; €3e00(6TY_! PCT/ CNOO/ 00178 ~ 6 .~uN ~~~.~ METHOD AND DEVI CE FOR CALI BRATI NG
'SMART ANTENNA ARRAY r Field of the Technology t The presE&dtNPUYEti on

rel ates generally to a snmart antenna technol ogy of wrel ess com’run'?%a.tjlléﬁr%%
system and nore particularly to a nmethod for calibrating smart antenn

array, as velpet QIR ANY BEVICEFOR CALIBRATING SNIXRT T Y.

Backgr ound of e Tnvention %% egs comruni cat1 on system
especially in CDVA wirel ess | ' ﬁs'sytem in order to raise system
capacity, to raise systemsensitivity and to have farther conmunication

di stance with | ower emission power, smart antenna i s used, mamm{wmm"lmn
the Chi neg.e!gai%ﬁt ﬁaﬁd l" Ti me Division Dupl ex Synchronous

Mul tiple ni cati on Systemw th Smart Ant ennaéadgCN 97 1
04039.7), a base station structure of wreless ¢onmunication systemwth

smart ant ennkhg Rregans iventien rejates grapialE 4o a smar Jatenna tgohnology; of wikeless one or

plural a Fmﬂﬁ]- I £S resp | ' r and a set
of coheren rgézfggiobrs aué}%c%’%t %ﬂ%g’gﬁfg‘}?? ij&cggiriﬂp(ry\% f{ng%%???[g@g%@ﬁrrtesponse
of each cantennaarray)iat wiell aané & dedceafor eylitirating syreat antenn@axayl f r om user

term nal, baseband processor gets space characteristic vector and direction
of arrival (DOA) of the signal, then with correspondence algorithm

recei vi ngDACKGHHIG 83 ¢ ) i npl ement ed. Anong them any one of
antenna unit, corresponding feeder cable and coherent radio frequency
transcei ver Imgeadesr wiscless| cemdmanication spstemsiespecially gin CENMIAc hwiredesgot from
up link receivi.ng. beam formn f each lin or .do lipk transmtting
beam f or rﬁ"mj‘,‘“ a SV%PFE'& ?'bﬂ%fﬁf ?%,ra(ﬁe % Fr‘ﬁlrnt &gﬁ%@h It.ogr%%nsysgq W%W?Xt ed,

under syrgiatf{d have Tatiep ovmBumcidagdisiafte With IdvweerSahidsioh praveghimage pat ent,
in order to make snmart antenna conbine receiving and transmtting beam
accur at elaptanpg isised.dp gaedalbet wveen each antenna unit, conprised the smart
antenna array, radio frequency feeder cable and radi o frequency transceiver
shoul d be kn iy s | & ] L afdson-after
radi o frequeﬁ%@c glhblﬁg? B%tgétg{aﬁ{éﬁeg%e P@ébé%ﬂeﬁﬁﬁg@%@% %ﬁggedur e of
getting MuRipld ANCEs OVirél8ss-Commiididatid®ystem with Smart Antenna" (CN 97 1

04039.7), a base station structure of wireless communication system with smart

antenna is disclosed. It includes antenna array consisted of one or plural antenna units,
corresponding radio frequency feeder cables and a set of coherent radio frequency
transceivers. According to different response of each antenna unit in antenna array to
signal received from user terminal, baseband processor gets space characteristic
vector and direction of arrival (DOA) of the signal; then with correspondence
algorithm, receiving antenna beam forming is implemented. Among them, any one of
antenna unit, corresponding feeder cable and coherent radio frequency transceiver
together is called a link. By using weight, which is got from up link receiving beam
forming of each link, for down link transmitting beam forming, whole functionality of

smart antenna can be implemented, under symmetrical radio wave propagation.

In the said above Chinese patent, in order to make smart antenna combine
receiving and transmitting beam accurately, the difference between each antenna unit,
comprised the smart antenna array, radio frequency feeder cable and radio frequency
transceiver should be known, i.e. difference of amplitude and phase variation after

radio frequency signal passing each link should be known; and procedure of getting
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di fference anong |links of the smart antenna systemis just the one
concerned by smart antenna calibration of the invention. egt/cknoae iR SRIUN 2003
smart antenna array is a kernel technology of snmart antenna, as
characteristic of electronic elenents, which conprise radio frequency

syst em of diffewnte amoeglinks afshesmart hytemut systemes gusk theone lcaneespesk bhyssmart i s very
sensitive to V\or@ng féftﬂuenc};' envi ronment tenperature and working
dur at i on dtenna cahibyation of the ifventon-i atj on of each |ink, caused by the reasons
said above, is inpossible the same, so calibratitng smart antenna system
nust be take@aBbraBBY of isHRrt drferidh 9RPls alkePhed tEhRAORBH W st Kitewilia, 8
calibration nethod for smart antenna. One is direct neasure nethod:

measur i ngchavasteyistie of electremi¢ elemeatyuwhich compriseradiccfrequedcyyssstermgf starh r el at ed

to its anplitude and. phase, then addjng neasur.ed anplit.ude .and phase
Char act or TG oD AR g, Al FARAFIERD S Yoy FEPHTEE o woRias
cal i bratigeqdaty; efvdtdridicht| Rmperad@edund® Wworkilg sduiRidiotkid.s charattesign®! i cat ed,

it is difficult to take all nmeasure in field, especial I){) for wirel ess
conmuni caYarisHos i eachs linkcauspddhy thetreasegs seid abeyse inimpessibihersamensa hod i s

cal i brat e&liBYatﬁg{%thﬁLanF%n@Qst%rx%{us%e &Fés“e%@g@ie&'-f ield region, but this

nmet hod requires | anscel ver at far-field region

wi t hout mnultipath propagation; this is also difficult to inplenment in
practice. Thei etesemt, titrs artvaiouageo kinds hod ssalibrationeidtiouds fos anthranamal s

obvi ous. Summary of the Invention Therefore, an object of the invention is
to provi d@naisdifesbmeasvee methodemegsuring pyesy set of gadipdreduency dransceiyer ayd i n

real -ti me,,{: . t ' I mg . '

i nventi ongeité gatr%ra %&@Qﬁgw ﬁ‘ycﬁeﬂl@rgl%%%itg% i\i/vor @F ?éeé%ldl %P@d‘%%rt her
obj ect of phase chareetedistivrofiantenoa pnid andl éectlevocabiestoformadetef ¢atibetion datapt hod of

couple structure for calibrating spart antenna array I ch e t hod of
the i nven?qlf’@mtmrﬁ’gogefdﬁlé%f)?%f ngocﬂgﬁ Y34 %@pﬁl‘ﬁ@eﬁﬁ’n_@éﬁp\flﬁﬁ‘m 631%%? rating
smart ant gERdrdid f¥ld, epERIall§! foF wirkles$ @bmunitatidn 37diéts bk b&dNFitiagd i n
connection of a coupling stfucture, a feeder cable and a pilot transceiver;

t he coupl intgyoparatian. dmethes methagl ie dalitirated hy arpilohiransgeivesatantenne fasrfield  ant enna
array_and s, Rl s ARSP FlaSes e FRANGELEAW s TobREFRART. RIOTERTRT ©f
without multipath propagation; this is also difficult to implement in practice.

Therefore, disadvantage of these two methods said above is obvious.

Summary of the Invention

Therefore, an object of the invention is to provide a method and device for
calibrating smart antenna array in real-time, thus smart antenna system is practicable;

device of the invention is to make method of the invention work effectively.

A further object of the invention is to provide two design and calibration method
of couple structure for calibrating smart antenna array, which make method of the

invention work effectively.
A method of the invention for calibrating smart antenna array, comprising;:

1. set a calibration link consisted in connection of a coupling structure, a feeder
cable and a pilot transceiver; the coupling structure is coupled with N antenna units of
the smart antenna array and the pilot transceiver is connected to a baseband processor

of base station by a digital bus;



~~~ ~ . ~uH anc~a PCT/ CNOO/ 00178 2. calibrate the coupling struct ur & BN 2007
vector network anal yzer before the smart antenna array i s ppritNoo/OG18
operation, record its receiving transm ssion coefficient r and transmtting
transm ssion coefficient respectively; 3. nmake receiving calibration,
wherein it conpedlibese the aolngtstgtude dathi Neectoohétaoek healpier Yehreltheat
setting worKki &% carrier, frequency by anal o_(l; transmtter, of the pilot

t ranscei vRart giienngaETaygs Rt iatapReratipn) reepid ity reeiving dransmissign seetliciknt on, are
put in regaiving: ' . [ Bl ach receiving link

respecti v@%y%t‘)‘g&l‘t}g}slgbg‘?\s g%l%gée%e%@#tﬁ%%%@eggati on and cal culating ratio of
each' |ink tBananke eeivingafafibationt whereineiteceammrések:i trinsmittingna siefined
coefficient duri n? receiving, according to each recejving |link qutput;

cont r ol | i YRYt28&deyel sigaal\at fefting rorking atrics frequenicy | amalpe, amsmiifes af b

amp 111 e pitd: rafi@efvel! 4 AABRE W rdofitfilg\filks, HcaBifiePHRL statidf, &puPip! each
link receiving transm ssion coefficient to reference link transm ssion

coef fi ci emceivingastste; detbctinge ootpdt 0ff eackd retedving dinkheespectivéliy ebye basebpmd r |

bet ween each receiving lL.ink and reference_link.in baseband cessor; 4.
make. L arBRESEoid s FBO Fshco SHRSHGITRAS Of CastikIEES IO FGE DGR Bhe. || nk
is in trapgdbide Itk Gihfssiin QREdLTRIUAAE redelvifl NREoldim @ Hakh rQiviagk are in
closing state anong N transmtting |inkS, and Tecelving signals comng from
each trankuk toutpwg komtfolling padt ireeeiving tlinke putpot lbyngontenlling: vafiabdegaiicy by
anal og receiver, .in the.pilot transceiver; processi detected, t signal s
by basebafftiPhi¥cdd ;%fﬂ]gf'ﬁ(bég"é‘)@f é‘f‘iebvﬁr’aﬁ’d cﬂpgﬁﬁuﬁg rade iog Bﬁ”hgaﬁ’glﬁ | i nk
transm ssjepdivingatdnsmissidh doefficking iCEstehdetink frA3fiidsidi QR it leq@dlens during
transmtting; controlling output of each transmitting |ink by controlling
vari abl e baeeordimgland istoringiphaseatiffercncek® batwesy eaclareseiivingdink and refatescaanpl i t ude
rati o of eqé:h | i rl)slga éransn’i ssion coefficient to reference |ink transm ssion
coeffi ci elink inhasgand processgfyy i ng transmitting; recording and storing phase
di fference ya, bafape eananiting dafibfafioh! whdein inkoripiikes:ahskifg 61yl dnBHink s baseband
processor. The said calibrate coupling structure with vector network

anal yzer , innmansalitiingtstate #pone die ansk alh opfier drangmiténg linkaee pelosiag sttripl i ng

orm nal - STOM NARGRHEE R, nf PN pibhi{ QHRRE R pRp SARERIFTHNE,
l'ink, ant espetivelyt at eetmiwodrkingf carder mghéarcgtbyd_driaIﬂg recebennacttig pilot mat ched

| oad, measure and record receiving and transmtting trapnsm ssi.on

coef fi ci eli#Ns§Fivery PECessig Prteatectthe Sigrals by baseband prosewses af Dasgstelipmandtar ri er
frequency;, : [ ot i ] L6Vl it ting
transm ss?acl)‘?\lﬁggg %a‘?l%i%g?ﬁagﬁcl)@kﬁl ?ﬁf(sgl Bhg\?gﬁ%éegg?&ngéa%ﬂﬁ?&ebdﬁﬁg% é%?gégbdl{ed. 3 g
$ au~ 2r neocffiGiTy oA CChIBitlihg sentwblling ioutpat eofceaghl trapsmsittings finkebyni t h

v - ceolE G it EpRhe st ik Sty PRAeh R (Sl S BAR S
di stri but QioCAMdich 9nkCeMRRGsRA delfitidht G0 ¥oteRinge lihk rablsHifRVidh LostRicRt

connected with antenna term nal of the N antenna units of smart antenna
?r r gy requ;tzlbI (& tﬂel,ydurlinm:crmsnp_ l'l!lng_fecoh;léng)alﬁls 'staa_ngipbasei dififie mIJDQQnECtchi s
eeder ca termnpal .. t signal; t sai d vector network analyzer is
connect ede"icg‘ ‘f"‘&é‘&&ﬂ%ﬁﬁ‘f @g‘{ @?ﬁﬁﬂ?ﬁ?‘“gfm B?*ﬁ?“dsﬂrﬁﬁé?orand ant enna unit
termnal of to be calibrated link, antenna unit term nal of non-calibrated
l'ink is connatheedidVcilibriteticotigling StauttureRetvectGNibtwOkoakhly2RE SWhdreig it
transm ssion coefficient and transm tting transmn ssion _coefficient of to be
cal i br at eBOMPHIesy fider PHlctenNacand $pptigloraupHag dugde; dhe said yeeiaE petwosk e at
steps sai ghARRYE dihbdiefibleb Rl ShbfL BRAGSighl I
transm ttlgrrllg trgsnsm E‘%?(ggr? g%%???ﬁg# émﬁi?%{ag? ﬂl(ﬁl r%qklg Tﬁlg\?dfgt egﬁmrtntaeg@ﬁ}aéd and
recor ded. ofAtalby icalébrated tlink, antewrat umihtefminak af ndm-edlibnajed hink tis aodreoted tar r ay,
wherein it ri ses a havi been calibrated coupling structuge, f eeder
cabl o and™aiGHoh beet et Fod footigecBng ohd it itk fridmissiorceogfidaton N
ant enna ugf teS b talitited Tk tundér KOR Aedsary workifg CRORE Freqadlic; tepedt QRPSCt €d
with the coupling structure and the pilot transceiver, the pilot.
transcei v&sidjaborenatk akd deceiviag 19ad sraasmitiing transmisiom cerffisientsafi Ndinky a
di gi tal blﬂ§v J&ﬁﬁ&g& 88Hcplreic9ﬁe§.t.rucf[ ure is a pilot antenna with spati al
coupl i ng node, the pi FOFGRCeNRE is in worki ng main | obe of radiation
directivity diagramof the N antenna units, which conpose the smart antenna
array; antenna termnal of the pilot antenna is feeder line term nal of
pilot signal. Wien the N antenna units3 which conpose the smart antenna
array, are omidirectional antenna, the said pilot antenna is | ocated at
any position of near field region of each antenna unit. The said coupling
structure is a passive network, wherein it includes N couplers,

e -, Y M o o e o o N 1




Z ~ ~si~~ ~="_h"~ PCT/CNOO/ 00178 The said pilot transceiver has a gpgRiyn 213
structure as the radio frequency transceiver of base st atirorcndopnelsidi ng a
dupl exer, a anal og receiver connected with the dupl exer, a anal og
transmtter connected with the duplexer, a analog-to-digital converter
connected with the anal og receiver and a digital-to-anal og converter
connect ed Wi tTihetshidl edlibkade chuplingndthictire withdvertdr eawerkCynalyes ieeeindt t he

sai d dupl exer is connected with feeder cable of the coupling structure, the
sai d anal Bithen compyises) set drRassive mevpak grupling struchure cansigfed eﬁ&eﬁql@!erﬁar e
connect ed ' J, G} I i NEQR I i ari abl e
gai n anpl ?‘#(fl)%?{&?gﬁvrggﬁt@dﬁ @{//co?%lﬁ %cpgﬁ&?egs‘g%{ii for bé&gsmtl?eg]ﬁlcpﬁ%lerggaf%; in the
sai d anal cannectad swith tagtenna tsraringlbbfe tigaNn astepa 1hits of saert ahterch barays of t war e,
is set for controlling gain. The nvenfion p{rygyi?des a_ met tlod and_ devi ce of

smart ant BAPREHNPLY a§ndoutp of thegrssixe distrbyfargomdineg Ifeedsr cable fsminal 8t and a
set of coypl: s t . j G ED LW the
coupl i ng @ﬁtus_ﬁg?]&?;etﬁéj%c#85%?%89%%1?&# gg{g%ggﬂenes: rfgehdg; Eiﬁeig tégﬂ?r%l? 'ﬁgd of

cal i br at i pidotsigmat armhdrterma unitserarindof o he catibrated Hhk,syntemes uhit tegminat bfir e pi | ot
antenna, |ocated at near field region o r-field region nd a.ant enna
array | oROEHEHEY S 8 oansriad,Bh TpEhed o eatirt AL TPeanACCARTE ef af oc
cal i brati pgnsRtdiIRESHHidiemt ARAMPARAGHRAS tansthis¥ibh RbEFRIARSE t5bALAIMRatedNOt her
one uses a passive network consisted of couplers and distributor/conbiner

t o i npl entink under cachupddessgrisworkingicasriérefretpiencyd repeiat sieps sagd abaye tuntihalbnna
array. Either.of two .t echnigtﬁlg. S heén%s maktfs 3 base stati ﬁ.nvm th ﬁart

ant enna bECRXINg, FARSIyssion o 1ep§ag tanpmttifg, irangmission cogimicients, of Ny part s
and el emefils Bife bbameskurdd and tedordBds, therefore, engineering practical

probl em of smart antenna systemis solved thoroughly. Method and devi ce of
the invention for calibrating smart antenna array mainly point to CDVA

wirel ess confurflevigei of they dnvention for gplibrating smast apienpt smaye whesibsitd met hod
and devic 2..al.s | i ' r 0 nd TDVA
Wi rel ess g%rﬁ 1sne?Caa§ ?‘gﬁg slﬁég é:rrll% rgrglaedfo%gﬁs%rgﬁ%(ﬁ%htao?&ﬁe leaé\ﬂldr?g ! ?gure 1
i's a pringamceivel; abe asupling\stredtaies a0 coupled ani Nnaheamn siitt obtheusharg net hod
and device of the invention. Figure 2 is ,gllt%ri nci pl e di agram 8{‘? apal og
transcei vahtenm array, the feedgr zable ipeanmeriod MGt g cppRiifecstaichie and Bigilohg
structur etrgﬁs%gfb@mth’cgt;)iﬂg tRinb@ived i Edtieted tdY baschahd Pﬁ)g@é%ﬂf‘ﬁxcﬁdsé’ QtaflbR9r am of
coupling structure, Tn snmart antenna array, consisted of

di stri but by Addigial bes. and coupler. Figure 5 is another coupling structure of
the invention. Figure 6 is flowhart of coupling structure calibration

procedure. Fi.gure.7 is.flo r{.of t |\ i [ O dure.
Erbodi meni s o epipling o0 5L aBEEkeAR SRR gl c8bBie BoBEdRE
devi ce of piléicantdnng i inaworkingdesia [dbaed radiatib@t ditettivity dibgrafnodflthe\Nrgitenna

units, which compose the smart antenna array; antenna terminal of the pilot antenna is

feeder line terminal of pilot signal.

When the N antenna units, which compose the smart antenna array, are omni-
directional antenna, the said pilot antenna is located at any position of near field

region of each antenna unit.

The said coupling structure is a passive network, wherein it includes N couplers,
corresponding with the N antenna units of the said smart antenna array, and a 1:N
passive distributor/combiner connected with the N couplers; the said N couplers are
connected with antenna terminals of the N antenna units respectively, output of the

said passive distributor/combiner is feeder line terminal of pilot signal.



Referring to Fig. 1, it shows a typical base station structure of werrENs#)
comuni cation system which uses nmethod and devi ce of the rcheemnboon for

nobi | e conmmuni cati on systemor wreless user |oop system etc., with snart
antenna. The base station structure except calibration part is simlar with
t he base st atTheRaidtpile tramiseeivert K3dUmarR sinctuld axibe ratid eetueneyednscilver

Di vi si on Dupl ex Synchronous Code Division Miltiple Access Wrel ess

Comuni ca®f base siptipwrincipding aduplexets f @plag receiyen eonnggigd avith the duplexgrg

i ncl udes i ical t 0N iL. 201 - N
number s oty iriler; SRHECEE R B Rl %0 Bstigtal, sonpe el e
of radi o tommgcted euith tharnaalep \tedeivid Ifd a’digital-to-analog 208Nreen domnderdebitind

processor 204. In all radio _frequency, transceivers 203, there are

Anal og- t othei arelog) transmjer; sadie Arogyensyintsriare of the sud Auplgxen i eanngsted paC) | so
i nput and,aut j I ' qQHEeRG Lyer are
a1 i gi ¢ HiPler 2AE 3 e Dbt tnk R Anklog Ak LLARSEORIFL

hi gh speedigitalgiotamaloguen?ditr atehvoyinected ta thasaid tigital bussci | | at or 208 to
guarantee that each radio frequency transceiver works in coherence. In
order to inplenent ..snmart antenna real:tine cal...bratio ased on this

otati on st rudt decsid Apdite SRPRRR A TAALIS RAIS ATRY e Sopflg B SORGHs & 205
(coupl i ngsdt adt Qoﬁtrr&ﬂﬁgfk?i/n; Gh'heisald ahA6E Wansiiftlef 2V8riadlél gaid efplifi@hscei ver
207 is added according to different antenna array; 6 ~6 .~I~NI-~

PCT/ CNOO/ cmntrodledby sofitwiare sis seidoueantdling gaiwoupl ed with N feeder cabl es 202A,
202B, ... , 202N; feeder cable 206 is used for connecting coupling

structure 205.and pi.l ot transceiver, 2Q7. pjl tr cejver i.s_connected
W th hi gh spddh TaveBteR iR 08etE 4nd foxlt of mah ABRERA ¥k Faltbrdfors0g v«
all radi OcéhpiRiRg G¥ing pAOSERisYSVerdnd a £e5ﬁ66u§ilmgkm&h&- cotpled twishhgrt
structure of radio frequency transceiver 203 or pilot transceiver 207 shown
in Fig. 1anteRng rEay,yeerein she cayplingostrughue declydes dppeciechniaal sghamesyopg- di gi t al
converter t Lit i it ot Qs . Ler 214.
I n anal ogu%éczzaei@églr%(g%{,craggég}rlé aﬁagzé’gtlﬂﬂ&gﬁg*%i@r azgg zca‘gﬂbsgﬁgfc{)eﬁ{léol | ed by
sof t war e) structhad pilot antetimap located afjaear, fiéld region ot fardiedd cgidm, and miante@na 213, a
variable gain, anplifier 216 (can pe controlled by soft e),, ed to
Cont rol i HEERHEmERingAhE S eihad SEEHS e ICG AL e i eas *210 | s
connect ed r &ﬁé‘g : i SV —k Qredd Qi sseonverter
212 and disczgﬁigié-q?%-gna osgd ?gﬁvgf:?’grgﬁgslgh%?gmé%nﬁ n@?’?{ ggg)vlbk'?ﬁ)g%gs%%gx%
\% QCﬁssor neztgwrk lconnisgéd lof ghu;ﬂpmetﬁdddiﬁiribato_r/pmﬁbﬁﬂe io lilnﬁbmmt tlund:l\(lmpliag system

i ch uses se statign structure shown in Fi : ere.are N.transmtting
and'rece RIS 1 GUPH sihdjh AER ey, Fitbeg Bh VS €I SRR | ng
ant enna Uftiaked #8d¢8. statfdhBvith smart ari@afd be tAbIged oagl asif 2 PN tireg Bnakes -
202N) and radi o frequency transcei ver (203A, 203B, ... , 203N), besides
there is tadigfieguency drrtsiand clermpents peshangedi atll timshsthesefase, enpmegring
correspongj | : ose taking A'h link as
refer enCegﬁ@ﬁ&éf?%éﬁ?ﬁ%ﬁ%ﬂﬁ%ﬁt%ﬁs&%@%135&;%9?)3 %‘%‘a{ ce link), then
calibrating smart antenna systemis to get transm ssion coefficient
anpl i t ude andvigthad endideévies efitle ingentidanfooichlibratingrkman dntensa agfyemaimde | i nk on

set working carrj re ncy, during recejvi a transmtting;
thereforg?gﬁnﬁ%h}gﬁ%ewg?@?ﬁ ‘eam %?‘P%rFYB!F“’S%ta t SMPZE i© a%’?gltgesystem
cal i brati gropobéd meihed aadHSAEAcAnOREE e 6RBIf6r ulibraling sRtrttantAng 6f FBMA Suppose
taking point A at antenna far-field region in Fig. 1, and B;, which is a

baseband phd EPMAaviepless gompmunigation system.B: | ... | BN of transceiver 203 in
base station, as observation reference point, transm ssion characteristic

of smart CRRE | S.e i ol l owi ng fornul as: transm ssion
characteriagefri?ﬁégril oh. teeﬂm ; =Sr; xR xbr ... ... ..(1) 7
PCT/ C:I\IOO/OOl_?Ilg ~ ~ 1~~~ tr?nam' SSi og créi\eracteri sti% of transmtting |ink:
Bt; = St; x T8%eg} Is a principle Siagfgm. of wirclesy copmunication \base, Siafial Y8ing ' st ¢ o
N " link phetRRCinddivice of thefigvemiba (1), Ar, represents i'" link receiving
signal at B; point during point A em ssion, Sr; represents degradation of
i~" link rec\(laﬁti on by spatial propagationi R represents transm ssion

coef fi ci ent WH8We{2 18 ajpriggiplecdiagiamef aplge Hpnscelyeasent s point A transmitting
signal when reception; in formula (2), Bt; represents received signal, at

receiving point A, comng fromi'" link, when point B; em ssion, St;
represents degradation of i " link transmtting by spatial propagation, T,
represents transmission coefficient when i™" link em ssion and at

represents point B; transmtting signal when enmission. Both transmtting
signal br and at, in two formulas respectively, are all digital signals,
they shoul d keep unchanged during calibration. Calibration work of the

- v - o N LY O



Basi ¢ means of the invention inplementation is to nove reference popgt lﬁl M3
said above, into antenna array, i.e., output term nal poi nicr/enafoofeeder '
cable 206 in Fig. 1, by setting pilot transceiver 207, related feeder cable
206 and coupling structure 205; thus fornulas (1) and (2) are rewitten

respectively: transm ssion characteristic of receiving link : ACr; = C; x
R x br ... [Figure3($) coupMngRireauRnlisgtamasingpidt afteifa. t ransni tting |ink:
B&; = C; x Tgux at ”l[ﬂiﬁﬁ .(4) vvtitée}re [ rf_gpl 2, ... , Nrepresent first
to N" link respectjvely; in rnulafr(ﬁ(? represents i'" link

recei ving si gigire 4t isgosapnegion, fagramop “Bh %‘?ttbfﬁ’ Incymarg éb‘F%"et‘f&V’
transm ssh&gl &e&tql&h Br/ggéglﬂg&g%hglgg structure when receiving test to
i ~" link; ornu ?L“) represents receiving point C receives

si gnal , com ng fromi " |ink, when point B; em sSsion, C; represents
transmi ssi on ngméﬁiishlmther@:buplhlg stimofuire o@heﬁmnﬁmme when transmitti ng test
toi " link. If coupling structure i s designed as a passive netmprk t hen

t hi | t ch bi |.it ,
'S COUp | “%guré o 8 argofJ Eﬁy&ﬂﬁ% aﬁtl‘f“‘ilg’ é@ap&g&f&ﬂgré‘f or rruI a (5) I nto

forrrul as (3) and (4) then following formulas can be got: t Receiving |ink:
R = ACr; / (I‘igur& 74§ Nlowchart of smart antenna calitiréfion'prébédurd. t i ng [ ink: T, = BCQ; /
(C xat) ..... (7) I'n the invention, any link can be set as a
ref erence_| i nk, suppose 1 link is set as

Embodiments of the invention

With embodiment and drawings, method and device of the invention is described

in detail in the following.

Referring to Fig. 1, it shows a typical base station structure of wireless
communication system, which uses method and device of the invention for mobile
communication system or wireless user loop system, etc., with smart antenna. The
base station structure except calibration part is similar with the base station structure
introduced by Chinese patent named "Time Division Duplex Synchronous Code
Division Multiple Access Wireless Communication System with Smart Antenna" (CN
97 1 04039.7). It mainly includes N numbers of identical antenna unit 201A, 201B, ...,
201N; N numbers of almost identical feeder cable 202A, 202B, ..., 202N; N numbers
of radio frequency transceiver 203A, 203B, ..., 203N and a baseband processor 204.
In all radio frequency transceivers 203, there are Analog-to-Digital Converter (ADC)
and Digital-to-Analog Converter (DAC), so input and output baseband signals of all
radio frequency transceiver are all digital signal; they are connected with baseband
processor 204 by a high speed digital bus 209; they use a same local oscillator 208 to

guarantee that each radio frequency transceiver works in coherence.

In order to implement smart antenna real-time calibration, based on this station
structure, calibration link consists of coupling structure 205 (coupling radio frequency
circuit), feeder cable 206 and pilot transceiver 207 is added according to different

antenna array;



reference link, then formulas (6) and (7) are changed to followi ng 2§ Jyn 2003

formulas: Receiving link: R / R = AC; x C [/ (C x ACr PET/CNQ0/00178
.(8) Transmtting link: T, / Tl=BC&; x C [/ (C xBCtl)

oo ..(9) wherei =2, 3, ... , Nrepresent second to N " link, all of

Cr,, BQI, /@ouoplimgnsinisGirg 20ars beuplahwith Nl féerdelrwlestZ(EA, 202Bangd 202N(;an be

A

ca |brate ef oreh and,i s defined b n ruct,ur, so R / R and
T B SR A 5 StnmeQfe, bplisk Risvelfte 5oy Tt casselyer

cal cul at egly7, %B@mhgwwwz&rgs cohnekted Wi Migh s?@wihi 6l Bl 205, 4hé ulds 4 he
invention, i.e., spatial coupling node structure ag&yyl ng pilot antenna.

Pil ot ant S}immloeﬂwisaﬁataﬂ%wahmﬂ Jadipifrequéney trapscgiviey fi xed physi cal
position with the antenna array to be calibrated, the pilot antenna 230

brated. t|
of “antenna aReRyRCk b 2ok bt AR Bt MO ahdiehl b PhERIs Shiltna, °Di ot

ant enna cgansegiveieRORishaWi #ROFig! 1101t iinclhdedi ApleiRr210] ahdlog a8¢edverof11ant enna
unit. Applying this coupling structure, the calibration nethod is: connect

a Vector mealegiodigiialioppesrics 212, anelograngmitter 3k and digialttpragalog canyealer D of

pi | ot ant 2 I i nk; at
Phe sam. frn SHE ReRLENE, L RAMOR oy ffotiier 248 O B oGy T
array suckbfeusara, ,uscEQto control ifsNgairf; is etnEc hwdlog ansmiittbre?13, aavhriaBRAgai2 328,
, 232N respegtively; then neasure transnission coefficient,C, of | " to be

cal i br at eAmphibgr 6; Gﬁ:a@ e corizellsd Byesefbyareh vasd, Wegonirel its gaine s 3qt. n‘ﬁ?%%r s of

gor o 2 BeYEPRT TR R PLRTPSS 9 inommectil o feder bl B e 28 Tl i e

i s sinpl edirvdilyn Amllogatoadlgn@i convertero 232 sandndggltolf-toeanarog eonvertera 24 dre has been

consi dered; dis f this i ng structure,i tion of pilot
antenna i $° ‘}qeﬁth t%qﬁéfg’éﬂgy%ﬁs@f 5@#&‘&“@ B‘yg’gltgﬁtﬂg%@bf ar-field region
of to be calibrated smart antenna array's vvorkl ng range, in order to

guar ant ee calgh RfmaftiafRnAg Syiiet Ywhich ubeS b4SE tatilinl dtiuetird siowd MIHIEIE Mhere | N

practice. Therefore, only when antenna unit is an omi-directional antenna,
pi | ot ant an iranssuittingt and geosixing flinks dnrietaloanyong oft thefmjis cprsisded @i on

cari brati BFEog e 20 oo NG ed f RO PRR, 2 Crn 0B oy

pil ot ant @ﬁmadﬁﬂﬂedi@nqeﬁambelb&qzosﬂtmmf 1 203N)) besiiled tHegdida calibAYionW th its
nretry uaranteerellablllty of its near field region

geonetric_s

measur e. hel}/ @wrslsmﬁ %plgrtgransrcenrer 20 and cersesprndipg sounling structyre (393 §P‘3'e
networ k 24f4y consi sted of distributor/conbiner and coupler, and its
connection V\}th smart antenna array 201A, 201B, ... , 201N. The coupling
structure includes N coup|ers 242A, 242B, ... , 242N corresponding with N
ant ennas 201,Supposeatakliing A Hiok 25 vefergnest Hﬁlb(mwrliltkmabibweﬁeleztbﬂ;aseafek'cmc)upl er of

242 is logated.at ¢ ction point bet ween e nt enna
Cott 201alitspomeh GRBRTSE, ub Aobiant systeuf 'is i g FRnTYIGE boelclent D ST
The coupl aﬂxgllﬁidratmﬂu;smsbaﬁffaeﬁ@ bétﬁb@@@fwl&ﬁltlink e ity aetfadn&ehﬁlﬁ ®nl feti S

nounted in antenna array. Referring to Fig when, appl coupling
structur e“@ﬁlam Gagrigt] éreqmencr{héuaagr@eavmsnandettmamttsng,c e, anvidet or
network a I n f

antenna 2 ﬁﬂ’ﬁﬁ%ﬁ ? g?%&gtgpt%&r?fgfwéoﬁgg){%érﬁgalibg ﬁl lug rﬂ% amII%J'nnat t he
sanme ti rre;feetdt:hmblemﬂ@ﬁlﬁﬁgttﬁhﬁﬂeh&ks of the to be cali brat ed antenna array
such as El, E2, ... , ENis connected to matched | oad 232A, 232B,

232N respectiyel ans n coeffi.ci 'to be
ool br ot od1 1 SHPPYe HRERSTRoA oF aite ok TRl CReb8 I I8 £ nd B Rhishiner o of
nMeasur i ng baédband iitdrdcd AnoagH |, BreN!, B;,CL.., By-of tranéeeiver 203 in Kk fatigd bs! | Nk are
got. Calibration method shown in Fig. 5 is same as calibration met hod shown
in Fig. 3obmysaiope raferanse k Peislipitiapgmission c characterisiowef i pmeit g antenng sisnor e

conpl ex t structure, shown in Fi 3, and
norr:pconm E?ﬂ}%%} e@}v@ﬁfoﬁl@%@fé#ﬁhfgﬁ?t cannot be consi dered gurl ng
calibration, but it can be conveniently used in calibration of any kind of
smart ant ennatralsmmn*charactcﬁhﬂic af-receivifig link : Ar; = Sr; x R; x br ... .....(1)



? ~ SUN ~UD3 PCT/ CNOO/ 00178 Referring to Fig. 6, it shows cali bratixqj N
procedure with coupling structure, this calibration nethodcgaroope s by 243
both coupling structures shown in Fig. 3 and Fig. 4. Coupling structure has
been cal i brated before smart antenna array is put into operation, the got
transni ssi on yGaghféich eRralerigticio Randdhit Bl 90 Tokap..601@) cal i brati on
starts; step 602, calibrate first Iink of Nlinks, i.e., i =1; step 603,

wi th connection node shown in Fig. 3 or Fig. 5, calibrate first link; step
604, set firsthecal =5 2 i.onNfreprgsen fiyst doINi] Bnk respéctivelysior formglacd),rAer

f f J i rier f ies. i.e. = 1 605, set
(1ot 1T EERisSPHS g ik teseRing Slaarlc & PO, BRting pSinha smison it RPFRGEUSS 1 e
frequency gegrh@itioR U, i "WiAK racBBHEH by RpHRPA Fpraphzadi@L R, EPRSLHS tlahGhiRSbAS ON

coefficient” G of first |ink when”calibration frequency equals to first
wor ki ng ceeeffieientf whapuic ink; recepsionaod br representstpoint Avtrarsmitting signaliwhen st eps
608 and 611, by judaing i, 5,J7 and calculating j = |. 1, repgat steps 605
Lo 60, whcepiane ybfitteiFh (¢ reflien Reciivel ighth, Bt ekl oiltA oG o
wor ki ng ¢ o iink] REeepet BEGRIBSIbA,VSY] tépreSsits ddpdadatioR bli™ link edRsmetting
coefficient C; steps 609 and 610, repeat neasuring said,above until|

nmeasur e oPY spatiahpropagafian rly irepresepisqransmission; coeflinignt avhea; i dink eissiopigi ng i =

N? and ca ' o = . 6 . i o, e

b anom sofSheispiferts Foiht By thgsFRRGE eBhRfertAilifn. 160 cBlidlE o
frequencybr and atemotwbo femsulis rgpectively, .ardViaHsdigitalesiginld, i thky showlddieepecessary
carrier frequency. and record all neasuring results, then calibration of
coupl i ng §P‘ﬁﬁ8€ Quring caliptigR.ed and whol e transmi ssi on coefficients Cis
got. Referring to Fig. 7, it shows whol e procedure of smart antenna array

calibration, dyhpiiin PRk ot SANBA 1Yo b, With fofl e RSl OBifrehdre COUP! | NG
structure has been calibrated according To procedure shown in Fig. 6, and
the got r bewieen ifhlimntlansmrssson ¢deffigjert RarEnicpssaning oeckiving amd trf@simittingeen kept
in base stati ?n, where the cou‘te)l' %l\sgtfue?ture is located. Step 702, nake
recei vi ng " CRFGINPLY ARFHFranspgsiony éb{] Ol AN ™ er of pilot transceiver
transmts a defined voltage | evel signal with set working carrier
frequency, i rBaicd@éans @f IhY BivEmidn ingl@hamittbnSy 36 ﬁi@v@frefbfénbfﬁg@iﬁ{ Absaged base
station is working at normal worKi n? vol t age | evel ; stegjé? 4, alil

q

transcei vabave; ito eriensa wigass ot oMRyf larmingd peist Cholofeeder icable 2064niFig lare at
Lo~ e e ApC et AT, R dtorB o 208 WP BB BB Ap,”

baseband psdemmtis (Panddd) afcrewrittemtespysiveln i s wor ki ng at set receiving

| evel and each receiver is working at linearity region, according to output
of each link receiver and farpula (8). baseband processor calcylates R / R;

steps 706 dFESHBFionchardetarists Qfde%‘f‘%ﬁﬁk 'eﬁaﬂf Cri g Ridpdr eomt 41 1§ ng

variable gain anplifier (213 and 216 in Fig. 2) in each receiver, output of
each recel Vi Hnsmitbioh neABkAAld diraGhitling Tk BAR = CF »M, Y £CQLA(@nd store
phase difference ~;, between each receiving link and reference’link, in
baseband processor, which will be used by smart antenna when working; step
708, when ~Rwhergd = 1;:2],..,.INirdpresent firsatmsN‘iX tink meppeetiviely; an faomulas(3epsCiz09 to
715, when calibrati.ng N tr.ansm tLitrr:g N iﬁks recej ver .of, ‘i)iéfOt transcei ver
recei ves, "TPEEYSBS \’E’?‘;f?ceé?"@ﬁaﬁ‘@a Bt Py WhsLBUAL L eImission (GTh EPPISSAIS ot set
wor ki ng cafahérfifssibh @bt ofthd Bdupling FHudiRWhh tdcBEIY ekt 10i" filkSn sai d
above, only one |link is in transpitting state at one tine and gll others
are in cl éemmda (HaBEti(repregents gceivingepainoE decaives signgl, tooming fonot liwksei ver

e in cl dome & ; Epalfof deositese _
Cransm ttHS ?%E“%s‘%%%;e‘&%eia?éﬁ{%g:@%ﬁn% llmishio GocRibibn S A°BbE., 1

make sur e strhetiirei wisent tramsmitting tesptoiOwimk. i s in rated vol tage | evel; under this
condition, receiver of pilot transceiver receives signal comng fromevery
transmtting [.ink {iste 71%‘; g t({gen baseband processaor processes asured
result and caf ctH"R ’ég'ls?ruft“ " T Wg??ffﬁﬁlaape Ve( Q?Wﬁ%?lﬁ‘f? '&‘St @“Pﬁrﬁét,
accor di ng strgctul®) Kas YtbréBan BbiHL i@f each transmtting link is controlled by
vari able gain anplifier (ggll and 215 in Fig. 2) of each transmtter until
~T; /| Tl~ =1 for each transmtting link (step 716); at the sane tine,
phase difference ~; et dehCeachr-eeeivlNg 1ink and reference link is
recorded in baseband processor, up to now real-tine calibration of smart
antenna is conpl eted. Al though nethod and device of the invention are
proposed pointing to COMA wi rel ess conduni cati on system but after sinple
changes, they can be used in FDVA and TDVA wirel ess comruni cati on system
Base station structure of wreless communication, shown in Fig. 1, is an
exanple of TDD wirel ess comuni cation system but it can also be used in

————~ o o o - e o o o




1) set a calibration link consisted in connection of a coupling struZguify 2003
a feeder cable and a pilot transceiver; the coupling struetncsobs’coupl e
with N antenna units of the smart antenna array and the pilot transceiver
is connected to a baseband processor of base station by a digital bus; 2)
calibrate the coupling structure before the smart antenna array is put into
operation, rReplacingtforniis ¢3)inteofotmalas (B)undd4), cienffbllowinptfoandlas canberi tting
transm ssion coefficient respectively; 3) make receiving calibration,

adj ust anBfti tude of each receiving link transnidsion coefficient and
reference link transm ssion coefficient to make them equal, get phase

di fference ~ betwe AP 3.\ 1R d refere link, in order to be
used when smart an?g%(%g‘gﬁgng%?t‘i_n'?gr'(/)Edg'i?(al?r?'()'ri';' "4y ngﬁ)g transmitting
calibration, adjust anplitude of each transmitti'ng Iink transmn ssion
coefficient and refTEraasaitihg likk:T; arBOG 5&; eat)coef.fi.ci@t to make them equal,
get phase difference ~ between each receiving link and reference link, in

order to be used when, smart_antenna is put into operation, 2. The method
for cali brat Ihihesinentionnamhhak san be se @8 grigfengce dink) sippese 1 lipeisesehast i s
character] : } ' . [ : ses a vector
net wor k allr?gﬁgggctg?ﬁlkéhu%ﬁ%rﬁﬁﬂeﬁ@gé Iﬁjﬁﬁ %:Iglclﬁ‘%? itﬂgﬂ@%r fozlgllrilltﬁ %aag'na array
according to claiml or 2, wherein it is characterized that the said

cal i brate coupling Redeivdhglink:\R;l/ R, ve0Cok Gi¢{Gor ACaAnal.yzer. .c@B)pri ses: set a
pil ot antenna and spatial coupling node; the said vector network anal yzer
is connected to feeder cahle termnal _of pilot signal and antenna unit
termnal of to be chiansmitieglink: i/ TemBEhinaCu{G x Bti-nal- of-(Pon- cal i br at ed
link is connected to matched | oad, neasure and record receiving and
Lransm LL1 OWHAIPIIZ S on, RORbGh SBhordio!N BRKCAL bEIHE B, My fle” each
necessary working carrrer’ frequency, repeat steps sai “pove ‘unt il al |
recei vi ngB@nccahrtenswasutréedin roabtime] €5iand G aah fbieccatibtaedbefdrdhiank anthdye been
measur ed d recorded. 4. The nmefhod faor_calibrating smart antenna array
accor di ng‘?‘tr}B‘eé%éli GOMBLINg BBHCEITR, $0 R; /slgncqxlér%éﬁ‘emp d foRstpart ERENILINEER | ot

ant enna i S1ibbati¥R’csh BO sl chielge@l 13 2 ~ ,1UN 2t9 rcrrcrrooroong
radiation directivity diragram of N antenna units, which conpose the smart
antenna array, antenna termnal of the pilot antenna is feeder |ine

term nal of (Refastingiteyiiig. 3,5t shives areeundiagistuciury phhet inventionai-¢., apatishna arr ay
according_ to,. im3 ereini.L i teyd zed. t ; e e ant enna
units, V\hfoc"\%llgé%{%eem Vg;turén%ﬂp %yxé‘%tp zlﬁfr:]gﬁfgﬁr?aa;e}fdogragtegﬁgitngwea& nggﬁ%r{ﬁl, ant enna,
the sai d whichthasntlatively ifixed qngieﬂ psition YWwillo et dntsmnafarragas beidalibratedgi on of
each antenna unit. 6. The nethod for calibratjing smart antenna_array

accor di ngtheoPilgtaanienna 230 maysh be; in wosking suaig, lobg (oft ppienna, unig Jadiatigt ej vi ng
cal i brati gfechiviih NiserSABF bitEiina hixdISWhbA leAh Bniiifd U6 i IudASfreb YRl S1 gnal
at setting working tarrier Trequerncy by analog transmtter o e pilot

t r anscei vanrtenmnpilotainienga bhn be st at any paosition indludinghedr fizl bk glvmsef anteaha on, are
put in receivi ng state; detecting output of each receiving link

respecti vB™ by baseband processor in base station and calculating ratio of
each link transm ssion coefficient to reference |ink transm ssion

coef ficient oplyifig tKiS Wovply sebciered iHa0cdliBratio nétB6@ sl ddtinkdt K VRbbPUL ;
controlli lr\1Jg each receiving, |'ink output by controlling variable 8ai n

anpl i i er Netwprk Aaalyzen 3 hwith pifpt siged ifeedrline; ternind D afpilot:antrnna 280 endf each
link recej v [ PO fi.ei o ref gre J nk 1.§Si on
coeffi ci e?ll;{tblgglugﬁngﬂ%? Eit;df(r){:cgérjglgn%aﬁgﬁ st’fc?#’i %tgﬁ%hgalg‘g hjlng’f gp{ggc%g%ﬁ et ween
each r ecetermimld ofnthe am te calilraed aatehna krraynsuchas (BaNB,, pr. o ERds oonnedted The net hod
for calibratin r nt arr ccording to.claiml1, wherein it is
char act er "2 °8 h@f‘nﬁlt i@%aﬁ%r ans %t"@i FF@F’%C:S‘IVEIHP AheTh easpien FANIBIHPR ses:

meki ng onkyefABignd Ut i $o b cAlitRREMihk Wi (RS RéRordetdbtR dnhifBerd, 2kdr 10t her
transmtting link are in closing state anong N transmtfing Iinks, and
recei vi ngnwinbersiof meastring, fransmisstarhcoeffinignts €t,i.ngCi i.niCy efsallelink aregot. at  set
wor ki ng carrier frequency by analog receiver, in the pilot transceiver;
processi ng detected the signals by baseband processor of base station and
calculating ratio of each link transm ssion coefficient to reference |ink
transm ssion coefficient during transmtting; controlling output of each
transmtting link by controlling variable gain anplifier, in each link
analog transmtter, to nake anplitude ratio of each |link transm ssion
coefficient to reference link transm s&ion coefficient equals to 1, during
transmtting;, recording and storing phase difference ~ between each
transmtting link and reference |ink in baseband processor. 14 ~ ~3 ~~ ~

~—~




PCT/ CNOO/ 00178 8. The nmethod for calibrating smart antenna array Accpg dJUW?'IO")
toclaiml or 2, wherein it is characterized that the sai dcgaNbdnoste
coupling structure with vector network anal yzer conprises: set a passive

net wor k coupling structure consisted of N couplers and a 1: N passive

di stributor/ eoivahfagé o BN QPR mdcmréhmpieemen ENDrMingOHEN-Es1iBistdny

connected with antenna term na the N antenna units of smart antenna
array respbevery enignnanuit bas peen Q@hSIﬂﬁédp@S@V@@ta@ of ﬂilfbﬁﬂ‘kpllﬂg Sirbetpgerisi s

feed bl e, .t | of pi.lqt .si l: th i.d:?

connect careipEahBaS R s Tiwifiar Birast #fef ol SRR Buciie " 1 °
term nal edgidoob® WeadalibfaddEsnart Biten@dreyrOwoiKilg tapel mairdafto pfrafibi br at ed
link is connect ed with matched | gad, neasure and record receiving

transmi ssFAIPrating accarasys itaisavery adisfienkttp ngplemgens n quadicec dherefase.eomly of to be
cal i brat eg'hcﬁ 'ahteHHadﬁﬁnf fsaa%loxﬂl?ccﬁﬁ bl ‘Q’R{ehha[‘ %118?‘5&&% 1% fsé‘tﬂdf ‘?t@%éar éeﬂﬁeat

steps sal ove un IV ng an

transmtt rerw)rt nadsies $a+ivdd Qeglbﬁlahaﬁoteﬂsmf uNrd:platded Iliba\its b@erﬁdmekegtbﬁd and
recorded. 9. A device for, calibrating Et* nmar t antenna array wherein the
devi ce coﬁ‘Eﬁ‘f‘%‘%‘éStlcath‘?&\HaHBraB@Er\S prchigbla &or EXUPPIENYheR PHBE Ging ankennaeder
cable and,qg cel.v t 0 r on N
ant enna un| %}p %@tt#ﬁ{éﬁaﬁn g%tsgtn%tgtl%rlﬁngb%rn&hgﬁ% g@ ggrlﬁ%laql ﬁr&oﬁoﬁnﬁgct ed
with the geemétriogyminetryttogearamtee tehiabifity oftitstneanfield iregion mehsmrgi | ot
transceiver is connected to a baseband processor in base station by a
digital bus. . .ITh C or caI rt ant ord| ng
to claimo, ?re'i“ﬁ?? 9‘3 4 fﬁﬁg "ch‘foélp c|t|un "}‘Fé“@ate g@%{)’l coésngtle ucture
IS a pil Obf NGBS/ HrhbinGPadd dbu dp;auraha g &ﬁﬂﬁCtldnhWItﬂ' tlﬁtrt ateARNArdag | N
wor ki ng mai n | obe of radiation rectivity diagramof the N antenna units,

whi ch conBebs, 2008, s 2@1NnTknecupling slyuctentineindest¥ coupiets 2924, R42B, 1. ot
antenna i eder I| e ter ot na h vi ce,.for
oal bra ! 4SS bsnaniing N Burelas Mo hng” b 3" a padiye, SRR Rt
char act er Rgtedch@bupléehenN24 N IdeAdd gdbAanedlionSpoitttE,¢ B, corrm;tswwm EdeBI t
antenna array, are ommi-directional antenna, the said EI ot antenna i s

| ocated afnighna wejs 201408, neat0kN andiits &edercable 2024 203Benna20?N. The 12, The
devi ce fof, &p”}idgg%fu%hiu?cgh eh i &(;btpgﬂm 1§ caft¥rafd GREHE “&s’wﬂoﬁtt@d B ahenfigerein it
i s character!z sal cou n structure i's passive network,
wher ei n i arrayncl udes N coupI ers, correspondl ng with the N antenna units of
the said snart antenna array, and a 1: N passi ve di strl but or/ conbi ner
connect ed thﬁe he ge t he said 1{} PCT/ CNOQ/ 00178 N cou Iers are
connected wit fﬁ‘ﬁt“&nﬁ’a §PBerH{31§0 ing: SIFHCLPIe SheWD, s Bl 14y

out put of chistadiét theBRASis V@orﬁbéttaf vé&tsroxtdt&arﬁoaﬂwzet 931 @a@epildtisihal ﬁzreH‘ nal of
pilot signal. 13. The device for calibrating smart aptenna arra Accordi ng

to clai m dine isrmirsl B ofpilos anthpnesi0and satenanterminehB: ofdf ¢ be cabibratedligls ei ver
Ihﬁil 3 d;sﬁm?lt he's gﬁ% ‘ffn?c %?he} Qﬁteﬁxfadteﬁnﬁxﬁﬁ%‘f%% btercgﬁtfr(i%'dva?lg%nﬂ% ﬁB?}S?u Lt on
g'a : recei ver connec upl exer,

anal og tr @shi, t.L eEn mmmecttedi tmnhi&hémloadl aaBAxmB a.. amwgesFmﬂem tieh
converter connected with the anal Leceiver dd tgl t o- anal og
conver t er TRE3HHE drapgmizsion cp caﬁta it rt%h%ﬁqltbw? lipk, wiith the weriQIREIVOk er f ace

of the saiy |e5e t couphki ng
structure, Halﬂke&szagl)idéfaér{;l\llggﬁltggglog??%m%ver nélrsﬁglﬁh& Jﬂ ElF%‘%I%to éﬂr:t’afo
converter er of abdrlimkcaredgatoChliratiar thethiogi shalwnbinsFigl 4. 1sTdamed&s/ca1£brzftmm
calibratin r.t ant array According to claim 13, wherein it is

char act en"geéﬁor?ﬂ’z?f’m ‘P?%??e sai d anal og receiver, a variable gain anplifier,
controlled by software, is set for controlling gain; in the said anal og
transmtter, Pasuigtindlwark @au;slu@rmlubfut@ 'show® i Figl 4eid nyre SOmpléX' than piotset for

controlling gain. ~ ~ .~~N 2~~i
A A A . AaBtennaroyphing sjryctpye, #tlpw 91 Hig 3, and pon-consistency\of epghpantenga unit

cannot be considered during calibration, but it can be conveniently used in calibration

of any kind of smart antenna array.
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first working carrier frequency; step 607, record this measuring result; steps 608 and

611, by judging i = J? and calculating j = j +1, repeat steps 605 to 608, which measure
first link transmission coefficient at J numbers of working carrier frequency
respectively, get and record transmission coefficient C;; steps 609 and 610, repeat
measuring said above until measure of all working carrier frequencies is completed;
and by judging i = N? and calculating i = i + 1, repeat steps 604 to 608, which
measure transmission coefficient of N links for J numbers of working carrier

frequency, and record measuring result.

Measure each link at each necessary carrier frequency and record all measuring
results, then calibration of coupling structure is completed and whole transmission

coefficients C is got.

Referring to Fig. 7, it shows whole procedure of smart antenna array calibration,
before smart antenna array is put into operation, its coupling structure has been
calibrated according to procedure shown in Fig. 6, and the got receiving and
transmitting transmission coefficient C has been kept in base station, where the

coupling structure is located.

Step 702, make receiving calibration first; step 703, transmitter of pilot
transceiver transmits a defined voltage level signal with set working carrier frequency,
in order to sure that receiving system of to be calibrated base station is working at
normal working voltage level; step 704, all transceivers in receiving system of to be

calibrated base station are at receiving state, i.e., N links are all at receiving state; step
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PR 3region, according to output of each link receiver and formula (8) baseband processor
calculates R; / Ry; steps 706 and 707, according to calculated R; / Ry, by controlling
variable gain amplifier (213 and 216 in Fig. 2) in each receiver, output of each
receiving link is controlled until |R; / Rj| = 1; record and store phase difference ®;,
between each receiving link and reference link, in baseband processor, which will be
used by smart antenna when working; step 708, when |R; / Rj| = 1, shift to transmitting
calibration; steps 709 to 715, when calibrating N transmitting links, receiver of pilot
transceiver receives, respectively, signals coming from each transmitting link at set
working carrier frequency; at this time among N transmitting links, said above, only
one link is in transmitting state at one time and all others are in closing state (step
710); therefore, in each time, pilot receiver only receives signal coming from this link;
right now, reference transmitting link must be measured and calibrated beforehand in
order to make sure that its transmitting power is in rated voltage level; under this
condition, receiver of pilot transceiver receives signal coming from every transmitting
link (step 711); then baseband processor processes measured result and calculate T; /
T, with formula (9) (step 714); after that, according to this value, output of each
transmitting link is controlled by variable gain amplifier (211 and 215 in Fig. 2) of
each transmitter until |T; / Ty = 1 for each transmitting link (step 716); at the same
time, phase difference W; between each receiving link and reference link is recorded

in baseband processor, up to now real-time calibration of smart antenna is completed.

Although method and device of the invention are proposed pointing to CDMA
wireless communication system, but after simple changes, they can be used in FDMA
and TDMA wireless communication system. Base station structure of wireless
communication, shown in Fig. 1, is an example of TDD wireless communication
system, but it can also be used in FDD wireless communication system. Any
technician, whose career is research and development of wireless communication
system, can implement smart antenna real-time calibration, after understanding smart

antenna basic principle and referring to method and device of the invention.
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] " @1) set a calibration link consisted in connection of a coupling structure, a

feeder cable and a pilot transceiver; the coupling structure is coupled with N antenna
units of the smart antenna array and the pilot transceiver is connected to a baseband
processor of base station by a digital bus;

2) calibrate the coupling structure before' the smart antenna array is put
into operation, record its receiving transmission coefficient and transmitting
transmission coefficient respectively,

3) make receiving calibration, adjust amplitude of each receiving link
transmission coefficient and reference link transmission coefficient to make them
equal, get phase difference ® between each receiving link and reference link, in order
to be used when smart antenna is put into operation;

4) make transmitting calibration, adjust amplitude of each transmitting
link transmission coefficient and reference link transmission coefficient to make them
equal, get phase difference y between each receiving link and reference link, in order

to be used when smart antenna is put into operation.

2. The method for calibrating smart antenna array according to claim 1,
wherein it is characterized that: the said calibrate coupling structure uses a vector

network analyzer.

3. The method for calibrating smart antenna array according to claim 1 or 2,
wherein it is characterized that the said calibrate coupling structure with vector
network analyzer comprises: set a pilot antenna and spatial coupling mode; the said
vector network analyzer is connected to feeder cable terminal of pilot signal and
antenna unit terminal of to be calibrated link, antenna unit terminal of non-calibrated
link is connected to matched load, measure and record receiving and transmitting
transmission coefficient of to be calibrated link under each necessary working carrier
frequency; repeat steps said above until all receiving and transmitting transmission

coefficients of N links have been measured and recorded.

4. The method for calibrating smart antenna array according to claim 3,

wherein it is characterized that: the said pilot antenna is in working main lobe of
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wherein it is characterized that: when the N antenna units, which compose the smart
antenna array, are omni-directional antenna, the said pilot antenna is located at any

position of near field region of each antenna unit.

6. The method for calibrating smart antennd array according to claim 1,
wherein it is characterized that the said receiving calibration further comprises:
transmitting a defined voltage level signal at setting working carrier frequency by
analog transmitter of the pilot transceiver, and making N receiving links, in calibrated
base station, are put in receiving state; detecting output of each receiving link
respectively by baseband processor in base station and calculating ratio of each link
transmission coefficient to reference link transmission coefficient during receiving,
according to each receiving link output; controlling each receiving link output by
controlling variable gain amplifier, in each link analogy receiver, to make amplitude
ratio of each link receiving transmission coefficient to reference link transmission
coefficient equals to 1; recording and storing phase difference ® between each

receiving link and reference link in baseband processor.

7. The method for calibrating smart antenna array According to claim 1,
wherein it is characterized that the said transmitting calibration further comprises:
making only one link is in transmitting state at one time and all other transmitting link
are in closing state among N transmitting links, and receiving signals coming from
each transmitting link respectively at set working carrier frequency by analog receiver,
in the pilot transceiver; processing detected the signals by baseband processor of base
station and calculating ratio of each link transmission coefficient to reference link
transmission coefficient during transmitting; controlling output of each transmitting
link by controlling variable gain amplifier, in each link analog transmitter, to make
amplitude ratio of each link transmission coefficient to reference link transmission
coefficient equals to 1, during transmitting; recording and storing phase difference

between each transmitting link and reference link in baseband processor.

14



10b 10%& ()-z#! F'3 10%b& ()- 10b 10b 10bl =10%& ()-!3z 10%b& ()- Y2 62N 2003
10%b& () -1 1 nnnnnoonmo{\ = 10b10% u& ()- ~SL10% u& ()-!N'l G Aict%noeeedis() - 10b
10b 10bF=10%¢& ()-!& 10%b& ()- moppSgxrsSt zX6{\ = 10! # 10% u-u& ()- !'19y
10% u-u& ()-"'I 9y 10% u-u& ()-9y 10%u& ()-!'D vy 10%uqu& ()-11!1
10% u- u& () - | &t " TheieiNed {foF calﬁ;!rat 1sﬁh‘iﬂ@&ax{ténna' dreiyl Adddvding td thaim Q- or 2,0- U
10-ul =10% u& ()-!8g 10% u- u& (tg )z 10% u-u& () - xyy%ruvwx}’\SH: 10!

wherein it 1s characterized that the said calibrate couplmg structure with vector

network analyzer comprises: set a passive network couplmg structure consisted of N

couplers and a 1:N passive distributor/combiner connected with N couplers, the N

couplers are connected with antenna terminal of the N antenna units of smart antenna

array respectively, and output of the passive distributor/combiner is feeder cable

terminal of pilot signal; the said vector network analyzer is connected to feeder cable

terminal of pilot signal and antenna unit terminal of to be calibrated link, antenna unit

terminal of non-calibrated link is connected with matched load, measure and record

receiving transmission coefficient and transmitting transmission coefficient of to be

calibrated link under each necessary working carrier frequency; repeat steps said

above until all receiving transmission coefficient and transmitting transmission

coefficients of N links have been measured and recorded.

9. A device for calibrating smart antenna array, wherein the device comprises:
a having been calibrated coupling structure, a feeder cable and a pilot transceiver; the
coupling structures are coupled on N antenna units of the smart antenna array, the
feeder cable is connected with the coupling structure and the pilot transceiver, the

pilot transceiver is connected to a baseband processor in base station by a digital bus.

10. The device for calibrating smart antenna array according to claim 9, wherein
it is characterized that: the said coupling structure is a pilot antenna with spatial
coupling mode, the pilot antenna is in working main lobe of radiation directivity
diagram of the N antenna units, which compose the smart antenna array; antenna

terminal of the pilot antenna is feeder line terminal of pilot signal.

11. The device for calibrating smart antenna array according to claim 10,
wherein it is characterized that: when the N antenna units, which compose the smart
antenna array, are omni-directional antenna, the said pilot antenna is located at any

position of near field region of each antenna unit.

12. The device for calibrating smart antenna array according to claim 9, wherein
it is characterized that: the said coupling structure is a passive network, wherein it
includes N couplers, corresponding with the N antenna units of the said smart antenna

array, and a 1:N passive distributor/combiner connected with the N couplers; the said
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analog-to-digital converter connected with the analog.receiver and a digital-to-analog
converter connected with the analog transmitter; radio frequency interface of the said
duplexer is connected with feeder cable of the coupling structure, the said analog-to-

digital converter and digital-to-analog converter are connected to the said digital bus.

14. The device for calibrating smart antenna array According to claim 13,
wherein it is characterized that: in the said analog receiver, a variable gain amplifier,
controlled by software, is set for controlling gain; in the said analog transmitter, a

variable gain amplifier, controlled by software, is set for controlling gain.
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