WO 2005/ 067220 PCT/ US2004/ 043674 SECTORED ANTENNA SYSTEMS FOR WLAN Sect or ed
ant ennas have been enployed in the base station or access point of wreless
systens to i nprove the performance of wireless comrunications. But
general ly, sectored antennas are not enployed in nobil ' .-l nstead,
Wrel ess” LSCAPPOXPHENet wor ks (WLAN) enploy two onni-di?gibggh2§%¥ghnas t hat
are nounted on a | aptop conputer to provided spatial diversity to conbat
mul ti path fadi ng. However, the actual radiation pattern is far from omi
directional once the antennas are nmounted on the |aptop. Thus, the

omi -direction antennas nmay provide poor coverage regions that result in
deep nulls in the actual radiation pattern and significantly degrade the
performance. An antenna system providing a pattern that significantly

| nproves the performancgg} | QQﬁﬁ I pg i n a WLAN net wor k.
BRI EF DESCRI PTI ON OF Tkégtﬁggﬁﬁﬁgﬂgﬁéﬁgﬁgﬁé%ﬁﬁﬁgtt r%&gggrded as the

I nvention is particularly pointed out and distinctly clainmed in the

concl udi ng portion of the specification. The invention, however, both as to
or gani zati on and rrﬁﬁﬁtﬁie@ﬁn&@ﬁﬁf‘%ﬁpe%@@@%d inithe,basg statlon oreat ures, and
advant ages t her éﬁ?ﬂ tg. b ol | ow ng
detail ed desc%c§€$so%&a%%ﬁﬁ?%g$sm E{t igm@@ggm%ﬁéﬁ]g ra(:'lv\(A9 r\{ysb??gr? whi ch:

FIG 1 111 ust catmesuricationsa Bul@eaerally, sscteredaniemas ané At enplayekl inwher e an

Access Point (AP). uses t omi.-dj.rection ant.enna . bile
stations use i@%@i@r%@'%mgﬂﬁtﬁ'gd'l ‘E/’rgﬁeéﬁrl't?ﬁﬂ red fé}wpﬁ@a@?@é@ﬁgmﬁ%em i on; WO
2005/ 067220 P@ht drtieireBdd@®drtennas that are mounted on a laptop computer to

provided spatial diversity to combat multipath fading. However, the actual

{
radiation pattemn is far from omni directional once the antennas are

mounted on the'laptop. Thus, the omni-direction antennas may provide
poor coverage regions that result in deep nulls in the actual radiation
pattern and significantly degrade the performance. An antenna system
providing a pattern that significantly improves the performance is heeded
for devices operating in a WLAN network.

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 omnl-directional antennas and the
mobile stations use sectored antennas in accordance with the present
invention;



FIG. 2 and 3 illustrate antenna radiation patterns in a W.AN network where
an Access Point (AP) uses both an ommi-directional and sectored antennas,
where one sector corresponds to one sectored antenna in the figures; FIG 4
illustrates antenna radi ation patterns for four antennas, with two antennas
pl aced i n WAMOHET2e upper corners of a display of a | BpFES2 M Ndter: 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 nents of sectored antennas. It
wi |l be appreciated that for sinplicity and clarity of illustration,
elements illustrated in the figures have not necessarily been drawn to
scal e. For exanple, the dinmensions of sonme of the elenments may be

exaggerated rel ati 0 r | I ere

consi dered approprﬁ?éj 2%@?3‘3@%@@5@“@??@?@@Eé%%ﬁggﬁgg\{\’gé anong the
figures to indigtwbrk whercespAocissdaint (AP lusge betheare ommii-gireEfiohal &kd

DESCRI PTION I n the follow ngwget ai |l ed descripti O&F nuner ous specific details

are set fort FECHI8d @pfenn@spvhoTeNeSeqie CURTPANER 1:PnR apeigrest t he
i nvention.  HoMMa inthe "uLeéDe understood by those skilled in the art that
the present invention na e 'practiced without these specific details. In

other instances, HG 4dliusiiatercanieana rasiationdatioms tosipurantesnamwitbi rcuit s
have not been (gasehl RS bHBcGEhPdch® RS upBlr dondRHY Gishia§ of 5‘?3&3{:_

i nvention. 2
computer,

FIG. & 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 embodiments of sectored antennas.

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 detalls. In other
instances, well-known methods, procedures, components and circuits
have not been described in detail so as not to obscure the present
invention.



WO 2005/ 067220 PCTI US2004/ 043674 In the follow ng description and cl ai ns,
the ternms "coupled" and "connected," along with their derivatives, nay be
used. It should be wunderstood that these terns are not intended as synonymns
for each other. Rather, in particular enbodi ments, "copng N be used
to i ndi catWOXH'20o or nore elenents are in direct phy@@%ﬁ&cf)orﬁ@[ectri cal
contact with each other. "Coupled" may nean that two or nore elenents are
in direct physical or electrical contact. However, "coupled" may al so nean
that two or nore elenents are not in direct contact with each other, but
yet still co- operate or interact with each other. FIG 1 illustrates
antenna radi ation patterns in a network 100 that includes an Access Point
(AP) 110 and nobil.e stations (STA) 120, 130 and 140. In sonme enbodi nents;
w reless network 1Q0 .Is W rel ess, Local rea t wor k"&&%\LA . _For exanpl e,
one or nore of nobiNdhet PWUP%dQ%IPt'O'l%d&GH"ﬁA%IgéﬂW% pledandt 110 nay

operate in co ,ﬁgﬁ@d ' I 1Yo 21 gTol s ANSVI EEE
Std. 802. 11, Tg%‘?) E It,%@?g@ﬁfﬁ%ﬁéﬁﬁ?ﬂ%&?’@fa (?':é a |l %F?‘z?{'ﬁgr?@of' t he present

i nvention. As undetstoed that theseHerme are ngidatended asfsynenyros foneashxathemnr esent

f ut | EE ] t,ensi o Jncludi.ng, but not
Ml ted to,  mAingodtpafiofief Britadihode, Bafhdled 1567 b ysedin Waikny be "any
t f bi | ghatstivatd Medtaredn airgct i | sleopit i
eigrerpf)e, rT?hle Etn%bi I'earg{??ia%las . mtaS) rggncorrglu?grsg,ag%nerggﬁaﬁ?ﬂﬁgﬁmiggi stants,
wi rel ess- capdiAce ataen u Ppgﬂﬁ’pﬁl%{mﬁéwaéﬁﬂ?afmorﬁﬁlﬂiﬁefgﬁﬂm%@'@ﬁt or the
ke, Access RitySlcal dielBaRENI L éi.s%&eﬂ“@édﬂ%@nﬁéygﬁggﬁgaﬁﬁﬁ%orefe”ed

to as "STAL") 'using sign ccess polnt . comuni cate with
rlpbi | e st ati ororraore(elementsaaremod in diseci sontaThwith each nther, but yet still co-

"operate or Interact with each other.

FIG. 1 illustrates antenna radiation patterns in a network 100 that -
includes an Access Point (AP) 110 and mobile statioris (STA) 120, 130
and 140. In some embodiments; wireless network 100 is a Wireless l.ocal
Area Network (WLAN). For example, one or more of mobile statidns 120,
130 and 140 and access point 110 may operate in compllance with a
wireless network standard such as ANSVIEEE Std. 802.11, 1999 Edition,
although this is not a limitation of the present invention. As used herein,
the term “802.11" 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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signal 132, and access point 110 nmay further conmunicate with nobile

station 140 (also referred to as "STA3") using signal 142. Signals 122, 132
and 142 are transmitted through a wirel ess channel in free space 3 WO

2005/ 067220 PCTI US2004/ 043674 between the access pointtﬁgg é@@“? [ious
mobi | e st WP3HSO6RAY in this enbodi nent, access point G40 Y

omi -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 network where an Access
Poi nt (AP) uses both an omi-directional and sectored antennas, where one
sector corresponds to one sectored antenna. Only one antenna is usually
selected to use at any tine'but mul ti pl e sectored antennas may be used

i | t | t - dj ti t bi |
Stati oneony bebierhBotts bittanda vroE Sl Steliisr B0k In TS ons
i nvention. ReBdenﬁeﬁthEée@s ﬁntqqoqj%@gﬁﬁomﬁlldlr%@oﬁd]%nﬁéﬁrﬁﬁ%ﬂ may be

configured as: (1) two omi - ectional antennas 2) two or nore sectored

antennas (e. gthe mobile stations (S B2hdS30and W0/use segtoreskantemnascini onal
t f 3 dedi cat.ed -
ant enna orrre%f;g%rgén§ erthéﬁE%&gbleﬁvgﬁ!&pnas) (3) one dedicated omi

di recti onal not for y sectored antennas) and nore than two
sect ored ant ennas; Fifhs.(@and Sdiiustratenardensd sadmiarmatwm@hmmmms such t hat

RS R = U LI TRER Y NC Y WU TN
ggc:'r d:[)l)ﬂ? ggégtggéﬁe%@%&h{% %eé@bﬁ@%&tdr%orrégﬁondé% oreddetorEdY SUbSt antially
) antenna. Only one antenna is usually selected to use at any time but
‘ multiple sectored antennas may be used simultaneously to form a virtual
omni-directional antenna. The mobile stations only use sectored
antennas in accordance with the present invention.

Referring to FIG. 2, at aci_:ess point 110 the antennas may be
configured as: (1) two omni-directional antennas; (2) two or more sectored
antennas (e.g. four sectored antennas and a virtual omni-directionat
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 necassarily 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



antenna gain and anot her sector may cover about 110 degrees with | ower
antenna gain, although this radiation patternis not a limtation of the
present invention. Certainly other antenna radiation patterns and antenna

conbi nations are antici pated. By appropriately nountin d
ant ennas i WORSP6P2dpri ate manner, the conbination of \%%(ﬁl}g%@&@ég{’g

cover a radiation pattern of O- 360 degrees as an effective omi - dlrectional
antenna. It should further be pointed out that nobile stations 4 WO

2005/ 067220 PCT/ US2004/ 043674 120, 130 and 140 may have antenna typically
configured wwth 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 may be usually placed In a

manner such t _mai.n.rad ation s.are coppl.enentar 0 _each ot her.

Over | appi ng i H%hﬁ@&oﬁa 128‘§na%ﬁ%\{ee§ntp§ﬁ%§@éqqlly cpﬂgﬁgﬁg&ﬂﬁ' ‘Hﬁy&‘ﬁ‘épét ely and

I s benefi ci al rﬁ&e@ébﬁiréd afltermasl ty gain. The coverage size of each sectored
antenna may be different when conpared to each other due to the physical

limtations in thdlefatiagie ﬁ’t@uﬂtﬂ"ﬁ@ecmﬁ%d pBtenaas gppIsubset ofdhe the access
point. and the, ﬁa&# L Atetihatdt B %3% Ingqﬁﬁﬁghlﬂéﬁtgea%tgﬁo@‘iﬁpH

configuration W SecC ore e nas ennas msly e pI aced in
a conpl enent arand mOrmaylbemwallscplaeedB‘Bé)mmmeeeecmthdhthn/mairammat@n The

opposi te. di r ooepEnals pompRemYp Fark oo CHePPARRIE ILAENEra9R cnnas ar e
enpl oyed at  tdp@ledqs %@ﬁamhﬂbdaéua GEbbRItey aMolis bBAsfidsRoBpiaYed at the
mobil e stations to provide spatial diverSity to conmbat nultipath fading.
§.‘ gnal diversity gain. The coverage size of each sectored antenna may be
‘ different when compared to each other due to the physical limitations in

the antenna mounting. The Iissues apply to both the access point and the

mobile stations. This figure lllustrates an antenna configuration with two

sectored antennas. The two antennas may be placed in a complementary

direction to cover 360 degrees with overlapping. The antenna racfiation

pattern is typical for a slot antenna, which covers two opposite directions.

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. Afternatively, each of the mobile stations may use a selection
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quality may dramatically vary over the antennas, so one of the two antennas
Is selected for both transm ssion and reception. In this switched antenna
system the antenna with the best signal quality is selected to inprove the
transceiver's performance conpared to that of a single @Qh hi s

di f f er enceWVEI20¥MSER"ha signal qualities is usually referf g@&&gggéntenna
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
t he sectored antenna that has received the best access point signal.
Alternatively, each of the nobile stations nmay use a selection 5 WO

2005/ 067220 PCT/ US2004/ 043674 algorithmto select the sectored antenna with

t he best signg| i ' ' - ; he access poi nt
may send outg aq{%ﬁﬁﬁ?batbﬁebéacggﬁgeqqgeﬁ%\t%ﬂv@{ g&gq%%ldﬁ%ﬂgﬂﬂf]ﬁ - Dat a pacr:)ket

received through tihehsdirberiipi orabdttanodd, théacossy peinsialiseAd @ay be used to
determ ne the segbored ant enn Wlétﬁ t he, beglt si.gnal . The nobile station

then uses thatNW @@@F'@&Wﬁ@dﬂ psiation: o he Nul-faata paeketepcaivadket back to
the access poiffoughfific 38EBA) ARbhad GORE Yiidbileiafir R stisettd, N1 ough 2

sel ecti on process, selects the omi-directional antenna.w best ACK
si gnal qual i t determine the sectorpdarteniz witp theklees! sighal.e Thé motileestation

o O ect oAk PR IR AR TR R BT M B0t
networ k. Note tblid abdubsRshio T &otess poimt retsiveMAe IADK patietandt he opposite
through a selection process, selects the omni-directional antenna with the
( " best ACK signal quality to send subsequent data packets. Note that the
omni-directional antenna used by access point 110 may be formed by the
combination of multiple sectored antennas and used to send beacons in
the network. '

Note that the sectored antennas may have low gain at the opposite
direction of its pointing direction, and therefore, mobile stations located 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 ihe 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

6



direction of its pointing direction, and therefore, nobile stations |ocated
in the opposite direction nay not be able to detect the transm ssion in the
point direction. This may all ow the RTS/ CTS exchange between the access
poi nt and one of the nobile stations to remain unverified and th channel
unr eser vedWOoRp&6722pbi | e stations may then contend for Y%US%?:“éqﬁﬁ?'éd medi um
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
com ng data packets. FIG 4 shows antenna radi ation patterns for two
antennas 410 and another two antennas 420 placed in the upper corners of
the display of a |aptop conputer. The placenent of sectored antennas is

| mportant to irﬁ%ﬁér@gbé‘éﬁhé%&%ﬁd Eﬁl@hﬁ?sn%w(ﬁlédwéﬁﬁé‘é?m%%bﬁgi The

conputer itse adi at'es significant ence signals ock
signal s, bus tha gomputertbhutrather distritiedandpoiating outiard\asi shopircikithe up the 6
WO 2005/ 06722(‘})i ﬁg/ US2004/ 043674 interferences, the sectored antennas are
not placed at ‘9 "sane spot on the conputer, but rather distributed and

poi nting outward aFlGheWustratésenteiingtadiationgattetns fok fsuraditérinagnt enna
radi ati on patt?rns for four antennas placed at tthf ugpgar portions of the
two side edgedlasedidtihgupperoriangakthetwa sideieqaes of dhe displayrathes| acenent of

the sectored nieanAg dimdrs! ?hégﬁﬁeeeeznté%ﬁ of tHRASHCHGHH, s diitrsfrontt | N that

in FIG 4 shows two antennas at e two corners, while in
FIG 5 the twhaambodimentshowndntFl@l 4n thatinid dcshiows twepantanmas  Agai n,
antennas 510 %ﬂgee‘r’zze% gtl eaacc%dof the two corners, while in FIG. 5 the two antennas are
( spatially and vertically separated. Again, antennas 510 and 520 placed

along one side of the display of a laptop computer show the sectored

antennas pointing outward as shown in the figure.

FIG. 6 illustrates various embodiments of sectored antennas that
may be placed along the sides of the display of a laptop computer“. The
embodiment labeled (1) has two sectored 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 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-dlrectional antenna allows Cyclic Delay Diversity (CDD)
techniques to be employed. The sectored antennas described herein for
access point 110 may use CDD. [n 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.



al ong one side of the display of a |aptop conputer show the sectored

antennas pointing outward as shown in the figure. FIG 6 illustrates various
enbodi ments of sectored antennas that my be placed al ong the sides of the
di splay of a laptop conputer. The enbodi nent |abeled ( 4?‘%757 ectored
ant ennas, WOZMS#6ERbred antenna 600 and 610 each cover 180

degrees. Another enbodinent |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 shawn in the figure. Yet another
enbodi ment | abeled (3) has four sectored antennas, with sectored antennas
650, 660, 670 and 680 each covering at least 90 -degrees. It should be

poi nted out that the .use of nultiple sectored antennas to forman

be enpl oyed. The SalRRGOLRDRRIASQRIEd AR G Pl oo GOl ni' 110
may use CDD. 'dht@ﬁﬁé ch@% fHF’tl'?é? efd\faﬁiag‘ég‘?ﬁ an%ﬂtlﬁéﬁcﬁgvﬁemWerBr ovi de a

non- del ayed si gnal, e second sectored antenna, or each additional
sect ored antenh@l’mﬁﬂqn pn eich of thecsuh-bands may hefirassmigads Lsing ethet he si gnal

sector e ant erfiadeEaNies ARA ¥agRGT of ol cAsHeh Rt Ge b ERUS s furc nor
advant ages i n Rivisidn Mhmplbxmgsmmmmtvohmwefsoawmmdeawng mbymbolshe sub- bands
may be. transmtted usjn i ther rier (pulse- base or
nul ti-carrier %D hﬁg éﬂh &ﬁ%@%\ﬂﬁw&sﬂﬁm Plakmapiai t echni ques.
By interleavi r&rﬁé‘ﬁaﬁé’rﬁﬁ%ﬁ:er as if they were using the entire bandwidth. Each
sector of the sectored antennas may be used to transmit information on
particular sub-bands, In-other words, different sectored antenna may
transmit different tones.
By now it should be apparent that an RF éystem may be enhanced |
using features of the present invention. The access point may use two
omni-directional antennas or one omni-directional 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
équivailents 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 énd changes as fall within the true spirit of the invention.



across sub-bands, Uta WdeBand (UAB) systens may maintain the sane
transmt power as if they were using the entire bandw dth. Each sector of
the sectored antennas may be used to transmt information on particular
sub-bands. In other words, different sectored antenna may transmt
different tones. By now it should be apparent that an RF system may be
enhanced using features of the present invention. The access point may use
two omni-directional antennas or one omni-directional antenna and sectored
antennas, while the nobile stations gsaIdMStored antennas. Further, the
omi -directional antennas may include two or nore sectored antennas. \Wile
certain features of the invention have been illustrated and described
herei n, many nodi fications, substitutions, changes, and equivalents wll
now occur to thasestsk)ddngdising:the art. It is, therefore, to be understood
that the appended clains are intended to cover all_ such nndifi&ggions and
changes as f al | 20VACEeRs ROt Ehat ingRidesys virpalpmniglrestippalantenma farmsd Aypdisst . A

system Comrégéwgsgct RAfRRD ea‘?:ﬁihQVPin%lﬁﬁﬂtiﬂl@Fald%ﬁgﬁ P@a]éé,i fdd4fd iRFRLg di recti onal

ant enna forne irs and second sectore nt enna each having nultiple
radi ati on gpeakbsecamnd ankemnfs cambingidso thadlmddistiet prabs fanbefnascroebi ned so

that the radi ation peaks for the first sectored B antennas are conplenentary
and par i aniey St RERIes Py R UAlBia R S BHRRRE Pedks SO Sect o eq
antenna t OsdeOfidReddréhiterilh f& ol QRAImni Ade@ion@Nadiatidepdient, e filst &id and  second
sectored antennas to operate S|nultaneousg¥ in atransmt node. 2. The

¥

syst em of gcanthiestorggdaatennas pperae Spukaepei el arsmianedeansnits a first tone
and the second sectored antenna transmits a second tone differing fromthe
first tone.

2, The system of claim 1, wherein the first sectored antenna transmits a first tone

and the second sectored antenna transmits a second tone differing from the first tone.

3. The system of claim 1, 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.

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

directional antenna.

5. The system of claim 1, further comprising a mobile station that includes first and

second sectored antennas.

6. A communications network, comprising:
an access point having at least two omni-directional antennas, where a first omni-
directional antenna is a virtual omni-directional antenna 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 90 degrees and another sector to cover a radiation pattern of

substantially 180 to 270 degrees.



3. The systemof claim1l, wherein the first sectored antenna transmts a
first signal and the second sectored antenna transmts the first signal
del ayed in phase fromthe first signal. 4. The systemof claim1, wherein
the access point further includes an omi- directional antenna. 5. The
systemof claim1, further conprising a nobile station that includes first
and second sectored antennas. 6. A conmuni cations network, conprising: an
access point having at |east two ommi-directional antennas, where a first
omi - directional antenna is a virtual ommi-directional antenna forned by

t he conbi nati ongof | &1 pl r ed, anten the comtEat SRUFUNI&8L | ons
net wor k of gcl ainrn}%e ,Omﬁuenr'éeaﬂf) ﬁseéeg‘ggﬁl%ioggh %1;17’ ‘S'F gﬂ%ﬁﬁ?oﬁbﬁausogé)torutlatgﬁéantennas

i ncl udes asctioritansdaisinelddéad Ronl deerstddGnenfehivirig 4 SecG@V@Eovar b adliiaiohon
pattern of substantially Q to 90 degrees and another sector to cover a

radi at i on Rpaetersubantia(ly g imi§dagiees ard anoiiey geciRige sener agagiatioppatiern

communi Cat&f‘%ﬂﬁst%faﬂ?@@ 8f 340 RbfBed, Where the conbination of multiple
sectored antennas i hcludes a Second sectored antenna having a sector to

cover a radiation pattern of substantially 90 to 180 degrees and anot her

sector to cover,a radiation pattern . of substantially 270 t.o 36Q degrees. 9.
The communfcat | B RErGiRoaT R Bl ime vEeE RSPt o R i ol o
sectored agt@m¥mtdnAsd iHeR8es firsSindaBebnd R6ANEd aRtehds Sifle FiRdt SANASd antBghal 1 1 St
sectored antenna having a radiation pattern of substantially O to 180

degr ees ankhvittge2 wdietioipdeen of whstantintly i 18Q degreesand sl weorshseptader n of

subst anti a J; ﬁi? 19388 tg’% 85 f%&i tahf1811 mj@ patlRns network of claim?9,
wherein the %lnlnrs VIsg%torae g%ﬁenr?a Sraansrﬁp S a T6| rs% signal and the second
sectored antenna transmts the first signal del ayed

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 to 360 degrees, and a third sectored antenna having a radiation pattern of

substantially 180 to 270 degrees.

13, The communications network of claim 6, wherein the combination of multiple
sectored antennas includes four sectored antennas having radiation patterns that combine

to form the first omni- directional antenna.
14. The communications network of claim 13, wherein the four sectored antennas

each cover a radiation pattern of about 0 degrees to 90 degrees and are positioned to form

the first omni-directional antenna.
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in phase fromthe first signal. 11. The communi cations network of claim 6,
wherein the conbination of nultiple sectored antennas includes three
sectored antennas having radiation patterns that conbine to formthe first
omi - directional antenna. 12. The conmmuni cations network of claim 11,
wherein the three sectored antennas include a first sectored antenna having
a radiation pattern of substantially O to 90 degrees, a second sectored
antenna having radiation patterns to cover substantially 90 to 180 degrees
and 270 tol5360 tegosesini@rlionandriorkahfskih 6 Rethanhelndingharnobilg satioadiaat i on
pattern of, s bsft antially 180 to 270 degrees. 13. The comruni cati ons network
of claim G'FCL\V{H@ ustand geccnd aBorsf AEENEE nul tiple sectored antennas incl udes
four sectored antennas having radiation patterns that conbine to formthe
first oomi- directional antenna. 14. The conmuni cati ons network of claim 13,
wher ei n t hkb. f ouk reseveEnTYEE RO aBrasesss peiat kowpusng:a radi ati on pattern of about
0 degrees to 9Q _degrees and_ar QsSiti dto far he first

omi -directi ongtf’voan "é'nhrgalofﬂﬁfg? %%ouggeﬁn%ﬁir%cg Vielf)cr’r?sth%l%%cv?ésr%ﬁrgf Wl&?rgiah] 6,
further i niehstdhagf the tDdMRI-Sittiba) ahteadas id HCirtuslegndiidigttianataseaand sect or ed
antennas. 16. A receiver system of an access point, conprising: two

omi - di r eclorBehby astreRiRgion I yp sampmgniagcRlpsed segpred jgBleBRSess poi nt, where
at least one of the two omi-directional antennas is a virtual

omi -directional antenna fornmed by a conbination of two conpl enentary

pl aced sectdr edlenteiveasystdid of Tlaen 1 §odieven theytsb @mniidired¢taingl dbnnah@tosi n t he

two omi -directional. ante al | ow %Iic Pel y Diversity (CDD) techniques
to be enp|@yﬁiﬁg%’%ﬁ*ﬁfé‘wEQ@ﬁ’Qé?GLB‘ﬁg?S %BFmB OgF% 16, wherein the at |east
one of the two omi- directional antennas includes a first sectored antenna
to transmt a first signal and a , )

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 signal delayed from the first signal.

19.  The receiver system of claim 18, wherein the first and second sectored antennas 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 another side of the display.
23.  An apparatus, comprising:

a mobile station that includes a first and second sectored antenna to operate

simultaneously in a transmit mode, where a combination of the first and second sectored
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second sectored antenna to transmt the first signal delayed fromthe first
signal. 19. The receiver systemof claim 18, wherein the first and second
sectored antennas in a multiband systemreceive interleave synbols across
sub- bands. 20. The receiver systemof claim 18, wherein the first sectored
antenna or the second sectored antenna is selected for receiving the best
nobi |l e station signal. 21. The receiver systemof claim 16, wherein a first
omi - directional antenna is placed in one corner of a display for a | aptop
conput er aamkenaasiooond it omdi-dieedtioosl ahtenamnsedavtea in 8 Reljpese doiSendBEHer cor ner.
22. The rec%kﬁergs%§t§ ?%%clgin116 wherein atfirst omi - directional
antenna i s p Bt ar KS & ?"&Swdwagaafessf)f)%?'for a | aptop conputer and a
second omi -directional antenna is placed along another side of the

di splay. 23. An apparatus, conprising: a nobile station that includes a
first and second sectored antenna to operate sinultaneously in a transmt
node, where a conbination of the first and second sectored 11 antennas form
a virtual omi-directional antenna selected in a Request To Send (RTS) and
Clear To Send (CTS) exchange with an access point. 12
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