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16 February 2006 TITLE OF THE | NVENTI ON OFDM DI VERSI TY RECElI VER BACKGROUND
OF THE | NVENTION The preset invention relates to an OFDNEsbfuary Bonal
Frequency Division Miltiplexing) diversity receiver which perforns
diversity reception on a carrier by carrier basis using two or nore OFDM
denodul ators. Studies on digitization of ground tel evision 10 broadcasting
have been intensively conducted in recenf geafs. Eur ope and Japan have

-deci ded the adoption of an orthogonal frequency division multiplexing

(hereinafter referred to as OFDM sﬁem as the transm ssion system of
digital ground television 15 broal i g . THE IBYENBEOY n particular, a

digital ground t@ﬁﬂb%%Q&gaggéﬁ' system has been standardized and

has been up to the practica use. The OFDM systemis adapted to

transmt a broadband signal tHaew@RobRe gser®d ByvawFher of 20 orthogonal
carriers, thus offering a feature of ability to inprove delay and

i nterference charact erfitet ippeset inuéintiai hrdlaaksntssa®romdM ch are essential
transm ssion conditions of ground tel evision broadcasting. In addition,.
the OFDM sy3tem i Oomered Ereumence|Risrsieh Mphhipdessing) dizeasieyi stics
agai nst frequency-_ sel ecti ﬁe transm ssion path distortion, such as

UBHBR PRIt UMso [AIYSERAEY | BRfeption on a

carrier by carrier basis using two or more OFDM
demodulators.
Studies on digitization of ground television

10 broadcasting have been intensively conducted in recent
years. Europe and Japan have decided the adoption of
an orthogonal frequency division multiplexing
(hereinafter referred to as OFDM) system as the
transmission system of digital ground television

15 broadcasting. In Europe in particular, a digital
ground television broadcasting system has been
standardized and has been up to the level of practical
use. The OFDM system is adapted to transmit a
broadband signal through the use of a number of

20 orthogonal carriers, thus offering a feature of ability
to improve delay and interference characteristics of
multipath transmission which are essential transmission
conditions of ground television broadcasting. 1In
addition, the OFDM system is known to show excellent

25 Lransmission characteristics against ffequency—
selective transmission path distortion, such as

multipath distortion, by combining error corrections




16 February 2006 2 because transmt data are transmtted on two or nore.
carriers. In digital ground broadcasting, diversity redéfebormrpg0tsarri er
has been proposed in order to 5 inprove further the transm ssion
characteristics under bad receiving conditions as in the case of nobile
reception. Wth conbination diversity reception, typical for diversity
reception, denodul ated signals obtained"geﬁerally fromtw OFDM

denodul ators are 10 conbined on a carrier-by-carrier basis according to
recei ved power. In this case, since two transnm ssion paths differ in
response, the freHBeresr daanentifedatpapsei sEnsnisded dnsteet¢omanen be
inproved significantly. In addition, tinme-varying fading that 15 may occur
at the time of nn%??%&%%%éption will likewi se 20 be inproved. The sane

holds for selective diyerdidatarl Se8BhACHoMRladiI0RS R BBLEMG! OF | arger

received power though its Characteristics are 1Tnferior ose of the

conbi nation di ver sédéeptiRfiftlyl eArrHOWeNSs b WeBbbesal i OFdMdLGg) vers based
on generally known techni ques enploys the nagnitude of received power as
an eval uati 8n i ndewpxrsed furtbemrbihe ngramsmirssEdiong chasad et i o1 s aimdewo or
more denodul ated signals. In the event that a specific frequency 25
suffers fromint HRILFATELViRIsrgnpdit bIng Asgdnr &bej gegle of mobile

reception. With combination diversity reception,
typical for diversity reception, demodulated signals
obtained generally from two OFDM demodulators are

10 combined on a carrier-by-carrier basis according to
received power. 1In this case, since two transmission
paths differ in response, the frequéncy—selective
transmission path distortion can be improved
significantly. 1In addition, time-varying fading that

15 - may occur at the time of mobile reception will likewise
be improved. The same holds for selective diversity
reception that chooses a signal of larger receiﬁed
power though its characteristics are inferior to those
of the combination diversity reception.

20 However, conventional OFDM receivers based on
generally known techniques employs the magnitude of
received power as an evaluation index used in combining
or making a selection from two or more demodulated
signals. In the event that a specific freQuency

25 suffers from interference, a signal of large received
power is not always of good receive quality.

For example, in the event that an analog TV




power is: not always of good receive quality. For exanple, in the event that
an anal og TV 16 February 2006 - 3 broadcasting signal il$Kebrady 2006t he band
of an OFDM based digital TV broadcasting signal, its video carrier or
sound carrier signal may interfere with a specific OFDM carrier signal
with resulting distortion. In this case, however, the received power of
the carrier signal will increase. W8h-conventional diversity reception
.of such an OFDM signal as has a distorted carrier signal, the overal

error correction would be nmade on the basis of the distorted carrier

si gnal , j i n; eqr i i rar__c oction characteristic.
SR EE SORRRRY G TIERT PR e Ao rat artsblheat b EPhet i ion my
provi deTanp f¥ddMasdi NI Sigh 1l eCed MAeWhEe ki 8VER Louddeaevest dikakia
specific carrier signal suffers frominterference, allows effective

di ver si gy irepepgerenwith bespecifirar@dD8ocdhadtert heged I orithorsaditiag
characteristic is inproved. In accordance with an aspect of the invention,
there i §ispRihiicded Bh OEBMFEFGerieyer ecells &leCRAEEA AP TOPDM he

recei vi ng/ denodul at i ng. ans provided jn each of two or npre receivin
syst ems RBF I ndronatarty) rBCErt Ty At ORENERgnanal Givekalbmi ng the

recei ved.signal, HLromdy S?ﬂ;@iél&n%flf LEGUENCY 4 doTRI Ty ggrﬁféﬁ aGhngach
I ocated to

carrier signal, and denodul ating Tnformation alloc each~carrier
si gnal , tRatblirsel sézopicoeesst itth MANS bd Aadeesei M badepDsitteed

information of each carrier signal and .performng diversity processing on
a distorted carrier signal, resulting in a degradation in the error
correction characteristic.
BRIEF SUMMARY OF THE INVENTION

Example embodiments of the invention may provide an OFDM

diversity receiver which, even in the event that a specific carrier

- signal suffers from interference, allows effective diversity
reception to be performed so that the error correction
characteristic is improved.

In accordance with an aspect of the invention, there is
provided an OFDM diversity receiver including OFDM
receiving/demodulating means provided in each of two or more
receiving systems for individually receiving an OFDM signal,
transforming the received signal from time domain to frequency
.domain to extract each carrier signal, and demodulating information
ailocated to each carrier signal, and diversity processing means
for receiving demodulated information of each carrier signal and

performing diversity processing on a




16 February 2006 - 4 carrier-by-carrier basis, further conprising:
reliability information acquire nmeans for meking a decilkiKebrnasy 2006 he

| evel of interference suffered by denodul ated information obtained for
each carrier signal by the OFDM receiving/ denodul ati ng neans in each of
the receiving systens and determ ning information indicating a neasure of
reliability of the denodul ated i nformdtion on the basis of the result of

the decision; and diversity processing control- means responsive to

reliability information deternmined by the reliability information acquire
means 106, pACN Ol LDE; J.LERLYLNG o YRLE Bl QY G001 LOLLILAG dlyersity
processi ng by the diversity brocgsm ng neans on- derodul ated i nformation to
restri CinBos@tioar acghigtamesht f &I REKIAPM idRLeLiss &iCeo L NG ADGYE
arrangenent, since a decision of the level of interference suffered by
denodul abeelr farfearmastdierext bacdedul ste@dalifornatiéerobsbgnad fiar each
receiving system my be made and then the reliability of the denodul ated

i nf or maErBRL S lEB2 Heterifien 88D rinfieivhag fdenadulet intanegdsi §n omCHTied

resul ti reliability information nmay, be used to. control diversity

pr ocess?%% o1 & MBE uT Hi e s i’“ﬁcﬁ o‘%‘?ﬁﬂ“b&”ﬁ% ELTPR Lo 184r F e % Agnal

wi th denmodul ated 1nformation froma carrier sign eteriorate eto
frequeney-tiselrestii v e f Aher fesaiea; I e \RGerks e6Hdrorgss th@RohEBsOVENENt iN
16 February 2006 - 5 error correction characteristic. BRI EF DESCRI PTI ON COF
THE SEVERNS VEEVPSrOF eTHE DRAWMNGity information determined by the

- suffer | RgadlLLlerenth: 1i TPl LTALacbhOlNely LLEGERLLEN SRS RELL OF Med

reliability information acquire means for each of the receiving
_systems for controlling diversity processing by the diversity
processing means on demodulated information to restrict a carrier
signal suffering from interference.

In the above arrangement, since a decision of the level of
interference suffered by demodulated information extracted from each
carrier signal in each receiving system may be made and then the
reliability of the demodulated information may be determined from
the result of the decision. The resulting reliability information
may be used to control diversity processing on demodulated
information to restrict a carrier signal suffering interference.
Therefore, diversity reception can be performed with demodulated
information from a carrier signal deteriorated due to frequency-

selective interference removed, resulting in an improvement in




FIG 1 is a block diagramof an OFDM receiver according to a first

enbodi nent of the present invention; FIG 2 is a block di6dgbamp20ithe

vari ance detector of FIG 1; FIGS. 3A and 3B are diagrans for use in

expl anation of the operation of interference detection using variance in
the first enbodinent; FIG 4 is a block diagramof an OFDM recei ver
according to a second enbodi nent of bhe present invention; FIG 5 is a

bl ock di agram of an OFDM recei ver according to a third enbodi ment of the
pr esent invention; FIG 6 is a block diagramof an OFDM recei ver according

rth enbodi rrent of the, esent invention; and FIGS. 7A and . 7B show
ror correc haracterl . . .
rece| ve power Ver sus requency signal s received over two transm ssion

paths in OfrraseeeCantbf! or %C@ﬁwm ¥R Sid Yo Dbl gD DESCRI PTI ON OF
THE | NVENTI ON Referring nowto FIG 1, there is illustrated, in block

di agram form arFIGFDMidi ¥eplickydiRean Vel awhdory E@afﬂlkr@ﬁsadi@!ﬁﬁﬁuj ated output
signals fromfirst and second receiving systens for each carrier. 16

Febr uar o 2008 rét |axbpHiandritr of thecpredeng syeméarshown in FIG 1, an OFDM
nodul ated signal_is recel ved by an antenna 11 and then applied to a tuner
12 where a gi verfChahnél ask?lﬁﬁél digoran e the Fariaecs RS sPHAAF- ils t hen

e o AP AR D AP Bt A
(AUtOnaépéiaEﬁéﬂ‘d@oﬂﬁﬁéﬁfkréﬂdécHéﬁectlon using variance in the first
embodiment;
FIG. 4 is a block diagram of an OFDM receiver according to
a second embodiment of the present invention;
FIG. 5 is a block diagram of an OFDM receiver according to
a third embodiment of the present invention;
FIG. 6 is a block diagram of an OFDM receiver according to
a fourth embodiment of the present invention; and
FIGS. 7A and 7B show received power versus fregquency for
signals received over two transmission paths in OFDM-based carrier-
by-carrier diversity.
DETATLED DESCRIPTION OF THE INVENTION
Referring now to FIG. 1, there is illustrated, in block

diagram form, an OFDM diversity receiver which combines demodulated

output signals from first and second receiving systems for each carrier.




14, which detects the output |evel of the tuner from the output of the A/D
converter and then applies a gain 10 control voltage to littRebtuane2006o t hat
its output level 1is maintained at a given |level. The output signal of the
~ A/D converter 13 is converted by an | Q denodul ator 15 into conpl ex
baseband signals which, in turn, are applied to an FFT (Fast 15 Fourier
Transforn) circuit 16. The FFT circuit trafsforns the OFDM nodul ated
signal fromthe tenporal domain to the frequency domain. That is, the
output of the FFT circuit indicates anplitude and phase of each carrier
signal. 20 The out put 1of thiee fEFFtcieceiting systeppkhewdn tin FI1@enpdahat or

circuit 17, which Iperformr,i denodul ation by estimating the transm ssion
path response forPleAtmodytpter. syl & ineseigadi By pur rgves@audilngndat a

correspondi ng proggssed . 9984S I of . unprocessed .25 synbols in each
carrier in the case V\/ngPelt ﬂeyggér)rﬁ‘g#&arrg&uﬁg{argnao?l‘(r:eanr S nieé gifferenti al

modul ation. On  the sehbetehandrhé eidicdas8 ghhe" Bs theerd Yomvelt18 E&&f uary
2006 - 7 nodulation is QAM (Quadrature anplitude nodul ation), a pilot

si gnal mul t5 pl exed digticad sigmshity sirgralalbg-tosenyitBiuga/OfDM carrier data
i s denodul ated. The FFT circuit 16 and the denodul ator circuit 17 5 feed a
reliability inforaP@vegietaldul A omt@utcgignal. of rnthehidd'Dr ebnabirtét yl3
i nformation Calcgga%bggigérégﬂgd ﬁ%c (Automatic Gain Control) circuit

14, which detects the output level of the tuner from

the output of the A/D converter and then applies a gain

10 control voltage to the tuner so that its output level

is maintained at a given level.

The output signal of the A/D converter 13 is
converted by an IQ demodulator 15 into complex baseband
signals which, in turn, are applied to an FFT (Fast

15 Fourier Transform) circuit 16. The FFT circuit
transforms the OFDM modulated signal from the temporal
domain to the frequency domain. That is, the output of
the FFT circuit indicates amplitude and phase of each
carrier signal. |

20 The output of the FFT circuit 16 is applied to a
demodulator circuit 17, which performs demodulation by
estimating the transmission path response for each
carrier. This estimation is performed using data
corresponding processed one symbol ahead of unprocessed

25 symbols in each carrier in the case where the form of

modulation of carrier is differential modulation. On

the other hand, in the case where the form of




t hr eshol d

power detector circuit 181 detects the received power of each carrier.
using the output of- the FFT circuit 16. A variance detl®&®ebruaty 2004 t 182
examnes | and Q data 10 extracted fromeach carrier in the denodul ator
circuit 17 to determne a neasure of variance fromthe original point of
transm ssion for each carrier. A specific arrangenent of the variance
detector <circuit 182 is illustrated in FIG 2= The | and Qdata 15 are .
applied to hard decision circuits Al and A3, respectively. In each of the
decision circuits, the reference point nearest to the point of reception
is deternined. Trshilmhionand OA¥ ODipirtatofrecampl dtuddanodidrat idagi, saon
circuits Al and A3 are applied to a 20 correspondi ng one of difference
circuits A2 and Rilodosigrad ﬂHbt%P¥¢%§4ﬂ%ﬂ§°fﬁoﬁ?@*ﬁm¥tﬁaﬂga@de190|nt is

detected for each of thg gF data.. The outg i the difference
circuits A2 and AFEre Bﬁﬁ' FPHURE detagls QQQ%ﬁBqQ ‘A5 mhere t he

sum of squares of | nPune2eedi LEELENEer FINALne! SoRBLR ARG THe ot put of

the sum of - squares Ci rcuit is appl i to an I ntegration circui

the sum . of5 squarfegdsiagral i hBii Nt OirecRhatiio8- ealdyFabidia M 2096 8g.

averaged) for each carrier. Thus, a variance is obtained for each carrier.

The out put of thdnvahiigncelidabebity ikFDrimgtibnacehmed dtitos aitrbneshao d

calculation circuit 183 and a 5 threshold decision circuit 184. The
power detector circuit 181 detects the received power
of each carrier using the output of the FFT circuit 16.
A variance detector circuit 182 examines I and Q data

10 extracted from each carrier in the demodulator circuit
17 to determine a measure of variance from the original
point of transmission for each carrier.

A specific arrangement of the variance detector

circuit 182 is illustrated in FIG. 2. The I and Q data

15 are applied to hard decision circuits Al and A3,
respectively. 1In each of the decision circuits, the
reference point nearest to the point of reception is
determined. The input and the output of each of the
hard decision circuits Al and A3 are applied to a

20 corresponding one of difference circuits A2 and A4, so
that the difference from the reference point is
detected for each of the I and Q data. The outputs of
the difference circuits A2 and A4 are applied to a sum-
of-squares circuit A5 where the sum of squares of input

25 difference signals is obtained. The output of the sum-

of-squares circuit is applied to an integration circuit

A6 where the sum-of-squares signal is integrated (i.e.,




calculation circuit 183 calculates a threshold value wused to nmake a
decision as to the variance of each- carrier signal on tléFcbamrs2@ic t he
average value of variances of all carrier signals. The output of the 10
threshold calculation circuit is applied to the threshold decision circuit
184, which nakes a decision as to whether the variance of each carrier
signal is greater or snaller than the thre8hotd val ue. Wen the variance

of a carrier signal is greater than the 15 threshold val ue, the decision

circuit decides that the carrier signal is suffering frominterference.
FI G 3A shows theacewafiad)orfom eabhchaarieequdnoy-, aelvaeiams: umnwant ed

interfering signal_is mxed in the band of an OFDM signal, and FIG 3B
shows a deci si on 2oF3 sk Hord epshueadei®f mi ned fromthe average val ue of

vari ances of carrier sjignals. As sh in FIG aA, noise_jis. uniformy
di stributed over the qg%ﬁ%&l9§ gﬁ%hvﬁ$k99Q§: e§ECF8€e}3%ﬁlﬁ:he OFDM
signal s high opouGihed dhk8naeentblionfloaPEiagd bl ARG 9B328nhhyeshol d
value as shown in FIG 3B even if nolse Is contained. , on the other
hand, a frefuencyth=alteaid dectisnent edr&iignalgai,s whxeghidsidier band of an 16
February 2006 9 OFDM signal as shown in FIG 3B, then the variance at a
speci fic frequencsalsiullatbevomirsoiyrked daiaminhes adeehsisdmwlidhraihel d val ue
is exceeded. The threshold decision circuit 184 determ nes the frequency
at whi ch used to make a decision as to the variance of each.
carrier signal on the basis of the average value of
variances of all carrier signals. The output of the
10 threshold calculation circuit is applied to the
threshold decision circuit 184, which makes a decision
as to whether the variance of each carrier signal is
greater or smaller than the threshold value. When the
variance of a carrier signal is greater than the
15 threshold value, the decision circuit decides that the
carrier signal is suffering from interference.
FIG. 3A shows the condition in which a frequency-
selective unwanted interfering signal is mixed in the
band of an OFDM signal, and FIG. 3B shows a decision
20 threshold value determined from the average value of
variances of carrier signals. As shown in FIG. 3A,
noise is-uniformly distributed over the OFDM signal.
When the receive level of the OFDM signal is high
enough, variances will not exceed the decision
25 threshold value as shown in FIG. 3B even if noise is

contained. 1If, on the other hand, a frequency—.

selective unwanted signal is mixed in the band of an




5 the threshold value is exceeded and decides that a carrier signal
corresponding to that frequency is suffering frominterff6dfebneey 2006 resul t
of decision by the threshold decision circuit 184 is fed into a correction
circuit 185, which 10 corrects the received power of the carrier signal
suffering frominterference to 0. Thus, the output of the correction
circuit 185 indicates reliability informatdorr for each carrier signal
containing the results of decisions as to.whether or not carrier 15
signals are sufferigg frominterference. In the second receiving system
shown in FIG 1, BPMY ehgnathas shewn igh FOEDVBBI ghlzén ridveiveed abyeant amt enna
19 is applied toa tuner go tuned to, th%fsane channel as the first
recei vi ng syst em and tAn EPBITEY (6 1n PSGORE PR dFRAdtY: d@81 EhEn AGC circui t

22, an | Q denodul gii: @R, Cl i , FE l P ts24,..an ul ation
circuit 25, mheré%%l?ﬁggr%%%%%%ﬂﬁg‘ﬁgﬁﬁhﬁgaggégégéﬁﬁ ggb %ggﬁgﬁgggsignal
and then applieddeeiaibgl tabidit V184 HREMRLHOS O GURIUABYChE Cithicig6 as in
the first 25 receiving system As in the reliability inforiation

cal cul ati or® ci rcwihe tBrésholie vdlnst isceareedgd syrst elscidieBethatiability
information calculation circuit 26 is 16 February 2006 10 conposed of a
power detector 26GRITaeyafigitle waresponding2to sthaiy daleghencal £al at i on

circuit 263, a thr%§hold ecision circuit 264, and a correction circuit
265 and suffering from interference. B

The result of decision by the threshold decision
circuit 184 is fed into a correction circuit 185, which
10 corrects the received power of the carrier signal
suffering from interference to 0. Thus, the output of
the correction circuit 185 indicates reliability
information for each carrier signal containing the
results of decisions as to whether or not carrier
15 signals are suffering from interference.
In the second receiving system shown in FIG. 1, on
the other hand, an OFDM signal received by an antenna
19 is applied to a tuner 20 tuned to the same channel
as the first receiving system and then applied to an
20 A/D converter 21, an AGC circuit 22, an 10 demodulation
circuit 23, an FFT circuit 24, and a demodulation
circuit 25, Whereby information is demodulated from
each carrier signal and then applied to a reliability
information calculation circuit 26 as in the first
25 receiving system. As in the reliability information
calculation circuit 18 in the first receiving system,

the reliability information calculation circuit 26 is




produces carrier reliability information from5 denodul ated information
fromeach carrier signal. The outputs of the reliabilith Hebfvary®idcon
detection circuits 18 and 26 are fed into a weighting coefficient
calculation circuit 27, which makes a conparison in reliability

i nformati on between the first 10 and second receiving systens to cal cul ate
a wei ghting coefficient for each receiving®ystem Wien a carrier signal
is suffering frominterference in one receiving system the reliability
information therefore has been made 0. As a result, the weighting

coefficient for tIEPPSedeldi ?i Rgvey sdelpodvif @bilngaf vard aniteerdedeetoe i s set
both of the first and second

to 0. Wen the reézi abil'#lté 'bn_fugr tiaon for C
recei ving syst ens 1 HdPcAESS 801 e R gHOPNGLESREF i 28 ontas UhxeghAdd
significance. In :S 5 oG . el ght i oefficient of. 0 i. put . for
both 20 the firsfﬁgﬁ'lg%cggﬁcgéggée?héﬂg§§tgﬁfre %Pﬁwﬁkﬁﬁﬁl gggée???cients
of the respecti VQ)roﬁQ@@isVEﬁﬁrﬁé’ﬁtﬂ@iadﬁtlﬁﬁ:?i DR o Piat 16h VRIGNT | Ng
coefficient calculation circuit 27 are applied to a conbination diversity
circuit 28.51n tHhiesodulated, inher2i iconiiroat each ofaxiermdyiahad. i nf or mati on
fromcarrier signals is acconplished by first weighting denodul at ed
information fromthe fhespubpdtscebridier dediiabhyity simfornied iBebr uary 2006 - -
11 by corresponding weighting coefficients in nultipliers 281 and 282 and
t hen conbi ning t t F@ﬂ et 1183 @gd 26 are fed into a weighting

coeffigient calculation circuit 27, which makes a
comparison in reliability information between the first
10 and second receiving systems to calculate a weighting
coefficient for each receiving system. When a carrier
signal is suffering from interference in one receiving
system, the reliability information therefore has been
made 0. As a result, the weighting coefficient for the
15 receiving system suffering from interference is set to
0. Wwhen the reliability information for both of the
first and second receiving systems indicates 0, the
weighting coefficients have no significance. 1In this
case, a weighting coefficient of 0 is output for both
20 the first and second receiving systems.

The weighting coefficients of the respective
receiving sjstems determined by the weighting
coefficient calculation circuit 27 are applied to a
combination diversity circuit 28. In this circuit, the

25 combination of demodulated information from carrier
signals is accomplished by first weighting demodulated

information from the first and second receiving systems




information in an adder 283. In this case, when one receiving systemis
suffering frominterference, the 5 correspondi ng wei ght il6Febmafyf 2006ent has
been set to .0, thus allow ng conbination diversity with no effect of the
interference. The reliability information for carrier signals are also
conbined using multipliers 284 and 285 and an adder 286. That is, the
reliability 10 information can be conbimed itk no effect of interference
fromwhich one receiving systemis suffering as in the case of conbination
of the denmpdul ated information. Wen both the first and second receiving
systens are. suf f &y mprnespon8ingt eeidrenge coelidicéentdi in tmulitnpdiersi on
after conbination becones 0, allow ng a succeeding error correction

circuit 29 to eradd e BELhapenblrn fAWbinipgothat vehohtrkt degwdalpbedd

information fromgcarrier .signals 20 an he reliability information

obtai ned by the o ﬁﬂ%&ﬁ?8n18i3%r%é§%f'%ﬁ>6uiEnZERé?ep%%%ﬂiWQEHtBH?he error
correction circuideciQvitg bhateR’ {9s\HAUAEGL PPsn MhelBrdeand Lagei ved
information is obtained. "As” descri bed above,” the present embodi ment al | ows

- 25 conbi natg on diccansispynlyngawsi@it Mid Roadradvensensf fivedn set tot@yference
- and conbination of reliability information for carriers for subsequent
~error 16 Februaryh2@0@lldwingreatiimation tiieeesivy wiorl eat iedfiectrefii t 29.

'n the the interference. The reliability information for
carrier signals are also combined using multipliers 284
and 285 and an adder 286. That is, the reliability

10 information can be combined with no effect of
interference from which one receiving system is
suffering as in the case of combination of the
demodulated information. When both the first and
second receiving systems are suffering from

15 interference, the reliability information after
combination becomes 0, allowing a succeeding error
correction circuit 29 to erase the both demodulated
information.

The demodulated information from carrier signals

20 and the reliability information obtained by the
combination diversity circuit 28 are applied to the
error correction c¢ircuit 29, so that error corrections
are made and received information is obtained.

As described above, the present embodiment allows

25 combination diversity by carrier with no adverse effect

of interference and combination of reliability

information for carriers for subsequent error




diversity reception as well, therefore, the error correction _
characteristic can be inproved using the reliability inb@bmaio20065 I n the
first enbodi ment shown in FIG 1, not only- the denodul ated i nfornmation but
also the reliability information are conbined with weighting. Wth the
reliability information for the first and second receiving systens, the
one having a greater value may 10 be usetd W2 h-the sane result. In FIG 4
there is illustrated in block diagram forman OFDM di versity receiver
according to a second enbodi ment of the present invention which perforns
sel ective diversityryegapn dn byheaerrer amiregtibndefpcul @tzd ounptthe of
first and second receiving systens. In FIG 4, |ike reference nunerals are
used to denote cOFFISIGVdFRECRbAPBNEhtSly tHhesefpreF|the £roprd
descriptions thereof are om The out puts of .the re%i abilit

ted.
i nformation detect S0 & iof‘cﬁﬁl?ga‘féeﬁh%t% C4"% PR pMPEAVED WP dfat or 30,
whi ch nakes a corg@riiaqﬁrh}tg Eﬁ%ﬁl@é“&}’h information between the first and
r

second receiving systens eac carrier signal to provide a control
si.gnal for ghoosing ad edel ¥iPgt SYmbEMRhdIAl Snowal At Bfci M f eldtabhhity 25
i nformati on. Wien one of the first and second receiving systens is
~suffering from i riler fdemedodated sinfeainagliion byti also metié areliiabsetitizo O;
‘thus, the other 16 February 2006 - 13

information are combined with weighting. With the

reliability information for the first and second

receiving systems, the one having a greater value may

10 be used with the same result.

In FIG. 4 there is illustrated in block diagram
form an OFDM diversity receiver according to a second
embodiment of the present invention which pefforms
selective diversity reception by carrier using

15 demodulated outputs of first and second receiving
systems. In FIG. 4, like reference numerals are used
to denote corresponding components to those in FIG. 4
and descriptions thereof are omitted.

The outputs of the reliability information detect

20 circuits 18 and 26 are applied to a comparator 30,
which makes a comparison in reliability information
between the first and second receiving systems for each
carrier signal to provide a control signal for choosing
a_receiving system that is greater in reliability

25 information. When one of the first and second

receiving systems is suffering from interference, its

reliability information is set to 0; thus, the other




recei.ving systemthat is not suffering from interference is selected. \Wen
the reliability information for each of the fist and sdédrBruagc2i06i ng
systens is O, either of themis selected. 5 The output of the conparator 30
is applied to selectors 311 and 312 in a selective diversity circuit 31.
The selector 311 is supplied with denodul ated.. information fromthe first
and second receiving systems and responds #3o the control signal fromthe.
conparator 10 30 to selectively output the denodul ated information from
one of the first and second receiving systens. The selector 312 is
supplied with reltiegsiiviing syatemnehatornis morn shéférisg fmuh second recei ving

systenms and responds to the control signal fromthe conparator 15 30 to
sel ectivel y out pdt""CFESFEPFaLEF i 3L 95t nafhen the ke bibidityhe first and

second receiving systens. _The above rangenent all ows sel ective diversity
reception with n&r@fl@“g?lg PRt 795t eoﬁéé:%ﬁe%éﬁgea‘f S P EFSELY 129
produces a contrals¢gBakst®, S&lardr Yo cndll 9 Loeddid st and second

recei ving systems when the other I's suffering frominterference. Wien both
the first sand secondTheceivpiy &FStiEonparavbteso nos fapgpnieuntsr f er ence,

provision is made to make corrections for loss in the error correction
circuit 29 becauselento2s 3El iayl 1312y innhosabtdivaldisersékgctivenit versity
beconmes 0. Thus, _the second enbodi nent allows selective 16 February 2006
31. The selector 311 is supplied with demodulated
information from the first and second receiving systems
and responds to the control signal from the comparator
10 30 to seleétively output the demodulated information
from one of the first and second receiving systems.
The selector 312 is supplied with reliability
information from the first and second receiving systems
and responds to the control signal from the comparator
15 30 to selectively output the reliability information
from one of the first and second receiving systems.

The above arrangement allows selective diversity
reception with no effect of interference because the
comparator 30 produces a control signal to select one

20 of the first and second receiving systems when the
other is suffering from interference. When both the
first and second receiving systems are suffering from
interference, provision is made to make corrections for
loss in the error correction circuit 29 beéause the

25 reliability information after selective diversity

becomes 0.

Thus, the second embodiment allows selective




-- 14 diversity reception by carrier wthout being adversely affected by
carrier interference and the error correction charact erlieHRebaaty2008 ;
i nproved because the <carrier reliability information is also selectively 5 §
applied to the error correction circuit 29. Conpared wth the conbination :
diversity shown in FIG 1, the selective diversity has an advant age of
being sinple in circuit arrangement though4there is sone degradation in
performance. 10 FIG 5 is a block diagramof an OFDM diversity receiver
according to a third enbodi nent of the present invention which uses a
reliability infordergatycareaphitmrbticasuierdivi thowntbdingmatersehyt he
first enmbodinent. In this figure, |ike reference nunerals 15 are used to
denot e corréspon&ﬁ#&CESHpgﬁeﬁ A ST tsrengprnd HiRd SFESEr i pti ons
thereof are omtt 2 th h vial.ues for variance, decision_, cal cul ated
in the thresholdcgb gﬁﬁg?%o%ﬁ%fééﬁkﬁggtf§3toahﬁ ﬁ@ﬁf???qiéchB??aﬁp?ity

i nformation cal Cadtiian 201 ik LS ila?fo%ﬁthQnS{@V&%hhédﬂ seh&or ? éiﬁaapp' I ed

to a threshold select circuit 32,7 which conpares e threshol d | ues from
the first d&nd seappdirdcebvilg exyst ensrandisel ecidusal woqut p@ﬁﬂgaﬁecsrral | er
one. The threshold decision circuits 183 and 263 in the 25 reliability
detect circuit 1&izhdthe aemkbnatigeciddvemsity showmrina®de.f by emeh carrier

usi ng the thresholg val ue sel ected_ by the threshold select circuit 32.
selective diversity has an advantage of being simple in

circuit arrangement though there is some degradation in
performance.

10 FIG. 5 is a block diagram of an OFDM diversity
receiver according to a third embodiment of the present
invention which uses a reliability information
calculation circuit different from that in the first

- embodiment. In this figure, like reference numerals

15 are used to denote corresponding components to those of
FIG. 1 and descriptions thereof are omitted.

The threshold values for variance decision

calculated in the threshold calculation circuits 183
and 263 in the reliability information calculation

20 circuits 18 and 26 shown in FIG. 5 are applied to a
threshold select circuit 32, which compares the
threshold values from the first and second receiving
systems and selectively outputs a smaller one. The
threshold decision circuits 183 and 263 in the

25 reliability detect circuit 18 and 26 makes a decision
as to variance for each carrier using the threshold

value selected by the threshold select circuit 32.



16 February 2006 15 Wen receiving conditions are degraded due to sone
cause, say, an antenna failure, the variances of all cd6rHebroasy 2008l s
increase and the threshold value for variance deci sion al so increases
accordingly. The 5 threshold value for variance decision indicates the
average receiving quality of all carriers. Thus, by selecting a snaller
one fromthe threshold values for the firdé and second receiVving systens
for use as the ‘threshold value as in this enbodiment, even if the 10
receiving conditions of one of the receiving systens are degraded, it
becones possi bl e to cdirendeeceeinneonsfittioasr eceidégngﬁdexysituermot sole

suffering from interference and ignore it. FIG is a block diagram of an
OFDM di versity P3UEeefd¥r 2R AHHAMY tfé‘léuFﬁur'E]he éfﬂ}”d(ﬂnﬁ’@ﬁt offathe

present inventio I ses. rellablllt calculation circuit
different in arrgﬁ%%h%%tg hose - 3° ﬁg PL?SE ﬁl?ﬁigﬁb & ments. In

this figure,. Ilk,%ﬂlgheée@@@lmraqls% %ergéggst % 1607 repg0 spondi ng
conponents to those of FIG 1 and descriptions ereof "afe omtted. In the

first and $econdtmmbshblﬂl¢@auaﬁﬂmrmahmmancéaﬂ@¢d§ﬂdﬂﬂ1mwlbaUésStﬂ@ and 26
shown in FIG 6, neither carrier variance detection nor threshold
cal cul ation is 2Bvpzafieorreceiving enéliszchf odll hrasstielrd.dethes prby circuits

186 and 266 conpar?s t he recei ved power | evel
ecting a smaller one from the threshold values for

the first and second receiving systems for use as the
threshold value as in this embodiment, even if the

10 receiving conditions of one of the receiving systems
are degraded, it becomes possible to consider the one
of the receiving: systems to be suffering from
interference and ignore it,

FIG. 6 is a block diagram of an OFDM diversity

15 receiver according to a fourth embodiment of the
present invention which uses a reliability information
calculation circuit different in arrangement from those
in the first and third embodiments. 1In this figure,
like reference numerals are used to denote corre-

20 sponding components to those of FIG. 1 and descriptions
thereof are omitted.

In the first and second reliability information
calculation circuits 18 and 26 shown in FIG. 6, neither
carrier variance detection nor threshold calculation is

25 performed. Instead, each of threshold decision
circuits 186 and 266 compares the received power level

of each carrier detected by a corresponding one of the




of each carrier detected by a correspondi ng one of the 16 February 2006 16
power detect circuits 181 and 261 with a preset threshqb@@ﬁabgpg@mm
decides that the corresponding receiving systemis suffering from
interference when the received power |level is greater than the preset 5
threshol d value. Conpared with the first enbodinent of FIG | in which
interference decision is made based on carifer- variance detection, the
fourth enbodi nent has an advantage of allowi ng for the decision of a high
|l evel 10 of interference using sinple circuit arrangenent though there is
sone degr adat i on Powerndet¢el enigerwdidtsediloand a2glirvaichh aAlptresagh the third
and fourth enbodi ments shown in FIGS. 5-and 6 are directed to the

conbi nati on di verdFe§hold Y%&RQHQQﬂwdeFﬂdP§ Bhdardit corgesprBApRInci pl es of
the present. invention _can al be a i,ed.to the selective diversity

reception. In addition, alt¥o %ﬁhlfh%%§58§én% ?ﬁrﬁﬁﬁ%§fﬁ598ce5@@ﬂ‘descrlbed
in terms of di vesl Yos ORRl s 180eA5E ] SFo NG ARl peged nfor mat i on

fromtw paths or channels, is apparent”that the present invention is
al so appl i ®abl e thrdsu@16|ﬁaAu@ecept|on for three or nore paths or
channels. In the case of conbination diversity reception, 25 the
- conbi nati on of denodufemeyrédchfwirthatthen firgm embodiment of FIG. 1 in

which interference decision is made based on carrier
variance detection, the fourth embodiment has an
advantage of allowing for the decision of a high level
10 of interference using simple circuit arrangement though
there is some degradation in interference detection
accuracy.
Although the third and fourth embodiments shown in
FIGS. 5 and 6 are directed to the combination diversity
15 reception, it is apparent that the principles of the
present invention can also be applied to the.selective
diversity reception.
In addition, although the above embodiments have
been described in terms of diversity reception by
20 carrier using demodulated information from two paths or
channels, it is apparent that the present invention is
also applicable to diversity reception for three or
more paths or channels.
In the case of combination diversity reception,
25 the combination of demodulated information from
receiving systems can be optimized by setting decision

threshold values in steps according to the levels of




receiving systens can be optim zed by setting decision threshold values in
steps according to the |levels of 16 February 2006 - 17 16/Februhsr206e and
setting weighting coefficients for the receiving systens in steps. The
present invention is not limted to the enbodinents described so far and
may be practiced or 5 enbodied in still other ways. So far, receivers have
been described which perform conbination &7 selective diversity reception
by OFDM carrier according to received-power. As can seen fromFIGS. 7A
and 7B, the frequency responses of two 10 paths or channels are generally
di fferent from eagterdfexenceThnd, seheing epightyngeteetfimiantandrirsthen path
distortion can be inpraved signlflcantly by conbining or selecting

denodul at ed si gnd®FfV 1o S¥P ﬁ’B?e”beﬁ"r%‘?s ‘as in the aforenentioned

enbodi ments. In additign, I&E aé%l:iﬂcglfadl n hatté@y qith at the time:

V
of nobile reception can &W'se % I pr oved: ccor 'ng e present

i nvention, as de%}r[ﬂola(iﬁen%@o&éscﬂl%cf dos ﬂ@!hé%ﬁaﬁ%éﬁﬂﬂc@ﬂé@ﬁsbky
receiver which, even in the event that a specific carrier signal 20

suf fers from int exbeddedeinabt oW efHeactdaye.di versity reception to be
performed so that the error correction characteristic is inproved. 16
February 2006 - 18 So far, receivers have been described which
perform combination or selective diversity reception by
OFDM carrier according to received power. As can seen
from FIGS. 7A and 7B, the frequency responses of two
10 paths or channels are generally different from each
other. Thus, the frequency-selective transmission path
distortion can be improved significantly by combining
or selecting demodulated signals of two or more paths
as in the aforementioned embodiments. In addition,
15 time~varying fading that may occur at the time of
mobile reception can likewise be improved.

According to the present invention, as described
above, there is provided an OFDM diversity receiver
which, even in the event that a specific carrier signal

20  suffers from interference, allows effective diversity

reception to be performed so that the error correction

characteristic is improved.




VWHAT IS CLAIMED I S: 1. An OFDM diversity receiver including OFDM

recei vi ng/ denodul ati ng nmeans provided in each of two or 16WebfiateZEIGVi NY
systens for individually receiving an 5 OFDM si gnal, transform ng the
received signal fromtinme domain to frequency domain to extract each
carrier signal, and denodulating information allocated to each carrier
signal, and diversity processing neans fer 1&ecei vi ng denodul at ed
information of each carrier 10 signal and perform ng diversity processing
on a carrier-by-carrier basis, further conprising: reliability
information acquire neans for maki WHAT dSCCERADMERSISO the | evel of
interference suffered by denodul ated information obtained for each carrier
15 signal by the OFDM ¥ ecdliHPMdSAuaELs ALY eparddies iincéudhng IFthe

recei ving systens_and. determ ni.n ﬁ%el iabilit information .i ndf'bcati ng a
neasure of reli ab’f?"f?lyn&g/t%g‘)dﬂg 407 dPets ?lﬁré’?’ﬁ'&?fioﬁno?\a‘fmé’ §§’Ps°gf t he
result of the deghsl %ce‘i’%’g_nﬁos%ﬂ&ﬁé'fdr ﬁrrm%ighgglfopéé%\zimg;a. ?ﬁ
responsive to reliability inforfmation determned by the reliability
i nformati onsacqui pEDNBARfMA1Qr teasBfefmile tIRC ebeiged SYSHEAE from time
controlling diversity processing by the diversity processing nmeans on
denodul at ed i nf ordrmtdign t25 fireqnesty i démanrc dor egtratynadcls ufdretierg from
interference. 2. An OFDM diversity receiver according to 16 Februarz 2006
signal, and demodulating information allocated to eac
carrier signal, ‘and diversity processing means for
receiving demodulated information of each carrier
10 signal and performing diversity processing on a
carrier-by-carrier basis, further comprising:
reliability information acquire means for making a
decision as to the level of interference suffered by
demodulated information obtained for each carrier
15 signal by the OFDM receiving/demodulating means in each
of the receiving systems and determining reliability
information indicating a measure of reliability of the
demodulated information on the basis of the result of
the decision; and
20 diversity processing control means responsive to
- reliability information determined by the reliability
information'acquire means for each of the receiving
systems for controlling diversity processing by the
diversity processing means on demodulated information
25 to restrict a carrier signal suffering from

interference.

2. An OFDM diversity receiver according to




19 claim1, wherein the reliability information acquire neans conprises a
recei ved power detect section for detecting the received Febweky 2d06cach
carrier signal obtained by the O-DM recei vi ng/ denodul ati ng neans for 5
each of the receiving systens, an interference decision section for naking
‘a.decision as to the level of interference suffered by each carrier signal
obtained by the OFDM receivi ng/ denodul ati rJra neans for each of the
receiving systens, and a reliability information 10 cal cul ati on section for
calculating reliability information indicating a measure of reliability of
dermpdul at ed i nf ori¥éifod roBParRed Fhr meddrbddity einfeympdlonhReaReérOFDM

recei vi ng/ denodul atiing neans for of, t he re(i%i vi ng syste on the

f h _of
basi s of the 15 F&sUt “EFPEETRRtT olf"leeac%}vi e PPERE| VY Po d&Pet?T section
dth | f S| j f i Sj L 3. A
and the result od&%@ﬁhggtm d%é\f‘eix}gc?r&o%?”%f ﬁ@g;@ﬁlﬁﬁ%&e n

OFDM di versity receiver cording to aim ein rence
deci si on secti on obt@igedpPby SEke BHDMAL A0t ARG ESELIERNS nlgOhedfE €£44+ N A
vari ance of each carrier signal fromdenodulated information of the
carrier sidgnal olsaghned blethecadRiMg sgstems nginelrodid fairengemdenss foar each
of the receiving systens, threshold calculation neans for determning a 25
threshol d val ue §PS&ieR fRaMaHiNG & OGMiEhEN VRS | thddeoflevedchtcarri er

signal obtained hy.the variance.detectin ans for each._of the receiving
systens, and decﬁéfgﬁ%erence suf eré% Ly gacﬂﬁﬁarrler signal obtalnecf3

by the OFDM receiving/demodulating means for each of
the receiving systems, and a reliability information

10 calculation section for calculating reliability
information indicating a measure of reliability of
demodulatedrinformation obtained for each carrier
signal by the OFDM receiving/demodulating means for
each of the receiving systems on the basis of the

15 result of detection by the received power detect
section and the result of decisioﬁ by the interference
decision section.

3. An OFDM diversity receiver according to

claim 2, wherein the interference deéisioh section

20 comprises variance detecting means for detecting a
variance of each carrier signal from demodulated
information of the carrier signal obtained by the OFDM
receiving/demodulating means for each of the receiving
systems, threshold calculation means for determining a

25 threshold value greater than unity from the variance of
each carrier signal obtained by the variance detecting

means for each of the receiving systems, and decision




16 February 2006 - 20 neans for nmaking a decision as to the | evel of
interference suffered by each carrier signal by conpariléFebharyw2ilbance
obtained for the carrier signal with the threshold val ue obtained by the
threshold 5 calculation nmeans. 4. An OFDM di versity receiver according to
claim2, wherein the interference decision section conprises variance
detecting neans for detecting a variance éf each carrier signal from
denodul ated 10 information of the carrier signal obtained by the OFDM
recei vi ng/ denodul ati ng neans for each of the receiving systens, threshold
cal cul ati on neansepos doermgking aadcdsdes of tartherlesiggnalfs obt ai ned by
the variance detected neans for_ each of the receiving systens and 15

setting the snal F@SETiGERRGR Fakienfck PYoragReca¥rifie SHadi P¥ng systens as

a threshold valu [RVAR the . criterion for.interference _decisi-on, and
deci si on nmeans %S%Eﬁékﬁﬁggge deci §'on é’%tf%n?%ef?lévte € c‘):farirﬁfegr?le?%anlce

suffered by each,ganrkRE £hEAMoRY veAWRALLEY: 4G WP MR ikdpesgngPyai ned for
the carrier signal with the threshold value set By the threshold

cal cul ati ors Nneangalchlafno®EMAk versity receiver according to claim3 or
4, wherein the variance detecting neans determ nes a two-val ued variance
by subjecting 25 denpdul abedoFpN clivetrisotyofreeatver aradaadisiggbal to hard

deci si on. . . . L .
claim 2, wherein the interference decision section

comprises variance detecting means for detecting a
variance of each carrier signal from demodulated

10 information of the carrier signal obtained by the OFDM
receiving/demodulating means for each of the receiving
systems, threshold calculation means for averaging
variances of carrier signals obtained by the variance
detected means for each of the receiving systems and

15 setting the smallest average variance for one of the

receiving systems as a threshold value serving as the

criterion for interference decision, and decision means

for making a decision as to the level of interference
suffered by each carrier signal by comparing the

20 variance obtained for the carrier signal with the
threshold value set by the threshold calculation means.

5. An OFDM diversity receiver according to

claim 3 or 4, wherein the variance detecting means
determines a two-valued variance by subjecting

25 demodulated information of each carrier signal to hard
decision.

6. An OFDM diversity receiver according to



6. An OFDM di versity receiver according to 16 February 2006 21 claim 3 or
4, wherein the variance detecting neans determ nes a varl6Hebgiairyn2®liseps by
subj ecting denodul ated information of each carrier signal to hard
decision. 5 7. An OFDM recei ver according to claim2, wherein the

i nterference decision section nakes a decision at to the |evel of
interference suffered by each carrier sigdl by conparing the received
power of the carrier signal detected by the received power detection
section 10 with a preset threshold value. 8. An OFDM receiver according to
claim1l1, wherein cldien & wer 4it yvhereie sdienyanrdansecdabetiesngl eradsal at ed
information obtained fromthe OFDM receiving/ denodul ating neans of the
recei vi ng syst enFGtRHIERSHE 85VaRiARes id1 GivgPs hmdswh#ediiag sity processing

control nmeans wejghts.each of .the denodul ated i nformation qQf each carrier
signal to be conbcieﬁ'ﬁ’dis“l}?%?ﬂelﬂff@’é‘}l%‘f]ﬂl r G8E sFﬂﬁrh%’énssl%W?T 8 Bagds of
the reliability Janfiqrimgtion for the carrier signal obtained by the 20
reliability information acquire nmeans. 9. An OFDM receiver according to

claim1, wherein the «di vansbFBMPFOCESANGcEBRAInGCLECE Fa e dhat-&sn
i nformati on obtained fromthe OFDM receiving/ denodul ating neans of the

recei vi ng syst engheorintacie?2édneardacers isngeabtiandmilbes di \deksbliyn paOCessi ng
Cohtrol to the level of interference suffered by each carrier
signal by comparing the received power of the carrier
signal detected by the received power detection section
10 with a preéet threshold value.

8. An OFDM receiver according to claim 1, wherein
the diversity processing means combines demodulated
information obtained from the QFDM receiving/
demodulating means of the receiving systems for each

15 carrier signal, and the diversity processing control
means weights each of the demodulated information of
each carrier signal to be combined by the diversity
processing means on the basis of the reliability
information for the carrier signal obtained by the

20 reliability information acquire means.

9. An OFDM receiver according to claim 1, wherein
the diversity processing means selects demodulated
information obtained from the OFDM receiving/
demodulating means of the receiving systems for each

25 carrier signal, and the diversity processing control

means specifies demodulated information to be selected

by the diversity processing means for each carrier




means specifies denodul ated information to be selected by the diversity
processi ng neans for each carrier 16 February 2006 22 ..16dehraly 2006t he
basis of the reliability information for the carrier signal obtained by
the reliability -information acquire neans. 10. An OFDM recei ver according
toclaim1, further 5 conprising error correction neans for correcting
errors- in denodul ated i nformation processeé® by the diversity processing
‘means, and wherein the diversity processing neans subjects reliability
‘information for each carrier signal obtained by the reliability

i nf ormati on acqui$&gnEd weakdef basifheok ddwd viedd adydibyrsintoniatdoyi £or
processing, and the error correcting neans corrects the denodul ated

information on t NeHEFTIGr FRENAL| TRIAINAY Py #her Fatt i) ected to

diversity processiﬁ%brmation acquire means.

10. An OFDM receiver according to claim 1, further
5 comprising error correction means for corfecting errors
in demodulated information processed by the diversity
processing means, and wherein the diversity processing
means subjects reliability information for each carrier
signal obtained by the reliability information acquire
10 means for the receiving systems to diversity
processing, and . the error correcting means corrects the
demodulated information on the basis of the reliability

information subjected to diversity processing.






