WD 2004/ 015812 PCT/ US2003/ 023702 ANTENNA SYSTEM FOR | MPROVI NG THE
PERFORMANCE OF A SHORT RANCGE W RELESS NETWORK 5 BACKGROUND OF THE | NVENTI ON
Short range wireless technologies (e.g., I|EEE 802.1 la, |EEE 802.1 |b,

Bl uetooth(c), Utraw deband, HonmeRF, HI PERLAN, etc.) are becom ng

i ncreasingly popular for providing comunication between both fixed and
portabl e dewaems/oSsich t echnol ogi es are capabl e of pr edrdisegsbswzpower ,

| ow cost, hi gh-bandw dt h .comruni cation to a variety of users. In one 10
possi bl e application, such technol ogi es nay be used to provide wreless
communi cat i O@NEENM@W%MBE’W@E&E Ot BHORThe net wor k
access point may serve, for pexamPLARIE:s? R L O the Internet or to
anot her | arge network. Such network ‘access polnts have traditionally used
omi -di rectional antennas to comuni cate wi th surrounding users. Thus, the
strength at which signals are received by a user device fromthe access
point drops 15 rapidly with increasing distance fromthe access point. As

the receive signal strengshcaomesNOE THERIVENEORNAt e that 1s sustainable
over the wireless |link decreases accordnigly. As a _result maxi num dat a

rates are only sSiCRRESITECIGH fastuologies faas-i EEESR2d b JEEE B2 HOcRWSopE®nt . It is
general ly degi f | $dE,Hiat ' t a
wirel ess ac Sjg{sn{s‘ﬁg%b?%‘%’ !%Elgkg’?ﬂ?gggéﬁhest%%%l ca ngr%%ﬁséwgq%}e‘ﬁﬂlg%ﬁ?‘g&g o)

gener al | y desimahikdiot batwetheotiafiesl and pdriahlewlavicts. Z0cnstinclogicslat aapablee ar e

achi evabl e be easi.ly confornmabl g .t region wi.thin which the access point
i s being deﬁfogﬁ%ﬁb%ﬂ?@’ %E%ﬁr@%ﬁ%ﬁﬁfﬂf‘%%ﬁﬂﬂwmt% alfia'ény?%isima B8%t om vi ew
of an anfenpassiys iplicdtidn e tedilariesihidy RNusedioOplionis twiffesd f@nmEheaibes ent

invention; Fig. 2 is a sectional side view of the antenna systemof Fig. 1;
Fig. 3 is aPBOeenmiser &icspadaneinek airsssPgudchhonstvwaek sncesspeBt G ¥18ni9F her

enbodi ment eS?{msﬁlé‘,%s géal?eﬁs%g%o hoMERtet 8% axfﬁ}é%{jlm"ga h?@@?ﬁgﬂﬁ%&ﬁ’&éﬁ& Wit 2

fixture that use east one e I men 30 1nvention to fix

the angl e ofhatetedgiodalypmakbmniedireetivnalrantenmrs te yetmmicd yith Surfagndinpesespect i ve

e O 2 CAPIE e Rh Sl 3G Mk e 4 2ok il s RS BLiEnoe i L1
15 rapidly with increasing distance from the access point. As the receive signal strength drops

off, the data rate that is sustainable over the wireless link decreases accordingly. As aresult,
maximum data rates are only supportable within a small area about the access point. It is
generally desirable that the area of maximum data rate coverage about a wireless access point
be as large as practically possible. It is also generally desirable that the area within which
20  maximum data rates are achievable be easily conformable to a region within which the access

point is being deployed.

BRIEF DESCRIPTION OF THE DRAW%NGS
Fig. 1is abottom view of an antenna system in accordance with an embodiment of the
25  present invention;
Fig. 2 is a sectional side view of the antenna system of Fig. 1;
Fig. 3 is a bottom view of an antenna system in accordance with another embodiment
- of the present invention;
Fig. 4 is a perspective view of a fixture that is used in at least one embodiment of the
30 .invention to fix the angle of the side panels of an antenna system;
‘Fig. 5 is a perspective view of a comer block used within the fixture of Fig. 4 in

accordance with an embodiment of the present invention;
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1 WD 2004/015812 PCTI US2003/ 023702 Fig. 6 is a perspective view of the
fixture of Fig. 4 with an antenna systeminserted therein; Fig. 7 is a
sectional side view of _a room having the antenna systemof Fig. 1 ceiling-
mounted therein and illdstrating a possible coverage scenario of the antenna
system 5 Fig. 8 is a sectional side view of a room having the antenna
system of BYQ2004015#P| - npunted therein and illustrati RETASHPEXYPWRe cover age
scenario of the antenna system Fig. 9 is a bottomview of an antenna system

in accordance wi.th .still another odi f the esent _inventjon. Fig.
10 is a secti o\r‘%‘ﬁ' %sl? B8R EW OF Y ﬂ%ﬁgﬁfwgﬁgog%lé%?gtv@&ﬂ a&?fag{?f“ba Syg?mtnge%dg. 11 is a
sectional k@R, view of a room having the antenna systemof Fig. 9 ceiling-

nounted therein and illustrating a possible coverage scenario of the antenna
system Fig. 1F1§-d 192 sehenabsisg viey gl ppafeype fie pysmamaiempi figd siiénna system
of Fig. 9 =1 HOUALEE; Ll ' rat.i | ver age
scenario o%‘ﬂa%lﬁ%d ant er?ﬁ&aiﬂfs%@ .@Fﬂgpﬁglédﬁyg%efgéﬂlagggﬂgg ?‘t&%%g\%fsée\%gof an ant enna
syst em tn accorRBiarice awedtionsl etde aivet dferrcol Badnbthdiantenta syfteh loéFigr eseit

i nvention. DE ED DE gﬁl PTI ON_| n.bgfhe fol | owi ng ﬂ@%ai | ed description,
reference "8 SIpRg AP SRR B RSO OU T AR SRGE0 PhEE SRR ey o f
illustration, sngcsid & venhndis®of sn bitei ShtehNig dofr@ké Qkhi sillagnothee 20
practiced. These enbodi nents are described in sufficient detail to enable

t hose ski | Pbpdirpent Akthg presqng BemioRi ce the invention. It is to be understood
that the vari ouge QGhORLRAEPsialvil6r hé AXERL LAkm alpsfiauioh different, are not
necessarily nut u%llly exclusive. For exanple,”a partitular feature,
struct.upe, or dharldctssectsnilsidtesordlbesnhevaigihd anteooraystem iobfig\d dellingne

enbodi nent _nma i mpl enented Wi thin other enbadi pents without departing
From the s FRRES ettt DBHing foha s EHEr GReAA “LUA R FOR S 5 Lo be
under st ood t hatgifhe it @6atibmilsigs viewk AN SRAEIMing@he dntehy dydtddlor@leomals Wit hin
each di scl osed enbodi nent nmaybe nodified without departing fromthe spiri
h di scl d enbod t yb dified tﬁtd t f th t
and scope 8putphthpisipnand ilhistratipga ppEibleAVpraecReEnerip aithg aaterma Sysieam apg |
therefore, not wto I %m];t' e e he
present invent iFo1 ] }iﬁdéeﬁﬁﬁdg%l"%ﬁ?@# y t%}ngg Sgﬁﬁgﬁ%é‘ g(}ag&ngﬁﬁggparngglre% ately
i nt er prigt eépbatioerg ofihe prasédme infveritionr ange of equi val ents to which

DETATLED DESCRIPTION

In the following detailed description, reference is made to the accompanying drawings

that show, by way ofillustration, specific e mbodiments in which the invention maybe

20  practiced. These embodiments are described in sufficient detail to enable those skilled in the
art fo practice the invention. It is to be understood that the various embodiments of the
invention, although different, are not necessarily mutnally exclusive. For example, a
particular feature, structure, or characteristic described herein in connection with one
embodiment may be implemented within other embodiments without departing from the spirit

25  and scope of the invention. In addition, it is to be understood that the location or arrangement
of individual elements within each disclosed embodiment may be modified without departing
ﬁ'dm the spirit and scope of the invention. The following detailed description is, therefore, not
to be taken in a limiting sense, and the scope of the present invention is defined only by the
appended claims, appropriately interpreted, along with the full range of equivalents to which

30 the claims are entitled. In the drawings, like numerals refer to the same or similar
functionality throughout the several views.




30 the clains are entitled. In the drawings, |ike nunerals refer to the sane
or simlar functionality throughout the several views. 2 WD 2004/015812
PCT/ US2003/ 023702 Fig. I is a bottomview of an antenna system 10 in
accordance with an enbodi nent of the present invention. In at |east one
application, the antenna system 10 is used to provide short range wreless
access point“&emmmmgszto users who desire connection top@roehysdbicor As used
herein, the term"short-range" refers to distances of 100 neters or |ess. As
|IIustrated 5 the antenna system 10 includes a main panel 12 and four
pi vot abl e si de pﬁrgeleabattom@ewpsanazrtrnnaswtenﬂr&nwcmdﬁebew@aammbe@zmn@ff t he
3' de panels g %rese?iiitm]f nm%otnha%? SBE ppHERid E}hé‘%n%nr em 10 ANAW R Flagment s 22
i sposed there array ot 22 €Y% er SRR generating a
correspondrngmﬁﬂmgﬂwaﬂesaﬁmﬁrﬁmﬁmmemanﬁm@?sWh@msﬁt&ﬁ??ﬂmnmgaﬁxewﬁnms b
oper ati on the antenna system 10 of Fi Wi enerat in beans
duri ng nor nalSCOlERR AR g?ha’e'f"f“@ﬁ%a‘?feiﬁo Aigipnces gf)mbén%‘?ré Ais) As ﬁf@trat%l s a
sectionals si tﬂeanveneytﬁemttben@{%@@ﬁtﬁn%met %&@m@w&a&e mae delsushbafsl ;g the
connection of the si'de panels 16 to the mai n panel % usrng hi nges 24.
Any form of Thsimaiepanal/! Arsd eacof thesigd nanely &4, d6st: ng@ awngmadlegalmft il, a
| ocki ng mechani I i 16 18,
20 in a fi XQ%%B%{S]%I |oﬁ2\%ﬁ§sﬁ %gﬁteh%geﬁ e}?]aﬁlgaﬁa Oh? nﬁ%ﬁ? Ss(ﬁjg@g‘rﬁ}g%%{] 'fistal | ed.
The ant enna amewemhmpmmamah&mo@mmuhud@bmﬁmmnmmduaﬁg&mkmquxﬁﬁn|ﬁhmpmmtlng t he

system 10 within a de ion . Q., . a |on t hi n, whi, net wor k
access serw%leegm’aﬁy%telfl ﬁﬁer’é‘w Srate%’H@g‘rR‘??fﬁté V%l %’ﬂg(sé ORF uct ur e
or structdr efay SaPaRHrescd. Pagceltst@tdttematdtamr@%e @ménnwas?st@m@eﬂalgsystem 10
in a desired posrtlon in the deploynment region. The nount 26 z{ al so

provi de a cdﬂwﬁtnetbﬁcowtlem@%Jttrﬁld@@pneérd&r%ttotleeunnnanﬁé%utmehmaﬁﬂ Afed to be
directed t h 10
lrected to 4 ?ev 5 g%%ét{s%hem; wﬁPI%e\@fégcﬂtagﬁ%gX@ﬁddetaﬁt §1to@18£€ Q&aagfxﬁin%? I's

nmounted in an e position w I'on I's” may

i nel _ulde, foram)bammlvei,ettisolodt d:aplngdﬂmmalmtbﬁ , p8)126 1mmﬁ1ta¢dpoa1t1mw&en t]tmmrtenp;or ot her
simlar mo ocati o ntenna qperation  each o e beans
gener at ed by MR AREEHIIL pplal 16748t Doeral oA & GEHEr CrPy 2t hatar d

di recti oms t OinmolhtlngMe3ttem 1&“ﬁmfﬂa€t!bﬁmﬁldb1ﬂgagﬁﬁr(§gpﬂregfonﬁn}i@nﬂdﬁélfmmﬁe bel ow.
The overall coverage pattern 25 ofthe antenna systentlo is a conbination of

the indi vi duFesy BHEGS iRFrte bepravife)- ofbe provat Japarscluds Ay slguctie PLusiieen of the
antenna systemyilor B81ilalRS fidchineRY ¢ ABKRenfss HRNTEH Ba 8sifed P 0ARELRe

deployment region. The mount 26 may also provide a conduit for any electrical and/or feed

lines that will need to be directed to the antenna system.

20 When deployed, the antenna system 10 is mounted in an elevated position within the
deployment region. This may include, for example, a ceiling mount, a pole mount, a wall
mount, or o ther similar m ount 1 ocations. D uring antenna o peration, each of the beams
generated by the antenna system 10 is directed in a generally downward direction to
“illuminate” a corresponding portion of the floor space below. The overall coverage pattern

25  ofthe antenna system 10 is a combination of the individual footprints of each of these beams.
During installation ofthe antenna system 10, an installer may make adjustments to the antenna
system 10, based on the characteristics of the particular deployment region, so that an optimal
coverage pattern is obtained for the region. That is, the antenna system 10 maybe adjusted in

'a manner that is designed to maximize the area within which maximum data rates are

30 supportable within the deployment region. To accomplish this, the installer may, for example,

adjust and appropriately fix the angular orientation of each of the side panels 14, 16, 18, 20

with respect to the main panel 12.



system 10, based on the characteristics of the particul ar depl oynent region,
so that an optimal coverage pattern is obtained for the region. That is,

t he antenna system 10 pmybe adjusted in a nmanner .that is designed to

maxi m ze the area w thinm which maxi num data rates—are 30 supportable wthin
t he depl oynent region. To acconplish this, the installer may, for exanple,
adj ust andaweppruopisiately fix the angul ar ori ent ati on BET/8%003/03370% he si de
panel s 14, 16, 18, 20 vvlth respect to the main panel 12. 3 WD 2004/ 015812
PCT/ US2003/ 0237 2 The an de panel s 14 16, 18, 20 mayhe adj usted

based upon songlpiiEstties aﬁ@tléﬂﬁstﬁ U BRY padiugien Parsinen seragrRtAuch as,
for exarmIcﬁm&a?suelo%ttﬁ@&%thﬁtemgmt U6t 0 Bk &@Q&tﬁﬁiéh&%&pm@nd the
fl oor bel ow (i I"oyment height). VWen th oyment hei ght of
t he ant enrtamwsedtaemaosw@ml J&Mn(iéhegﬂqor\hhlew (t. hethalde;émnwlttzeglé)n Whertiel i ng 5

nounted a the he| er, si.de panel may be used
to br oaden&jetJ ]ﬁ%me%rl 1 tcg SS%{? gwi“é?‘@?c%v‘@?e&&ée an%ﬁ“a i Fttf’ltﬁgs(teﬁm\ﬁhen t he
depl oynentméigieghhd ite cbtﬁﬁgﬂdight isom), Ieder silielparbad@les aRYbescipyticaddsttd t O

achi eve nore qL%I’lI form coverage within the regl on. In one_ possible

i nstal | at i %% éiataéhte CREAgP| &t COpaRpSts & the denlomicet tl?t%htd%]&ﬁ?‘;ﬁrrent

hei ght of dHfer sﬁi&%:%’i@ﬁ:g?e)éﬁia?ﬂ%Qs@dﬁ%ﬁu&%%r@ﬂlﬂﬁﬁc&@ﬁgﬂrﬁﬂnﬁt‘ﬂ@re@ﬂﬁ'ﬁs o fthe
si de panel s 14, accordingly | e maybe provided that lists
t he appr omnsa@selb@ malbameﬂeclmgb,@s irkigHer diaf fivst estimate thedepdaynisfit heighl S {heent

hei ght . The side pan her, bef r the
ant enna sya T ﬁ)ﬁ%ﬂgﬁ%ﬁ({]&@@]@%gg él&% tlé?s Q?fé‘i}hﬁ’idaagge?st gd‘i‘ qgﬁﬁjs%l ng the
angl es1of dcbediagigte Apsiehsy bbprovikd thhBistsAk fhpfopfige sitdysdnelahgltd fordifferynt
alternatively be used. For exanple, in one agproach a f atref| ective

el ement  1Bngesoigieployment heighty Thesidomans! angles gy bpadigstedsihe beferecnalteiide panel s
of the ant&%@&%ﬁmé&ﬂaﬂ&mﬁﬁedn adj usting the side panels 14, 16, 18,
20. One installeér may then adjust the angle of a side panel while another
i nstal | er dired¥ther teasniqussafrphdiysting thaseglepof the sidg patwls le’reléxtlSt Pedwafd ecti ve
el enent fr P n red. \Wen
the | aser %%1?%%188 #’%pre ?eliﬁe%égdlrjrég% t}%bualcﬁe‘ §°%°h &g r?%c? he egln e of the
si de panel (eigs atnmac)lmpmv@deaeﬁone%rmom didlic s?ie philduTilguatetia shdtae $0 ﬂiﬁu:tel”lst aller'

eyesight to ter ne whet h roper i.gnnent of the beam has b en
achi eved. MRIUsHRg %ﬂ@eﬁaﬁglf i‘? R @Qedh%d]&fmﬁh@elb@?ﬁ ftS

cor r espondjdag \Mﬁ%@ﬂﬁr fﬁﬁaﬁ@ dE8R efredadfg MaQWpbiBend &Flc8 Gl ih¥ eefel:ﬁ@ nt using
an optical device, such bi nocui ars or

element from a point where the corresponding beam is to be centered. When the laser pointer

is reflected directly back upon itself, the angle of the side panel is fixed in place. A similar

20 technique utilizes an installer’s eyesight to determine whether proper alignment of the bearn

hasbeen achieved. That is, one tnstaller may stand at the point where the corresponding beam

is to be centered and view the reflective element using an optical devics, such as binoculars or

a telescope, while another installer adjusts the angle of the corresponding side panel. When

the first installer sees his own image in the reflector, he instructs the second installer to fix the

25  side panel in place. An installer may determine the appropriate place to stand during

adjustment based on criteria such as, for example, the size aud shape ofthe room, the
deployment height, knowledge of anterna beam width, ete. '

In at least one implementation, one or more of the antenna arrays 22 assocxated with

the side panels 14, 16, 18, 20 have electronic beam steering capabmty That is, phased array

30 techniques are used to provide an additional level of adjustability in the direction of the beam.

Phased array techniques may also be used to provide some degree of beam shaping capability.

These capabilities may be used by an installer to further improve the maximum data rate
4



a telescope, while another installer adjusts the angle of the correspondi ng
side panel. When the first installer sees his own inmage in the reflector,
he instructs the second installer to fix the 25 side_panel in place. An
installer may determ ne the appropriate place to stand during adjustnent
based an criteria such as, for exanple, the size and shape o f the r oom

t he depl oymamtzobh@ighi . know edge of antenna beam wi dt hpe€h6mesigdsad | east
one inplenmentation, one or nore of the antem a arrays 22 associated with

t he side panels 14, 16, 18, 20 have el ectronic beam steering capability.
That is, phasecdagepattedFihachandagiogmentrregiosed., aferphovedtienien adidgdmentohatk | evel

of adjustability i e direction of the b Phased arraytechni ques may

al so be u_sedbelﬂ%}lrﬁ‘fi%vi%g’ée’%aﬁ ’Hé’_(j‘?t elé?ayg’géﬁ{%g]%%‘?cﬁé%ﬁ%gﬂﬂcinﬂ‘?? Bﬁe'cllﬁ_@se
capabi | i ti espanEy tdiBe 16 B tdbtdi k@ EoveRgd M foh @fam BP0 shdped sadrnum dat a
rate 4 WD 2004/015812 PCT/ US2003/ 023702 _ coverage pattern within the

depl oynent r¥gireemy dheyinstaligrsy alep deciedn adipg e shujeps theanteanalisoe (CBels made) .
For exanp} e, ey oIN {oe.ahl, j a3, b o wihe side
panels to th%&@é‘?({tzﬁ’g?é')rt?gﬁt{z@ %Iuétbag%t al %Igﬂ)ﬁ%g%%lg%e?gg%%%%&efc(tz}#}pl e, an
odd shaped c@metion of tha mamean hwodisted alithex sideyparal,stbe drgiaden phasedplihe t he

shape of the_ antem.a bea e.g., the. 5 i dt h tc. ). to, better suit a
particul ar cfé)ﬁffl%?ﬁﬁ%ﬂg aqagarqeéﬁgtgqqu%qa@@ﬁe@ﬁﬁ:%c&@m%@l?@@ygtﬁ?ghapa f’ftg?:?lfugn of the
mai n beam asisag)| dietcittibh phasss Ge pPlifkdes s Be CxfdsHRMInG Rria aRLSNO imal/ e

el ements may be adjusted. To electronically adjust the

correspondi n%ﬂ‘grra}&B ) _ ST € A

shape of t heAdifsieh: Apaditiabishemioanearivork i Aricaly usRdioamdersueiindirniie

cor r espoigi g R hEAYoRkiRIR AN EBNHe REN k@&m?@% Ohcddi ishib hes LEgrgRer
network is typically used to provide such functionality. 10 Such beanform ng
t echni ques aIpdimak bank dgewiion randtee skape . foOtebeam ismediaidd withmsidaphhdvid an

opti mal beam direct.io nd/Lor_sh for t eam associ.a wi.th a gide
panel - the. (Rt RE R B st e T AR BRAER A LSl i ¢ e

associ at ed bdaivt clitzfBd thexastier dRlche Altaing eystehertdafubedquénilyintsad binepaistienna
system 10 i s %ﬁgsequent |y ved or a periodic recalibration is perforned).
15 It shoul defELEHM 8OPHLB% hat the antenna system 10 of Fig.. 1 is merely

i11ustragdve of 1CEHLIALEatpRERRINAEHRRhREHaRYEEn 8OSF FTRNYs AR iligRbiiRy can be
made thereto, For exanple, any nunber ofpivotable Side panels nmaybe used.
I n one possidsFteininshisrenneipleomd nfapy mesidingiions canbpmpdetherriog Fer gspmpleaiae si de
panel is pr Oﬂ@rﬂ%dof pli%ta%%%cfe ip%is Iﬁé}%e ﬁgeq? h‘po%@%s%ibmlafeﬁl%nﬂﬁjnﬂ s s %‘Qﬁﬁple,
only a single pivotable side panel is provided, In addition, the side panels and the main pansl
may assume any shape. For example, in another possible implementation, the main panet 12
20  has a hexagonal shape and six side panels are provided, one hinged on each edge of the
hexagon. As will be appreciated, any number of different configurations can be used.
Likewise, the munber and configuration of the antenna elements within each array may be
varied. In at least one embodiment, as ﬂ]ustrated in Fig, 3, an antenna system 30 is provided
- that includes a main panel 12 having a single antenna element 28 and side panels 14, 16, 18,
25 20 that each include an array of elements. It may also be desirable to include only a single
glement within one or more of the side panels. Any of a wide variety of different antenna
element types may be used within an antenna system in accordance with the invention. In one
approach, for example, microstrip paich elements are used on each of the panels. Other fypes
of elements that can be used include, for example, dipoles, ground planes, slots, loops, and
30 - others, including combinations of the above, Anytype of polarization can be used including,

for example, linear, circular, elliptical, or cross-polarization,




may assume any shape. For exanple, in another possible inplenentation, the
mai n panel 12 20 has a hexagonal shape and six side panels are provided, one
hi nged on each edge of _the hexagon. As will be appreciated, any nunber of
different configurationg-.can be used. Likew se, .the nunber and
configuration of the antenna elements within each array maybe wvaried. In at
| east one swbmdimemt, as illustrated in Fig. 3, an antenmsosyetmm 30 i s
provi ded that i ncl udes a main panel 12 having a single antenna el enent 28
and side panels 14, 16, 18, 25 20 that each include an array of elenents. It
may al so be deds ﬂabﬁ@dmmﬁondv,uhl@nmmhglsyatemi 1AgFEig. leviditpmtallpintchidnome or nor e

of the S|de l s .Of ide variety of, di,fferent, . ant anna el ement
types maybe& gg%%“% ?‘%m?fﬁs goﬁ}tli%‘ﬁ ‘%n?qnﬁlsg gg’dﬁﬂc@ ViR Fiat‘ﬂgmﬁnventl on.
In one apidHREs AOilex a;sﬁaéceatednm@rm&ttmmmmtcﬁﬁmlo@m@mga twtabkemdicon each of

the panels. Qther types of elenents that can be used _include, for exanple,
di pol es, Q’P%ﬁlﬁﬁplﬁqed%@é” uéqdotr%oml Bopech, i exaupleibidpages 26 cruina ieasivi nat i ons

o e SNy Grkfpngl A REGH 1 A S AIFL G a1

PCT/ USZOO&bﬂQ&WﬂRnU p@ehesplmebeﬁiampe,varmmyandt mranecéamaalmctem bayof Fig. 1

w | | typicII . ude e ,or nore lockin rrehanis > .ocki.ng .t he side

panel s 142 hvfg"cbeéﬁeq ﬂ:n%l'!lé%%p?ffﬂecmf V‘?"ﬁg]t“%tfai gﬁgs%ig\%%?tl 59358 oy eci at ed,

any str UCtlesBo:ieféﬁlbodlﬁleﬁtQ@ﬂabh@eﬂfon't@ﬁk'tHéQ.nge @ftﬂ@é@@a@al&@% B2p@!THen pl ace

may be used. In one approach, for exanple, the hqu?es 24 coupl i ng the side 5
1

panel s t o ¥e Adinpludesadrseipariondd h@e%mgcke 40,42, 4 4o disnpsen aeyesprac

maybet jght p | ] ket s, and
Ot hor OCHanRE AL BoreBhloRSh AR AR s 25 T BA nglt 87

per spect i wemer blacks| 40142, At 46nig pasifion t Rlamer ﬁﬁtenhiamayaltmﬂd/elyrbeaﬁed I’E}ast one

enbodi nent, .0 v tlont flxt f t.he. si nels 14,16, 18,
20. The ‘1195{1‘65‘@;%%6‘{% AN ‘B@r“i‘ Q%ne FEomek pthy %Fﬁ‘fg [RE480%5 44, 46
di sposed lrectﬁrfgurag%mnﬂaylweéemwmm t ey Radkl shbpe sMAcPBEORINypitdly base
portion 38 includes a wire frame that holds the corner blocks 40, 42, 44,

46 in posidepan upe haamberndiaranssmepl et the cide parelsbeingussd AsiiystraedénFig) ocks 40,
42, 44,5 46 ﬁ{e%}&ar{f' dehRak ﬂﬁﬁi’aka%{&ﬁ@hedaﬂs corﬁésﬁ&‘xﬁl:}%*%n%ﬁﬁ{caé&@%s (e.g.
square, reéct angul a y alternatrvely be use e actual shape of
each bl ockappidptiate yqjescrbdrdsqi fordwamdnu@mmangh@ofﬂwmbscspwnﬂn@md@mémﬂopsof t he
si de panel be| ustrate he bl ocks 40, 42, 44,
36"y T U SRR s e SRSl e g s g PR one, on

Fig. 61is aperspective view illustrating the fixture 36 of Fig. 4 with the antenna system

10 of Fig, 1 inserted ftherein. As shown, each of the side panels 16, 18, 20 of the antenna

20  system 10 are press fit between corresponding pairs of blocks. After the antenna system 10

- has been inserted info the fixture 36, the installer may adjust the angle of each of the side

panels 14, 16, 18, 20 by moving the panel to the appropriate detent on the corresponding

blocks. The panel is thereafter held in place by the compression force of the blocks. The

antenna system 10 may then remain within this fixed position throughout its .deployment life.

25 In one embodiment, the blocks 40, 42, 44, 46 are formed of a ightweight plastic material,

although other materials may alternatively be used. Preferably, the material will be dielectric

in nature. In at least one implementation, a radome structure is attached to the blocks 40, 42,

44, 46 of the fixture 36 to cover and protect the antenna system 10 during deployment. The
material used to provide the radome will preferably be low loss or transparent to radio |

30 frequency (RF) energy in the operational frequency range of the antenna system 10.
As discussed above, the antenna system of the present invention wili preferably be

mounted in an elevated position within a deployment region. The side pane] angles may then
6



appropriate sides thereof for use in setting the angle of the correspondi ng
side panels. Stops 50 may al so be provided to set upper and lower limts on
the angle of the panels. Fig. 6 is a perspective view illustrating the
fixture 36 of Fig. 4 with the antenna system 10 of Fig. | inserted therein.
As shown, each of the side panels 16, 18, 20 of the antenna 20 system 10

are press fiivgRbiee correspondi ng pairs of bl ocks. Afpefuihesaphenna
system 10 has been inserted into the fixture 36, the installer may adj ust

the angle of each of the side panels 14, 16, 18, 20 by noving the panel to
t he appr opr i@&tagjuded sdtfixedintaitanaati spands hg makibeekdia rils eoiiae brek Githiiher eaf t er
held in place by.the, conpression force of the bl ocks. Th ant enna system 10

] , . [ e
may then rendf ngwnt hien 7 d4# gecﬁiqg@]eﬁdepngw ff 6W°¥nkﬁ0()tl?ﬁ%lﬁtce’i ‘P%'nH’@BtF‘E)Wf‘ life.
25 I'n one enp@eh T8/ use il Bro ks tftiic acbéss séﬁces‘}cﬁwﬁ'ﬂ@ssfuﬁ)é’rgﬁﬂhilﬁEhegodﬂ Qf';‘jwe' ght

plastic material, although other materials may alternatively be used.
Preferably, 4Ahgomat deimdin witel 13 ef dicedntesny fvstemi i grucwgies a main fpach 6381 aone

i mpl tati ' 44, 46
of "t ho. it U meray eRARER A Enbp Bk DIt bl B RhRE B e
depl oynment . b m ayatlert cad enasied). tDingilady,i sdie pahd 116 gelomtes w rhdih bpavebeimbly b e

tow 1 oss o r transparent..to.radio 30 frequenc _ener i.n th

oper at i onal @Pgﬁ]@e Wﬁ‘glr‘ﬁ@ré"t@ﬁ %%‘_’Vﬁﬁtaéﬁiﬁ 01%1?%%@%55%)1‘ SB@‘"%%%%‘%&?@% 2glbove_,
the ant enna &yshiedm ShintRENH6SS 8 RbndrNARWhPRLd \WirbdiioR 1k 85RP a0 PBosiiBidBt ed i n
an el evated position within a depl oynment region. The side panel angles may

then 6 WO 200mneiSefigompareUSzilecearsmepbe ssecraa] sbeethenidepimelsd4i 1¥ 04 manner
that enhgnceg wﬁﬁwﬁeﬁ}%. OBl %ﬁ&ggﬂlﬁ%ﬁ&ﬁog% F}{!ihﬁzhﬂlateh A%, feghap- Fio. 7

is a sectional side‘view of a room avi ng erl'ing- nount ed ant enna
system 10 f omifuse fasirion rmoaxidim glata ebteombky beoppatcdehwigest the rovm 6).eEig. 8iser s

within the r.gom 60. hawn, the i ane| 12 h ntenna s em 10
generates a lﬁﬁmﬁwﬁwﬂlﬁggiﬁ‘ﬂn% ‘galg@ﬁ@%dqﬁ“%weﬂrlg&ﬂf?éﬁ%sﬁHlal"‘r?ét{léii%ver s a
central portingg sﬁ%lebiﬁ@pefnlem ThREAGE pahd] 12 gt b 6éRE72 hakefrd®orhsRdb €
generated). Simlarly, side p anel 16 generates a main beam64 in a

general |y doliseitandhalicpeses # 8rst siapodion of e dlost gacpefiopOgnd side pr1hd? space
and si de;pangl«,20; , aRel3h Qgen%r ABwRERT R b e 099%}% é%cclaﬂds@@e Weh Qe

direction that covers an opposite side portion o oor space. Simlar
beans nmaybe theflevragpect dyrovme’bt Aerwillitdeappmeiaies, mhanyl Sicofativd atttrma aptemna
use.al most the entire floor space is illumnated in a

system 10.
relatively I%%Rclﬁ%?%scfeg%rholsgﬁasﬁﬁ’gfs%?h data rates may be supported throughout

the room 60. Fi gFig89 is a bottom view of an anterma system 80 in accordance with another
embodiment of the present invention. The antennavsys-tem 80 includes a single panel 82

20  having a number of separate antenna arrays 84, 86, 88, 90, 92 disposed thereon. In the
'illustrated embodiment the panel 82 includes a main array 84 centrally located on the panel

82 and four side arrays 86, 88, 90, 92 distributed around the main array 84. The number, size,

and arrangement of the arrays on the panel 82 and the size and shape of the panel 82 may vary

from implementation to implementation. During operation, each of the arrays 84, 86, 88, 90,

25 92 on the panel 82 generates a corresponding antenna beam (receive and/or t:fansmit). The
antenna system 80 may be electronically adjusted during installation to maximize the area of

full data rate coverage within a corresponding deployment region. In one approach, for
example, each of the side arrays 86, 88, 90, 92 has an electronically steerable beam that may

be adjusted by the installer during the installation process.- The installer may, for example,

30 - make one or more measurements within the deployment region {e.g., deployment height, room
size, distance to walls, etc.) and then set the angles of the individual beams accordingly ﬁsing

phased array techniques. In at least one embodiment, the shapes of one or more of the
7




illustrates a room 70 having a wall-nmounted antenna system 10 that i ncl udes
a maul panel 12 and a single side panel 16. The main panel 12 generates a
beam 72 in a general | ydownward direction that cevers a first side portion
of the floor space of rsom 70 and side panel 16 15 generates a beam 74 in a
general | y downward direction that covers a second side portion of the floor
space of r¥gmFE@1s8As wi || be appreci ated, nmany alter n2CrAs0am2enna syst em
depl oynment scenarios are also possible. Fig. 9 is a bottomview of an
antenna system 80 in accordance w th another enbodi nent of the present

i nvent i on.indivéusd heasnmmag gise bnpdiestddrivring instabation dbjy, dorraampleggljusite igvi ng a
nunber of t hgreon. In
the ill uster%capa%@%ﬁn%ﬂgl n%ﬁ%’hgr‘{e 0?¥r§d1‘§ ’al%%n sgxpﬂggacgéeﬁgb&ﬂ%ﬁ% ?3‘ centrally
| ocated ornbethegepamed by8Re anih éxmyrszlsmdpoafﬂaayﬁt 86 2df88ab100,In 92 ledstsmel but ed

around the array ¢ 4. The nunber, s d, arran t of the arrays
on the pan%’?rgaél@eﬁﬁaﬁ § atenga g wé}“rféﬁée flptl?f‘é 0351%’?‘”%’?%58 a‘lé')‘“? *r om

i npl enent aEéaﬁfbrxh&s hiaPbepe At foPdhch bid ARGy HASSARE B0, 929A%k: Rhel BRICORE ays 84,
86, 88, 90, on the panel 82 generates a correspondi'ng antenna beam

(receive aammséﬁllerthaaﬁéamquan@h@allamlémmO@w{@ﬁhae@fmﬁvbb@l shasipteddifcal | y
adj usted d leat ate
cover age wiehy e L 4.8 5 55 RS ink Wi g S B
exanpl e, ewitlinhe aﬁsbrﬂatsdmhemﬁdmﬁmdaﬁnot%g&ﬁere&&r hatesahe aitemh ﬁ}@mmcsal | y
steerabl e beamt ha ‘}[/r‘:ﬁgbe adj usted bij/’ the nst | I er during the

i nstall ati%A* ‘?‘1’3‘6‘5 dno r § pretodicyresalibry n“ﬂbeF | e, 30 make one or nore

measur ggrent s We{h 9 id DecEGRl QYaRRY of 89 'aﬁt@nr(a%gz&em SQ%PF%Y oeAk siRige, room
size, distance to walls, etc.) and then set the angles of the individual

beans accodinny$picasihmay pishdedn aptiaay! mewsh A qg@éed orihapanebdsfor uspein
enbodi nent /
PCTI USZOOSTB%%@Q%%%‘ Q\V%fmg %PE@E%“% ‘% e 2 ] ug (]i'p(% ur ng I nst al lation

(by, for examptteces asfjebktoffgcilithng aaclinieat mfmheamehnst LEemedEh e evacdd
i ndi vi dual e| emenE1 WI thin a .corresponding array). The beam generated by
the main aPFHYDBALGHASPIYMEAESGEIABt be adjustable. In at |east one enbodiment,

a singlhe antenmge 1I16w b @Btiohal $iddSES bf SroBml ﬁreqlaemfg atceﬁﬁgﬂﬁduﬁte@%ﬁ%aSAf
Separate 5 beanformers may be provided for each of the arrays 84, 86, 88,

90, 92 on @)ﬁ*@mﬁﬁﬁemsmm@d@en&mﬁ Hrosaserapes ha@r@@sﬁu@mﬂamthwpmdﬁp beam
di rection %@géo%nfﬂ %8&1%%&%@ %%ﬁlséb aéng rgtgs X‘%nﬁnfﬂ. §02h oty aYS 84,
e ng ase or anp |t e

86, 88, 90 correspon valrges are fixed
downward direction that covers a central portion of the floor space of the room 100.

Similarly, one side array on the panel 82 generates a beam 104 that covers a side portion ofthe

20 floor space and another side array generates a heam 106 that covers an opposite side portion of
the floor space. Similar beams may be generated by the other side arrays on the panel 82.
Because almost the entire floor space is illuminated in a relatively wmiform fashion, maximum

ciata rates may be supported throughout the room 1 00.’ Fig. 12 illustrates aroom 110 having a
wall-mounted antenna system 80. The main antenna array on the panel 82 generates a beam

25 112 that covers a fixst side portion of the floor space of room 110 and a side array on the panel
82 generates abeam 114 that covers a second side portion of the floor space of room 110. As

will be appreciated, many alternative antenna system deployment scenarios are also possible.

Fig. 13 is a bottom view of an antenna system 120 in accordance with yet another

embodiment of the present invention. The antenna system 120 includes a single pane] 122

30  having an array 124 of antenna elements disposed thereon. The nuriber and type of elements
within the array 124 and the size and shape of the panel 122 may vary from implementation to

implementation. During operation, the array 124 generates multiple simultaneous anterma
8




wi thin the associ ated beanfornmer and do not change thereafter (unless the
antenna system 80 is subsequently noved or a periodic recalibration is
performed). 10 Fig. 10 is.a sectional side view of the antenna system 80 of
Fig. 9. As shown, .the antenna system 80 may include an optional nount 94
coupled to the panel 82 for use in nounting the system80 within the

depl oyment r egicomos/oiksez nount may include any structure @grgkdbGhbines
capable o f facilitating attachment o f the antenna system8 01 n an

el evated position in the deploynent region. 15 Fig. 11 is a sectional side
view of a robeankQfcéiovindGr RareRit) Willgn HOPpIyEEntaEdi@N Pomukbiykibenn B&nifomminse i n
provi di ng network access services to wre]ess users within the room 100. As
shown, the pAAEPrES UERd IR RRITHIHEHKER @9&? o gerrertathe SAMRIEIBR BFAF02 i n a
general |y d%@x‘ﬁﬁfti%ledﬂeﬁxﬁ%&ﬂﬂmﬁiﬁ?ﬂeﬁo%@ﬂl 208 doAbcaRafith 13 affnraBRte] 00T
space of the room 100. Simlarly, one side array on the panel 82 generates
a beam 104 t A3l Swelyksam farmingigrugyres g ivel) knqvein 4@ aft] Home spplemendigignamorher si de
array genera 1 j i i . he

i oor Space. aredtbahe e daby ROUELT, A0 QRRASIME SeRBATIA R Bt T e
panel 82. Becaljisethabeangt) it beasiet thkienhdnogrthspadauinsiatalrbte coveazedea of the

relatively uniformfashion Xi mum, data rates may be sypparted._ thrpoughout
the room 100?%%{901*?&1;1}11%3@@&0?{{1@?%%1@0 5 AR ]?ﬁaﬂld"’émo%%ﬂ Q%Wﬂ“ﬁnt enna
system 80. Thg aFRitiduiaf B RNReRE0h, BB biRSoRAN s 296l #1d88: RaRSaMadp 112
that covers a first_ side portion of the floor space of room 110 and a side
array on t hestgigrery thggefigener at es abeam 114 that covers a second side portion
of the flgor spac i, | iat ed, . . ive
ant enna. et em deal Sn it Bieith tos $5af BRESRAH Soio BN it SE0RE VP o
vi ew of an asmbrimacy st sriv 2@ Onderstad dot dadidieatining hnd/edriationtoher be resvivted koment  of
the present invention. The antenna,syst 120 |.ncl ydes .a.si.ngl e panel 122
30 havi ng. an" AP EPeSaL it St L ran s aTeel e R ar et Bt A ber - and
type of el emeidesstatid! Bhdh hétBfilibmYind #4280 atdRBnsidez&l BME wihARR: Rivitiendpanel
122 may vary frominplenentation to inplenentation. During operation, the
array 124 gefropapie myentioplaed e panendeA&lsis- ant enna 8 WO 2004/ 015812

PCT/ US2003/ 023702 beans (receive and/or transmt) wthin a depl oynent
region. A multiple-beam beanformng network is used in conjunction with the

array 124 to generate the nultiple antenna bean-is. The multiple-beam
beanform ng network will typicallybe co-located with the antenna system



120. Such beam form ng structures are well known in the art. In one

i npl enmentation, one or 5 nore of the beans generated by the array 124 are

el ectronically steerable to allow an installer to adjust the bean(s) in a

manner that enhances the maxi num data rate coverage area of the system 120

wi thin the depl oynent region. After optinmal beam positions have been

achi eved (filaniM& particul ar depl oynent region, the beanfonner settings are

fixed and the beans remain stationary thereafter. 10 Although the present

i nvention has been described in conjunction with certain enbodinents, it is

to be unddr st oda ddaina nystehi oAtk s paavitingastiodtrinye Swirelyss b cdse sorad eawbl,

W t hout degartln fromthe spirit and scope of the invention as those

skilled i Tﬁ%mggt readily understand. Such nodifications and vari ations

are consi der ed atfostiyenslitihbing atthe spifice iagdva@ opbosikC@pendadurfudeewhaisie at legsn omnd t he

appended clains, 9 CLAIMS 1. Apn antenna system.for use in providin

sﬁgr t - r angaeRRclementss diseqsed on the rsh%’ff\?sﬁﬁtﬁ ,gel%éf?&fg’lf-ﬁsgqnﬁa&la beap; Irost panelg havi ng

a first surface sedadd pihel ppotbly&otReiddais fiFst par], WaheatNedt oe@aGHnanenANt eNna
ed on the first surface to generate g first ,antenna beam a

element is.dis ﬁ%

second paﬁgp?seg PRI SFeaig fieaend artennp feam phgreip earecond paneh i adertsddg #vobne
ant enna elsgaeitforntinsitase dndlOBitRen thdscB@idam ndths SondsuatLsmiee hegamamher ei n
t he second ganel is adapted to pivot so as to forman obtuse angl e between

t he secondpanel and the second surface of the first panel; and a nount,

coupl ed to the9emendoupldi@he s@bnd Ketald dtSic RaPahel, th rolRURU afRhth sfbERNA
systemin an elevated position wthin a netwrk access deplo%aﬁnt regi on so
a

t hat each anePem&d BAREARN It @ 0EWOrk @oerst deplygentregiog SAdhat| sagh vifegoa

di recti on bwinshird dirB@ed Rt YWREder-AG (RS EwAANiRYRTANYithif &K Aftwork - acdRe daisyena
system of claim1l wherein: the antenna el enments di sposed on the first panel

and the sé&®¥d panel each conprise nmicrostrip patch el ements, dipoles,
ground pl anes, slots, or |oops, or conbinations of mcrostrip patch
el enents, dipoles, ground planes, slots, and |oops with |inear, circular,
el lipticaP; or Tépayna gestent ofrkpim drivhersing
the antenna elements disposed on the first panel and the second panel each comprise
microstrip patch elements, dipoles, ground planes, slots, or loops, or combinations of microstrip
patch clements, dipoles, ground planes, slots, and loops with linear, circular, elliptical, or cross-
polarization; and
further comprising an adjustable beamformer network to adjust excitation phases and
amplitudes of the antenna clements to electronically adjust a shape of each of the first antenna
beam and the second antenna beam and to adjust excitation phases of the antenna elements to

electronically adjust a direction of each of the first antenna beam and the second antenna beam.

3. The antenna system of claim 1, wherein:

said mount includes a ceiling mount.

4, The antenna system of claim 1, wherein:

said mount includes a wall mount.

5. The antenna system of claim 1, comprising:
at least one additional panel, pivotably coupled to said first panel, having at least one

antenna element disposed thereon to generate at least one additional antenna beam.

6, The antenna system of claim 1, wherein:

said first panel includes an array of antenna elements to generate said first antenna beam.

10




further conprising an adjustabl e beanfornmer network to adjust excitation
phases and anplitudes of the antenna elenents to electronically adjust a
shape of each of the first antenna beam and the second antenna beam and to
adj ust excitation phases of the antenna elenents to electronically adjust a
direction of each of the first antenna beam and the second antenna beam 3.
The antenna systemof claim1l, wherein: said nount includes a ceiling

nmount . 4.%The q$%e na s%ﬁte gt ﬁLa'nLl, wherein: said nmount includes a
wal I nmount’: 5. TREVEHEES %n§b3T@' BP€fai m 1, conprising: at |east one

addi ti onal panehid spioudpatel ncloddspheaay of meanoh Elem&its aeadrate RAY kargndintdne@ast one
ant enna el.enent di sposed thereon to generate at |east one additional antenna
beam 6. fﬁ@nantenna systemof claim1l, wherein: said first panel includes
an array of antenna elenents to generate said first antenna beam 10 7. The

antenna system.of claim1 rein: salid second panel includes an array of
ant enna eﬁ%nent eﬁgaa@ﬁ§¥gfgﬁgﬂm&’gﬁ@%ﬁﬁgantenna beam 8. The antenna
system of cl ai mldckirkanghafsm®. lock saidGkiond pareCinarfixsdnigaldr poditichavith sgpeans panel
ina fixed @gﬂ¥lar position with respect to said first panel. 9. The
antenna sy8 B#"°L| ai m 8, wherein: said | ocking mechani smincludes a
fixture having multiple blocks to hold said second panel in a fixed

position ysing conpression. .. The antenna systemof claim1, conprising: a
flat refl ctiv§%8g@ﬁgﬁﬁy%%ﬁﬁﬁgﬁ“¥%“@%?8'second panel for use in adjusting an

angle of the sgdaskidsanehayibh fndhRISP L EktukOhSdigtnhitipie thiRRO G hdl@kiid Gecond
installation. 11, An antenpa system for use in providing short-range

wirel ess P00 E? H5d ROHEANUSIIE COMPISTN si ng: a panel having an array of
antenna el enents di sposed thereon, said array of antenna elenents to

generate, in conjunction with a nultiple-beam beanformer matrix, nultiple
10. lie antenna system of claim 1, comprising:

a flat reflective element coupled to said second panel for use in adjusting an angle of the

second panel with respect to said first panel during installation.

11. An antenna system for use in providing short-range wircless access to a network,
comprising:

a panel having an array of antenna elements disposed thereon, said array of antenna
elements to generate, in conjunction with a multiple-beam beamformer matrix, multiple
simultaneous antenna beams, said multiple simultaneous antenna beams including at least one
beam that is electronically steerable; and

a mount, coupled to said panel, to mount said antenna system in an elevated position
within a network access deployment region so that said multiple simultaneous antenna beams are

directed in a generally downward direction within the network access deployment region.

12. The antenna system of claim 11, wherein:

said mount includes a ceiling mount.

13. The antenna system of claim 11, wherein:

said mount includes a wall mount.
14. The antenna system of claim 11, wherein the multiple-beam beamformer matrix is

structured to adjust excitation phases and amplitudes of the array of antenna elements to

electronically adjust shapes of the multiple simultaneous antenna beams and to adjust excitation

11



si mul t aneous antenna beans, said nultiple sinultaneous antenna beans
including at | east one beamthat is electronically steerable; and a nount,
coupled to said panel, to nount said antenna systemin an el evated position
wi thin a network access deploynment region so that said nultiple sinultaneous
antenna beans are directed in a generally downward direction within the

net wor k aqgbess ofldld eyaenf antegiaoelemdi®s tol blectamicelin adjsytsdismiafs «fl the muidple

wher ei n: S%h%n&ﬁgﬁlmﬁg &&%gs a ceiling nount. 13. The antenna system of

clain111,sﬁﬁere|n: sal d nount includes a wall nount. 14. The antenna system
of claim 11, wherein the nultiple-beam beanforner matrix is structured to

adj ust excictat i ANAZES, ANd ATRLL (198800 H0SAAT BBl 2005002 Shement s o
el ectronically aajus sﬁ%pes of “the 'mi flple ST aRE0Us “Sntehna beans and
t 0 adj ust neimosttippaton elethdntp hifeés, gouridipdanas, skays, af loapst emceabélagonmsntf snitrostrip

el ectronica adj us irections of . the | tiple. sinmultan S_ant enna
beans. 15 P St Pl Hine g Mot Bkt Ao SmEeL & FER0.

el enent s qolprdtees mcrostrip patch el enents, dipoles, ground pl anes,
slots, or |loops, or conbinations of mcrostrip patch elenents, dipoles,
ground pl anes, slots, and loops with linear, circular, elliptical, or cross-
pol ari zatilen. ¥osystmpmpasingonpri sing: a first panel having at | east one

antenna el ement di sposed .on the first panel t enerate_.a, first antenna
boar a pl ur al P GRR HRYEH Bt Rk Yt s ahS lLamaelsp it

pl ural ity foft ameehiatheaal panels includes at | east one antenna el enent

di sposed thereon, wherein the plurality of additiqgnal panel.s .are pivotably
attached to thé Rlﬁ‘r\é@?' OEa%éﬁ“’“ H@“%fr%ﬁ’ tdesiane of efﬂl"rrglfty G At éi%g%{ﬁ one
of t Ihe a(cji@ljmde@ﬁtaéasmiaahanﬁa%lala&la@igj&edttﬁeradn, wa@sih iR guakherF a@ltibnkl janRdl

panel ; and at,

| east one, su rt menber di sposed between t adj acent
addi t | onalTHERAEY gfa ffeto B drs prae) _ae% R RgHaihe ﬁ'ﬁﬁéﬁa%el\é\(ﬁﬁm At &t o
yi el dabl y h@itichal fitels Wadpdid e leaat@dé bth@naditipANgdns; it rel ation to the first
panel. 17. The systemof claim 16 wherein the at |east one sypport menber is
a bl ock di sposé‘ﬂ east one support member disposed between two adjacent additional panels of the
plurality of additional panels and adapted to yieldably hold the two adjacent additional panels in

relation to the first panel.

17. The system of claim 16 wherein the at least one support member is a block disposed

between edges of the two adjacent additional panels.

18. The system of claim 16, wherein:

the antenna elements comprise microstrip patch elements, dipoles, ground planes, slots,
or loops, or combinations of microstrip patch elements, dipoles, ground planes, slots, and loops
with linear, circular, elliptical, or cross-polarization; and

further comprising:

an adjustable beamformer network to adjust excitation phases and amplitudes of the
antenna elements to electronically adjust shapes of multiple antenna beams generated by the first
panel and the additional panels, and to adjust excitation phases of the antenna elements to
electronically adjust directions of the multiple antenna beams generated by the first panel and the
additional panels; and

a ceiling mount or a wall mount coupled to the first panel to mount the system in an
elevated position within a network access deployment region so that each of multiple antenna
beams generated by the first panel and the additional panels are directed in a generally downward

direction within the network access deployment region.
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bet ween edges of the two adjacent additional panels. 18. The systemof claim
16, wherein: the antenna el enents conprise mcrostrip patch el enents,
di pol es, ground planes, slots, or |oops, or conbinations of mcrostrip
patch el enents, dipoles, ground planes, slots, and loops wth |inear,
circular, elliptical, or cross-polarization; and further conprising: an
adj ust abl e beanfornmer network to adjust excitation phases and anplitudes of
t he antegga el enents to eIegtronLcaII adj ust sha of nmultiple antenna

at

) |
beans gendrat odibiMERE PHPT for dih R PLOYNE SOHTANE BHAESSHAHER <o R AEPE: ad] ust

exci tati oropbases of the antenna elenents to electronically adjust
directions of the | t.i pl e ant enna beans generated by the first panel and
the additional® Pﬁﬁ%ﬁ%‘?g arlgho gﬂftiaﬂﬁn qisthenhfo genctae o flﬁi}&ﬁ‘te“%s‘tfﬁ‘ﬁélag M the
first pgned'rrajz of revsnd a_hdamasmslhﬁm tn gtﬁiﬁratefeh ev::laah@drip@fsi bdafi) vVHe‘:l')elﬂi Baid se@hdvor kd
access depl oyment region so. that ch of multiple.antenna, beans nerate
by the fimaEELGram & AlFeP ol dleerBR At e sToaPl (T BUOEA bR A BEREFST | y
downwar d aékay R€liniqes;M t hi n the network access depl oynent region. 12 19. An
antenna system for use in provjding short-range wireless access to a
netwior K, conpi® BPHRG: CUPEARR PG B & BPUptess 2 FYSHTY et BRRIEIROHRNt to
generat e avithid & ncEdiie BftassORPBYRBEL @fion 36 hiaY s&ill (FCARGnaBEANAA] Si@RBRBES 1O
generate a second antenna beam wherein said second aptenna beamis

el ect r oni CAIPR 8¢agk a5 A& 1 ﬁe&fﬁ%reﬁy dgwasgrg qepdan Hitbianihe Hsox PSPy
phased arggyyh&ehsicausd; a nount, coupled to said panel, to nount said
antenna systemin _an el evated position wthin a network access depl oynent

region so that 28afystehls amigrmerpeivesk haditishexsiigtign sbaseind amptiedssof BsAHar e

directed g sgcof®MBEmh leYerdRmyVaerdlich BE Adj @0 a WhdpB ol tHehRBcdh@taiRhle REMEKS to _
depl oynent region;. and an adjustabl e beanformer network to adjust excitation

phases anddisipssciidfipnsphgsestqiethe 2pray of gecosd apipnaapiemeis i@ cpEmically gdjust a

el ect r oni g@kdidon 3ink Sdcomd SiaRELQM. t he second antenna beam and to adj ust
excitation phases of the array of second antenna elenents to electronically

adjust a direction of the second antenna beam
20. An antenna system for use in providing short-range wireless access to a network,

comprising;

a panel having at least one first antenna element to generate a first antenna beam and an
array of second antenna elements fo generate a second antenna beam, wherein said second
antenna beam is electronically steerable with respect to said first antenna beam using phased
array techniques;

a mount, coupled to said panel, to mount said antenna system in an elevated position
within a network access deployment region so that said first antenna beam and said second
antenna beam are directed in a generally downward direction within the network access
deployment region; and

wherein said panel further includes at least one additional array of antenna elements to
generate at least one additional antenna beam, wherein said at least one additional antenna beam
is electronically steerable with respect to said first and second antenna beams; and

further comprising an adjustable beamformer network to adjust excitation phases and
amplitudes of the additional array of antenna elements to electronically adjust a shape of the
additional antenna beam and to adjust excitation phases of the additional array of antenna

elements to electronically adjust a direction of the additional antenna beam.

21. An antenna system for use in providing short-range wireless access to a network,

comprising;:
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20. An antenna system for use in providing short-range wirel ess access to a
network, conprising: a panel having at |east one first antenna elenent to
generate a first antenna beam and an array of second antenna el enents to
generate a second antenna beam wherein said second antenna beamis

el ectronically steerable with respect to said first antenna beam using
phased array tacehelbgiesan araywldipole orapiactinteats dispesep theeson, said apyiof dipadé d
antenna s ' I it W TN t . gy ment
D S L e T e
direct ed isnmgtapaspe pribring e weid dnwiiple simubaneais #itenna heanrseinpludikg atleest one

depl oyment, 26,00 é’tﬂﬂxic‘éﬁﬂt@ér 1S g panel further includes at |east one
addi ti onal array o]fe antenna el efrents to generate at |east one additional
ant enna beam wheeutrroupleditcasaid paist tomousickdidtdntempd systereimnan dlevated fosition

el ectroni | { ' j ISk

bears: _and Fiivt rork acss: dpinb@SARH s 384 BuliplSim Ao B RELATRE
exci t at i onlipdtesie 9 garethllyalrphvend dieectioh withio tiedwiwdrloaakssaeplaymat regivhenna

el enments to electronically adjust a shape of the additional antenna beam
and to adjust excitation phases of the additional array of antenna elenents
t o el ect r @3i calThy aatelinasystean df dawot2l erheein saldenaddintlivden alceiting @owre. beam 21. An
antenna system for use in providing short-range wirel ess access to a
network, conprising: 13 a panel having an array of dipole antenna el enents
di sposed t2Ber edihe asteaind sptenayf adim@il pdkein saidingnntingdhdsramtall nioonigener ate, i n
conjunction with a nultiple-beam beanfornmer matrix, nultiple sinultaneous
antenna beans, said multiple simultaneous antenna beans including at |east
one beam2that Ths apleend sywdnc af |claim t Hewadrbie,; thamibldplerbennt beandfuhee dndtdx Sai d

panel, to nt,said antenna systemin el eyat ed Ltion wthi

netvor k achuuded bR EplaniR: 88 phfletr QUG B0t Alrrlslediss Bt enna
beans ar e eledirsrémtleddjun shapgeaftha nuitipttoivvianebus afiteraiai beamanaridnd Rdjuftexsiativor k
access depl oyne regi . 22. The antenpa,syst.em of.claim 21 erein. said
mount i ol ot &Ff ol ineehns s8ReRh B uiRniE Sub BBl R chR SR oy 61 ¢
sai d nountsinmiahdsdemiansbdainsnount . 24. The antenna system of claim 21 wherein
the nultipl e-beam beanformer matrix is

25. A method comprising:

generating multiple simultaneous antenna beams from an array of antenna elements
disposed on a panel mounted in an elevated position within a network access deployment region;

electronically steering at least one of said multiple simultaneous antenna beams with a
multiple-beam beamforrﬁer matrix; and

directing said multiple simultaneous antenna beams in a generally downward direction

within the network access deployment region to provide short-range wireless access to a network.
26. The method of claim 25, further comprising mounting said panel on a ceiling.
27. The method of claim 25, further comprising mounting said panel on a wall.

28. The method of claim 25, further comprising adjusting shapes of the multiple
simultaneous antenna beams by adjusting excitation phases and amplitudes of the array of

antenna elements with the multiple-beam beamformer matrix.

29. The method of claim 25, further comprising adjusting directions of the multiple
simultaneous antenna beams by adjusting excitation phases of the array of antenna elements with

the multiple-beam beamformer matrix.
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structured to adjust excitation phases and anplitudes of the array of dipole
antenna elenents to electronically adjust shapes of the nmultiple

si mul t aneous antenna beans and to adjust excitation phases of the array of

di pol e antenna elenments to electronically adjust directions of the nultiple

si mul t aneous antenna beans. 25. A nethod conprising: generating nultiple

si mul t aneous antenna beans froman array of antenna el enents disposed on a

panel rnounted i.n an el evat ed si:tion within a network,ac s depl oynent
Pegton. - aleet g B VE G RS Rl slbirtinh Pl S AR GRRE SRR e ous
ant enna beatBnatiebhs from A btraypdferilrestip pactndlanamey dipsits, roundipldned) dl@ bt lpgpssai d

mul tiple sinultaneous. antenna beans in.a generally downward direction

Wthi h ¢ REPUBPRRL T BT TR B ey e B B P AR N Al PO ol ess
access t o caculet sitiptical, ofboss-phBrizaeibh didpaséd @l saidipazd, further conpri sing
mounting said panel on a ceiling. 27. The nethod of claim 25, further
conprising nounting said panel on a wall. 28. The nethod of claim 25,
further conpri A mgthadlgangirising: shapes of the nultiple sinultaneous antenna
beans by adjusting.excitatiqn phases and anplitudes of the_.array of nt enna
ol oot s o th CHTHE S Aot B L Gt SR as PR tesGron ARG P peE af m
25, furt hebsicaPitiis h Aewafl 4¢6dsk BgpldlineaiCiegiom it h nlodet owupled @l seid sedofdl birfilbEOoUS

ant enna beans P¥ adj usting excitation phases of the array of antenna

el ements W £ "SHEORL | ¢ pl e- beam beanf ormer matrix. 14 30. The method of
claim 25, furt heler@aPaRrfirsi M@nG@eR@mAtdnng 1S3t shenmtehhpéleméit dishdsamembad fiznt enna
beans from an a£rq%$of m crostrip patch el enments, dipoles, ground planes,
slots, orSP%%ﬁg,“” S nati ons of microstrip patch el enents, dipol es,
ground pl anes, paloBihSa s@bel pDORDupted 1 saidtR@Manel € fofik lad bbtud dnigRtbefdkn sdd
cross-polariz tiorﬁgisﬁosed on said_ggnel. 31. A nmethod conprising: nounting
a first paf@Pdpapg] 4g syd pyeprd sustace of said SREPAURL opposit e second surface in an

el evated posi E%E&lﬂaﬂhigtameamﬁ ARINDOBIPEGE S edR RhO YieiHa JI@eHnD Bispdsédomsdidunt
coupled to said second surface of said first panel; generating a first

ant enna begif A%k atd | east one antenna el enent di sposed on said first

surface of sai GkdtingleaBlfBkaid antenna beams in a generally downward direction within said

network access deployment region to provide short-range wireless access to a network.

32. The method of claim 31, further comprising mounting said second surface on a ceiling.
33. The method of claim 31, further comprising mounting said second surface on a wall.
34. The method of claim 31, further comprising pivoting at least one additional panel coupled

to said first panel, the at least one additional panel having at least one antenna element disposed

thereon to generate at least one additional antenna beam.

35. The method of claim 31, further comprising generating said first antenna beam from an

array of antenna elements disposed on the first surface of said first panel.

36. The method of claim 31, further comprising generating said second antenna beam from

an array of antenna elements disposed on said second panel.

37. The method of claim 31, further comprising locking said second panel in a fixed angular

position with respect to said first panel with a locking mechanism.
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pi voting a second panel coupled to said first panel to forman obtuse angle
bet ween said second panel and said second surface of said first panel;
generating a second antenna beam from at | east one antenna el enent di sposed
on said second panel; and directing each of said antenna beans in a
generally dowward direction within said network access depl oynent region
to provi dé8shorlihe nathgé ofelnigl blsﬁurthenmrisiog bckieg vadd kecoidPpandlhe adsedhogulef cl ai m
31, further i n surfa 0 e n The
et hod of P ?Ifafonﬁélﬁ%sgegt t?%&élratﬁlé% ne? ﬂh %{%redl%avmé mi tlpde Qlé)cg%s(r’;t hélﬁl ’ cal éeec%f’gdn a
wal | . 34. pmhénndmhdgonmnnmmmnmﬁmpw&mrther conprising pivoting at |east one
addi tional panel coupled to said first panel, the at |east one additional
panel having at | east one antenna el enment di sposed thereon to generate at

| east one 38ddi tlihe mathod mf ellaina3 bevdreteirsﬁvotiﬁge sa@mtinpahed)furmblaéonnpﬁse‘s using latﬂaEr
conprisin ener at i ant.enn from rray of te

el enent s ef% NS 636%‘??9 cﬂ‘(‘%’l i rs sﬁf??ngcpémg} tOsal “at i het© %faﬁ%f{ e\é%f%l % thod
of claln13&mmiuﬁhhﬁhm@aﬂmr|5|ng generating said second antenna beam from an
array of antenna el enents di sposed on said second panel. 37. The method of
claim 31, further conprising |ocking said second panel in a fixed angular
position with respect to said first panel with a | ocking nmechanism 15 38.
The net hod of claim 31, further conprising | ocking said second panel in a
fixed angular position with respect to said first panel with a fixture
having nmultiple blocks to hold said second panel in a fixed position using
conpression. 39. The nethod of claim 31, wherein pivoting a second panel
further conprises using a flat reflective elenent coupled to said second
panel to adjust an angle of said second panel with respect to said first
panel. Il Il it 16
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