TI TLE OF THE | NVENTI ON RADI CATICNS APPARATUS ‘WTH A COVBI NI NG
DI VERSI TY 'BACKGROUND OF-T(oA - The present invention
relates to a fadi o comuni ca- tlons apparatus for use in a nobile
communi cat i ons, syst.em such as a car tel ephone system and a PHS (personal

- handyphone systen)-and, nore particularly.~ toja radi o communi cati ons

LRI by i e Ny w8 a

apparatus wi th*a conbining 10 diversity. In general, a nobile

comuni cati on system enpl oys a diversity reception systemin order to
reduce an influence of fading. For exanple, a base station of. the PHS
conprises a plurality of antennas SafaEaOfdTHEO TINMBNTION anot her, and
radi o signals received by these antennas are wei ghted by a wei ght
coefficient set iRABTQOCOMMUNIGATRONBEcAPPARATUSI WIMHelAd COMBIANENG and t hen
conbi ned together. This conbined signal is denodul ated and then decoded by
a CODEC. 20 DIVERSTIY1 is a block diagram of the arrangenent of a
radio circuit of a conventional PHS base station. As illustrated in FIG 1,

radi o signals transnitted from BAKSRIND OBt BHE oENVERTIONown), are

recei ved by four antennas la to 1d _and supplied to frequency_
The present invention relates to a radio communica-

tions apparatus for use in a mobile communications
system such as a car telephone system and a PHS
(personal handyphone system) and, more particularly, to
a radio communicationé apparatus with a combining
10 diversity.

In general, a mobile communication system employs a
diversity reception system in order to reduce an
influence of fading. For example, a base station of the

PHS comprises a plurality of antennas separated from one

vy 15 another, and radio signals received by these antennas

; | “i are weighted by a weight coefficient set in accordance
with their electric field strengths énd then combined
together. This combined signal is demodulated and then
decoded by a CODEC..
20 i_: FIG. 1 is a b%ock diagram of the arrangement of a
radio circuit of a conventional PHS base station.
| As illustrated in FIG. 1, radio signals transmitted
" from a PHS mobile station (not shown), are received by
four antennas la to 1d and supplied'to frequency
25 converters 2a to 2d, respectively. In these frequency
converters, the signals are mixed with lécal oscillation

signals generated from local oscillators (LO) 3a to 3d



25 converters 2a to 2d, respectively. In these frequency converters,
the_signals are mxed with |local oscillation signals generated fromloca
oscillat'ors (LO 3a to 3d 2 to down-convert themto signals having an

i nternmedi ate frequency and then to supply the signals to operational
anplifiers 4a to 4d for weighting. The radi o2ignals received by the
antennas la to 1d 5 are inputted to received signal strength indicators
(RSSI) 5a to 5d, respectively to detect their electric field strengths.
These electric field strength signals detected by RSSI are supplied to the
oper ati onal anpl ito edsveeconvdrt Themopersigoabé bhapingi ens isgergetiate 4d
multiply the internedi ate-frequency signals by the electric field strength
signals. In the dpsrqiéencml andpthénets guppby 4thet hégnalder redopesafti cy
signals are wei ghted based on the RSSI detected signals. The wei ghted four

i nternedi at e- 15 amplifiegenty toghdl Sonreetdbingd t oget her into one

conbi ned internedi ate-frequency signal in an addition circuit 6, and this
signal is sent to a deBpeluradignsignals received by the antennas la to 1d

5 are inputted to received signal strength indicators
(RSSI) Sa to 5d, respectively to detect their electric
field strengths. These electric field strength signals
detected by RSSI are supplied to the operational
amplifiers 4a to 4d. The operational amplifiers 4a to

10 4d multiply the intermediate-frequency signals by the
electric field strength signals.

In the operational amplifiers 4a to 4d, the
intermediéte-frequency signals are weighted based on thé
RSSI detected signals. The weighted four intermediate-

15 frequency signals are combiﬁed together into one
combined intermediate-frequency signal in an addition
circuit 6, and this signal is sent to a demodulation
cifcuit 7 and demodulated therein.

Since, in the foregoing conventional system, the

20 frequency converters 2a.to 2d and the RSSIs 5a to 5d
differ in processing time from each othér, the RSSI
signals output from the RSSIs 5a to 5d and the
intermediate-frequency signals output from the frequency
converters 2a to 24 differ in input timing to the

25 operational amplifier 4a to 4d from each other.
Consequently, in the operational amplifiers 4a to 4d,

the intermediate-frequency signals are weighted by the



circuit 7 and denodul ated therein. Since, in the foregoing conventional
system the 20 frequency converters 2a to 2d and the RSSIs 5a to 5d
differ in processing tine fromeach other, the RSSI signals output fromthe
RSSIs 5a to 5d and the internedi ate-frequency signals output fromthe
frequency converters 2a to 2d differ in iAput3tiAing to the 25

operational anplifier 4a to 4d fromeach other. Consequently, in the
operational anplifiers 4a to 4d, the internedi ate-frequency signals are
wei ghted by the -3- RSSI detected signals in different timng. In other
wor ds, the inter RS§iladetaatiphmigr imaln dafifetehe wbmghyed In atherdance
with the RSSI signals corre- sponding to the portions thereof. The _
conventional 5 Worslgst dfiehdntennedints- frequsndy t hbgnaler aednatebe
frequency signals qutput fromthe frequency converters 2a to 2d cannot be
wei ght ed” appr opr WEAghFacth die RFqardanse wi e idiri B$bns égnalsanarremer

' ' Ity.. 10 BREI F SUMVARY OF THE | NVENTI ON
communi cation qu%&%%%ing to the portions thereof. The conventional

5 system has_a:drawback in which the intermediate-
"frequency signals output from the frequency converters
2a to 2d cannot be weightéd.appropriately thereby to
cause a demodulation error and lower communication
quality.

10 | BREIF SUMMARY OF THE INVENTION

The present invention has been developed in
consideration of the above situation, and its object is
to provide a radio communications apparatus with a
combining diversity which can be improved in

15~ communication quality by properly weighting received
signals.

According to a first aspect of the present
invention, there is provided a radio communications
apparatus comprising:

20 a piurality'of reception means for receiving a
_radio signal transmitted from a transmitter;
a plurality of conversion means for converting
" radio signals received by the plurality of reception
means into first signals having a frequency which is
25 lower than that of the radio signals;
a piurality of demodulation means for demodulating

the first signals generated by the plurality of



The present invention has been devel oped in consideration of the above
situation, and its object is to provide a radi o communications appar atus
with a conbining diversity which can be inproved in 15 conmuni.cati on
quality by properly weighting received signals. According to a first aspect
of the present invention, there is provided a radi o communications

appar atus conprising: 20 : a plurality of reception neans for
receiving a radio signal transmtted froma transmtter; a plurality of
conversion neans for converting radi o signals received by the plurality of
reception nmeans iGRNVELSIEN giears simtwibasebdndgebguglaki ch is 25 | ower
than that of the radio signals; a plurality of denodul ation neans for
denodul ating the firsta Phmaabigenef detedtyionemphnsalfory dettecting) -
conversion neans into baseband signals; a plurality of detection neans for

detecting qual it AW ite afadite sragie sty cpesivad bruthei ppurality

of reception means;

5 | weight coefficient generation means for generating
weight coefficients to weight the baseband signals
based on the quality detected by the plurality of
detection means;

delay means for delaying input of the quality to

10 the weight coefficient generation means by a predeter-
mined period of time;

a plurality of weighting means for weighting the
baseband signals by the weight coefficients generated by
the weiéht coefficient generation means; and

15 combining means for combining the'baseband'signais
weighﬁed by the plurality of weighting means. |

In the radio communications apparatus so
constituted, the baseband signals are weighted by the
weighting means using the weight coefficients generated

20 by the weight coefficient generation means. Since the
radio signals received by thé reception means can be
converted into the baseband signals and then weighted,

" weighting can be performed with respec£ to accurate
received signal portions.

25 According ﬁo a second aspect of the present
invention; there is provided a radio communications

apparatus comprising:



of reception neans; 5 ' wei ght coefficient generation nmeans for
generating weight coefficients to weight the baseband signals based on the
quafity 'detected by the plurality of detection neans; delay neans for
del aying input of the quality to 10 t he wei ght coefficient generation
means by a predeter- mned period of tinme; asplurality of weighting neans
for weighting the baseband signals by the weight coefficients generated by
t he wei ght coefficient generation neans; and 15 conbi ni ng neans
for conbining the baseband signals weighted by the plurality of weighting
neans. |In the radio coamphugaliegsofppacaptionomeanst fout evcaiveingseband
signals are weighted by the wei ghting neans using the weight coefficients
generated 20 1didies iphght tcanshittedt fgemeaatransmidner; Since the
radi o signals received by the reception neans can be converted into the
baseband signals and theplweadhtydofwepgvierajopamepaspd&oro cayeHting espect
to accurate received signal portions. 25 According to a second
aspect of the presshioiniemaisnrecatyedBy pElei BtUralisyi 81cFRFHRERN ons
apparatus conpri sing: - :

5 means into baseband signals;

a plurality of detection means for detecting -
quality of the radio signals received by the plurality
of reception means;

weight coefficient generation means for generating

10 weight coefficients for weighting the baseband signals

based on the quality detected by the plurality of
.detection means;

delay means for delaying input of the quality to

the weight coefficient generation means by a predeter-
"15  mined period of time;

a plurality of weighting means for weighting the
baseband signals by the weight coefficients generated by
the weight coefficient generation means;

combining means for combining tﬁe baseband signals

20 ‘weighted by the plurality of weighting means; and
demodulation means for demodulating the combined
baseband signal generated by thé combining means.

In the radio communications apparatus so
constituted, the conversion means converts radio signals

25  directly into baseband signals,'and weighting is
performed for these baseband signals. Therefore,

weighting is'performed with respect to the accurate



-5- a plurality of reception neans for receiving a radio signal transmtted
froma transmtter; a plurality of conversion neans for converting radio
sighal s received by the plurality of reception 5 means i nto baseband
signals; a plurality of detection neans for detecting quality of the radio
signals received by the plurality of recepti gy neans; weight coefficient
generation nmeans for generating 10 wei ght coefficients for weighting
t he baseband signals based on the quality detected by the plurality of
detecti on neans; delay neans for delaying input of the quality to the
wei ght coeffi ci erfadieneyiajnan peatnsody repiktleherinlimprovameat périkbed of
time; a plurality of weighting nmeans for weighting the baseband signal s by
t he wei ght coef f icomanirsl qetniss@tqua bity he wei ght coefficient generation
means; conbi ni ng means for conbining the baseband signals 20 wei ght ed
by the plurality of wadfitionabtavsjeahs and advantages of the present
invention will be set forth in the description which
5 follows, and in part will bé obvious from the
description, or may be learned by practicé of the
present invention. The objects and advantages of the
present invention may be realized and obtained by means
of the instrumentalities and combinations particularly
10 pointed out in the appended claims.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
The accompanying drawings, which are incorporated
in and constitute a part of the specification,
illustrate presently preferred embodiments of the
15 present invention and, together with the general
description given above and the detailed description of
‘the preferred embodiments given below, serve to explain
the principles of the present invention in which:
FIG. 1 is a block diagram of the arrangement of a
20 radio circuit section of a prior art PHS base station;
FIG. 2 is a block diagram showing the main part of
a radio communications apparatus according to a first
' embodiment of the present invention;
FIG. 3 is a block diagram showing a weight
25 coefficient generation circuit of the apparatus shown in

FIG. 2;

FIG. 4 is a timing chart showing an operation of



denodul ation neans for denodul ati ng the conbi ned baseband signal generated
by the cohbining nmeans. In the radio comunications apparatus so
constituted, the conversion neans converts radio signals 25 directly
i nt o baseband signals, and weighting is perforned for these baseband
signals. Therefore, weighting is perforned witlh ~espect to the accurate
- 6 - radio signal portion, resulting in inprovenent of the conmunication
gquality. Additional objects and advantages of the present invention will be
set forth in the description which 5 follows, and in part wll be
obvi ous fromthe thesapgrramms oshowy He FEErna¢ by practice of the present
i nvention. The objects and advantages of the present invention nmay be
real i zed and obt ai ned BIGneangsoé bheckndipgrem shioviag die aonin martoresf
particularly 10 pointed out in the appended clainms. BRI EF DESCRI PTI ON
OF THE SEVERAL VIEEWRdF© THEUDRAVFAGLIRS ABRBRPENG AGCarasdingg$o vhisasoade
I ncorporated in and constitute a part of the specificatian,
: embodiment of the present invention; and
5 FIG. 6 is a block diagram showing-a weight
coefficient generation circuit of the apparatus shown in
FIG. 5.
DETAILED DESCRIPTION OF THE INVENTION
(First Embodiment)

10 FIG. 2 is a block diagram showing a main part of a
radio communications apparatus according to a first
embodiment of the present invention.

The radio communications apparatus comprises four
-antehnas 10a to 10d arranged at regular intervals, four

15 received—Signal demodulation sections 20a. to 20d
corresponding to the antennas 10a to 10d, a digital
addition circuit 30, a clock generator 40, and a weight
coefficient generation circuit 50.

The demodulation sections 20a to 20d include

20 reception circuits 2la to 21d, delay correction circuits
22a to 22d, detecting circuits 23a to 23d, multi-
plication circuits 24a to 24d and C/N ratio detection

* circuits 25a to 25d, respectively.
The reception circuits 2la to 21d amplify high-
25 frequency elements in the radio signals, received by the

antennas 10a to 10d, and then down-convert them to

intermediate-frequency signals (IF signals),



illustrate presently preferred enbodi nents of the 15 - present invention
and, together with the general description given above and the detailed
description of the preferred enbodi nents given bel ow, serve to explain the
principles of the present invention in which: FIG 1 is a block diagram of
t he arrangenment of a 20 radio circuit-sedior of a prior art PHS base
station; FIG 2 is a block diagram showing the main part of a radio
comuni cati ons apparatus according to a first enbodi nent of the present

invention; FIG 3 is a block diagramshowi ng a weight 25 ~ coefficient
generation circuinesgesthivelypar &thes Fhadgrialsrlaze ronvexted | ko adightal
chart showi ng an operation of -7 - the apparatus shown in FIG 2; FIG 5

is a block di agr &Fh%EHLVE kY t#e aBRhogate-digatahdrenventgnEcéhpspdnatter
apparatus according to a_second enbodi nent of the present invention; and 5
FIG 6 is a bl ocKafioigemn ShodF ndy/ R GRIYMEERERY ficient generation circuit

of the apparatus sho I n
PP The delay correction circuits 22a to 22d serve to

5 absorb irregularities in signal delay caused from the

antennas 10a to 10d to the reception circuits 2la to 21d.
The digital signals output from the reception circuits
2la to 21d are delayed by an amount of predetermined
correction delay corresponding to the signal delay in

10 synchronization with a reference clock CK1l generated
from a clock generator 40.

The detecting circuits 23a to.23d digitally
demodulate the digital signals, output from the delay
correction circuits 22a to 22d, in accordance with a

15 " predetermined digital modulation/demodulation méthod and
output digitally demodulated baseband signals BSa to BSd
in synchronization with a clock CK2 generated from the
clock generator 40. The period of the clock CK2 is set
to a one-symbol period of the digitally demodulated

20 baseband signals BSa to BSd. For example, /4 QPSK
method is used as tﬁe digital quulation/demodulation
method.

The mulfiplication circuits 24a to 24d multiply the
digitally demodulated baseband signals BSa to BSd output

25 from the detecting circuits 23a to 23d by weight
coefficients WKa td WKd output from the weight

coefficient generation circuit 50 which will be



FIG 5. DETAILED DESCRI PTI ON OF THE I NVENTION (First Enbodi ment) 10
FIG 2 is-a block diagramshowing a main part of a radio communications
apparatus according to a first enbodi ment of the present invention. The
radi o comuni cations apparatus conprises four antennas 10a to 10d arranged
at regular intervals, four 15 "~ recei ved- siynak denodul ati on sections 20a
to 20d corresponding to the antennas 10a to 10d, a digital addition circuit
30, a clock generator 40, and a wei ght coefficient generation circuit 50.
The denodul ation sections 20a to 20d include 20 = reception circuits 2la
to 21d, delay cordestibpedilaters Zhe tepiohtedierdkaitl £Y rdemedubateto
23d, multi- plication circuits 24a to 24d and C/'N rgtio detectiqQn circuits
25a to 25d, respettdnely. aTheserbepPi bRecligitas 29 lFboﬂlﬁlgﬁHFFf§ohigh-
25 frequency elements in the radio signals,.regeiv ﬂ by the, antennas
10a to 10d, and tTﬂﬁ\@Eﬁﬁ@%ﬁn@@g%t%ﬂBnF%BgPﬁ e?ﬂeﬂﬁgfeg Feﬁﬁéﬁ €8rgnal s
(IF signals), .. . .
digitally demodulated signals together and supplies an
5 added, digitally demodulated signal RD to a signal-'
processing circuit (not shown) such as a TDMA circuit or
a CODEC.

The C/N ratio detection circuits 25a to 25d detect

carrier-to-noise power ratio (referred to as C/N

10 hereinafter)'in the radio signals received by the
antennas 10a to 10d. The detected ratios are converted
into digital signals by the A/D converters, and the
digital signals are supplied to the weight coefficient
generation circuit 50 as C/N ratio detection signals

15 CNSa to CNSd.

The weight coefficient generation circuit 50
generates the weight coefficients WKa to WKd corre-
sponding to digitally, demodulated baseband signals BSa
to BSd based on the C/N ratio detection signals CNSa to

20 CNSd.
FIG. 3 is a block diagram showing the weight
coefficient generation circuit 50. This circuit 50
- includes four pairs of circuits corresponding to four
series of digitally demodulated signals. The four
25 pairs of circuits each have a delay circuit and a

standardization circuit.

The delay circuits 5la to 51d delay the C/N ratio



- 8 - respectively. The IF signals are converted to digital signals by an
anal og-to-digital converters (hereinafter referred to as A/D converters).
The delay correction circuits 22a to 22d serve to 5 absorb
irregularities in signal delay caused fromthe antennas 10a to |10d to the
reception circuits 2la to 21d. The digital silfinals output from the
reception circuits 2la to 21d are del ayed by an anount of predeterm ned
correction delay corresponding to the signal delay in 10 :
synchroni zation with a reference clock CK1 generated froma cl ock generator
40. The detectinfietiechiorn Ranabs 2B¥Sali ¢ tCNSY kienddpradetenaisiegi emount
signal s, output fromthe delay correction circuits 22a to 22d, in
accordance w th ansynchrpnizabien nebtlyi gi ¢ HPChki? a9PBRraEREd &M dhe
met hod and output digitally denodul ated baseband signals BSa to BSd_ in

synchroni zati on f¥IF% 9§ e 4 neﬂgFQ@mqqﬂﬁ19§34ﬁk%& befdeberringd The
period of the clock Is set to @ ope-synbal period of the digital
dermdul at ed 207 0 1Rt RE &1 grial S BESF Sl e tiech RRARPPAINPRPLaYS qPSK
o 12 8550 2% AL AL B AT LA REL B I
frequency signals are output from the reception circuit
2la to 21d until they are supplied to the detecting
circuits 23a to 23d through the delay correction
circuits 22a to 22d and demodulated into digifal
10 demodulation baseband signals BSa to BSd and processing
delay time required from when the C/N ratio detection
signals CNSa to CNSd are output from the C/N ratio
detection circuits 25a to 25d until the weight
coefficients WKa to WKd are generated based on fhe
15 signals CNSa to CNSd.

Whenever the standardization circuits 52a to 52d
are supplied with the C/N ratio detection signals CNSa
to CNSd corresponding to one symbol from the delay
circuits 5la to 51d, they perform an operation to

20 calculate the weight coefficients WKa to WKd in
accordance with predetermined algorithm based on the
detected signals. The calculated weight coefficients

" are sent to the multiplication circuits.24a to 24d. 1In
this operation, the weight coefficients WKa to WKd are

25 standardized such that the total sum of”these
coefficients always has a predetermined value.

An operation of the radio communications apparatus



digitally denodul at ed baseband signals BSa to BSd out put 25 fromthe
detecting-circuits 23a to 23d by weight coefficients WKa to WKd out put from
t he'wei ght coefficient generation circuit 50 which will be -9- descri bed
later. The weighted, digitally denpdul ated signals are sent to the digital
addition circuit 30. The digital addition cillcui+ 30 adds the wei ghted,
digitally denodul ated signals together and supplies an 5 added,
digitally denodul ated signal RD to a signal processing circuit (not shown)
such as a TDVA circuit or a CODEC. The C N ratio detection circuits 25a to
25d det ect carri s tonsdida tmEsewirldt inew bef desegibedss /' N 10

hereinafter) in the radio signals received by the antennas 10a_to | 0d, The
detected ratios are cdiadia etiignadb tnapamittsidyfgon i RS pepiigniErtars,
and the digital signals are supplied to the weight coefficjent ge gration
circuit 50 as C/ Nno& ishaggtledts giecqigied dyifour aniepnas d\%%l.tghg Sei ght

coefficient generation circuit 50 . .
The received. signals are down-converted to intermediate-.

.5 frequency signals by the reception circuits 2la to 21d.
These signals afe digitized and supplied to the delay
correction cifeuits 22a to 22d. In the delay correction
circuits 22a to 22d, the digitized intermediate-
frequency signals are delayed by a predetermined amount

10 thereby to erase a difference in phase among the series,
caused in the reception circuits 2la to 21d.

The digitized intermediate-frequency signals, the
phase.difference among which is corrected, are input to
the detecting circuits 23a to 23d. The circuits 23a to

15 23d digitally demodulate the intermediate-frequency
signals into digitally demodulated baseband signals BSa
to BSd. These signals BSa to BSd are supplied to the
multiplication circuits 24a to 24d for each symbol in
synchronization with the symbol clock CK2 generated from

20 the clock generator 40. In the first embodiment, the

- digitally demodulated baseband signals BSa to BSd have a
frequency of about 384 kHz.

On the other hand, the C/N of a received radio
signal is detected in each of the C/N ratio detection

25 circuits 25a to 25d in parallel with the foregoing
received signal demodulation operation, and a detected

signal is digitized and supplied to the weight



generates the weight coefficients WKa to WKd corre- sponding to digitally,
denpdul gt ed baseband signals BSa to BSd based on the C N ratio detection
signals CNSa to 20 CNSd. FIG 3 is a block diagram show ng the wei ght
coefficient generation circuit 50. This circuit 50 includes four pairs of
circuits corresponding to four series of -digl2al |y denodul ated signals. The
four 25 pairs of circuits each have a delay circuit and a

standardi zation circuit. The delay circuits 51a to 51d delay the CNratio
- 10 - detection signals CNSa to CNSd by a predeterm ned anount in
synchroni zat i on HOSF fd cdletk aaerptiamteicduiors tH@. cl ock generator 40. The
anount of delay is deternmined so as to erase a difference between
processing delay 5  IRithe regighteroebiiairnt tgeneratian carenisdbat e

frequency signalg ar e ugput fromthe reception circuit 2la to 21d until
they are supplie hFodteSr@ d&FHF Al g 9 Bhdelppehe ibaghiead éNay

correction circuit%.zz% to 22d, and d%ﬁndulated i nto digital
ratio detected signals CNSa to CNSd supplied from the

5 C/N ratio detection circuits 25& to 25d by a predeter-
mined amount. This delay operation absorbs a difference
between the processing delay time required from when the
digital intermediate frequency signals are output from
the reception circuit 21la to 21d until.they are supplied

10 to the detecting circuits 23a to 23d through the delay
correction circuits 22a to 22d and demodulated into
digitally demodulated baseband signals BSa to BSd and
processing delay time required from when the C/N ratio
detected signals CNSa to CNSd are output from the C/N

15 ratio detection circuits 25a to 25d until the weight
coefficients WKa to WKd are generated based on the
signals CNSa to CNSd. For this reason, the input timing
of the digitally demodulated baseband signals BSa to BSd
input to the multiplication circuits 24a to 24d

20 coincident to that of the weight coefficients WKa to WKd.

Therefore, even when a delay in processing oc;urs
in the detecting circuits 23a. to 23d, it can be absorbed
" to always weight eéch symbol of the demodulated baseband
signals in exact timing, with the result that combining

25 diversity reception can be performed with higher
precision.

The standardization circuits 52a to 52d perform



10 denodul ati on baseband signals BSa to BSd and processing delay tine
requited fromwhen the C/ Nratio detection signals CNSa to CNSd are out put
fromthe C/Nratio detection circuits 25a to 25d until the weight
coefficients WKa to WKd are generated based on the 15 signals CNSa to
CNSd. Whenever the standardi zation circui4s b3a t© 52d are supplied with
the CNratio detection signals CNSa to CNSd correspondi ng to one synbol
fromthe delay circuits 5la to 51d, they perform an operation to 20

cal culate the weight coefficients WKa to WKd in accordance wth

predet er mi ned al gon idgewdaien ancohdingt et predetenninedhalgardths e the
wei ght coefficients are sent to the nmultiplication circuits 24a to 24d. In
this operation, thesimightthecdigitined O ratikgdarecssd sig8adfdiPdi zed
such that the total sumof these coefficients always has g. pr edet erm'fed
val ue. An oper at ierta¥n ttee regightornahfftaienhs WipaFat§Ed. 2An gjample,

constituted, will now be described. Radjo gignal transmtted f{on1a PHS
mobil e station ©f the algorithm will be described. For simple

5 descriptions, two weight coefficient WKa and WKb are
selected as examples in this embodiment.
Assume that the following are outputted as the
digitized C/N ratio detected signals:
ARSSIé = xdBuV
10 ARSSIb = ydBuV
- In x > y in the above equations,.the following are

obtained:

0dB

W'a ARSSIa - ARSSIa X - X
W’b = ARSSIa - ARSSIb = x - y = zdB
15 If the weight coefficient W’al of 0dB ié l, the
value of W’bl can be calculated on the basis of the
logarithm ratio of voltage or power, and the following
equations are obtained:
Wal = 1 cee (1)
20 W'bl = 2’ cee (2)
The standardized weight coefficiernits WKa and WKb can

thus be calculated from the above equations (1) and (2),

* as follows:

WKa = Wral/(W’al + W’'bl) 1/(1 + z')

25 WKb = W’bl/(W’al + W'bl) z'/(1 + z')
That is, WKa + WKb = 1, and the total sum of the

coefficients are standardized so as to have a constant



(not shown) is received by four antennas 10a to 10d. The received signals
are down-converted to internediate- 5 frequency signals by the
reception circuits 2la to 21d. These signals are digitized and supplied to
the delay correction circuits 22a to 22d. In the delay correction circuits
22a to 22d, the digitized internedi ate- frequancy-signals are del ayed by a
predet erm ned anount 10 thereby to erase a difference in phase anobng
the series, caused in the reception circuits 2la to 21d. The digitized
I nt ermedi ate-frequency signals, the phase difference anong which is
corrected, are inmiuéo the detecting circuits 23a to 23d. The circuits 23a
to 15 -23d digitally denodul ate the internedi ate-frequency signals into
digitally denodul at ed DheechahtiipldgraktsoBSairouBfd. 2%hete idghalud tBPd ¢t dHeSd
are supplied to the nultiplication circuits 24a to 24d for each synbol in
synchroni zati on Wenpdihbatgdbbhseband ekgngbacBiactof B6mh By the wedghitock
generator 40. In the first enbodinent, the digitally denodul ated baseband
signal s BSa to BSPHefACeREeqiBAcooWKdbERr 88ahksyMbol .t BE ShREN Hand,
the C N of a received radio signal is. detected in_each of the CN_ratio
detection -25 Gt t s2p85the vehghhedardigital eamprulpsiogosignals
recei ved signal denodul ati on operatjon, and a detected -
st are output. fhe &igital éLmoéLlation signals are added
together by the digital addition circuit 30, and a
digital demodulation signal RD .corresponding to the
added digital demodulation signals.

10 In the foregoing embodiment, the delays of the
digital intermediate—frequency signals output from the
reception circuits 2la - to 21d are corrected b& the delay
correction circuits 22a to 22d and demodulated by the
detecting circuits 23a to 23d. The demodulated baseband

15 signals BSa to BSd so obtained are input to the
weighting multiplication circuits 24a to 24d. In these
circuits 24a to 24d, the demodulated signals BSa to BSd
are multiplied by the weight coefficients WKa to WKd
generated from the weight coefficient generation circuif

20 50 based on the C/N ratio detected signals CNSa to CNSd,
and the weighted demodulation signals are added together
by the addition circuit 30.

- According to the first embodiment described above,
- the delay correction circuits 22a to 22d are provided on

25 the preceding stage of the detecting circuits 23a to 23d

to absorb a difference in phase among the series which

is caused by irregularities in signals of the reception



signal is digitized and supplied to the weight - 12 - coefficient
generation circuits 50. In the weight coefficient generation circuit 50,
the delay circuits 5la to 51d delay the digitized C/ N ratio detected
signals CNSa to CNSd supplied fromthe 5 C/ Nratio detection circuits
25a to 25d by a predeter- mned amount. Thisyslel ay operation absorbs a

di fference between the processing delay tine required fromwhen the digital
i ntermedi ate frequency signals are output.fromthe reception circuit 2la to
21d until they are supplied 10 to the detecting circuits 23a to 23d

through the del ayjGeniidG iom ald id satPandlee 22k gpidasiesodil ahed i nto
digitally denodul ated baseband signals BSa to BSd and processing delay tine
requi red from whamtdieedid teatfmedglatrant exli griajial snBNSat ¢ ot RISdeseetdngput
fromthe CN 15 ratio detection circuits 25a to 25d until the weight
coefficients WKa ctiordt¥ick saras ayamerzic o diassidlent tte eaghapthensa t o CNSd.

For this reason, the input timng of the digitally denodul at ed baseband
signals BSa to BSd i nfAn apexaiom|ef m¢m¢mgct-ﬁ/euqie@oguaattéom&aseband

5. signals BSa to BSd is performed for each symbol in the
multiplication circuits 24a to 24d on the baseband stage.
Thus, the power consumption fequired therefore can be
made lower than that required for an operation of
weighting the intermediate-frequency signals.

10 Since, in the first embodiment, the weighting
operation is carried out on the baseband stage, if some
of all the antennas are selectively used to perform
combining diversity reception, the baseband signal level
of the other antennas not used, i.e., the noise level

15 thereof can be set to approximately zero. It is thus

possible to increase the S/N_(signal-to-noise) ratio of
the weighted, added signals. Consequently, the C/N
signals can be detected regarding to the received signél
from one of the plural antennas and, when the reception

20 levels of the other antennas are lower than the detected
level and thus cannot be detected, they can be set to
zero by weighting.

In contrast, when the weighting and combining
operation is performed on the intermediate-frequency

25 stage, the noise level does not become zero since a
receiver noise is inserted in the signal seriés of the

unused antennas. Thus, the S/N ratio is inevitably



20 coincident to that of the weight coefficients WKa to WKd. Therefore,
even mhen a delay in processing occurs in the detecting circuits 23a.to
23d, it can be absorbed to al ways wei ght each synbol of the denodul ated
baseba_nd signals in exact timng, with the result that combining 25
diversity reception can be performed w th higher -precision. The
standardi zation circuits 52a to 52d perform - 13 - an operation
according to predeterm ned algorithmon the basis of the digitized CN
rati o detected signals to obtain the weight coefficients WKa to WKd. An
exanpl e of the aljgerddyadn |1 be described. For sinple 5 descri ptions,
two wei ght coefficient Wa and Wb are selected as exanples in this
enmbodi ment. Assune t h@uttleefmbion hy the Ditputembodinent, dihet weéght/ N
ratio detected signals: [err]RSSla = xdB[err]V 10 éerr] RSSI b =
ydB[err]V In x >cpdff itdiereb oyeneapizitaro sl ravict {5 | owi pegpvidedbviathethe
delay circuits 5la to 51d for delayihg the C/N ratio
5 detected signals CNSa to CNSd by a predetermined amouht.
The timing in which the weight coefficients WKa to WKd
are input to the multiplication circuits 24a to 24d can
be made coincident with the input timing of the digital
demodulation baseband signals, thereby absorbing a
10 difference between a signal delay caused in the process
of demodulation and that caused in the process of
generation of the weight coefficients. The weighting
operation can thus be always correctly performed.
Assuming that a signal delay corresponding to
15 3.5 symbols occurs betweén the input and output of each
of the detecting circuits 23a to 23d, the position of a
symbol to be weighted will be shifted by 3.5 symbols if
the signal delay is not taken into consideration, and
the exact weighting operation caﬁnot be executed,
20 cauéing an error in determining the detected signals.
In contrast, if, as in the first embodiment, the output
timing of the weight coefficients WKa to WKd is delayed
- in view of the delay for 3.5 symbols, the input timing
of the demodulated baseband signals BSa to BSd to the
25 multiplication circuits 24a to 24d and that of the

weight coefficients WKa to WKd can be made coincident

with each other, with the result that a correct



Wa = ARSSIa - ARSSla = x - x = 0dB Wb = ARSSla - ARSSIb = x - y = zdB 15
| f the wei'ght coefficient Wal of 0dB is 1, the value of Wbl can be
cal cul ated on the basis-of the logarithmratio of voltage or power, and the
foll owi ng equations are obtained: Wal =1 ... (1) 20
Wbl = Z ... (2) The standardi zed wei ght coefficients
VWKa and WKb can thus be calculated fromthe above equations (1) and (2), as
follows: WKa = Wal/(Wal + Wbl) = 1/(1 + z') 25 VWKb = Wbl /(W al
+ Whbl) =2z'/(1 +2z'") That is, WKa + WKb = 1, and the total sumof the
coefficients are wéighiaiagzegesatasnt cahaedwaysobst peirformedl4- val ue. The
multiplication circuits 24a to 24d multiply the denodul at ed baseband
signals BSa to BSd by RAbeowdiigigt tooehki diiestts ewkedime¥d ftdre saxiyglsyiroml |
as shown in 5 . FIG 4, and the weighted, digital denodul ation signals
coefficient generation circuit 50 is provided with the
standardization circuits 52a to 52d to generate weight
5 coefficients WKa to WKd which are standardized such that
the total sum of the weight coefficients WKa to WKd has
a preset constant value. Therefore, no ovexrflow occurs
in the multiplication of the multiplication circuits 24a
to 24d and accordingly an operation can be performed
10 with fewer exrors. -
Moreover, according to the first embodiment, the
C/N ratio detection circuits 25a to 25d detect C/N
ratios of radio signals received by the antennas 10a to
10d, and the weight coefficient generation circuit 50
15 generate weight coefficients WKa to WKd based on the
detected C/N ratios. Not only variations in electric
field strength but also variations in phase can be
detected as the quality of received signals and, in this
case, the weight coefficients can be calculated more
20 appropriately than those in the case where they are
generated based on only the detected electric field
strength.
(Second Embodiment)
The second embodiment is directed to a radio
25 communications apparatus wherein a heterodyne direct

conversion system for directly frequency-converting

a radio signal into a baseband signal is employed in



are qutput. The digital denodul ati on signals are added together by the
digital addition circuit 30, and a digital denodul ation signal RD
correspondi ng to the added digital denodul ation signals. 10 In the
f oregoi ng enbodi ment, the delays of the digital internediate-frequency
signals output fromthe reception circuits 2@ ta 21d are corrected by the
delay correction circuits 22a to 22d and denodul ated by the detecting
circuits 23a to 23d. The denodul at ed baseband 15 signals BSa to BSd so
obtained are input to the weighting nultiplication circuits 24a to 24d. In
these circuits 2dartoepédont kbd rdenndul ahedhisgapparBSast,0 thed seband
multiplied by the weight coefficients WKa to WKd generated fromthe wei ght
coefficient genesagnahscontputt Fdom the) desegtiom tdierdd it rate ovelbglecedd
signals CNSa to CNSd, and the wei ghted denodul ation signals are added
t oget her by the thdi vedghtedc biasedandAsc@ndilisg ane tassidd rovgenhed] nemd
descri bed above, the delay correction circuits 22a to 22d are provi ded on
25 t he precetihfgaddagdeségngie garcedemegudiatagd ti: BaetteoBEng cchbswih. a
difference in phase anong the series which.is caused by irregularities in
signals of3the receptfdf- 3 is a block diagram showing a main part of a
radio communications épparatus according to a second
embodiment of the present invention. In FIG. 5, the
same elements as those of FIG. 2 are indicated by the
same reference numerals, and their detailed descriptions
10 are omitted.

The radio signals, received by four antennas 10a to
10d, are supplied to their.corresponding receiving
sections 20a’ to 20d’. In the receiving sections 20a’
to 20d’, the radio signals are frequency-converted into

15 digital baseband.signals by reception.circuits 2la’ to
21d', then a phase difference among the signals is
corrected by delay correction circuits 22a to 22d, and
the resultant signals are input to multiplication
circuits 24a to 24d for weighting. In other words, the

20 radio signals received by the reception circuits 21a’ to
21d’, are simultaneously supplied to the multiplication
circuits 24a to 24d.

C/N ratib detection circuits 25a to 25d detect
ratios of carrier-to-noise power (referred to as C/N

25 ratios hereinafter) in the radio signals received by the

antennas 10a to 10d. The detected ratios are converted

into digital signals by A/D converters, and the digital



- 15 - circuits 21a to 21d and make the phases of the’

i nternedi ate-frequency signals input to the detecting circuits 23a to 23d
coi ncident to each other. An operation of weighting the denodul ation
baseband 5 signals BSa to BSd is perfornmed for each synbol in the

mul tiplication circuits 24a to 24d on the- baggband stage. Thus, the power
consunption required therefore can be nade | ower than that required for an
operation of weighting the internedi ate-frequency signals. 10

Since, in the first enbodi ment, the weighting operation is carried out on
t he baseband st ageigndlsoare ofupplittetans ewaaghtr eceélfdctiend gemeadhtiion
perform conbi ning diversity reception, the baseband signal |evel -of the

ot her antennas natinmeidk 50eas €hN natse debettidn signbdseGNSearob€NSet. t o
approximately zero. It is thus possible to increase the S/N

(signal -to-noi se) ratiBhefwehghterghféliciantedenpyation cdxsadie™l’y, the
C/ N signals can be detected regarding to the received signal from one of
the plural antenrfignexrtesepighe ceebpirianty WKa tayBKe, oihigd gimemsed

antennas are |ower than the detected | evel and thug cannot be det ct%g,,
they can be set tf@xiéf%lmt%ggﬁP?nﬁ?gltal baseband signals, on the basis

of the C/N ratio detection signals CNSa to CNSd output
from the C/N ratio détection circuits 25a to 25d.
FIG. 6 is a block diagram showing thé weight
coefficient generation circuit 50’. This éircuit 50
10 includes four pairs of circuits corresponding to four
series of digital baseband signals. The four pairs of
circuits each have a delay circuit and a standardization
circuit.
Delay circuits 5la’ to 51d' delay the C/N ratio
15 detection signals CNSa to CNSd by a predetermined amount
in synchronization with a clock CK2 generated from a
clock generator 40. The amount of delay is determined
so as to erase a difference. between processing delay
time required from when the digital baseband signals are
20 outputted from the reception circuit 2la’ to.21d'_until_
they are supplied to the multiplication circuits 24a to
24d through the delay correction circuits 22a to 22d and
" processing delay time required from when the C/N ratio
detection signals CNSa to CNSd are outputted from the
25 C/N ratio detection circuits 25a to 25d until the weight
coefficients WKa to WKd are generated based on the

signals CNSa to CNSd.



In contrast, when the weighting and conbining operation is perfornmed on the

I nt ermedi at e-frequency 25 stage, the noise |evel does not becone zero
since a receiver noise is inserted in the signal series of the unused
antennas. Thus, the S/INratio is inevitably - 16 - decreased.

Furthernore, in the first enbodi nent, the we8ht coefficient generation
circuit 50 is provided with the delay circuits 5la to 51d for del aying the
CNratio 5 detected signals CNSa to CNSd by a predeterm ned anount.
The timng in which the weight coefficients WKa to WKd are input to the
nul tiplication circuit®henaves bhe ehanderdhastienneigenits®i fRat’ h&EC R
timng of the digital denpdul ation baseb?nd signal s thefeby,absorbing a 10
di fference bet we@¥S SURPIee¥hyh cEhe e N e ke pRetestion aiBatFatNBA and

t hat dinth f ti f th i ght fficjent The
Wt ght | ho. oper at ftoh GO R SRS ORaYE T ront  TySRE fbhreRoh sEbE iR T hat a

si gnal det ay cor LeshndlN e 18 5107 SeRUESLREORRUER BELIEERORNES! NPU!
5 cal&ulate the weight coefficients WKa to WKd in
accordance with predetermined algorithm based on the C/N
ratio detection signals CNSa to CNSd, as in the first
embodiment described above. The calculated weight
coefficients WKa to WKd are sent to the multiplication
10 circuits 24a to 24d. In this operation, the weight
coefficients WKa to WKd are standardized such that the
total sum of these fou; series of coefficients always
has a predetermined value.
The multiplication circuits 24a to 24d multiply the
15 digital baseband signals which are outputted from the
delay correction circuits 22a to 22d, by the weight
coefficients WKa to WKd output from the weighﬁ
coefficient generation circuit 50’. The weighted,
digital baseband signals are inputted to a digital
20. addition circuit 30 and added together_therein. The
added signal is Supplied to a detecting circuit 23 to be
demodulated into a digital demodulation signal. The
- demodulation signal is then supplied to a signal
processing circuit such as a TDMA circuit or a CODEC
25 (neither of which is shown).
According to the signal combining diversity radio

communications apparatus of the second embodiment, since



of the detecting circuits 23a to 23d, the position of a synbol to be

wei ghted will be shifted by 3.5 synbols if the signal delay is not taken

i nto consideration, and the exact weighting operati-on cannot be executed,
20 causing an error in determning the detected signals. In contrast,
if, as in the first enbodi nent, the output Rilm ng of the weight
coefficients WKa to WKd is delayed in view of the delay for 3.5 synbol s,
the input timng of the denodul ated baseband signals BSa to BSd to the 25
multiplication circuits 24a to 24d and that of the weight coefficients Wa
to WKd can be natlkecoeaeivedt signhleachnobheveighthdt hppronsditatteiat by
correct - 17 - weighting operation can al ways be perforned. According to
the first enbodi%nt:l,r01hénq/etgﬁt wagobbéngi timhnggefiethe aecaivad tsimmals
provided with the standardization circuits 52a to _52d to generate weight 5
coefficients WKabYothRadehrrhcarsestanagirgedtsudhat ket 2idse anst dhesum of

the weight coefficients WKa to WKd has a preset constant value. Therefore,
no overflow occuf@le¥ ?hECHﬁFFiBﬂiEa??oﬁloﬁftﬁ%?nﬂPF#ﬁFWb&FiGﬁmﬂqﬂﬁEQT;24a

5 tion can be improved.

Since one-series weighted and added digital
reception signal is input to the detecting circuit and
demodulated, the number of detecting circuits can be one-
and accordingly the circuit arrangeﬁent can be.compact.

10 : Since, furthermore, an operation for weighting is
carried out in the multiplication circuits 24a to 24d
prior to demodulation, the delay (corresponding to
3.5 symbols) of digital reception signals due to the
demodulation need not be taken into consideration.

15 Howe#er, the delay by direct conversion of radio signals-
has to be cohsidered.

The present invention is not limited to the above
first and second embodiments. For example, in the
embodiments, the demodulation of reception signals,

20 generation of weight coefficients, multiplication ﬁor
weighting, addition, and delay processing of delay
correction circuits 22a to 22d and delay circuits 5la to

* 51d, are performed digitally. However, they can be done
by an analog circuit.

25 In the first and second embodiments, the delay
amounts are predetermined in the delay correction

circuits 22a to 22d and delay circuits 5la to 51d. The



to 24d and accordingly an operation can be perforned 10 wth fewer
errors. Moreover, according to the first enbodinent, the CNratio
detection circuits 25a to 25d detect C/ N ratios of radio signals received
by the antennas 10a to 10d, and the wei ght coefficient generation circuit
50 15 generate weight coefficients Wka t @2WKd- based on the detected CN
rati os. Not only variations in electric field strength but al so variations
i n phase can be detected as the quality of received signals and, in this
case, the weight coefficients can be cal cul ated nore 20 appropriately
than those in thedebsy amenntshegnabe yaniedt &d bheeed onromliyst P& addice &2
electric field strength. (Second Enbodi nent) The second enbodi nent is
directed to a radied25la tocbidubicaaishrgappayachsonhensdilona chigcaviddpre
direct conversion systemfor directly frequency-converting a radio signal
into a baseband st@alike eapmepiéforna phagediééepenss &Medgi fthen this

apparatus, the baseband . . .
received signals of the respective series and an amount

5 of delay in the demodulation processing. It is thus
possible to exactly control a delay even when the
circuit characteristics are varied with temperature,
ages, etc.

In the first embodiment, the weight coefficient

10 generation circuit 50 is provided with the delay
circuits 5la to 51d for making the input timing of
digital demodulation baseband signals BSa to BSd to the
multiplication circuits 24a to 24d and that of weight
coefficients WKa to WKd coincident with each other.

15 However, delay circuits having the same function as that
of the circuits 5la to 51d can belinterposed'between the
standardization circuits 52a to 52d and the multiplica-
tion circuits 24a to 24d or between the C/N ratib
detection circuits 25a to 25d and the weight coefficient

20 generation circuit.SOr

In the second embodiment, the direct conversion
system is employed in the reception circuits. The
" present invention can be applied to a reception circuit
usihg a heterodyne direct conversion system, a

25 superheterodyne conversion system, or a double

superheterodyne conversion system. More specifically,

even when a reception circuit of such a system is used,



signals output fromthe reception circuit are weighted, the weighted
baseband signals are added together, and the added signals are denodul at ed
in a detecting circuit. 5 FIG 5 is a block diagram showi ng a main
part of a radi o conmunications apparatus according to a second enbodi nent
of the present invention. In FIG 5, the sakB el-enents as those of FIG 2
are indicated by the sane reference nunerals, and their detail ed
descriptions 10 are omtted. The radio signals, received by four
antennas | 0a to 10d, are supplied to their correspondi ng receiving sections
20a' to 20d'. |rthehedigptedlirecspeionnsig@ial whogedireghencydis doymal s are
frequency-converted into 15 di gital baseband signals by reception
circuits 2la' t caMPrtedcho stiphdsrsehdandrEreaueneyigishénpignipsthe
corrected by delay correction circuits 22a to 22d, and the resultant
signals are i np@ikioiphidapion £iern ity 2da ste42dd candgwebghfiedghenfly. In
ot her words, the 20 radio signals received by the reception circuits
21a' to 21d', arBiAuITEERALSIQE SIS REr bt nedantei ptfcatPoRdErHCUI t s
24a to 24q. C/ N ratiq detection cjrcuits éﬁagﬁo 25d. detect rati of
carrier-to-noi sé& X 1R r?%RPi%Fé&??J % etec?b??oglﬁﬁPéangrer) in

the radlo-SIgnalS.re%ﬁhgﬁgrggeﬁeeinvention-is not limited to the PHS

base Station, but can be applied to any radio
cbmmunicatiéns apparatus . if a signal combining diversity
reception system can be appiied to the apparatus,

10 various changes and modifications can be made to the
number of antennas, the constitutions of the reception
and demodulation section, the weighting control section,
the weighting operation section, etc. without departing
from the scope of the subject matter of the present

15 invention.

As described above in detail, according.to the
present invention, the input tiﬁing of the weight
coefficients to the multiplication circuits and that of
the baseband signals can be made coincident with each

20 other to always correctly weight the digital reception
signals. As a result, a demodulation operation can be
performed with high precision, thereby reduting an error

" in demodulation and improving in communication quality.

Additional advéntages and modifications will

25 readily occur to those skilled in the art. Therefore,
the present invention in its broader aspects is not

limited to the specific details, representative devices,



antennas | 0a to 10d. The detected ratios are converted into digital signals
by A/D converters, and the digital - 19 - signals are supplied to a

wei ght coefficient generation circuit 50 as G N ratio detection signals
CNSa to CNSd. The wei ght coefficient generation circuit 50 generates’

wei ght coefficients WKa to WKd, which are useg 5- for weighting the
digital baseband signals, on the basis of the C N ratio detection signals
CNSa to CNSd output fromthe CNratio detection circuits 25a to 25d. FIG
6 is a block diagram show ng the wei ght coefficient generation circuit 50'.
This circuit 50" abd illustcddatees examples rshawn @nd uéscrbbedsherding t o
four series of digital baseband signals. The four pairs of circuits each
have a del ay cir dgcordiggdyst anadeiodisz atoddrf iciatcigons nbey ayecinadei wsthomt to
51d' delay the C N ratio 15 detection signals CNSa to CNSd by a

predet er mi ned angeparitidngy faiemovheatsipdr i (¥ Faops koThgegenarad from a
clock generator 40. The anount of delay is determ ned so as to_erase a

di ff erence bet wedRVBREA¥SsCRGCEPIta@s defined by the appended claims and

5 their equivalents.



time required fromwhen the digital baseband signals are 20 out putted
fromthe reception circuit 21a' to 21d'" until they are supplied to the
mul tiplication circuits 24a to 24d through the delay correction circuits
22a to 22d and processing delay tinme required fromwhen the CNratio

detection signals CNSa to CNSd are outputted2$rom the 25 CNratio
detection circuits 25a to 25d until the weight coefficients WKa to WKd are
generated based on the signals CNSa to CNSd. - 20 - Wenever the

standardi zation circuits 52a' to 52d' are supplied with the CNratio
detection signals CNSa to CNSd correspondiCaInNs one synbol through the
delay circuits 51a' to 51d', they performan operation to 5 cal cul ate

t he wei ght coeffi ci entls \WKa riagl ivKe ommuadcartdamse apidar gires et ampr heting :

al gorithm based on the C N ratio detection signals CNSa to CNSd, as in the
first enmbodi ment descrd Moy dgheegaptien steaws ghorcvetéiviegta Wa to
WKd are sent to the nultiplication 10 circuits 24a to 24d. In this
operation, the weR§iC &damalcitagansmigdad fnan & Cxangmkktezed such t hat

t he . . .
5 a plurality of conversion means for converting

radio signals received by said plurality of reception
means into first signals having a frequency which is
lower than that of the radio signals;

a plurality of demodulation means for demodulatiﬂg_

10 the first signals generated by said plurality of
conversion means into baseband signals;

a plurality of detection means for detecting
quality of the radio signals received by said plurality
of reception means;

15 . weight coefficient generation means fpr generating
weight coefficients to weight the baseband signals
based on the quality detected by said plurality of
detection means; |

delay means fof delaying input of the quality to

20 the weighf coefficient generation means by a .predeter-
mined period of time;

a plurality of weighting ﬁeans for weighting the

" baseband signals by the weight coefficients generated by
said weight coefficient generation means; and

25 combining means for combining the baseband signals
weighted by said plurality of weighting means.

2. The apparatus according to claim 1, further

* C L M S *




total sum of these four series of coefficients always has a predeterm ned
val ue. The multiplication circuits 24a to 24d multiply the 15 digita
baseband signals which are outputted fromthe delay correction circuits 22a
to 22d, by the weight coefficients WKa to WKd output fromthe wei ght
coefficient generation circuit 50'. The wei ghged,-di gital baseband signals
are inputted to a digital 20 addition circuit 30 and added toget her
therein. The added signal is supplied to a detecting circuit 23 to be
denodul ated into a digital denodul ation signal. The denodul ation signal is
then supplied to conpriisingr&ceberavityrofi fissthcoataolDibanis, Cartranged
CODEC 25 (neither of which is shown). According to the signal conbining
diversity radi o Gebwedrcaiaidsphppal ftvsodf cohieessiondmenhsdienEnisaigi nce

- 21 - the received signals can be weighted appropriately by controlling
t he wei ghting ti mlnga¥fitisheof edenodal st joml sebyst hfodeliaputsingcthen
circuits 22a to 22d and the delay circuits 51'a to 51'd, the quality of

‘comuni ca- baseband signals from said plurality of conversion means
5 to said plurality of demodulation means substantially at
once.

3. The apparatus according to.claim 1, wherein
said baseband signals are digital signals.
4. The apparatus according to claim 1, wherein

10 said quality detected by said plurality of detection
means, is a carrier-to-noise power ratio. |

5. The apparatus according to claim 1, wherein a
total sum of the weight coefficients generated by said
weight coefficient generation means is a constant.

15 6. The apparatus according to claim 1, wherein
said detection means detects the quality at a speed
capable of detecting each symbol successively.

7. A radio communications apparatus comprising:
a plurality of reception means for receiving a
20 radio signal transmitted from a transmitter;
a plurality of conversion means for converting
radio signals received by said plurality of reception
" means into baseband signals;
a plurality of detection means for detecting

25 quality of the radio signals received by said plﬁrality

of reception means;

weight coefficient generation means for generating

R
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5 tion can be inproved. Since one-series weighted and added digital
reception signal is input to the detecting circuit and denodul ated, the
nunber of detecting circuits can be one and accordingly the circuit
arrangenment can be conpact. 10 Since, furthernore, an operation
for weighting is carried out in the nultipli¥ation circuits 24a to 24d
prior to denodul ation, the delay (corresponding to 3.5 synbols) of digital
reception signals due to the denodul ati on need not be taken into

consideration. 15 - However, the delay by direct ifnversion f radif
signal s has to buedghti geeddicirats, dogntelghtdndothes hatehang (2490315 he

above first and second enbodi nent.s. For examl e, in .the enbodjnments, the
denodul ati on of géﬁ@ tPBntgFgﬂgl }tibdetecﬁgﬁegaiﬁ 4}p%&ﬁ%§hty_of
coefficients, nultkglication for weighting, addition, and del ay processing
of delay correct PEHEEFLOR M€2884 to 22d and delay circuits 5la to 51d, are

perforned 0101 a1y, ARlehediok NS0 o U0 GLACHL 26

In the first and secohd unts are mned in

the del ay gorreck],gn giEhtl Lo ciant2eAllalebd ity Sliddofde. The

mined period of time;

a plurality of weightinglmeans for weighting the
baseband signals by the weight coefficients generated by
said weight coefficient generation means;

10 combining means for combining the baseband signals
weighted by said plufality of weighting means; and
demodulatioﬁ means for demodulating the combined
baseband signal generated by said combining means.

8. The apparatus according to claim 7, further

15  comprising a -plurality of first control means, arranged
between said plurality of conversion means and said
plurality of weighfing means, for inputting the baseband
signals from said plurality of conversion means to said
plurality of-weightihg méans substantially at once.

20 9. The apparatus according to claim 7, wherein
s;id baseband signals are digital signals. .

10. The apparatus aécording to claim 7, wherein
" said quality detected by said plurality of detectioﬁ
means is a carrier-to-noise power ratio.

25 11. The apparatus according to claim 7, wherein a
total sum of the weight coefficients generated by said

weight coefficient generation means is a constant.
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- 22 - delay amounts can be varied in these circuits 22a to 22d and 51la
to 51d by causing a synchronization circuit or the like to monitor a phase
di fference anong the received signals of the respective series and an
anount 5 of delay in the denodul ation processing. It is thus possible
to exactly control a delay even when t he—ci rd®ii t =characteristics are varied
with tenperature, ages, etc. In the first enbodiment, the weight
coefficient 10 generation circuit 50 is provided with the del ay
circuits 5la to 51d for nmaking the input timng of digital denodul ation
baseband si gnal s BSa 12 BSde @ppae afyist agIcoEadingh 19 i DaWhereuy and
that of weight coefficients WKa to WKd, coi ncident with, each other. 15
However, del ay cispdgi GeUeahian MRANS ASYEGHS iU A3 HhtY oftt ReSBPREUIt s
5la to 51d can be interposed between the standardi zation ciriuits 52a to

52d and the nul t EaPR&de QARG TUiNS eARN ¢ BT HRERSthe N ratio
e Do 1o e 23S L B B pomexBEDRGT  O"
5 a plurality of reception means for receiving a
radio signal transmitted from a transmitter;

a plurality of conversion means for converting
radio signals received by said plurality of reception
means intp baseband signals;

10 generation means, for detecting reception quality
of the radio signals received by said plurality of
reception means and for generating weight coefficients
based on the each detected reception quality of the
radio signals;'

15 a plurality of weighting means for receiving the
baseband signals and the weight coefficieﬁts and
wéighting the baseband signals based on the weight
coefficients;

timing adjusting means for adjusting input timings

20 of the baseband signals and the weight coefficients to
said plurality of weighting means to each other; and

combining means for combining the baseband signals

: weighfed by said plurality of weighting means;
14. The apparatus according to claim 13, wherein

25 said timing adjusting means includes delay means for

delaying input of the weight coefficients to said

plurality of weighting means.
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systemis enployed in the reception circuits. The present invention can be
applied.to a reception circuit using a heterodyne direct conversion system

a 25 super het er odyne conversi on system or a doubl e superheterodyne
conversion system Mre specifically, even when a reception circuit of such
a systemis used, - 23 - the digital recepfion signal whose frequency is

down- converted to the baseband frequency is input to the multiplication
circuits 24a to 24d and wei ghted, and output signals of the circuits 24a to
24d are added 5 together and supplied to the detecting circuit 23. The
present invention is ]r%t The P@Pars titfe JoIORHNT sttt bwimpld, ceherein

applied to any radi,o, conmuni catjons, apparatus if a signal conbining
di versity recept Fé9sFfERT A8 HH iRRARS abreERH A fhEfergnce befveens

changes and nodi fi.cati ons .can, be made to the nupper of aptennas, the

constitutions of "tRE FEEIESSh jEg‘?ﬁ’d“ d@l?dhl.ﬁhﬁ i’Eﬁ'FST’g%c?’r%?f? hBrfef§RELrgd

control section,,th | ghting .Qperation section, etc. wtho departin

fromthe scope oP&t ea\g'?u%}lélc aq‘r‘?‘aquf eofft (ﬁeci?:tjp"’r'b%% A& it 1) Othe “BRELaS
5 signals corresponding thereto are outpﬁt from said

plurality of conversion means and time required from
when the radio signals are received by said plurality
of reception means until the weight coefficients
‘corresponding thefeto are generated.

10 16. The apparatus according to claim 13, further
comprising phase adjusting means, arranged between said
plurality of reception means and said plurality of
cohversion means, for making phases of the radio signals

- input to said plurality of conversion means coincident

15 - with each other.

17. The apparatus according to claim 13, wherein
said generation means includes detecting means for
detecting said reception quality of said radio signals
and weight coefficients generating means for generating

20 ,weight.coefficieﬁts based on the each detected reception
guality, and said timihg adjusting means for receiving
said reeeption quality and delaying input of said

" quality to the weight coefficients generation means;

18. The apparatus according to claim 13, wherein

25 said generation means detects the qguality of each symbol
of the baseband signal, and said weighting means weights

each symbol.
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15 i nvention. As described above in detail, according to the present
invention, the input timng of the weight coefficients to the

mul tiplication circuits and that of the baseband signals can be nade

coi nci dent with each 20 other to always correctly weight the digital
reception signals. As a result, a denodul-ati R operation can be perforned
with high precision, thereby reducing an error in denodul ati on and

i mproving in comuni cation quality. Additional advantages and nodifications
w il 25 readily occur to those skilled in_the art._ Therefore, the
present invention in 1%s Bieackppangies s2GeOFding| kPt €42i8 de ¥hHePiC
details, representative devices, - 24 - and illustrated exanples shgyn
and described hersdid qervREs koM NeqyRs | dLxerblY ﬁEﬁHP&H&Yﬁﬁ?“HgDI}?Edéal

w t hout departing fromthe %fi rit or sgoge o{) tae gener al inventive concept
as defined by t heradierehgnal o1 HEC F@1s Pasepapd, sigliAtal ent s.

20. The apparatus according to claim 13, wherein

5 said reception quality is a carrier-to-noise power ratio.
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- 25 - CLAIMS 1. A radio conmuni cations apparatus conprising: a plurality
of reception neans for receiving a radio signal transmtted froma
transmtter; 5 a plurality of conversion nmeans for converting’
radio signals received by said plurality of reception neans into first
signal s having a frequency which is |lower-tha that of the radio signals; a
plurality of denodul ati on neans for denodul ating 10 the first signals
gener at ed by saRaDEDUCOMMUNISATIONSe AFPARATESN IITH & CORERIAHY G iRfVAFRS I TY
plurality of detection neans for detecting quality of the radio signals
received by said plurality of re@éﬁ?W%@n&HQJISCLOSUREmi ght

coefficient generation neans for generating weight coefficients_to weight
the baseband signal s bZ8&dPHeSEE JiyISTH* tlvftt%gtfelﬁ}:% i P p?u’l:%‘h?y of

oL o oo | LebRm TR AL, IR, A et e
time; a pIuraIitnggcﬁeEgggkn 453 1df ﬁdﬁ?ﬁyﬂgf¥3ﬁéyﬁhted appropriately
| 5 to reduce an error in demodulation and improve in
communication quality; 'In the signal combining
diversity radio communications apparatus, the digital
reception signals of an intermediate frequency, output
from the reception circuit, afe demodulated by
10 demodulation circuits into digital demodulétion signals
of the baseband. The digital demodulation signals are
input to the multiplication circuits. The multi-
plication circuits multiply the digital demodulation
signals by the weight coefficients, which are generated
15 by ﬁeight coefficient generation circuits and corre-
sponding to fhe digital demodulation signals, based on
C/N ratio detection signals, in order to weight the
digital demodulation signals. The weighted demodulation
‘signals are added;tdgéther b? a digital addition circuit.
20 Consequently,-thé received signals.can be weighted
appropriately to thereby improve in communication

quality.

Fig. 2
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baseband S|gnals by the wei ght coeff|C|ents generated by sai d wei ght

coef ficient generation neans; and 25 .7 .conbining means for conbining
t he ‘baseband signal s melghted by said pIurallty of weighting means. 2. The
apparatus according to claiml1, further . - 26 -conprising a plurality

of first control neans, arranged between said plurality of conversi on neans
and sai d pl Gallty of denndulatlon means,e for inputting the baseband
signals from'said plurality o conver5|on means 5 to said plurality of
denodul at i ;Veans substantivgf |y at once. 3. The apparatus according to
claim1l1, wheyein sai Sfgnals are digital signals. 4. The
appar at us acg¢ordi o clRGSH 1, T/in 10 said quality detected by
said plurality of [de } ¥s, iq a carrier-to-noi se power ratio. 5.
The apparatup according to g ml, erein a total sumof the weight

coefficients|generfate i ght| coefficient generation neans is a
constant. 15 6. The appdratys according to claim1l, wherein

_| FREQUENCY |
'CONVERTER
, 4a
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i. 5b
7 d
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2b. s
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sai d detection neans detects the quality at a speed capabl e of detecting
each synbol successively. 7. A radio communications apparatus conprising: a
plurality of reception nmeans for receiving a 20 radi o si gnal
transmtted froma transmtter; a plurality of conversion nmeans for
converting radio signals received by said plurality of reception nmeans into

baseband signals; a plurality of detecty means for detecting 25
quality of the radio signals received py said plurality of reception neans;
wei ght coefficient generation neans & generating - 27 - weight

coefficients for weighting the basebaMl signals based on the quality

detected by said plurality of deteet+efrreans; del ay neans for del ayi ng
i nput of the quality to 5 &he meiqh* codfficient generation neans by a
predeter- mned period of timegP g plurality {of weighting nmeans for
wei ghting the baseband signals b ﬁpc Tt coefficients generatghlby
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said wei ght coefficient generation neans; 10 conbi ni ng neans for
conmbi ning the baseband signals weighted by said plurality of weighting
means; and denodul ati on neans for denodul ating the conbi ned baseband si gnal
generated by said combining neans. 8. The apparatus:- according to claim7,
further 15 conprising a pIurallty of first control neans, arranged
between said plurality of conversion neans and said pIuraIity of weighting
means, for inputting the basebarnd signals fromsaid plurality of conversion
means to said plurality of weighting mddifs substantially at once. 20

9. The apparatus according to claim?7, wherein said baseband signals are
digital signals. 10. The apparatus according to claim?7, wherein said
quality detected by said plurality of detection nmeans is a carrier-to-noise
power ratio. 25 11. The apparatus according to claim7, wherein a
total sum of the weight coefficients generated by said weight coefficient

50

FI1G 3

generation neans is a(ﬁgéstant. - 28 - 12. The apparatus according to
claim?7, wherein
"510 1 520
CNSa DELAY STANDARDIZAT ION WKa
CIRCUIT CIRCUIT
1
CNSby [ DELAY STANDARDIZATION (Kb
CIRCUIT CIRCUIT
1
. ( 5iC ( 52¢C
CNSC [ DELAY STANDARDIZAT [ON (WKC_
CIRCUIT CIRCUIT
SR
| f 5‘|d f52d '
CNSd DELAY STANDARDIZATION (Wkd
. CIRCUIT CIRCUIT
L !



sai d detection neans detects the quality-at a speed capabl e of detecting
each synbol successively. 13. A radi o conmmuni cations apparatus conpri sing:
5 a plurality of reception neans for receiving a radi o signal
transmtted froma transmtter; a plurality of conversion nmeans for
converting radio signals received by said plurality of reception neans into
baseband signals; 10 generatiqg/gﬁans, for detecting reception-
quality of the radio signals received by said plurality of reception neans

and for generating wei dht toeffilci ehts bhsed on tjhe ¢ach dete¢ted reception
quality of the raglio silgnals; 1 ~ajlplurglity of it i ng neans
for receiving the]baseland{si gndl s jand the Wei ght] coefficilext$ and
wei ghti ng the basgband {si ghal s bas on f hefwei ght CJefficifﬁns; timng
adj usting neans fpr adjlust]ng i t] timhgs {20 of{ the U%iaband signal s
and the wei ght fficilegtp to d plurp@qy of VB ghtind freans to each
ot her; and corbi ni ng ndaas] f or I ni ng ¢ basdband sigrag§ wei ght ed by
said plurality of weighting meaps; |14. The appardtus|accorjdgng to claim 13,
wherein 25 said timning|adjusting nmeans ilncl udes ¢el ay ﬂ§h1s for
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del ayi ng i nput of the weight coefficients to said plurality of weighting
means. - 29 - 15. The apparatus according to claim 13, wherein said
timng adjusting neans absorbs a difference between tiime required from when
the radio signals are received by said plurality of -reception neans unti l

t he baseband 5 signal s correspondi ry/é hereto are output fromsaid
plurality of conversion neans and ti r‘equi red fromwhen the radi o signals
are received by said plurality of r.eﬁp.u’ on neans until the weight

coefficients correspondi ng theretolage g¢nerated. 10 16. The
apparatus according to claim 13, fyr conpri sing phase adjusting ans,
arranged between said plurality g@‘, rEcgot' [d plurality of
conversi on nmeans, for maki ng phaseg lk_a_-fotre radi o signals input to said
plurality of conversion neans coi ndi defet |15 wi th each other. 17, _Jdhe
apparatus according to claim 13, wheBnlsai d gener.ati on neans incl et s
detecting neans for detecting said re¢ept lon quality of said radio skgnals
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and wei ght coefficients generating nmeans for generating 20 wei ght
coefficients based on the each detected reception quality, and said timng
adj Gsting neans for receiving said reception quality and del ayi ng i nput of
said quality to the weight coefficients generation neans. 18. The apparatus
according to claim13, wherein 25 sai d generation neans detects the
qual ity of each synmbol of the baseband signal, and said weighting neans

wei ghts each synbol . - 30 - 19. The ? gparatus according to claim13,
wherein said conversion neans directly frequency-converts said radi o signal
into sai d baseband signal. 20. The apparatus according to claim 13, wherein

5 said reception quality is a carrier-to-noi se power ratio.
CK2
(510 ( 5ea’

CNSA DELAY STANDARDIZATION | | MKd
T—1 CIRCUIT CIRCUIT -
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