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BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter regarded as the invention is particularly pointed
out and distinctly claimed in the concluding portion of the specifiéation.
The invention, however, both as to organiiation and method of operation,
together with objects, features, and advantages thereof, may best be

-understood by reference to the following detailed description when read
with the accompanying drawings in which:

FIG. 1 illustrates antenna radiation patterns in a WLAN network:
where an Access Point (AP) uses two omni-directional antennas and the
mobile stations use sectored antennas in accordance with the present
invention;



net work where an Access Point (AP) uses both an
omi -directional and sectored antennas, where one
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figures; FIG 4 illustrates antenna radi ation patterns
for four antennas, with tw antennas placed in each
of the upper corners of a display of a |l aptop
conmputer; FIG 5 illustrates antenna radiation
patterns for four .antennas placed at the upper
portions of the two side edges of the display rather
than at the corners; and FIG 6 illustrates various
enbodi nelis Dand 8dliustrate anteaﬂmaaradialtibn}ndtﬂerm@infa WLAN
a eciated that, for sinplicity and.clarity 9 . ‘
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exanpl e, the dimensions of sone of 'the elenents may be
exahjgapatrethe guwresyve to other elements for clarity.
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DESCRI PTION In the follow ng detail ed description,
nUFRIPRYIE speci fi c details are set forth in order to

id t t ' the.invention. '
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It will be appreciated that for simplicity and clarity of illustration,
elements illustrated in the figures have not necessarily been drawn to
scale. For example, the dimensions of some of the elements may be
exaggerated relative to other elements for clarity. Further, where
considered appropriate, reference numerals have been repeated among -
the figures to indicate corresponding or analogous elements. |

DETAILED DESCRIPTION

In the following detailed description, numerous specific details are
set forth in order to provide a thorough undefstanding of the invention.
However, it will be understood by those skilled in the art that the present
invention may be practiced without these specific details. In other
instances, well-known methods, procedures, components and circuits
have not been described in detail so as not to obscure the present
invention,



In the follow ng description and clains, the terns

"coupl ed" and "connected," along with their
wal2mshemeves, may be used. It should be underBETOSR004/043674

that these terns are not intended as synonyns for each

other. Rather, in particular enbodinents, "connected"

may be used to indicate that two or nore elements are

in direct physical or electrical contact with each

ot her. "Coupl ed" may nean that two or nore el enents

are in di rect physi cal or electrical contact.
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i nventi on As used herein, thé
t cPrdﬁ9f9p%§merﬁ$ akRet inglirect cantact Witk e@oh . ather, buayelsstl, co-

%ﬂ&] ding, but not limted to,

ﬁé lH%r%ll on. %Bﬁhﬁgeit ations 120, 130 and 140

rray be BIG. t Ypstratesrarhénea rﬁﬂtorppswat@namgrﬁaftwom 0 hat
IC&}?A{}%@I n _net work 100 For exanple, the no

SUBFIERS aRdFt9sS FRIMIAR)S 1 0pnd moklle taflonsi(STA) 120, 130

a t
Y e bt
1Wead%ehmrlc QNMNM tFFDrrmfarﬁpie Séreg opmoié of frdoile stations 120,
e % L{SI n %g 122. Access point
;}9 &%@ an @&?\%ﬁ P@%ﬂ A 1itosy gerate Irst:ampbanqeswuth a
( av{/@éleé@ﬁ@mrcﬁré sighdird sEERBSIANSIREE SIaTa 1519 ¥aiton,
access ﬁOI nt further conmmuni ca
stadthiough 1hig ig aots@ lm‘eﬂaaon@aﬂthe)p%eha‘ﬁ%hmoms Asgiseiddreabin,
14Re te%?'?dz% ?‘%%fers to any past, present, or future |IEEE 802.11
standard, or extension thereto, including, but not limited to, the 1999
edition. Mobile stations 120, 130 and 140 may be any type of mobile
station capable of communicating in network 100. For example, the
mobile stations may be computers, personal digital assistants, wireless-
capable cellular phones, home audio or video appliances, or the like.
Access point 110 communicates with mobile station 120 (also
referred to as “STA1”) using signal 122. Access point 110 may also
communicate with mobile station 130 (also referred to as “STA2") using
signal 132, and access:point 110 may further communicate with mobile
station 140 (also referred to as “STA3") using signal 142. Signals 122,

132 and 142 are transmitted through a wireless channel in free space
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132 and 142 are transmtted through a wrel ess channe

in free space 3 WD 2005/067220 PCT/US211114 /0 4 3 6 7
wel2esneren t he access point and the vari ous noRGT/ES2004/043674

stations, and in this enbodi nent, access point 110

uses two omni-directional antennas and the nobile

stations (STA) 120, 130 and 140 use sectored antennas

in accordance with the present invention. FIGs. 2 and

3 illustrate antenna radiation patterns in a W.AN

net wor k where an. Access Point (AP) uses both an

omi -directional and sectored antennas, where one
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such | east one rns an omi -
antrdirectiongiraniennae Theimolilk stationsanlytuse sstéreds are

| wh
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hi gher antenna gai n and another sector nmay cov
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antenna formed by the four sectored antennas); (3) one dedicated omni-
directional antenna (not formed by sectored antennas) and more than two
sectored antennas; or (4) two or more sets of sectored antennas such that
at least one set forms an omni-directional antenna.

It should be_ pointed out that the sectors are ndt necessarily the
same size. Fér example, when considering the four sectored antennas in
(2), one sector may'substantially cover about 50 degrees with higher
antenna gain and another sector may cover about 110 degrees with lower
antenna gain, although this radiation pattern is not a limitation of the
present invention. Certainly other antenna radiation patterns and antenna
combinations are anticipated. By appropriately mounting the sectored
antennas in an appropriate manner, the combination of various sectors
may cover a radiation pattern of 0-360 degrees as an effective omni-
directional antenna. It should further be pointed out that mobile stations
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present invention. Certainly other antenna radiation
patterns and antenna conbinations are antici pated. By
wappsogreat el y mounting the sectored ant ennasPCTUSR004/043674
appropriate manner, the conbination of various sectors
may cover a radiation pattern of 0-360 degrees as an
effective omi- directional antenna. It should further
be pointed out that nobile stations 4 WD 2005/ 067220
PCT/ US211114 /0 4 3 6 7 4 120, 130 and 140 nay have
antenna typically configured with only two or nore
sectored antennas. Referring to FIG 3, the sectored
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In one embodiment, two omni-directional antennas are employed at
the access point and sectored antennas are employed at the mobile
stations to provide spatial diversity to combat multipath fading. Signal
quality may dramatically vary over the antennas, so one of the two
antennas is selected for both transmission and reception. In this switched
antenna system, the antenna with the best signal quality is selected to
improve the transceiver's performance compared to that of a single
-antenna. This difference of antenna signal qualities is usually referred to
as antenna diversity gain. }
In the infrastructure mode the initial RTS/CTS exchange verifies
| that there is no collision and reserves the channel. This two-way
exchange may be used as a training cycle with the mobile station
selecting the sectored antenna that has received the best access point
signal. Alternatively, each of the mobile stations may use a selection
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antenna system the antenna with the best signal

quality is selected to inprove the transceiver's
weeasiosnence conpared to that of a single antRCES2004/043674

This difference of antenna signal qualities is usually

referred to as antenna diversity gain. In the

infrastructure node the initial RTS/ CTS exchange

verifies that there is no collision and reserves the

channel . This two-way exchange may be. used as a

training cycle with the nobile station selecting the

sectored antenna that has received the best access
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Ndhe nehadrkt he sectored antennas may have | ow gain at
the oppgsite direction of its pointing direction, and-
t her ef cﬁ%t,e thabthessenteredaiennasamay have lowegaippbtha epposite

:j:ndlrt%%gbﬁ of T8 YoiMingMire2libh, 4t fYE%te ,trﬂgbﬁé SRS ?(i)c%?ed in
the opposite direction may not be able to detect the transmission in the
point direction. This may allow the RTS/CTS exchange between the
access point and one of the mobile stations to remain unverified and the
channel unreserved. Other mobile stations may then contend for the

- occupied medium.' Fortunately, the sectored antenna for the “initiator”
usually faces fhe sectored antenna at the “responder’. By sending the

. RTS and CTS, the “nitiator” and “responder” may notify the other mobile
stations of the coming data packets.

FIG. 4 shows antenna radiation patterhs for two antennas 410 and
another two antennas 420 placed in the upper corners of the display of a
laptop computer. The placement of sectored antennas is important to
avoid interference coming from a (notebook) computer. The computer
itself radiates significant interference signals (e.g. clock signals, bus
signals) that cover the WLAN bands. To avoid picking up the
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point direction. This may allow the RTS/CTS exchange

bet ween the access point and one of the nobile
We@soeng to remai n unverified and the channelPCT/US2004/043674

unreserved. O her nobile stations may then contend for

the occupied nedium Fortunately, the sectored

antenna for the "initiator" usually faces the

sectored antenna at the "responder". By sending the

RTS and CTS, the "initiator" and "responder" may

notify the other nobile stations of the comng data

packets. FIG 4 shows antenna radiation patterns for
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our antennas placed at 'the er portions o
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i rarfiérRastpsin ohmrafd':sféﬁtﬁ/gn inSdgREpe at each of the

two corners, ile in G the two antennas are

spat i al Tl &illusteates varipys sephwdiments oigeictored mntenmes that

> 106 RRUBRG e SRR MR &z Lo baRpRlero v

oemizodimast kiveved (1) Hasewbi @etdred antennas, with sectored
antenna 600 and 610 each covering at least 180 degrees. Another
embodiment labeled (2) has three sectored antennas, with sectored
antenna 630 and 640 covering substantially 90 degrees and éectored
antenna 620 covering about 180 degrees as shown in the figure. Yet
another embodiment labeled (3) has four sectored antennas, with
sectored antennas 650, 660, 670 and 680 each covering at least 90
degrees.

It should be pointed out that the use of multiple sectored antennas
to form an omni-directional antenna allows Cyclic Delay Diversity (CDD)
techniques to be employed. The sectored antennas described herein for
access point 110 may use CDD. In particular, the first sectored antenna
may provide a non-delayed signal, while the second sectored antenna, or
each additional sectored antenna, may provide a cyclically shifted version
of the signal for transmission.



FIG 6 illustrates various enbodi nents of sectored
antennas that may be placed al ong the sides of the

waeiz@phberz2of a | aptop conputer. The enbodi mentPCELEI084043674

(1) has two sectored antennas, with sectored antenna
600 and 610 each covering at |east 180 degrees.

Anot her enbodi nent | abeled (2) has three sectored
antennas, with sectored antenna 630 and 640 covering
substantially 90 degrees and sectored . antenna 620
covering about 180 degrees as shown in the figure. Yet
anot her enbodi nent | abel ed (3) has four sectored
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e use of nultiple sectore
a%réecﬁééf]‘%‘é 6 Qﬁ_”g%ﬁﬂa-sdﬂﬁ)é@?i Lsiegh to t@fﬂsa%h@f@miomw
f usdrtiedlapgiispandss rI]r*u Birierwdrbs b@iEQre%\f §E§t‘§r%€ Shfenna may
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ﬂg nal ntal n the sane transm_t _povyer as | they were
usIRB-dirRctional arteprasiwr @nk onmiddirectional antenna and sectored
antennas, while the mobile stations use sectored antennas. Further, the
omni-directional antennas may include two or more sectored antennas.
While certain features of the invention have been illustrated and
described herein, many modifications, substitutions, changes, and
equivalents will now occur to those skilled in the art. It is, therefore, to be
understood that the appended claims are intended to cover all such

modifications and changes as fall within the true spirit of the invention.



sector of the sectored antennas may be used to

transmt information on particular sub-bands. In
woedesneReer ds, di fferent sectored antenna nay RCEES20D4/043674

different tones. By now it should be apparent that an

RF system may be enhanced wusing features of the

present invention. The access point nmay use two

omi -di recti onal antennas or one omi -directional

antenna and sectored antennas, while the nobile

stations use sectored antennas. Further, the

omi -di rectional antennas may include two or nore

sect or edl. ant Arsyatem\orhprisingt ai n features of the

i nventi on tlgve bﬁen.aig{doustrat ed and described herein,
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nodi fi cati ons and changes as fall wthin the true

spirit of the invention. 8 WO 2005/ 067220 PCT/ US211114
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sekymmisea fissidanamngriha secontbisaeidradantenmaaransmits a second

omni-- dj: ' ly.radiation pattern. 2.. The system of :

c@h%ﬁﬁmﬁéﬁnm?ﬁgéﬁgbgt sectored antenna transnits

a first tone and the second sectored antenna transmts

a seconcg taope differi n% fromthe first tone. 3. The

systemof cl HigSysteihel@aim d hwherair thesfikst seeldrenhaptemaa

t ISR o [ nd, sect.ored . .
ant enn aﬁstseﬁl gﬁés?n%rl =l t%‘rq gﬂ?' !9 °S P gné ?g&@?g‘ﬁsﬁ%‘é‘a Yanspitssipe first
f reognalideldyedsin pHagediom4he Tiret sigrell.em of claim 1,

wherein the access point further '

4, The system of-claim 1, wherein the access point further
includes an omni-directional antenna.

5. The system of claim 1, wherein the mobile station includes
first and second sectored antennas.

6. A communications network, comprising:

an access point having at least two omni-directional antennas,
where the first omni-directional antenna is formed by the combination of
multiple sectored antennas.

7. The communications network of claim 6, where the
combination of multiple sectored antennas includes a first sectored
antenna having a sector to cover a radiation pattern of substantially 0 to



i ncl udes an omni -directional antenna. 5. The system of

claim1, wherein the nobile station includes first
waeseerand sectored antennas. 6. A communi catR@FES2004/043674

networ k, conprising: an access point having at | east

two omi -directional antennas, where the first

omi -directional antenna is forned by the conbi nation

of multiple sectored antennas. 7. The comruni cati ons

network of claim®6, where the conbination of nmultiple

sectored antennas.includes a first sectored antenna

having a sector to cover a radiation pattern of

sulgeY degreak landaridhér RGBT RNEr 2394B%dA %&rﬂr %ﬁsé@stgntially

36 7 4 90 degrees and another sector to ' coVv

r adiS PR Qdedrees. of substantially 180 ta 270
degrees. 8. The communi cations network of claim?7,
where the conbination of nultiple sectored antennas

i ncl udes.a S@@kﬁbrﬁﬁﬁhﬂfa@i@nsﬁ@fv@&!}%f'&ﬁiw Bherahel Lo

cover a radiation pattern of substantia 180
deGPERING N eirptliiele sedored artennasinciudesd seéand sectored

pa ; ial 0.t.0..360 degrees. 9. The

c o%@gg{' all\gﬁg Qﬁ%e?:\?% rté c%)g/ e%géﬁaﬁ@ggm A ?&‘ ?ﬁ%JbSta"t'al ly 90 to
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fi rs%a tan{d Ii}{eé%:g) éector ed antennas, the PI rst

secHBY @RS A4V degreesr adi ati on pattern of
substantially O to 180 degrees and the second sectored

antenna having a radiation pattern of substantially

180 to 860 ddbeassnmuficalitves neOIKOE BlHIAIES WiRiraQRk Of
irst sectored antenna transnmits

cl aj wherein.the f ( )

a ??'5?%%&%&@@%@%?@@@@%% ipeligeadirstrand second
sectored antennas, the first sectored antenna having a radiation pattern of
substantially 0 to 180 degrees and the second sectored antenna having a

radiation pattern of substantially 180 to 360 degrees.

10.  The communications network of claim 9, wherein the first
sectored antenna transmits a first signal and the second sectored antenna
transmits the first signal delayed in phase from the first signal. |

11.  The communications network of claim 6, wherein the
. combination of multiple sectored antennas includes three sectored

antennas having radiation patterns that combine to form the first omni-
directional antenna. '

12. - The communications network of claim 11, wherein the three
sectored antennas include a first sectored antenna having a radiation
~pattern of substantially 0 to 90 degrees, a second sectored antenna
having radiation patterns to cover substantially 90 to 180 degrees and 270
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transmts the first signal delayed in phase fromthe

first signal. 11. The communi cations network of claim
W@2008k€220 n the conbination of nultiple sect oPEHUS2004/043674

antennas includes three sectored antennas having

radi ati on patterns that conbine to formthe first

omi - directional antenna. 12. The conmuni cati ons

network of claim 11, wherein the three sectored

antennas include a first sectored antenna having a

radi ation pattern of substantially 0 to 90 -degrees, a

second sectored antenna having radiation patterns to

COY®B66 degreay, ianldl

3005/ 96T N il dauiced %ﬁ%ﬁ%ﬁaﬁﬂ@é@%@ﬁn&mr n of

an§uastantially 8@ te2éd dggteasa having a radiation

pattern of substantially 180 to 270 degrees. 13. The

conmuni cati ons network of claim®6, wherein the

conbi natiBon Theronirmphigatess AERIRBE ERNAS. I rfes,
four E?ect ore antennas having radi ation pﬁatter ns {ahat

Katign:gl myiltiple sactered amtennas ineludiesriaur sedtersda.
14
an’é&i\ﬁ?g sec o"régl tants‘?aén%ﬁatéé@g%é% gﬁ?}@? %a}qrgﬂ'ﬁwg’tmﬁﬁom”i'

padlr@trtmnaf anteowna. 0 degrees to 90 degrees and are .
appropriately positioned to formthe fijrst
omi -directional antenna. 15. The comuni cati ons

o YRSt IS e o

station that incl udes

anseqieres arennas eacke coeer & yadiatioropaternastegut DUdlrees to 90
ecti onal, antennas coupled to a

Cg e%é\% %ngj "’ltrﬁé"p&’é%%f elyRasitoneghierermathe des ompisliectional

t hentewaaomi - di recti onal antennas is a

15.  The communications network of claim 6, further including a
mobile station that includes first and second sectored antennas.

16. A receiver system of an access point, comprising:

two omni-directional antennas coupléd to a receiver of the access
point, where at least one of the two omni-directional antennas is a
combination of two complimentary placed sectored antennas.

17.  The receiver system of claim 16, wherein the two omni-

directional antennas allow Cyclic Delay Diversity (CDD) techniques to be -
employed. |

18.  The receiver system of claim 16, wherein the at least one of
the two omni-directional antennas includes a first sectored antenna to
transmit a first signal and a second sectored antenna to transmit the first
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conbi nation of two conplinentary placed sectored
antennas. 17. The receiver systemof claim 16, wherein
W@ b@spoem2omi - directional antennas al |l ow CyclRCT/64084/043674
Diversity (CDD) techniques to be enployed. 18. The
recei ver systemof claim16, wherein the at |east one
of the two omi-directional antennas includes a first
sectored antenna to transmt a first signal and a
second sectored antenna to transmt the first 11 WO
2005/ 067220 signal delayed fromthe first signal.
PCT/ US2004/ 043674 19. The receiver system of claim 18,
m%ig?‘la’l‘db@eﬁ'f?&h tﬁé‘ﬁrst%?q‘h%nd sectored antennas in a
mul t1 band Systemreceive erI eave synbols across
sub- bands. 20. The receiver system of claim 18,
wher ei n t e félirst sectored antenna or the second

sect or ed “ant diigIereIVeEFYiEROTGiAIM 38ewherein theefitsband
nMoBeé6nG batto

ol o vengkatioRs Bhéhins T miNEaRESAEH sV dRdinae: <
pl ﬁﬁ@bol&ﬁ@ﬁﬁsﬁubmdef a display for a laptop
computer and a second omni-directional antenna is

pl aced in another corner. 22. The receiver system of

clai m 1@p. V\hﬂ'lh@lr@c@ivétéy%tterﬁ'm' kTIFH f?%ﬁ&%ﬁ"ap nfbrgp E@cto?ed

pl aced anng one sid a dis or a
coﬁﬁ'ﬁ?lné‘ﬁ Qfribe sesend ﬁact@rﬁd adlleneatls salelctethtor neeeiving the best

pl ﬁﬁ)%ﬂe%lté’t% §Bﬂélher side of the display. 12

21.  The receiver system of claim 16, wherein a first omni-
directional antenna is placed in one corner of a display for a laptop

computer and a second omni-directional antenna is placed in another
corner. '

22.  The receiver system of claim 16, wherein a first omni-
directional antenna is placed along one side of a display for a laptop

computer and a second omni- dlrectlonal antenna is placed along another
- side of the display. |
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