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" APPARATUS AND METHOD USI NG IN FDD W RELESS (COMIN,GAT! ON
SYSTEM Field of the Technol m@m&‘mﬁt invention relates generally to
Code Division Miultiple Acce cel lular nobile conmunication system

_and nore particularly to a smart*'*4dfit enna technol ogy applied in a Frequency

- Division x {F el | i i '
o B B KRR SN EENE P B LIS AN REASER AN 1 an

=t echnol ogi es i INTPIEID WIRBISESS @ONMMIUTNIC ABRION SYSTEMn snart
antenna technology is used in a COMA cellular nobile communication system
there are advantages, such as increasing systemcapacity greatly,

i ncr easi i rel ess base station, decreasing system cost
=e etc. Therefore, smart antenna technol ogy

has become anp,inportant technol.o concerned_al.l Qver t | d. . A
present , sma&fle gﬁ?ﬁ?ﬁd“f’@ﬁﬁ)ﬂof%ifgyi%n%ﬁ%r\? E?g?j I?W‘??‘hg\%ﬁwges%ﬁe%upl ex
(TDD) CDMEDWIRG! R8iS1a6 QRSB EthmARical &t eyBtdmChntt hitge @atticuladly ®BOPishart
communi cati on system wreless subscriber |oop and wireless |ocal area
net wor k etrgennaTthehneldgy 3npdisédnn iaskrearancy Pivisipndduplex dAPDY GRMs aeliulamg
channel and recei vi G el use sane frequency, electric-wave
propagat i @ﬁb'?%%(%rrér@ Brits r}s@Jsg%o “uplink (receiving) and downli nk
(transmtting) are the sane. Therefore, paraneters of receiving signal

beam f or nB%kgbbﬁhﬂeﬁfﬁi@thU@biiﬁh can be again used for downlink beam
form ng. quentTy, advant ages of smart antenna are brought into full
play. Never!BeleSseld: R GREBF ufehlod Ahpdtbiit h&nRETENAI ahbaimsystieqs. FOD

Wi rel ess comunication systemis the st popular "one. In a FDD w rel ess
communi catdéromunisysdre nEspaphilpk when sdewnhiteknausshadlbgeriensedanra &§OMA -

frequencie and el ectric-wave ropagati on characteristics of uplink d
downl i nk %ﬁﬁ@lacro?‘&l"ll? AR EAien %ﬁ?p“?’eg‘ﬁﬁ afCs ag‘faﬁ‘gqgeﬁa?% ferETE s”iggce?Ci ng

signal beamd Pt iPaRdy gRlafly NRdreatiaBcHRdr rakoCHND RlireR8s base station, decreasing

system cost and raising system performance etc. Therefore, smart antenna technology

has become an important technology concerned all over the world.

At present, smart antehna technology is mainly used in time division duplex
(TDD) CDMA wireless communication system including cellular mobile
communication system, wireless subscriber loop and wireless local area network etc.
The main reason is that in a TDD system, a transmitting channel and a receiving
channel use same frequency, electric-wave propagation characteristics of uplink
(receiving) and downlink (transmitting) are the same. Therefore, parameters of
receiving signal beam forming obtained from uplink can be again used for downlink

beam forming. Consequently, advantages of smart antenna are brought into full play.

Nevertheless, in present cellular mobile communication systems, FDD wireless
communication system is the most popular one. In a FDD wireless communication
system, uplink and downlink use different carrier frequencies, and electric-wave
propagation characteristics of uplink and downlink are totally different. The result is
that parameters of receiving signal beam forming obtained from uplink cannot be

again used for downlink beam forming, so advantages of smart antenna cannot be
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brought into full play.




agal n, used for downlink beamform ng, so advantages of smart antenna cannot
be’ brought into full play. ~~~~~~~ L LEeer reeer reeer beee v !
*@000 i * 11 r PCT/CNOI /00133 'In a base station of HDSNUP%tess
comuni cation system when using smart antenna since receiving link and
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‘one set or miit i base siation of FHM:mirckiss cARENUHFARIPNCSYSieRe WREJUTIBE SMEcei vi ng
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recei vi ng upI | orm ng assocl ate every enna unit. This is
det er m nedmbbessumymmtcatlcmbyseém,c$uchcasmee$rRapagzﬁh BN 1 e3P actided: S cs of
upl i nk and downl i nk | Wi re ni cation ste Su ry, of the
| nvent i ontPgrd Yi%‘@nélflp %‘i‘ﬂ‘ism %Wrﬂlé'ualc?rté‘%/%%ﬁ{né’hﬁ'“gpsﬁﬁ%t us for
usi ng smﬁﬁtenrﬁntﬁ&'o@vérnth@ b%QQ Mhﬁxﬁ%%?%aﬁé?ﬂ"ﬂﬁﬂy EAHAIR BHSRETh wn@erm; hod and
apparatus can overcone the obstacle of using smart antenna |n a FDD CDVA
mobi | e  cpaemeiecsabamesly ftoemreasivicg lpdink abesst fblymugsa}sm@tﬁdi c\&lth every

el ectric- vvave pr opagat.i on .charac istics of .u nk_and down

Accor di ngfye I*—"BB Bedrigrame EYI%“SYEW%*CS&CF%W EYSt é’ﬁ?pagidtﬁg smar t
antenna Cé\ﬁhr&%ris@@i SIEN kChndAGRIlidk 9a FOIPREeREPEFHmBhicilh dySeant i on, a

met hod for using smart antenna in a FDD w rel ess communi cation systemis
characterized to conprise the follow ng steps: a. Downlink radio frequency
transm t t Smanprad yuef thk Insditiofir equency recei vi ng use i ndependent smart
antenna array, feeder cables and radio frequency transmtters or radio
frequency re@inse Dfrks pachiiveliyo providesenetiodnamnafpaseisaiod usingnsahart

.processor;
antenna in a FDD wireless communication system. The method and apparatus can

overcome the obstacle of using smart antenna in a FDD CDMA mobile
communication system, which is caused by unsymmetrical electric-wave propagation
characteristics of uplink and downlink. Accordingly, a FDD CDMA cellular mobile

communication system using smart antenna can be implemented.

According to one aspect of the invention, a method for using smart antenna in a
FDD wireless communication system is characterized to comprise the following steps:

a. Downlink radio frequency transmitting and uplink radio frequency receiving
use independent smart antenna array, feeder cables and radio frequency transmitters
or radio frequency receivers respectively, but use a common baseband signal
processor;

b. Signal direction-of-arrival estimate values, obtained from uplink receiving
signal, determines direction of the main path of the uplink receiving signal;

c. According to the main path direction, an expected downlink transmitting beam

form is got.

What said signal direction-of-arrival estimate, obtained from uplink receiving
signal, determines direction of main path further includes steps as fellow. N receiving

signal preprocessors demodulate and de-spread N digital signals, coming from



b Signal direction-of-arrival estinmate values, obtained from uplink
receiving * signal, determnes direetion of the main path of the uplink
receiving signal; c. According to the main path direction, PEHCN @t ed
downlink transmtting beam formis got. Wat said signal

_direction-of-arrival estinmate, obtained fromuplink receiving signal,
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Recei ving (b r&%l&ﬁ amh;%%fo%rr@@ewlﬁgb@im f@(ﬁﬁlh%@hd ?ét%ldif@&t%xfwtheaﬁ‘\n di gi tal
signal, respect l'y; makKes conbi nation al gori every digital signal

to perfor pathecends fy deamommfmrngalamngi& yaluer efc theomait pathetondpiynliplgt h;

sends the direction- rriv etl e.val ue o t wnl i nk
transmitt itRgSTITRE I ET?l %é rr{a Slgglll) %\rles{hgée%f(g@ﬁ&r g°§8€1€rr%éq?
ori gi nal I}Jeceq\gﬁaglvhd]gatsdwpso@gsoa post - processor. \Wat said a signal
direction-of-artival estinate, obtained fromuplink receiving signal,

determ nes direction of main path is perforned at  the conmpn baseband
signal  proceWder sayd aaﬂgniiéélrﬁ@t&fﬂ@fnamvﬁaftﬂlwfed o§tngdrfor HpERp detayng
obt ai ni ng do ink trans i h
di'recti on TPt AEPITiEF JREe TuRE B Pt ARERE M bphfof BB a7k
processor pigdessor baa basegytatmssi ng, i ncl udi ng channel codi ng, interleaving,
spread spectrum nodul ation and radi o frequency nodul ation, for every
digital signal which waits to be sen ends to a transmtting

d
beam forner. What tsﬁléngﬁqlﬂgl%ex%é% Péﬁaﬁ’én rﬁjg’ﬁvé’él r%ﬂ?ml?‘f‘gnﬁeaght 8HRa beam
form ng fof fc?rafh tg't L bl Ph@Nifechbd thtHe?flr?crl@'&g%teth ab TSI r&@ab@r&l%ftalar rival

estimate va e mai h pat comng fromthe receiving beamforner.
For every sﬁglﬁhmdetsangmhkeskbam g:rdmlssmgmbxch@ung)nharmeb@pﬂmgnemerlc&w@g digital

cornbi ner, respectivel d the erated M di a nal s.are, sent, to
i ndi vi dualspfqagﬁg?ﬁt?%}/@daﬁ&oflraaﬂgﬁr 19 tfieﬂﬁer?w?‘gﬂ tloé’ni%"g SrPagisihdEndai d the

transm ttipg, #P%m {?%er@%ht rﬁﬂh‘ﬁ?entsreﬁ‘&stmattﬁn@ﬂntﬁﬁg 8B4A fHERM THO4AsAGttingr each

di gi tal S|gnal reference to the direction-of-arrival estinate val ue

‘of main patehm foum:mglakcsom@nmém aritergiatieam foomineg forjegch digigd senabmphi t ude

n
and a reference to the direction-of-arrival estimate value of the main path, coming from the

receiving beam former. For every transmitting link, digital combination is performed
in a digital combiner, respectively, and the generated M digital signals are sent to

individual transmitters and transmitting smart antenna array.

What said the transmitting beam former makes transmitting antenna beam
forming for each digital signal with reference to the direction-of-arrival estimate value
of main path, coming from a receiving beam former, is to add an amplitude and a
phase value needed for transmitting beam forming for data which waits to be sent to

transmitting smart antenna array.

.Said to combine an expected downlink transmitting beam form according to the

main path direction is performed in the common baseband signal processor.

A digital signal transmission is done by a radio frequency receiver through A/D
converter or by a radio frequency transmitter through D/A converter, then through

high-speed data bus to the common baseband digital signal processor.



phase, val ue needed for transmtting beamformng for data which waits to be
" sent to transmitting smart antenna array. Said to conbine an expected
downlink transmtting beamformaccording to the nmain pat¥TdNEM N is
perfornmed in the comobn baseband signal processor. A digital signal
_.transm ssion is done by a radio frequency receiver through A/D converter
“or by a radi oK dinkyradioafisrene e smari rapiggna BTAY @od wetink radie Heaquetnyough

hi gh- spee S t e djgital signal processor. 3
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sets. Said d&adwldownlinkdeaihdom canbdgpendilesrain. beam Sai d conbi nati on nmanner
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transmtting antenna array constituted an antenna em a radio
frequency receiver connected with the receiving antenna array, a radio
frequency tr&sserdingefo avothaeesragt wif tthe tiheentioanemi apparatpsafirewsisg anragy and a
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Said receiving antenna array includes N receiving antenna units, connected with
N radio-frequency receivers through feeder cables, respectively.. Said transmitting
antenna array includes M transmitting antenna units, connected with M radio
frequency transmitter through feeder cables, respectively. Wherein, M and N are an

plus integer.

Said baseband signal processor is consisted of an uplink baseband signal
processor and a downlink baseband signal processor. In the uplink beam forming, the
uplink baseband signal processor sends the DOA estimate value of main path to the

downlink baseband signal processor for downlink beam forming.

Said uplink baseband signal processor includes N receiving signal preprocessors
which demodulates and de-spreads N digital signals coming from receiving antenna
array and receivers; a receiving beam former which makes DOA estimate for N digital
signals, coming from N receiving signal preprocessors, respectively, and combines the
N digital signals; and a post-processor which recovers the combined digital signal to
the original NV receiving digital signals. Said downlink baseband signal processor

includes a basic digital signal processor which makes some basic processing for each
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transmitting antenna array, and is well-known in antenna array theory.

According to the method of the invention, in a FDD wireless communication
system, a base station can totally obtain the smart antenna functions and
characteristics in the uplink; and in the downlink, it is also implemented the smart

antenna main functions, including decreasing interference and increasing equivalent

transmitting power.

In the invention, for uplink any signal combination manner of a smart antenna
can be used to bring fully the advantages of smart antenna into play. For downlink,
especially in a mobile environment, the basic advantages of a smart antenna can be
obtained; in addition, there is no strict relationship between downlink beam forming
and a subscriber terminal position, and this has more advantages for a subscriber

terminal working in a high-speed moving environment.

The method and basic station apparatus of the invention can overcome the
limitation and obstacles of applying smart antenna technology in a FDD CDMA

mobile communication system, the limitation and obstacles are caused by that electric

®erent ed

and



transmitting power. In the invention, for uplink any signal conbination

" manner of a smart antenna can be used to bring fully the advantages of
smart antenna into play. For downlink, especially in a nobGT@O0EMNronnent,
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in a downlbwklikessant eiriingis nd@ensitovntol phlasd@amme)fand is neryi smitale forelight i ve to
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i nal
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envi ronnegrh%oihg%)%% ﬁ:%gin QFrE)mxﬂt@?(ﬁledN t hat when applying smart antenna
an a

wi th the nmetto aratus of e Invention in a base station of a FDD
CDMA nobi |l e communi cation system the systemw || inprove cell coverage,

i ncrease capdhipeyimensdsiney civt wherd applypppsmanoakemy  aithhibghaefieddambyi ng
environment. Brief Description of the Draw 3.l _shows a base.station
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support working at high-speed moving environment.

Brief Description of the Drawings

Fig.1 shows a base station block diagram of a TDD wireless communication

system with smart antenna.

Fig.2 shows a base station block diagram of a FDD wireless communication

system with smart antenna.

Fig.3 shows a block diagram of a baseband signal processor and its signal
processing in a base station for a FDD wireless communication system with smart

antenna.

Fig.4 shows a beam-forming diagram, including Figures 4A, 4B and 4C, for a

FDD smart antenna system of the invention.

Embodiments of the Invention

The invention will be further described in the following, with reference to

drawings and embodiments.
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A received signal of each radio frequency transceiver 1s converted to a digital

sampled signal through the inner analog digital converter (ADC). The digital sampled
signal is sent to the high-speed data bus 31. A digital signal, waiting to be sent, on the
high-speed data bus 31 is sent to a corresponding radio frequency transceiver TRX,
and is converted to a analog signal through the inner digital analog converter (DAC).

The analog signal is then transmitted through a corresponding antenna feed unit.

All baseband digital signal processing is performed in the baseband digital signal
processor 33. Methods of the baseband digital signal processing can refer to related
patents, such as Chinese Patent ZL 97 1 04039.7. With the present advanced digital
signal processing (DSP) technology, the baseband digital signal processor 33 can
implement functions, such as signal modulation and demodulation, receiving and
transmitting beam forming etc., overcome multi-address and multipath interference,
raise receiving signal to noise ratio and sensitivity and increase equivalent
isotropically radiate power (EIRP). One set of antenna feed system, in a TDD wireless
communication system base station with smart antenna, is simultaneously used for

receiving and transmitting (TRx).

The description of Fig.1 above is also the principle and concept of modern smart

antenna.



processor 33. Methods of the baseband digital signal processing can refer
to related patents, such as Chinese Patent ZL 97 1 04039.7. Wth the
present advanced digital signal processing (DSP) technol F§YCNEIRBI3baseband
digital signal processor 33 can inplenent functions, such as signal

.. hodul ati on.and denodul ation, receiving and transmtting beamformng etc.,

“overcone nulti-address and nmultipath interference, raise receiving signal
to noi se ratFig.2astbwsenisliotk diagyanand aiwicslesabesegjationad@nf thei lsmnft@pif@aal y
‘=.radiate povver (EIRP). One set of ant. wi. r el ess

f eed i
T oan T it hinpRE oA sy S Tho ek aren She fesd Qe g ey

used for % HHGE FHID§0a8 ArHel Ak i ddng stedRthe B sérpaihAli@wolanfingal above
is also the principle and concept of nodern smart antenna. 7 PCT/ CNO I

/00133 Firgy® retwmwsgantsnog krray ang Hm&ﬂilttmg\/ﬁmﬁ@m&ﬁgaba"g@ BCRIVINGrANGINaf  t he

i nvention for commun S W t h |RIBL a. The

base st atd¥dH (HEPWSDPVT‘IQGS &%ﬁf& g@q%%)zgh%gnmn% tedl sy&s %ﬁq&o@gt he base

station ifagdeddasiet We. anis@Asstedlotay $ecefv¢1€§hﬁ/tbﬂﬁﬁl feBd elﬂha Bl Blyreadf]dmg

transmtting antenna array. The receivi n? antenna _ ar (uplink) includes
re

N recei v.mgenamf@dnmltamq@nmctecmnhmradlo qUERC R FRECHS xaf‘éd“ Feder
cables: 1% el FOR5! BhE A LSRS0S B ANARLEES Mrbimidhe

recei ving URT T & e connec equency

recei ver santda) uftits 84.282,43, ... -8N an@rbksoéle&ﬁet”eédevedlmes Tlaeuhsr emsivtddt ofiy ant enna
array (downlink) i ncl udes Mtransmitti ng . antenna Ltlnl ts 81, 82, 83, ..., 8N
and assodrasaitingagenne fshagits; The M trapsgigiggantengg fepd Waitsyars GeBASCI g

antenna f Gf\?lg M5 fregl%ﬁ ytrtaﬁgm é’l‘)ﬁ% %eﬁna f egd ré&'ﬂ%ét?v%ef%%&%m ed

with Mradio requen ansm 52,753 respectively.
The radi Ofreqfureﬁxq,u&e@yverrecaidverraasxandrst. roammmﬂy euss aoknmhlqscﬂﬂseora douaal

oscillation source (frequencg and tlmn #r%&@ i.e. the
f r equencylfiegessioyeandt HPENQVHLRRLPS, 1?r@ﬁuz¥rf gl‘ot RFY feses b ARd I"fé 1é?nt ly.

For wupli %eﬂugnge[gg{s}{g ék\g’%k I%fr h, radio frequency receiver (Rx) is

converte di gl ta sanmpl e nal through the inner ADC, and then the
digital sanpled signal is sent to the high-speed data bus 91. In the
Wi rel ess basEostuaiml@la 16 veslas girdrod ed¢hyiadin freq;legcnarecprv(@cé&s) Bgoorertade

signal s, to arﬂlggalfsrcn% erdes ef'hlrc\)/ue hr glm(}lefrr DaXndnShE dlol&?sampled signal

is sent to the high-speed data bus 91. In the wireless base station 60, baseband digital
signal processing of the signals, coming from respective radio frequency receiving
link, is performed in the baseband digital signal processor 93. The baseband digital
signal processing includes demodulation, de-spread spectrum, overcoming various
interference, obtaining DOA estimate and receiving beam forming, etc. The method
of the digital signal processing is same as the beam forming method of smart antenna
in TDD wireless communication system. This can refer to the applicant Chinese
Patent ZL 97 1 04039.7, titled "Time Division Duplex synchronization CDOMA

wireless communication system with smart antenna”, and other correlative patents.

For downlink, a digital signal, waiting to be transmitted, is firstly p.rocessed ‘with
the basic digital signal processing, including channel allocation, channel coding,
interleaving, I/Q (in phase/ quadrature phase) separation, modulation and spread
spectrum etc., in the baseband digital signal processor 93; then a downlink beam
forming is made. The downlink beam forming is based on the DOA estimates
obtained from the uplink baseband digital signal processing. Means for downlir_)k

beam forming can use well-known algorithms in antenna array theory. During



link, is performed in the baseband digital signal processor 93. The

" baseband digital signal processing includes denodul ation, de-spread
spectrum overcom ng various interference, obtaining DOA ESIGNGHR33and
receiving beamformng, etc. The method of the digital signal processing
_,1s same as the beam form ng nethod of smart antenna in TDD wireless

* conmmuni caddvedlinkysdagiforrhitigs dipatal sighals td be sée tapadhi tcammitﬁhgd'mkeare Rddednt ZL 97

1 04039.7, titled "Tinme Divisiopn Duplex chraoni zat i Iess
..comuni catitbre §9§Fe4ﬁ%ﬁmﬁll%‘%rvta{1”§n‘ﬂ%ﬁﬁ%"f° g ‘h"é‘chgTePeﬁ ‘fg\;‘edlﬁ fents.
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processed W e ba di gi ta si gnal™ processi ng, 1ncluding channel
al | ocat i omansetined)efor eacti ngnsmittirtgetihkeay ifergyed! /Tge (digithegel, waididgde e phase)
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baseband digi ta si gnal processing. Means downl i nk beam form ng can
use wel | -hgmzl/randlv\gblbettﬂanﬁmtuedahtrbegfnacwr@sayndlh%ﬁﬂlysmlm angenng UptT/ CNO1
/00133 downlink beamformng, digital signals to be sent to each

beam T or m noFig ASHOVR A8 daRetand ol tpdirb ARG, lf Itk hé AFuFAHE BT RARE | OF

beam f or m ng; | r’ia Ion o € code channel

signal s, Bedhh Gdrithg Bladfed of halidveRdor. OT l’mﬁefotd ansifglédsdrse Et@fxo@&@tﬂh smart
transmtting link s formed. The digital signal, waiting to be

transni t t eeteniasis mplemested IEQIFEH%WGW&SF]QOW&WPWaW%%@ﬁby transnitter (Tx)

t hrough hi gh- speed data bus 91, respectlvely after converted by the inner

DAC, it will b IW 92”’8}5‘
correspondi nént%rl%gstr%nfg P%%%Dg enn unlle\tglg L(}fnpﬁaﬁwsg%\ﬁgsb%g%at se?ﬁ‘ t he

I nvent i onbasebarhdigsab sighel piotéssdr andd sigauinpriondssinggantddureriarggdeseribed 1of t he
invention. Therefore, a wireless base station with smart antenna is

i mpl enent 8¢failn a FDD wi rel ess communi cation system In Fig.3, taking a FDD

CDVA wi rel ess conmuni cati on system as an exanple, a baseband di gital

si gnal procesgofe @}Eﬁn@wg@@émd@a@ﬁsﬁégm PEREEHUNEIR GBS Eidedoi noxdet ail .
In the uplink baseband digital ~signal processor, N line digital signals

101, 102, 103,03,, LON,, conGhg fommm@ﬁmgmmtmelanamgardnte@ﬁlwar drrsty eared thecei ver,

firstly eggﬁéspgg ing N receiving signal preprocessors 111, 112, 113, ..., 1IN, for

demodulation and de-spread spectrum, respectively. Then, the signals enter receiving
beam former 150 to make DOA estimates for each digital signals coming from
subscriber terminal, respectively, and to combine signals coming from every receiving
antenna with a certain algorithm, i.e. making receiving beam forming. The combined

signal is recovered to the original receiving digital signals at the post-processor 155.

In the downlink baseband digital signal processor, each digital signal, waiting to
be transmitted, has been made some basic processing in the digital signal processor
145, then is sent to the transmitting beam former 140. The transmitting beam former
140 makes transmitting antenna beam forming for each digital signal with reference to
the DOA estimates 160 coming from the receiving beam former 150. This means
adding a needed amplitude value and phase value to each transmitting antenna data,
which will be sent to each transmitting antenna soon. After that, for each transmitting
link, signal is combined at digital combiner 131, 132, 133, ..., 13M to form M line
digital signals 121, 122, 123, ..., 12M to be sent to each corresponding transmitting
link.



correspondi ng N receiving signal preprocessors 111, 112, 113, ..., 11N, for
" denodul ati'on and de-spread spectrum respectively. Then, the signals enter
receiving beamformer 150 to make DOA estimates for each BFNOYPOIE gnal s
com ng from subscriber termnal, respectively, and to conbine signals

.., comng fromevery receiving antenna with a certain algorithm i.e. making
“receiving beamform ng. The conbined signal is recovered to the original
recei vi ng di dntRik.3sirgeeatisg dteamh forpestlSPr posigsoresIBs51 ST, niransmigiogntaank

“..baseband di gital, signal .processor, eac i gital. sjgnal iting to.  be

" transnmitt &I eﬁié%@@n&‘#&%‘es‘% PIREETSY Eﬂ%ég’%genﬁu!tﬁ?ﬁ ngs\éx?ag}i g %li Thal
processor imddental6A (hEmBENYS Wlridts trBRites Ita o fpldxitp dfaainuhiy. MarFig 40thefhe
transmtting beamforner 140 nakes transmtting antenna beam form ng for

each di gi twltheegvailapblopks tofrepresenbthegnultiple unt® esti mat es 160 coning from
the receiving beamfornmer 150. This nmeans adding a needed anplitude val ue

and phase valyg o, Gacle LEANSH LLl00ANE SR ARIEs vaDi EllH WenDgngient to

each transm ttlgﬁg antenna soon. at, for each transmtting i nk,
si gnal i s afehid oftle atvediigi forla RRIDAGDMA rhatije oddnudi88jon systeml3M to form M
line digital signals 121, 122, 123, ..., 12Mto be sent to each

corresponding transmtting link. 9 PCT/CNO1./00133 . 1n Fig.3, receivin
beam f or ner %Elé-,s 480191 4G st 8 Svgricad meobile comuyniqaligy eB‘é‘é‘?ﬂI??ﬂt%’éta sﬁ‘t‘fgﬁrhd )

di gital signaly, BLOGEFRA hér LRNAS WIHIdk PlaSe RIS A00UBAd 201 Narf one

i npl ementation (nunmber” 6f units relates to conplexity of each unit). In
Fi g. 3, thenlsscriberaetrhinele? 16y end sgotdnigolek blocls reppasersdnildinge. T wplpikesignai t s.

Fig.s 4A to 4C show.an enbodi nment a wreless base station with spart
ant enna ofetREN;i the SHESISH R8T Stﬁ“?’blg8 %5?1?58”2% inégzl@r\ncﬁn'f/&setsetﬁ? Fig.s
4A to 4C show s %BhA320"BRI nn§ GAHPAE ldnan22NVinonENt.. efc. acassdibpan

area. In these Fig.s, there are two W reless base stations 200 and 201 and
one subsobuilBiag refeotipnatc. 2ddg witll diféasentegvirenmentcanplitidpardeme dslay 0di ngs.

The uplink signal .between the wreless . St at] 0 scri ber
term nal ﬁ%‘ ﬁW@FWé?gﬁﬁeare ﬁﬂﬁ?fe B pg?sﬁﬁg??Q%O%A%B%@eym%ﬂﬁﬂ;%tgﬁag i gnal
221, 222, 7223nd 222 i€WSthin SRUSRIE dBjp whtith,| dhidngne edlhget bther afubtipatth eiggalwi t h

different environnment, anplitude and tine delﬁj of eacE myl ti ?at h_ signal
are di ff ercapessesssrode chipeviditveA fis|uaingdnethedand pr2fEhO s ihgARyeation, the

receiving antenna array 230 of the wireless base station 200 obtains a uplink receiving
beam fbnn, shown in Fig. 4B with 232, which uses energy of the main path and short
time delay multipath effectively. As shown in Fig. 4C, the beam 242 (downlink beam)
transmitted by transmitting antenna array 240 of the wireless base station 200 is
formed according to the DOA estimates of uplink receiving beam. The downlink
beam is only pointed to direction of the uplink main path 220. The downlink

transmitting beam is a pencil form beam.

In general, since a subscriber terminal applies an isotopic antenna for receiving,
the downlink beam, shown in Fig. 4C, has multipath components, generated during
electric wave propagation because of reflection etc. Therefore, in a subscriber
terminal when processing baseband digital signal, it is wanted to overcome

interference of these multipath components.

Obviously, the method and apparatus of the invention, after updated

appropriately, can be used in other mode of a wireless communication system.

10



221 and 222 is within one code chip wdth, and tine delay of other

" nmultipath signals excesses one code chip width. After ug%/é(ﬂﬁb&?ﬂ and

apparatus of the invention, the receiving antenna array 2 he

wi rel ess base station 200 obtains a uplink receiving beamform shown in

_.Fig. 4B with 232, which uses energy of the main path and short time delay
“nultipath effectively. As shown in KlgimsC, the beam 242 (downl i nk beam

transmtted by transmtting antenna array 240 of the wi reless base station

..200 is formgd AGEAR6H Tk Lifing aROMtesid M efsequenapHivikion suiplexi F@PBeam The
downlink beamis only pointed to direction of the uplink nmain path 220.

The downl imieless emBNICRHQISHSEFMCPBIPESHENCi | form beam |In general, since a

subscri ber teyrm nal i ap.Lso i NRRAEOcabIeS e kadid dfrequie

downl i nk bearf" gﬂgg\nﬁﬁ%éﬁgé}t %B?ﬁhérgpﬁrrlﬁal t%iiq%g’th component s, geneqr a??d during
el ectric ywaygnipesradiat fraquehec asivers, buefl emrmern basebandrsignak Brogessph 1y
subscri ber term nal when processi ng basepan igitalcsi |, .t i.s want ed
to over codewnlipk effler dFRANCHYY (FRDSEHEE ¢ t%ﬁg‘gn%aghoengrgd.u%gg}(/i %Eés‘ﬁi;‘?’ t he

met hod ancri Sgggg;e us of the invention, after updated appropriately, can be
used in other nodé of a wireless comuni cation system 10 PCT/CNO.1 /00133
Claims 1. A net heginbsstimmiengalsemof signeledirestion-ofafrial BRA) HPY; 3 UBHMHup! ex

(FDD) wirel ess conmuni ¢ation. system. co L sing.. A i | nt
smart ant &eAsaY1Rg sigpal, @%‘igétre”}?%‘%/geé‘,r%‘é’& O(r)mb? é‘haﬁeﬁg@ oﬁggg’rlﬁhltes gc%yﬁ%di 0
frequency [gceivers, but a common baseband signal processor in downlink
radi o frequenéy transmtting and uplink radi o frequency receiving, .

respect i vel y; CB.gegatgtanngxpesied dawelivi igesmisngshegrnfory 27’cé€'fdi‘‘Eﬁfﬁootlh-eg?""r'f‘vaI
(DAA) froma uplink receiving signal, and determ ning direction of the

mai n pat h P3#h ‘%I‘Heé“%'l ink receiving signal; C getting an expected downlink
transmtting beam formaccording to the main path direction. 2. The nethod

according to & gh&imeNieERobRiihie0 Tam1Bwherdimere stoprBr figder tcheprises the

steps of:
demodulating and de-spreading N digital signals of a uplink receiving signal,

coming from the receiving smart antenna array and the radio frequency receivers by N

receiving signal preprocessors;

making DOA estimate for each digital signal by a receiving beam former,

respectively;

combining every digital signal to perform receiving beam forming, and getting

direction of the main path of the uplink receiving signal;

sending the DOA estimate value of the main path to downlink transmitting link,
and recovering the combined digital signal to original N receiving digital signals in a

PpOSt-processor.

3. The method according to Claim2, wherein the step B is performed in the

common baseband signal processor of a base station.

4. The. method according to Claiml, wherein the step C further comprises the

steps of: . .
making basic processing, including channel coding, interleaving, spread

spectrum modulation and radio frequency modulation, for each digital signal, which is

11



steps of: denodul ating and de-spreading N digital signals of a .uplink
recelving signal, comng fromthe receiving smart antenna array and the
radi o frequency receivers by N receiving signal preproces®ereNoiaks ng DOA
estimate for each digital signal by a receiving beamformer, respectively;
conbining every digital signal to performreceiving beamform ng, and

Fgetting didised ioobe sht,thyea bmidigitlsigal proeesspt, iankt thereindingghs ppeedsed sendi ng

t he DOA esti.mate val u&ﬁof the main path to downlink transmtting link, and
._recoveri nd'§ifé SigBABINEG TRIGTIENS PR A™ES ori gi nal N receiving digital

~signals in a ;pEs 'tfyn%ﬁﬁﬁgraﬂteﬁna Togn BHARE BLs Warlsfiih® bEhd fBBnerMRr €i N

the step Bis perforned in"the conmmon baseband signal processor of a base
stati on. Z4acitigitahegiuddithoelereicedo the MDA astihatentadwecofithe iz path, @nflogt her

conprises the  steps. of. ki ng basi c processing, including channel coding,
i nterl eaviéﬂ?t@ﬁF%{iﬁngi’ﬁ@Bﬁ?ﬁ‘?ﬁmdul ation and radio frequency nodul ation,
for each digi a@ltalgy 881abinindéaeh thafismitdng HACH £WRith] £OHB33r, rvepettividy,tte be

[

sent, by a basic digital signal processor, and then sending the processed
di gi tal siggnefate 36 digital tsignadsriandi thgn besading othael; digiRi signeksates imdivifwe

antenna beam formng, by a.transm.tting beamfornmer for each digital signal
wth ref eﬁé%é'glt{eés ?'ﬁietr%ﬁ&”t lgtgisW&fteant/ea %%rr%’f' the main path, comng fromthe
receiving beam forner; digitally conbining each transmtting link in a

di gi tal conbi peThe rRsRAICCYING tot OlaingeNetteadie mdkiligirdanigingnateina 8agmt hen
sending the Mdigital signals to individual transmtters and transmtting
smart ant dAABINGriS 9. add arremiidudroand @ceiass glueonesdsd far RAEREIRE REX g

transmtt ifgﬁPf’ﬁ@thP@? ﬁg?cg]is m[tmgr}g.blﬁe tgcr) ﬂ%g{agl&agﬂg%gﬁﬁﬂ%nt%ﬂga Arhase val ue

needed for afism eam rm ng i's walting to be sent
to the transmtting smart antenna array. 6. The nethod according to Caind
or C ainms, whér&hantdiedsiceprdihg © QrithdonethimS, wherein the step B is performed

in the common baseband signal processor of a base station.

7. The method according to Claiml, further comprises:
digital signal transmission is done by the radio frequency receiver through A/D
converter or by a radio frequency transmitter through D/A converter, then through a

high-speed data bus to the common baseband digital signal processor.

8. The method according to Claiml, wherein the smart antenna array of
downlink radio frequency transmitting or the smart antenna array of uplink radio

frequency receiving is one set or multiple sets.

9. The method according to Claiml, wherein the downlink transmitting beam

form is a pencil beam.

10. The method according to Claim1, wherein in step C, the method of getting
an expected downlink transmitting beam form is determined by geometric structure of

the transmitting smart antenna array.

11. An apparatus for using smart antenna in a frequency division duplex (FDD)
wireless communication system, comprising:
an antenna feed system consisted of a receiving antenna array and a transmitting

antenna array;

12



~i,n the common baseband signal processor of a base station. 7. The nethod
according to Caim, further conprises: digital signal transm ssion is done
by the radi g frequency receiver through AID converter or bSCTELNOHNIB
frequency transmtter through DY A converter, then through a high-speed
_.data bus to the common baseband digital signal processor. 8. The nethod
“accordi ng to @ralioffrequirey e¢orivieh eomrentet] vatit thensemingantefna athaynl i nk r adi o

frequency transnjtting or the smart antenna array of . uplink radio
frequency rec@ff#iAdreAlengy rangpitise Cmefﬁegr”é&s@? Er.a‘ysé‘.““ 3H2%@8r ding to

Cainl, wher egréogl%nqu\g@gahatg%%%p%ggsg“ ng beam formis a pencil beam 10.
The met hod according to Caim, erein in step C, the nethod of getting

an expect ed dewstdimkihe rahs fiaquemy beearvef endnthe rafiee draquassy byngedeetre c

structure of the transmtting smarif antenng array. 11. An apparatys for
st ng. smar CMRRTEAT (e PPrLR LA oL PO Oh MR CRBpS iR epaadio
comuni cat freduefiyy kR BiveCHIthe %d?élIreq&@?&ﬁﬂﬁﬁittfe?wn%ﬁtyqrébC‘a@?eﬁju%ﬁ maf a
receiving antenna array and a transmtiing antenna array; 12 PCT/CNO |

/00133 a t@Higomit equency recei ver connected with the receiving antenna
array; a radio frequency transmtter connected with the transmtting

ant enna array ,12finﬁheagpcf,%§)%{e{?%@?@8?49%@%’19%@&% etsfe)e;c'eigmge&ﬁéﬂ}lat%}-‘fag{j adi o

frequency receiver requency’transm conne W th
t he basebasumpighdN repediEs anteniid Laisg hvitichl ata chiigspoadidglyheonnacted witl aguency
receiver and the radio frequency transmtter commonly use a frequency and

timng uniRdiofpequeney wepapathrougk &sden srglasoreanestingly; %\ﬁﬁ’@ﬂéﬂﬁt‘@&@t?@@ei Vi ng

ant enna ar GRIEL 52 FraNshRREE Yhidn ARRED Wehid hleS bl
cor respond%r?laélg/ c@ﬁsﬁect ed thtﬁ %I radélao l?gr?eqﬁency %Oecﬁlgg#é/i{ezjrlglfﬁf)%eéﬁedf eeder
cabl es, resphdtiradbyfrequescyt tramsmittet thigughnfeederacabhbes) segpeivply, Serdvh, M
transmtting gntenng units, which are correspondingly connected with M
radi o freqﬂ@ﬁgﬁ’et YHE4SEF t hrough feeder cables, respectively; wherein, M
13. The apparatus according to Claiml1l or Claim12, wherein the baseband
signal processor is consisted of an uplink baseband signal processor and a downlink
baseband signal processor; in the uplink beam forming, the uplink baseband signal
processor sends DOA estimate values of main path to the downlink baseband signal

processor for downlink beam forming.

14. The apparatus according to Claiml3, wherein the uplink baseband signal
processor comprises:

N receiving signal preprocessors, which demodulate and de-spread spectrum the
N digital signals coming from the receiving antenna array and receivers;

a recelving beam former, which makes DOA estimate for N digital signals,
coming from N receiving signal preprocessors, and combines the N digital signals;
and

a post-processor, which recovers the combined digital signal to original N

receiving digital signals.

15. The apparatus according to Claim13, wherein the downlink baseband signal
processor comprises:
a basic digital signal processor, which makes basic processing for each digital

signal waiting to be transmitted;
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and N are an plus integer. 13. The apparatus according to Claim1l or aim
12, wherei’n the baseband signal processor is consisted of an uplink
baseband signal processor and a downlink baseband signal FCOEESH833 in the
uplink beam form ng, the uplink baseband signal processor sends DOA

. estimate values of main path to the downlink baseband signal processor for
< downl i nk beans trensmittgng Yedm Himnen pyactamakesarmemitiing anteru@l béam Rrmwkgefoei n t he
upl i nk baseband.sj gnal rocessor conprises:. N receiving sjignal

. preproces<Bs AEIR| SRNHaHRHIed R MR BsiBERl L BracEROr RAth RIS

si gnal s cafk MDA rQifinkieevdI8E 8F W GaRp AN RBmAY AYmAME e&GenY Vet Br€Eei Vi Ng
beam fornmer, which nakes DOA estimate for Ndigital signals, comng fromN
recei vi ng ®xgnal preprocessors, and conbines the N digital signals; and a
post - processor,,.wWhich recovers,the.conbi.n digital signal to original N
Focer v ng.d o i Bl EOmibreR Fhfen iy b BT Stblifian g 25trd Grira®lie: o n
the downl ik loasePaNdigihliadals Whiek &6 HOE s6R P fHeSRIrandmiasd snddrisinakingi gnal
processor, which makes basic processing for each digital signal waiting to
be transmianedaarady.pCT/CNO 1 /00 1 33 a transmitting beam former, which
makes transmtting antenna beamformng for each digital signal outputted
fromthe basic digital signal processor with reference to the DOA estinate
val ue of the main path comng fromthe receiving beamforner; and a

di gital conbiner, which perfornms digital conbination for every transmtting
link to formMdigital signals which will be sent to the Mtransmtters and
transmtting antenna array. 14
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