1 DESCRI PTI ON ADAPTI VE ANTENNA TRANSM SSI ON APPARATUS AND BASE STATI ON
USI NG THE SAME 5 Technical Field The present invention relates to an
adaptive antenna transmi ssion apparatds, which is nore particularly,
applicable to a base station apparatus in a cellular conmmunication system
10 using a CDVA system and which transmts transm ssion signals by a
plurality of antenna el enents constituting an adaptive antenna. Background
Art A CDVA (Code Division MiltiplgpAegasshosystem conpared 15 to a
conventional FDVA (Frequency Division Miultiple Access) systemand a TDVA
(Tinme Division Miultiple Access) system is attracting attention as a radio

communi cat on - Syst SRRV Er e tENNERRP RO Ap AR Y st i fon s

called 20 a cell and it An® gaREOBTRAT TOEE U& TRt hog isamahi ch a plurality of
base station is arranged so that nmutual cells thereof may overlap, giving
a wi de’ area cover ed by a plurality of cells. This type of systemis called

a cel lul aprcsystiemm kERa;GDVA system allocating a different spreading code
to each conmunication 25 part prevents communication interference between

users. However, Thenpeeshnt $prveatling cetletdsesonet exbeptivenhnnehehy, it
will be u%ed UR.SOHEtinE. In_trealw'ét.yh there is an dygﬁ%age t hat the sane
spr eadi ng o048 EAR B8 FRRARY Hot KE&f ™ TIPS At b hr'el tohsi depasicgble

separ at editoby Hssdngthhecsahfpsrhtus 3G system1 P ddenateltandysthere is
al so a disadvantage in using this cell system As described above, in case
the bidse BEaPPoR CPMA system, and which transmits transmission signals

by a plurality of antenna elements constituting an adaptive
antenna.
Background Art
A CDMA (Code Division Multiple Access)} system, compared
15 to a conventional FDMA (Frequency Division Multiple Access)
system and a TDMA (Time Division Multiple Access) system, is
attracting attention as a radio transfer system that can vastly
increase subscriber capacity. In a mobile communication
system, an area capable of service by one base station is called
20 a cell and it is common to use a method in which a plurality
of base station is arranged so that mutual cells thereof may
overlap, giving a wide area covered by a plurality of cells.
This type of systemis calledacellular system. Ina CDMA system,
allocating a different spreading code to each communication
25 part prevents communication interference between users.
However, since this spreading code does not exist
infinitely, it will be used up sometime. In reality, there is
an advantage that the same spreading code can be reused between
cells that are considerably separated, by using the said cell
30 system.
On the other hand, there is also a disadvantage in using

this cell system. As described above, in case the base station



2 is arranged, it is common to arrange the cells to overlap little by
little, in order not to occur a region belng out of service inside the
area. However, in the region where the Zcells are overlapped, interference
power increases, conpared to the 5 regions where the cells are not

overl apped. In a nobile communication systemusing a CDVA, al

communi cation uses the sane frequency. Therefore, the radi o channel
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comuni cation receives. Accordingly, the Tnterference, which 10 occurs by
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(base itation transm ssi direction. Therefore, conmpared to the uplink
(base ¥t at OO Fe¥EFtFor ;e CﬁﬁéslﬁF@rP@FeﬁE@réﬁpPﬁg-doﬁhl?n%ongﬁal is a

factor febmafedthyibafkyepehngsihe aCb@mel a%p@&hwnﬁéa@l@%%sf‘ég( A this

nmoment, referring to Fig. 6, an exanple of 20 function of a base
stati on appReatysduenrgya c%h¢n¢é@recohhﬁnr@@iconhaysebn¢a§ashbmnlsThe base
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cont rol processi ng ant enna

dupl exer pamm&nacamdowheéémb@@temn&dadmﬁgﬁﬁ 9hanth ddrffedhe, Ringhway part
2 has an interface function with the base-station control station of the
base St at PERUESpRY aPHier L#PPLRF R 81 hfdl e eF WS cohitd Slavsed of the

comuni calieRedatas:hir epuhie: gg?gcgggtlon control station. Data received
fromthe base-station control ation at the highway part 2 is sent to 30

the signal procéss@¢EF¥EMlamvamd;mheb@mEpuommumnmahlsnfxxﬁﬁém yrieeessi ng
part 4 1is OebﬂﬂtHﬁldegggdLEBMi?dggs%%&tESSaa%glrd generation mobile

communication system, it is presupposed that a lot of data are

15 tramnsmitted in the downlink (base station transmission)
direction. Therefore, compared to the uplink (base station
reception), the interference of the downlink signal is a factor
for greatly influencing the channel capacity as a system.

At this moment, referring to Fig. 6, an example of a

20 functional block of a base station apparatus 1 in a cellular
communication system is shown. The base station apparatus 1,
as its basic structure, comprises a highway part 2, a control
part 3, a signal processing part 4, radio parts 5 and 6, antenna
duplexer parts 8 and 10, and antenna elements 9 and 11.

25 The highway part 2 has an interface function with the
base-station control station of the base station apparatus. It
transmits and receives control and communication data from the
base-station control station. Data received from the
base-station control station at the highway part 2 is sent to

30 the signal processing part 4 and the output from this signal
processing part 4 is outputted into the radio parts 5 and 6.

These radio parts 5 and 6 are provided in response to antenna



These radio parts 5 and 6 are provided in response to antenna 3 elenents 9
and 11 constituting the adaptive antenna. In this exanple, two antenna
elements 9 and 11 are shown, but generdl |y the adaptive antenna is
constituted of a plurality of antenna elenments. Accordingly, it is clear
that multiple radio parts 5 5 and 6 corresponding to the nunber of these
antenna elenents are provided. On the other hand, the signal processing

parts 4 raeshen@ls oXhsl 11 JASPONSA Ry kR AUABSK vef aApLERRA ehemBnts, but
the signal processing parts 4 should be connected (in other words,

enabl i ng t&aFPdCestwaldntannadgil anenteht aant bherebanent shut pengined lal | of
the radi o r L nce i 0 rt.s .5 .an have the. sane. conposi ti on
tﬁ)l %aag?kﬂé %Ilﬁ?n%gdls q%%st%&ut%hcgoga%i%furafléy of aan%Snéléa a

only the radio p e ‘explaine par cormpri
radi o nodellemecaniksdenndobadiinglparit 12 caeatr ansfi msl opBaptddiEhak3s and a

reception_anplifier 14. The 15 control part 3 has a function for
cont rol%l i ng24P1 © FRTESRPINS TQoipSsPENBRE ah i FRRT RIS RAFESTSm a
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i nputted intoﬁthe ?egepfﬁgﬁﬂgﬁgkﬁffggg%§'vFgét%gﬁg%?enna E%ﬁgﬁgggf%ﬁart 8.
I n the antieh@ad il exés tpar tre@pansgnsmi size omnl2exf o & uersyna elporenitss and
reception e CY. C onents.are _filtered d transm ssion frequency
conponent gfu(r;ogﬁn%%l naﬂggﬁacefﬁéng&ae]bﬁ énsg%:fﬁ??ieefofﬂfecjfﬁaspjr%@ “on
anpl i fi er wbédsyseredb yitsoaptoreswiaie chavackesf $hicCambéncar 1amenidsy weak
reception waves fromthe nobile station to a desired level so 25 as to
enabl ¥° de¥e&hi Adlt Rés&hgt *ERd Or BaitdS -nodul ati on/ denodul ation part 12. The

reception i gnak:pikChnana e geted gladdid hagkor, et ap/darndy ation

part 12 and whose frequency I1s” converted to the S inputted into
t he si gnabn3@ phecessdiingppaitt 54wadd bedexgdesnedcoding padiessatrtchudi ng

comprises a radio modulation/demodulation part 12, a
transmission amplifier 13, and a reception amplifier 14. The
15 control part 3 has a function for controlling all parts.

In this composition, an uplink radio wave from a mobile
station, as not shown, 1s received at the antenna 9, and is
inputted into the reception amplifier 14 via the antenna
duplexer part 8. In the antenna duplexer part 8, transmission

20 frequency components and reception frequency components are
filtered, and transmission frequency components do not go round
the reception amplifier 14. This reception amplifier 14
usually has a low noise characteristic and can amplify weak
reception waves from the mobile station to a desired level so

25 as to enable detecting those at the radio
modulation/demodulation part 12.

The reception signal which are detected at the radio
modulation/demodulation part 12 and whose frequency is
converted to the base band is inputted into the signal

30 processing part 4 and undergoes decoding process including
error correction and the like, and communication data from the

mobile station is extracted. Also, in case the received data



error correction and the |ike, and comuni cation data fromthe nobile
station is extracted- Also, in case the received data 4 is extracted, the
signal processing part 4 is conprised tho operate the optinization control
so as to receive the uplink signals received fromthe plurality of antenna
el ements at higher energy (higher quality) by controlling the anplitude
and 5 phase of the received signal independent for each antenna, and to

becone an jadapitirée ramt ennad siaganeesiowed sdala paxty actied dohp diRieh WAy s
transmtted to the base-station control station via the highway part 2. On
t he ot her opgA@tewithe pespuieatoonhecddnali ok 3% gialrecd fe drha heljade

station tqQ. ile. ti t si,gnal, .received . fromthe base-station
cont rol s%é |§%g?ge§%6§%§tg%%FhF§ tﬁé%ﬁg%étysfgfﬁgﬁeggﬁtFgﬁmﬁgﬁg &%d the
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sent to the signal rocessing part_4. At the signal processing part 4, the
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the coding process are performed in accordance wth the pre

pr ocedur e t&dspFay ig Wrehsmypesd tof thhéamamird Tiatn condaba. s sbon as af or t he
downl i nk %5%”%& %Oaas g% tge case with the uplink signal, the signal
processi ng par? X3Y; §8¢ nprised to formthe directivity of the downlink

signal, by contoal thegother phase, anttmnpddgasie of dhe ddwransi g -dat a
i ndependent for each antenna through which data is transmtted and to
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control at the radio part 5, and, Is transmtte rom t he antenna €l enent
9 vi a t hesaatépnacodtpdexEtaant 8he afdmerurbetaig anplhithi d thoe & id@siayved
transmssion, beveh (LhanealashoR ROuR" 4.3t §he trans gglon,amplifier 13.
processing part 4. At the signal processing part 4, the
15 addition of redundant bit for error correction, generation of
contrecl information based on the reception information from the
mobile station and the coding process are performed in
accordance with the predefined procedure complying with types
of the communication data. Also, as for the downlink signal
20 as is the case with the uplink signal, the signal proceséing
part 4, is comprised to form the directivity of the downlink
signal, by controlling the phase and amplitude of the
transmitted data independent for each antenna through which
data is transmitted and to become an adaptive antenna apparatus.
25 The output of the signal processing part 4 undergoes radio
modulation and transmission power control at the radio part 5,
and, is transmitted from the antenna element 9 via the antenna
duplexer part 8, after being amplified to a desired transmission
level (transmission power) at the transmission amplifier 13.
30 Since the radio part, the corresponding antenna duplexer

part and antenna element can exist in plurality respectively,

the radio part (radio part 6 in Fig.4) other than the said radio



30 Since the radio part, the correspondi ng antenna dupl exer part and
antenna el enent can exist in plurality respectively, the radio part (radio
part 6 in Fig. 4) other than the said radio 5 part 5, the antenna dupl exer
part (antenna duplexer part 10 in Fig. 4), and the antenna el ement
(antenna element 11 in Fig. 4) has the sane operation. The above is the
general conposition and operation of the 5 base station apparatus with an

adaptive aatensa tHaRSHSH0AupaBRaLAbAS A RRRL: Wulh «3R 2daPti ¥@ s@nt enna.
In this t¥pe of the base station apparatus equi pped with an adaptive
antenna, FACer férefBE bhetpetgonnl ¢hknehgnidntepmmseianent filomnt faa.el evant

base statMgnhggp%hgtggm%r%%%&%t %n{nf!uences the channel capacity as a
systemis as nmentione above.” Accordingly, this base station apparatus

w th said adapTheealsnienBatlcemeosirtalonoinpoal s2onetiespedat-aombke thhe
interferepce of this downlink signal as mni mum as possi ble. 15 Di scl osure
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demands, ap@atleuabiget %fedt b8 thnkenkilap th$ el AnRk@nzde an adaptive antenna
transm ssi on appar at us F at reduces the interference power of a downlink

signal to preveAR ks Syeent2the mawlstedpani aypérah dexyeiasend) widmd
enabl es effecti .bas station eration. | der, to.accomplish the said
SBofPRT 108 Brs b, CRR R kRS, o, RbEC kR ReH Gaaa

obj ect, accor gto € présent i nve adapti ve

antenna transhniissiednfappathéusel&anstibdd s tdansiNagp0nSigralesthy a 25
plural ity of antenna el enments constituting an adaptive antenna,
compri&i nd2EAHCRRESr tBFeRRBNPLSC 68BRRY tife 8fis 3f G SERMY A6t PRgMedidRneH

| nterf er eageyeoMPREsE 1 h1y Nech i ansal sskeR: 86N2bSa L Ll yed, bYagach of
the antenna el enents; and a control neans or controlling a transm ssion
di rectivi efapsimedabyenhe composition is also requested to make the

interference of this downlink signal as minimum as possible.

15 Disclosure of the Invention

The present invention was made in accordance with these
demands, and the object of the invention is to provide an
adaptive antenna transmission apparatus that reduces the
interference power of a downlink signal to prevent the system

20 channel capacity from decreasing, and enables effective base
station operation.

In order to accomplish the said object, according to the
present invention, there is provided an adaptive antenna
transmission apparatus transmitting transmission signals by a

25 plurality of antenna elements constituting an adaptive antenna,
comprising: an interference processing means for extracting
each of interference components of the transmission signals
received by each of the antenna elements; and a control means
for controlling a transmission directivity formed by the

30 plurality of antenna elements based on each of the components.

And, the control means may comprise a signal processing

means for controlling amplitude and phase of each of the



30 plurality of antenna el enents based on each of the conponents. And, the
control neans may conprise a signal processing neans for controlling
anpl i tude and phase of each of the 6 t Pansni ssi on signals corresponding to
each of the antenna elenents based on the each of the interference
conponents- Also, the interference processing neans nmay conprise an
interference processing part for detecting the anplitude and phase of each
5 of the icrheshesenos %qgﬂgn%nt:%mr@%oh@qng gRale aRHOCES AT sHRARS 2 MBY
control the anplitude an hase of each of the transm ssion signals so as
to mnimni fée@&@ﬁSd?a%%Oprﬁf@ terkndetboipdrefesenPercdreponee;s thélso,
interfere vi ded in._conmpn MA e plurality
of antenngﬁgl Jgﬂnjg%f?é&&g g%%% r%laegrelgtr%la%com cess of | éaréftr?p “tdde and
phase of @aobeefs:thgepaﬂteffﬁErmm@mh&pﬂ.ﬂtadtei arﬂdokbwaaséoff R,

Furt he nterference processing neans my be provided wth the each
of ant nn8fe %%%@rﬁﬁ&iew:&uﬁwrgpn%w héPrptes Sﬂﬁntal%epr‘i’%‘%%ﬂ’égéﬁ@éls
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present ipventides is ceatsh beckh the pbhasalstat boreppdaiatdiendrsel hndet ects
t he reflectl on conponent (interference conponent) of the transm ssion
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so as to mnimze the reflection conponent I's enabl €s to reduce the
downl i nk itheerf erefceeponeroged stiagpeedns mayt he efdeicied eitpetlat iearhof the

base staton, The.bi Libnghiect a550ndiag,to he present ipyepiion is

interference processing means, a radio part for radio
i5 amplification and demodulation of each of the interference
components may be provided with the each of antenna elements
individually, and the interference processing part for
detecting the amplitude and phase based on theses demodulated
powers may be provided in common with the antenna element.
20 The operation of the present invention is described. The
base station apparatus itself detects the reflection component
(interference component) of the transmission signal of the
downlink signal of its own and then controls the directivity
of the downlink signal in accordance with the result of this
25 detection so as to minimize the reflection component. This
enables to reduce the downlink interference power and to perform
the effective operation of the base station.
The first effect according to the present invention is
to enable to reduce the interference power of the downlink
30 signal. The reason is that the relevant reflective component
becomes a minimum because the base station optimizes the control

of the directivity of the downlink signal, while detecting the



to enable to reduce the interference power of the downlink 30 signal. The
reason is that the relevant reflective conponent becones a m ni nrum because
the base station optinizes the control 7 of the directivity of the downlink
signal, while detecting the 7 reflection conponent of its own station's
downl i nk transmi ssion signal. Also, the second effect according to the
present invention is to enable to reduce the downlink transm ssion power

5 and to &%nsfl@e%bhec&ﬁ;;&%ﬂﬁ/@fq&eg @ah%&aocflotrbes @@ﬁﬁlé‘ﬁﬁtﬂr‘é@asm—[@%l £ason is
that the downlink interference power can be reduced and reduction of the

syst em ch§Agaklcapacity can be prevented, since the base station optimzes

the control of di t|V|t of. .t he transm. ssign detecting the
reflection conp%ggnf £§% oF “rt's ¢ S&Eegga F88r§588mnP| EhtPaﬁéﬁP S|on si gnal .
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an enbodi nrent accordin o the present invention; 15 Fig. 2 is a diagram
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ais a fulRchional® %&akng?%g?%rﬂ Ff]?ﬁ%}tr":‘n8€h§? gﬁﬁ(‘f Y
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appardt usCfBésfE RHBeSEEEiCRr ByFRYNSEP Kt hEaNSRSBEioR BePORL -an adapti ve

antenna apparatus relating to the

Brief Description of the Drawings

Fig. 1 is a functional block diagram of an embodiment
according to the present invention:

15 Fig. 2 is a diagram showing a radio wave propagation state
by a conventional base station apparatus;:

Fig. 3 is a diagram showing a radio wave propagation state
by a base station apparatus equipped with an adaptive anternna
apparatus according to the present invention;

20 Fig. 4 is a functional block diagram showing another
embeodiment according to the present invention:

Fig. 5 is a is a functional block diagram showing further
another embodiment according to the present invention:

Fig. 6 is a functional block diagram of & conventional

25 Dbase station equipped with an adaptive antenna apparatus.

Best Mode for Carrying out the Invention
Below, an adaptive antenna apparatus relating to the
embodiment according to the present invention is explained in
30 detail using the accompanying drawings.
Fig. 1 shows a functional block diagram of one embodiment

according to the present invention. The same parts as Fig. 6



enbodi ment according to the present invention is explained in 30 detai
usi ng the acconpanying drawi ngs. Fig. 1 shows a functional block diagram of
one enbodi nent according to the prese®t invention. The same parts as Fig.
6 8 are shown by the same synbols. In the present enbodi nent, describing
only the parts different fromthe conventional exanple in Fig. 6. There is
provided an interference processing part 7. An input termnal thereof is

connect ed aWiet Rhiche BQURtR 3ah@r Boadlo16f. the %HE%B@sQHQ' &x8haPAEL8, and
output termnal thereof is connécted to each of signal processing parts 4

(the firsescaiping oniy é;ﬁpe@ﬁat@u@l@f@me@é;r t£ 2@ §h@om¢elcrte@d:n0@atlhe
transm ssi na f _the radi econd ter
=% necuﬁ Fg.gorq lTh% :ltS rov:L <] n J.nter!fgl iﬁng? p[rﬁecersef\sd]ng part

t hereof is co ‘he “reception i npu FeriRa

5, and theatrhi7d tzar ihpak tdenbedl itherevtess atbnidridiewakherna Hurthe
interfirence processing part 7 is conprised of a radio switch part 18, an

i nt er fer erEETARFL PlfngﬁanE‘ﬁnFﬁt‘é‘l’?%?%‘ﬁ%epalf%d@ o FFEhvIRath deysemalie, and

an interf enanes Sk §Nabnrld- PGS shAY ardigley The cRubRYl Bérwlé (the
interference signal processing part 15 is fed"back to the si

pr ocessi nélmrttterlmmﬁltﬁee singreainapdopéssengppat t8 45 thanelctedtm/ltﬁ'i;e of the
downl i nk signal .i_s. contr d,_based he, distribution rmation of the
i nt erfereﬁ%&:e NSPLERE oAl PH& E%Wéflagb?%\i ?%l? r%afﬁiffﬁ Hf §5°8¢hce
processi ngeparihal. thesesfbi i¢diddieid o &Bbatécelbbﬂom Mt ferenefnal
processing part 7 operates on the basis of the si %nal inputted from each

ant enth ePéneht HaddCaPr el Jn2bAdimasbisddiggninal taererd h%F@@F?@Cd@@I exer

part and fgedscbagketig BHOCessing result 25 to the signal processing part
4. At the input side of the interference processing part 7, a radio switch
part 18 is proVhded o FErdrrrenabtesanngpputt Eugsnabmﬁrﬂsreaoﬁlalrraldltoy of

switch part 18, an interference amplifier 17, an interference
radio demodulation part 16, and an interference signal

15 processing part 15. The output of this interference signal
processing part 15 is fed back to the signal processing part
4. In the signal processing part 4, the directivity of the
downlink signal i1s controlled based on the distribution
information of the interference of the downlink signal obtained

20 from this interference processing part 7.

Describing further in detail, the interference
processing part 7 operates on the basis of the signal inputted
from each antenna element installed in the base station 1 via
the antenna duplexer part and feeds back the processing result

25 to the signal processing part 4. At the input side of the
interference processing part 7, a radio switch part 18 is
provided so as to enable an input signal from a plurality of
antenna duplexer parts to input alternatively (alternative
input) . The sigral chosen by this radio switch part 18, after

30 being amplified under low noise at the interference amplifier
17, is inputted to the interference radio demodulation part 16.

At this interference radio demodulation part 16, the



antenna dupl exer parts to input alternatively (alternative input) . The
signal- chosen by this radio switch part 18, after 30 being anplified under
| ow noi se at the interference anplifie® 17, is inputted to the
interference radi o denodul ation part 16. At this interference radio
denodul ation part 16, the 9 interference reception conponent is detected,
and is outputted to the interference signal processing part 15 with

frequency i ng@RVRIESNRR +8c8pPasE RapbneNtdithee iy, ahat he Juriridience
signal processing 15 is fed back to the signal processing part 5 4. Here,
t he basi c tPufEei bRAterfERENCAt 8gRRrerRECGADS IR apaT U745 tidth Mirecfusemence

radio demdulat98.pah!s HhoARYbNC AlQUGId BLERGE SEANAL QGRS Ag part 15
is respectively sane as 'that 6F 't he rece[ﬁlon anprrfier ﬂ:, the Tadio 10
modul at i osAidemddpkatesnipgris 12 Eedi dyk tie thempdyhal imo@add Jng pand t he
signal _praqgcessing part 4, as explained in Fig. 6. There is deference

bet weeh Fi'fg. 1 and Fig. 6 in that the latter applies wuplink signals from

the mobile stat eReangnt s f 08 MBELEPPIA €57 FRWIH Tk 1,0 damelihe base

station itself, that is 15 conponents returning to the base station as a
i nterferefde tdenponenmteskenreansdiiosdemodiugniisonopestt Adnsantt ethe Bel ow,

t he oper at;i f 0 jtuent el.enent of the _interference processing
part is e%%%%ﬁ%gég?i%gdgé%gﬁ%i %Orceéssésngaﬁaggal '€ "TRBESGSECHAIZTHE adi o
swi tch pathat20fchbesescapsighabmefl itthe rantennacekaaenat 9 is expl ai ned The

ant enna dupl exer part 8 has a function for outputting a signal inputted

fromthe f“Pgi"i‘%ﬁ'i%E’Péﬁeg‘f’?ﬁlPilﬁf RG Pt 123(matimthedemnedial 3t on parra .
fhe antenma el erent 58 B L0 LR pr e nt o aRer PPt S 0T ' FOREEon for
out put ti ngs dethownhdnkesivgral Fiecaéi amd Figont tihetlznt ¢heal &t eseappd iiest o t he
uplink signals from the mobile station and the former applies
downlink signals from the base station itself, that is
15 components returning to the base station as a interference
component of transmissicon signals once transmitted.
| Below, the operation of each constituent element of the
interference processing part is explained in detail.
Here, as an example, the case that the radio switch part
20 chooses a signal of the antenna element 9 is explained.
The antenna duplexer part 8 has a function for outputting
a signal inputted from the transmission amplifying part 13
(downlink signal) into the antenna element 9, a function for
outputting a uplink signal received from the antenna element
25 9 into the reception amplifier 14 and a function for outputting
a downlink signal received from the antenna element 9 into the
radio switch part 18, and is comprised so that each of operations
from input to output mutually may not interfere.
In particular, if the input signal from the transmission
30 amplifier 13 leaks to the side of the radio switch part 18, going
through the antenna element 2, there is a possibility that

nonlinear characteristics come out due to saturation of the



radio switch part 18, and is conprised so that each of operations from
input 'to output nutually may not interfere. In particular, if the input
signal fromthe transnission 30 anplitfer 13 | eaks to the side of the
radio switch part 18, going through the antenna elenent 9, there is a
possibility that nonlinear characteristics come out due to saturation of
the 10 interference anplifier 17 and that the interference signal received

fromthe amieiFe rene@®Ringd iifS dro3t7 LadSitehl: (Haenefi@erdnt LdeMmat0
prevent such a state, both the phase of the input signal fromthe
t ransni ssif@Feamsid FTen the apeermaelemepied disghast Sopy opagat Shere fidne si de

of the radi.0 i.t.c Vi e nn I are.tyrned over to
mut ual |'y ggggﬁé%gig%a s%v%ﬁ%t%g?%?%gﬁgﬁgthOFﬁe%ggpé?g%?éﬁ%éﬂg%ﬁﬁ%ﬁght
(refl ecti signednpooenhe oncestianson bived iffiem 1 hanantleada et eeeiiign®1and

del ayed through propagating jn the air js outputted to the radio 10 switch
part 1 \Mptrl‘?é’%fga%&dnbcgﬁgﬁa%éif Ogi HELP FYHHE RAOuR Vidi FReceterarR del ay
fromthe sighahtogt putt @drhamotRe tbf aReM-33hOoR AR fiigha13. I n this way,

any conponents of signals once transmtted via the antenna fromthe base
station 1 returf8 the phbesdagithathe 5 ndlegfsreng capompen ¢mp Uitedd eiaitiont he

interfere Si par iLa the radigo switch part 18. The
interfere%%gpgé%%%zeﬁ?gepggépégﬁF%gdr%59@ g%ﬁt@ﬁ%ﬁgpé fgepfn&eﬁoéﬁpated

af ter bei dglagepl tlt®tglapropegiantenf ot ehees Bplsi dhepuilfed ardthdeageept i on
dataiﬁi extracted at the interference signal processing part 20 15. The
dat a €kt r 3ULEG hBRELI 58 ithork Paimg Bsoatgenes dved hayinhdhg gagngh

processi ngjiRakt-enkf atthgekn t ugh aspi [ limnarily
decided i s used. it is <SR9V ARl At oRa12 olicplibred gﬁgg‘efgg‘% (phase)

and/ or anteasemiscanpl pipdefi2® ABf.f erence between the data received as

interference angnt eis way, any components of signals conce transmitted

via the antenna from the base station 1 returns to the antenna
15 element 9 and is inputted into the interference processing part

7 via the radioc switch part 18. The interference component

passing the radio switch part 18 is demodulated after being

amplified at the interference amplifier 17, and the reception

data is extracted at the interference signal processing part
20 15.

The data extracted here is, in fact, the data generated
at the signal processing part. If the known data such as a pilot
signal preliminarily decided is used, it is available to know
a differential delay (phase) and/or an energy (amplitude)

25 difference between the data received as interference and the
transmitted data.

In addition, if the same operation is sequentially
carried out in a time division mode for other antenna elements
such as the antenna element 11 as the access point of the radio

30 switch part 18 is switched over, it is available to know the
eiements (amplitude and phase) received from each antenna

element by interference of the downlink signal outputted from



transmtted data. In addition, if the sane operation is sequentially
carried out in a tine division node for other antenna el enents such as the
antenna el ement 11 as the access pointlbf the radio 30 switch part 18 is
switched over, it is available to know the elenents (anplitude and phase)
received fromeach antenna elenent by interference of the downlink signa
outputted from 11l the base station 1. In addition, if the information on

t he directhe byser stisRShal hati on condition (direction, angle) prelimnarily
owned by each antenna elenent is inputted into the interference signal 5
processi ng part In25adfitignavaif| 4beeindodmeéérnt he $hat dioskctdivstyi bution of

t he downl i, iLrtecf.ere nent.s. r.ecei ved -at the base station. .The
downl i nk ﬁ%?gr é%%ﬁ?% §§§%§?9§§s§i¥§§ﬁ€%§%' %ﬁ %?Eﬁﬁ?%%ﬁ%)_%ﬁ%] i s way
is fed babk ¢ach hetehgnadlenkh tph ocegsitigdPanto4Hd Ot éhee ok €& fsakerae

ignal_processing part 15, In the signal processing part 4, the
f:gnsn?gs?Eﬁce&FngtpﬁFﬁyléﬁ ﬂﬁeléoﬁﬁﬁﬁﬂﬁgéﬁgﬁﬁldPgGGGnFPSIFéét§OO§S to

mni m ze ghethhberfieheseard goah1GAMPPRESt rELERLY &chR ﬁ&@#)%%ei%@ti on
apparatus 1. 15 In order to explain nore effectively fﬁe characteristics

of the adaptithe Rasenmiaspparatus according to the present invention, the
operation there i xpl aj ned, assunmi ng the etting.environnent of the
base station aseé o§ﬁgF§lﬁkg%Pt§r§ﬁaen§g Fﬁg383i9%8£?15H§1?8dio wave
propagati anfstakeias sbewined 28 kEhgs. wdyand Felspavky tanthengegand does
not decide the actual area. Fi%&%z shows the situation under which a
converlt i oREPCEESENIRAT T Inf APPar Rt & traf e nRaSoBE IPRT IRF X2RA PPed PATEth t he

adaptive 180t efnaRPPS FHAE BLSOLLE Wyt 0at ey Present rARVEILE P, 1 S
directivity of the downlink signal is controlled so as to
minimize the interference signal component received at the base
station apparatus 1.

15 In order to explain more effectively the characteristics
of the adaptive antenna apparatus according to the present
invention, the operation thereof is explained, assuming the
setting environment of the base station as shown in Figs. 2 and
3. In addition, the radio wave propagation state as shown in

20 Figs. 2 and 3 is only an image and does not decide the actual
area.

Fig. 2 shows the situation under which a conventional base
station apparatus 101, without being equipped with the adaptive
antenna apparatus according to the present invention is

25 installed in a closed space such as an underground mall or
indoors. 1In the conventional base station apparatus 101, since
radio waves are transmitted towards a non-directional area as
shown in the area 201 in the figure, the transmission waves
of its own station reflected within the air in the vicinity

30 interferes by reflection, and since the transmission direction
of the waves are not always optimized so as to form the mode

of the setting open space, the waves are not propagated in the



25 installed in a closed space such as an underground mall or indoors. In
t he conventi onal base station apparatus_ 101, since radio waves are
transmtted towards a non-directional Bfea as shown in the area 201 in the
figure, the transm ssion waves of its own station reflected within the air
inthe vicinity 30 interferes by reflection, and since the transm ssion
direction of the waves are not always optim zed so as to formthe node of

the settipgdeparesBacehetBEoVaYEEHEFE &9LsPEQPAGHA dd J ek \itde Ar eas.
Therefore, there existed a problem of generating an unperceiving zone such

as the ar 88sUDPPrcopBLaaRP0A Surh e thiegureas |39%dEi0Si end 2¢4nin fthe base
station a us | i d w a ay_and/or_an_adaptive

ant enna, ?Egﬁg%basgﬁs?§§¥%ﬁggbp%$%€uggi%n%%ggeaﬁ%%ﬁ% Wrh ThéSftnction for
capt uri ngetihépptdteith fpr apagahbngrtie drdBheMassheipvavesartiendd S than
stati%?. gherefgrg" t he grocess for adjusting the directivity of array in
line with°BRE S&PEIAY BRPFFORHENES et FHHRRRT Mibhthhend vagdpen ifer

control i Bap@RkYgnNEnW ghafe@ec_,ﬂ%g@ﬁ%@@giﬁvéﬂ@%smﬂgi%vwa%s shoul d be
sno

required.’ On the contrary, Fig. S e case in which the base
station appér arisstetiegui gpededprh .t hbeapaprees dptenddusappar ahes

di - t_J ' is installed at, th ' t
The.above FacriyEEEagE «u M 31 14 PR, fho Fofuond ArEE s iveile the

refl ecti oficeoppotnentsngf thesadawnastiahi ebntauvsednbyoipeysugr aurdi rReewal | s
and/or_barriers as interference at the base station and to control the
transif ssFERTLBPr EBVIVPReBE (i £8 BRN28CSri 6RO¥édabet 5eRUARRFze t he

reflection conpengmnt SorCdaA0l rely dbractiyidne %aeebﬁnrmiéﬁﬁ&é%a%%

controlling the anplitude and phase of the signal transmtted to each of
antenna eF&éABAPS epnpriasiaglOheegnteperd withythesadeptiie easenwit h the
conventlonsﬁa%QE nna agggratugé This enables to el.innate unn s%%y

reflectioﬁ a5¢ ?ﬁeacc 1ng the present invention 18 1nst£TT§%
the same environment as the above. In this case, as shown in

15 Fig. 3, .it enables to receive the reflection components of its
own station caused by the‘surrounding walls and/or barriers as
interference at the base station and to control the transmission
directivity of its own station so as to minimize the reflection
components. Control of directivity can be realized by

20 controlling the amplitude and phase of the signal transmitted
to each of antenna elements comprising the antenna array, as
is the case with the conventional antenna apparatus.

This enables to eliminate unnecessary reflection near the

base station and to automatically make the optimum directivity

25 at the setting environment at the base station so as to
effectively propagate the radioc signals. Accordingly, as
shown in the area 201 in Fig.3, it is made available to provide
services with the areas 202, 203 and 204 (refer to Fig.2) which
were unperceiving at the conventional base station 101.

30 Fig.4 shows a function block of other embodiment of the

adaptive antenna apparatus according to the present invention,

and the parts eguivalent to those in Fig. 1 are shown by the



base station and to automatically make the optinmumdirectivity 25 at the
setting environnent at the base station so as to effectively propagate the
radi o signals. Accordingly, as shown }%h the area 201 in Fig.3, it is nade
available to provide services with the areas 202, 203 and 204 (refer to
Fi g-2) which were unperceiving at the conventional base station 101. 30
Fig.4 shows a function bl ock of other enbodi nent of the adaptive antenna
appar at us sageoteiidg .t @nt RegPresant ihRLeRtreRce PRLRE PR Laredyi val ent to
those in Fig. 1 are showmn by the 13 sane codes. in Fig.1l, an interference
processi ngrpaided for pibdvanieentarekdmenin ermrd o lgnmis aran@roicgsalest ar e
processed. _i ti LV]Sio de al t.ernatively extracting_the antenna
el enents af' ?ﬁgmlen e\{?ée#e’lﬁEné)%reggyoal%ﬁnc%tlﬁra% Y f§t¥ﬁ8%é\r/l rf‘h%%inﬁc ThHe
present iatemntn@s bhethat enfereacenpeocesdssd NGy Pach Spdih 14 he poiwgwiee,, t he
interference processing part 2 for the antenna 9, and the interference
processi ngRpErt PEESFHT LRBCRALBRNE A LR tesfe1inGA REBCESF 1BA R BFS ditenna
el enents, tgadeihersi gnal in%@%@'e\‘:%ﬁc@ﬁ%@@§§iﬁ8&§:m@2' BoPlAfE$58dnnk0 The
interference processing part 7 as shown in Fig: operates I n the sane way
as expl ai Aedandy Higgintexdepentcer phaveagingpandil® $wirt the parttentiéhd 1)
interference processi,n art 19 also, operates in the_sane way as

i nterferefce EFSgé EgngogaF?C%_°$h8ntﬁﬁgnggF@ﬁ8$Spr88§sg§ﬁgsé8PFl7
processesrtheidednkfirbk shghaknibnhaceksvedoakskha. antenna 9, and the

i nterference processing Eart 19 processes the downlink signal received at
the aftenna 11. ThANY ERELPREBFREPTORCHF LRHePPRAsE aRdSHAPN tadBidefect ed by
each ant IS of C i | - ing p t r t he
i rect Vi oo LaRtror oo R SeRarS e LAY LA PR bty P LRI
function bbocddiod sandcheparenbdharintenfetrbhecadapidamses iamt pana Eppdsat us

according to_the pre ent_invention, and the garts eqijalent,}o t?Pse as
shown operates 1in e same way as 1nterference processingpart 7. The

interference processing part 7 processes the downlink signal

15 received at the antenna 9, and the interference processing part
19 processes the downlink signal received at the antenna 11.
And the information of the phase and amplitude detected by each
antenna is fed back to the signal processing part 4 to perform
the directivity control of the signal.

20 Fig. 5 is a figure for showing a function block of another
embodiment of the adaptive antenna apparatus according to the
present invention, and the parts eguivalent to those as shown
inFigs. 1 and 4 are shown by the same symbols. Insteadof giving
the interference signal processing parts to each of the

25 interference processing parts in Fig. 2, the interference
signal processing part 15 common to all interference processing
parts is provided, and the downlink reception signal from all
antenna elements 1s processed in this example.

Each of interference processing parts 7 and 19 as shown

30 inFig. 5 operates in the same way as the interference processing
part as shown in Fig.4, except for having no exclusive

interference signal processing parts. The interference signal



in Figs. 1 and 4 are shown by the sane synbols. Instead of giving the
interference signal processing parts to each of the 25 interference
processing parts in Fig. 2, the i nterftfence si gnal processing part 15
common to all interference processing parts is provided, and the downlink
reception signal fromall antenna elenments is processed in this exanple.
Each of interference processing parts 7 and 19 as showmm 30 in Fig. 5

oper ates ipkoldRe sSakE 16a%ads al Fenicttien! EbeneeupitQees $hed phRadlkt a@% shown in
Fig.4, except for having no exclusive interference signal processing
parts. ThéWPAiérder efceashgsaloned phecssdi dgris pds taef gemoded aftéoncount i ng
the phasea anpldt i I s ' f ation
signal s fFo%ﬁ§ﬂ|m?%%e%?gfga%gaggﬁ%ggg%ﬁ&kgéggggg%gpﬁé8§Fh53§%gﬁgﬁﬁ%ﬁ¥ resul t
to the sighal rpsodéessionghpastignalSproeekaenbagparst.ati on apparatus in the

Frequency Ejvigion Dggleﬁ gFDD% ﬁisten1is exeanifiﬁd in said enbodi nent,
the apparatus cOmPFFs&8®t RBSanfERMaCBupPBRER *Har 8 8NEnEXEEUS" Fbwever, it
i s essent pakli¥iahsougvat |(@phe §Psadrnpk dhendi MBiePiv $400 AR BReBEStEM I N

the technol ogy of this present 10 invention. However, in this case, it is
avai | abl ethe ePPATrA&HE CemPhlafAtchha duptenerdpaiexer papiace and By .a

general b - s .filter.. .l Lt t I t . in ti.on.is.not
I og { EBERRIS it hCE 5’9&?%93% |§2/‘ﬂ’§>‘?e%§’ﬁ?flfe"§§%h%?e?é%§ & &PSerdts
skilled D5viieibheDapfl ezasysrtanstiar mhendkeehnohagge otfo thdki @ussemdes W t hout

depa ng.fromthe scoge of the inyention on a basis of the _descriptions

rtl , ]
of tHe” cl aPFERTART -t hRRESY Rbenty BRLS Kl hg 1t ot REALLPELAEEAELIERRGS 0 t he

present i gYeAtdohens®d Jupdusidr ah AP keabialdet v+ Hhea: +YE HRARMLIAR
apparatus according to the present invention described above is adapted

for use i Atdtesl-l ul ar

In addition, the present invention is not limited to the
embodiments typically exemplified here, and a person skilled

15 in the art can transform and/or change to various modes without
departing from the scope of the invention on & basis of the
descriptions of the claims. And these inventions belong to the

claims according to the present invention.

20 Industrial Applicability
The adaptive antenna apparatus according to the present
invention described above is adapted for use in a cellular
mobile communications system, and more particularly, to a base
station apparatus in a cellular communication system using a

25 CDMA system.



nobi | e conmuni cati ons system and nore particularly, to a base station
apparatus in a cellular communication systemusing a 25 CDVA system 15
CLAIMS 1. An adaptive antenna transni ss?on apparatus transnitting a
transmi ssion signal by a plurality of antenna 5 elenents constituting an
adaptive antenna, conprising: an interference processing neans for
extracting interference conponents of the transm ssion signals received
by each of the antenna el ements; and-gaf@ftrol means for controlling a
transm ssion 10 directivity fornmed by the plurality of antenna el enents
based on each of the interference conponents. 2. An adaptive antenna

appar atus accordin 0 i , i i d.control neans. conprises a
si gnal processigg %%éﬁgﬁ%@&?%% Ton r% I?ﬂ%§%ﬁ%$?%%%ea%%%r% '4%e of each of
t he transnirssisonttdingnal sraneméspoadi sagghal eagha of1dhea ant emanglenmnt s

based on Each f the interference conponents. 3. An adaptive antenna
appar at us aEBGPENGOPS LetHItARY, 2N GARREr &N 2384PA Pnt EPFEFdRdEI5r ocessi ng

means conprisesaanihiberbeEanReepPHREEsShAImRaRt oL gﬁE?%EEQQgthe anpl i tude
and phase of each of the |nter?erence conponents, and said signal

processi ngNFeEASreaser oPsrphenaapdft e ttrah piveseiof stilgmadac v e cefl vieke

transm ssion_si gnal-s ini.m ze. each _of the 25 interference
conponent%gdg?g%tgg 6§%t%§t%ﬁ9§}%%F?ﬁ€§S'p?8 essing part. 4. An adaptive
ant enna appar at ascastoolli ngahe €bai aBnZrodlidg wherghBmsak&ohnt erference

processingéneans i,s provided 30 in common with the plurality of antenna

el ement s, aAGCHEVEG¥nECTHRE X itGIF prygass ot of RN BING (URUHE prase of
each of tRBg chBheblereRCcen¢RIPRREALS kBrRohki®sdi Vi sion node.

2. An adaptive antenna apparatus according to claim 1,

wherein said control means comprises a signal processing means

15 for controlling amplitude and phase of each of the transmission
signals corresponding to each of the antenna elements based on

each of the interference components.

3. An adaptive antenna apparatus according to claim 2,
20 wherein said interference processing means comprises an
interference processing part for detecting the amplitude and
phase of each of the interference components, and said signal
processing means controls the amplitude and phase of the each
of the transmission signals so as to minimize each of the
25 interference components detected by the interference

processing part.

4. An adaptive antenna apparatus according to claims 2

or 3, wherein said interference processing means is provided

30 in common with the plurality of antenna elements, and performs
detection process of the amplitude and phase of each of the

interference components in a time division mode.



16 5. An adaptive antenna apparatus according to clains 2 or 3, wherein
said irnterference processing neans is provided wth the each of antenna

el enents individually. 5 6. An adaptiv 6ant enna apparatus according to
claim3, wherein said interference processing neans conprises a radio part
for radio anplification and denodul ati on of each of the 10 interference
conponents, said radio part is provided with each of the antenna el enents
individually, said interference processing part detects the anplitude and
phase of each of the interference conponents based on a 15 denodul ation
out put from the®radt® FHRALIEHESSEIRS APPRfFatascecppodessi by Parims &

DY, o R SoROe Y et LU LA O' OLETO LB S B EE e
ant enna t wanéntdsi eacacodr dnngnhe elymeone ahdakdidmmiiyt.o 6
5
6. An adaptive antenna apparatus according to claim 3,
wherein
said interference processing means comprises a radio part
for radio amplification and demodulation of each of the
10 interference components, |
said radio part is provided with each of the antenna
elements individually,
said interference processing part detects the amplitude
and phase of each of the interference components based on a
15 demodulation output from the radio part, and
said interference processing part is provided in common

with the plurality of antenna elements.

7. A base station apparatus in a cellular communication
20 system using an adaptive antenna transmission according to any

one of c;aims 1 to 6.



