rse§%CTFKI46TRAI&?G+2* *159159* -1TI TLE OF THE | NVENTI ON A RADI O RECEl VER
AND RECEI V| FCR CONTROLLI NG THE BEAM W DTH OF AN

BACKGRQU \mm ENTION 1. Field of the Invention The ‘mmmmmmntl on
general | y to 10 radio receivers and receiving nethods,,

specifically £®%tes to a radio recei ver and receiving net hod -
controlling the beamw dth of a beam wi dt h-lvari abl e ant enna based on
reception quality determ ned by such as carrier-to 15 interference ratio.

2. Description of the Rel ated_Art In a nobile conmunication system such as
cel lular phone S¢ILENOE ;THE INVENIION to establish 20 a radio entrance
networ k connect pngad @ WEtE t yERS Ab@sgmmvm\@ mPngoexame e of such radio

comruni cation s f each radio
zone 1 is 25 esgéﬁﬁlﬁ:&%&dﬁ{@w@{%aggkg %Dﬁ?ﬁa{s}ﬁ éhgﬁﬁé‘gﬁas 4 with
directivities 3. The directive antennas 4 establish a radi o entrance

net wor k conngct gRGKERSUNT abt OPEE2 ThSReMTdly bold arrows in FIG 1). In
this entrance neTWOT K DEelWEEnm radio stattons, the 30 antennas 4 recei ve not
only the desired direct wave froma comuni cati ng base station, but also
interference waves such as undesired waves from ot her base stations out of

comruni cation, or reflective moyes bef e eﬁl\bynbubhdi ngs, etc. In 35 order
to i nprove reception quali i

i necessary. to reduce he i nfluence of
i nterference waves, and thplte}?/éef%ngFﬁé flé’lved?/&/h%np?%?rﬁe H’od:snla e ?ng
-2 Referrind torBHGo Zeceiscdesntind vieewiofing roethedapertrdt e antennas is

shown. These ki a?acqfflearlclty 3 BREELURS ANLAIWAS Beeliequandy utilized 5
in a conventiona entrance net wor hown I géﬁ s i nt erfer encg waves
n t

6 in addition t5e§ed¥dedEReds 86rr€°|nr*ftr(§’]t3hjen‘an §AMX iR pAtt&rn 8
or | obe shows theadrme@ttmmlahkenamtreaﬂiaatmﬂs@@men reoadgrticondi ti on t hat
the interferencg, uaye: ggebgegl J8d aY@V a99 F: Q. |nterference wave
power ratio or carrie t0|nt erenepovver %%R) is known to

wi den the &t enhBEEFAPEIEACE ’a%tsﬁown in the r| ght antenna |n FIG 2, in
order to narrow the beamw dth 8 of the antenna to reduce the 15 i nfl uence
of the interference waves., Anpn the same < t \es comng into
the antenna from di fferent di re%'f‘ ﬁglot e ra |% g\%ilggcgmwﬁg al ong the
central line of the directivia ynpBifleceiommhnieawbsl SYSGSH BUHENEB DDl i que

incident radi o wavesiane p%Qar[e.eCﬂyQQmV\B@J@ >’Ls %&@QEQ%?”E@d e@‘télﬁ?léhgur €
of the | ob In _thi,s specification IreCtIVIT@Iy aE
a

neans t he gr?gul ar 8 ﬁgra‘?ﬂtd?‘?rb%?v@@ﬁwf’\f& d’iorr&?‘f?)h%gl A RAMER
power is identibabeasdatsdred f (Gu8 redugtlicorf osucheraebiionum 25 power at

the center. The Midehithe Rganydih the Ih@w {hergagi njof the antenna is,
normal ly. An adaptive antenna shown in FI G is known as anot her techni que

for reducing the

Referring to FIG. 1, each radio zone 1 is
25 established by a base station 2 having antennas 4
with directivities 3. The directive antennas 4
establish a radio entrance network connecting base
stations 2 (shown by bold arrows in FIG. 1). 1In
this entrance network between radio stations, the
30 antennas 4 receive not only the desired direct wave
from a communicating base station, but also
interference waves such as undesired waves from
other base stations out of communication, or
reflective waves reflected by buildings, etc. In
35 order to improve reception quality, it is necessary
to reduce the influence of interference waves, and

therefore the following prior methods are known.



30 influence of interference waves. An adaptive antenna 9 can adaptively
change its antenna beam pattern 10 in response to the reception spati al
environment, to reduce the influence of interference waves. In order to
inprove its receiving 35 characteristics, the adaptive antenna 9 directs
the null (significantly lower gain) to the2direction in which an
interference wave 6 cones. -3 Further, a tine and space equalizer is
obt ai ned by conbi ning tenporal signal processing to an adaptive array
antenna. By performing tenporal/spatial signal processing, it is possible 5

to reduce the influence ofrardelayed t\éﬁ\/ﬁd com ggsf:@lgmatglec s, diLFection
as the one from whi CH t he desired wave COMeSs. anot her I nterference

reduction 10 t eCHAC r asrP?ﬁF‘éF?ePé‘ﬁ@ém@a%cje? I %Po‘dé‘ shdle i Eegds 4ofs
known. In the i ntLerchﬂraancaq)eaﬂcebl an tshmes | r &l Gredued tlyopagal i oadpath is

esti mat ed baped an 2 Japliyedonbgnah AAAN ADCRRELTE! od, Sl ghy of pthe past

propagat i on pat e estinate agation ath™ s use
generating a reBIrl éélt@?fﬁ%l?e%ﬁel Hﬁéflel’se nk,fé @@@étngn By sulsteskrédg t he

interference wawgvie |d?cﬁf1e4r711f1£@mthlée amaGaived, si Qneleaﬂﬂ,paO@Jéf@fMértO
interference 49

ratio R} can .be i ove e above
ref erenced pri o%ggﬁt & %en lé %lﬁgﬁtc}r?nrreqn%?udﬂ%’”?‘ﬁg‘ Eiatddl?lg%ﬁ Y ehre
antenna can rederlelrntOeIrbex‘en@e bRagnltdregiing- ¢ t Seanhernwvadiecemed er, but has

a 25 short e ngeiyR aldRAtad 4 i PEEURadePRRILAl LY %hg@rég%%nég“%é4éCU|ar
aperture antenna cannot meet a requiréenent for a_broadened beam wi dth,

especi al |y whenPPHEST Fé&er e F nFPEEREE T i TR EFERAE B Fore@Ehan t wo
conmruni cat i on | i(BER)nedd: tios blen30nvabuntiatdrl ytlest ahkteahad dicmetgptural ity

of base stationgg Eﬂ%w@@tl"z{‘”&métf‘?é@lth%]%ée%rpae {Ep%ﬁged e, changlng,,

beam wi dt hs. When maki ngf1 an addi . an add ondl antenna has to
be physical |y bBRFECWFIthdreanheidths 8ardt Higte derbennas tion ngfce hehe

interferenges i ngFeasacuat OtIﬁQelﬂ@@rtfle(H&{cé|&m§§esandAH&>Qfgﬁf19{@ aakhennas
for other |lines houI S_r also,ber aced cco%g to t ove

e
i nterference reaugfel Y ec%%%u‘@%eﬁgl TGRS atfAp? | "
possi bl e to chafgéfeend rdictévtigns, dltﬂ@ctnaﬁutan'dabeanpmldltm aelmjng ncrease

the nunber of |tH§5ce@1&q‘aIlheI§rfu9r8fd%ﬁle \Mfﬂb@@%ﬁ@d%dﬂe@&w@&e@ﬁgs
However, there are difficulties in c nstructln a congtaex system and

perform ng i ncrB838&d SEEORHA LY i P BplPAtiaNes. 1o EeRthéprdiond v e e
ment i oned & cukaredped waenlaly enaa aegradaptited layr ayieaftiennse hafethe

physi cal and tegbgbc@ Ilfﬂt@awngpegq% NG arr ow, gt e Jagang i dt h
t hereof, and a ect that
1rect1v1ty angle means the angular separation

between two directions in which radiation power is
identical and is half (3dB reduction) of the maximum

25 power at the center. The wider the beam-width the
lower the gain of the antenna 1is, normally.

An adaptive antenna shown in FIG. 3 is

known as another technique for reducing the

30 influence of interference waves. An adaptive
antenna 9 can adaptively change its antenna beam
pattern 10 in response to the reception spatial
environment, to reduce the influence of interference
waves. In order to improve its receiving

35 characteristics, the adaptive antenna 9 directs the
null (significantly lower gain) to the direction in

which an interference wave 6 comes.



15 interference waves conmng fromthe sane direction as the desired wave
cannot be cancell ed. According to the above nentioned interference
canceller, it is theoretically possible 20 to cancel all interference
waves. However, since one additional interference wave needs one additional
replica generation circuit, as the nunber-®f interference waves increases,
the circuit size and cal cul ati on anount increase exponentially, 25
resulting in difficulty of realizing the whol e processing system SUMVARY
OF THE | NVENTI ON 30 Accor diurfiheritai sivae aold emaed e@eapiesentis nvention

to provide a ragho;{g68I ¥ ?rd%%%fﬁ%ﬁ@vteﬂpg%@mﬂ¥ﬁéﬁﬁlCﬁBoéHBBr%%%-é&e
i nfl uence of |nterf§rence waves with a snmall size circult and a smal

anount of cal cutat FORP TANGt Rer™ BhdP hbFBREpec®Y PULiREPLBE the -5 present
i nvention is11ﬁ¢mpwrdé/apaﬂﬂair&mgnaérpmommssmnm,aibeaa}pbdshbMHiable

ant enna {ha, 1 ece! ¥eguae! a0 3l @aln a0doles 0aRA0l o 81w DBNG! R ne

beam w dth thereof; an int erference cance renoving i nterference
waves from the F&e®Bi B8 F&mQJ@ﬂ{ﬁ%ﬁlaﬁdaéuﬁ&ﬁtQW@ SRom which the

i nterference- wayes f egavedval gnatsmés reasuri ng device for measuring
reception quality of the received signal based on the

i nterference-wave-renoved signal; and a beamw dth 10 controller for
control ling the beam w dt Bsofandichéeabntedifleneardabt edaaténna based on the

reception qgal'EycﬁﬁQQMEhea%?%ﬁpiéﬂgeggﬁb%ecédbéﬁ&%i'QQ shwaucih agf@di o
receiver, the 1 recgﬁtlon qual | et erm ned éhg?carrler to

t
interference ratibs (ERRYR Ntﬂﬂrﬁgévb¥§efﬁ§ﬁ%&ﬁﬁn??ﬁF Ft 7 LR b
determ ned by aFI(Eceﬂyedspgrrqu&gaati@mep&ehericse gsatirma t@0 Dheebeam vé dt h

controller may P@é%%"ehhél aari*"ﬂgtiﬂ ﬁhh%saclrlgr?aﬂ%d V\%PPthgt £ GePti on

quality is |lower than a pr éter m ned h controller

may broadentruP%%EnPﬁpaﬁﬁﬁﬁquuP%ﬁ@enﬂ&@M$ﬁ¢tQﬁ$¥%%E%@|EHO&@QQ§%PWS

hi gher thamnsa 25 piiedet asidnebt hfesbohding kermail ved y47t Berbeamw dt h

controll er may na ro¥%tge %pan}mnd ? of the tenna mhe he reception
an

quality is | ower™ rsf”%ﬁ% et er nfred" res an may broaden the

beam wi dt h of tmtgnf@mac@hefrwmerepbepm én cﬁmmtwhgoregehwglder than a

second predeteréwﬁglltbaesmlxdfltemausstba&a%reﬂf@rbr&&@ Lbr pbwRiedalesdi ned
threshold. Stil ﬁgother ect of the present invention is to provide a

base station hatfhy’ t ™3 a&ﬁﬁf?ﬁﬁﬁroned radi o receiver, which base
station mag0Obe capable of communicating with a plurality of ot her radio

stations at the sane tirreAmong the above referenced prior

interference reduction methods, the circular
aperture antenna can reduce interference by
enlarging its antenna diameter, but has a

25 shortcoming in that it needs a physically wide area.
The circular aperture antenna cannot meet a
requirement for a broadened beam-width, especially
when interference influence is insignificant and
more than two communication links need to be

30 voluntarily established for a plurality of base
stations. The antenna itself has to be replaced
when changing beam-widths. When making an
additional line, an additional antenna has to be
physically built. Further, there is another defect

35 in that the interferences increase due to the
additional lines, and therefore antennas for other

lines should also be replaced.



-6 Still another object of the present invention is to provide a nobile
comuni cation system having a plurality of the above nentioned 5 base
stations and capabl e of establishing a radio entrance network between the
base stations. Still another object of the present invention is to provide
a radio receiving nmethod, 10 conprising thd-steps of receiving a radio
signal using a beamw dt h-vari abl e antenna capabl e of changing a beamw dth
t hereof; renoving interference waves fromthe received radi o signal and
outputting an interference-wave-renoved signal; neasuring 15 reception

quality of the received Sil-gf@d)r@@ﬁgdt@n e éﬂﬁ@éfﬁﬁee(%@e\&%\tﬁ:é enoved
signal ; and contrﬁllln eam w dt mndthvarlable ant enna

b
based on the ne&§HP&F Qﬁbéﬁ?? %lﬁﬂﬁflegjﬁh'q eaa% € 3 Sch a radio
recei ving net hodntkensecept i bn guabnbyemmptnh@mwernhaedimpqxivity

carrier-to-igt e&‘l%%%‘i%nr aér{& BEL R wi Qi N d eLLPEL98 ARl I iBWYr PE

determ ned by a_received 25 signal-to-interference ratio. The controrllng
step may narrowﬂﬁﬁ@sbeQMHcﬁmﬁﬁ?fPﬁé Sfedn iy WheRevhE AEEESt i on quality is
| ower than a predeeerfrinattddr esholvdvethe ticonsrol Hiddg ishdr iy D oaden

t he beam w dt h BHEQ%ugnggﬁfq%nggPagg r %+cghgu Lite% A4S i gher than a

predeterm ned t reshol e co i ng s ep may narrow the
beam wi dt h of thécéﬁﬁémﬁaQ@kﬁﬁiﬁélﬂQC@Mﬁﬁﬂt¥ﬁ%ﬁrty is lower than a first
35 predeternmm ned threshold, and may broaden the beamm dth of the antenna

when the reception quality,is higher than a secon eterm ned threshold
that is | arger than thgq?F%?g r &8& SRR %KP?%EéEHS dSE&Stwes and
advant ages of theepmamanantmmmal@ndwadaﬁﬁiw@tafoaYhanmamma(hﬁﬂﬂiption

that 5 fol | ous. pADd ilaIparta W LLnheeae 1apparent ofeopLheddengripti on and

t he acconpanylng drawi ngs, or | ear ned racti ce of e |nvent|on
according to th@aFéQHmW%x$&ﬁd@?ﬂ@dwﬂﬁtphénﬁﬁﬁﬁ pt #8H. adﬂ%ﬁﬁ%?a nNagl | as
ot her feat wses andeadeardiragesvofetheohl ngr et theenkmen ddiddcthivom eaki zed

and attained bngg a%gqyg&u%éggt&ng%%]%ém%gggg%gg& in the specification

in such full, ear, concise, and éexact terns as t0 enable a person having
ordi nary skiII inthe art to practice the invention. 15 BRI EF DESCRI PTI ON

OF THE DRAW NGS According to the above mentioned

interference canceller, it is theoretically possible

20 to cancel all interference waves. However, since
one additional interference wave needs one
additional replica generation circuit, as the number
of interference waves increases, the circuit size
and calculation amount increase exponentially,

25 resulting in difficulty of realizing the whole

processing system.

SUMMARY OF THE INVENTION

30
Accordingly, it is one object of the
present invention to provide a radio receiver and
receiving method that can suppress the influence of
interference waves with a small size circuit and a

35 small amount of calculation.

Another and more specific object of the



FIG 1 shows a pictorial viewillustrating a radio entrance network to

whi ch the present 20 invention can be applied; FIG 2 is a schematic view
of circular aperture antennas showi ng interference wave reduction in prior
art; FIG 3 is a schematic view of an adaptive 25 array antenna show ng
interference wave reduction in prior art;-BFG 4 is a schematic bl ock
diagram of an interference canceller showing interference wave reduction in
prior art; 30 FIG 5 is a schematic bl ock diagramof a radio receiver

havi ng a phasedraerfFaptatrerAfat ion aggoitdamd® wide anrefbodireeRiwdr t he
present inventi@BmpEhGirky i wedhoweARM- SOV Bil0e 2aRELEASS t¥fa 35
controlling the beamw dth of  an antenqa in accordancg W t_h first

enbodi ment of t hESHrEEENE iTRANT i Dhotal §nd i apebler pd ILRdwirng a
process of contbehhrmgdtie treamneof ¢t hnofingdre g eemaei naacedrldancEomi th a
second embodj mepLnglyshiae MeseRAl-LAKENlRLs A ELG Bk vad |ayenart
showi ng a process of controlling the beamw dth_of an antenna I n accordance
with a third enBd@RAentiet THEPPEESBAL afnidiits Bhe L $BCBEZERIEPName ‘- THE

PR:E::EERES ENBOghg/ghlillﬁn at mﬁaémfpm@ngﬁvaraéomdmnﬁéa@ﬁgahg Qreewﬁimventhi on
W e descri s r r.ence to.t acco L0 rawi_ngs. FIG 5 shows
a bl ock di agram&é?wétcya&%{)ecl%e r]g% I %gF%SEl&Igf%%%g?oogn tg‘%bodi ment of the
present inventiénteAfisgamad v earFablVedarticamal 56andy abdepmefwidbhy a
phased-arr gy angsAR#oa QR SJitc!zl.flgc<§>1f1t§olﬁz|llirn%,J ite Obe 4adi;atiicAg o afRnts. The

beam direction or radi.ation pattern of the ased-array, 20 antenna i s
control |l ed pri nﬁ???‘?w&@tﬂfev %%%?i@eaﬁlrr&%p A3%d RRciP& FEFR T ci ent s

of the radi ati nguelémgntfs.onlhehe@haseduarimay dateoema does not perform

sophi sticated operation or control such as steering null in the direction
of interference 25 wave, unlike an adaptive-array antenna. The phasedarray
antenna only controls the It ratdi bhoBf dfr SHGWI? yFARYCHESTAW VR T, BRE
Lheref p(rjehhas _a.ﬁeleépﬁ|i|oelntqlftdl/ﬁfliralig‘&yt bat qytacasshag ap‘oramtc_aizs:ﬁmt'd_ to-A f
eam w dt h-vari nt enn ner n vary. n y.hts direction o
directivity but ilgf:gg%ietr%%b%agrﬁ%%%ﬁ (%‘ﬁgilpir e?eln%efél%ggyggx (J:Cétlr‘la enpl oy any
antenna that cahev¢&pyiions Bkt W oAy R ideteafeieaéebrancddcsi Bydsim | ar

to the one showgihRaklGo-4id e £00PEEER aa ithe phased35 array antenna 56 to
obtain a received signal fromthe antenna 56. As expl ai ned above wth

reference to FIG 4, the interference canceller 57 cancels or
20 The beam-width controller may narrow the

beam-width of the antenna when the reception quality
is lower than a predetermined threshold. The beam-
width controller may broaden the beam-width of the
antenna when the reception quality is higher than a

25 predetermined threshold. Alternatively, the beam-
width controller may narrow the beam-width of the
antenna when the reception quality is lower than a
first predetermined threshold, and may broaden the
beam-width of the antenna when the reception quality

30 1is higher than a second predetermined threshold that
is larger than the first predetermined threshold.

Still another object of the present
invention is to provide a base station having the
35 above mentioned radio receiver, which base station
may be capable of communicating with a plurality of

other radio stations at the same time.



-9 renoves interference waves fromthe received signal. An

i nterference-wave-renoved signal fromthe interference canceller 57 is
supplied to a denodul ator 52 and a carrier-to-interference power 5 ratio
(G R neasuring device 58. The denodul ator 52 denodul ates the

i nterference-wave-renoved signal and perfegrs desired comrunication
operation. The CI R neasuring device 58 calculates the CIR of the received
i nterference-wave-renoved signal, 10 and outputs the cal culated CI R val ue
(e. g. dB value) to a beamwi dth controller 59. The beamw dth controller

59 controls the beam wi dt hsof11 hgng@hg@n@b%@@@pgﬁdtﬁg pr el O R val ue
received fromthe Cl R measuri ng devi ce 58. F@ ods of contralling the 15
plai

beam wi dth of thBYERCEARA 155 WP | PrEL 21 SAMMRRE A Bhbodi ment  of
controlling nethpdtem jnaociess acpbudaid tiyo dthetlps eskatel meartiicomed s

expl ai ned wigt h r it w t oS hy %M]E e
beam wi dth c?ont%’gtl;g g%%glz%fe%%?vgggtg%é agfgag#'r%%@%lﬁl: ﬁ{f rr%(gsurl ng
devi ce 58 (S1).eNtrRECEeME T MRl RREVRER ttH”Ee reeef vel2tiRMal ue is | ower
than a predeterm ned threshold or not (S2). If the CIR value is |ower than

the threshol d, which nean ual i eption_is nqt so 25 good,
then the beamvm dt h of th}éamn}ﬁa Fg %arc’trby %g) E’f, 58KEN T he i nfl uence

of the interferéh¥enidwds. isAfterpragideam vﬁadillfp ofechévantemethrd, been

narrowed, iify i Scémbeniined ﬁ/ma_etb@ép!—,h@fn@rercﬁafmrb@am vedtil rssaphes the
m ni mum beamvm dth of the 30 an %(Faana or, ches_the m ni num

beam wi dt h, theRStRE RarlCRl iyt c¥§§la§%€orﬁﬂ%?%?ja FPPF?&r‘F‘a&%ot yet
reached the mi nc hangbegmanibktdm-v hénht kb epregcessremduing tlotdef estemeeng

potmt . Al Lhe ShePed2eldy Hife G&¥2LUG 'x%cﬂcghse{gﬁéltgﬁa U&%#J};ﬁ?ﬁ&' d.

whi ch neans that the quality of reception is good enou
beam wi dt h doesaﬂo%nﬁﬁ\Féec’”f?%e THRY BREGMPOISS ahtPRRe pF‘Sééé’srlrf@ urns -10
to the stantsi ngr@eepttmmt rmM1ﬂ@yngfamy1bhlmefWédneglgNext b ad e comnd

enbodi ment of cgﬁgr 9% rgsérpog_ Vgr?%%%%eia}gcsolr% tg he pr esent

invention is exp alne F'ef er ence S ovvn in5 FG 7.
First, the beam:wzqtrﬁléémq diherbeamreédithes § h@@lb{ewrwedftrfmnthe CIR

nmeasuring devi ceab8a63%) antensa dgh el Bad thethessthedr ecelerad 4 R val ue
i s higher than a}igigﬁet erm ned threshold or not (S6). If the CIR value is

hi gher than the? Feshol d, which neans that the quality of reception is
good enougRk0 then the beamvm dth of the antenna is broadened (S7). Although

not shown, it may be detergy nggywhether lhhglﬁgkpaéjepgglgegg}c\glq,tlh@ eaches
the maxi mum beamvvl dth of the antenna. In that caseg, if it reaches the

maxi mum angl e, TRENBA ??QC?PB%%Equﬁ}lﬁé’ d‘tﬁﬁbl%‘f’eﬂetﬁff“‘tlﬁt?dﬂw val ue is
| ower than the taresbalkdo- Sﬁa)temﬁechnneanraﬂﬂmt(am) guaki tyeof reception is

ot 59,9900, L heactpe sheam, OhalNB20 AUENNRH0ES B0t haus 6. be

br oadened nore an ess r tur s fo th e startlng poi nt.
enbodi nent 25f asé‘ébﬁllsttlocd-tr\é'd”c%%’E?BFPl A§ %t -hod or process that is a
conbi nati on

The controlling step may narrow the beam-
width of the antenna when the reception quality is
lower than a predetermined threshold. The

30 controlling step may broaden the beam-width of the
antenna when the reception quality is higher than a
predetermined threshold. Further, the controlling
step may narrow the beam-width of the antenna when
the reception quality is lower than a first

35 predetermined threshold, and may broaden the beam-
width of the antenna when the reception quality is
higher than a second predetermined threshold that is



25 of the first and second controlling processes is explained with
reference to a flow chart shown in FIG 8. First, the beamw dth controller
59 receives the CIR value fromthe CIR neasuring device 58 (S8). It is
determ ned whet her the beamw dth of 30 the antenna is the m ni mum angl e or
not (S9). If it reaches the mninum angle-f{that is, if FANT = 0) , the
process goes to step 10, where it is determ ned whether the CIR value is

hi gher than a first predeterm ned threshold or not (S10). If it is 35

det ermi ned t hatlapgeCl Rheal déd st i gheprelan et fed sthrasbsRdl.d, then the
beamw dth of the antenna is broadened (S12), an antenna mininum flag
(FANT) is -11 set as "1" (meaning not m ni rrum%n and the process returns
to the starting point. AtF ogs ¢pdj pdVand@dsihi HedtfRaPTEEERE R val ue
i's not higher thavebhéohi wdtllt iyeshotdfothd procgss geesrbpekono ther 5
startin oiznt o h a n a. Al ste
S9, if |gt pls5 de%\%irir:’lgﬁ%d tg qlr{]eé]%%%m‘seiﬁ e\M q'{eﬂ aog%%gﬁrﬁg %gsg%no}{béreachgd
t he nini mum ang]l%sc%”hétép@c@é'éi daes @@C§m@|§nS'ILIlg whereingsij t oirs mdet €74 ned

whet her the Cl ﬂ.é’@fﬂ@dl 5yl pweicthad arsesand nfeagdetst nhpedrihheshe) d or
not. If it is t hat theCRvaIu ower ., t anthe econd

threshol d, the %e%m Wﬁgﬁn&s HE G 8AnA"; ghr‘?a SRR - APPAE S r owi ng
t he beam w dt h,astwabli gsdettdrand n@ejamheehelantdh@dmmm\@dsangl @&hies t he

m ni num beag W;S’f@s@ﬁtt hevaniania vPIlDOEe( P11 Add i dndiSaE 8 1Rty rﬂyn FANT
is set to "0" and grocess goes back_to the starting, point. If IS not

t he m ni mum tlﬂenp‘?BE@ ?tuﬁné’(ﬁ’%ﬁje?"}l?éﬁir H?ltr’d'-ecdneo‘f@ %Fai”-f‘ieng p0| nt

wi t hout doi ng aswy¢difigchtitlmerin AMAushepubll, difedhe €dk-vakieans not I ower
t han the secon e n t h

where the sarred%?%%gdﬁrggglso%% %%a%@%%geaé ?h%%ggﬁga\gfﬁgtgdii%&fd 12 are
25 perforned, piovldednt kae IEAWI"\i% Ré@?taﬁ@thl%‘r%‘elPﬁe val ue of FANT
is alreadyi1%1". These sequenti al operatl ons can be repeatedly perfornmed so
t hat the beam w bk SpEEP ig the optimum situation.
30 The second may be the sane val ue as
the first predeterm ned threshol d at steps S10 and S10'. Alternatively, the

second threshold at the st Shl Jmy.besl B\ﬂ%pcotﬂagl theed i £ 8t uRRedat§ldn ned
threshold at the stgﬂs S10 35 and S10' so tha t he nurrber of the change in

the directivity? of2¢he SRESARE T BEC KR Ch R ePERBBH Nt s

expl ai ned abovei,n@iktisn cab? hesetbmbiad; exarrpl e The present invention,

however, is not limted tg 1% szuht cang ?Bb{nlathcawgwrofegepghqgrqual ity
i

metric or factor such as gnalto nterference tio, etc to control the
beam s wi dth. @&perture antennas showing interference wave

reduction in prior art;

FIG. 3 is a schematic view of an adaptive

25 array antenna showing interference wave reduction in
prior art;

FIG. 4 is a schematic block diagram of an
interference canceller showing interference wave
reduction in prior art;

30 FIG. 5 is a schematic block diagram of a
radio receiver having a phased-array antenna in
accordance with an embodiment of the present
invention;

FIG. 6 is a flowchart showing a process of

35 controlling the beam-width of an antenna in
accordance with a first embodiment of the present

invention;



In"this Specification and O ains, the word "interference wave" includes any
radi o waves coming from ot her base stations out of communication, from
nobil e stations and other radi o wave sources, 10 refl ected waves, and any
ot her radi o waves, noises and other. According to the above expl ai ned
exanpl es of the present invention, interfeBence waves com ng from
directions other than the desired direction can 15 be suppressed. Strong
interference waves comng fromthe direction of the directivity of the
antenna remain, but these BiGong haves faoedhian t ethpriingnigerranksheréfore

can be suppressgdnbyoa1rieal i shd CBELM-1i2RY, idH exfesgneangancel ler. 20 By
conbining an interference canceller and a beam w dt h-vari abl e ant enpa whose
RPGHERT Bhoge

beamwi dth i s cBAEPERLEFHepehdi AgS6AoREs & Te! i & ¢ eFence

reducti on can bénebtniimed eveemndi f the | ower nbst beamwi dth of the antenna

I s not so small. 25 A sinplg; angenga, waase, W A50 5 b %Ogtf&%é??' 85
depending on its CIR val ue makes the controlling operatifon sinpler an

easi er, conpar e8°REER 1dGHT e anPeanay isifdh o an aphprPge idrray antenna. A
radi o recei ver havbRdacHTeditEi & CUhE r30 eoila) ®iddeth t OBFaithien e Pn
interference SUBR(,S?,%E%% effect can be provided in accordance with the
present invention. I't71's 'not necessary for the radio receiver to make its
beamwi dth extrenely narrow, and therefore it becane easier to 35

aut ononmouslyy espBBLRIPTAGR LY Chijk OBREFHERED W6 IMER® SPr esent i nventi on
LZr ing:i Lln;n ;ﬁg modi fi cati ofs TRS g@i&ﬂ’ér\ﬂm rF’d’l‘Ré‘aé%ﬁPﬂ:?n@%f \r/tg{fa; ?EZ scope
of the present prmeephnitorinvidret poesent lape idedconibed Based ref & dapanese
priority appli cghi ‘EHeN%-cc%ngg?arQ%%éGgﬁ:ialwﬂ . 2/15/ 2002 wi th the Japanese
Patent Ofice, the entire contents”of which are hereby incorporated by
reference.  -14 WHAT | SEIG M IsBoEs1a Rk cdtegerPer fcénpidaditg: a
beam wi dt h-1\sar i abkeigrtrerita 4 hedbraeagi ves a raahed shgnal odndtHes capabl e of
changing a beanﬁ%%g%gttmﬁ¥%%éion. A beam-width-variable antenna 56
may be preferably a phased-array antenna consisting
of a plurality of radiating elements. The beam
direction or radiation pattern of the phased-array
20 antenna is controlled primarily by the relative
phases of the excitation coefficients of the
radiating elements. The phased—-array antenna does
not perform sophisticated operation or control such
as steering null in the direction of interference
25 wave, unlike an adaptive—array antenna. The phased-
array antenna only controls the direction of
directivity and beam-width, and therefore has an
excellent advantage that processing amount is small.
A beam-width-variable antenna generally can vary not
30 only its direction of directivity but also its beam-
width. The present invention can employ any antenna
that can vary its beam-width.
An interference canceller 57 similar to
the one shown in FIG. 4 is connected to the phased-
35 array antenna 56 to obtain a received signal from
the antenna 56. As explained above with reference

to FIG. 4, the interference canceller 57 cancels or



10 an interference canceller for removing interference waves fromthe

recei ved radi o signal and outputting an interference-wave-renoved signal; a
measuri ng device for measuring reception quality of the received signa
based on the 15 interference-wave-renoved signal; and a beamw dth
controller for controlling the beamw dt h-gf t he beam w dt h-vari abl e
antenna based on the reception quality received fromthe neasuring device.
20 2. The radio receiver as clainmed in Claim25 1, wherein the reception
quality is determmostshyimtenferenceovwaues f Erenctheatriec iGidR) . s B8gn81 .The

radi o receiver ag GlAidees i onChajavL- WhRIwid Lhgnheceptdprguality is
determ ned by a 35 received-signal-to-interferenCe_ratio. -15 4. The
radi o receiver A8TETASRRPFH ERBFMALES TS eth BUPRé1BEarkWidt h control | er

narrows the beadiewiodiulfot hg2aahenaa csheni ¢ hetsetapkirde riadd tyowsrl oner
Ly ek o Belnd | el S8 801 oSSR AL FLIRY L2
demodulates the interference-wave-removed signal and
performs desired communication operation.
The CIR measuring device 58 calculates the
CIR of the received interference-wave-removed signal,
10 and outputs the calculated CIR value (e.g. dB value)
to a beam-width controller 59. The beam-width
controller 59 controls the beam-width of the antenna
56 depending on the CIR value received from the CIR
measuring device 58. Methods of controlling the
15 Dbeam-width of the antenna 56 will be explained below.
A first embodiment of controlling method
or process according to the present invention is
explained with reference to a flow chart shown in
FIG. 6. First, the beam—-width controller 59
20 receives the CIR value from the CIR measuring device

58 (S1). It is determined whether the received CIR
value 1s lower than a predetermined threshold or not
(S2) . If the CIR value is lower than the threshold,

which means that the quality of reception is not so
25 good, then the beam-width of the antenna is narrowed
(§3) to weaken the influence of the interference
waves. After the beam-width of the antenna has been
narrowed, it is determined whether the narrowed
beam-width reaches the minimum beam-width of the
30 antenna or not (S4). If it reaches the minimum
beam-width, then the narrowing process 1s completed.
If it has not yet reached the minimum beam-width,
then the process returns to the starting point.
At the step S$2, if the CIR value is higher
35 than the threshold, which means that the quality of
reception is good enough, then the beam-width does

not have to be narrowed more and the process returns



15 beamw dth of the antenna when the reception quality is higher than a
predeterm ned threshold. 20 6. The radio receiver as clainmed in Caiml,
wherein the beamw dth controller narrows the beamw dth of the antenna
when the reception quality 25 is lower than a first predeterm ned

t hreshol d, and broadens the beamw dth of-i1fe antenna when the reception
quality is higher than a second predeterm ned threshold that is larger than
the first predeterm ned threshold. 30 7. A base station conprising the

radi o 35 recei vev BReckdiamgdrion hanm ¢ithieerteidrihe dagshdmat irriker.

capabl e of communi cating Wdtdt a PlyL@bhly eRbcRliinPaSe contboihidtipns at
the same time. 5 8 A nobile communi cation system conpri sing.the base

stations as cl AA¢EEOFnO8 é’lrr?lcﬁs%rl%F‘B%Fﬁ@ngaﬁzS’blteh%fp%%§%BFl éﬁl"ﬁé‘td-‘?rédl 0
entrance networks bekpeefntlde wiase séféronse 10 % ﬂdsvadch)arecemwmg iet hod,

conprising 15 the.steps ef.: rec r mg@g!
beamu dt h- Vél’l a e aﬁtenga caﬁaeg[ gk? gﬂa?{qu%h r&f%{;g tﬁereof
removi ng i nt er fE8 ePELBE fafls fcr%‘{%ﬂeuéofr@@el GERiiTeasgRandasevice

outputting an i3g e(ésrencwa\ée -det@yRdnsigndlet HEBASEH & NPetG ORI @umual ity
of the recei ved s nal g&e n the int erfﬁrgnce waver rmveg ; gnal ; and 25

control ling the % 4 e B atP GERSFETHE S ant BRRAHASESF on t he
measured reception qaéb |.ty.If30:TM).CMevaad|eo iseddighieng peéhodhas clained in

Caim9, wAgreifhreshold, which means that the quality of reception
is good enough, then the beam—-width of the antenna
is broadened (S$7). Although not shown, it may be
determined whether the broadened beam-width reaches
the maximum beam-width of the antenna. In that case,

15 if it reaches the maximum angle, the broadening
process may be completed.

If the CIR value is lower than the
threshold (S6), which means that the quality of
reception is not so good, then the beam-width of the

20 antenna does not have to be broadened more and the

process returns to the starting point.

A third embodiment of a sophisticated
controlling method or process that is a combination
25 of the first and second controlling processes is
explained with reference to a flow chart shown in
FIG. 8. First, the beam-width controller 59
receives the CIR value from the CIR measuring device

58 (S8). It is determined whether the beam-width of
30 the antenna is the minimum angle or not (S89). TIf it
reaches the minimum angle (that is, if Fayr = 0), the

process goes to step 10, where it is determined
whether the CIR value is higher than a first
predetermined threshold or not (S10). If it is

35 determined that the CIR value is higher than the
first threshold, then the beam-width of the antenna

is broadened (S12), an antenna minimum flag (Fanr) is



the reception quality is determned by a 35 carrier-to-interference ratio
(AR. -17 11. The radio receiving nethod as clainmed in Caim9, wherein
5 the reception quality is determ ned by a received-signal -to-interference
ratio. 10 12. The radio receiving nethod as claimed in Claim9, wherein the
controlling step narrows the beamm dth of-the antenna when the reception
quality is 15 lower than a predeterm ned threshold. 20 13. The radio
receiving method as clained in daim9, wherein the controlling step

br oadens the be¥fitv @8h"of' t(ﬁ@%ﬂﬂt@}‘lnén%eﬁlph@wé@epwfénthaaplrwasss hi gher

t Ihan adpr38det erf@ﬂ@ﬂgg hizesheld. Stt?érﬂ-ﬂng-rﬁi@lha:m Otpf’@‘cﬁté!}b ngO”?E.IfO%@SLS dth
cl ai ne in i m r rol Ling.s [ OWS ea
of the antenna%ﬁﬁﬁFTﬁBmg 5&&& gb gf# §eI&ﬂHJ§$a% %hFFr§§an the

pr edet er m ned tfhneshotd;reaﬂn@Jtd,oatdwsprbeelssar@omsjtwa@]t tbetamt enna when
the 35 recepliofgpialhbypbddt Qhelndhancantecand 4 edel epalaed; Hiresdp! d

that is Iarger an the II’St pre det erm ne hr es
AL AY.A 2. AhRgﬁt{eea%HeRnA{ R AUR A@. A R AIR AhR A, ,/.A{, .Ahe. A AU,,)~WN
At step SS9, if it is determined that the

beam-width of the antenna has not reached the
minimum angle, the process goes to step S11, where

10 it is determined whether the CIR value is lower than
a second predetermined threshold or not. If it is
determined that the CIR value is lower than the
second threshold, the beam-width of the antenna is
narrowed (S13). After narrowing the beam-width, it

15 is determined whether the narrowed angle is the
minimum beam-width of the antenna or not (S14). If
it is the minimum, Fayr is set to "0" and the process
goes back to the starting peoint. TIf it is not the
minimum, the process immediately returns to the

20 starting point without doing anything further.

At step S11, 1f the CIR value is not lower
than the second predetermined threshold, the process
goes to step S10', where the same procedures or
operations as that done at steps 10 and 12 are

25 performed, provided that Far is kept unchanged since
the value o0f Fayr is already "1". These sequential
operations can be repeatedly performed so that the
beam-width of the antenna is kept as being the
optimum situation.

30 The second predetermined threshold at step
S11 may be the same value as the first predetermined
threshold at steps S10 and S10'. Alternatively, the
second threshold at the step S11 may be lower than
the first predetermined threshold at the steps S10

35 and S10' so that the number of the change in the
directivity of the antenna can be minimized.

In the embodiments explained above, CIR is
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from the direction of the directivity of the antenna

remain, but these strong waves are limited in number
and therefore can be suppressed by a realistically
sized interference canceller.

20 By combining an interference canceller and
a beam-width-variable antenna whose beam-width is
controlled depending on its CIR wvalue, enough
interference reduction can be obtained even if the
lowermost beam-width of the antenna is not so small.

25 A simple antenna whose beam-width 1is controllable
depending on its CIR value makes the controlling
operation simpler and easier, compared with complex
antennas such as an adaptive array antenna.

A radio receiver having a small circuit

30 scale but obtaining high interference suppressing
effect can be provided in accordance with the
present invention. It is not necessary for the
radio receiver to make 1ts beam-width extremely
narrow, and therefore it became easier to

35 autonomously establish communication links.

Further, the present invention is not
limited to these embodiments and examples, but
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The present application is based on
5 Japanese priority application No. 2002-039236 filed
on 2/15/2002 with the Japanese Patent Office, the
entire contents of which are hereby incorporated by

reference.
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beam-width thereof;

10 an interference canceller for removing
interference waves from the received radio signal
and outputting an interference-wave-removed signal;

a measuring device for measuring reception
quality of the received signal based on the

15 interference-wave-removed signal; and

a beam-width controller for controlling
the beam-width of the beam-width-variable antenna
based on the reception quality received from the
measuring device.

20

2. The radio receiver as claimed in Claim
25 1, wherein
the reception quality is determined by a

carrier-to-interference ratio (CIR}.

30

3. The radio receiver as claimed in Claim
1, wherein
the reception quality is determined by a

35 received-signal-to—-interference ratio.
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4., The radio receiver as claimed in Claim
1, wherein
5 the beam-width controller narrows the
beam-width of the antenna when the reception quality
is lower than a predetermined threshold.

10

5. The radio receiver as claimed in Claim
1, wherein
the beam-width controller broadens the
15 beam-width of the antenna when the reception quality
is higher than a predetermined threshold.

20
6. The radio receiver as claimed in Claim
1, wherein
the beam-width controller narrows the
beam-width of the antenna when the reception quality
25 is lower than a first predetermined threshold, and
broadens the beam-width of the antenna when the
reception quality is higher than a second
predetermined threshold that is larger than the
first predetermined threshold.
30

7. A base station comprising the radio
35 receiver as claimed in Claim 1, wherein
the base station 1s capable of
communicating with a plurality of other base



10%m& () -, -10%m& ()- 10 10 10!, @ 109 ()- 3

PQOR* RRRzX9UVA40/ ! 11 10%1& ()-! s! 109& ()-s s! 10%m& ()-s! s! 109& ()-s!x s!10%
& ()-s! sl 10%&' ()- SRRSPSSS} SSaBuV40/!!  L310%r& () - 110%r& () - @ 10%r& () - !

) 10%m& () - - (f 10%r&' () - & 10%r&' () - SSSSSS TTTuV40/!! @ 10% & ()-F

10%m& ()-3 10%m& ()--10%m& ()- 10mm 10mm 4Dém t 4-

10%m& () - @TTTT_UUA<uv40/ 1! 1 11109 ()--'i 1109 ()-! 110% & ()-F
&10%1& () - 310%1& () - 10%1&' () - U( VWWEW VEW Ve XJ<40/ 11 10%%

10984 " | 410900& 53 t1Laneosbe the "9ameoFEe() - - 11 109& ()--! 11 10%m& ()--tW
UV WANBXEXXr S440/ | 109& () - 109& ()-! &LO0%& ()-, F

5
8. A mobile communication system
comprising the base stations as claimed in Claim 7,
and being capable of establishing a radio entrance
network between the base stations.
10

9. A radio receiving method, comprising
15 the steps of:
receiving a radio signal using a beam-
width~variable antenna capable of changing a beam-
width thereof;
removing interference waves from the
20 received radio signal and outputting an
interference-wave-removed signal;
measuring reception quality of the
received signal based on the interference-wave-
removed signal; and
25 controlling the beam-width of the beam-
width-variable antenna based on the measured
reception quality.

30

10. The radio receiving method as claimed
in Claim 9, wherein
the reception quality is determined by a

35 carrier—-to-interference ratio (CIR).
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received-signal-to-interference ratio.

10
12. The radio receiving method as claimed
in Claim 9, wherein
the controlling step narrows the beam-
width of the antenna when the reception quality is
15 lower than a predetermined threshold.

20 13. The radio receiving method as claimed
in Claim 9, wherein
the controlling step broadens the beam-
width of the antenna when the reception quality is
higher than a predetermined threshold.
25

14. The radio receiving method as claimed
30 in Claim 9, wherein
the controlling step narrows the beam-—
width of the antenna when the reception quality is
lower than a first predetermined threshold, and
broadens the beam-width of the antenna when the
35 reception quality is higher than a second
predetermined threshold that is larger than the
first predetermined threshold.



