga& vmdﬂaadthe dﬁﬁﬁ@tﬁorﬁilatpaﬂjt%riazo For

which is the bul k of the ne r t wor k
o kLo Eof ettt et B Rek eSSl ds o R gnan
t h@a@ﬁamdanecﬁg oaaﬁe alnit@malaf whég tm&tﬁ@ﬂgnbr
110. That i s g enote stations 120 can %Fsociate
Wi tﬁ?%@lﬁgctg ’b‘eﬁ‘rﬁ SIS LEn deRBF At SFF- 49 129-
commuon Wt Dk k tcmeaqm ehollhfg 0i i€ Citrl tQala @Bt 8RNANKe
200a. 0062% dfe rul es .as_provided in TABLE 1
caf & SSqBPLRR LT Jt%kgémét’d’vérﬁtg @ of- t Hghe illustrated
0Micc@iskepbh AR al 1 @Nthc1dide@C via@nalhis CHR AL 1S tain@s  of
the directional antenna 200a. TABLE 1 incl udes
addrdEdss of\nt LR IBIRFYFEEENE 03 B¢ rehitdsy the
as S0t 8dnWh t it &ieh ACRRLS aRAI Bhppd A0 @ Rk ry,

current antenna direction sel ection.
buses and software to operate the directional antenna.

The antenna subsystem 405 interfaces to the physical
layer 410 and provides RF signals 412 thereto.

[C065] 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.

[CO66] 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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TABLE 1 may delineate exanple antenna direction

sel ections based on frane sequences fromthe 802. 11

standard (TABLES 21 and 22 therein). In TABLE 1,

"Dir" indicates direction, "UL" indicates uplink,
WO ndi cates downlink. TABLE 1 - Exaﬂ"r%T’QSZ"““f"19-507

Ant enna Sel ection Rules Sequence Dir Antenna

Sel ection Beacon DL Omi 18 WD 20041114459

PCT/ US2004/ 019507 Data DL Dir See FI G 5A

RTS: - UL j /D1 .See FEl 5 063]_-A _pr
e T ee EOFDEA TRl G SHH Tt TRy B " par R aely RERBEy
wherr tae sebedted heeroomy wdithdot ropabce padt erfvarttanpés .

to t a directi t : X l.e,: the
acc@gdségoi nt %%Og;r;‘r{éé;ﬁgéelsgcgetetrgkgi ng{:?%ga &%J‘tntécra pos en
duriang-eninge tehl er val daivdiers et ans e tdingcloron reddievomng
LO/dram.3,51 Boke, L ke, SLat ap 170 LO0AA AbloGk

di agram Show ng The®interraces o he~™"&access poi it
11Quas iglyomeabnr&héntsl. 4IThenaidel detriageshtaccessapsi pf

110 i ncludes various gﬂbthsys ns_and . layers.. .An . .
anteeancr]ﬁla rseﬂaﬁgy?s é?ngﬂ% nay iaEg’Irug}éaltnﬁ%ee’ d%eecc%lirc?r?gllon
antbia 2@6bmapdssoppar tdtagicnr EDi &ny, a dnsespanding

UL F BEERPA 0B 1 e Tadl R ERE BRI cal

| ayesmmdita candops ovi tle st reinghal stdt2ohherad.0. dnd@6She

The fvpieal Lae 10 e essea e 1 0B8R £ G

antdrymnshedr, | the pavcasts 4erihg physésal 42d dyefiséiOto

Senpdrso 1rd%ccei§.§‘ggt:|$_(i3 art]f la?ntbearllSn%d c%g%go£h22$Fto the antenna
subsystem 405. If the signal.quality measurements 417
are above a predetermined threshold indicating that the
highest data rate can be supported in the omni-
directional mode, the antenna direction may be held at
the omni-directional (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 technigque uses control messages (e.g.,
ACK oxr CTS) to make signal guality measurements of the
received antenna directions at the acceés point 110.
The third technique is applicable in both forward and

reverse direction links.

20



signals 412 to the MAC | ayer 415. The MAC | ayer 415
generates timng control nessages 422, which are al so
sent to the antenna steering process 420 in order to
switch the antenna to the ommi node or directiona

WEGEW RN required. [0066] The MAC | ayer 4RGT/HPX#019507

sends data franes- 429 to other processes (not
shown). The illustrated physical |ayer 410, MAC
| ayer 415 and antenna steering process 420 may

or ot 9%,50 Bad £RPLE iy o one RN On e s
FX:HGQSZOO&B@l@&@71n¢mwnnqatef@ntenaap$@;tm%ndﬂﬁﬂng¢sbey
as r or d wtrnn a
pr&%%£1C%5%?§%n§£§ Qﬁat fﬁ%ﬂfggggghgga '%H%a sf%%?ﬁﬁg
pr mg&zeomnma&m Hm widdt edsa swperiorsvdaicaakealse"

"directio le or. at.abase tion
TSTRdE 8 fs o Bt F 0

t t 1 0
of e 1Téc&ive slgna i
deﬁampt@nBeanaoscme Ids aﬁmﬂenmeuetedsamd|ansdbm3teaor
exa ghdlrectlo | e 425 nmay store statlon

| D aﬁﬁﬁf rre%poﬁaf eﬁnaaaFPm i O (A ﬂBl Fial
f(nanhemaetBoaal1scawﬁnmpxm§wedn31mhih tﬁ&am&ﬂﬁﬁetwork
stations 120. ce antenn .directions
e A AL L g Lot AN R L
antmnst eeo'angtm ofass 420hind qusedaih analps cnsede;f the

tlon ant enna. cont.r ol 4 7 to the ante|

SEm ZOQIOT?C‘? ERilGTR © ﬁaF‘PWmﬁ%a%‘EﬁJe /s 417
areﬁahmwgoa ppedleser m ned threshol d indicating that
hest dg%g rate can be supgorted in the omi, -

r

i TOOModneT  ROREETTHE hat G Th  Bot TER FHF b aRBRdaue
at fuirkeionBI adi feTiownal TH) iNDderrh0888icdd: point

Tl N R AP S AT P B08% LoSected to the
antenna subsystem 405’. The controller 600/ comprises
a physical layer 410’, which is given access to the
antenna control signals, and a MAC layer (FIG 4). The
MAC layer writes antenna selections into register B
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 4310’ 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 608b’ 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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techni ques in accordance with the present invention
for determning the preferred direction to point a
di rectional antenna 220b from an access point 110 to

renpte station 120. The first technique en'EHﬁ’é
WQB&“{"{I%\‘V‘S% versity selection mechani sm The B¢ 04/019507

techni que uses a sequence of probe signals exchanged
bet ween the access point 110 and the renpte stations
120. The third techni que uses control nessages (e g.,

Al a ual.i Sur enent
tﬁgﬂ%recelé %Qtfgénhghgif%b |%nsga 6 ac€é§§'ng9?)
110.‘he ThediHate amchnixuesisiapphs celhﬂueged} biot k&

[ e rectdon Link 20

2oB P r g B BB tbToms 5T pobebic Hre G dps been
tedwequredaesuanﬁse:t hatt Mdé&ﬂtngS@ﬂy]ﬂacdeafda:e?s:x a
i ncQrpara .ched diversity scan/contro
an%?: ﬁete%% %%%e%d% %‘1&&8 I"ces, such as
8040072/1802. AfgeB0hicklrs afiullll yalrsoe suppprd suikethedhe *
di rS|t The fi tech ue | | i cabl fter a
re T3 SPatToRed %ﬁ%as 20 h%ﬁ F%g?gdg %a§§€'l§?ed
itsetklmsthsﬂgm&ﬂ\mxﬂengﬂh |slgﬁamnfmkﬁdmﬁetﬂutuonlhuati—
ant en sca i s_acconplis t MAC/ net wor k
T EER R bSr W s Fece ) ofdF B At Renont
anpesiaizrfato tiee MNAS tayeehni guei cancimkadxse of the
di versi rot.ocol, ta keep the en osi tion/
sergeepotolpd ke h Y UGH LRIPE: EFRG ot thne @F gt does
t heoki £8t Beghui gugatf ungt itQHSWELlﬁc}ﬁ obdiOMSan HHR two
|Iluitrated access poi 110" includes a controller

t
0B L EBAA P tare i kot SRR thBRSES HLOPe DRRéCLon
COEbﬁ:Obb@keﬁoﬁecéi@fﬁIHﬂ sexftarphysigdbadiaterrablPtion by

whi ‘121 gygié:/ae.{] fé:§eerss4foq ,t r't]:he signal quality metrics for
the two antenna positions are sent to the MAC layer.
The MAC layer updates both the selected antenna
position and the candidate antenna position. The
selected antenna position is replaced with the best
position based on the data received from the physical
layer 410’. Filtering/hysteresis may be used to keep
from “ping-ponging” between two antenna positions.
[0073] As stated previously, this technique takes
advantage of the current 802.11 antenna switched
diversity methods. It should be understood that this
first technique may include hardware, software/firmware
or combinations thereof.
[0074] Referring now to FIG. 10, a flowchart of the
above described method for operating an access point
110 in a WLAN 100 based upon spatial diversity will be
discussed. From the start {Block 1000), the method

comprises communicating with the remote station 120
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antenna control signals, and a MAC | ayer (FIG 4). The
MAC | ayer wites antenna selections into register A
605a' and regi ster B 605b'. Register A 605a' cont ai ns
t he sel ected antenna p05|t| on, and register

W@&H‘f“ﬂl“f"fg a candi date antenna position. The B?]VE?’@%M%“"

| ayer 410" is alsoin conmmunications with a
mul ti pl exer 610'. The physical |ayer 410" sends a
diversity selection switch control signal 607" to

th%sqﬂbthphﬁffén 6§§Elé'%fat%¥?59§£cﬁ &£{§'§dﬁeq?a 220b

sel’'ection control nanner IS Case
di wér Silegksdpeet | o?pas;mlmfh thronthot sluyrsllitcomtir ol s

‘éh%glE%ﬁ:nE‘ES Qﬁgigé‘t%f gﬂ Q‘eé‘c bndh 60nan Y %8 $LET

5b" "are us e se ecte ant enna
posionwgnlpstmgtwatm ythec hegebedatabion H2hetugmks the

t i.Qn t .k date
R SR B P U
PCB&USE@G4tG¢@5@§d vma(ﬁﬂ@acpmsentoanﬁleuﬂnﬂﬂﬂM@ an
t|o e andi dat € ante
pgg}lltulgé%%? an edgjal)tr’ia’ 8 gr e% ?er ma,%ed seéndbuéancsgatlon
af 1.ao areainéalspa@dtat o dike 8030 eber vegl ’cd‘re aitte@ambiet,
regeiv ets for a edef e
pe%%bd ?6 #er 5 ccegsquFy i %3*/ f gg&?ﬁg?te
t hangﬁbys BLe a’selayemd 40" Bls:eﬂtdi%&cas v&@mﬂyraded angle
it nmet r nal stre | -t a-noi se
oprseh Peh. S AeARg SaptAte red SRR ot
antcemnanipasibnonsitio ﬂﬂmrmetbayfaatlcﬁurlm t Ifte method

pack t o) t he physical |ayer 410" functions
as dsgsgfﬁ?){?v?%? 802.11; that is, to switch

betpopasit he The s@dittr&ﬂft&dbmihhieoms BAsed Qipgtse thiae

best gantonna positi.on . Lot packel 1759 e co

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 reqdest/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
gquality of the probe response signal 810 sent back from
the remocte 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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t he physical |ayer 410", the signal quality nmetrics
for the two antenna positions are sent to the MAC
| ayer. The MAC | ayer updates both the sel ected

antenna_ position and the candi date antenna_position.
WOHRMIIUP Bt ed antenna position is repl aced H§FVHSZPRO19507
best position based on the data received fromthe

physi cal layer 410'. Filtering/ hysteresis may be
used to keep from "ping-ponging" between two antenna

0Si.hi O3 8 A rexiousl A hi -
|tO e%ﬁg%gggo?aégs advan a%ge:?i'g? 8t %ﬁe‘&g%'rrgrn lsS@%.chd
anttephniguet thepreftinadrlyi eppireydddst l4ashaumicd be

un é&@ggei aéfﬁégf% ggﬂb%% g@g@ﬂ&ﬂuf§6nﬁg§'ggs%%§at d
hardware, softwaré/firmvare or comnbl nations t ereo?.
[ 0024 Reéezceags novirtto IEPG HOwewef] oviehar tisofant hepact

abqye ri bed.met hod far._qp in access point
o n R AN i Eh i RS 0P

be redusestigsedbe Franpdrite stignhléBl ek QMY exddh@anges may
ne&)réognfco riges communi cating with the renote

stati on 128" 22° WD 2004/ 114459 PCT/ US2004/ 019507
usifeg78lcur reafemmngie v thbeFUGr etl ) onaflanihantacz2@he

at Bl ock ,1010.. Scanni.ng, through a, plurality of .
ol EBPSt BoFETRET g1 THE: GPFeRPFBRET Arte AR F50RLBE
comtdniioaki HOANM 100 thhesadenpba prabé osi g2 ddwiilngbkhe
reanbl e | rformed at Bl 102 espectiv
P STRuE el e e, TSRt ahtp O ang s ingtnoa
pl woabrtyesf sal éerid & akgles brabidhelzermt alskat tamo,
ri n$ t;the pr eanbl

128rare s suredeg,t %Ioock 1030. D¥ _ E

t h&TRRPFERE A% dR & UrSToREOBF BRECRF UV i T3P grunt angle of

al tteenatigecBNGhLD dstanieoReB ab BhockelddbATeiote

prefetred anale, pased unon LheMeasyreds signals, Lor
response signal received via the omni angle from the
selected remote station responding to the first prcobe
signal at Block 1130.
[0079] 2 respective second prcbe 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.
[00801 & 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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communi cations with the renote station 120. The
nmet hod ends at Bl ock 105. [0075] The second
techni que i s based upon the transm ssion by the

access ‘EOi nt 110 of RTS nessages to the rennte
WOHEHS® 120, and the reception of CTS nes8§llE2004/019507
transmtted in response by the renote stations to

the access point. The 802. 11 standard al so defines a
probe request/probe response exchange, which is

typi | t 1 d j .
| YERARHLoled DYLLETR SN AR 10,40, QBLSE T onns
[ OGZGjleWhencospardy athddlacdkedd8foiwhth1the tmeasured

det 1_ne erred pojnti [ tion.to a

ot S LB, PEELELLA LA 09 AL FRELROBCAR AL

8, ditteetacvessapolet e thisnssnptreba pighel remyesises a

Si 05 i e i pattern_and ch. of, the
po%%ﬁ%eésl% éai %]%Ité(?i E)na ﬁgﬁstséa r?saﬁ}aojcﬁgnglﬂse%spurroéos? t he
Si greslpongeakiyyabf et jpregbe@ dsponse-segaalCBN0 sent
back from the r e station 110 while operating i.n
Pnateasdl. | Pont FIPLE MO Blont pbbt e 0B £ iR
t hese RTSspensagé rame stidl Geavakie prbbe acspoese eliigaalie

t echni que t han %ge di ver si tﬁ-‘ 23 WD 2004/ 114459
PCTIUB2368P019507 ST &G on el qORIURSST i
abouefethies dbroatliotal ingjuee iiss spleteedbhy Empowdado

t .| east imediately after a renpte station 120
had 300 AT o 1S VPR TR dCs SBG AR 14 0o Lons

t harieeh $hansehpacéd tandied warak iehf AR0encyhélShdtthod ends

addi ti_gna e request/probe response signals, but
t héte B&?Eb?a%gg’ may be infrequent. [0078] Referring

nowdosi1fl G 4he Bhitovedardigpl &R@icits the control
frames used in normal data exchanges between the access
point 110 and the remote stations 120. This technique
may be used in both forward link communications and
reverse link communications. Since the clear—-to-send
{(CTS) and acknowledge (ACK) messages are sent at the
lower data rates, the access point 110 can use these
messages to compare the omni pattern 905 to the
currently selected directional pattern 130. This is
illustrated in FIG. 5A with the dashed lines on the
antenna selection timing. This can serve as a method
to determine whether . .the currenitly 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.
[o082] For example, during the CTS messages, the

omni~-directional mode may be used to receive this
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above described nethod for operating an access point

110 in a WLAN 100 based upon probe signals will be

di scussed. Fromthe start (Block 1100), the nethod
rises selecting a renote station 120 at_Bl oc

cQ
W?f%m““?ransm tting a first probe signal vi %C"{/ﬂ%zmqu?sm

angle of the directional antenna 220b to the
selected renote station at Bl ock 1120, and measuring
a first probe response signal received via the omi

NGl LEATLb e SEl-AG ed dhogpl &y ghatl i rasponding to

t he oSt probe signal
regﬁeﬁmmesesbcoﬁﬁnpﬁmbéhgl@ﬁﬁlmﬁssag¢aﬁsﬁﬁﬁﬁe@nabnna

Bl Qﬁ}i‘e%lﬁg Vﬁ%%‘@hs@%ﬁ t%f gglgleuwgﬁ']{étﬂesg i< 520b

di recti ona l'es of the directional anten
t 0 dalieudekecs eskgaibtsd oedt 1129, m@awuaemurond

pr n eceiv diJe onal
ngreeoFEAR RE AP dne PR E-thd, FRR LB o
t hmearselspmentﬁelS @ﬁnﬁbrpteo!bensll gndbtesnnmsmnedsamade

Bl 98k ot bpfundhePased L LLRL BE obE[G2RANSS 1N

% he resp ective mmeasured second response
SI grt@lredf rmhatti’ﬁe, SiFledattead thenﬂueest:admaah m‘rﬁ& prevides

stored in_an_.a Lenna dat base at ock 116 080
A ri_’trelglpr edg%llr(relcc o3 a%‘lélre nf%ﬁ mose‘l e% é%arlSLnS
r ermtye agtat benpd2fb e ds dlcteted atm B ke dshit0 dilkesedonal

pon.the asured second probe response signals. 24
%&PT@%@ CPCRS2004/ 019507 The measured first
pr apo8sgsponses s&agﬁmltyfpre@rnotfhmeeﬁnrem@mtgé eard

ar edlat Bl o ak 1180 measur ed seconqi%{oggta
¢ SBBReE s BPRRAISY i RS EPOFPEYS oF L ERNT iR
angjx%.nsﬁhesibﬁ,stas)rmhms|1g;na11@coapri SBS$rihg the ACK
re lileesssta_gte? %Eg da CReTSS pOln%ag_goaHgyt lecf;& as‘ge e 51gnal
guality measurement and compare it to an omni-
directional mode measurement or other directionél mocde
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 technigues
described above.
[0085] In cases where the remote station 120 goes
into a power-save mode or has long idle pericds with no

data transfers, the access point 110 reverts back to

the omni pattern selection. When the remote station
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response signal conprises a clear-to-send (CTS)
nmessage. Simlarly, the second probe signal conprises
an RTS nessage and the second probe response signa

W%?@M&%S a CTS nessage. The ommi angl e or %&%E%OTE%W

erred directional angle is selected at
based upon the conparing for continuing
conmuni cations wth the selected renote station 120.
The nmethod ends at Block 1195. [0081] The third

t eaboi BHERXP| NS d NGGANT LRL adédNP S 4580 110 ﬁQ{mal
dat a exchanges between the access point 110 and 1he

r eREFECER AR NOHE T 2Ot STRAS SEREMAI que may be used in

botygobgf War drd k- 1GRMILRI €8t FPRS. Wl o JEMAr SeLEBK i ve
| (€TS) "and

conmmuni cations. Since the c ear-to;send (
ackheWrbages (A9 meddodgEerapreszhingtan Recesgnepint

dafaor ahes, wiAle RRF e33R0 LPbn 140 €A USe{ReSE forwarda
nmessages to conpare the onni pattern 905 to the

curPEnreyeses ebirdd dtiddcbPodascpasedr n FIR0! thki stast
|1 HSLER €806 1), RIHG mefnbht goﬁgfigéé hed.diings on bﬂg ;

ant enna sel ?Ctl on .tl m ng. hi's can serve as a net
t ofeevardi hnkviretiiastt kentuet ehrane solect ddrdir ectenm

13 Bageérm{ﬁ]tﬂ@ ‘?ﬂﬂ&ﬁ:i@ﬂ%% In(taﬁlgﬁnr%/ &2 &bh & QN il:he aﬁaril/Ote

di rectional pattern 905. S vantage is typic
basédtuponl0 priedtcainilddl. t aneshodnbnid:tyngvenfirst

fr n i t.chi n . ant S
ha?%gg E§§%$p%$tg%b%é @ggaﬁﬁ%€1ﬁ£t$?cs. i%ggg?’F%?d
exappeévidara igpddrel CT8tmedsgase timw a second antenna

oo FECh AL TR TR e L EEhLE At 25

cabtetate at fBisik di2g0al Aualiobyl gquemlsiiverEnthe DAt ag

th%oﬁ%%bfeﬁgggfiréééf%%% %Egegﬂg first antenna pattern
and a signal gquality of the second control frame
received via the second antenna pattern are measured at
Block 1240. The respective measured signal qualities
associated with the first and second antenna patterns
are compared at Block 1250. The second antenna pattern
for transmitting a second data frame to the remote
station 120 is selected at Block 1260 if the measured
signal quality associated with the second antenna
pattern exceeds the measured signal gquality associated
with the first antenna patiern by a predetermined
threshold. The first control frame received comprises
a clear-to-send message, and the second contrel frame
received comprises an acknowledgement message. The
method ends at Block 1270.
[00871 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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direction may be used to receive this nessage to
cal cul ate a second signal quality neasurenent.
Conparison of the first and second signal quality

[ nts is perforned and a determ nati ' d
wggg'?%h‘%ﬁaét her the test antenna direction shgﬁf’gg%g%l%m
stored. That is, whether the directi onal nobde

provi des a higher gain than omi-directional node.
Conparisons may al so be perfornmed between two

di ffarant.Hich-egt FoRal vantLnna.odi LaeLhAg aé@eoﬁﬁlofﬂaﬁe

sams types of neasurenents and conparisons may be
ddogali pgtanrevdt%e fhork that enpanshitsisinomt

as Bhawn 19 oF | @raﬁgnla&ﬂgﬂ% té&%oﬁ%oﬂ’é‘:?éﬁgﬁar&é“eco the

access point 110 may calculate a signal qualit
meaSitdfe stagaancohpdiech 1328, aangnhpcedvieatd dhaist

mqfaﬁaem;ﬁ%nggg Qr s oLyt aqitre%afa' gggkegﬁd@f the

measur enent ari sons be c uct ed over
sexﬁé?r@ctl@@ﬁﬁuﬁncaﬂm@n%rw tﬂhet hremebkestadi ererajt &lock

st 110 fﬂg_pl d
di ?éescﬂ]on% SlgﬁgF %ﬁ% di rec{:%t‘glﬁe t%%?e g%%@%%}fg%n%
nayrebf@lvwg méat bde W i¥stsiaptainnguebt t yrmeasd re sl
I QiR y BLORRSS oo bl QA2 383, RCEL PO DAY G HLlse cona
ommi sel ected I recti onal antenna pat
|f atrtteera@vamtagen dreopsedmingy atpBédekelddhed The

thr o th 0] Nt . r bac t.h
i bk o e AR EEST PR A ERUE 8ol I alut
onetl"(ﬁ‘ filhstf endt séwond eohirem@epattlesosi ded ampeared at

[ O%%]c]é G.S%ﬁseﬁh&hgégergcbea%%g%] ﬁg&gé*:enfolz_z %es\?ﬁ tlng

pOWEr - saveé o a peri o
no a cmftasantdr dnsbefsamé Hey atdr;aesas:cpslsnpoiﬂﬂ IBverd sheack

ts?a]il oﬁceggw:latgakt fé@ 15'5',e|seeclt ed ateﬂlggﬁ :[:%H)tlf 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 remocte station 120, and therefore, those

that cannot hear can transmit when the medium is in
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WO 2004/ 114459 PCT/ US2004/ 019507 120 becones active
again, the access point 110 nmay perform another
antenna search. [0086] Referring nowto FIGS. 12 and
ctive flowharts of a nethod for ratin
W§%004"1?e§9§ point 120 in a WLAN 100 based upg&ﬁg%ﬂw‘ﬁ?sm
franes in forward and reverse links will be
di scussed. Fromthe start (Block 1200), the nethod
conprises receiving in the forward link a first
CORide0l &ﬁ@gecguéeé-ééffﬁsﬂ%ﬁgenﬁértP@ﬁi§¥ﬂ§‘QE bhe
directional antenna 220b fromthe renpte “station 120
at MWEER Poipt B transnmitting a first data frame
to fdegefenot ﬁhéﬁ afh Oy ale B QoHnL220p RO g diBLGIN NY 2
second control franme via a Second antenna pattern of
t hddinsaacpbaal tam ermrela girpthenr bRt ethestemitaelat
Bl %c@%gosex‘?‘s S’&tg@aé%fé@njédt Xénefanﬁgediféc%loncw %ann:l.ng
frame received via the first antenna pattern
SI el dduartign otalvhe 4Afcdnd Féent éotofql%r‘?mfmlﬂ@celfvéder@
:teh$o§8ﬁ9£91 4 02 RALET NFRL e %&I[,,edch%t acBkagk
he respective neasured signal qual’ities
asmnét é40wiren 1dek figsireandesetahiomnt@hdmpaheer ns
ar%Fégggggeglééc@48§K?&%EQhengl§§EQHQa Hﬁﬂp%§recﬁion.
pattern or transmtting a second data frame to the
r enfi®0@01]1st at Refet2ng S sdhectéding &l agdkanl 260 FIG.t Ae if
me r Lgn gyg!t iat ththeseod
antac Zln%nggnﬁgégegéf exceéecfy tt%%%g?ﬁggsggg%m %lpOtefntl %f)
asddcidgnedodes t éxidies f ithst agrtennpopat tJeIcn fbly:sa;
pr ne reshol d. . The |rst contr a
regzgﬁ%ée m&on%rcégsmessa e&P- fo- %‘é‘ﬁ Tesss m%ﬁgﬁfﬁgs
seamuhgczbhbromnifaxmectmmlvmddeonﬁrtlsearmEnna 220a
%V.%’{ edgement nmessage. i :1?1 d ends att %
1278 [ BOBTTSThES et hod 1557 Tof nah%rrea%o Ss STRGERPS

12020 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. Ancther approach to pieventing
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 potentiél 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 direcfion. 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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in a WAAN 100 based upon control frames in the
reverse |ink conprises fromthe start (Bl ock 1300),
receiving a 27 WD 2004/ 114459 PCT/ US2004/ 019507

wohoﬁ’ﬁla?@p”m frame via a first antenna pat Q*@?%’?‘}"gﬁsm

ITectional antenna 220b fromthe reno
at Block 1310, transmtting a second control frane
to the renpte station at Bl ock 1320, and receiving a
first data frane via a second antenna pattern of the

di rgmzqnal ABEENPRLE T O ke J.enmte a&ggkgpe@tiﬁl ock

133 A signal quality of the first contr rame
r ecet VREENFEa tPhBIE} r §t affierimiQyatiteifpanded singmlthe

quaktd YeedfsabBe ikl 15t HALAH {1 ‘b‘?‘gc%h&egci‘!éé‘it R 110

second antenna pattern are neasufed at B
Thesinasspéet CVE measagedisiajdalthgiallst heseasaoriat eduse

m”t{hetﬂ@ﬁd&br§£aéﬂgn§ef§5] &“Héﬁ%n%égﬂghfégfoﬁég The

conpared at Block 1350. The second antenna pattern
f orrenefits gitetiny 130 sbedhchiha dnf theselBysetblawoesdhe

polgxtk il @PEhgl HEIREEo d@etao%% %%ng s SELECY edcﬁileg

neasured signal qua ty asgocl a
W trendie séebhdn anteimes pata elatactcerds t he neasured

[ I t fLr n
T R A T
. competatfingnen aegewe@ommosesl a Wbanesmtmmdlpon

nd
TeSEANR A0He! DEooSEERNG, G Qe LiAMRLLANSMLLed

conprises a cl seh nessag e
at #Btaogk (B3s0k 14088] Thee nisduiiradh cpmphmsqslesreastmg an

" SR Bk okl S e L bRl B O de

antsrine 220baat eachh aem@tss s;tcamtonllaota ¥ eshee: i0fe

el | mansat 2 tI's]e Chk 1nig_:e ggrr@sd%%glgodgo thed eu 1

nod& HEEG ﬁvﬁ%ﬁ g y P 9 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 anyfnon—selected remote stations have the potential
of not being aware when such communications actually
occurs. This is deterxmined by comparing the measured
signal gquality associated with the preferred antenna
pattern for the selected remote station with the

respective signal gqualities associated with the non-

selected remote stations when using the same preferred
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not all of the renote stations 120 in the network 100
can hear communi cati ons between the access point 110
and a selected renote station 120, and therefore,
those that cannot hear can transmt when the nedi um
WOQ094H16489 WD 2004/ 114459 PCT/ US2004/ 019507  BSEUS2PAY/&19507
causes collisions, particularly at the access point
110. [0089] When the access point 110 has data for
transm ssion to a renote station 120, the contro
process sets . the selected antenna direction by

sca%?ﬁ?ﬂfﬁlﬂ?t rection table 425 in FIG 4 to
det poov4le | f Itthehercate PHai@Enrdritadlalhirdden Nogkesn Fole,

ex | e, the access oint 110 | ook r.renote

ot aThshee meeBRErRe pERtae i BlerRone P IS ting
sel gediedantenpasdpotet i TI0 arfdA9Q] sReketsd Ngedd-d he
tim.ng diagramof FIG 7, if .the . .control software

det SIS 1PRAPTE hot SHEMHI G MHEdERo R B ors

t hendicse Soopel, Nthid Obfbd&dast MRS Wet $Snathd SEeRSs SHYQn
to a known unused MAC address using.the .
ormitR i e teEn Sl SAbdeC ot e h &saTeEn Y 122bhe oMkt gntenna
Pr QEeSSeSERVEShb Orémble adilatGionsha20€ Dt Be SEBE IS an
120 in the network that an exchange is to occur and

notUmYsed YRR BRET | 999 W KRFGESPend | e sHed ofTHde

accesforPeitatidA0 1hen swdahesikaitheasebested, frame
antenna direction for the i ntended renpte station

12PHMPNSCoRFRRPESE i BRES prdcee d2 tAndnfeRCRb pkD ReF fiogmed

pr aved ithe sthechibdoeamaad e tiakine AR St Op Povd A
four-way frame exchange protocol (RTS, S, data and

ACKy-dffem ngdeqBEPPERM r ettt MtRCKORNER0RT [ BbTAY 1460.

t helm]r ol Wﬁﬁ.l@@fl@igeiﬁéﬂﬂ% hhat bégﬁrﬁar&fcﬁoarly

potential for a hidden node, the access point 110
shown and described with references to preferred
embodiments thereof, it will be understood by those
skilled in the art that various changes in form and
details may be made therein without departing from the
scope of the invention encompassed by the appended
claims. For instance, the access point is not limited
to the IEEE 802.11 standard. The antenna algorithm for
an access point as discussed above is applicable to
other types of local area networks, as readily

appreciated by those skilled in the art, such as those
defined by the IEEE 802.16 standard.
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may not send the CTS nessage and communi cati ons may
start imediately with the access point 110 antenna
set to the proper direction. If required by the
network protocol, the RTS nessage can be addressed
to the intended receiver, resulting in a CTS nessage

back to the accEHATPYHHEH 19 CLAMEDR lScknow edgenent ,

as shown in FIG 5A 29 WO 2004/ 114459

PCT/ US2004/ 019507 [0092] Note that in the process

destr i bed mathod for eperatiog b dekcdss Fointelftfi)cin enwiyeless local area

ot (08 (B Reote ot | 0T Rirgte Wbeldrl SHehhF to08) ror
communicating e 8 éerward/linkowithaaideasttone remotetstationd ! 28)rimsé@ Qpon an
e _ P .
xchingt2 bl g B T8 Sng & Bl R Entbiitarilh F By ac ana o
datp fremsc A THe BBAMBEInther disedtibralaréerinai (200) camprisings & atiirality of
' t Referri to FIG
Aty s, (10 P, W el e e o0 nt. 120 i
a \VEepeving@ firsiseaninep ramehiCd&e viana dest reteogaipatien WB04) of the
; ' I 0) .th
el SFARE E2o0] FOR 5t eabelle ERoR el 0 e by
as stoarisatitting) abfgsivdata fraree {DAGASFRAMENt tolthe atridastamie remote
staﬁo%@ﬁ@;ﬁ ation 120 a respective neasured signal
Yy

qual | corresponding to the plurality of antenna
patreeeivisg atseBbuod ko GranEhAGosyie e tsevend ardersna pattern (130b)

i gnal. R r es )oi nt
of 4 Rt Sl o ok B ) RE o el SRR 2
st aneasuring @.sighei geslithof teatfitst centad frame {20S prepeibe viaahe first
e n ed: enna_ dat aba IS
on SRE BT S08 R S UBP P ATLE LA B08 e 0
 receiveg vig ther espodidntegnp peftemr(@80tnt enna pattern to
Co%aﬁﬂé She respective measured signal qualities associated with the first
and second antenna pattemn; and *
selecting the first or second antenna pattern of the directional antenna based
on the comparing.

2. A method according to Claim 1 wherein the second antenna pattern
(130b) is selected for transmitting a second data frame (DATA FRAME) to the at
least one remote station (120) if the measured signal quality associated with the
second antenna pattern (130b) exceeds the



with are selected at Bl ock 1430. Based upon the
ant enna dat abase and prior to communicating with the
sel ected renpte station, it is determ ned at Bl ock
1440 if any non-selected renote stations have the
potential of not being aware when such
comruni cations actually occurs. This is determ ned
by conparing the neasured signal quality associ ated
with the preferred antenna pattern for the sel ected
renote station with the respective signal qualities
meaéé@ﬁ'cisﬁﬂé[d Mplith assecinled- wib| Wet &t ranwte PEdRM ofig0a) by a
pred¥i@hinteith@sidlg same preferred 30 WO 2004/ 114459
PCT/U82004/019507 antenna pattern. [0094] If there
Is a potential for a hidden node, then a nessage is

br gadcagt méﬂ'lo@'a@ﬁ&dﬂaé58 Oldifhl T ahbdd trértsm.mﬁ@ meaﬁgtafeﬁa frame

0 .and t he ected reno statign 12
OARS, ERADED 1S Raribrivesh o6 o1 PSSR, risBha padney a1t plectional
antdwheamwshndmyel’ém the compafirey fmﬁér &imprigas ebrhparingdhe respective
r-to0-se ant e

Qmmi attern
meqey R AT RGPS pac Ty ¥ ARt e SRR dreriA pelih (1302
130B)dslitres sighdi ajuality essor@tedowithr ths poakeirddoargennagitiéhe
renote stations 120. Alternatively, a four-way franme
exchange protocol (RTS, CTS, data and ACK) is
perdf or médmettiodhaachrdirgetce Claid § ewbtreinsthat seoond 20tenna pattern

(1 3(%{) ot E&%%%Jg?or t%g@@fﬁ% g? eo‘?mt%lgc%ae f&rl]r\r}g Rtﬁﬁgﬁ tHRO i a%@ ng %h@%t least

oneprgmote gladien 128 Hb e medswied sidnekdualitt ﬁsmmdewﬁfeéha gecond
ant Sfp%ﬁtéx% 13W&%§ nﬁéﬁ%ﬁ%@fmgdaﬁ qikittibs Q@so%ﬁfé%r\ﬁihp% first

ose din the art various changes I n
(1392) epd &rederresardenng n?awns@yﬁw@dqtﬁewadﬁhwlﬁm@ut
departing fromthe scope of the invention

enconpassed by the appended
A method according to Claim 1 wherein the first antenna pattern (130a)

comprises an omni angle, and the second anfenna pattern {130b) comprises a
directional angie.

6. A method according to Claim 1 wherein the first antenna patiern (130a)

comprises a first directional angie, and the second antenna pattern (130b) comprises a
second directional angle.
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clainms. For instance, the access point is not limted

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

for an access point as discussed above is applicable

to other types of |ocal area networks, as readily

appreci ated by those skilled in the art, such as

t hose defmateed bgcartiag tEERIBOR wherest thedirstdcor®rbl TatAE (CTS)

er.at | n

recdliEEompicee's Veah)osert mebHil g 80 M sP i Pl kacro
receéll@:[)gtqmmmsancwkeowdedg&me{rﬁlmgssagm'pr| sing a

di rectional antenna (200) for comunicating in a

forward Iink with at | east one renote station (120)

bas®d upbmesdimd accoldimpie @ainpadcdter danprisiogrpreaingign antenna

s e S b T, A5 o0 i

the dictrpnd secmdanEnmaglattesy (0B0a,arddbnna patterns (130a,
130b), the nethod conprising: receiving a first
control frame (CTS) via a first antenna pattern
(13Da) of méthod diccardingowaCiaantie wharefr? 86ipctingothet fret abtenna

e [ (120): smtting a fi
patigif fapBled BRSooB RS e PRl (OPLEER Polia el S mecie
accgsatanimol (MARQ) layerex thevacrgsapsietc@dnd). control frane ( ACK)
via a second antenna pattern (1 30b) of the
di rectional antenna (200) fromthe at |east one

rentit e sA abétbod (ak26idingneaSiainng wheseigmatasyuiag i thy r@épective

t recei
siorg] nt%%’ﬁlr]]tge%pa %rsr?g(qeg%@ﬁnég[jg%ﬁtg%& ﬁarlef:?'ve%ﬁ'g(‘ﬂ{ strength
indisaicond caoigr to Intdrfenamce(rAfi)an erecgy p@'cbltvnaao tahe assgre b noise
rafi@Nt enna pattern (130b); conparing the respective
neasured signal qualities associated with the first
and second antenna pattern; and selecting the first

or cong antenna patte diregtional antenn .
st dh TRBSE HReBiG B (R dhe StfrmgPoE! (o) is
opeGhimgrhabetMupor iahlcabieorsesfond| EHE 80h# pahtadrand(dBEEE 802.16
star%%A%E ted for transmtting a second data frane (DATA
) to the at |east one renote station (120) if
the neasured signal quality associated with the

secgld %% Qﬁ]oad gc?co?t? rﬁg? to( &I%?r? )1 é:rgﬁqﬁe tdtgrgctionai antenna (200)

comprises at ieast one active element and a plurality of passive elements.

13. A method for operating an access point (110) in a wireless local area
network, the access
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32 neasured signal quality associated with the first

antenna pattern (130a) by a predeterm ned threshold.

3. A nethod according to Claim1l wherein transmtting

the first data frame (DATA FRAME) is performed using

a preferred antenna pattern of the directional

antenna (200); and wherein the conparing further

| r g NG
poift 190, ST 2 Bicr aERRE TaodiJor CRARREHNE A 'at roast
onealienote stafien (B20) it 83eusrse 180 bRsed uaboraa:s iegoizanog Ul datket data
t t r n Lt
con RS T Acatty B oo At RS I R o By e oaTa
FRAMER rili’rmdtp@ttlpealrante(nlzaﬁbf)o)lcs’rrwsleg taeﬂbrbhty of pobeana pattergs, the
.data frame (DATA FRAME) to the at |east one

met?gc?rg@gxﬂﬁ?g% on (120) if the neasured signal quality

asgectined fist ¢ontiobirame dRIS) aiat efish apiehiv@ pati¢rh308Ja) of the

; I lated with
dlret%;ﬁ&r%?e Q&Sb@?@gﬁ&%eﬂe ng& ongqgrbo{e elﬁﬁéﬁ%@ tterns by
a pgrangatibegrarsedond ce'simlframeS(CT/S)ri@tﬂeodt lasstardi negnote station
&Ialml wherein the first antenna pattern (130a)
conprises an omi angle, and the second antenna

patreegiving E30is) detnrams e@ﬁé A BRABE) ivinal semogd eantéhnaﬁpattem

(105 OF TR ShehRa ) o PBLBRR dafersleined s

andnedearipg ecaighahnmajkm@f tbaf Itséccmt:(oltwrm (Bd8preicswead aia the first

ant%%“aoﬁ%f% er e gﬂ? | 1 :cluaﬁgnc% ‘th f| Q adf(%%xégbgkﬂgFé&)ME)

receiersbvia e ssoopd ae‘@enapaﬂt@ar(ﬂ&b—)send rressage and the
sec&%aﬁ gttﬁé) l‘?sp%@t% e Lged /i%%gl LFa tl %g o&’aﬁegd ngh the first

messag &
andGlespmd anteoma bﬂtern(ﬂﬁﬂal $301); andeat i ng an ant enna

dat ! S
%%‘ﬁ %ZﬁQste Sopgéc;bg*ngl %}t%lﬂ'\ea mﬁ{tﬁe?r? E#Oaf I‘!?@@ e directional
antmdaﬂﬂ)dmsemna theataraparing130a, 130b). 9. A net hod
according to Caiml wherein selecting the first

antenna pattern (130a) and the second antenna
pattéer n A F@dd, aczordingetof Crime d3 avhdrbia the decondoades® pattern

1309 ety LN 1 18055758, HOREL LTI b & e
accegss peiot (M6) ts t@na’d legstadrniet iepsote Girpion @20)déther mieasurgd adgnal
quaiit?afs%oagt%d%itr@tr{eeggdo\@dan%érg'n%a;gattse'i‘nr ?‘ﬂ%tb exceeds the measured

signal quality associated with the first antenna pattern (130a) by a predetermined
threshold.

15. A method according to Claim 13 wherein the first antenna patiern

(130a) comprises an omni angle, and



indication, a carrier to interference ratio, an

energy per bit ratio and a signal to noise ratio.

11. A method according to Caim1 wherein the access

point (110) is operating based upon at |east one of

an | EEE 802. 11 standard and an | EEE 802. 16 st andard.

12. A nmethod accordi ng to Gaim1l wherein the
the dbédheldriitls ARERT306 P HorisEOORIbSRAaPhndiEaS! One

active elenment and a p ura Ity o passi ve el enents.

13 A nmethod for operating an access point (110) in a

ess I e

é oy doEgrBClorClat, 12 RpBREE T s ldtna pattem
(13 @mnnﬁr@as |an@rst/vdtrhct@ﬁall angie, anshither senond antertnaopatieli? ()30b)
corpdiss B SUEI Rl aRgE, uPOn an exchange of packet

ata conprising a plurality of control frames (RTS,

CTS) and a data frame (DATA FRAME), the directional

antgnna £ %%%o%’é&ﬁdi@é ROCRiR 14 Hdrdik 1 ﬁr%%&ﬂfb?fram (RTS)

patterns, the conprising: receivin £
receiveft compfisesme ERTSH- ip-gerd Messaganarthibe ;sactnrd gontrol frame
c1el 393dmitkq b r Qne (200) fromthe at
( i st n(1)Ine r@ﬂngﬂléegssategté%@ﬁ@(eﬁgée%g?g%nsm' tting a second

control frame (CTS) to the at | east one renote

st on 4 ( r

Rty ) deed SagRiN 19 Gk FL G, SRR Hing ar

ant%nnee £V é4‘ﬂ5énmit(d2@0)th$rmﬁpeﬁweatm¢ms&d csignal qualities

t it f
assb R R ATt P PR PR G Dot e 1 <

antenna pattern (130a) and a signal quality of the

fir d FAES 2] Vi

sec%)tnd ggr\ltenia pgt() ’t:&g:'r ( %%?@%@?ﬁ%ﬂdd%cﬁonai Sntenna (200)
compsispeat pasl ove astiveegieriegharnd g plaraiity efpassise eisateats. wi t h

the first and second antenna pattern (130a, 130b);

and selecting the first or second antenna pattern

(13a, ¥S0Mccess tiwintd( W18 tfobrealwirelasse tnval (d2€:0)nebasred(100)
conMhisihge comparing. 14. A method according to Claim13

eréin the second antenna pattern (130b) is
seladitastional antanaa <20Q) tcomgrising eburdlity af antenmgat(emmnd

FRAQV@) tpéﬂef' I?«@OO)aﬁéﬁeﬁtePoitongaté IJII%)C’((B itﬁ?erﬁ"ta ﬁaf'tforogontroi

renote stat he neasur e
thereof said controller (400) communicating with at least one remote station (120) in

a forward link based upon an exchange of packet data comprising a piurality of
controf frames (CTS, ACK) and a data frame (DATA FRAME), said controlier (400)
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qual ity associated with the second antenna pattern
(130b) exceeds the neasured signal quality

associated with the first antenna pattern (130a) by a
predeterm ned threshold. 15. A nethod according to
Caim13 wherein the first antenna pattern (130a)

conpr i s&8calying arfirstaegirel frammel (SES) Yie asfissiogrienna: ratigen (130a)
pat ter n de L30Jir B8R 1ARFnA (Sbd)GFdoh BRA | i
nmet hod acco@g?'%g to 8 al R1 {3 v%/her ein %xthigg‘%@&réﬁmte%taﬂon
antenna (pdx ern (130a) conprises a first directional
angl e, and thgspmand 2 GRLERNA fRAd

conprises a secoﬁ@’?ﬁjraecti onal angrt?e@ré];imﬁa%é?ﬁ%% at least
accor di mpetremetesstationrdt@Ber ein the first control frane
(RTS) received;GAIRSd - ol SRPSS
and the seconrggeég‘ﬁ?%oﬁég f‘%ﬁ%ﬁﬂ%‘a V\rcg(réﬁlé}tg tsgg enna
conpr i s@attgrme(188k) elosaid ditestesslagpiennizg(200) fremtbel at least one

accor di ngmbe &hid 1§%further conprising creating an
ant enna drgt abase I-{1642 ) including the respective

measur ed si gringasingia isiasal goaidyicitieg fitkt nontra ffames{CTS)
and sec ; :
TR 8B RE SO SRR Hl 4 Balaly of e

nmet hod according to aim 13

ant enna Se200) coffiamsed\Cay) reesivad vadhagsedand astenmerpatiern
and a pl(% )ity of passive elenents. 20. An access
point (110) for a wireless |local area network (100)
conprising: &ofinadog thengispegive mees(rEgioygnsd apelities agsogiated

| it t : 400
Connect e Mt 3RERCEF] e (R (130 1Sbp and 00
control thersigcling dhed fitsd ot isebonst arie00y petberm(ddmtid0g) of
with at éa&?&];ecﬂgﬁa[ %ﬁfé‘ﬁh& rgﬁfﬁtb?%bl &r]rﬁ@cgrribari forward

a a

i nk based upon an exc ge‘of packet a c%nprising
a plurality of control frames (CTS, ACK) and a data

ol i A SooEr Hoint (£R) Stk G 20dhersisaig drectonal
antemmedAPQ) gemnnses at E3stgne ayttive glametit (20f) iapd & planafiy of passive
eierﬁgﬂ@?d‘ omthe at |east one renote station (120),

transmtting a first data frame (DATA FRAMVE) to the

at |l east one renote station (120),

22. An access point (110} according to Claim 20 wherein said controlier
selects the second antenna pattern (130b) for transmitting a next data frame (DATA
FRAME) to the at ieast one remote station {120) if the measured signal quality
associated with the second antenna pattern (130b) exceeds the measured signal
quality associated with the first anienna pattern (130a) by a predetermined threshold.

23. An access point (110) according to Claim 20 wherein fransmitting the
data frame (DATA FRAME) is performed by



receiving a second control frame (ACK) via a second
antenna pattern (130b) of said directional antenna
(200) fromthe at |east one renote station (120), _
measuring a signal quality of the first control frane
(CTS) received via the first antenna pattern (1 30a)
saicy gentepllst (Y vgingl 3 piefered patense pehemceneaid direetional antenna
(206" WHERdiN Ofle V bGmpbdthgS 87 084ld aBSRIdN& @%g)efuﬁher comprises
(130b), conparing the respective neasured signal
compasng tthe Jespestive Mmesguredi signal eualitiess assasinterb wshdhe first and
0 Y ot i : .
S (2 neR 5 Yehef 28 oo iy the
prefgrre@ @ptepnalatigihenna (200) based on the conparing. 21.
An access point (110) according to Caim20 wherein
said directional antenna (200) conprises at | east
one24act i Ak aetasianint (DUB)acgaling {91 Glein i23ywindreipasaid gentroller

(40@25%’% f?lneg%gé')d at%gnnaﬂﬂat%ﬁg gﬁﬁppﬁ'r 95n§n]rigt{91écaf§se%t8ﬁ&ejbgtg frame

t wher el n sal oller s
(DAJEcBRAMEttertha ideasiranse( 1300 station: (12951 thei mgasured)signal

tasbEa WA sddBAYRhtdrhal ¢ r
q‘uagt? at is_o.n’ (1205_ i'ﬁé tS{e neaé%r?'gd%ﬁg&%zaﬁx?%ds i théasured
signgt gealitigs egsamater witk thecdlirshanchateésired gndennerpatiers0B$0a, 130b)
by £e86@PminB8 thre& ed signal quality associated wth
the first antenna pattern (130a) by a predeterm ned
threshol d. 23. An access point (110) according to
d ajgn 20 hetesl LL4d ' et
R 13 S Polt B atror g e Sl Bprhuidrl B HEL fhianma
pattgrp £ E30a) cempasascan Nphtangien aptl tHaisecdnd @otenoaalattern (130b)
{800 FirebitP) ang@Nd Wherein the conparing by said
Con?gintroﬁlrgr égloaog?éfqurther conprises conparing the
respective neasured signal qualities associated with
thed irsk
W T a o 28fss BERPI0RS ERAfe REEISR 2B kiR ind f3bdnjenna
patigi €4308) pemprsas. a fivst dipctipnekergipoamd thelse@ond aotanda miptiern
136 i ji | troller (400) selects
( ttﬂggér?ézg%%§g%%ﬁﬁdg@gigﬁag?@%lsom for transmtting a
second data frame (DATA FRAMVE) to the at |east one
renpt ey statd P | Eeddif i i . ;'t
associ at eggévagtrbr?q%ﬁg)l%)eé%nd a tgﬁ'ﬁéﬁggtﬁt er n&?ltg%grét ontrol
frams, (e BRlsrachivedsampriess a clear-to-send message, and the second control

frame (ACK) transmitted comprises an acknowledgement message.



signal qualities associated with the first and
preferred antenna patterns (130a, 130b) by a
predeterm ned threshold. 25. An access point (110)
according to Claim 20 wherein the first antenna
pattern (130a) conprlses an ommi angle, and the

sec¥nd i aeRFaS PRIt &1 1P)(ac3emlNg teoRigin SBswherein said controlier
(40@5' ér@&ﬂeé %ﬂaént@rﬂﬂl &ata mﬁ@sﬁ%%ﬁgﬂﬁé Nesdelthd measured signal

according to Claim 20 reint Irst anten
quajiiast assecigtedowith denfitst 89 secpnd enteana es:@ttemsamsaa@ 3b), and
storad thd AferacishaRBt enna pattern (130b) conprises a
second directional angle. 27. An access point (110)
according to Claim 20 wherein the first control

frajge (%Sécée‘éﬁ?o\gg‘%g f@ con’t‘?ﬁg 2 ?iaﬁﬁrmt\%@?iﬂdsaid controller

message, and t o
(40@) r@ﬁmﬁrﬁ@% a@hysiegdiayeegnda mrdia aotasd gentenl tMASS sangleseleggon of
2 e [ 1 C g
e e A e TaP P 360y eI hnf le? (1300) are
perigamemaldbe Midblayemcl udi ng the respective neasured
signal qualities associated with the first and
second antenna patterns (130a, 130b), and stores the

ant®hAa agegssideid (120, aq&nrdsrtgctés%a!gbzmwheremalee@ﬁmﬁem@%)

meéé&reg %%5&1&}4}@ E@nﬁi 3@élﬂe§ Q;Egéd’bb&{ det(e?hcﬁq}nrg %%%t%%@ of a
sica er “and Ia access con
recev@ glan@@ttrreo@i dmdicatm@ i qasmeratn-t Biangrensetretin N1 STaYy-per-bit
0 nna pattern (130b) are erformed

raﬂ@Qﬁ’d 5@@;15%8 'ggsef%'go. AP] access(poi n% (110) |oaccor di ng

to CI aim 20 wherein sal d controller (400) neasures

t heyr eSPGLIJUESS g% %}”"f?rt | L ilkARE Ao BO8rea network (100)

determ ning at ne 0 recelved sig
Con‘iﬂﬂﬁ@ﬁgt h i ndi catl on, a carrier-to- interf er ence

r at b

noi s oA ghaRa00 dmelsRld @ pRP4IGSPodBRs bitepe (1002
130ps@arf area network (100) conprising: a directional

ant 0 ag

patategrgﬁtg&%pg%odi éHI\rg%Et')eﬁgto g ch%H: rr)éll %Rtez?\?a (%P@) for control
thergeh paigteontrelier $4000 cammusicaiing with at eeashore2@0)ots station (120) in
a r&fe@er ﬁ’rlnk F&éb%r 6n aﬁaé)&hﬁﬁgg Bf’lpIa@iEe (c%gé))coﬁgﬂa}@ gﬁﬂ'enﬂ/ of

east one renote

contrpfrf I@nﬂﬁ:ﬁs@a— Supdh) and adeatalee @AB%ER@NE asad contpliesi ng
a plural ity Qfceiving a first control frame (RTS) via a first antenna pattern
(130a) of said directional antenna (200} from the at least one remote
station (120),
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control frames (RTS, CTS) and a data frane (DATA
FRAME), said controller receiving a first control

frame (RTS) via a first antenna pattern (130a) of

said directional antenna (200) fromthe at |east one
renote station (120), 39 transmtting a second

control framdrgnemsfing @ sagend conterl framsh €€ TS)dadbe at least one
stati on fLAef) stafiiF@bd Ng a first data frame (DATA

FRAME) via a second antenna pattern (130b) of said
directional dRe@WARa I J09) dataomeme dDATTA FRAME)ovie a second
renot e ; Y,

the f1 1o L0y PR e ater i bt gpe
ant enna IgRat cag rereRcEAtioan#2@, si gnal quality of the

first data fraees RAT. : [ -\

antenna pattern ‘%‘?@o@f,dﬁéﬁgﬁﬁ‘g %‘E?‘%ﬂegﬁ’gﬁif\%@%&
measur edesgiaayia fimalirst antennespdtamiGda) apd & sidnal quatigtof the
and sec 4 e r (OF- T

sel ecti ﬁggt ﬁéejéfl rst R%%&geggﬁﬁn’?g%‘%%p%at {cfgePge?oi]gogr’mtenna
130b) ofPatted d3@8Px ecti onal antenna (200) based on the

conmparing. 3 - i > ' .
Qo m 31 nhoroy AR §R5fEsBRRE rigettidil ig; Sssociates
conpr i sadthdhe figsh @nd sReondantenmadtatismst(1 G0 6 BOINenG
plurality of Jass| eSS,

poi nt (110) accor E\ﬁ%e f] t)s’?ge g%réﬁ)ﬁg%g?azﬁﬁﬂés%giﬁd@&a’ *1300) of
cont r ol |s&ic ditestional salespe $200) basetomtheamompariog.pat t er n
(130b) for transmtting a second data frame (DATA

FRAME) to the at |east one renote station (120) if

t he3ZreadMy aetess geit (140 acrerdingde ddaimt 31 wivetsin s#ig directional

tSHPEQBE0)ABhRINEE: B (43 e‘}‘ﬁgﬁﬁ .
an SI ggal )qugﬁ?'tegs gg%%%%htee 'gmgzeh t e?%?%l) ts?p Saa:ﬁ@%m%g passive
elerpents 6209).(130a) by a predetermined threshold. 34. An

access point (110) according to Caim31 wherein the

first antenna pattern (130a) conprises an omi
angie, ddaedsss PO Gracearngptet Clain 31 18iGin said controlier

(40OUTIckSRS sBedHd SRLAR WHitefNBI38b) BPtransmitting 2 second data frame
(DATA FRAME) to the at least one remote station (120) if the measured signal
quality associated with the second antenna pattern (130b) exceeds the measured
signal quality associated with the first antenna pattern (130a) by a predetermined
threshold. '

34. An access point (110) according to Claim 31 wherein the first antenna
pattern (130a) comprises an omni angle, and the second antenna pattern (130b)
comprises a directional angle.
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35. An access point (110) according to Caim 31

wherein the first antenna pattern (130a) conprises a
first directional angle, and the second antenna

pattern (130b) conprises a second directional angle.
36.,_An access point (110) according to Claim 31

whe$2i n Ahacass Point §HIO) grcording fe Glawmsy1 wherelntae first antenna

attéﬂ{rpffioﬁ?%oﬁpﬁ%%?ﬁ‘sttd?reéﬁd?ﬁl %ﬁ%%agﬁd tﬁ’é‘gect,c!?ﬁ &ﬁ&ﬂﬁdpaﬁem

control® frame (CT transmtt conpri ses
(13h) égmarrée%éﬁacws@@@@onahangie

36. An access point (110) according to Claim 31 wherein the first control

frame (RTS) received comprises a request-to-send message, and the second control
frame (CTS) transmitted comprises a clear-to-send message.

41



