7 DECEMBER 2005 -1 TITLE OF THE | NVENTI ON A RADI O RECEI VER AND RECEI VI NG
METHOD FOR CONTROLLI NG THE BEAM W DTH OF AN ANTENNA 5 BAGKERGIIR00- THE

I NVENTION 1. Field of the Invention The present invention generally rel ates
to 10 radio receivers and receiving nethods, and specifically relates to a
radio receiver and receiving nethod for gontrolling the beamw dth of a
beam wi dt h-vari abl e antenna based on reception quality determ ned by such
as carrier-to 15 interference ratio. 2. Description of the Related Art In a

nmobi | e connunlﬁ@@tgncquﬁﬁy1ﬁy@ﬁNQQONceIIular phone system it is necessary
to establish 20 a radio entrance _network connectin éplurallty of base

stations. One %x%ﬁBFQ 6 SuchEt atl's Ebﬁﬁﬁﬁq%%@ BRTSYS s showmn in FIG 1.
Referring to RI@&TROLeACG rEth oBzaneWI O @5 et abiTEshied by a base station
2 having antennas 4 with directivities 3. The directive antennas 4

establish a radi o entrance network connecting base stations 2 (shown by
bol d arrows i lBEEEEROPND OF (PEE eNVENTIOMet wor k bet ween radi o stations

the 30 antennas 4 receive not only the desired direct wave froma

comuni cati ng base station, but also interference waves such as undesired
waves from other base statlons out of conmmunication, or reflective waves
refl ected by buildings, étc.Finl3506r & t'TTPPESYE reception quality, it is
necessary to reduce the Hd lpesasenadf iinvetd esengenvavas,y atdllates to

10 radio receivers and receiving methods, and

specifically relates to a radio receiver and
receiving method for controlling the beam-width of a
beam-width-variable antenna based on reception
quality determined by such as carrier-to-

15 interference ratio.

2. Description of the Related Art
In a mobile communication system such as
cellular phone system, it is necessary to establish
20 a radio entrance network connecting a plurality of
base stations. One example of such radio

communication system 1s shown in FIG. 1.

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). In
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 1s necessary
to reduce the influence of interference waves, and

therefore the following prior methods are known.



therefore the follow ng prior nmethods are known. 7 DECEMBER 2005 -'
Referring to FIG 2, a schematic view of circul ar aper {TEECEMRENIES | s
shown. These kinds of <circular aperture antennas are frequently utilized 5
in a conventional entrance network. As shown in FIG 2, interference waves
6 in addition to a desired wave 5 cone into the antennas. A beam pattern 8
or | obe shows the direction of maxi numradi ated power. Under condition
that the interference waves 6 10 degrade desired wave power to interference
wave power ratio or carrier-to interference power ratio (CIR), it is known

to widen the antenna di angggrgtr%i 3s showp-in,t he rgcg{gmg.gggngqeig (ﬁnfe] u<23,ncien

order to narrow the beamw of "the anternna to reduce the
of the interfefFéncdliayezsLeARBAG A Sam@sS §$6r SAGH r adf BefAVES Nebni¢g i nto
the antenna frem.c@iifff.erent rdurectionsnnd beskadira waven €o¢i ngialiong the

central Ii;gg of the directivity . is received the st strogglﬁy, and_obl i que
i nci dent radi ot RafesS HHEEDHPEEE VBT WRRKFy MeAY Yehr esent 848\ tHe FiGure of

the |obe 8. |a,thinseapeeréncat wavesa beam addtiltiem h rectegitredangl e neans
t he angul ar se ti t i LQns i i pation power is

i dentical and ?ggﬁalf%%\gﬁ ?@ggqtt:@%n%%f&%ﬁggﬁax%%% %%gi%rgtrglt rét herN(e:ent er.
The wider the bekm dildths t hee FHéwac i gaf nmekifhe améhhbcfsporemal |y, An

adaptive antenpadshoWbrdi flen Fhniax HKOWInhas raratdiffe teghokqye for reducing
the 30 influence ofdntcﬁ%%ere ce waves. An aptive _antenna 9 can
a

adapt i vel y Thafigg =i hha“b&am® ;eaoa?"f%]f nggoginﬁerrefs jonse“t 8°t'Ife reception
spati al power ratio or carrier—to interference power ratio
(CIR), it 1s known to widen the antenna diameter 7
as shown in the right antenna in FIG. 2, in order to
narrow the beam-width 8 of the antenna to reduce the
15 influence of the interference waves. Among the same
strength radio waves coming into the antenna from
different directions, the radio wave coming along
the central line of the directivity is received the
most strongly, and obligque incident radio waves are
20 received weakly, as represented by the figure of the
lobe 8. In this specification, a beam-width or
directivity angle means the angular separation
between two directions in which radiation power is
identical and 1is half (3dB reduction) of the maximum
25 power at the center. The wider the beam-width the

lower the gain of the antenna is, 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 1its receiving

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

which an interference wave 6 comes.



environment, to reduce the influence of interference waves. In order to
inprove its receiving 35 characteristics, the adaptive amBmMBIRZI05ects the
null (significantly lower gain) to the direction in which an interference
wave 6 conmes. 7 DECEMBER 2005 -3 Further, a tinme and space equalizer is

obt ai ned by conbining tenporal signal progessing to an adaptive array
antenna. By performng tenporal/spatial signal processing, it is possible
to reduce the influence of a delayed wave 7 comng fromthe sane direction
as the one from which theumddssr edawavess ccoirespaAs anotzHerz e nt £sf er ence

reduction 10 t i » AN ddl LENGE, | 1 er .as ;shown. i 41is
known. In the Cﬁ?\?&g??grgeﬁ e%ﬁ%ﬁ%ﬁ?é? gﬁén aorkfaﬁl géﬁéﬁ, Ea\gg:r o%agg?i\ Sr? path is
estimat ed basedh ohd@artidceiasetk §i gRaAETE4L -anBanP 5 PHFREEF error of the past

propagati on pa&é}mp@ﬁglt/lé?a%sﬂdlnﬁ$@Qnﬁ'lol%ﬁ'gzaié@@iné5 pat h d pdisedphiar
generating_a re(gllcg 47 r an _jnterference ve 4%. B su})tractlng t he
i nterference wave' TepFfcd ™87 FHomtERESr &leitv et 1 3Y gHal'24E, car?Tel948 to
i nterference 40rgoweher atime diGé¢Ytian be ittpr oved. £20mAwinig-it hehabove

ref erenced pri%siig&egg@%e@cecgrﬁquti on nethods, the circular aperture
antenna can reduce Interference by enlarging its antenna dianeter, but has
a 25 shortcomng in that it needs a physically wide area. The circular
aperture antenna cannot meetarfbti€guiherefefoica beaadenec beam w dt h,
eSpeCia||¥O technique, an interference canceller as shown in FIG.
4 is known. In the interference canceller shown in
FIG. 4, a propagation path is estimated based on a
received signal 44 and an estimated error of the
past propagation path, and the estimated propagation
15 path is used for generating a replica 47 for an
interference wave 46. By subtracting the
interference wave replica 47 from the received
signal 44, carrier 48 to interference 49 power ratio
(CIR) can ke improved.
20
Among the above referenced prior
interference reduction methecds, 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.



when interference influence is insignificant and nore than two
comuni cation links need to be 30 voluntarily establish2®@ECEMBERR00F al ity of
base stations. The antenna itself has to be replaced when changing

beam wi dt hs. When naking an additional |ine, an additional antenna has to
be physically built. Further, there is anpther defect 35 in that the
interferences increase due to the additional |ines, and therefore antennas

for other lines should also be replaced. 7 DECEMBER 2005 -a According to
the above interference reduction techniques using the adaptive array

antenna, it is possible tp change the directivity .5 di tion_and beamw dth
g‘ngrk% f%% gkOVéQﬁﬁﬂe%fgﬁegc

. CcCCp.r { e
and increase the nunber o Pines? an rerore new y added

i nterferences. rHgwe\taron t hecbrageedi fus$ cupt tes iaglaponst racricig a conpl ex

system and per £ Qi ng. | ifgrggsggscsaﬂt% at bngnhapefatdansy 1 10cEuktiher, the
above nentioned circular aperture antenna and adaptive array antéenna have
physi cal amd t 8eRFiCECT i 7t aPrPEAS TebEr dRRY TRETRA gt Re BBERAI At h

thereof, and aldekect diwttAbriederd efentewnaves ccant nideam the sane
direction as ihedssirad seve canal.be cangel Led fopprding;tq the above

mentioned intérference canceller, it eoreti cal pOSSi €°20 "t o cance
al | interferencenidves:t HedeFordiliice sonécadand arral ¢ FneRfer ence wave

needs one addihi-@ralsdEeptd candanardl idheshfedht,. as the nunber of
|nterfereqﬁf waves increases, the circuit size
Further, the above mentioned circular
aperture antenna and adaptive array antenna have
physical and technical limitations regarding
narrowing the beam-width thereof, and a defect that
15 interference waves coming from the same direction as

the desired wave cannot be cancelled.

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



and cal cul ati on anmount increase exponentially, 25 resulting in difficulty of
realizing the whole processing system SAMKARY OF THE ? NWERNIBENR 2865
Accordingly, it is one object of the present invention to provide a radio
recei ver and receiving nmethod that can suppress the influence of
interference waves with a small size circgit and a 35 snmall anount of

cal cul ati.on. Another and nore specific object of the 7 DECEMBER 2005 -5
present invention is to provide a radio receiver conprising a

beam wi dt h- varg abé €n ant enra 4 had ;Eeceiw%bfﬁd@d&O*SH@@MrdﬂEﬁ%Srcapable(ﬁ

charging a bean}mndth therﬁpti‘an n%erferque can%gller ﬁpr 5 renovi ng

interference waves fromet e Tecel ved radio S|gna? and outpd% i ng an
i nterference- waveskefpved rasiignat t gaakeasy iy devebéef orf measuEing

reception qua:!éga{-mdkhetrh%a@d §hg nale Hased OBt B8nceller for
i nterference-wave-renoved s g al; and a beamw dth 10 controller for

control ling tﬁfTﬁ%ﬁ?ﬁA&Pﬁ%ﬁ THE" CBedAVRISdtTERr FRBI & Saftisiffa Hasd® on t he
reception quaiqmairaﬁﬁtbaﬂﬁﬁﬁmﬁm@gadeanhrﬁémaddePWQWe4fbﬁuchda radi o

receiver, the 15 1 %twgéé%gaﬁéydngxc%eé¥¥ ngglg arrker to-
|nterference rai? % ) tern |ver the recep ion g aI| °be
det er mi ned by @léﬂe?eéi’véé tdignzt c ¢ bvipAt srlfaraendeasadi en Z@él'he beamvm' dth

control | er may; hasrpurthec-Reara wdhbBvaf the Qﬂ?&["ﬁ enQﬁdV\’@e%eta‘?@—WEQ%Hti on

| is | r th r rmn hr . Th
quality 8 (gg%téofTer %J¥k§§%Q}o?TlEg % e beam Sldt% cf the

beam-width-variable antenna based on the reception

gquality from the measuring device.

In addition, in such a radio receiver, the
15 reception gquality may be determined by a carrier-to-
interference ratio (CIR). Alternatively the
reception gquality may be determined by a received-

signal—-to-interference ratio.

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 guality is lower than a
first predetermined threshold, and may broaden the
beam-width of the antenna when the reception guality

30 is higher than a second predetermined threshold that

is larger than the first predetermined threshold.

Still ancther object of the present
invention 1is 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.



wi dth controller may broaden the beamw dth of the antenna when the
reception quality is higher than a 25 predeterm ned thr @IyRXIEMBER 2005

Al ternatively, the beam w dth controller may narrow the beamw dth of the
antenna when the reception quality is lower than a first predeterm ned
threshol d, and may broaden the beam w dtii_of the antenna when the reception
quality 30 is higher than a second predeterm ned threshold that is |arger
than the first predeterm ned threshold. Still another object of the present
invention is to provide a base station having the 35 above nentioned radio

recei ver, which base stat may be cap bl e of co nicating with a

pl urali ty of other radi og }l%ﬁggate RS Sahe ?E Ehe pf)lf(il\?%%R 2005 -F
Still another bbyectiefn tlhie fpcvesentfldlen\ﬁemcmmlescpmmplquajteuan nobi | e
communi cati on s?é/%f%mh@%\ﬂr{”!ﬂ 2 ﬁhu&ah' ity Qift@ﬁeaggg%em@d@f&q 3 base

stations and capa e of establishing a radio entrance network between the
base statidns.PSERI Ftaf6tIet dBfeEtPEP the reskaP L ismiérst idnr 3410 provide

a radi o recei véfigraRtRoGe thih €ONPLiSicRG tdee sbeps etarecriing a radio
signal using a beamw dth-variabl e antenna capable of changing a
beam wi dth thereof; renoving interference waves fromthe received radio
signal and outputting adtiinteréepthes- wdieectendietdhsi gralsemeasuri ng 15

reception qualiﬂVeH§1EQeJﬂ§C@6 ?Qo§h@@a| hased, 0feckh€ing method
i nt erference wave-remved sig controlling the bheam w dth "of the

beam wi dt hY va??%BFéséWthe b%\%%asoﬁ t K& Frelabtit @d?r 86pt3 on- Iyl i ty.

using a beam-width-variable antenna capable of
changing a beam-width thereof; removing interference
waves from the received radio signal and outputting
an interference-wave-removed signal; measuring

15 reception gquality of the received signal based on
the interference-wave-removed signal; and
controlling the beam-width of the beam-width-
variable antenna based on the measured reception
quality.

20

In addition, in such a radio receiving

method the reception gquality may be determined by a
carrier—to-interference ratio (CIR), or the
reception quality may be determined by a received-

25 signal—-to-interference ratio.

The controlling step may narrow the beam-
width of the antenna when the reception guality 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 it



20 In addition, in such a radio receiving nethod the reception qualit

be determ ned by a

y may

carrier-to-interference ratio (Cl R ,7 s¥CEMEER s08septi on

quality may be determ ned by a received 25 signal-to-interference ratio. The
controlling step may narrow the beam w dth of the antenna when the

reception quality is |ower than a predetersnned threshold. The 30

controlling step may broaden the beamw dth of the antenna when the
reception quality is higher than a predeterm ned threshold. Further,
control ling
reception quality is lower than a first 35 predeterm ned threshold, and may
broaden the beam w dth of the antenna when the reception quality is
than a second predeterm négkthreshelnd tdvatansaFeBDECEVBER 2008skartger t han

the first predegggmtqg%t %gshggdSDFeaft&r@ aHdtﬁ%V%@sacQﬁefprioBh‘% pesent

invention wll

st epgBRY thald oV Ehe ikeampm i b efnt he cantrennenyhen the
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part

will becon® appateRt'sfr e he? BBSEr Pl orP aRa™Ehé PREEHaniF A dF@n ngs, or
| ear nedebyrpactdcea @l the Iarc\tem;b@ﬂﬂyaﬁgoadlamrtg)s the tn@q;cfudngs

O 4 carnedes " ther_feat
Rvantages of |TRS: 10 prosaniFhYGRL Cdn W1 ) -BECFEAIo@f Sptt At Partied by an

may be

advant ages of

appar at us parttbalaﬁhwnmnqﬁeprouudemtﬂnat@pedeﬁc&a@ﬁwomn sObhefcdd |

clear, conci seasawgu%ac,cto{ﬁwsf@%tt&ee&aﬂﬁ 24Renaol J@vwgt%d' nary

skill in the art to practice the invention. 15 SCRI PTI ON OF THE

DRAW NGS

15

20

25

30

35

present invention will be reallzed and attained by
an apparatus particularly pointed out in the
specification in such full, clear, concise, and
exact terms as to enable a person having ordinary

skill in the art to practice the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a pictorial view illustrating
a radio entrance network to which the present
invention can be applied;

FIG. 2 1s a schematic view of circular
aperture antennas showing interference wave
reduction in prior art;

FIG. 3 is a schematic view of an adaptive
array antenna showing interference wave reductlion in
prior art;

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

FIG. 5 is a schematic block diagram cf 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
controlling the beam-width of an antenna in
accordance with a first embodiment of the present

invention;



FIG 1 shows a pictorial viewillustrating a radio entrance network to

whi ch the present 20 invention can be applied; FIG 2 i 3DECEMBERRDIISC Vi ew 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;3-FIG 4 is a schematic bl ock
diagram of an interference canceller showing interference wave reduction
in prior art; 30 FIG 5 is a schematic block diagramof a radio receiver
havi ng a phased- array anten@a i7n'sa@coermcmmtthhawieﬂjooaiimnteafs tdhe

present '”Ve”Eb Qi 7l dncg Jc? ok a%""cﬁac’fémsé‘g"‘%ﬁga?t%r qcaes§%of

controlling the eamvm nt enna accordance with a fi rst

enmbodi ment of &RECEFESER Yihlent SEEOT DECERMBERS2005 £ g2 FpGesPits a
flowchart showi Agea urpcesszQf controlling the beamw dth of an antenna in
accordance with a second epbodinent of_the resentnﬁ i.nvention; and FIG 8 is

a fI owchar t> showi ng a prdcess 6f ~Scéntirdtf FAgT the "E&Em 9 Ut AT BF &R &t enna
accordancecentlrod timg dteabodiamenti dfh t b€ pnesentenriaivemti on. 10

tDESCR' PTION OF, 1HE - RREFRRRED, EMBOLNENTS, 10, g hel l\pmig  spRadipents of

invention.

10 DESCRIPTION OF THE PREFERRED EMBODIMENTS
In the following, embodiments of the

present invention will be described with reference
to the accompanying drawings.
FIG. 5 shows a block diagram of a radio

15 receiver 50 according to an embodiment of the
present invention. 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 cocefficients 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



present invention will be described wth reference to the acconpanying
drawi ngs. FIG 5 shows a block diagramof a radio 15 reogicesBER®0ecCOr di ng
to an enbodi nent of the present invention. A beam w dth-variabl e antenna 56
may be preferably a phased-array antenna consisting of a plurality of

radi ati ng el ements. 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 elenments. The phased-array

antenna does RetoRed of it §PRIrshicGated, OPEFabOR 1 £OALL PEasWahnas.
steering null in the direction of |nterfereﬁce,25 wave, unljke an

.he i 1t £
adapt i ve- ar r ay“&nt- L 9het pRagdéd= =78y ant 8nrd Sonl Y- TBnt 16l s t he
direction of dnrectfiaridrycandabeahlwidth] andsuberlefeot ecdlas an  excel | ent

advant age {hat o 06eSSIG: aERULLl S, STBLL o Acbeam ci - At Lol ant enna

general ly can vary not its direction of directivity also its
beam wi dt . THE tpresEéntR) nheaslen tcarf ehpFoy ddny diftentemodhnagtean Yary its

beam wi dt h. Angihberfierense: gangeldess s Sie 8t 8LLAK LG edtdiee@neishown 44y FI G 4
is connected to t eIphas d-, 35 array antenna 56 to obtain a received signal
fromthe ant enA&™56""As ?(?fr5?%805%‘3{}331%fﬁopef’é’reé?c%lo?0 FIG 4, the

i nterference cancell er 57TktanCéRs mara sA11DECEMBER 1205 8 Oca bnples cisntterd er ence
waves fromthe cej i : i - Wav.es r Si 0 rom

_ ch@ %fveaT goaki v m«} £ s&%a%%-g@a@ regpyed 4 &n%rh fr
the interference cance %er 571|Vs sulpp fgeg to a erm%lul ator 52 and a

carrier-t a4 nt 8PFePeridd! howel €5 PG T R) C FBad@rivfy vy cedB8 YV attes)

denodul ator 52to 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 o0of controlling the

15 beam-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 (sS1). It is determined whether the received CIR
value is 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
(S3) to weaken the influence of the interference
waves. After the beam-width of the antenna has been
narrowed, 1t 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 is completed.
If it has not yet reached the minimum beam-width,
then the process returns to the starting point.

At the step S$S2, i1f the CIR value is higher

35 than the threshold, which means that the guality of

reception is good enough, then the beam-width does

not have to be narrowed more and the process returns



denodul ates the interference-wave-renoved signal and perforns desired
communi cation operation. The CI R neasuring device 58 call@omcavsaER 165 Cl R of
the received interference-wave-renoved signal, 10 and outputs the
calculated CIR value (e.g. dB value) to a beamw dth controller 59. The
beamw dth controller 59 controls the beamyw dth of the antenna 56
depending on the CIR val ue received fromthe CIR neasuring device 58.

Met hods of controlling the 15 beamw dth of the antenna 56 will be expl ai ned
bel ow. A firstoemrbedismnttc pﬁgcgatlhctl I ingh set had i ney Pprpeiessgageardidg. to
the present invention |s Ia| ned Wlt reference .to.a flow c?{ert shown in
FIG 6. First, the beamwi df ' cBNPrEISH BH 20 T8E&i Vés THE TR vaAI%ue from

t he Cl R neasurihaghdédvicce pE8c¢52) ackc ridsi rdet e nthedpwiestdet theendeceirved CI R

value is '0Weriéh@Qﬁ%aFlrrFé’c?tv‘?i%”?@fte*}fe@%@E’ooé ROL (cfP?a)vt'é bhe GR val ue

is lower than the threshol whj ch means that the quality of reception is
not so 25 good: IEher -t hé bedn wi-AEh PSR HEL BRE eARATEFS A& ohed (S3) to
weaken the inftuesceesf tihe mnkevfaemenafrorwamee CARt el atdher beamiwivdide of the

ant enna has be rrowefj: termpe her .t he narro d
beam wi dt h rea%ﬁeégs € mni rrhém %eamvvl élteﬁpovgn V\g}% tgr?t enna of - no I(RS4) | f
it reaches thevalaemim et Wi GhAn eh@t adwet @ami 0RAN G hprotessdi Qrcorrpl et ed.

o the'SEare] fSL(RTSY STt WS Bion R, praceee o
the. thr esHdl d. CARFERoHEans tHEE TREPGUATYY CFF ReSoptror 1 o B5H tdndugh.
then the beammj;dgbodomoum haent ahlze hrmermem&edtrrobé anck toetpnaeess
returns 7 DECEygEgr%gg%ned (S7) 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 brocadening
process may be completed.
If the CIR wvalue is lower than the
threshold (S6), which means that the gquality 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 1is
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 1s the minimum angle or not (S9). If it
reaches the minimum angle (that is, 1f Fanr = 0), the

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

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

is breocadened (S12), an antenna minimum flag (Fayr) 1is



-10 to the starting point w thout doing anything further. Next, a second
enbodi nent of controlling nmethod or process accordi ng t 2DEOEMBERIGIR
invent-on is explained with reference to a flow chart shown in 5 FIG 7.
First, the beamw dth controller 59 receives the CIR value fromthe CR
measuring device 58 (S5). It is determ ngd_whether the received CIR val ue
is higher than a predeterm ned threshold or not (S6). If the CIR value is
hi gher than the 10 threshold, which nmeans that the quality of reception is
good enough, then the'heanmdadt tingf "hbe antreiman") sahroadenesr$SExs Al t hough

not shown, it Ln@é/upg q%tecr ngg g\@%ge the bro geneggbﬁqjﬂv&gtgtrgaches
£h

t he maxi mum beamw dth of t ant enna. ‘hat case Feaches th
maxi mum angl e d@h‘érlbﬁééé’erﬁhmt Process Wﬁyllbfe tonpb et edghdr thleaTl Rheal ue is

| ower than theflwﬁe@hgle@h(oiaé mécbrm té@éstﬂgcﬂu%loi tyh©f reception
is not so good, then the hea th of the 20 anten not . have to be

br oadened ror & &hHttRE pp?rlo“ctes%l Y%‘E’Hitnéjofjcpichjeljs?%rilﬁﬁ p@l“htw“;&tflhplfd

enbodi ment of tehsophtshin@ated controlling nethod or process that is a

conbi nati on 25 of the fi rsthart Shogongfcqg ol Ié@g Pfh?ﬁ%ﬁﬁeﬁb 8 +£xplained

wth reference to a flow eamw dt h
control | er 59 beakerydsht v Ghre v%lﬁﬁénflraorhatshen@ R reade igielevi ce 58

(S8). It is de&ﬁﬁmmdawr@qtehertﬁ@epb@@@s\@ d}db@ftéostbg @rltlennahéset he
m ni num a?gl e or not

e8! 2 00 D0t pled Loyt ERSIOR NS B Y IV RLARg 8 L e t&ﬁ& her
t he CSR vaI uea§¢1¢ghér prtriegie te fmiged threshold or not. If it
determined that the CIR wvalue 1is 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 (514). If
it is the minimum, Fayr is set to "0" and the process
goes back to the starting point. If it is not the
minimum, the process immediately returns to the

20 starting point without doing anything further.

At step S11, if 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 Fayr 1s kept unchanged since
the value of Fayr 1s 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 S$10 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 1is



predeterm ned threshold or not (310). If it is 35 determned that the CIR
value is higher than the first threshold, then the beamDrECEMBER200de
antenna is broadened (S12), an antenna mninmumflag (FANT) is 7 DECEMBER
2005 -11 set as "1" (nmeaning "not mninuni) and the process returns to the
starting point. At step 10, if it is detepmned that the CIR value is not
hi gher than the first threshold, the process goes back to the 5 starting
poi nt without controlling the beamw dth of the antenna. At step S9, if it
is determ ned thatt the arbeammbteh offHdhe md enbaihasnngtorn cacbedviehe

m ni mrum angl e, . t he _pr S es_t tep .5 ere.1Q | t er m ned
whet her the Cl hgvg geqi%gr§ toegv\gré?hgr%% Sﬁsec]%and\,\{gréde erria’ltnne@q%j reshol d or
not. If it is rdeeercAoRedithbttyhBeCRyvaluef #gtpowsiicthars thegnsécond

t hreshol d, thetQE@.Hk\édI{tté}é}{cé hgaantennads, pParrewed 05k HELGL narrow ng
the beam wi dt h, 15 is determ ned whether the narrowed angle is the

m ni mum beémvﬁ“ﬂ?ﬁhof the antenna or not (S14). If it is the m ninmm FANT
is set to "0" and the pracesshigogseback ctaa itde stdr Clagmpgi nthe lfortd i s not

the mninum {hg, EE‘E%%%%&{‘WQ{I telyd 1?_{%{51 Sa 1%9 %QE 20 SLard i ng pgint

wi t hout doi ng anyt ?‘@iurt t Ste GR'Val ue TS not | ower
t han the seconfrpre@é rmhr%‘ijetﬁ?ééih@lndi Qe @fo@@@@ungé?e?stlt@nstégoglo'

where the sarran&b@_@@dlért%sclofnsogﬁaabltmsf asad hat wdone satu sieps 10 and 12 are
25 perforned, Prﬁil d that FANT i s kept chan eg since the value of FANT
g%ll 1" %‘ B

is alread ?@qf&‘f‘?%t 28pefati oh %‘én *Pepédied v perfsrmed so

that the and other.

According to the above explained examples
of the present invention, interference waves coming
from directions other than the desired direction can

15 be suppressed. Strong interference waves coming
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 1is
controlled depending on its CIR value, enough
interference reduction can be obtained even 1f the
lowermost beam~width of the antenna is not so small.

25 A simple antenna whose beam-width is 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 receilver 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 its 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



beamw dth of the antenna is kept as being the optinmumsituation. 30 The
second predeterm ned threshold at step S11 may be the IBEEEVEBERR0eS t he
first predetermned threshold at steps S10 and 510'. Alternatively, the
second threshold at the step 511 may be |l ower than the first predeterm ned
threshold at the steps S10 35 and S10' sojthat the nunber of the change in
the directivity of the antenna can be mnim zed. In the enbodi nents
expl ai ned above, CIR is 7 DECEMBER 2005 -12 used as an exanple. The present
i nvention, homﬁmmmusiSameﬂjdﬁieﬂhﬁOmGHRﬂnﬂa$BMTchhbzeaﬂmﬁ&@r
reception qualjt.y r et of o to:Ln rence Rati o,
etc. P to cgntrd1 ﬂ%ébggﬁg d%er$ﬁ Q éL C|f?Ea?78nb§n§% lens t he
word " nterf érmstRiEt Wane” |ncludes any radlo waves com ng from ot her base

stations out of communi cati-on,d4om gpﬁql@gﬂﬁgﬂ0ﬂ§ Bhdeat her radi o wave
sources, 10 reflected waves, .and a

radi o nd ot her.
According to tHPHboVR BXpPdited %&%ﬁbF§§’oﬁfDFhewgggééﬂggﬁﬁ§éﬁ?$b
interference waves/tonkng?2 Nm0ﬂ1dtmchapasamdeathmn ®Eéld@s|ﬁﬂdad|rection
can be he supnressed. oShEANGd NLETIELENCE MMES, S0P 1. o LATLAG, djp ecti on
of the directivi & antenna ' remain, but these Stro g waves a
limted in nuﬁﬁ%ﬁer%m@etherefore can be suppressed by a reallstlcally si zed
interference canceller. 20 By conbining an interference canceller and a
beam wi dt h-vari abl e ant enna whose beamw dth is



controll ed depending on its CIR val ue, enough interference reduction can be
obtained even if the |owernost beamw dth of the ant enhRECEMBER 28¢5 snal |

25 A sinple antenna whose beamw dth is controllable depending onits CIR
val ue nakes the controlling operation sinpler and easier, conpared with
conpl ex antennas such as an adaptive array antenna. A radio receiver having
a small circuit 30 scale but obtaining high interference suppressing

ef fect can be provided in accordance with the present invention. It is not
necessary for the radio receiver to_pgpke its beamw dth extrenmely narrow,
and therefore it becane easier to 35 autononously establish conmuni cation
links. Further, the present inventionis not I|limted to these enbodi nents

and exa %'IEP%L RECEMBER 2005 - 13 various variations and nodifications
may be ggggi—mr%+méﬁ£§%¢ﬁw{ing fromthe scope of the present invention. The
present application is based on Japanese priority application No.

2002- 039236 filed on 2/15/2002 with the Japanese Patent Ofice, the entire
contents of which are er i M oriporated Py S P8 er ence. 7 DECEMBER 2005 - 14

WHAT 1S CLAIMED |'S . pdrh A O K -8RE8H 3] £ GRRENSENGhad Bea@vidt B-variabl e
antenna that receives a radio signal and is capable of changing a
beam wi dtirdicherdgppl and is capable of changing a beam-width
thereof;
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 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;
wherein the beam-width controller narrows the

beam-width of the antenna when the reception quality is

lower than a predetermined threshold.

2. A radio receiver comprising:

a beam-width-variable antenna that receives a
radio signal and is capable of changing a
beam-width thereof;

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 interference-

wave-removed signal; and



an interference canceller for renoving interference waves fromthe received
radi o signal and outputting an interference-wave-renoveBECSEMBER;20¢5
measuring device for measuring reception quality of the received signa
based on the interference- wave-renoved signal; and a beamw dth controller
for controlling the beamw dth of the beam w dt h-vari abl e antenna based on
the reception quality received fromthe neasuring device; wherein the
beamw dth controller narrows the beamw dth of the antenna when the
reception quality is lower than a predetermined threshold. 2. Aradio
receiver conprising: a beamw dt h-variable antenna that receives a radio
signal and is capable of changing a beamw dth thereof; an interference
canceller for renoving interference waves fromthe received radi o signa
and outputting an interference-wave-renoved signal; a neasuring device for

nmeasuring reception paual-Witef cbhe roeceirvedrstgnalobased erethe
i nterference- wave-renoved signal; and 7 DECEMBER 2005 -15 a beamw dth

cont rol | éreamorwichd o8] theg bepe - wBehir WRELALSE tRESBRANPAFBE Y afhable
ant enna £QR ! alri%%e@e'c%'lv%‘éalfkbéé\ Eﬁgexhé{ggléﬁzgg‘ &Q\‘?iﬁg@asu“ ng device;
n e e eantw dt

wherein the beamwdth controller broadens t of the antenna
when the recepti onwipealeiity the beiaghendthancat poetet epnoadeans hrleshol d. 3. A
radi o receiver .conprising: a,beam w, dt h-yariabl e antenna,that. receives a
o e SRSRIE R SRR et e enhegna s

higher than a predetermined threshold.

3. A radio receiver comprising:

a beam-width-variable antenna that receives a
radio signal and is capable of changing a
beam-width thereof;

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 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;

wherein the beam-width controller 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 reception
quality is higher than a second predetermined threshold

that is larger than the first predetermined threshold.



beam w dth thereof; an interference canceller for renmoving interference
waves fromthe received radio signal and outputting an7 DECEMBER 2005

i nterference-wave-renoved signal; a neasuring device for nmeasuring reception
quality of the received signal based on the interference- wave-renoved
signal; and a beamw dth controller for controlling the beamw dth of the
beam wi dt h-vari abl e antenna based on the reception quality received from

t he neasuring device; wherein the beamw dth controller narrows the
beam wi dt h of the antenna when the regﬁgtion quality is lower than a first
predeterm ned threshold, and broadens the beamw dth of the antenna when
the reception quality is higher than a second predeterm ned threshold that
is larger than the first predeterm ned threshold. 7 DECEMBER 2005 -16 4. A
radi o receiving nethod, conprising the steps of: receiving a radi o signal
using a beamw dt h-vari able antenna capable of changing a beamw dth
thereof; renoving interference waves fromthe received radio signal and

out putting an inté&rf8r EREEOWEFESH BHDY B B efhal SOMRYEEEUIT ng reception quality
of the rgeeiyveds signal based on the interference-wave-renoved signal; and
controlling the beamw dth of the beam w dth-variable antenna based on the
measur ed recepti onegaaving; awhedepnsideakontyd 14 et -epl ddrrowst atle

beam"“QBE‘em‘gA c% akﬁf‘% g&‘{‘%ﬁ%e@ﬁé]ea rb%%%ﬂui‘&@hq%g'ﬁﬁékéfi-s | ower than a
predet erm ned threshol d.” 5. adi o receiving nethod, ¢onprising the steps
of : removing interference waves from the 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
controlling the beam-width of the beam-width-variable
antenna based on the measured reception quality;
wherein the controlling step narrows the beam-width
of the antenna when the reception quality 1is lower than a

predetermined threshold.

5. A radio receiving method, comprising
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 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

controlling the beam-width of the beam-width-variable
antenna based on the measured reception quality;

wherein the controlling step broadens the beam-width
of the antenna when the reception quality is higher than a

predetermined threshold.



receiving a radi o signal using a beamw dth-vari able antenna capabl e of
changing a beamw dth thereof; renoving interference wavesCEMBBER 2085 r ecei ved
radio signal and outputting an interference-wave-renoved signal; rmeasuring
reception quality of the received signal based on the

i nterference-wave-renoved signal; and controlling the beamw dth of the
beam wi dt h-vari abl e antenna based on the neasured reception quality;
wherein the controlling step broadens the beamw dth of the antenna when
the reception quality is higher than a _predeterm ned threshol d. 7 DECEMBER
2005 -17 6. A radio receiving nethod,"%%hprising the steps of: receiving a
radi o signal using a beam w dth-vari able antenna capable of changing a
beam wi dth thereof; renoving interference waves fromthe received radio
signal and outputting an interference-wave-renoved signal; measuring
reception quality cof ,t recei Lgn ed -
interference-mave§feﬁb3§gl§igﬁgggvzﬁg ﬁ%%ﬁ?ﬁbl?éﬁ%f{gap%ean}mjdth of the
beam wi thb- vaepabde: ant enna based on the neasured reception quality;
wherein the controlling.step narrows.the beamw dth of t ant enna when the
reception qualityrF§ePgﬁ€9 ghaﬁdéofFFg?alp?%ﬂ%geﬁrF?ﬁﬂfY}l hot'o;2

br oadengnt 8endHeaspawh b ho Of clhdey i rantLe mammwhe tihhe heeeept;i on qual ity is higher
than a second predetermned threshold that is IargFr than the first

predet er m ned t hr' e¥ROY H19 interference waves from the 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
controlling the beam-width of the beam-width-variable
antenna based on the measured reception quality;
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 reception quality i1s higher than a second
predetermined threshold that is larger than the first

predetermined threshold.



