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BACKGROUND The present invention relates to cellular radio
communi cations in general, and nore specifically, to a feed-forward
mul ticarrier power anplifier architecture and to a nmet hod of and

apparatus for spatially filtering unwanted internodul ation products
using A feed-forward mul ti - caMEFHODOOF ANIPAPRARATUSIFOR r ay ant enna

architecture. adi o comuni_cation systens, the

ability of a radl o] receﬂ%*gpgﬁgsﬁtm&&hdﬁngﬁl%R%HETSHN)édcast by a

distant transmtter is |imteg Ay QW%RE‘IOH]SYS&‘Wml noi se present
e

in the radi o channel and the n0|se I ntroduc e receiver Itself.
In cellular radi o communi cation systens, the ablllty of a nobile station to
receive signals transnmtted by a base stiilqg !i limted not so nuch by the
thermal 15 noi se in the radi o chann r by the anount ©f

i nterference presenel gﬂ edefi€invention feg@éscbcclaﬂﬂflaﬁ%’%di{) Rbfinlnialiohs &l #e*n% if rg%in

several sources: so-called co-chann rference arises
comruni cat i onsndretspesificablys to 8 f@qdribmaldnuulmuiriee power amphﬁeri mhltdtdnur&d!na(lﬁ £

di st ant | th o] [
2 acont - enorstne bEm S ot So Y Tl R A AREEORIAROD BRASER base
stations 20 ugg méadtﬁnsaxatmaﬁscah@ertﬁﬁvémlﬁﬁk 'u]; %h ah?g @1@?%1%3@%&?%5.3

operating on adjacent frequency ‘bands. "I nmper
recei ver sl@nd t r andmmnpise dimiteld|radvo commauni¢ation systemisetheaability fof aopadiRcreceiver @y
I n one band tQ sp er. tg.and interfere wth ather radi frequency
bands. Anot hef*5 Vtee%ﬁ%éﬂ f%naglb@?f’%ﬁ"%g’xt ?W%aﬁnmﬁ‘f rlfr@’r‘gﬁE% the: argeuntigfy

i nt er nodul at i gienMBDAGISE Pregeit @i SecEdidycarili dnddfe ﬂeﬁelxﬁ&dc%eea By Qﬂ@{récte%?
nodul ati on 25 AMto AM and anplitude nodul ation to phase nodul ation (AM

to PV conver #@h In cellularradigecomymunieation; ntemmhecnﬁxlner thaamlobde aatibnfto er s.

This problem g, 351 SOV 1e d i nk S
transnitted b§'/f=§:f3 % Ys "|"(') n')‘%r ?ﬁ’ & %tﬂéonblésl ‘&I‘&dﬁﬁ Hudh by by the é‘ﬁg’“a]
si mul t anelsus| yioise ﬁxadmaaﬁib dHehsidl Pt mmref bse thd ERGURNSH interfebénch présentinthd t h

one another |nthe a&]lflers In power amplifiers, a
trade-of f is banngls o fpt TFQPCWIS%W@F’ YARAL QyTges: so-calledeechanmsty and

the |evel of idiéﬁérmbﬂrﬁ'&é %nﬁaﬁ@é&ﬁngﬁ@ﬁfcﬁfs%t\pé’entlﬁ@e QERbAS Al mobilk's:

stations in adjacent or distant cells which occur on the same frequency band; so-called

adjacent-channel interference arises from radio communications between base stations

20  and mobile stations in the same cell or from adjacent cells- operating on adjacent
frequency bands. Imperfect filtering in the receivers and transmitters allows some of -
the radio frequency energy in one band to spill-over to and interfere with other radio
frequency bands. Another potentially significant source of interference arises from
intermodulation products generated by amplitude modulation to amplitude modulation

25 (AM 10 AM) and amplitude modulation to phase modulation (AM to PM) conversion
in the base station and mobile station amplifiers. This problem is usually most severe
in the downlink (i.e., signals transmitted by the base station) since the base station
often simultaneously broadcasts multiple carrier frequencies which can mix with one
another in the amplifiers.

30 In power amplifiers, a trade-off is made between DC to RF power conversion

efficiency and the level of intermodulation products generated by the amplifier. Thus,
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good DC to power conversion efficiency and high spectrar purity can be
contradictory requirenents. The choice of anplifier is therefore
significant in the design of the cellular base station architecture.

To date, there have been several base station architectures identified.
Most 5 comonl y, base stations use a2single carrier power anplifier
(SCPA) with a frequency sel ective conbiner. This architecture offers
about 6- 7% goodr RCI to[RF powBconversiquoefficieneynanst Bighrspedtfal purityceandere t o t he

i nsertion | osses, encount.ered, i he . ac anyi ng. f requency .c I ner.
The 1 1 equerkapOBBITEIN SPemEPts, Th Sheicg,of AR 18 \Bidhord SEMFLER A

sel ecti vi tydégl(y'nc&f e Celggdbdse sktiofiardhitettire uned during the base 10 station
I nstal |l ation. Anot her common choice of architecture enploys a

nul ti-carrier pohedate, there hrye been seyavlbase statiew architegturey identified. ost d

general Iy be hi Yl i N | . ' ' yl.ation

pr oduct ar YOS REY %ﬁe{%ﬁ%{o&% &F‘ﬁégg‘gkﬁa@nﬁﬁ‘{r%&%& %%‘gzlqu{he carrier
frequenci esgyfifety sélbativardotibine?! - Thi@icRitehire offeedabidue 601 Hverdll DCY ®AREBNCY
conbiner is required, this solution only offers an overall DC to RF power

conver si on RAwercioamersiopreffigiongy dpego,tho\insesiogHossenprgonnterediia thhe above
ti oned i ' typi.cal,dy h
o e ¢5RBEAbE HEGHERY R BRE e SRS okt ERRp UGl s 2

conpl ex t ectsmict dyequendy. selastivite sdijcht may need toetset manually punsdudiringthe 2ase
Finally, an SCPA capn be used with antenna conbiners to give an overall DC
to RF pnerstatignmsailaiones i ci ency of approxi mately 22% which is achi eved
at the expe - Ll d, 2. e area
nore or |ess Rﬁgtrhglfp"ér | o%a Hﬂ(ﬂ%%?ﬁ%ﬂﬁﬁi%%i@ﬁcﬁlg%ﬁé rﬁ}@?gﬁlfﬁémrvg‘gust ness of
t hi s desi gnamplifiéera MGPAQv &ihfortunatdly, MICPAsi shotidngeneratly|bengldy lmemd iof avoid i n
an array, using spatial Bﬁarrbi nati.on of .a 25 er nna el enents

nunper of ~an
i nst ead of & tIptgrm _0%%9\1‘?‘? st °5hfb§rfﬁ¥i‘.mg_ & dt‘&er_em Use of an
MCPA and ar mgyuiaidt @aferfeciabndieOwithiv te B@pBfierd! Théretdry Cevefll tibighno i f
the overall DC to RF power conversion efficiency of this solution could be
i nproveld Clrequency MORbinge is rgauirets thisisolutionenbyr offers anioveralldDErioRE powhe

needed conve sgo%vgf'ﬁg{%gy iof' al%uft i496fPCXIIhough comparable to the above mentioned

SCPA/frequency combiner solution, the MCPA typically has much lower robustness

and reliability. A high power MCPA is also a complex technology, i.e., not easy to
master in production. _

20 Finally, an SCPA can be used with antenna combiners to give an overall DC
to RF power conversion efficiency of approximately 22%, which is achieved at the
expense of mast mounted power amplifiers and a surface area more or less
proportional to the number of carriers. The robustness of this design can be improved
by distributing small power amplifiers in an array, using spatial combination of a

25 number of antenna elements instead of one central power amplifier per antenna.

Use of an MCPA and array. antenna combining would be an attractive solution
if the overall DC to RF power conversion efficiency of this solution could be
improved. Current MCPA designs do not, however, promise to produce the needed
improvements in efficiency. .

30 The intermodulation introduced by MCPAs can be reduced by using one of

two methods: feed-forward cancellation amplification, or linear amplification with
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non-1inear conponents (LINC). LINC anplification is quite conplex and is
currently conpletely unsuitable for | owcost, mass produced
anplifiers. A bl ock di agram-8f a conventional feed-forward
cancel lation anplifier is illustrated in FIG 1A In FIG 1A an RF

i nput si gnal , noshlirsear spmpomanm (LINQ)| USENG taoplifigatior is qnilecomwexi andajspiurredtly o

coupl er |00a Wmlﬁ cou eﬁ)ﬁ rtlons of the i ut Si gg delay line
140 and to mefOmRIcHELY; wrisuja ?Psﬁrﬁ}f’qsfﬂr H’ﬂ‘%es the anplifi | ed
output whose signak piadCdiagtdi 6f 4 hbmhﬁaﬁmeed:fd%{v@m é&celﬂi iliflep 7@
spectral conmponents Shown in FIG 1C as conpared with Fl | B are t he

i nt er rodul at i ifinstrated in FI@Gdiat Inddferldt,cah REdnpwt signal,i wh@aelspe@sum ns fihstrated

?gp::: fGI erléllg‘“c@&? |?gp f them%glﬁ ggﬁg)whlclhqugyﬁ tput Si q}r}%?gﬁ) C%.ru shovvn

del ays the cOyypeRnd P40 Wt&ﬁxaﬁmﬂpmwn@l gmhn Wnbhﬁer 110 proan&sthe amfpnﬁed
output of main anplifier 110 producing a ed signal such that the

two signals radput mmrgmweaﬂmppnmem Qel%aﬂﬁetaﬂdﬁlonmemlput of

150 t i1 | i f] 160.
A 11 ary 15 conprrS epve b FICh 1€ PrEatRPile 1674 vk i megulsin
produci ng an grolftts Eéﬁe&ﬁ@d deéto noxﬂm‘éhﬂﬁ@sl mlﬂlhlﬂséxﬁﬁlﬂﬁi 110. FA%ortidB of lthe error
correction signal ould be matched in anplitude to the

i nt er noduat i mplifieddonpw signak spectrumpshorm in Hﬁpl 1G iiseoupled topymmer 150y er sed

0 Pnase T cohBRY 1ROR: AR e ST GOY AlleAduRlea ARl LA AT WAL o
subtracted frespeched @ outpiof ntdie dmplifies 150 gmiucmlgcur déllyedasigmatisuch paathe
illustrated in FIL.G | E to have [ nterrm ul ation ﬁrodu ts whi ch are

greater than SHoHEnalHTRICH F‘HH%“FF\&SQQT’ ?PR!P"““"“* Y the sk HEee sThe puPWRS: of _
cancel l ation gushedEsoPs a%%f&a-% i Wnfens $Bupled 16 Sukilia X %hf?é}cﬂibac)(uxl lary

Typically this requires error correction sig e mai ntai ne
greater tisan aﬂn;ﬂxﬁbe@ﬁﬁ@ymtsahe amplitudecyf thedrror tigds pmﬂimmgldn earoc gomegtionhi ch
uction. The feed- rd te ue can

be used in arsienal oSy it S0 DL B ROl qomrate el RO bE B et <
but at the coghpifthdd R/{heHRFfmodulationSiroli&dte Qéﬂérﬁed’ b? thaifl nfRiRed 10 Nbut
conpl exity and corrponent cost. In particular, hig
reversed in phase. The resultant vector cancellauon of the intermodulation products is
performed in coupler 100c where the error correction signal is subtracted from the
20 - amplified input signal. For the output signal illustrated in FIG. 1E to have
intermodulation.products which are greater than -60dB down from the carrier
frequencies, the vector cancellation must be performed with a high degree of
accuracy. Typically this requires that the error correction signal be maintained with
greater than 0.5 degrees phase accuracy and 0.1 dB amplitude accuracy which is
25  difficult to achieve in production. The feed-forward technique can be used in an
MCPA to effectively suppress intermodulation products But at the cost of low power
efficiency and a high demand on complexity and component.cost. In particular, high
power MCPAs are difficult to master in production.
Accordingly, it would be advantageous to construct a phased array antenna
30  which uses MCPAs in which inter_modulation products can be managed without having

to resort to expensive and power inefficient feed-forward cancellation techniques.
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SUMVARY According to a first exenplary enbodi ment of the
present invention, a nethod of and apparatus for an inproved

feed-forward nulti-carrier power arrpﬂIMMAR_ architecture is described.

The i nproved Dr OV ifier for | f als ut
si gnal havi ng algr TFaRS R,aﬁstggeqxp@gp n ‘Eﬁg‘ﬁ{’:‘l %fsd\?/r?f?,sﬁng 8‘};‘&‘8‘8 :nof
ampl i fied Qftapdtapprafis ifo ARAprovaDfcedForded hittki-chlien powan amptieiet | onal
unwant ed frequency conponents. An error signal represent ative of

unwant ed f rachitsamiye is descrigdp cHhenimproved: MEPAnptavides @ mainpmplifiegfar i s

i gnal fhi PRIy E BIRBRNalERind R pryiny TSR R B vBh Wy ncelph |
response tmumat t%ifgﬂﬂlaéom pHén gcmeuesiredss]gﬁw aridSadditHaP GnWinte@par | ng

t he anobunt of phase shift provide the phase shifter with a phase offset
val ue. fremenqynmqmtgemwem%sxm rmeacnmvv &f ynygnted frequency

i
ethod of chubaREne I e PAPIRE P R boBbink ol F3FRlel i ) °
enpl oyed angdnéfate a ? Base (shifed inpit n@ﬁaewlmeh isophase sﬁiﬁb@@ﬁnﬁa possidhe appliedesuch

that a - Iuralrt radi ati on &es are produced. In at |east one of
the | oBBs, vered mmt@aeméa%m!w@ahp he gentrol "signal (ﬁunsiated.bst SIMRATINEAL i on
product s) &rﬁﬁ Habe

provi di ng 2%% aﬂﬂfrl ergér %%{ﬁi#&tﬁﬁgpbnm te??%%@h@?%oméﬁgﬁtvame 20

BRI EF DESCHIHETplabe Gffset Waluohval béXime varying. An exerrpl [ fy| ng enbodi nent
of the invention wl|. now be dgscrr bed in detail] with reference

to the accompanyMffgr Jp8,f% Agecons EXGPlaRY ?’P\i‘gpl’%ggtc‘?f the preseptipyprtion, a5 ¢

used to reffRinb® of bfid hpfarRbhE TR Using O @hfoRed feed-forward MCPR! fs erdployéil #nd
schematic bl ock di agram of a conventional feed-forward
15 described. A phased array architecture is presented such that a plurality of radiation

lobes are produced. In at least one of the lobes, the unwanted frequency components
(i.e., intermodulation products) are independently steered from the main lobe thereby

providing spatial filtering of the unwanted frequency components.

20 BRIEF DESCRIPTION OF THE DRAWINGS
An exemplifying embodiment of the invention will now be described in more
detail with reference to the accompanying drawings, in which like descriptive labels
are used to refer to similar elements, wherein: '
FIG. 1A is a schematic block diagram of a conventional feed-forward
25  cancellation power amplifier;
FIG. 1B illustrates an exemplary signal spectmm for an input signal associated
with the block diagram of FIG. 1A,
FIG. 1C illustrates an exemplary signal spectrum for an amplified signal
associated with the block diagram of FIG. 1A;
30 FIG. 1D illustrates an exemplary signal spectrum for an error signal associated
with the block diagram of FIG. 1A;



25« cancel | ation power anplifier; FIG 1B illustrates an

exenpl ary sig ctrum for an input signal associated
g#mé?f PC’%B‘;{&%

bl ock di agram FIG 1C illustrates an exenplary
signal spectrum for an arrpl i fied signal associated wth the bl ock
di agram of FIG 1A; 30 FIG IDillustrates an exenplary signal
spectrum for an error signal associated with the bl ock diagram of
FIG 1A WD 98/ 09372 -5-
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FI G 1E il | ustr at e¥FIGn 1Extingtatesyanséxgmplary signal spactrom fom apuougputt signghal
associated with the bl oc iar of F 1A, FIG 2A<is a
schematic bl o€$§°ﬂﬁ§&r‘§“§'§fd‘?lggﬁ gﬁb%v@?‘ anplifier according to
a first exenplary ﬁ@oﬂhnﬁ'ltscﬁémﬁtlit‘?bl@&leaﬂg arh oY §64d-Ritwardopower amplifierF! G 2B
illustrates an exenplary signal spectrumfor an input signal associated

with the bl ochcabrdigg amacﬁrsFtJGmmaxy embodiment of the prespntzimlembnst rates an

exenpl ary signal t r.an a ied.s ociated with t
bl Ck. di Aok am of PRE: oMt o RRpiacy aighafiberym fon aB REH Sepbhariopipe
si gnal spectr yimfige b%tk%ﬁgﬁmc&frm@tzpn signal 10 associated wth the
bl ock di agram of FI G 2A, FIG 2E illustrates an exenplary

si gnal spectrum f oFIanlSuﬂpsItat@Si anevemplary signal spactrugufogianramplified| signeal
diagramof FIG 2 schemati c bl ock di agram of a
phase and anp?ﬁsf’ff%d%‘gh%%?‘:k dmg‘la%aégﬁ?aagbusl y enployed as part of the
feed-forward power FpGPRDf fll@strftés i exapipta® Nignkb speoii@i for@; error correction signal
FIG 3 is a schematic bl ock di agram i1l ustratl ng t he-operation of a

convent i olhl agsneiated pritls the bleelagiagrane ah KIG. FIG 4is a

schematic bl ock di %g% ?Eqﬁ,f,&,-a?é}a% ket ﬁzﬂ%ts?éh trﬁﬁlcfﬁgghr&tﬂu? sfgnal G 5

second exenplary e e pr tion,

s a schemat i gssbtiarl Wliﬂagfeamm:lt ﬂlagtanabfﬁtﬁim operat i on of the phased
array antenna of F|.G. 4; .an |G _6 is an jllustratiqn of a
phased array ant enBiCa2Eds a,sgger@qglcablgg;:%gram of a phase and amplitude modulator

advantageously employed as part of the feed-forward power amplifier of the present
15  invention;
FIG. 3 is a schematic block diagram illustrating the operation of a
conventional linear phased array ﬁntema; '
FIG. 4 is a schematic block diagram of a phased array antenna according to a
second exemplary embodiment of the present invention;
20 FIG. 5 is a schematic block diagram illustrating the operation of the phased
array antenna of FIG. 4; and
FIG. 6 is an illustration of a phased array antenna according to a second
exemplary embodiment of the present invention as used in a cellulaf base station

application.

DETAILED DESCRIPTION
In the following description, for purposes of explanation and not limitation,
specific details are set forth, such as particular circuits, circuit components,
techniques, etc. in order to provide a thorough understanding of the invention.
30 However it will be apparent to those skilled in the art that the present invention may

be practiced in other embodiments that depart from these specific details. In other
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as particular circuits, circuit conponents,. techni ques, etc. in order

to provide a thorough understandi ng of the invention. 30 However it wll
be apparent to those skilled in the art-&hat the present invention nmay

be practiced in other enbodi nents that depart fromthese specific details.
I n ot her instances)@etdied deseriptions of well-known methods, devices, and circuits are
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i nstances, QERed $2%BY P 0BTt te desgrpton of th Pﬁ%ﬁ‘*ﬂ%&‘é’?"‘b"é\ﬁ%ﬁ%&”“
Circuits argetajl. Omtted so as not to obscure the description of the
present invention w th unnecessary The_ bl ock

. detail. - .

di agr am schemat i dhefbleckrdiagramoschematia abt feadforwand amplifieri20 aceordingsto a f j r st
exenplary e ' ' ' LS: bl U [ I Nkl G 2A,*
an i nputgsi gﬁgﬁ%%ggge@gna eﬂﬁgﬂ%ﬁﬁ‘r’rﬁ?‘é’hi + m%sg@{gﬁ 38 Ifi%}':'g% @Eld;l“%ﬁ '
ol 2y 11 e S . R e N oo | 1oar 230 pr oduces
m_e ﬁnpl i fi @%L‘i{hﬁﬁhCWEEQP“&?E@WWHS;“E;‘?EB&MYW‘H 0 and tomaidr t i on of

ichis co URKRR
spectr al colré%{ ﬁigiﬁ{ ?@hown iaﬁégﬁg%lzg%ﬁas (%%rrpar e Weﬁgﬁﬁiﬁ:&@f@bﬂ re m t he
unwant ed i ntshowndiuFiGi 2@, ppodion of whichristewpletlito summen2ithby couplers220b. nai n

lifi 230. | | i ne.240 del t h ti f the, | t
Si'Gnal 4D e addieBbal spesiral Gompangith SRaviL i Eite pEl 2 FGRRReA il Finat ar
anpl i fier 23Qe gfg@gjrﬂéﬂ ﬂﬂerﬂxoﬁﬁiaﬁb!f roducts ge%éﬁ%h?L%&%‘?Eh&xh%arM&? i Wi gnal s

reach sumer 2 [ appr oxi nate he sane . e out put of sunmer
250 is an i ramplifier 230. Pelpyaling 24( delayn theicoupled pottionuofithe tinpiit signal with

I nt er modul ation progducts,. " The_i.nput ..err signal is.coupled to
phase and arfEFeTUg R Salified Puiptsignpl from main Smplifiet 23 Riofifng s dripyed

anpl i tude ofsigrAPsuchRHAt tRE 606 sighld dkadhisunBRdtIToCat laPproxafiftelyothe same tingéd.gnal
recei ved from phase control processor 215 (shown in FIG (I;&‘ produci ng the

20 erddr dderantputof summIea 259 Abdm inpwt prrer sigpal repeesentathie ofohe darRBIEds| gnal
IS con_t r ol | §fermodulation products. '

The input error signal is coupled to phase and amplitude modulator 210 which

adjusts the phase and amplitude of the input error signal in response to a control
signal received from phase control processor 215 (shown in FIG. 2F) producing the

20  error correction signal shown in FIG. 2D. The error correction signal is controlled
such that the vector addition of the amplified output signal and the error correction
signal results in an intermodulation vector of suitable phase and amplitude. This
means that the intermodulation products in the output signal (shown in FIG. 2E) have
not been reduced to zero (as in FIG. 1E), but rather will remain in the output signal

25  with phase and amplitude which is determined by the phase and amplitude modulator
210. This feature of the feed-forward amplifier according to the present invention
allows independent control of the phase and amplitude of the intermodulation products
generated by main amplifier 230 which feature may further be advantageously used in
a phased array antenna to control the direction of radiation of the ihtermodulation

30 products independently of the primary radiation lobe as will be described in the

ensuing figures and text.



such that the vector addition of the anplified output signal and the error

correction signal results in an internodul ati on vector of .suitable
phase and MPPBPWIR. This means that the internodul ati BRT/SEYAIGs | n
t he out put signal (shown in FIG 2E) have not been reduced to zero

(as in FIG 1E), but rather will remain in the output signal 25 wth
phase and anplitude which is determni ned by the phase and anplitude

nodul at or 210. This feature of the.f.eed-forward anplifier according
to the present invention al l ows i ndependent control of the phase and
anpl i tude of the ixH &l g:mﬁwﬁwﬁhe hase aaa%ﬁ;ﬁfc@& mbdmatd? ﬁ@jpik'f'er
230 which feature may rther advant ageo sly used ,

array ant ennilidsoratedrif rRiG aﬁe Syyntieesizen 216 fecebvdts atlomfrequenbyg ¢.gt éO rMHll at i on

30 products |nd end of the r adi t|o be_as_ w.l |
descr bed | nRefeEace SEnal dsemta ki Fefeream il (ot Showtd: *signdiipes i

PCT/ SE97/ 014 Qnverts the reference ﬂ%ﬂﬁl toa pllot signal which is close to the fre?uenc] of the
An exenpl ary 1 nplementation o hase ‘and anplitude nodul ator 210 I's

i1lustrat®d inpuFsignal?nt Slmlwm,@éubaMso that hevpi tasxmwvmué:qamwl aSsany. 10

f h
gl;ﬁt hesi zerrg_ﬂﬂ%ﬁn gr%ms %8r &ﬁﬁgpﬁe%gggg)ﬂgggs?ﬁﬂal (? 3 f}'gf'%? g’?’gg\zg?)M| ch

is close to § éi&aawqyugéctémm phase ishifit m ®pakay Bﬂ&mﬁilérgi‘ltﬂaym%i& e
band so that the pilot signal will be treated as_any

i nt er nodul at pilet yigaal msorabrpe@muhgthe@mwt op syramen 230 ;6$h0&tn i %I 2A)r which is

wher o the. | einglh GRbCHEEA nAtbnBRE B N drhiedtt fdhinclflerih SR The 1 @
(shown i 10 FI Gutpdtdf Mﬁp@d’t 11da is referrédi 6o herpintasahé phasti Gifedr inpwtr fg@ANt at i ve of

t he unwant ed |nterrmdul ation_products. ‘The 10 out put of coupler 21la is
referred to herei Rhgs§ shifeerladuayhe fRY. suifable (wos PRt Metwork where the phaspase

shifter 212 eraf'cc Heh! ﬂl@%gu{ a4 ﬂﬁ:’iﬁ sxgﬁ %ﬁ%@@%&&l@?&??@gm& )?1%1211

di ff erence between e out nd in con
control signg.g., DC bu(s&x dn theDékdm;ﬂajy mbdulatbe%&,emﬂsalslmmdmas aroaded linehase

St 212 e Bt i b 4 TR e T aBiE oy

network. 14 N gefle@Ade thpke! REwoYK2SH # [alib®line bﬁ'&e@ﬁﬁi@”t&%@&aﬁﬂ%@f @msa Shift

I's the variance of a"small reactance placed across the transm ss 't ne.

var act or is thdiveriencevifos smalhpeactanes placddsacyessi the trangmission dineof A vavagtori ng

DC bi as, mayd%%e’s \lf/has%béa)f)acitance is variable by means of a varying DC bias, may be suitably
used for the variable reactance. This arrangement provides for a simple low-cost
construction, moderate insertion loss, and is easily controlled for coarse phase

20  adjustments.

Phase shifter 212 shifts the phase of the phase shifter input signal responsive to
the control signal received from phase control processor 215. The output of phase
shifter 212 is coupled to amplifier 213. As will be apparent to one skilled in the art,
the gain of amplifier 213 may be variable, but for simplicity is shown as a fixed gain

25 amplifier. The amplified output signal is the error correction signal. The error
correction signal contains, as a component, the phase shifted version of the pilot
signal originally injected at coupler 211a. The error correction signal is coupled to
coupler 211b which couples a portion of error correction signal to phase detector 214.
Phase detector 214 compares the phase shifted pilot signal received from coupler 211b

30  with the pilot signal received from synthesizer 216 and generates a voltage, VAg,,

where the subscript n refers to a particular feed-forward amplifier 200 where there are



used for the variable reactance. This arrangenent provides for a sinple

| ow cost nstruction, noderate insertion |oss, and j '
controlleﬂ“*%””%%arse phase 20 adj ust nment s. béﬂgg%M%KV%ter
212 shifts the phase of the phase shifter input signal responsive to

the control signal received from phase control processor 215. The output of
phase. shifter 212 is coupled to anplifier 213. As will be apparent to
one skilled in the art, the gain -8 anplifier 213 may be vari abl e,

but for sinplicity is shomn as a fixed gain 25 anplifier The anplified

out put si gnaplurality of fesd-forwardr ansplifiers 260.9Vdltagd WaAde [ waich is represemtativetdfon
signal contains, as _a conponent, the Phase shifted version of the ~p| | ot

si gnal ori gibAPNasg QIHEERES 1 J is

th ai’h di ﬁ]e et&tee%é‘l?pﬁ njscted 4“9 PhPF%S}EF‘FQ)P“Q‘(ﬁ*g@& i1y qoup 3‘?159
coupled to r.gcti on
signal to &hgg%c%lg?(}ei% %’L? 18 Wik Qgﬁlg éct or Eﬁfgr&fx %ﬁ&e Vﬁ{f (ghase
shifted pi|whichingayabe txmeeuamdgf rﬂhme:mnm}oé Iprdhi:éshr 205 produfcdfs 4 bentpoll signati gnal
received from synthesizer 21 3 {'1 é\ vol ta Vierr wher e*
{he. Subdcr | BEORFORD ST ts 4RSS £ BUAH Shitise 213 59 FEREOIThp moRE S Bmss Al
}:)?;?-/r EES;IE 08X gsmg a¥iin® $aRsbié ?eference voltage Vref,(t) it is possible to control the E?_hase

plurality oshift caéthﬁ&ershﬁftaj Eﬂﬁhiaﬁ:tmﬂamzmith vy tlesired \fanatioh, sueh ias,hfor s

t at di f f bet th h
ChiTrod i1 SXamgNey fuandom i RGiRD, ghW888 0P Sbeifal vifand® PR Bne’s hohase,
conpares V[ gd wayV the imefriddlADRDro@idtateh DE @Jréﬁf bit(ih)space (as o}Sﬁés@B tgay be

time varying. Phase control processor 215 produces a control “signal 5
Vcont r dif erbdigg ;:omlmamt:d ite azgingle & bbemasd(asthcﬂtganvgllﬁrf effects hess @apparint.

Vet [or ) (L F5 poaied b Veshgpepipsbih A ufed Bl Py 4 1. Bl B

shifter 212ffigiet &Pt MEIMIproduny aws froedddsired sigast ditstiomsverh reduced
exanpl e, a random ngi se function, sawtooth, or sinusoidal variance with

time. In  COMPIAKIEY (iefs, lesweffprt requitsd io drack ang comtiek Bhase, i 1bE PEQuSISATBLt i n
space (as ogﬂ%ﬂe&”o 10 being constrained to a single M| obe) to nmake
t he negativ ‘ects | ess apparent. The choice of Vref[err](t)

represeffi s a trabfE®f 3 iDesoiramatiefblock diagam( of £ convepeatal fihear phasel array
efficient to steer

versus r ed ulmenna. &‘Eﬂb?ré% ?‘?F huck Séapvlva‘%/al-:‘ffs}'; Og]‘F‘g ‘{“afd SI cFl?‘gé’{t?egé‘bé"Hnd
control idc alolvk Brlﬁfé%tasdl%ﬁbe d fron® Bhé @bttt )An:h%ut signal is couple® 3 is a
schemat i c ock diagram of a conventional |inear phased array
through feed network 310 and divided into a plurality of outputs, each output coupled
to an individual radiating element 320a-n. In the simplest architecture, all of the
20  outputs of the feed network 310 are matched in phase and amplitude, but other
relationships are possible. In particular, an-amplitude taper can be applied across the
feed network such that end elements receive slightly less power than the center
elements of the array thereby improving sidelobe performance. For the present
example, it is assumed that the outputs of feed network are all in-phase and of equal
25 amplitude. At the base of each radiating element 320a-n is a phase shifting and
amplitude varying device 330a-n, respectively, which controls the relative amplitude
and phase fed to each radiating element 320a-n. In a phased array, the radiation
patterns of each radiating element 320a-n combine in space to form a composite
, radiation pattern for the array which may be described by the array factor:
30



antenna. A linear array includes a pturality of individual radiating

el ements 32Qyddipe3yz  Spaced along a line at a distance d frg@é@iﬁ., her.
An i nput signal ?s coupl ed t hrough feed network 310 an VI Jg@?‘? nto
a plurality of outputs, each output coupled to an individual

radi ati ng el ement 320a-n. In the sinplest architecture, all of the 20
outputs of the feed network 310 are matched in phase and anplitude, but

ot her rel ati onships are possible. t% particular, an anplitude taper
can be applied across the feed network such that end el enents receive
slightly | ess power than the center y, el ements of the array thereby

i mprovi ng si del obe perfornmance. Fgp Jdeecpdsin 8  exanple, it &s
assuned that the outputs of feed nét K'are all in-phase and of equal 25
anplitude. At theyhrp @f=e3gR radiating el ement 320a-n is a phase shifting
and anpl i tude varying device 330a-n, respectively, which controls the

relative anplituddhe set of cogéfigierus a, isdefergdde @s theyarray-pmpliaide taper, shdlathe | n

h d , i atj f iatij. I :
5 D25 T bR et cous RTS8’ TSURGIEY ShARRAE RN
array whi ch dryrabiatedefieldiibeie divectior ofnhescahample ©, 310 of the ¥, paMhdids QRuid

PCT/ SE97/ 01410 -9- err]

where: k = 2haye the form: The set of coefficients a[err] is referred to
as the array-anplitude taper, while the 5 [err] parameters are referred to
as the phase taper. To produce a nmaxiganmkdisdia Qpor the radiated field
in the direction of the scan angle [err] all of the [err] paraneters shoul d
have the,  form [err] 10 The expression for [err] illustrates that

to pr odut® a naxi num val ue for the radiated _
The expression for ¥, illustrates that to produce a maximum value for the radiated

field in the direction of the scan angle ©, the phase taper across the array is a linear
taper. A linear taper is one in which there is a constant phase difference between
adjacent radiating elements 320a-n. With this in mind, the expression for the array

15  factor may be re-written as:

N-1
E =2 a.eJjnkd{sin 8 - sind )
u n
n=0

20
In the simplest example, where there is no amplitude taper and all of the a,
coefficients are set equal to unity, the above equation for the array factor may be
further simplified as:
25 d
sin[Nu 3 (sine-sinen)l
Ea (@) = d ,
Nsin[‘u—— (sin@-sin® )] |
a' n
30 Referring now to FIG. 4, an antenna 400 according to a second exemplary

embodiment of the present invention is illustrated in which the feed-forward amplifier



field in the direction of the scan angle [err] the phase taper across the
array is @ sdish taper. A linear taper is one in whi QPT;SQQ;,@M'&OS a

constant phase difference between adj acent radi ating el enments 320a-n.
Wth this in mnd, the expression for the array 15 factor may be
re-witten as: [err] 20 In the sinplest exanple, where there is
no anplitude taper and all of the a[err} coefficients are set equal to
unity, the above equation for the arrayl0actor may be further
sinmplified as: 25 [err] 30 Referring

now t o Fl G described kerecipaboyesoay be edvantaggously employedd v fdGpHaay input signal
? 223?:: gfc\,;rﬁfcgh@gg ?(? gs nﬁetdvgr\{cej%(\)@ig}l glé\él LUt rir?;;u%%ig'ngl i %rf)l&rgﬁty of

PCT/ SE97/ O14sPuts. The plurality of outputs of feed network 310 is each coupled to febf-forward
descri bed herei nabove may be advantageously enployed. In FIG 4, an |agfgut
al

si gnal amplifiess 300atnpoevieusty deacribed hayemabpvee hThe onigusof eashi fagsd,forsy

i nt _O a uréar{qi)ltiﬂerqOOa-n is coupled to a radiating element 330a-n respectively. Control.
signals to each feed-forward amplifier 200a-n are provided by beam steering
controller.410. The operation of antenna 400 may be explained with the assistance of
the schematic block diagram illustrated in FIG. 5 where for simplicity the number of

" antenna elements 320a-n has been restricted to two.

10 As shown in FIG. 5, each feed forward amplifier 200a-n can be viewed as
producing two separate signals: one of which is the desired signal whose phase and
amplitude is modified according to a,e/*" and the undesired IM signal whose phase -
and amplitude is modified according to b,e!*". In the simplest example. no amplitude
taper is used and the amplitude coefficients a, and b, are set equal to unity. A first

15  phase taper is applied to fhe ¥, pafameters resulting in a first beam 510 comprising
the desired signal(s) being radiated in the direction of scan angle ©,. A second phase
taper is applied to the ¢ , parameters resulting in a second beam 520 comprising the
unwanted signals being radiated in the direction of scan angle «,. Sidelobes of the
second beam 520 will be present in the direction of the first beam 510, but at a

20  sufficiently low level so as not to present an interference problem in the direction of
the first beam 510. |

FIG. 6 illustrates an example of how array antenna 400 may be employed in
an exemplary radio communication system. Antenna 400 is mounted on a mast tower
600, the top of building, or any other suitable location which elevates antenna 400 a

25  suitable distance above the ground and which provides a clear line of sight
communication path between mobile station(s) 610 operating within the vicinity of the
base station and the base station antenna 400. A plurality of radiation patterns 510
and 520 are produced by antenna 400. For simplicity, only two patterns will be
discussed: one in which the desired downlink signals are. radiated which will be

30  referred to as the primary radiation pattern, or primary lobe 510; and one in which

unwanted intermodulation products are radiated which will be referred to as the



outputs. The plurality of outputs of feed network 310 is each coupled to
feed forwar nplifiers 200a-n previously described her he -
out put of g’&?’@%"’g forward 5 anplifier 200a-n is coupl edidé‘?éga)r//g(ﬁ%—tl ng
el enent 330a-n respectively. Control. signals to each feed-forward
anplifier 200a-n are provi ded by beam steering controller 410. The
operation of antenna 400 nay be explained with the assistance of t he
schematic block diagramillustrated in FHIG& 5 where for sinplicity the
nunber of antenna elenents 320a-n has been restricted to tw. 10

As shown in Rtermédulationh(IM) eadittiompatternpt INMilebe 320.a-Primary lobe §1@ veeahghei

P age. ang ”"ofviﬁarcf oaos Pliag 330 TRcfel ol ¢ siytels Gt BE et iR LB RYRGD
I M si gnal 6s°m gaaﬁfenna 4oofaawna:zpdsl bk"iﬁex‘rﬁtﬁ@?ﬁ' iyl ;ﬁqlngg%o% ﬁh&& Hsnascb ar]-

I'n the sinpl stearrpe no anplit taper’is earrpltue
coeffi CI ents aa{oes tr]e mnphtbpélfe;e}i ra:twon_keilﬂeqlMl IObQ)SQQJ which Zohlainst the Rnwapteds e

t aper ppI| I param rs.resultin i rst be :
conpri SI ng term? g‘bé%llﬁ GRFRET uheiaK z}ngaa}\gqyeﬁ'omntfhg REMRATY 3:“??‘? %ﬁ) by
scan angle [g Eﬁl}ymﬁh\%% SrgriReaiifse taper td ﬁﬁ%dr%o@ﬂé@ilétﬁﬁgﬁﬂs igBferh@A fih each
parameters re tin second beam 520 conprising t unwant ed

signal s bei ngeechfnrwmlcmnphfuqrémem@ct ion of scan angle [err] Si deI obes of

boom 510, bt at 3\ BaratnRyy the. PR TP S50 Mt Enteabeifly Sy sead bl

i nt er f er ence agp19RigeMtiinie varEng iphese offset @bntrol s:gnal e ain Bﬁﬁérs%@mlﬁlﬁhe time
FIG 6 illustra es an exanpl e_of how array_antenna 400 may be enpl oyed in

an exenph@r y veraiion meybarin dha fasm ef & sasntooth (wavs 4o Jewesns %&M b@m@ ncr@ssrast

t over Qe scg?goangf’egg?f e ,%Hegd vitia e} gruséd“'% ﬂsg}e%dl- mh' ch

el evat es ant enna sul't 3 e above roun
provi des a clatfss hiwide efansangld. comuni cat i on path between m)bl I e
station(s) 610 operating within the vicini t¥dof t he base statiqn and

the base station ¥fceriies wole inventiye sechpiques dessribed abavep Anumabes of refatively
and 520 are Rhaflugnslieds il G240 blackUr SUIRL 1&ebYempite. MHROFhARLNS W ||

be di sCuss one I'n ( esire , signal's are radlated
whi ch wi 5 bemplifiersedres rypitatlp, more hewer effinient thadithe ilargerpates ased or prinmary

| obe 510; and one. .in jC .unwant i nf erm tion oducts are
radi at ed whi EWW“PP“QJ&WE‘?%?’?@BPP‘E?QQQST ﬁ.gabi osses a ke eﬁ?ﬂg Zpg Stage are

PCT/ SE97/ 014 §@bstantially reduced, since the smaller amplifiers are mounted on the antenna array.

The DC to RF power conversion efficiency according to exemplary embodiments of
the present invention will typically be about the same as that associated with the

20 SCPA antenna/combiner method, but with the advantage that the antenna sizes are
independent of the number of transmitted carriers.

While the present invention has been described with respect to particular
exemplary embodiments, those skilled in the art will recognize that the present
invention is not limited to the specific embodiments described and illustrated herein.

25 Different embodiments and adaptations besides those shown and described as well as
many variations, modifications and equivalent arrangements will now be reasonably
suggested by the foregoing specification and drawings without departing from the
substance or scope of the invention. W_hile the present invention has been described
herein in detail in relation to these embodiments, it is to be understood that this

30  disclosure is only illustrative and exemplary of the present invention and is merely for

the purposes of providing a full and enabling disclosure of the invention.



i ntennodul ation (IM radiation pattern, or | MI|obe 520. Primary | obe 510 is
angl ed ward froma plane 530 parallel with the sy f..4 he
earth ei tWé’r”’@g*%hysi cally poi nti ng ant enna 400 domy\gﬁ.’ggﬁ@rﬂ&
alternatively by providing a |inear phase taper across the outputs of
feed network 310. I M| obe 520, which contains the unwanted 5
i nternodul ati on products, is oriented upwards and away fromthe primary
| obe 510 by - appl yi ng the approprildte phase taper to the error
correction signals generated in each. feed forward anplifier 200a-n.
Al t er nat i veloecordihgly) i oisendsd Ghatehe nvestitmbe ligdtedsinjy by dhd spitiy and seapet dfy
applying a tine. varyin ase offset control signal to anplifiers 200a-n.

¢ Sigts agnepded

The tinme 1 ?eﬁk in the formof a sawtooth wave to "sweep"
the I M beam across a wi de scan angle, or a noise related variation
may be used to "spread" the I M beam across a w de scan angl e.
According to the inventive techni ques descri bed above, a nunber of
relatively small anplifiers can be used in place of a single large
anplifier. These snmaller 15 anplifiers are, typically, nore powef
efficient than the | arger ones used conventionally in SCPA

applications. Cable |osses after ‘the anplifying stage are

substantially reduced, since the snmaller anplifiers are nounted on the
antenna array. The DC to RF power conversion efficiency according to
exenpl ary enbodi nents of the present invention will typically be
about the same as that associated with the 20  SCPA ant enna/ conbi ner

nmet hod, but with the advantage that the antenna size$ are i ndependent
of the nunmber of transmitted carriers. Wil e the present

i nventi on has been described with respect to particular exenpl ary.
enbodi nents, those skilled in the art will recognize that the present
invention is not limted to the specific enbodi ments described and
illustrated herein. 25 Di fferent enbodi nents and adapt ati ons besi des

t hose shown and described as well as many vari ations, nodifications
and equi val ent arrangenents will now be reasonably suggested by the
foregoi ng specification and drawi ngs w thout departing fromthe

substance or scope of the invention. Wile the present invention has been

descri bed herein in detail in relation to these enbodinents, it is to
be understood that this 30 .disclosure is only illustrative and exenpl ary
of the present invention and is nerely for t he purposes of providing
a full and enabling disclosure of the invention. WD 98/ 09372

PCT/ SE97/ 01410



-12-+ - Accordingly, it is intended that the invention be imted only by

the spirit pe of the cl ai ns appended hereto. 9372
beT/ SRy oM s perAdy i
VWHAT IS CLAI MED | S: _ 1. A feed-forward nulti-carrier power
anplifier, conprising: a.main anplifier for anplifying
an i nput signal having a plurality of 5 carrier frequencies and
produci ng an anplified output signal ine¥3udi ng desired signals and
unwant ed frequency conponents; nmeans coupled to said
mai n anpl i f IWHADAS @an error signal representative of said
unwant ed frequency conponents in the anplified output signal; -

synt hesi zer neans for generating a pilot signal froma reference signal; 10
combi ner nmeans fqr CoOnPifRiOBrivAA MhliRéarfitOpkehrhplifitis cBinpAiSing! gnal to
generate a phase shifter input signal; ) _ phase shifting
means for varying, w tahmeinsgmplifierdonamplifiing phasmpitsignahbaving 2 plyalityeof

T P b ey A R RIS Sy o BRH gL,

detector neghg vhWan@l TPéqakhdydcomptrens; of f set indication of a relative
difference in phase between the pilot signal and the error correction
si gnal ; means coppled ¢o0 8aid main amplifiet Sor generating faprercarsignal ng t he

phase O 5t Ut sic il oy R SRS kSR RBRA S
phase shifting neans rsgg.me:ﬂsér\dﬁgﬁ@-for-gald'itmgca)?ﬂbp#igﬁél@ff@h a refefence signal;
means for conbining the-error correction signal and the amplified
out put 4Pgnal . combiner means for combiningthe pilot signal with the error signal to
generate a phase shifter input signal; |
phase shifting means for varying, with respect to an input phase of the
phase shifter input signal, the output phase of the phase shifter input signal and
producing an errof correction signal;
15 phase detector means for generating a phase offset indication of a
relative difference in phase between the pilot signal and the error correction signal;
phase control processor means for comparing the phase offset indication
with a phase offset value and generating a control signal;
phase control means for adjusting the phase shifting means responsive
20 to the control signal; and
| means for combining the error correction signal and the amplified

output signal.

2. A feed-forward multi-carrier power amplifier according to claim 1

25  wherein said phase offset value is a time varying value.

3. A feed-forward multi-carrier power amplifier according to claim 1

where both the phase and amplitude of the error correction signal are varijed.

30 4. A method for controlling the amplitude and phase of unwanted signals

in a multi-carrier power amplifier, comprising the steps of:

* c L M S *




2. A feed-forward nulti-carrier power anplifier according to claim1 25
wher ei n sgiyhgpbpse offset value is a tinme varying value. peorsgernidto 3.
A feed-forward nulti-carrier power anplifier according to claim1

where both the phase and anplitude of the error correction signal are

vari ed. 30 4. - A nethod for controlling the anplitude and
phase of unwanted signals in amulti-carrier power anplifier,
conprising the steps of: WO 987149372

PCT/ SE97/ 01410 -14-

a) anpl i fyi ng an iahput aPLfvng sRRpY signgl heving eypherliy-9f ¢asrer

£ 298enC! B T 58 i 80k A i

gener at i ng yawagiet Freqaes onipppemsent ati ve of said unwanted 5 - frequency
conmponents in the anplified output signal; C)

gener at i ng a pilot sﬂ@nal geResating ap LEOR figBakiegrrsentative of said unwanted d)
conbi ni gg Dashh | to generate a phase’
shi fterg het%us|'Janéa?lw;ﬁjoglgﬁ)tL 'M &%&r‘;‘%"%‘@’% varying, with respect to an
i nput phase the out ghit phyeseratiig bipdlod Signalpfrarmen sefferbacersigmaput si gnal and

produci ng an error cofrection,signal;, ) ] . B generati ng
a phase of fset indi c&i on CBf“bEIHquBQ pilqt\signg] with,the, ggror signal to geﬂﬁré?ea bet ween
t he pil ot or correction signal; s))
conpari ng e%é@%qo? | 'ndi cation with a phase of f set val ue and

generating a control eji gnadarymg with respect to an mput phase, thedpipat phasetdfehphase
shifti n means rh[‘%%onm Ve !t@g CEG cong rol- ﬁnal nd _
i) 48 nhiPRAsES iBpYHignal ARG PIYAYRING; AR SIFOry ??d’eF ‘é“éﬁﬂ?rf i ed out put
si gnal . ) generating a phase offset indication of the relative difference in
phase between the pilot signal and the error correction signal;
g) comparing the phase offset indication with a phase offset value
and generating a control signal;
15 h) adjusting the phase shifting means responsive to the control
signal; and
i) combining the error correction signal and the amplified output

signal.

20 5. The method according to claim 4 where both phase and amplitude of

the error correction signal are varied.

6. The method according to claim 4 where the phase offset value is time
varying.
25
7. A cellular radio base station having a phased array antenna comprising:
a plurality of feed forward multi-carrier power amplifiers, each
comprising:
a main amplifier for ampiifying an input signal
30 having a plurality of carrier frequencies and producing an

-
Ry



20 -+ . 5. The net hod according to claim4 where both phase and

anpl i tude the error correction signal are varied.

6. The ?P&ﬂ?glag%?acordi ng to claim4 where the phase of fset REFRRTPWID; e
varying. 25 : 7. A cellular radio base station having a
phased array antenna conpri sing: . a plurality of feed
forward nulti-carrier power anplifiers, each conpri si ng:

a main anplifier for anplifying an input-K-gnal 30 havi ng
a plurality of carrier frequencies and produci ng an WO 98/ 09372
PCT/ SE97/ 01410 amplified output signal including desired signals and -15--
anplified output signal including desired si %nal s and -

unwant ed frequency conp@Wanted;frequency components; means f or

sentative of the

generating an error signal .
means fox;sgeneratmg an errof ﬁgﬁﬁt he anplified out put

unwant ed frequency conponents |

si‘gnal ; representative of the baweanted ftsqoénoyeconspoerits dlj usti ng a
phase of gsaid ) error signal and producing an error
correctioh signal; and the amplified output signal; nmeans for combithing the

error correction signal ) W out put
pbase control means for fﬁglgstf{\geae%é ('c))? s&d.

signal; 10 a radi ating el enent coup said plurality
of feed-forward power error sigmapand pedscingdinsqyeorabreepton signaltnaadch ot her
along a line such that a plurality of .. radiating el ements forns an
array aperture; m‘?"ﬁ?ﬁlﬁé’ ¢QIRbiging, e EHPT LOFTFFUQn $igBAle t aper acr oss

the radiating el ements ,p4Ghe hiplified outpufSigadlr ay factor for the desired
signal is oriented-at..a first angle; and ES ' means for providing a

second pHhse taped radiating etement golipled toyeasherfesaidsplumality of feed-fommardapovearr ay

Factor for t g AR ira b phl AR Mot SRR Mar Sudny £lin€ W mal 2 JIREHI"S

radiating elements forms an array aperture;
means for providing a first phase taper across the radiating elements such that
an array factor for the desired signal is oriented at a first angle; and
15 means for providing a second phase taper across the radiating elements such
that an array factor for the unwanted frequency components is oriented at a second

angle away from said first angle.

8. A cellular radio base station according to claim 7 wherein said second

20  angle is time varying.

9. A cellular radio base station according to claim 7 where both phase and

amplitude of the error correction signal are varied.

25 10. A cellular radio base station according to claim 7, further comprising:
means for providing an amplitude taper across the radiating elements

such that end elements receive slightly less power than center elements.

11. A method for spatially filtering unwanted signal components in a

30  cecllular radio base station having a phased array antenna, comprising the steps of:

[

R O



angle away fromsaid first angle. 8. A cellular radio
base stat kGho@gesds ding to claim?7 wherein said second 20  wAgs@7/0Ps1bi ME

varyi ng. 9. A cellular radi o base station according to
claim7 where both phase and anplitude of the error correction signal
are vari ed. 25 10. A cel lul ar. radi o base station according to
claim?7, further conprising: means for providing an
anplitude taper across the radiating er¥rent s such that end el enents

receive slightly |l ess power than center el enents. . X 11,
method for spatial |y #ianriifying anifew Senal hayine aIHpdeAf carrigr fregyencies
oLl ar " AuprBangps bR b SeRiARAUaRE'AlestEl S artd RARLA10 L Ne
PCT/ SE97/ O1f#ddhency components; - 16-

a) anplifying an input signal having a plurality of carrier frequencies

and produci ng an anpl P¥ i ecBSHETAHNE a8 cTrOx|SIgnAL Fepuessatative ok theggnvaantsdh|  and
unwant e is ) . b) generating arr
error sSgnaﬁrec}Jee%?}gg‘gﬁ?% eﬁfégﬁg‘?@?ﬁgllﬁﬁdﬁﬁp&hﬁgmhfrequency conponents in the
anplified output signgl; adjusting the phase of said erjor sigmadjand prodycirgeampérase of

A

said error signal and producing an error correction signal;

d) combi $ATFGHER & or correction signal and the anplified output
signal; 10 .d)  confining théeirdf tiFectidn TEHEPaf® theCAhPMifi&OsUPsL | ON
signal and the anplified output signal froma plurality of radlators

whi ch are syigmadd apart from each other

10 e) radiating the combined error correction signal and the _amplit"ied
output signal from a plurality of radiators which are spaced apart from each other
along a line such that the plurality of radiating elements forms an array aperture;

) providing a first phase taper across the radiating elements such

that the array factor for the desired signal is oriented at a first angle; and

15 g providing a second phase taper across the radiating elements
such that the array factor for the unwanted frequency components is oriented at a

second angle away from said first angle.

12.  The method according to claim 11 wherein said second angle is time

20 vérying.

13.  The method according to claim 11 where both phase and amplitude of

the error correction signal are varied.

25 14. A multi-carrier power amplifier comprising:

a main amplifier for amplifying an input signal having a plurality of
carrier frequencies and producing an amplified output signal including desired signals
and unwanted frequency components;

a modulator for receiving' a sampled portion of said amplified output

30 signal, evaluating said sampled portion and for generating an error correction signal,

-

A e



along a line such that the plurality of radiating elenments forns an array

aperture; wo 9809372 : f) providing a first phase S

t he radiating 8eﬂl,ngents such that the array factor for tﬁ?ﬁggﬁggﬁ
signal is oriented at a first angle; and 15 g)

provi ding a second phase taper across the radi ating el enents such t hat
the array factor for the unwanted frequency conponents is oriented at a
second angle away fromsaid first angle™ /" 12. The net hod

according to claim 1l wherein said second angle is tinme 20 varying.
13. . The neteifberraicerestiay sighakhaying 2 compenentpwliph iphase shifited rhased uphn af

the error cor } I are . vari ed. 25 14. A -

mul ti-carri Fg"ﬁﬁgkﬁ?ﬁ%rs?%%p% ,aglgnpri si ng: ~a min

armpl i.fier for anmplifyifgelementfodicofibiiag sdid\anidifiedudhirtlsigndl @id said error

carrier frequencies and producing an anplified output signal .including

desired si grf@fesction signglag unwant ed frequency conponents:

a nodul ator for receiving a sanpled portion of said anplified output 30

signal, evaluating said sanpled portion and for generating an error

correction signal, WO 98/ 09372
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error correction signal havin ‘“‘/\/m ch is phase shifted based

upon a result of said evm‘lﬁ‘\mmﬁ“‘“ an el enment for
e signal

conbining said anplified o and* said error correction signal.



