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systens to i nprove the performance of wrel ess
communi cations. But generally, sectored antennas are
not enployed in nobile stations. Instead, Wreless
Local Area Networks (W.AN) enploy two omi-direction
antennas that are nounted on a | aptop conputer to
provi ded spatial diversity to conbat nultipath fading.
However, the actual radiation pattern is far from
omi di r ect SEGTORECEANTENNA SYEFERISSFORPIMIN on
the' |aptop. Thus, the ommi-direction antennas may
provi de poor coverage regions that result in deep
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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

W@ e@bo0672e0r r esponds to one sectored antenna iPCT/H82004/043674
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
errbodi rrEiGs 2éand 8dliusteate antmmaadlatbnvmaﬁerb@m a WLAN
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clains, It qubé %E)rpTFeCIateg pllwat%r snmphcuty 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,



"connected,” along with their derivatives, my be

used. It should be understood that these terms are
woedosieended as synonyns for each other. RatP@Er/pS10n4/043674

particul ar enbodi ments, "connected" may be used to

indicate that two or nore elenents are in direct

physical or electrical contact with .each other.

"Coupl ed" may nean that two or nore elenments are in

direct physical or electrical contact. However, :

“coupl ed” may also mean that two or nore elenents are

not in-direct contact with each ot her, but yet still
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| 'thg 1t "REF1” refers 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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3 WO 2005/ 067220 PCT/ US2004/ 043674 between the access

point and the various nobile stations, and in this
wepdsmerrent , access point 110 uses two omni - di PEDUSINED43674

antennas and the nobile stations (STA) 120, 130 and

140 use sectored antennas in accordance wth the

present invention. FIGs. 2 and 3 illustrate antenna

radi ati on patterns in a W.AN network where an Access

Poi nt (AP) uses both an omi-directional and sectored

ant ennas, where one sector corresponds to one sectored

antenna. Only one antenna is usually selected to use
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seatarredformed 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. Fdr 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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antennas in an appropriate nanner, the combination of
various sectors nmy cover a radiation pattern of
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antenna. It should further be pointed out that nobile
stations 4 WD 2005/067220 PCT/ US2004/043674 120, 130
and 140 may have antenna typically configured wth
only two or nore sectored antennas. Referring to FIG
3, the sectored antennas or a subset of the sectored
antenna at both access point 110 and nobile stations
120, 130 and 140 nay be usually placed in a manner
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' (teliee gcr:c(:egsst Soint 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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as antenna diversity gain. In the infrastructure node

the initial RTS/ CTS exchange verifies that there is
Wo00s0671226i on and reserves the channel. This tROF/83004/043674

exchange may be used as a training cycle with the

nobil e station selecting the sectored antenna that

has recei ved the best access point signal.

Al ternatively, each of the nobile stations nay use a

selection 5 WD 2005/ 067220 PCT/ US2004/ 043674

algorithmto select the sectored antenna with the best

signal quality. In the direct link or ad-hoc node, the
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ant enna
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 “initiator” 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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usual |y faces the sectored antenna at the "responder".
By sending the RTS and CTS, the "initiator" and

wO e@spender” nmay notify the other nobile statPORESWN4/043674
the com ng data packets. FIG 4 shows antenna
radi ati on patterns for two antennas 410 and anot her
two antennas 420 pl aced in the upper corners of the
di splay of a |aptop conputer. The pl acenent of
sectored antennas is inportant to avoid interference
comng froma (notebook) conputer. The conputer
itself radiates significant interference signals (e.g.
c| ptaitespaers, dhe saetored grienspstaianot plasedtaishasanie spot on
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antenna éOO 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 sectored
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.



antenna 630 and 640 covering substantially 90. degrees
and sectored antenna 620 covering about 180 degrees

w@go0shemeo i n the figure. Yet another enbodi meEPECT/US2004/043674

| abel ed (3) has four sectored antennas, with sectored
ant ennas 650, 660, 670 and 680 each covering at | east
90 degrees. It should be pointed out that the use of
mul ti pl e sectored antennas to form an

omi -directional antenna allows Cyclic Delay Diversity
(CDD) techniques to be enployed. The sectored

ant ennas descri bed herein for access point 110 may
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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
equivélents will now occur to those skilled in the art. Itis, 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.



antennas, while the nobile stations use sectored
antennas. Further, the omni-directional antennas may
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features of the invention have been illustrated and
descri bed herein, many nodifications, substitutions,
changes, and equivalents will now occur to those

skilled in the art. It is, therefore, to be
understood that the appended clains are intended to
cover all such nodifications and changes as fall
within the true spirit of the invention. 8 WD

2005/ 067220 Rcssvstmp@dmaﬁgﬁ@% 1. A system conprising:
a nobile st at?lc)% and an access point that includes a
first anddUeMalioadnd ed antenna conbined to form an
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claim1l, wherel | rst sectored enna

a ¢ombineddndormant dranieicestivnabradiatizn pattenna transnits’
a second tone differing fromthe first tone. 3. The
systemof claim1l, wherein the first sect ored ant enna
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gﬁﬁﬁg ﬁﬁgﬁﬁgﬁﬁéﬁfghﬁﬁe 5. The system of claim1,
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sectored antennas. 6. conmmuni cati ons net wor Kk,
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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



7. The conmuni cations network of claim®6, where the
conbi nation of nmultiple sectored antennas includes a

wo poosoeRect ored antenna having a sector to COREF/US2004/043674
radi ati on pattern of substantially O to 9 WD
2005/ 067220 PCT/ US2004/ 043674 90 degrees and anot her
sector to cover a radiation pattern of substantially
180 to 270 degrees. 8. The conmuni cati ons network of
claim7, where the conbination of nultiple sectored
ant ennas includes. a second sectored antenna having a
sector to cover a radiation pattern of substantially
90 ddedrd@s ansk
o B o par Lo ar S A NRe! BBl S of substantialy
degr88e 27%) dggreesonmuni cat i ons netvvork of claim®6,
where the conbination of nmultiple sectored antennas
includes first and second sectored antennas, the
first sest or etheaddrafit
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6, wherein the conbination of multiple sectored
antennas includes three sectored antennas having
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se@@bﬁiaet@aib/cﬁ tal 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 comblne 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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having radi ation patterns to cover substantially 90 to
180 degrees and 270 10 WO 2005/ 067220

wERADSE2004/ 043674 to 360 degrees, and a thirdPCEUSINE 3674
antenna having a radiation pattern of substantially
180 to 270 degrees. 13. The comuni cati ons networ k of
claim6, wherein the conbination of nultiple sectored
antennas includes four sectored antennas having
radi ati on patterns that conbine to formthe first
omi - directional antenna. 14. The communi cati ons
network of claim 13, wherein the four sectored

amt@aea@l PEAS, RIGed thir
gr ees teg 90 d%eeg %&%P?&%@?%E?ﬁg@eq Pdkb‘?é't forpattern of

Hbstgntially $80 & BY0 Kegreasst ommi - di r ect i onal
antenna. 15. The communi cati ons network of cl ai m 6,
further including a nobile station that includes

first ang@.seJoetcmplAicatoRd heMEIR of é%lmps "RieltPihe
syst%g of an access point, conprising: twd

nfP f}aé'@anrmvltlaket@mqedmmm molmiesefom sectordd t he

ac the t Wo

o el Haling EOEIB Hatciig n WBgHint 18 fost e rapormni
c otlipédtioeval an;erwiaaced sectored antennas. 17. The

recei ver systemof claim 16, wherein the two omi -

di rectional antennas allow Cyclic Delay Diversity

CDD) teghni ver
(00, {981 s ke ORGSRy gl 7 e o
t weediareid antepooas each cametean mx:laamasr;: paties & ébclﬁﬁb degrees to 90
t a first si gna

%q{red ant enna to [a
‘g §es Q0P 8@%‘%’@%5 ViRPsitoneshiptformdhe flf%tonlm thctlonal
20@(&@&55,220 PCT/ US2004/ 043674

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 coupled 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

11



signal delayed fromthe first signal. 19. The receiver
systemof claim 18, wherein the first and second

W@ e@sn6Ra0 ant ennas in a nulti band system r ecei RET/US2004/043674
interl eave synbols across sub-bands. 20. The receiver
system of claim 18, wherein the first sectored
antenna or the second sectored antenna is selected for
receiving the best nobile station signal. 21. The
recei ver systemof claim 16, wherein a first omi -
directional antenna is placed in one corner of a
di splay for a laptop conputer and a second

82@‘9{‘3' R 'emmqﬂéﬁﬁgglﬁl_pl aced in another corner.

he receiver system Claim 16, wherein a first
omi - directional antenna is placed al ong one side of

a displ for_a | apto conput er and a second
omi - di ?%%t i e fe&ﬁtV@Eﬁﬁstﬁaﬂ ofl claisr) 181 wherein dhééirst ainde

of sbB6ndls8BloRYd ahtennas in a multiband system receive interleave
symbols across sub-bands.

20.  The receiver system of claim 18, wherein the first sectored
antenna or the second sectored antenna is selected for receiving the best
mobile station signal.

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-directional antenna is placed along anoth‘er
- side of the display. “
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