j‘PCT / CNOO 00178 a METHOD AND APPARATUS FOR CALI BRATI NG SMART ANTENNA ARRAY

Field of the Technol ogy The present invention relates genef@/NPRY™a smart .
“*ant enna technol ogy of wireless comunication system and nore particularly
to a method for calibrating smart antenna array, as well as to a device

for calibrating smart antenna array. Background of the Invention In nodem
wirel ess communi AMETHODAND ARPARATYSI iFDﬁ)(ZtA TING@omuni cati on

system in order to raise JYRILRTANTENNA A RRASY system sensitivity and
to have farther comunication distance with |ower em ssion power, snart

antenna is used, in general. In the Chinese patent naned "Tine D vision
Dupl ex Synghrgn ision Miltiple Access Wrel ess Comruni cation
System wi t Wg‘m&% 97 1 04039.7), a base station structure of

wireless co ni cati on systemwth o antenna i s d s¢l ose [ ncI udes
eﬁ{il

ant enna arr ay 108 REGSERIIAV ogﬁglaﬁgg} imar ARIGHRA f&g 0185Y PEE'H
radio frequsRminicARALsyfaR! 8 3ldte paadual @@*aeﬁemodr&@'ahiafaﬁﬂgm
transcei vers. Accordi ng to differe response of each antenna Unit

ant enna ar ant¢nnaarray; aprwell asdo @idewige forwalibrating smantantenna asayeband pr ocessor
gets space characteristic vector and direction of arrival (DOA) of the

si gnal ; ndence algorithm receiving antenna beam f orm ng
i's |an eneﬂjd\fﬂ.gm ﬂipf .[n ,tl?,’:‘e of antenna unit, correspondi ng feeder

cabl e and coherent radlcl fre?;gency t ranscei ver ther i alled a |ink.
By using wei gﬁ’tl rEhWF§°§ﬁ) W‘@H"%W%cwg@' HBakPMY WiEksof each

l'ink, for ﬁﬂtgo t@‘%ﬁi@& Eﬁiéﬂx arc}‘i‘g,olioerafsh' gétéxﬁrb@héifi\)’n f

smart antenna ca nent under radi © wave propagati on.
In the sai ahchb@xﬁmve:marthgectpmmnicammdmtm with taiver smassionapowen, ssmashbi ne
recei ving ar{d tr.an fti n? geam accurately, the difference between each
ant enna unf® HffEr smart antenna array, radio frequency feeder

cabl e and radio frequency transcei ver should be known, i.e. difference of
anpl i t ude and 1 BRSChiMéseipaienOianidd 'armermdismnfnmwmeﬁwcowmm each
i nk shoul d be known.;: and procedure of gettin

Multiple Access Wireless Communication System w181 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



"1 PCT/ CNOO/ 00178 difference anong links of the smart antenna systemis
just the one concerned by snmart antenna calibration of t h&“THRNEMYSn.
=Calibration of smart antenna array is a kernel technol ogy of smart antenna,

as characteristic of electronic elenments, which conprise radj,o frequency
System of QHgeRos amous Haks ofhe sma e tetios dvit ecOneicamorctcd Pomat | o
very sensi jht¥thatcalivafibh BPthe inRAHERACY, environnent tenperature and worKking

duration etc., characteristic variation of each Iink, caused by the
reasons said above, is inpossible the same, so calibrating smart antenna

system nust b&alibredian of sgeyt anteana arraypis ackasnel technplogyraf smast entenng, RS nds of
librati f : . s di -
o - 4Bl CE eSS BRI Ruin it AL IRE iRl B

rel ated t oantémnaanespédiallie aetivet ehmsents tchemctetdstion dis neas UsensitineTiol wogicingnd

phase characteristic of antenna unit and feeder gabl,e to forma set, of
cal i brati offeqHSnsy, CERIOMREHt; tmpsraeddnd Working sdymtion fif-s Ghapapteristic

comp' ! cat edhrigtfon! ot &AbA fink eansddPhy Mereldns sHRABOVE is Anbbitte HRAGR] 1Y T OF
wi rel ess comuni cation systens have been putting 1 nto operation. Another
met hod i s calibritingtsexhriantennpisysi¢em mmshbe akeowat aay tiwet. enna far-field region,
but this nmethod requires the pilot transceiver is located at far-field

[ i t hoyt |t th ti . this.i I ' ' It to i I t
bract o TRttt e aRCARGE R Hinds; of ubeBy esbid sty attape T
obvi ous. SOHEH direet nicBduré Megivid Mitastifing Ry eryRet GFradib) fRGghety thaAScaiviy@ndi on i s

to provide a nethod and device for «calibrating smart antenna array in

real -ti me, getHog datgeelatedfodisramplitade-and phase,then adding meagsed amplitude pad

i nvention |j . he .l ' r ff P Veh V. A rther
obj ect of t;ﬁag&t&%@%t? ?%?\é 'S t%gl%&lggiagg\f%f (g%’ée\ll\%n%gﬁé sgg.{)f; (z@a(rfll!a)ﬁngﬂ dfrar‘vz hod of
coupl e st r palibestion§ procedure lof ahis ngethodis veryt eomtplicated At is Whiffichit o kakeall hod of
the invention work, ﬁ{zf ectively. A rl'ret hod of .the invention Eor calibrating
smart ant eGSR ijie _&ﬁgﬁcaaélwnfér vaireless copupicaion syYAmS ke besfspuieg i n
connect i oNjfeh oferafdiR| Arddthe? methdd is %alilﬁ'alfeﬁ%g%rpigf ﬁ!ahﬁeﬁefiataan%dngtfar,ﬁem
transceiver; the coupling structure 1s colpl'ed wth N antenna units of the
smart ant eragionarbugthis miethod reruiines the pileicranseeiversisclonated tat flartfield rbgismband

pr ocessor

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;



of base station by a digital bus; 2 PCT/CN0O0100178 2. calibrate the
coupling structure with a vector network anal yzer before t ReV/S¥WaP178nt enna
rarray is put into operation, record its receiving transm ssion coefficient
and transmtting transni ssion coefficient respectively; g make receiving

cal i bration, %hefalibiate the eeHpling Slruclureiithi 3 Yeateyr Betwark zey belogg dhe evel
signal at s?ﬁérfAﬂl&uiéparrié&Qggﬁﬂﬁfdl\fﬂerit{oﬁqfé%%mﬂécaﬂﬁ %nasxﬁﬁﬁﬁﬂ‘céélﬁﬁieﬂf the
pil ot transcelver, and’maki ng recelving I'itnks, 11 callbrated base

station, aand tramsmitting trevsmissiomgcefficient respeetttelyyg out put of each receiving

l'i nk tiyel baseband.. pr. .10 base.station.and | ati
ratio of cachst| MER ASRRBARUNALGR: WACEh it SERTBHCFRRBUARE A RIS Soi on

coef fi ci enfolps 16v@1 §igAAI At sBfing IFdTRing icaftiet Ir ﬂ&d&y'b?%ﬂaw Neanshitfds oF\thut ;
controlli ng0 egch reclgfiviang I in%k outgut g'y cegnt rolling \§ari gbl e gain

anpl i fi er,pilat teansdeiver,andamaking N reseiwingdinks; in ¢alibratechbrse istationy areipyt &f each

link recelyi.ng transm sskon coefficient Jefere .l NSkl Ssi on
coeffi ci en'{exéﬁ%& gstg'ﬁ) Wet%?tu&e%ﬁ)a{ r?g egglg r%éeglrll %glﬁ%h{algéech%gg e‘%’é%@%’ I%&f)et ween
each receiprobgsdr inlbaséstatied gicaleulatingnttio of BhahknehnemdsdasRetficlent frke
transmtting calibration, wherein it conprises: nmaking only one |link is in

t ransni t t i igferencatlinkatransmission eoefficient| durigg Hegeiving AcrPrdingfg garh gecgiving n

| osi ng st N . et L] . recel yi ' ng
From each I, SuBltRy SodliquiE S shBhind Tk ool B EoMRS RIS G010
by anal og amplifietelin daoh tlhik phdlogy réceivesCe \neake fmplitedsirago dift exhelink he
ach 1§ nic FPANGS: BEBIEISOPISHSh{o FeFUE Tk SN (AT GaBts ©©
eac in
ok by APl i Seri chiddirbialo §ioehiin QuliPibeiping 1A il RS 1 10
transm t t elink inbasebland progukessoride rati o of each 1ink transnission coefficient

to reference link transm ssion, coefficjent . equals to 1, during.. . .
{ranam tti ng: 4r BBKE ABSHPE RUPIAITNASEndt FRbE avAkine B\ RBE Ainkds.ch
transmtti ii‘ngtr&dsﬂﬁttﬁag%tétéfa? 'bﬁé‘(iﬁne' Atk all %tﬁéﬁﬁﬁﬁﬁlgtiﬁ HN F clBEﬁg%ﬁté’

calibrate coupling Structure with vector network dnalyzer, wherein it

conpri ses: ameng N tpinsmitting linksy and re¢eiying signalconming frynneath transmitting ink ect or

nel ‘gﬁ;; uﬁ{%?{a%:@%gy'ngﬁ SONORTkiSE Ll P EiGhefOby ddlof M, B ' pilopna! and
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.

The said calibrate coupling structure with vector network analyzer, wherein it
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.



of to be calibrated |link, antenna unit termnal of non-calibrated link is
connected to matched | oad, measure and record receiving aRd7EN08%8 tti ng
transm ssion coefficient of to be calibrated |ink under each necessary
working carrier frequency; repeat steps said above until all receiving and

transmtting nsm ssjon coefficients of N |inks ve n nmeasured and
recorded. 3 p%t‘.h f@v@m coyplingssiyugtuze, Witk ‘é&ceorc'eﬁa‘ﬁ?&n@a&%&kﬁrenmt h
vector net H<es! sethﬁkrE' nkfw k”cB &ﬂ{ngcégﬁigfdré%&n & P NPERDISE

network co |ng ructure consi ste a | N passive
di stri but oambmih:lN paslvedmmnmmmrmwdemh Nmplers; dpr @puplarsaire

connected with antenna fermna enna uni s smart ant enna
array resPEEEs ‘2 rah ffnﬂﬁ 1o "'%if ﬁﬂ? B}a&r}r’ e 4 o % tr | AB#Y i s _
f eeder Cabfe@pécﬁﬁ/élynﬁid aftputmfkwpaaslaaaismwt&/caﬁlbﬁleyg%euer oSl Ririnimlof yzer is
connected to feeder cable term nal of pil ot signal and antenna unit

term nal opilotsignal;dhe said yectar natwrrk analyapnis connectaddorfeedsr calile temapinat af i br at ed

link is co Q Al

transm ssi @‘ﬂ&%ié’g* é|‘¥§:d|t %’t{%éﬁgﬁtw’mn ahiof t%le H{l%éﬂgﬁlé@%%?%g%gﬁfwr Yo%t 1o be
cal i brat ednoﬂ-calibratadieinkaacdonmbwahymmhéd Radcmieasuds ahd eepord goceiviepeat
steps said above. until all receiving transm ssion coeffjcient and

transmit ti HEnSEHsSiamrectficiantcands transmitog trapsm}ssmn greffigicntobiobe ealibsatedd and

recor ded Yve ray,
wher ei n |tm€gir‘r%erq?géeﬂsn%da H?e%%réglrl d%cIi ? ;ﬂ sdtruct lrl}?g &lg f eeder
cabl e and ecgivingt transmissiare meffiplenhanak ampi;mngng ttnanmmsslen cacHickmipbEN on N
ant enna unj.ts .of he smar t tenna array, the feeder cable is connected
with the chﬁ% §"t”r‘ﬂﬁ*ﬁsﬂ¥eélagﬁd°"t°ﬁ% ilot transceiver, the pilot
transceiver is connected to a baseband processor in base station by a

digital bus. THeiesitedoft @uPlinveaticn rfdﬁtdan&anﬁ%(asnmd qhteaﬂa me WHefeis pigt | al
coupling node, the pilot antenna is in working main |obe of radiation

di recti vi t gomaprises Arhaying fheeny califrated -coupling struaiprec B f@@ippcpgblet sl 8 pilot

antenna ar e e
termnal o scf@%tm gnaflﬁﬁ]@] ?‘gljes hpegn e‘h%?aog%t S, | c%{scgpng%s%alh%ﬁe smart
ant enna aramynnaaarmyothu feedbrroahib li® oedneeted @sﬁﬂﬁthefcb&plﬁiy druetur© inditieepilod | S

| ocat ed at . osition of near field
s)éeleer the pilot transce?ver is connected to a baseband processor in base station

by a digital bus.

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.

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.



regi on of each antenna unit. The said coupling structure is a passive
network, wherein it includes N couplers, corresponding w tRTIONG/AI7ZENt enna
units of the said smart antenna array, and a 1. N passive

di stri butor/conbi ner connected with the N couplers; the said N couplers are
connect ed wi t KThergaichpiotiteansdeiner datHa sathestruciure o5 the radiotfeequengydoanscedvey

out put of t sai.d_passive distributorf{conbi.ner is eder .l ine

Cor hinar. ot frioRidee Aot Lt SIOEBHE confertad e iflexes der has
a same str uailogetrassniifier roafihettdd eaUenBy Buplewes.ciav @hales-16-afstab t @nvérfor

I ncluding a dupl exer, a analog receiver connected with the dupl exer, a

anal og t r afenmacied, with thecanalog faceiver and @ digitakio-analpgenaverdert conaecied with
convert er  00ARGS Hindhir o RGN RHcy SRENE! oY Bidlhghlal 3§ GANRQ0
converter connec Wt the anatogtransSmtter; radi requency I nterface
of the sai dvithufdederecablesof thenmuphing steadtivef thedsaid amidgetoodigitdleconoertdri ang
structure, éilLlhe sai d .anal og-t o- dig(gi tal ,convert.er ,anﬂ di gital -to-anal og
converter AgEINARAIOREONVETtenate conngcigd §q thy saig digital Bus. he “sai d anal og
receiver, a variable gain anplifier, controlled by software, is set for
control |'ing gajn'the isaidtdgloparestiverah Qaridble BN duiplifier, confblaPbE sébite, is
anplifier, controlled by software, is sét for controlling gain. The

i nventi on peloforaeontrglling: gain; imthedsaid cmalog txansmittesna evaniabler gady amgllifier,at i on,

conpri sing ' ' ak Lver t of coupling structure coupl ed
W th smart Oﬂgirr\@geﬁiﬁ;j s%&tﬂg&e,??ﬁﬁogf&gnt?ﬂ@n@gﬁ& I ng structure includes two
techni cal schenes: one wuses a nethod of calibrating smart antenna system
by a geonet ri CHhe Myemtitn provides a uesthodeardl deviceasfisefPantéa iy calibrages, fiel d
region or far-field regi,on, and a anfenna_ array inplenmenting the said

met hod, wh&PEIPRSIIGdsing|pilot iranscaiver andia setjofcopplinig Strchis seppletwithsmarti s a

composed Pahienfi atfay WhSSin e Conblit SacriRAnBEH A IR RASRLY DneSt WOT k

consi sted of couplers and distri iner to I np coupl i ng
structure fusedds mnthod x0f caliratingssmart antenparsystemr by .a gedretricalf synmmetriec hni cal

h h tati i t.h rt, antenna b ali,brated very easil
SCTal i iy R SplaRe 1B i nep Bl B " derolelfl eioh od poaiRng: o 1
tines, theragfhpifplegitaiing el salll methad,Wikciin RROPA Enhn® SR el Slbsatimyst em i s

sol ved thoroughly, Method and device of the 1nvention for calibrating smart
ant enna ar ,sggtwp,@i K composed part of wireless base station; another one uses a passive

-

(e

network consisted of couplers and distributor/combiner to implement the coupling
structure feeds and calibrates smart antenna array. Either of two technical schemes
makes a base station with smart antenna be calibrated very easily at all times, makes
radio frequency parts and elements be changed at all times, therefore, engineering

practical problem of smart antenna system is solved thoroughly.

Method and device of the invention for calibrating smart antenna array mainly
point to CDMA wireless communication system, but after simple changes the
proposed method and device can also be used for calibrating smart antenna of FDMA

and TDMA wireless communication system.

Brief Description of the Drawings

Figure 1 is a principle diagram of wireless communication base station using

. method and device of the invention.

Figure 2 is a principle diagram of analog transceiver.”



point to CDVMA wirel ess conmmunication system but after sinple changes the
proposed net hod and device can al so be used for calibrati nBECHEN#/001ZNt enna
-of FDMA and TDVA wirel ess comuni cation system Brief Description of the
Drawings Figure 1 is a principle diagramof wreless comunication base
'station using method and device of the invention. Figure 2 is a principle
di agram of ankBigote 3 isarcouplingstruzture dizgROTusinppilBsGatrsna.Fi gure 3 is a coupling
structure diagramusing pilot antenna. Figure 4 is a connection di agram of

coupling stru €, :l [ r

distri butor/cglfggi:en%rlg gﬁﬁﬂ%ghg a%?a'@?ggroé@inrgs ano#%tlﬁgcgﬁp rlllélas?{ra&cture of
the i nventmﬁstemogurs&ilﬁtofﬁaofﬂbmwhﬂd touplercoupl i ng structure cal | bration
procedure. Figure 7 is flowhart of smart antenna calibration procedure.
Enbodi nment s o .the_jnvention Wth enbodi and draw ngs, nethod and

devi ce of the FFe%lslaS‘Hqﬁe S?H\éfa“feuqfiﬁ?wép&?q HOPy the fol | owing. Referring
to Fig. 1, it shows a typical base station structure of wreless

comuni cat i Oang‘ﬁ?é@mﬂd%hﬁhdﬂ%&?plﬁ%tsﬂﬁ&uféﬂhﬂﬁﬁbﬁﬁrd&dﬂr@e i nvention for
nobi |l e comunication systemor "'wirel ess user |oop system etc., with smart
antenna. The _base station structure except calibration part is sinilar
with the baseFigum7 mﬂmqhamoﬁsmartiamew@éfgwmppme fel¢e patent naned "Ti me
Di vi si on Dupl ex Synchronous Code Division Miltiple Access Wrel ess

Comuni catQny. Syst em Wi enna” (CN 97 104039.7). It mainly

i ncl udes E .ue%g %s%ﬂfhﬂ . w’ﬁtnm.n enna unit 201A, 201B, ..., 201N, N

ML N e T — RS

processor gQdtail ih fhePbollowitd. O frequency transceivers 203, there are

Anal og-to-Digital Converter (ADC) and Digital-to-Analog Converter (DAC),
so i nput and output baseband signals of all radio frequency transceiver
are all digitRefesiiggdp; Fighdy rshowsnactypical hpseh stgtior simgtureyof cwirelsss 204 by

a high Spe&ﬂmﬂﬁﬂk&t@n Mtsen?, %cﬁ l&?éé Hefhod aﬁaqﬁvicg %?lthé) ?rﬁ’ehﬁ&; %r &8@&1& 0

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 2024, 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;



‘guar antee that each radio frequency transceiver works in coherence. In
order to inplenment smart antenna real -time calibration, baSEHCHRIES s
-station structure, calibration link consists of coupling structure 205
(coupling radio frequency circuit), feeder cable 206 and pilot transceiver

207 is added &ovpling steuature 205 fis coupled with W ifeder eables 202Ac20 2R 06/, FHZNG

Coupling sfruyctu . 1S upled wth . S taléBiver - -
202N, feedt"?g?a‘f#ge %8521%‘?egg%dc%Fw%%ogg[lﬁigﬁé%ﬁ%%gmé% ll?&tzture Y55 and

pi | ot tranggripit tradtéivePR0Plis tomzerdiwith hidh speed digitalebuseP0iand usesgh speed
digital bus 209, and uses a ,same |ocal oscillator 8 wth all radio
frequency sammioseljoseillaton308 withallradig freguency trapscepver 2hdbys structure of radio
frequency transceiver 203 or pilot transceiver 207 shown in Fig. 1. It

i ncl udes dupl : al §hiteire 84 dadio BEReREy irRasdbivbd 203 Nerter
212, anal og t?aggé':snrﬁﬁ%t%efagﬁﬁglrl\%ﬁ%l gl tar?-to- éonal geg%nverter Zlﬁt.qﬁl n anal og
recei ver 2irapsceivern 207 tshowgaion Figapd. i It iincludessdyplener 230c enalog | teegiveyy211,
software), usged tq. cantrol i gai IS sef. a transmtter 213, a
var | abl o) pERROERieRA] nverss Zecibelie iR L8 o) Bl RaRE Sl o *
control itgj4lainandig $&eiveRad10a VariaBleegyil aniplifief 238 (Sdn’ befcoditplle@xy 210 is
connected to feeder cable 202 and 206 directly. Analog-to-digital ,
converter saftwara) usedjke gontrad-itsrgainds sefn Vi analeg Iransmitter 213 mariable gainh

baseband pr o) r | IO . ok ..ant enna
oystom  uprORTECEEdn g QUGN BY sRFHD, ds I ordsl i in, i s Ridio 21\
transnitti figqasidy ritReasd Y7 bf displeker 210 Bl conaeaheo fdedéhenble 202 andi286ed of
connecting antenna unit (201A, 201B, ..., 201N feeder cabl e %82A, 202B,
..., 202N) dirgetly. rApales-19- sonvertgh 242 and d(g%%!&- converter 244 \gre
besides th | aaol ] i ' 5@1‘5@ kol rsgscei ver 207 and
correspond%’%‘eﬁgal%dsga?}g ?(?Jl}egéok%%ﬁgn %gﬁﬁ&%gi %is%‘;stazl?l' ng A'h link as
reference link (any link can be selected as reference |ink), then

cal i brating srinrsmagrdangamma systenewhich uses base statiemstnictue shovew i Fige1,¢here

cer wor ki A nPRepe GO TEGHviaR TG PeliAl REPuspl feah dhictrmgd of | O
therefore, cofindclifig anteMRNiniq201A22011B, at | ZDIN)S feedBr chbla (202A) 202B, WHQDENpYSt em

cal i bration including antenna, . . L
and radio frequency transceiver (203A, 203B, ..., 203N), besides there is a calibration

=D

link consisted of pilot transceiver 207 and corresponding coupling structure (205 and
206).

Suppose taking A™ link as reference link (any link can be selected as reference

. link), then calibrating smart anfenna system is to get transmission coefficient
amplitude and phase difference between other link and the reference link on set
working carrier frequency, during receiving and transmitting; therefore, in the
invention, calibration of smart antenna is whole system calibration including antenna

feeder cable and analog transceiver.

Suppose taking point A at antenna far-field region in Fig. 1, and B;, which is a
baseband interface among By, Bg, ..., B;, ..., By of transceiver 203 in base station, as
observation reference point, transmission characteristic of smart antenna is

represented with following formulas:

transmission characteristic of receiving link : Ar; = Str-x Rj x br ... .....(1)



feeder cable and anal og transcei ver. Suppose taking point A at antenna
far-field region in Fig. 1, and Bl, which is a baseband i FE¥N®®B78nong
‘BA, BB, ..., Bl, ..., BN of transceiver 203 in base station, as
observation reference point, transm ssion characteristic of smart antenna
is represent transmiisdiorf cHaraptdristic bbransheging linknBiri=s4i >oTi xctfas.ac2) i stic of
receiving link : Arl = Sri-,x R x br ........ (1) 7 PCT/CNOO/ 00178
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in formul %eér&entsbiﬂt link w&ﬁm@m @Bl l?diiit ARERI PUiftoA Shikdn, 3t; r@;iire%itd“t

during point A emn ssign, represents degradation of Ph lin reception
by spat i aldegragatemof an lmlk repq;smeslahseatla} prepagaliono R remesentsar@nsmlwmh ith

link recep
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poi nt A, crecéption; fnrformula(2), Bikreptobents feotived Sgnamtssceiving §bint memm&g\t S
degradation ofy BFF link transmtti ng by spatj al rop(ggﬁ ;. represents
transmi ssii&Pmdodink, whenpoiniHismission, S representsidsgrad '@gﬁrégm%ngoo. nt B;
transmttl %ﬁae ] iﬁkﬂiat in
two formul respgllp m@&g&é@ﬁts?%ﬁ:fg 1312?3%}1%‘%1&9@&19 ?ulonﬁll% ee
unchanged andrat mgprmhtstpomtllia riranSPaitting agmai when elnissiont Beth traresniifting s1gnat o get,
with real -tine asure, .difference etwee ith nsmss

Coef 11 o et Hor ol 15 (o Fmalgs) Sepactivalln Aotk digkal shebls, BigeoRle Been i ver y.
~and transmﬂhﬁg@dmﬁﬁébﬂ;mmmpf reference Ilnk Basi c means of the

i nvention i npl errent atton is to nove reference point A said above, into

antenna array, ., output termnal point C of feeder cable 206 in Fig. 1,
by setting pi C@kl ltahammfxﬂérth@wenm@ it toaget.ewith realdimes megmirey rdiffersngs i ng

T anen sgi Svesnd ke optheRBOR, T tirbeh i iepkioe 5] Rilaie

........ (Bﬁespdalwymnﬂaran&ntsbﬁhaoéfﬁbieﬁt ofrefeferice Ak tting |ink: BCtt = Q1 x

Tl x at ....... -(4) where i = ..., Nrepresent first to Nth Iink
respectively; _in fornul Crl represents ith link receiyi nal at
poi nt Bl V\henBﬁﬂFlﬁ"’a@s 8%5‘%’5‘?1‘ tiop,iIpp fatiop ds; o mpyg, IQ%‘?CCR?‘ i ent of

the couplifpve] inttFhntEmha iRy, 1.6 8utphBrhal pdift €ld? feddeK cabld) 206 in Flg. 1,
by setting pilot transceiver 207, related feeder cable 206 and coupling structure 205;

thus formulas (1) and (2) are rewritten respectively:
transmission characteristic of receiving link : ACr; = Cry x Ry x br ... .....(3)
transmission characteristic of transmitting link: BCt; = Ct; x Ty x at ... ....(4)

where i = 1, 2, ..., N represent first to N [ink respectively; in formula (3), ACr;
represents i link receiving signal at point B; when point C etﬁission, Cr; represents
transmission coefficient of the coupling structure when receiving test to i link; in
formula (4), BCt; represents receiving point C receives signal, coming from i™ link,
when point B; emission, Ct; represents transmission coefficient of the coupling
structure when transmitting test to i™ link.

If coupling structure is designed as a passive network, then this coupling
structure has interchangeability, i.e.:

Cti = Cti = Cionn cve eee ere vee o (5)



formula (4), BCt1 represents receiving point Creceives signal, comng from
ith link, when point Bl emssion, C1 represents transm sBCHENOGBBIE i ci ent
-of the coupling structure when transmtting test to eh link. If coupling
structure is designed as a passive network, then this coupling structure
‘has interchangeability, i.e.: Cl=C1l=CL ........... e (5). 8

PCT/ CNOO/ 001 7Beplreing fermwa (Drintol farmeips (3tand (4 thenfellowing fammylay canheen

fol |l owi ng f?fnulas can be got: Receiving link: R = ACri / (G x br)
.......... 8oL (6) Transmitting link: T, = BCOti / (Cl x at)

.............. (7) I'n the invention, any link can be set as a reference

link, suppose | |inkRécivisyg liflg R; =ACK; #(C& br).nk., ..1.hen@ormul as (6) and (7)
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BCt1) ... T@?Wﬁﬁ&;‘?&lmk:ﬂ'izﬁ@,/ 1% )N s-epredéht second to Nth

link, all of ACrl1, B01, ACri and BCti can be neasured in real-tine, Cl and

C can be cali t: o%rﬁ}ﬁmgcﬁpgi' fePide CQ@QP' . e, SO
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si npl y cal efdredcedink Rber forinuipst(6) didy7) ae chinged todollowisg fokmolasst ruct ur e of
the invention, i.e., spatial coupling node structure applying pil ot

antenna. Pilot antenpa 230 i};‘fi{: nt enpa whi ch s relatively fixed
dhh Ay

: I
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., EN is connecCte
calibration can be simply calculated.

Referring to Fig. 3, it shows a coupling structure of the invention, i.e., spatial
coupling mode structure applying pilot antenna. Pilot antenna 230 is an antenna,
which has relatively fixed physical position with the antenna array to be calibrated,
the pilot antenna 230 must be in working main lobe of antenna unit radiation
directivity diagram of antenna array. When each antenna unit is omni-directional

antenna, pilot antenna can be set at any position including near field region of antenna
unit.

Applying this coupling structure, the calibration method is: connect a Vector
Network Analyzer 231 with pilot signal feed line terminal D of pilot antenna 230 and
antenna terminal E; of i to be calibrated link; at the same time, other antenna
terminals of the to be calibrated antenna array such as E;, By, ..., Ey is connected to
matched load 232A, 232B, .., 232N respectively; then measure transmission
coefficient C; of i to be calibrated link with the vector network analyzer 231, after N

numbers of measuring, transmission coefficients Cy, ..., C;, ..., Cy of all link are got.
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mat ched | oad 232A, 232B, ..., 232N respectively; then nmeasure transm ssion
coefficient G of ith to be calibrated link with the vect oPCT/NOMOI1RE
-anal yzer 231, after N nunbers of neasuring, transm ssion coefficients Ci,
C, ... , CNof all Iink are got. 9 PCI/CNO0O/00178 Advantage of
this coupl i ngAslvantagenfahis coupling struchnresis sungtle,bivlaﬂm caljbrating,-noorconsistencyy of
every antenna unit has be n.consi der ed an . of this co pl i.Ng
structure ¢ evegogqt?%nundtr i9esp cg?ﬁ“i%?& qusaayaf‘":'/f? ec@gal&g?}p 0t &ht enna
shoul d be sfiticht off pilotfanfnéla i§ BAited, Bécahse t%'tdnhﬁ Rhewld VeBet 2P SRNP
array's working range, in order to guarantee calibration accuracy, it is

very di f f i egion afdo beysalibrated SATOATHGINR &Y ‘FIREQTKINg  1anges it 9rdemauqmt%na uni t
regi on_ and PEERh &BReeh 3 Vary BieiBlte B0 B en iF Blache TR ookt "
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IS rli ng r C

reliabi|ityh@icdristic,\fidh chlibihfiod &%&@ES HOCexaBiplE W dﬁeag.fsrusg Fhganttnnd t Shows

coupling structure of passive net consi'ste
di stri but oalta}orp)lonemteanai cap el sat,atathel denter ofrthiscting ranteinndn agmapy withnitenna

array 201A, 2 O1N. str re.includes N couplers
Saba 2aopEomteit syt fi Fecmlitde iR TR o atRy & 5%

passi ve dlstrlbutor/conblner 241; each coupler of 242 is |ocated at

connect i on poiRRferfihg td¥ig. 4, 1tsh05}§d@ w&&of 5100 Retwok 2407 @dnsisted 1B,
., 201N and its fgeeder cabl e 202A, 202B ﬁd2§02N The coupl i ng

structure ehdisiatoroombines radt eqplesi ped dlsceonpedtionewith smariipRigpRAIaITRY ant enna
Ref Fi Fi
oy S Dk s SR M IO BN S L1 T 0,

pi l ot si gna42N eeﬂespbndlﬁgtvatmNrmiteﬂﬂagfzop,l dndta antn rpam\%ﬂisﬁibdtoa/ﬁbmbhﬁr
termnal E_ of i be c%ﬁgrated i nk, ., at same , ot her antenna

termnal s %l’tq*}%hP‘EP ‘@EF%t@HFF&“SPP&W che as’ Embetyegn each g j s
connected hfeARl ¢iesh '&%lﬁ?’ZA Zoa?ﬂzﬁxd its feede[%?&f}ierm eoh e Y 208Reme MEASUr €

transm ssion coefficient C  of e calibrated Fink Wth the vector
networ k  aeeupjingstra@are hestbeen lindwpcmbn@y célibrated befong) it is mongtedsiaiaptenna
coefficients. C1, ..., G, ..., OCNof all link are got. Calibration nethod

shown in Ff“éay5 S same as calibration

Referring to Fig.5, when applying coupling structure shown in Fig. 4, the
calibration method is: connect a vector network analyzer 231 with pilot signal feed
line terminal D of pilot antenna 230 and antenna terminal E; of i™ to be calibrated link,
at the same time, other antenna terminals of the to be calibrated antenna array such as
Es, E,, ..., Ex is connected to matched load 2324, 232B, ..., 232N respectively; then
measure transmission coefficient C; of i™ to be calibrated link with the vector network
analyzer 231, after N numbers of measuring, transmission coefficients Cy, ..., G;, ...,

Cy of all link are got. Calibration method shown in Fig. 5 is same as calibration

method shown in Fig, 3.

Passive network coupling structure, shown in Fig. 4, is more complex than pilot
antenna coupling structure, shown in Fig. 3, and non-consistency of each antenna 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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met hod shown in Fig. 3. Passive network coupling structure, shown in Fig.
4, is nore conplex than pilot antenna coupling structure, PSHNWOTE Fig. 3,
-and non-consi stency of each antenna unit cannot be considered during
calibration, but it can be conveniently used in calibration of any kind of

smart ant ennaReferting to1Bigp6Tit chwws odibratonproesdurwithcoppling grudture st

e used | AAUBBRRT Biifdah befiBHElor Bau"bhbihe efophd hobB th g o R FE D) 7

struct ur e Gaplingstuctalel Has becircalibfatédbefore sinaftRnRRnfardy BYut Mtdoperating
operation, the got transnission coefficient Cis kept in base station.
Step 601, theppijrapsmissioncoekficient Cdpkemtin basgistabieBt e first |ink of N Iinks,
i.e., i =1; step 603, with connection node shown in Fig. 3 or Fig. 5,
calibrate firSiepleoikcaliblafibn $its; S 602 aiitratt firdt Hu ok RNYlSCRUIGNCY, ggpial s tO
first working cgrner requency oft J working carrier frequenmes, l.e., |
= 1; step @B35withaonhéation madelshown lin Fig. 3aor Fig 15, talibyate ficst limuisters 604,set he

first ' Ler f . step 606 . .with twork anal ,
reasur o 1ARCAGEMTH CERIGACE aitls b B Mokl e bt Podarpore
frequency &mié flequencids, 1.6 j W% Ktep 608, ek fifdk 1ihk VoWERE Karriet ABqUeAdy eqddr d thi's

measuring result; st&gis 6%)% and " 611, by judging i = J? and calculating j =
j +1, repe@atthet it workingocguier figgnencynsiepupd, withsyeciarnnetwesh apslgzaron

O e e e ANREIGh el s R R wileh SANGAGN bfRABE bR b0 9"

and recor ransm ssion coe

measuring fist srotling earviet frequeney st 607, addordvhikinegsueiag resalt; sepn6@andes i s
conpleted; . and by, judging i = N? and calculating i =i + 1, repeat steps
604 to eoaéllmgmﬁygmﬁela-s&?r@dtqamsFdn*lemm&qpéﬁpm 608, Mhighsmeasure;
nunber s of rkd ks ngy, o &gﬁ%u ' r Measur e
each |ink %%épggicﬂqrﬁg%{é{ssggéyc%gﬁgﬁr g%/rJeglg%R(E:ls gtr:&vrec rgérgﬁ ?reéﬁs%%% ng
resul ts, tiespectindlybgett andnreodrdcivansinissiprs coedificientcCi; steps 1609 aand db 1) depehb| e

t i SSi ff.icient ' t . Referring to Fig. 7, i.t shaws .whol
br ocedur o BPasuiRE sailabBH inth iUk of off wppking unis Gpdicafies i oimBked oy r oy
i's put intgmdopehadgiti 4 N AUyt 1 4ot 4 F,hréﬁéat RRSS 604abi UsaAfich

;
according to procedure shown in Fig. 6, and the got receiving and
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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transmtting transm ssion coefficient C has been kept in base station,
where the coupling structure is located. Step 702, nake r &&ICHPHGL78
-calibration first; step 703, transmtter of pilot transceiver transmts a
defined vol t age | evel al with set working carrier frequency, in order
to sure th505,r€elcb|rmengn$$@k@mwt is detessedcby basehendtiprogessorsiogmakshsyre thasr ki ng

at  nornal rkln | tage I Vi ng
System of PR ° augrRisciet BéGying 1GR1 A eadl Fock AL RO BIOHBY af kiR ' [
links are Qéglor@tacécﬁﬂﬁig\/tb Ratpt 8f eachSinkprecditerRad/ foiila (8)1aeband proceasdr
receiving I|ink outlg I's detected by basepand processg éo make s re t hat
systemis ¢ Ryefteped@) 9nd, 07, ageprdmgfo caloylated R; { By biys“%P W8y at

linearity 0 Kk pul a
(8) basebanéﬁ %Brlg%a }sfg@%ggflﬁlgzﬁsa?ggﬁg%} qilﬁ s%h e%%éh?ﬁe%ggﬁl:i &é}nﬁ%a*c%égr ding to
cal cul at ed rivkivingRlink iy contralied untib {R; /vlﬂl’#:aﬂblrecogdiland atopd phaserdiffertficeady 216 in
Fig. 2) in_each recel ver, output of each, .receiving link is ﬁlﬁﬁ%ﬁ”ed

t

until | Rl befpeeneach T%W&&i%@ds‘?@ﬁ‘@cﬁ Hinkeinhaseband processor, w & each

recei ving | fi8L € k@{& r S§0 *IT&I%

used by srra#ﬁ(jﬂg%r?\g when gne@dr |ng, 8 Q%s’ \AEEHE'FRi lﬂ%ﬁ I‘Yﬂdnﬁlft to
transm tti rglibration; 3epsi200;10 gusmhaﬂ)ealn:@atﬂ@a\x tiehemnittgy likksaidcsiyeNof pilot
transmtting li nks receiver of pilot trapsceiver yeceives, respect ively,

signal s corﬁaﬁ%"ieb ReceRier, TesRactiNely ?1533115 CAmRIng; 1rom €ac F‘Hlj“% @f set
frequency; | g 0 one
link is i n"‘t‘%rﬂzgirlllgn(%'a ﬁe{r%q?%ﬂl?eaghﬁsgﬁgéﬂﬂﬁggggjaﬁ ﬁq‘:ﬁ&“@% %?&e)glﬁ%vecpo I ng
state (stepnelinl)is in trenshiting state @aome timerend pil lothers arceinvelosing) stater ésmpl ves

signal com f this Iink; _tight .now .reference trans ti k nmust
e ass ur odf 10k dheReiores i pash Ui, SHoF eIV nly ey & Soyel o, o Al i
transmtti rii;ghpﬁwr refidtenc? tFAkMTtiHE lihRafust BY MleasurdilAld éanbﬁatedqsai@ﬂehmmn
receiver O]:ogg ot transcei ver receives Si gnal com ng from every

transmitti regder| torirakessusp thatlifs transanttivgpeotweends i sated yoltagerlovels yeéerribsssur ed

ccor di ng. (SRl el ot pippinbishiiver e stgnht cRRR goh Herf bR, | o oy
vari abl e gdink (step!71ll);eher( Bakéb&iﬂ@r&d&sdr@r&e&es &)eaﬁired m&h and zarulatd 'I:"f /until
ITL / Til =1 for, each transmtting link (step 716 at. the same_ tine

phase di f f et farmuly £9)(step KD aftex: thal,; sgording. o Hiis vale, ewput pf gach s
recorded ifnQRARE tr%(i}ﬂk% EofTvifeE by WarfaBle Shth bmplifitd (P31 GAkI 2530 . B oS Mar t

antenna is conple
each transmitter until |T; / Tj| = 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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Al t hough net hod and device of the invention are proposed pointing to CDVA
W rel ess comruni cation system but after sinple changes, tReycCNoomollze used
-in FDMA and TDVA wi rel ess communi cation system Base station structure of
Wi rel ess comunication, shown in Fig. 1, is an exanple of TDD w rel ess
tonmuni cation system but it can al€laims used in FDD wirel ess

communi cation system Any technician, whose career is research and

devel opnment off, WAl AtMmed fGrUAbIALAR SR anfi®d Afdy, Ghbreid "k $BTRYd Soiprisesint enna
real -time calibration, after understanding smart antenna basic principle
and referring to nmethod and device of the inventjon. 12 PCT/ CNOO 00178
Clains 1. A mebhod f it acalibigtion link confisted Hrgoapetion of acoupling SFUEtYR net hod
conpri ses: 4 brat i J ' ' P oupl i ng
structur e,fegégrfcég ear{i\df:él 1}(2 an%f%’%i@%%h?&g%@ S %@ﬁ@@%%@ﬁl%&&?uct ure
I S coupl edunitstdf the amhaetrantenna atrhy and thehgilot nransceivet éncomnactediyo abdsebamd pi | ot
transceiver is connected,to a hasehand processor of base station by a
digital buB‘Pc?ch‘ét{haﬂ’r%f?'éoncWea #ihuSy structure before the smart antenna

array is put onto OBt b chipfi dhliind 68k \ihe dndaitodtidlinasil) S PRE 1 Clent
and transmtting transmssion coefficient respectively; 3) make receiving
cal i br at i oimfo acpenationanecordudts ofceiving) transmissiong coeffiicient r ands rtransmisting
coeffici en{r and r.efergfﬁlc I nk tr?nsm' ssion coefficient to make them

e | ]
equal , get THHEUSSION F9CLPAAELPEFENAeen each receiving |ink and reference

l'ink, in order3)to bfakéeeceVifd calibrafion Mdjubh amplitkié! of Bich RiReiviig Ak 4)
make transmtting calibration, adjust anplitude of each transmtting |ink
transni ssi Banssussion epefficienhand sefereaee dink| trausmissioancastficientclocmeke them ¢ o

ke LN il e B R S O SBBE E B e

operation.t&elﬁgw@hgﬁqﬂfﬁfenﬁﬂsidﬂfﬂﬁd rfgh:t antenna array according to
claiml1l, wherein it is characterized that: the said calibrate coupling

structure uses4h vecmske trosmisting saliirgtion; adpist Fmplitnde refdeach rtransmittingit i ng
smart ant Sl 1 dnfi¥siGY 8&'336&919( atnﬂ rgfef’eln& finl?{ragsmission coefficient to make them

equal, get phase difference v 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 the said calibrate coupling structure with
vector network anal yzer conprises: set a pilot antenna anBCEENPPHTS
‘coupling node; the said vector network analyzer is connected to feeder
cable termnal of pilot signal and antenna unit term nal of to be

cal i br at edradiatien directivityadiagram efeNndnterina gfnits,owhich | dompasethe smark aptenezonnect ed

L1 anam so BT BUPRAPHEI R e R e S eoR i b BT bl e o cor

wor ki ng carrier frequency; repeat steps said above until all receiving and
transmtting 5ramherim&hed fof @afibratih® shiartohntdhdd alray haverdhige rbamused and
recorded. 4., The method for calibrati n%ﬁsmart antenna_ . array according to
claim3, Wheeisilhis ¢haragtesized thatewhencihe th antenna nisa plich; qogtposmtherimart s in
wor Ki g MeirerdsQ6raQ arelonfiitechorh QfitbAf, the Shid 'pildP aftehielis! bdua 4 &R am of N
antenna units, i ch conpose the smart dntenna® array, antenna term nal of
t he pil ot positionrof near fiadd chpion ofreach entemmaalnitof pil ot signal. 5. The net hod
for calibrating smart antenna array according to claim3, whereinit is

characterized, t hat; n,the N.ant.enna units. which conpose,the.smart
antenna arr ay,6' ai.be dﬁ%ﬁ‘?ﬁitjﬁﬁc‘%@ﬁé{‘g émaé‘nﬁ{ét?“'i%é‘"é%ia&%}af’& toaﬁ?aé’_r‘?n ’is
| ocat ed atwhé¥in RO1s! Ehapatietized Bt tHeekdd r@&iﬁﬂgoéaliﬁﬁt@ibn afutthe somprides: 6. The

met hod for calibrating smart antenna array according to claim1, wherein
it is chartansmiftisgp defined: valtagelevel siganl/ptngptiing working earren frepuency dipr i ses:

1 equoncy B0k RS of M AR afiplvef S Rkl S Ticelvil HEL W GubRcd T

Ei ecei vi ng bdsa kstatidn? wlpﬁb riit tedeivthftaiﬁ{( detecting @ntpuplldf c't)a&h Llecﬁil;iﬂggljnlst at e;
etecting output of each receiving.lin respectively, by haseband  processor
in base stXSRSHVEL Py Lasehand Aroggsyorin Hasss statignand “%F‘&rféﬂ? ok eagh link
coefficie . ESG | gak k35§ el dﬁfri'dggr ILVI Ng,
accordi ngn%%ﬂsg]ell%: lfraecel ‘\”E/ilcéltgfal ﬁeﬁé’%%ﬁfrﬂggﬁﬁq F@rﬁgaglgc r ceeieéign > 1i nk
out put by accordingkd ieach vegeivirly lnk autpulngintrblling, each receiving ilink artpltobyy

receiver, to ke a tude rafio.of ch lipk receiving transnission
oo 11 o enton e BBhieces AP {ics ohpack 16pk analpiy ncaiaty ks Snpyuae
recordi ng Afd ¢t &ich NEhkPRRSIVING riREfRich SRiFEIeR Bakferenc@CRik trRfkmikdién and
reference link in baseband processor. 7. The nethod for calibrating smart

ant enna ar ecefficienoeqiialsgta d; gbenrding and storing phase difference ® between each

receiving link and reference link in baseband processor.

e~

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.

el
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“wherein it is characterized that the said transmtti ng calibration further
conprises: making only one link is in transmtting state aCT/oN@oti¥de and
-all other transmitting link are in closing state anong N transmtting

| i nks, and receiving signals comng from each transmtting |ink
respectively 8t The¢ methdd fog calibratisy sthare gmenma/atgy Accdrdigpgriechiimet pr 2j n t he
pil ot transgeiyver;, pr,ocessjn etected,t sj gnal s, by .baseban rocessor of
base st at VBl ’éa‘l’ll?{ﬂcﬁn‘zﬁfg tg%& ?ﬁ‘d é:ﬁh’g‘i’faiei W@P&rﬁ%@gf Sﬁﬂ’c %8?"?5 ci ent
to ref er englwhikdnalyzeABRHPERE Rt ﬁ%§§i¢&h&?&rkﬁéﬂuﬁ)ﬁﬂg bérddterd] ohéifted of N

controlling output “of each transm'tting link by controlling variable gain
anpl i fi er,cauplesiahd lai KN passivo glistributoricombiner eopneeied withn}| ouplees, ithe Mo of

each link tr ] ssion | ¢ient I LN l.SSi

coef fi ci en%ouﬁ[ﬁg%% o ??e%g‘&{rdil% 0 "r"aa‘%gnrlrm?{ ﬁtg;glsfaéf% "giu%lgtggggﬁlgﬁggﬂlgﬁ"ga phase
di f f er enceartdy re3péctively, aaé houtpanenibiet passive i distributer/édhsinenizefebdérkcable
baseband processor._ 14 PCT/ 0/00178 8. The nethod for calibrating smart
antenna arteapioatebpilat signek; the swdvyectesnepvorkinaplyper is copnecterlde deeder ablei t hat

the said cald, "L%f;pifo? g@k\&l’kqltd%feéﬁﬁ Whit féﬁnﬁ&l YE W caliBRkPS %ﬁ@h@(fﬁﬁt
conprises: set a passive network coupling structure consisted o
coupl er s atesininal dE pas-ealibzateld dink iid vdometied vatinmatohed bead) atasuré andNrevord! er s,

the N couplers are conpected.w th antenna.term nal .of t N an engla units
and giept g o be

of smart a ng "aé}spéiflqne%oﬁ ong 1&%1‘:5{!& HGFS‘B‘FS_I?‘PI@O : _
di stri but ogiibpitid Mk ulef SEEL he&RAIP wirking GitierCfrediichéy; ﬁh‘éﬁggéltépst $¥d isa' d

vector network analyzer is connected to f€eder cable Ter of pilot
si gnal andabkoveenmtdl alhizeceivingi tramsmussiony doefficieint andt tansmiitting franssmissiomini t

term nal of n-cal phrated link is connecied with matched | oad, measure and
record re %?lﬁlés tgd Yeo?fegm‘f%‘?@’ﬁ{m gqe‘ﬁ’r ansm tting transm ssion
coefficient of to be <calibrated Iink under each necessary working carrier

frequency; repgeatA dévigsfos ehlibratidposifart Afitehnaddrtay| ebeteit the devidd TOMPFbEIN
coefficient and transmtting transm ssion_ coefficients of N |inks have

been measuf BAVIBAeqreeabibEre Canpling sEngtate, # fredergapls-andiapflof tapscetystdhna
array, wWhepdipfink Wit e COBNES BEN anflulR¥hild of AR erfidlt hﬁﬁﬂf%ﬁ%e%{?é ' ng

structure, a a pilot transcel ver, coup structures
are coupl efteder ¢dbmisccomnected twdthothetdoaphinm structnre eamd athe pilet trandeeiver, dheler

cable is copnected.with the coupling structure,and the pjlot,. transceiver,
Che i I ot PRSIRSSINHE IS Samceihio baichad pHissssiop in krsp Fateb bnd igitabBie st at | on
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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10. The device for calibrating smart antenna array according to claim?9,
wherein it is characterized that: the said coupling strucPci/eNopeoizs pi | ot
-antenna with spatial coupling node, the pilot antenna is in working main
| obe of radiation directivity diagramof the N antenna units, which
tonpose t ¥ couplets ane cenmeated withyantemadennzinals of therM lantehna heitsoiebpectivelyenna i s
feeder line term.nal.of pilqt signal.. 11.. The, devigce fo alibrating smart
ant enna ar?“é@’ﬁé’gbﬁr%f SErye 81sgfﬁ%‘??(¥8’,‘)mbm&se¢?pef fm? g"‘"@“ﬂi’ﬁ 3&@?’%5‘% hat :
when the N antenna units, which conpose the smart antenna array, are

omi - di recti ong\l TROtdRRIES, for "eulibRitig PérhAt anfn8a NirayS Alcesrdingd teh claify 9,
position of near field region of each antenna unit. 12. The device for

cal i br at i nybereirit issehasactesized thay: the said iilel trapsceives haso sampesteichure jag thes

characteri : j i RG:.StE i DASS] ,
wherein i tégflan%%lﬂ%g?’ &g%%%ip re?@@%o#&e@p% d#f i ‘ﬁ'lq?etx ﬁ‘g%nf‘“\éﬁ‘{%%tﬁé%‘ﬁi ts of
t he sai ddsmnﬁctmhmm&le dllrplager, arr:]tdalag Jtl(’jdﬂsmaﬁzsioo/ﬁncﬁtai withuthe rduplvxbi,lmar
connected w t N.coupl ers; the sai 15 PCT/ CNOO/ 00178, couplers are
connect ed %ai%'tgffﬁ%‘ltﬁ‘ é’o{“&rﬁ Remnected with-the analog feceivien and a digitalstq-

output of {diGesdéti bnfiate] With BeShlaldi BishiBIDHARY frtduch@PHRifce OF thotald Nl of
pilot signal. 13. The device for cCalibrating smart aritenna array According
to cl ai m 9duplesice iss¢omnected withifaeder cable o thet ¢oapling Steucture dthp ishidtanalogrtecei ver
has a same,structure as.th radi p frequency transceiver of ..b station,
ol ud ng ietehipbaer 3 el Pabe bR otk copBRT P il ediiinder o
analog transmtter connected with the duplexer, a analog-to-digital

converter conngctThe dewice fofecalibaiting speeehneinAattap Abw@iding -tb Cclifn 139
converter connected with fhe anal 88 transmtter; radio frequency interface

of the saiWhergingf ischaracterizedh that: in dhe,saidh analeg) eeceiven |acvasipblergain- wuplifierg

structure, ! -1 Qz¢ £l Q) . tt [We] = 1.0~ 0g
conver e PBUEAYH BT} et 4k SobGuiy AL b s Ghlbl Fonbiln gl

cal i br at i neariablergaimahplifer, contrelledby softivarg, is set dbradomtréBing galnerein it is
characterized that: in the said anal og receiver, a variable gain anplifier,
controlled by software, is set for controlling gain; in the said anal og
transmitter, a variable gain anplifier, controlled by software, is set for
controlling gain. 16
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