ANTENNA ARBRYERZ| BRATI ON Fiel d of the Invention The preserRCT/SEASH0620n
relates to an antenna array for use in a base station in a cellular

comuni cation system and nore particularly to an antenna array calibration
system for inproving the performance of base 5 stations. Background of
the Invention _The cellul ar industry has made phenonenal strides in

comer ci al opwmt es as well as the rest of the

wor |l d. The nunber of celtular users in najor nmetropolitan areas has far

exceeded expem&#m%wd i's outstripping systemcapacity. If this
trend conti nues, ects of the rapid growth wi || soon be achi eved even
in the small est mar t nov tlve stF+t|on E reguired to neet
t hese increasing c % L& ﬁ ﬁ” sg ty service

and avoid pris@gén tfldrdehﬁraﬁ%ﬁmuﬁcahbﬁ ehnd o€ cﬁrarlvstﬁra% i ncreases,
t he problens associated with co- 15 ¢ annel interference become of

i ncreased i npenteand arraycglibratian systers for iseprowing she performanee of hase t ypi cal
cel lul ar bil e.radio communi cation system Nornmally, a cellular nobile
radi o sysgvmmﬂ B-be i npl ement'ed with nore than ten cells. However, for
the purposes of sinplicity, the present invention can be explained using
the sinplified 20 representatl on illustrated in Figure 1. For each cell,
Cl- C10, t her eBagkgrohm ventioB1- B10 with the sanme reference nunber as

t he correspondl T Ll lustrates the base stations.as situated
inthe vicinity of g‘ﬁ'ﬁé‘egléﬂa?'@ﬁ% ?ﬁ‘ émdg& Eﬁ‘\ﬁennas

Figure 1 alsog péxhaaﬁﬁtﬁéﬁmamww%n%'m&%fm %ﬂ&h WieShymber

novable within a ce and fromone cell to another. In a typic
radi o syst em of beliwlanusersiinnmajon metrdpelitaprareasthas far exceeded| expectationsi | e

Stati onsyo! N 28ty olilipping ot bapably. TP oAl Sondiel 0 ehredt oF R ' ©
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 problems associated with co-

15  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

20  representation illustrated in 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

25  movable within a cell and from one cell to another. In a typical cellular
radio system, there would normaﬂy 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 purposes of explaining

the present invention, thé reduced number of mobile stations is sufficient.



stati ONQ9%%3410Bere are base stations. However, for the pwcIREoSodehr
‘expl ai ning the present invention, the reduced nunber of nobile stations is
suf ficient. WD 95/ 34103

PCT/ SE95/ 00627 2 Also illustrated in Figure 1 is a nobile switching center -
MSC. The nobile switching center MSCillustrated in Figure 1 is connected
to all ten base stations Bl-B10 by cables. The nobile switching center MSC
is also connected by cables to a fixepl switch tel ephone network or simlar
fixed 5 network. Al cables fromthe nobile switching.center MSC to the
base stations BAl&lillustrated b Fegure ¢ is aemébbileesivitchingoednterr MSMt The! ust r at ed.

In addition the nobile switching center, MSC i llustrated, there may be
addi ti onal “\ﬁ’ggﬁ’ P@@%gﬁ%me@SW' bis conpected toyalbden: st at i ons
ot her than s L 0. Frellea sh.ead £S, 40t her neans,
for 10 e?éas?fp%&% iﬂ}ggfqlgg?%mﬁ'n@un@?bh al'so pe' %e&krfhggbﬁﬁﬂé% base
stations tcomebted dysoables o adfixedrswitch. telEphomenstworksod siflilap fixegnt er MSC, the

base stations and the nobile stations are all computer controlled. In
t r adi t PonaPeROri.ulAll cahles frem; theinpbilpswdiching.center MSCrtartheibase Fi gure 1, each

base stati . Lol ' ' | ls na for 15
broadcasti%gué}lszlr;]g'@s}et ??&B o&‘lt' ﬁ%ﬁ%ﬁ“@%\ﬁ%&@&%@base station. As a
result, signal sif eddifiés to tie Mobileidtching sétanMST Hlubratad Cahete hayoughout the
entire coverage area regardl ess of the rel ative positions of the mobile

stations u_E? Addifinaal gyebile switching,eentrrs connesieddy, cables torbase stations has one
Jover ah bkP ol hkFied ERUSIEY, WSk bt S 9k Sy L,
wi de H8am example ofixédfadicolinks may alsorbe, usedto esmneet bastAations 360 degr ees )
mobile switching centers. The mobile switching center MSC, the base |
stations and the mobile stations are all computer controlled. o
In traditional cellular mobile radio systems, ‘as illustrated in Figure 1,
each base station has an omnidirectional or directional antenna for
15 broadcasting signals throughout the area covered by the base station. Asa -
result, signals for particular mobile stations are broadcast throughout the
entire coverage area regardless of the relative positions of the mobile stations
using the system. In the base station, the transmitter has one power
amplifier per carrier frequency. Amplified signals are combined and
20  connected to a common antenna which has a wide azimuth beam. Due to the
wide beam width of the common antenna, for example 120 or 360 degrees
coverage in azimuth, the antenna gain is low and there is no spatial
selectivity to use to reduce interference problems.. |
More recent techniques have focused on using linear power amplifiers
25  to amplify a combined signal from several carrier frequencies which is then
feed to a common antenna. In these systems, the.common antenna also has a
wide azimuth beam. As a result, these systems also suffer from interference
problems.

To overcome these problems, antenna systems have been designed
30  which increase the gain of the transmitted signals while decreasing the
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coverage in azinuth, the antenna gain is |ow and there is Pd"SE3J¥PQ63T

selectivity to use to reduce interference problens. Mre recent techniques
have focused on using |inear power anplifiers 25 to anplify a conbined
signal fromseveral carrier frequncies which is then feed to a conmon
antenna. In these systens, the common antenna al so has a w de azi nuth beam
As a result, these systens also suffer frominterference problens. To
overconme these probl ens,- antenna syste have been designed 30  which

I ncrease the; ). .S L s L ecr i ng the 3
I nt erference"%g%‘%sﬁ@g?g@?%@géﬁgﬁ&‘ag%bﬂ %@%tgﬁfgéﬂ& One such
ant enna syst st sje6ea issiciibedinSy. SAgit Appicha NoD_NO. entitlegnt i t | ed
"Mcrostrip Antenna Array", which is incorporated herein by reference. The

di scl osed ni SMisrostrip AnteanmAray’ awhichds incovporated therein byi referencer dhebeam 5
width to covegr area served by the base station. . aresult, the gain
of the indi v&&ﬂms%aﬁb "ﬁ%&ﬁﬁ‘%ﬁﬁ%ﬁ%@f% m used by an
traditi opal witite iy dovérithe Afdadreed W&%@Bﬁﬁﬂn.d'ﬂﬁiw,%ﬁ?o?sed

instead of spacial diversity to reduce fading variations I nterference

probl ems. Hotheviadividual beames canoberbigherthan the tipjcal wige beaml used by anant enna
beans, these . rr antenpas need to. be agcurately,.calibrated. Summary
of the D sc|'5%‘8?8“ﬁ?t h%ﬁﬁ’@@oﬁ? pf’ﬁ?@zﬂ'r‘%gﬁ#rs?a%@ﬁtqeow rove the
performance @f spactaP Givessify! tdtre@iicefedingOv-RREDAVadd Pitdféreicdoproblemishe beam
shape and direction of the antenna beam This is perforned by neasuring and

correcting fBpweser, i ordardo amereaceyrately shape land idirectntennackeams, theseint enna
array coegp Onaer%ys antennas need to be accurately calibrated.

Summary of the Disclosure
It is an object of the present invention to improve the performance of
a mobile station by increasing the accuracy of the beam shape and direction
of the antenna beam. This is performed by measuring and correcting for
15  errors and component behavior which occur in antenna array components
located between the beam forming device and the radiated fields. As a
" result, the antenna array components do not need to be as accurately matched
since any discrepancy can be corrected by using the present invention.
Furthermore, the present invention can also be used to test the antenna array
20 to verify that the components of the array are working properly before the
antenna array is used by the communication system.
According to one embodiment of the present invention, a method and
apparatus for calibrating the transmission of an antenna array for use in a
mobile radio communication system are disclosed. First, an input signal is
25  inputted into each antenna section one antenna section at a time. The signal
transmitted by each antenna section is then measured and correction factors
can be formed for each antenna section. The antenna sections are then
adjusted using the correction factors so as to ensure that each section is
properly calibrated.



| ocat B® BB#Wen the beam forning device and the radi at @CTiSEem27 AS a
result, the antenna array conponents do not need to be as accurately

mat ched since any di screpancy can be corrected by using the present

i nvention. Furthernore, the present invention can also be used to test the
antenna array 20 to verify that the conponents of the array are working
properly before the antenna array is used by the comuni cati on system
According to one enbodi nent of the p#esent invention, a method and
apparatus for calibrating the transm ssion of an antenna array for use in a
nmobi | e radi o cdvneordingito anothersembadimentnfsthe psesant invention, amethpdit si gnal is

25 ' d_i h.ar ke : : ion, : i me. Th
Sgnal |t r n Apperafis 0¥ cultedy e Eceplial of 3 BRPRAARAL 6 bR o cor r cct i on
factors cafpbie radio@inmekicRisi systitaveadiscesel O Firsthn AipueSigAalSRCt i ons are

then adjusted using the correction factors sg as to ensur€ that each
section i genperatedrangd injetted rintoceach antennasection jof dhe antenna arey. effbedi nent of the

prese i nvention,. a pethod and apparat us r calibrating the reception of
an antennd'& é?cqlg?dﬂi&“i a‘_%re%tﬁ%_&émr i%&gmpcaaﬁrﬁ?%%s‘f@ﬂfare |
di scl osed cafrtfiehlbe fijtmied Tof eschdiiiénnh SedinBybattipaiifg thelifjetted sigap each
antenna section of the antenna array. The > 'signals received by each
ant enna sadth the measuredzsignalsi Each anteanar sectionm pans then de adjustedhwsinge f or med for

each antenna secti o conparing t I nj ignal .with the nmeasured
si gnal s. &%Wﬁ#@ﬁ#ﬁ‘%@c %ﬂ‘g“?ﬂﬁﬂ %@ﬁéﬁﬁﬁﬁ&%“a&%’?ﬁgycor rection
factors seairated, The\Wofrelatioh fact6f can lalyrte adj@stedfori nownoper | y cal i brat ed.
The correlation factors can also be adjusted for known 10 characteristi

of th® i nehanacteristicsrofcthe individual-antenna elements.

Brief ipti f )rawin:

The present invention will now be described in more detail with
reference to preferred embodiments of the invention, given only by way of
example, and illustrated in the accompanying drawings, in which:

15 Figure 1 illustrates a typical cellular radio _ebmmunidﬁon system;

Figure 2 illustrates a configuration for obtaining calibration factors for
the reception of an antenna array according to one embodiment of the present
invention; | e

Figure 3 illustrates a configuration for obtaining calibration factors for
20  the transmission of an antenna array according to one embodiment of the
present invention; o ' '

Figure 4 illustrates beam forining correction according to one
embodiment of the present invention; and '

Figure 5 illustrates digital correction of beam forming according to

25  one embodiment of the present invention. ' : '

cl - . n i ’
The present invention is primarily-inténded for use in base stations in
cellular communication systems, although it will be understood by those
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Brief De¥@i%¥i®h of the Drawings The present invention wi PCTSE/49627
described in nore detail with reference to preferred enbodi nents of the
isnvention, given only by way of exanple, and illustrated in the

acconpanyi ng draw ngs, in which: 15 Figure 1 illustrates a typical
cellular radio communi cation system Figure 2 illustrates a configuration
for obtaining calibration factors for the reception of an antenna array
according to one enbodi ment of the preselt invention; Figure 3 illustrates
a configuration for obtaining calibration factors for 20 the transm ssion
of an ant ennaskillednin thecast thah thet present invention camalso betused jn ethenwationsent i on;
Figure 4 illustrates beamfor ng correction according to one enbodi nent of
the present i g‘ % 5 illustrates digital correction of beam
formng according j erme fi Foekticl, al (ABbRItIA SHtworkvieiskdtp Det ai | ed
Description of the Di scrx}%sure he present I nvention is pr| marily intended
for use in basalibsitetthe camponents associated ovith each antesna seationref ansanteanagh i t

YmnillenPiGOlrjl gg;iﬁﬁﬁ%‘ﬁ@“ﬁ%ﬂ “b ‘P% f‘%‘%’#ﬁ#&’&é?ﬁ%ﬁ“ B&F §g§$ons

According to i BY&N{thiRdh ﬂ‘ﬁ? Fational T red@ptiviy dalibfationsid t O
cal i brate the conponerts assoclated w th each antenna section of an antenna

5 array. Fiperfernied by injeotingeskuovansighajutoaaciy anteona section and imegsuting
reception of n ant en a@arraxnl n a b%&e SAsahinsg'ate&mf ﬁ;gur atzl’%n The

reception cal
u'ansmitter 18 generates a signal which is applied to each antenna section 10

10 by a calibration network 16 which is a passive distribution network dividing
the generated signal to a calibration port at each antenna section. Each signal
is then passed through its respective low noise amplifier 12 and the resulting
signal is detected in the beam forming apparatus 14. The beam forming
apparatus 14 can then generate correction factors by comparing the

15  transmitted signal to the received signal so as to individually calibrate each
antenna section of the antenna array 10. No calibration factors have to be
applied if the received signals from each antenna section is identically related
to the known signal injected into that antenna section. The occurrence of
errors and component behavior will alter these relations which will be

20  detected by measuring devices in the beamforming apparatus. Correction
factors describing the amount of corrections needed as compensation in each
antenna are then calculated. The correction factors can be described as
amplitude and phase corrections or as corrections in I and Q.

A configuration for calibrating the transmission of the antenna array

25  in a base station is illustrated in Figure 3. According to this embodimeat, a
beam forming apparatus 34 generates a transmit signal which is applied to
each antenna section of the antenna array 30, one antenna section at a time.
After the transmission signal has passed through a respective power amplifier
32, the calibration network 36 samples the resulting signal from each antenna

30  section. The resulting signal is then fed into a receiver 38. A computation



per f or WOPSB$108nj ecting a known signal to each antenna setrigm9s@gesy Measuring
the output fromeach antenna section. As illustrated in Figure 2, a '
transmfter 18 generates a signal which is applied to each antenna section
- 10 10 by a calibration network 16 which is a passive distribution network
dividing the generated signal to a calibration port at each antenna
section. Each signal is then passed through its respective |ow noise
amplifier 12 and the resulting signal gis detected in the beam form ng
apparatus 14. The beam form ng apparatus 14 can then generate correction

factors bynfean®a0irskites ke teived sinal'fromethe Teekiver Mth@hé@ﬁgimed si gnal so
en

as to individually calibrate each antenna section of the antenna array 10.
No cal i br atransmit signal forreach antgnnasectioni Sthej accurrengecof¢rvard asdgnal s from each

hat - ant onfemporent febRhd 6L alfe B Riions Wifcn BillBe 3rEBRL by BEh avi or v 1
al ter t hesgompinetib@ ifieathasid cbirbdricRcfadfBrs dedesibia e RitoRASHT i Ng_devi ces i n

t he beanform ng, apparatus. Correction factors describing the amount of
cor r ecBi onsomectiong fsompensation dm sachaantennazsegtion aeen cal cul ated. The

need
ce corr et FHRIBRET, TR popdtRi B h AR B FRRNER BB T ol o
of the ant gaftectitns Bt coprections i IadeQst ation is illustrated in Figure 3. .

According to this enbodinent, a beam fornmi ng apparatus 34 generates a
transmit signal Theiantenng azgay|usesitheomeasurednorreation £astars ¢ form t he ant enna

paseed  hr SHIRUAEUR RS S, Rlsrtably By, e be'eul. ARBEARE 1) oo g
sanpl a9 t heeveeslhbindds Sordiirg fne@oreatdh fidiors Rradjlst thé aftehiiarryie ' esul ting
signal is then fed into a receiver 38. A conputation 6
As illustrated in Figure 4, the correction factors can be used to adjust the
phase and/or amplitude of the signal between the beam forming apparatus 42
and the antenna array 44. In this example, the correction factors can be
applied to an amplifier 46 to change th_el amplitude of the signal and/ortoa
15 phase shifter 48 for changing the phase of the signal. Furthermore, as
illustrated in Figure 5, the correction factors can be used by the beam
forming apparatus if digital beam forming is being used by adding the I and
Q correction factors digitally before A/D conversion. |
The present invention severely reduces the accuracies required of the
20  components connected to each antenna section because the present invention
measures and corrects for errors generated by these components. In addition,
the calibration network simultaneously tests the devices associated with each
antenna section so as to verify that the antenna array is working properly.
It will be appreciated by those of ordinary skill in the art that the
25  present invention can be embodied in other specific forms without departing
from the spirit or central character thereof. The presently disclosed
embodiments are therefore considered in all respecis to be illustrative and not

restrictive. The scope of the invention is indicated by the appended claims
rather than the foregoing description, and all changes which come within the



means. 40"PEFAES the received signal fromthe receiver 38 RGEHFENSHRESZD i gi nal
transmt signal for each antenna section. The occurrence of errors and
conponent behavior will alter these relations which will be detected by the
conput ati on nmeans and correction factors describing the amunt of 5
corrections needed as the conpensation in each antenna section are

cal cul ated. The correction factors can be described as anplitude and phase
corrections or corrections in | and Q The antenna array uses the neasured

correction factors to form narrow antenna beaps w th preferably | ow side
| obe | evel s. mitaning and:range of equivalence,therrad are ﬁg%ﬁﬁé“ ction
factors to adjust the antenna array. As illustrated in Figure 4, the

correction fattots can be used to adjust the phase and/or anplitude of the
signal between the beam form ng apparatus 42 and the antenna array 44. In
this exanple, the correction factors can be applied to an anplifier 46 to
change the anplitude of the signal and/or to a 15 phase shifter 48 for
changi ng the phase of the signal. Furthernore, as illustrated in Figure 5,
the correction factors can be used by the beamform ng apparatus if digital
beam formng is being used by adding the | and Q correction factors
digitally before A/D conversion. The present invention severely reduces the
accuracies required of the 20 conponent s connected to each antenna
section because the present invention neasures and corrects for errors
generate by these conmponents. In addition, the calibration network

simul taneously tests the devices associated with each antenna section so as
to verify that the antenna array is working properly. It will be

appreci ated by those of ordinary skill in the art that the 25 pr esent

i nvention can be enbodied in other specific forns wthout departing from
the spirit or central character thereof. The presently discl osed

enbodi ments are therefore considered in all respects to be illustrative and
not restrictive. The scope of the invention is indicated by the appended

cl ai ns



r at heWO%8A418he foregoi ng description, and all changes pdisHIsBesa® W t hin,
t he 7 nmeani ng and range of equival ence thereof are intended to be
enbraced therein. 8 W Caim 1. A et hod for calibrating the

transm ssion of an antenna array for use in a nobile radi nmuni cat i on

system said antenna array conprising a pIT ' _ a.sections, said
nmet hod conprising the steps of: 5 B ,m l”"'""'"’m,ﬁ@ﬂan I nput si gnal

i nto each antenna section one antenng sectidn &t 'a tm ns; asuring a signal
transmtted by each antenna section; formng correction factors for each
antenna s¥¢¢ Cldimtr om sai d neasured-signals; ~and 10 - adj usting

out put of said antenna sections _w th said correction factors. 2. A

met hod for cal ilbr at iAngnethad for salibrating the wansgssion efamanteanaammay:or di ng t o

the ant enfdl LBl S RebuE 6 ShindinlBR0F spl 130 ab@ad 887 7% o seion of an
:Rt :nnfai ?nggpgi]gngqrﬂMty of ahtenna dectiviy; rsaidmethod comptisingitherstepet or s adj ust
np
of:

5 inputting an input signal into each antenna section one antenna
section at a time;

measuring a signal transmitted by each antenna section;

forming correction factors for each antenna section from said
measured signals; and ‘
10 adjusting output of said antenna sections with said correction
factors.

2, A method for calibrating the transmission of an antenna array
according to claim 1, wherein said correction factors adjust the phase of the
output of the antenna sections.

3. A method for calibrating the transmission of an antenna array
according to claim 1, wherein said correction factors adjust an amplitude of
the output of the antenna sections. |

4, A method for calibrating the transmission of an antenna array
according to claim 1, wherein said correction factors adjust the phase and
amplitude of the output of the antenna sections.

5. A method for calibrating the transmission of an antenna array
according to claim 1, wherein the correction factors are applied to signals
between a beamforming means and the antenna sections.
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the out pu?”’?“"’i%e ant enna sections. 4. A nethod for calBGYSRIFAY2T he

transm ssion of an antenna array according to cl ai m 1, wherein said
correction factors adjust the phase and anplitude of the output of the-

ant enna sections. 5. A method for calibrating the
antenna array according to claim1, wherein the corre m’ﬁ @"Bﬂgjﬁ!&
applied to signals between a beanform ng means and the+a .

6. A nmethod for calibrating the tran ssion of an antenna array
according to claim1, where nth rrectlonfactorsﬁgre ap ied digitally

to a beanforning r¥ans. A7me the tnsmgisgion &FaY¥on of an

ant enna arr ay,bofk ngtpl? kRO R rEctioR Yakts R dr ant enna
array conpri SI ng a %?udr"% 1ty ant enna sections, sglaaﬁl éﬁﬁg}d ?O%?I si ng

the steps of :begmfermihgmgeans. i nput signal; 5 injecting said
I nput signal into each antenna section; neasuring a signal outputed by each

antenna section; formng correction signals fromeach antenna section by

conparing the inj ted i ng said
ant enna sections \?\fth salrg correc‘fé@%@ors gﬁﬁ@?ﬁh\%&?ﬂgéﬁﬁg‘f&t

calibrating tdse in acepbileradid commanication system,y said antednz grriy comprising.a wher ei n
sai d correct ilgn factors adj ust, the pha f SI nal s recei ved on each

antenna sect | wrality of antepnacsegtions; said d& mpEsingdhe stepyofion of an antenna
APl tude of s'gnals rckemied eétiﬁ‘%thiit aant enna sections, o
5 injecting said input signal into each antenna section;
measuring a signal outputed by each antenna section;
forming correction signals from each antenna section by
comparing the injected signal and said measured signals; and
adjusting said antenna sections with said correction factors.

8. A method for calibrating the reception of an antenna array
according to claim 1, wherein said correction factors adjust the phase of
signals received on each antenna section.

9. A method for calibrating the reception of an antenna array
according to claim 1, wherein said correction factors adjust an amplitude of
signals received on each of said antenna sections.

10. A method for calibrating the reception of an antenna array
according to claim 1, wherein said correction factors adjust the phase and |
amplitude of signals received on said antenna sections.

11. A method for calibrating the reception of an antenna array
according to claim 1, wherein the correction factors are applied to signals
between a beamforming means and the antenna sections.



10. KOSB#EE for calibrating the reception of an antempgasszogggaficcor di ng
to claiml1, wherein said correction factors adjust the phase and anplitude
of signals received on said antenna sections—%%: A—ethod far
calibrating the reception of an antenna array grding to claiml1, wherein
the correction factors are applied to signals ﬂmuﬁﬂ lﬁ Hm m ng nmeans
and the antenna sections. 10 12. A et hod c U Mthe
reception of an antenna array accordifg to claim1l1l, wherein correction

factors are applied digitally to a beanform ng neans. 13. A system for
cali brating the 12 ansAimethed faf calibrating ahe recaption/of an anteand array nobi |l e radi o

conmmuni cation system .said antenna array. conpri si. plurality of antenna
secti ons, @&?Qfdg‘}_stf’mﬁbhpw TeiR, corgection f?@?"l%&?l’nﬁwgd‘ﬁﬁhih&@ signal into

each antean%n%ﬁsantenna section at a tinme; nmeans for neasuring a
signal transmitte y each antenna section; neans for formng correction

factors for each antenna section fromsaid neasured signals; and neans for
adj usting output_of said antenna segtigns with said correction factors. 14.
A system for cal}3er athsystemefor cording to

MAHHI0N-Qlcdihan
claim13, ' [ o ch -aed ar ' : _ of the output of
t he antenn\gggég ?‘0%3@%&%@&?@‘2‘!‘&%&%‘% E@gt#%n?%r ansm ssi on of an

ant enna ar rodynprising a plurality of antenna sections, said system comprising:

means for inputting an input signal into each antenna section
one antenna section at a time; '

means for measuring a signal transmitted by each antenna '
section; S

means for forming correction factors for each antenna section
from said measured signals; and

means for adjusting output of said antenna sections with said

correction factors.

.14, A system for calibrating the transmission of an antenna array
according to claim 13, wherein said correction factors adjust the phase of the
output of the antenna sections. | |

15. A system for calibrating the transmission of an antenna array
according to claim 13, wherein said correction factors adjust an amplitude of
the output of the antenna sections.

16. A system for calibrating the transmission of an antenna array
according to claim 13, wherein said correction factors _adjus_t the phase and
amplitude of the output of the antenna sections.
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accordi ng to é‘ %131 m 13, wherein said correction factors adj BE¥/Ses/mepd i t ude

of the output of the antenna sections. 16. A system for calibrating the
transni ssion of an antenna array according to claim 13, wherein-said
correction factors adjust the phase and anplitude f the

ant enna sections. 17. A system for calibrati r{ymm'm Gﬂﬂﬂ'&n of an
antenna array according to claim13, wherein the cofrec are
applied to signals between a beanform ngllreans and the antenna sections.

18. A systemfor calibrating the transm ssion of an antenna array
according to clai mi13, whsystem fomealiboating- the dranfmission of ancantqnnk atdzydl gitally

to a beanfor st mfor callbratin e rec;e ion of an
antenna array r‘ﬂﬁggg cﬁ}é lr”r{otWA'feééL’P %?95 ant enna
conprising a bétwean htuémi‘oﬁnhg@ﬁanﬁﬁa 'tlié‘ﬁnteﬁﬁ seclomt em CO”P“ S' ng: mneans

for generating an input signa means for injecting said
I nput signal into each antenna section; neans for neasuring a signal

out put ed by each a enn sect | r formn rrection signals from
each antenna sectl m??rg“ﬁéh% @Et%s@séﬁﬁl"? QnieRna ag@Y s ur ed
signals; and ﬂ&ordm toclmm 13, wm%égé ?g fﬁ_!f ggtions
wth sald correctlonfactors Asystemfor cal i bfating-t reception

of an ant ennad heamiorming meansy to claim 19, wherein said correction factors
adj ust the phase of signals received on each antenna section.

19. A system for calibrating the reception of an antenna array for
use in a mobile radio communication system, said antenna comprising a
plurality of antenna sections, said system comprising:
means for generating an input signal;
5 means for injecting said input signal into each antenna section;
means for measuring a signal outputed by each antenna
section;
means for forming correction signals from each antenna
section by comparing the injected signal and said measured signals; and
10 means for adjusting said antenna sections with said correction
factors.

20. A system for calibrating the reception of an antenna array
according to claim 19, wherein said correction factors adjust the phase of
signals received on each antenna section.

21. A system for calibrating the reception of an antenna array
according to claim 19, wherein said correction factors adjust an amplitude of
signals received on each of said antenna sections.



21. A systemfor calibrating the reception of an antenna array according
to cl ai erein said correction factors adjust an | f signals
receive %%%%ggh of said antenna sections. 12 22. Zi[g%#%&g?zgr 3
calibrating the reception of an antenna arra ' m 19, :
wherein said correction factors adjust the ph | i t ude of signals
recei ved on said antenna sections. 23. A syg‘imﬂ ’ “ﬂ,ing t he
reception of an antenna array accordi@ to clec d 9L *% he correction
factors are applied to signals between a beanform ng nmeans and the antenna
sections. 24. Sys r i ' &#@' - i antenna array
according to clalm 19{‘?’%@;9?1%%%% P‘gn gﬁﬁg%r@&%lﬁﬁ digitally to
a beanf or maggordR@N®. claim 19, wherein said correction factors adjust the phase and

amplitude of signals received on said antenna sections.

23. A system for calibrating the reception of an antenna array
~according to claim 19, wherein the correction factors are applied to signals

between a beamforming means and the antenna sections.

24. A system for calibrating the reception of an antenna array q
according to claim 19, wherein correction factors are applied digitally to a

beamforming means.



