M CROSTRI P ANTENNA ARRAY Field of the Invention The present invention

rel ates PP EP4% enna for use in a base station in a cel | RGHSESSHP62Ai cat i on
system and nore particularly to a mcrostrip antenna away 5 which

i nproves a base station's performance by increasing antenna gain and by
reducing interference problens. Background of the Invention The cellular

I ndustry has made phenonenal strides in conmercial operations in the United
States as well as the rest of the world. The nunber of cellular users 10
in major nmetropolitan areas has far exceeded expectations and is
outstripping systemcapacity. If this trend continues, the effects of the
rapid growth will soon be ac/MECROSERIP ANTENNAMRRAY narkets. |nnovative
solutions are thus required to nmeet these increasing capacity needs as well
as to maintain high quality service and avoid raising prices. Furthernore,

as the nunbeﬁmwddsers I ncreases, the 15 probl ens associ at ed
with co-channel 1Tnterference becone of |ncreased i nportance. Figure 1
illustrates ten c@hepresentGiidenitionzrelatesitoan antenna for usenipi4 basezthtion in a

iC?rpn]Tgpr{eﬁ?teldo q)fprt em NQr nal e’&“&ﬁ\’lcagkl ul ar gﬁ@&&&adl Q s%s.t em woul d be

sinplicigy, 3B sRfoPMaroedPine A sing i antenh Gain diid jled
representation |I trat In 20 Figure 1. "For each cell, Cl-Cl10,” there
i s a base straducingHateEferenee probléms.same ref erence nunmber as the
corresponding cell. Figure 1 illustrates the base stations as situated in
the vicinity of the cell center and havi omnidional nnas. Figure 1 also
il lustrates Bhsl@romid ,if Nengitfi ML- M which are novable within a cell and
from one cel pi cal cellular radio system nere 25 -
woul d nornal |y beTimmllulmamdnmbe phenopignalesteid @tmmmmalmrauenﬁere

tati ons.  HollPEY %%w&%ﬂﬁs%%@ ol o Wl of Sl ol 1
reduced1Qunbgy nﬁjorrlﬁé&dp%hﬁahaérbﬁl&slﬁr extebdeddi exipectations and is outstripping system
capacity. If this trend continues, the effects of the rapid growth will soon be
achieved even in the smallest markets., Innovative solutions are thus required to
meet these increasing capacity needs as well as to maintain high quality service and
avoid raising prices. Furthermore, as the number of cellular users increases, the
15  problems associated with co-channel interference become of increased importance.
Figure 1 illustrates ten cells C1-C10 in a typical cellular mobile radio
communication system. Normally, a cellular mobile radio system would be
implemented with more than ten cells. However, for the purposes of simplicity, the
present invention can be explained using the simplified representation illustrated in
20  Figure 1. For each cell, C1-C10, there is a base station B1-B10 with the same
reference number as the corresponding cell. Figure 1 illustrates the base stations as
situated in the vicinity of the cell center and having omnidirectional antennas.
Figure 1 also illustrates nine mobile stations M1-M9 which are movable
within a cell and from one cell to another. In a typical cellular radio system, there
25  would normally be more than nine cellular mobile stations. In fact, there are
typically many times the number of mobile stations as there are base stations.
However, for the purpose of explaining the present invention, the reduced number
of mobile stations is sufficient.




-2 - Also illustrated in Figure 1 is a nobile swtching center MSC. The |
nmobi | e swiotosi3igey center MSC illustrated in Figure 1 is copoestesbosss al |l “ten
base stations Bl- B10 by cables. The nobile switching center MSC is al so
connected by cables to a fixed switching tel ephone network or simlar fixed
network. All cables fromthe 5 nobil e switching center MSC to the base
stations Bl-B10 and cables to the fixed network are not illustrated. In
addition to the nobile switching center MSC illustrated, there may be

anot her nobile switching center connectgeg by cables to base stations other
than those illustrated in Figure 1. Instead of cables, other neans, for

exanpl e, fixed r adicilfti8trated il Figui®) idaSfobiR sshingooatt MSC. PTREmobié | ONs

to the nobile switching center. The npbile switching center MSC, the base

stations anwmmnm%m%mteﬁawdﬁewwmm%mm stations B1-

traditional Fi each
base stati O%fﬁ'b?%gﬁgegmcﬂ ﬁeé@gonaﬁﬁ@ %eﬁ% na%#i an enr’ed p& é@%ﬁ’ %gnal S
15 througfiged switchifg acleptione metvdrk orisimilersixed nétwork. A$l cablesfrom thesi gnal s
for particular_nobile stations are broadcast throughout the entire coverage
area redar dmebile switchiagcsnter IMSC 10 the; base stations Bd- Bﬂ&ﬂﬂ@b&&tﬂ’éﬂ%ﬁm‘h t he

base statio %&P}S@h may have one power: anplifier per carrier
frequency. e a E‘*’E@%{ are conbi ned and! connected to a conmon
ant enna whi ch hagn additio 16 Theimobild swithiig beritér MSOillustegisd) there2Baypbe 360
degrees cover Lgeq Due to the w de beamu th of the conmon antenna t he

ant enna gai #Q 'Bﬂbﬁ%ﬂ“’% &cﬁ%telh By cables to ba-ww theg than; those,

interferenc tc?ﬁl]@? &Hﬁgﬁﬁ | i near

power arrpli?llers WhICh are swtale or “anplityi gacoﬁng lgng from.

sever all0car linls miy aisocte used totvonfiect base stitions fte ¢sks mobite swmthugdemexgn'mxe to a

conmbnh ant en whi ¢h,_ al so ha wi.de azi rmth beam . these systens

al so suffer“‘l"ggﬁsﬁwmmi‘gg stations-and ﬂm stavops A Ahat has

been devel O&ﬁﬂp bhfrdlidd oSt ri p antenna Whl ch isill ustrat ed in Figure 2.
e

Basical ly, t m crostrl p antenna consi sts of a
In tradmonal cellular mobile radio systems, as ﬂlustrated in Figure 1, each

base stauonhasanommdu'ecuonal or directional: anwnnaforbroadmsung signals
15 throughoutthearacoveredbythebasestanon “Asa result, signals for particular
mobile stations are broadcast throughout the entire coverage area regardless of the
relative positions of the mobile stations. In the base station, the transmitter may
have one power amplifier per carrier frequeacy. -The amplified signals are
combined and connected to a common anwnn_awhic_h has a wide azimuth beam with
20 - for example 120 or 360 degrees coverage. Due to. the wide beamwidth of the
' common antenna, theantennagmn:slowandtbueunospaualselecuv:tywhmh
resuits in interference problems.
Morerecenttechmquuhavefowsedon usmghnearpoweramphﬁm which
are suitable for amphfymg a combined signal from several carrier frequencies which
25 then feeds the combined mgnaltoacommonanmnawhxchalsohasamdemmuth
- beam. However, these systems also suffer from interference problems.
Another type of antenna that has been developed is the microstrip antenna,
which is illustrated in Figure 2. Basically, the microstrip antenna consists of a
|  conductive patch 10 formed on a dielectric substrate 12, and a ground plane 14 at a
30 distance from the patch 10. The ground plane can be formed on the opposite side of




conductlve Joatch 10 fornmed on a dielectric substrate 12, and a ground pl ane
14 at a W®9841%t ance fromthe patch 10. The ground pl aneP@gﬁnﬁgoqsa med on
t he opposite side of -3- the substrate 12, or the spacing between the
patch and the ground plane can be conpletely or partially filled with air,
foam or some other dielectric material. Using well known stripline

technol ogy, the antenna el enents can be etched onto a copper-I|am nat ed
board. A nunber of elenents can then be | ocated on the sane 5 | am nat e.
The el enents are fed in series, in parall®t or both by a feed network of
connecting lines 16, in the sane | ayer as the_el n‘!eats or, i.n an qt her

| ayer. Freqthmaupstaie 12:n96dam ecn the patch &round,plane 648 Be\ enna

per it vi  y B O paflaRy et et alet odeh 48 sonE PGP SRR, nBlal Y, |

t he ant enna Using Wwell knbWwars ugpxmammoing ;mhe aritenmazelemnerits can betetched patodd ng
n

upon the Iayout of the co uctive tches 10. Ho t he use, of
mcrostrip Mﬂ&@m Qgé \éf@ﬁ?"" ocated O the same | oy

operating b %4:%&195 eﬁm ?w, Fedd hitloYk BT I ow
bandw dt h, typrca I y percent gverage er ?*gquency band can be
achi eved thlcomuhgmnas%pﬁ: &baainedaydrmmdemenmomnamqjhﬂ‘daﬁrenents 15

In an attenpt to reduce the fad n varJat ns {n the received nal
t oday' s bag%fﬁ‘lW%ﬁﬁé; P%(gh‘vm %ﬁ%ngﬂpennas

are typical lg, m@;ﬁ,ﬁg ﬂié‘ﬁem'ﬁ@%g’&metd%sme'lﬂer
diversity used today |§tF¥eg£&attract|ve Wi t h narrow Beam hi gh ant ennas

si nce they addition] meepqiﬂ\mwn semlh\htygfeﬂlﬂ agtenna gath be kithersveaticaliogbl ens and

mount i n robl ens.. 20 of t nvention lt. i S of the
present p B"WFB B\?rlﬂﬁ‘ﬁ’g tf&‘? e condueav %Pﬁ&?‘lﬁﬁﬁo
I ncr easi ng tﬁkﬁu&f& arkaﬁﬁswwmﬂmd Beéﬂﬁb'éfﬂﬂxﬁxﬁh&éﬁtl)ence

probl ens. 'S ano Ject o the present invention to nmake the

t echnol ogy mhrrbmemmmly\hmquhm f Migrostrip antenna elements haveiarelativelysnasrawns .
't I's anot h%angwid%?,t Ofmﬁhs-s percent. Coverage of a wider frequency band can be

achieved through the use of stacked elements or slot-coupled elements.

15 In an attempt to reduce the fading variations in the received signal, today’s
base stations use spatial diversity wherein two receiving antennas are typically
separated by 20 or 30 wavelengths. However, the receiver diversity used today is
less attractive with narrow beam, high gain antennas since they are more expeasive
and larger, giving both visual problems and mounting problems.

20  Summary of the Invention
It is an object of the present invention to improve the performance of a base
station by increasing the antenna gain at the base station while reducing interference
problems. It is another object of the present invention to make the technology of
linear power amplifiers available for use in base stations. It is another object of the
25  present invention to provide polarization diversity in a base station that can, for
example, replace space diversity arrangements.
According to one embodiment of the present invention, an antenna for a base
station in a mobile radio communication system with at least one base station and at
least one mobile station is disclosed. The antenna comprises a microstrip antenna
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t invention to provide polarization diversi ty in a base station:
repl ace space diversity arangenentpcT/ggpsaosisng to
one enbodi nent of the present invention, an antenna for a base station in a

o0 communi cation systemwith at | east one base station and at

h power anplifier is connecteqio a different colum of

patches. Finally, beanform ng neans are connected to each power
Qfrafl &¥tH &nRitio of niltroseip Futches dvith @rleast twd coluftiisand thOLIBRE2 |0bes

iﬂt e columms of microstrip patches. According to anot her

agdition, & pluselity of amplifiers i prayided whetein eqch wmhﬁw%nd Rk

an‘gﬂe%}r?ai J‘%ﬁ‘f“@ﬂf%‘%@@ﬁﬁ% i crosirl p patc h at
| east two catammee&d%whpomra@npliﬁudbndgtmﬁmhgmdmcﬂenandlsh&peeoﬁ are

fllterln anda | if the signals received by the
BATTOW, ARtenna 46 cobupn AT IczsAP

of thhe Draw ngs The above and further pb&ects and no‘\;
COMPrisesA; B¢ro: %Vl“F‘EF‘F’}‘EépEQ Bicrestap

taflféﬂttybge %?‘Z‘%%de at t bﬁ%gﬁlnpﬁgs arer&#drnI T he

patches. Beamforming mwmareconnectedtoeachlownmseamphﬁerfor
determining a direction and shape of narrow antenna lobes generated by the columns
of microstrip patches.

The above and further objects and novel features of the present invention will
fully appear from the following description from the same as that in connection with
the accompanying drawings. 1t is 0 be understood , however, that the drawings are
forthepm'poseofxllusu'auonuﬂy,andarenotmtendedasadeﬁmuonofthehmnts
of the present invention.

Figure 1 illustrates a portion of a cellular mobile communication system
having cells, a mobile switching center, base snuous, -and mobile stations.

Figure 2 ﬂlustraws a mlcrostnp antenna. -

Figure 3 ﬂlustrates a microstrip antenna amy according to one embodlment
of the present invention. |

Figure 4 illustrates another nucrostnp antenna array according to another
embodiment of the present invention.

 Figure § ﬂlusttates another microstrip antenna array according to another
embodiment of the present invention.
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having.cells, a nobile switching center, base stations, and nobile

st'ati onsWOPISgdr08 2 il lustrates a microstrip antenna. Fi guRCTBEDSDA62Ir at es a
m croostrip antenna array according to one enbodi nent 25 of the prsent
invention. Figure 4 illustrates another mcrostrip antenna array accordi ng
to anot her enbodi nent of the present invention. Figure 5 illustrates
another mcrostrip antenna array accordi ng to anot her enbodi nent of the
present invention. -5- Figure 6 illustrates another mcrostrip antenna
array according to another enbodi nent of gthe present invention. Detailed
Description of the Disclosure The present invention is primarily intended

for use in base Ploré 6iRustiatéstdrnother mitrostripdiiiteritiaCartdyosccopding® o6 anathérhough i t
wi |l be understood by those skilled in the art that the present invention

can be usecdembodimient of thei present invent®bat i on appl i cations. According to one
enbodi mrent of the present invention, a mcrostrip antenna array, as
illustrated in Fi gure 3, can be used to increase the gain of the signals
fromthe bapgtafbdDeRrintitn ¢ Bikeclosure Nt er f erence t hroughout the system
The ant enna array 30 conS|sts of a rratrl f mprostrl pat ch 32
which are forrred'rhbmlémlg °§4f0 tions in

f?LEE“A‘?Te@ﬂ%@%ﬁ?@%ﬁ&@?ﬁ#@?@&@ stseod by “@‘Er MEIRIERL, (e,

it will be magdgiesireaat Mveatién 8in bé ased in éther virious [tomntindcatioh aipplicationsy can
consi st of any pI urality of colums and rows. Each colum of 15 patches
is connected to mmmmnmmMﬁmmwm mﬂﬂ@ﬁﬁq

T uet v at e riy-aspRRST I Pl o7 bal e it @nGRa® € gltd GCe Andf fom

connect ed tthedake stativn Whiledoweringinteffesence ﬂmougheut thersystem. dTheantenma and a
plural Ilé Y O;rr;yogvo rclzgrllsslgts %frrgl Axgtlnirosf &url:rct!srt]np patches 32 which are formed above a
common ground plane 34. The elements in each column are connected either in
parallel, series, or both, by connecting lines 40. While Figure 3 illustrates six
columns and four rows of patches, it will be understood by one skilled in the art that
the antenna array can consist of any plurality of columns and rows. Each column of
15  patches is connected to a different power amplifier 36 in the transmit direction and a
different low noise amplifier 42 in the receive direction as illustrated in Figure 4.
In addition, each column of patches can also be connected to a plurality of power
amplifiers in the transmit direction and a plurality of low noise amplifiers in the
reverse direction. Furthermore, the columns of patches can also be connected to
20  linear power amplifiers. The power amplifiers and the low noise amplifiers are
oomected&abeamformingappmﬁﬂs%which creates antenna beams with desired
shapes in desired directions. The antenna array can generate a plurality of narrow
azimuth beams or lobes, where the direction and shape of the antenna beams are
determined in the beamforming apparatus 38 by signal amplitude and phase relations
25  between different columns. As a result, the base station can use the narrow beams,
which have a higher gain, to broadcast and receive signals from the mobile stations
in the base station’s coverage area.
Another important consideration is the desire to suppress the sidelobes for
each antenna beam. The beamforming can be implemented in a variety of ways




reverse direction. Furtlernore, the colums of patches can al so be :
connect eMOwWS3A02 | i near power anplifiers. The power ampl pétEgs; t he ¢l ow
noi se anplifiers are connected to a beanform ng apparatus 38 Whl creates’
antenna beans with desired shapes in desired directions. The antenna array-
can generate a plurality of narrow azimuth beans or | obes, where the
direction and shape of the antenna beans are determ ned mthe beanform ng
apparatus 38 by signal anplitude and phase rel ations 25 bet ween different
colums. As a result, the base station cgn use the narrow beanms, which have
a hi gher gain, to broadcast and receive signals fromthe nobile stations I n

t he base st lch aﬂ}ﬂﬁf?ﬁaﬁﬁ rgnag %%W‘ﬁ s the
desire to suppressg Ee S| gei oag or- each ant 'hna %eam g or’m ng can

be i npl emensust asra Butletrmalr;x oAnalag beamformerssstedr the beimibyaintroduikgani ng,

14

anal og bea r r a bea orm n ir uch as a Butler nmatrix.
Anal og bea%ﬁﬂ %é‘"ﬁfe h‘%&gﬁﬂ ? inVOlyeS R ndent
ti me del ay, W deI ay t hat
S equalegt to etlrre elay at an oper*lng % A

di gi t al Sbeanf or nmqgngbbmmfomglsysthmsusaald)ehnavda@vdy mnipiemememr for

each el enent i ch do nverts f requenc nd phase and
quadr at ur e) e@ﬁ\;ﬁ T’"@tha SP? m&@q@dﬂiﬁﬂﬁ#ﬁﬂdt akes

pl ace by nuphideh Q:hhﬁﬁﬁ?f&r%@hﬂﬁcaﬁ %ﬁﬂ)’oﬁtﬂﬂ% Plade | ght's
in multiply accqurtePate I ntegrated CII‘CUItS The array output Is F‘rsgd from
[err] 10 Mmﬂwwpmrsomplwwnmﬂmmmm [err]=

wei ghti ng coeui lC} entmungr | ie.erlgg aasne'aShtl)lIti[)ﬁt lsr}erllerl)_ correction ‘

factor
N1 '
Array output=2 VW, e-Jz-a(dm-mc

10  where _ S
V, = complex signal from n® channel.
W, = weighting coefficient,
ePmhyind - geering phasmluft and
: C, = correction facmr
15 Conecnonsmaybeneoessaryforseveralmsons Thesemsonsmcludeerrorsm
the position of the element, tempaamreeffectsandmedxffaencembehmor
betweenthoseelementsembeddedmthearmyandthosenwtheedge
Thus, by shapmganddlreeungthenanowantmnabeams aplurahtyof
nanowbenmscnnbeusedtoumulhneouslywveralargesecmrusmgthesame
20  antenna array. Thepresentmvmnonmuseanadapuvealgonthm for selecting the
most feasible welght functions for the antenna. One such adaptive algorithm is
disclosed in U.S. Patent Apphmon No. 08/95, 224 ﬁled February 10 1994 which
-is incorporated herein by reference. -
In the antenna array, thepatclmmeachcolumnarepolanzed The
25  polarization can be either vertical or horizontal, or have dual polarization with two
orthogonal polarization components. The tw_o qnhggonal componeats can for
example be vertical and horizontal or diagonal___polaﬁzation components. In the



15_ &SB%HE%my be necessary for several reasons. Theﬁ@éﬁ@@%\%m ‘he

i nclude erro the position of the el ement terrperature

di fference in behavior between those el emg ge array and

t hose near the edge. Thus, by shapi'ng andld %H@‘ESHE ﬁ Ew ant enna
beans, a plurality of narrow beans can be used i sly cover a

| arge sector using the sanme 20 ant enna ray. The present invention can
use an adaptive algorithmfor selecting the nost feasible weight functions

for the antenna. One such adaptive algori4hmis disclosed in U S. Patent
Application No. 08/95,224 filed February 10, 1994 whi ch is |ncorporat ed

herein by refsimaltaneous duﬂlpelmmnm;ahanwapxﬂmwab are eombined ar e
pol ari zed. The 25 ol arj zation n be 'g ,

have dual polSEPaTately 1 saeh Wai“m o’{"'ﬁ%t W%Wp@éﬁgﬂhe t wo
ort hogonal = coffRORENbE cSiBbininy the %hehs! e

di agonal pol ari zat'i on conponents. I n the si mul taneous dual

pol ari zati on examplet,mleommdgm paximem Jatie pembining, etc. c The aritarysiliptigad | v

for each oI u nnect he .l i.t. The
Step of ConbiTARAR SBA Gen bR cyERaE ik MRLRGsD ihd NEelE oty
for 5 examkse Q4ridtioRs die/mependent o tWo Drthogenal polatirzationg, pelarizatibhe
arbitrary elliptical polarization state can then be obtained in both the

transnit and diversity canibe usad torembrace theqpossibility suppeess interferegs and f or

the possi bi | TPYEHP fidine PaSiigR. %M%&M@%WW eee

variations. THjrthefinble, 'dBERY the Bigh tana ighin inche distined mpnﬁcauw
Furthernore, due to the hi gh aﬁfmelnna galg%ml n the di strlmed power,

anmpl i ficki orthepmemmmnmdmu Wﬁﬂ@’%ﬁ@ﬂhﬂc mwﬁf rom
ool i T or t oo le whiHedubicfoh bt i poReF gnpufer Edlige” PrC!
beanf or mi ng appar arhessyseireimaiso have e amplifiersdnd therbegmferming apparétus The
anplifiers arrpl [ f&édhaGS 5|ugnal S.i %iguresSandé The amplifiers amplify the signals in
ﬂxechannelsthatconespondtospecxﬁcanwnnabeamswhmnﬂxeshapeand
15  directions of the beams are determined by the beamforming apparatus weights at that
instance. The permutated system has the advantage that the independent
channels do not require coherent amplifiers. In addition, fault detection of an
amplifier is easy since each amplifier is associated with a specific channel.
Furthermore, by positioning the amplifiers between the antenna elements and the
20  beamforming apparatus, the system loss in the beamforming apparatus is reduced,
the output power levels are reduced due to the distributed power amplification and
the possibility for graceful degradation of system performance when amplifier faults
occur.

It will be appreciated by those of ordinagy.skill in the art that the present
25  invention can be embodied in the other specific forms without departing from the
spirit or central character thereof, The presently disclosed embodiments are
therefore considered in all respects to be illustrative and not restrictive. The scope
of the invention is indicated by the appending clpims rather than the foregoing
description, and all changes which come within the meaning and range of
30  equivalents thereof are intended to be embraced therein. e
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15 the channels that correspond to speC|f|c ant enna beans wherein the
shape anWAS34t®2:i ons 'of the beans are deternined by the beew/sEsswoezs
apparatus wei ghts at. that” ins tated system has the
advant age that the- |ndepende- -'-‘ﬁ:#@gneEBHdB BFEN equi re coherent arrpl |f|ers
In addition, fault detectioh’ -

fra _ | S easy since eachanptifier
is associated with a speci fi cllehanmme as above
positioning the anplifiers between the antenna eI enents ﬁﬁmmﬂmﬂﬁmjﬂum
apparatus, the systemloss in the beanfqrging apparatus

out put power levels are reduced due to the distributed power anplification
and there e%ﬂgml lity for graceful degradation of system

per f or mance en anpliirer faults occur. 25 It will be appreciated
by those of ordinary skill in the art that the present invention can be
enbodi ed in the gther r t from pirit or
central characte the&gﬁﬁ%foﬁ%e@ﬁ%gﬁﬁe 'ﬁ%%ﬁ% “‘i‘? ystem
therefore cevih siclesst one basd stifeioamd 4t lesst bfie imdbite!statioh) Compesing:

restrictive. The scope of the invention is indicated By t he appendl ng

clai ns rather than th@mm}i mmnmnga@ mmwfmmmmem ch
cone wthi n g‘ W't@?cﬁr IW uival ents thereof are intended to be
al i

enbraced ther Al ht enna for a base station'in a

mobi | e 15adi o comuni cal laﬂmyafmmpmabeﬁa&emmWQnébanﬁﬁﬁbra

| east one mpbile statlon conprising: @ mcrostri p antenna array conpri sing
a matrix of ihfennes |t9epehe¢lagm5>fsmmm p patches;\@8dcol urms and two rows

I lit f lif
Conneeied Lo eabh <ol JRnSRA pothEbaigont b 563 pthe dpilec ol 01 0 @

connect ed t dettmnining aatireetion &fid sikapt @f namowiintainarigbes génexatsd yithetdhinmhape

of each of a _plurality . of narrow antenna beans emtted by said 10 col unmms
of microstriof ,P\mbéﬁ-n at | east one of said narrow antenna beans
has- : S

_ 2. Anantennaaccordmgtoclalml wheremsmdmxcrosmppatches
have vertical polarization.

3. An antenna according to claim 1, wherein said microstrip patches
have horizonital polarization.

4. Anantennaaccordingtoclaiml.whereinatlustomofsaid
microstrip patches simultaneously has two orthogonal polarizations.

5.  The antenna according 10 claim 4, wherein said signals to the
orthogonal polarized directions are given an amplitude relation and a relative
phaseshiftinordgrwcreateanarbiuaryenipﬁealpolaﬁzaﬁonstate.

6.  An antenna according to claim 1, wherein at least one column of
microstrip patches have vertical polarization and at least one column of microstrip
patches have horizontal polarization.
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t wo orthogonal | y pol ari zed beam conponents, and wherein at_| east one of a
pl-ural i't WO ¥Mabhuni cation signals transmitted by said ant BRHEEISH0623

transmtted using both of said conp hy. 15 2.

The antenna according to claiml, V\HFF&S]SQE jhEAS BEENDR enitt ed usi-ng
orthogonal Iy pol ari zed beam conponents_ar 8ELA€EDan anpl i tgude rel ati on and

a relative phaseshift such that an em tted beamTonmprTsi ng i mmmﬁm‘ﬁm,
has an arbitrary ellipti cal pol ari zation state. 20

according to claim1, wherein a first col@mn of mcrostrip patches

conpri ses patches haV|ng vertical polarization and a second col um of

m crostrip patcheg comlmmmgmm howhercintsaid micrastrippatches 4.
An ant enna accordl n to cl al m 1, Wer n .sal d m Lostrip patches 25

wi t hi n each Wihig *shape. 5. An

ant enna accordi ng to cI aim 1 wherein sal d bearnc ormng is inplenented

t hrough anal og beanf orm ng. 30 An antenna according to claim
1, wherein said bganf omammamdmgdntohimhrwhqnmcmyl beamfoomirnigoisni ng.

-9- 7. An ant enna, accordin | m.l wher ein said beanformng is

I mpl enent ed W‘Hﬂ G?ﬂ?ﬁ] An antenna according to
claim 10, wherein sald beanf or m ng matr|X|55 a Butler matrix. 9. An

antenna according to claim11, wherein each colum of said mcrostrip
pat ches is connec®ed tmmmnabm@mmml,awbmm said bearpforming is 10,

An antenna for _a base stati bile radio communi cation systemw th
at |east ond™Pk thrgng %ﬁw‘gf"%‘g&m&% nobi |l e station, conprising: a
mcrostrip antenna array conprising a matrix of microstrip patches with at

| east two colums and two rows;
10. An antenna according to claim 1, wherein said beamforming is

implemented through a beamforming matrix.

11.  An antenna according to claim 10, wherein said beamforming matrix

is a Butler matrix.

12.  An antenna according to claim 1, wherein each column of said
microstrip patches is connected to a plurality of power amplifiers.

13.  An antenna for a base station in a mobile radio communication system
with at least one base station and at least one mobile station, comprising:
microstrip antenna array comprising a matrix of microstrip patches
with at least two columns and two rows; _
5 a plurality of low noise amplifiers, wherein at least one low noise
ampliﬁeriseormgchedtomhcolumnofsaidmicmstﬁppaﬁcha;and
bémfornﬁngmmconnectedmmhlownoiseampliﬁerfor
determining a direction and shape of narrow antenna lobes generated by the columns
of microstrip patches.

14.  An antenna according to claim 13, wherein said microstrip patches |
have vertical polarization.
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a plurality of Iow noise anplifiers, wherein at |east one |ow noise 15

anpl i fiyeh ok/416PNNECt €d tO each colum of said mcrostri ppéggﬁgﬂﬁﬁnand s )
beanf orm ng nmeans connected to each_.low noise anplifier for establishing a

direction and a shape of .each of ajp | ; ant enna beans

recei ved by said colums of micros rl'g{p | ESW%@P' n at—teast—one——of

sai d narrow antenna beans hastwo a l;’ml arilged beam co _
and wherein at |east 20 one of a plurali ty of communi cat HB“IHII“ ““| :
received by said antenna is received usipng both of said co

si mul t aneously. 11. An ant enna accor'di&g to claim10, wherei n S| gnal s

recei ved usi ng ortho onal pol arj,zed hea nents are lven,an

anpl i tude rel at ilén a%‘ ‘%‘am‘i&? qﬁ'ﬂﬁ&s x?ae‘%’@?ved beam

corrpr|3|ngh€@é ?,g ?@‘; an arbitrary elllptlcal polarlzatlon state.
An antenna accordi ng claim 10, wherein a first colum of said

mcrostrip patches conprises patches having vertical polarizat | on and a

second colum 30 of mcrostr ses t ches h
hori zont al poI alfz at iAfhantenna 3?“8“’?% ﬁmﬂﬁp bﬁ*&?”dﬁﬁﬁ”ﬁ 10 wher ei n

sai d m crogfy &T@aﬁ&&%g 6§ haé Bho! Bith polariation) eI evat i on
pattern shape n antenna accordl ng tgg clalm10, wherein said beam

forming is 5 i mpl enent ed through anal og beanform ng. 15. An ant enna
di t I 10, d @ i s
SFS?[ A ”8eaﬁf8r Tng. % Skine 15 ek 1B, Whetel KERAF IE eStaiojomt

erein sai givél ﬁ@ﬂplﬁﬂdéﬂlﬁdﬂ"anﬂ mrphhmmminl’mﬂer 17.

An ant enna accordl ng to clarm 16, wherein said beanformng matrix is a
But | er mat nomm&blmrelhpnoahpdaammm to claim 10, wherein each

colum of mcrostrip

18.  An antenna according to claim 13; Whéiein at least one column of
said microstrip patches have vertical polarization and at least one column of
microstrip patches have horizontal polarization. '

19.  An antenna according to claim 13, wherein said microstrip patches
within each column'are tapered for elevation pattern shape
20. An antenna according to claim 13, whctemmdbeamfomnngxs

xmplemented through analog bamformmg

21. Ananwnnaacoordmgwclmmmwhmnmdbamformngu
implemented through digital beamforming. S

22, Ananwnnaaccordmgwclalmmwhexemsmdbeamformmgls
implemented through a beamforming matrix.

23.  An antenna according to claim 22, wherein said beamforming matrix

is a Butler matrix.
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pafches ' % cted to a plurality of low noise anplifiers. 19. An
arit enna g&o ? g to claiml, wherein said antenna array i RCTREIF0PG23 20

both transmtting and receivi ﬂ“ﬁ Emlgm'a An antenna according to
claim19, wherein said anter{mﬁ Lg I rate o trnsm_ttl ng

and receiving on a sane subst 21. ding to
claim 10, wherein said antenna array is used for 1d
receiving signals. 22. An antenna according to ¢ R fi€Pei n shi d
antenna array has separate colums for tridnsmitting and recei Vi |/ a sane
substrate. 30 23. An antenna for a base station in a nobile radio

communi cati on sys24em vwAh lantenna eccirding ¢o blaim 13, avhiepein ach golumnsoft misnestripbi | e
station, conprising: a mc¢rostrip,.antenna arra rising a matrix of
mcrostrip PHOERIS cnnsc Wéﬁ&%@&%ﬁ‘ﬂ?ﬁ%&ﬁﬁ%’rom; 5

beanf or m ng means connected to each colum of said antenna array for
establishing a direction and a shape of each of a plurality of narrow
antenna beams eni2%.ed An antenda acdonding to iclaimck,ouberein said anterna anmy igiusecht

| east one of_ said narrqw ant enna.beang has two orthogonally polarized beam
cormponent s, f8R &mmﬂﬁ @BM -plurality of communication
signals transmtted by said antenna is transmtted 10 using both of said
conponents sinultaneously; and a plurality of power anplifiers, wherein at

| east one power &l i f Arrantenns according do claima2s; whesein satd anteapaasrayfhasni ng
means for anplifyin articul ar .emtted ant.enna beans, 24. An
ant enna forrgl’gégee"‘g‘t‘A $ nguﬁﬂﬁi g"F‘ Y %mecﬁﬁ%%ﬂwSystethh at

| east one base station and at | east one nobile station, conprising: a
mcrostrip antenna array conprising a matrix of microstrip patches with at
| east two col ums2&nd Ancnteans to claim 13, wherein said antenna array is used

for both transmitting and receiving signals.

28.  An antenna according to claim 27, wherein said antenna array has
separate columns for transmitting and receiving on a same substrate.

29.  An antenna for a base station in a mobile radio communication system

with at least one base station and at least one mobile station, comprising:

microstrip anteana array comprising a matrix of microstrip patches
with at least two columns and two rows;

beamforming means connected to each column of said antenna array
for determining a direction and shape of narrow antenna lobes generated by the
columns of the microstrip patches; and

a plurality of power amplifiers, wherein at least one power amplifier
isconnectequachoutpmofsaidbamfomingmwmforampﬁfyingpatﬁqdar
antenna lobes. |

30. An antenna for a base station in a mobile radio communication system
with at least one base station and at least one mobile station, comprising:
microstrip antenna array comprising a matrix of microstrip patches

with at least two columns and two rows; R
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beanf orm ng neans connected to each colum of said antenna array 20 for
est abl i sWorsg/3at0di recti on and a shape of each of a plurali pgrRkosiREszow -

ant enna beans received by said col of microstrip patches, wherein at -
| east one of said narrow antenna bdp orthogpnal |y pol arized beanr

conmponents, and: ‘wherein :at. | east one ' | communi cati on

signal s received by said antenna i ¢ :j. ﬁgl,m’mmmaﬁi"ﬂ“

-\-
si mul t aneousl y; and 25 a pluralityo
wherein at | east one | ow noise anplifier #s connected to each out put»ofs
sai d beanform ng neans for anplifying ﬁh} icular received antenna beans.

:an'}gn;la§ar ray for det Mﬁ%ﬁ%ﬁ%?%ﬁ%@% 855&&%&#%? I ggleg

gener at ed bYor detertsiningr dieéctioh @ind shipePofdmirrowe satefclobesd geilepdted by e | ow

noi se anplifiers, wherein at |east one |ow noise anplifier is connected to
each out put 0@"@|@MWM@AS for anplifying particular antenna

| obes. a plurality of low noise amplifiers, wherein at least one low noise
amplifier is connected to each output of said beamforming means for amplifying
particular antenna Jobes.
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