SPECI FI CATI ON W RELESS COMMUNI CATI ON SYSTEM

RECEI VI NG APPARATUS, MODULATI NG METHOD FOR USE

THEREI N, 5 AND PROGRAM THEREFOR Technical field: The
present invention relates to a wireless conmunication
system a receiving apparatus, a nodul ati ng net hod
for use therein, and a program 10 therefor, and nore
particularly to a denodul ating, nmethod for use in a
recei vi ng appar at us N conmuni cati on system
whi ch enpl oys a pl lﬁ%eﬁélﬁ)l’\bé‘ﬁjl@&;nsm ssi on/reception
antennas. Background art: There have been a technol ogy
for sinultaneously acquiring outputs 15 with respect
to a | f '%P@'i‘ QU

di scl @&ﬂ%ﬁﬂﬁ%ﬁ?@’{%@g@%&% angﬁg tecﬁﬁgll\lc%y for

P! K EBNAET A MEBULATINE MBTPBDF OR UBEITHERER, v od

vice conprising a plurality of

sensors  as di SENPSPROGRAR AHERMOR6. Fig. 32 is a

di agram showi ng an arrangenent of a wireless ri 20
conmmuni cation system of the above type. Receiving
appar atus 800 enpl oys a plurality of reception
Techmi@iMfar; 800- 1 t hrough 800-4, and denodul at es
received signals according to a denmodul ating process
_ bapigsl prssomtirivaEntion Irelatds focpwirelepsararemysicalian Sysien.
~Fig. 32, it is assunmed that signals sent fromthree
reckivisap paratus, 258oduating aethed foiuRINeEraR eaRE 208 By
recei ving apparatus 800 having four ﬁeﬁﬁgt i on.
theeafor rmasmegopartichlasiyde asdemadulgting @3pIR0F 1ASH OsF on
antenna is sending either one of 16-va . Si
recelvingigpparabls ofca wirglass copyaraicy og&gs@hﬁ%ﬂbur&ﬂﬁﬁsg
reception antennas 800-1 fhrough 800-4 each for
P|Ufid@épf/trﬁ@slgl%lcﬁﬂracgpgﬂ’éﬁﬂéqpmglg-ef ficient estimtor 802
Baé:ksground art:

There have been a technology for simultaneously acquiring outputs
with respect {o a piurality of reference signal sequences as discl‘osed in JP-A
2003-1708048 and a technology for processing a plurality of oncoming
signals received by an array sensor device comprising a plurality of sensors

as disclosed in JP-A 9-219616.

Fig. 32 is a diagram showing an arrangement of a wireless
communication system of the above type. Receiving apparatus 800 employs
a plurality of reception antennas 800-1 through 800-4, and demodulates '

- received signals according to a demodulating process based on maximum
likelihood sequence estimation.

In Fig. 32, it is assumed that signals sent from three transmission
antennas (not shown) are received by receiving apparatus 800 having_ four

reception antennas 800-1 through 8QO—4, and each transmissiop antenna is
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supplied with the received signals as its inputs,

esti mates channel 5 coefficients between the

transm ssion and reception antennas, and outputs a
channel matrix. Maximum |ikelihood sequence esti mator
803 is supplied with the received signals and the
channel matrix as its inputs and esti nates
transmtted sequences. In the above exanple, if either
one of 16-valued signals Cl1 through Cl16 10 is sent

sendigehaither PRe & 16rvalided %ig_ﬂ@'ﬁ' GirthEgRC181 hen maxi mum
o1 0SNG APRTGILS BO%FaS foURGRP TG AT RGBS Eng- bitrough

- cofP BT sacoioe 2 Sonal A SERTC It Ge R

R Pl i Bl P BB L
coéf?ﬂie‘?\‘t’% B?fgv:eetr{ tﬂggtfﬂr{strﬁgsioﬁ Hﬁﬁ%%e%ﬁdril ant%ém%s, &hd dudid a

respec eac € antennas. ecel ved si gnal

, chéy |io étrﬁ.egﬁéﬂﬁ'l@h flelinbed $eBRkEheE edtimatdrBod isaupplied adth

S an he channel coefficients as its inputs and

thdRRNEESgRAE andUth8 ¢hanh&oRakBlasitd MPuts ant iestimateXd
Error calculator 813 is supplied with the received

trapb@itiddbs@qebricee, received signal replicas as its

i nputs and cal cul ates an error signal. The
t r amée bbevk eyarhples ifgither ane df Hp-valeed signatsdcsthrasgh cie
generator 811 are for either one of signals cl

is sentdagh tha threa trenemission antannasothengmaximym disaieebs-

4096 generate nutually different trar]s'rrit gg Sé‘rrrbol S.
sequeneecestireatos BYA somusises 409§«sreer-gaieu ethSé ok tyreughy
3

recei ved, si gnal ri-1, ri.2, rj-3, ri-4

804-4096-al @ gwatéétgétb?%ﬁﬁi |'si-1 + h12S1-2 + h13S1-3

ngéfﬁé) ?@%f%é’cigaq%rzsséﬁﬁ1Jihpozu?éﬁlé&-ﬁbé ¥ in the %5 bt Brror
calculator 804 shown in Fig. 33. In first-stage error calculator 804-1,
transmitted symbol geherator 811 generates and outputs transmitted
symbols $1.1, $1-2, S1.3 with respect to each of the antennas.

Received signal replica generator 812 is éupplied with the transmitted
symbols and the channel coefficients as its inputs and generates and
ouiltputs received signal replicas.‘

- Error calculator 813 is supplied with the received signals and the
received signal replicas as its inputs and calculates an error sighal. The
transmitted symbols generated by transmitted symbol generator 811 are for
either one of signals ¢4 through c4s, and error calculators 804-1 through 804-
4096 generate mutually different transmitted symbols.

Received signal replica géneratqr 812 generate four received signal

replicas ry.4, r-2, 1.3, M4 represented by:
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ri-4 ~ h41Sl-1 + h42S1-2 + h43SI-3 5 where 1111, h12,
1113, h2l, h22, h23, h3l, h32, h33, h4l, h42, h43
‘represent the channel coefficients between the
transm ssi on antennas and reception antennas. Error
calculator 813 is supplied with the received signals
and the received signal replicas as its inputs and
cal cul ates error signal ei according 10 to the
equation: el =jr, - r1 112 +jr2 - ri 212 +jr3 -
rj Tgn= B1ibrq FAn2S43 + NpBa3 i r st - st age error cal cul ator
804- 1_oqut put ﬁ_&,genelﬁt ed transmtted synbols si-1,
Sl T2 = 831531 Jp2via CURR08d error signal el. Simlarly,
second;stage . 15 error. cal cul ator 804-2 outputs
tr ‘r‘?s'mhﬂsé'ggsrﬁ%cﬂﬁghﬁfi, S2-2, S2-3 and error signal
e2. . 4096t.h- st el Kol cal cul at or 804-4906 outputs
tr5‘4sm9'€{5é'as'@\?gﬁﬁoﬁ"@l‘é%. 1, S4096-2, S4096-3 and
i.gRal Re4096 .1, Sin Skl.€61,0R,-S R febreddmpkhed
Wh\%ré{ ﬁhf ﬁjézgp %ér}?%rh@\%g&ir%ﬁg{') éﬁéghgh ﬂd'ez' ﬂgsrﬂreg{ Si grﬁa“fes

ch%ﬁ&e{!%gfé&%ﬁtéf%ﬁm&ﬁ e e diHisaiopr ant8Adas ahd reskption

as 20 its inputs, selects a mnimmerror,

_ an@{nﬁag_ut pths transmtted synbols which give the

mnimumerror. In this manner, the transmtted signals
ar Ermop ¢alcatatdr 81 Disssuppliedevitt theheceivedrsigrals aRddbéens
to be solved by the invention: 25 In the conventi onal

- recehadssignaledplicpaniteingsts sad caladates eped sigiel 8; according

signal selector 805 needs to be supplied wth 4096

to iegmadioahd to generate 3 and conpare 4096 signals in
order to degodlul ate,the three signals, and hence
r e§uirlbs a1l drlipr aabunt of cal cul'ations to be carried
out . +T IS iﬁ bﬁcaus? pseudo received signals generated
from¥alft - Gandi dat Bt '

First-stage error calculator 804-1 outputs generated transmitted |
symbols s1.1, Si2, S1.3 and calculated error signal e4. Similarly, second-stage
error calculator 804-2 outputs transmitted symbols s5.4, 2.2, 82.3 and error
signal e;. 4096th-stage error calculator 804-4906 outputs transmitted
symbolé S4096-1, S4096.2, S4096-3 and error sighal esgg6.

Signal selector 805 is supplied with the transmitted symbols and the

error signals output from 4096 error calculators 804-1 through 804-4096, as
its inputs, selects a minimum error, and outputs transmitted symbols which
“give the minimum error. In this manner, the transmitted signals are

_modulatéd.

Disclosure of the invention:
Problems to be solved by the invention:
In the conventional transmitted sequence estimator described above,

signal selector 805 needs to be supplied with 4096 signals and to generate
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that are possible to have been sent and actually
received signals are 5 conpared wth each other. Wen
D signals are being sent fromthe transm ssion
antennas, it is generally required to generate and
conpare D signals in order to denodul ate the D
signal s. Consequently, the nunber of conbinations is
exponentially increased, and a very conpl ex

 andBomPATORILH poral Biprit ABoRHE o e p Bl e

e R e e R
2 P eckins AR REHd oh S ERRES o BNCoBcees
thaf SETUSLLAEHS MDY HeBilscht HRAICIANG REEREAIhaldakd
nodul at1 ng netho or use therein, and a program

cothP&icRf With Whkls Btidre WRaRTPLignals atemeshy sémtTepraitbeal s
wth a very sinple arrangenent. Means for achieving

trandifisbRBkantdmsay, & isgenerallyaenuieed t génerats and cotripare D'
provided a wireless comrunication system for

signals ¢ vrdwy taridntsiiatel theihgignasnsmi tted signals 20
froma transmtting apparatus having M (Mis an :
i nCegsequently, tie nuabeeol cembimsitivss isoexponestials incigased
recei ving apparatus having N (Nis an integer of 2 or
andyaaenecymplexarrangsamenigs sppairest. ué‘”éoa%@&é?a@@%@aﬂslp-f\
for performing nulling representative of . ‘
0-266 B geiRaIR R bONC GTTe iNeN etaly Aedeshnalagisal exariles for
channel natrix Vi as ement s. channel 25 '
QRAERATRIRs A6 e e eBRplogiFPaALe I selvhdne
btrans 1 SSi on antennas; and 4 neans for denodul ating
ADQMELPTE Fritted si ghal s based on the nulled signals.

’g‘ﬁgﬁ’%%b %&jetrcg PEQEE PIRRAPInvERYEN S 88ve tHEEBoLS pRIKI¥ESthd
to provide a wireless communication system, a receiving apparatus, a
modulating method for ‘use therein, and a program therefor which are
capable of demodulating signals with a very simple arrangement.
Means for achieving the task:
According to the present invention, there is provided a wireless
comhunication system for receiving and demodulating transmitted signals

from a transmitting apparatus having M (M is an integer of 2 or greater)

'tr_ansmission antennas, with a receiving apparatus'having N (N is an integer

of 2 or greater), the-receiving apparatus comprising:

means for performing nulling representative of orthogonalization of the
received signals, using a channel matrix having as elements channel
coefficients between the reception anténnas and the transmission antennas;

and
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conmuni cation system for receiving and denodul ati ng

transmtted signals 5 froma transmtting apparatus

having M (Mis an integer of 2 or greater)

transm ssion antennas, with a receiving apparatus

having N (N is an integer of 2 or greater), the

recei ving apparatus conprising: nmeans for performng

nul l'i ng representative of orthogonalization of the

recei ved,_si USi a channel .matr as

o1 aeRRS bt B Faraed st bhseq ende Hed
.antennas and the transm ssion antennas; and neans for
Sgﬂﬁﬁnnating and outputting a li kel i hood for the

2\2 gig%r% |¥18 o tl?(lﬁ gF@Q&g Hﬁ%ﬁﬂor‘? Wh{ere :srﬁ’fjol/ﬁedsérﬂﬁﬁeﬁmre}egs

pre ent 1T nven heére 1's provi

co?r‘ir’hhhuc@f?@ﬁ Eg§e fobrEEa iR a‘Fﬂ'HBiﬁb&@étug@tr%}‘@ﬁﬁ[Bcf Signals

receiving a enodul at | gtransmtte S|gnas roma

frdrh @nPARshhitiMg AFPRERIsUTaVIRY | M &Mirtsg@rof Dbegriatel) 2

or greater) transm ssion antennas, wth a receiving
treARAAESIbN anfEhtia’g with (AN dceivitly apPdraeey hafing No(N & @rirgeger
t he recei ving apparatus conprising: neans for
of Reurfgreateny thelrécaidng @ppecstng abmpeisivig: or t hogonal i zati on
of the 20 received signals, using a channel matrix
havheansforgesfoemirg ohlting etpresertative oé nttbopenalization loé the
reception antennas and the transm ssion -antennas; and

receiued sipoalsousingta chanrel matskinasing avelemends shapne

transmtted signals based on the nulled si gnal S.
cogfficisnts h@twf%?ft r@cegm al"?ﬂf‘@ﬁﬁla&ﬁ’ therdegnsni S'BF‘&W%@E"S

r@ receiving apparatus having N (N is an integer of 2
r greater) reception antennas in a 5 wreless

Cr Anens oo Pl B S ERRR 67 ﬁﬁ%ﬁ%@%fﬁ@ﬁd
il Be LA nBlkd BROR, "1 ool Vi g appar bt us

CORYULFAAG to the present invention, there is provided still another

wireless communication system for receiving and demodulating transmitted

signals from a transmitting apparatus having M (M is an integer of 2 or
greater) transmission antennas, with a receiving apparatus having N (N is an
integer of 2 or greater), the receiving appératus comprising:

means for performing nulling representative of orthogona!izetion of the
received signals, using a channel matrix having as elements channel

coefficients between the reception antennas and the transmission antennas;

‘and

means for outputting a likelihood for bits of the transmitted signals
based on the nulled signals.

According to the present invention, there is provided a receiving

- apparatus having N (N is an integer of 2 or greater) reception antennas in a
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: apnafawrha;@ngaw @h'ﬁe’#ﬂw'ﬂéegec"ﬁ’é A HRP

means for performng nulling representative of the
received signals, 5 using a channel matrix having as
el enents channel coefficients between the reception
antennas and the transm ssion antennas; and neans for
denodul ating the transmtted signals based on the
nul l ed signals: According to the present invention,
there is provided another receiving 10 apparatus
havi n

wirdlass FEnaplcaion syPdEr fesainifg Bhe HeRiglauld Fapimited

siohf& Tath A dHF R A BN Icoi o S

_gre%e&ﬂéﬁ%%@oﬁ éﬁ"t@ﬁﬂh& Sthgr}e@éi%ﬂg"%irafrétﬂg cbﬁﬁf‘rlerH’

s conprising: neéa or mi ng nul

r eme%ﬁggb%éﬁ( Fﬂﬁg ?lhﬂlhgg@ﬁ%s'eﬁﬁéﬂv@rbf‘%ﬁe Pék%lvécﬁmgnals

recelved signals, using a C hannel matrix havi ng as

usify aBEnRer haMEhavif§ ok fdiehentsscieines eveffibientsbepidenrthe
antennas and the transm ssion antennas; and neans for

~ reception batennas amd httptishiiagon antdrelashand for the

transmtted signals based on the nulled signals. 20
Acmeads figr demblelating sies transmitted signaisiesedicn fpeawliedd
still another receiving apparatus having N (N is an

-sughais.eger of 2 or greater) reception antennas in a

W rel ess conmuni cati on systemfor receivjng and
defocrding teghemaesantimeanitiongtre is prvided a%mbﬁ{ FaGeiing
apparatus having M(M is an |nte€er of 2 or greater)

SRbhresSRHPRA AN In'a
wirS 5% GoaHR PV BL AN Ba A st diatingsranaruitedy

siofRnfiat =t BoHTE Bl BN MY 0 FRefe TR e

greaf) il RhAgs ARE $88&Ning d¥ifaratus comprising:

means for performing nulling representative of orthogonalization of the
received signals, using a channel matrix having as elements channel

coefficients between the reception antennas and the transmission antennas;

~and

means for calculéting and outputting a Iike!ihood for the transmitted

“signals based on the nulled signals.

According to the present invention, there is provided still another
receiving apparatus having N (N is an integer of 2 or greater) reception

antennas in a wireless communication system for receiving and

| demodulating transmitted signals from a transmitting apparatus having M (M

is an integer of 2 or greater) transmission antennas, the receiving apparatus

. comprising:

means for performing nulling representative of orthogona!ization of the
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means for outputting a likelihood for bits of the
transmtted signals 5 based on the nulled signals.
According to-the present invention, there is provided
a denodul ating nethod of receiving and denodul ating
transmtted signals froma transmtting apparatus
having M(Mis an integer of 2 or greater)

transm ssion antennas, in a receiving apparatus having

ek Brdal, @éiﬁéﬁécg%ﬁaéfwétrﬁé@%%@gat@g s ERRE e

c@é §nf§f b‘iﬁg‘rél‘%d?ﬁhleiﬂ?&ﬂaesoéﬁ&g{g ﬁébytﬁlsg on antennas;

ona I'Zation © e receive ust ng
a annel matri x having as el enents channel coeff|C|ents
bet ween the reception antennas and the transm ssion

ant gRRAS; foﬁ@ﬂp&ﬁm@eaﬂm&ﬁh@bﬂ R8r bitLof franPARsnhited Sidhaid S

based on the nul signals. According to the present

bageden tltmnuuémeslgnais provi ded anot her denodul ati ng
nmet hod of receiving and denodul ating transmtted

si gAatardirfy torthe presard imvdritiog, tepaiaproyvidela dgrddulating
an integer of 2 or greater) transm ssion antennas, in
mgthasked recaiyingoed demedulalingdransitted signalsiregea of 20
2 or_greater) reception antennas, the denodul ati ng
tr&aﬁm@w&wrﬁtmw\m&hﬂ @4 ipan BTegeetd PROFRateN | i ng
resentative of orthaogonalization of the received
tr%”%ﬂ'éﬁ@” QIE?WS& i ﬁdﬂ?@V'“BﬁﬂﬁakaW&haY@Eh%‘ (B is @dripteger of

chann coeffj cCi e en t recep ant enna

2 §REMHe) FecaRina) %W%S%%Hﬁ‘éwdgfﬂi eﬁl%fﬁ%vp&&?dna

stgé&ggttl ng a likelihood for the transmtted signals
on the nulled signals. According to the present

orEioding HOREG kArRIHEDs Bt cRRRKIER of the received
s.%ﬁag sur@;?}? g%r%'nae%ﬁm{ ﬁ%%?é %‘Pé}ﬁgh{stdﬂéﬂmr\)%PB@éﬂE%ﬁts

avi ng I's an 1 nteger 2 or greate
bdtivaBh thé fectiptidRiiedfas At the PHMisBDreRRanRdsianrYvi ng

N (Nis an integer of

demodulating the transmitted signals based on the nulled signals.

According to the present invention, there is provided another
demodulating method of receiving and demddulating transmitted signals
from a transmitting apparatus having M (M is an integer of 2 or greater)
tranémission antennas, in a receiving apparatus héving N (N is an integer of
72 or greater) reception antennas, the demodulating method comprising the
steps of:

performing nulling representative of orthogonalization of the received
signals, using a channel matrix having as elements channel coefficients
between the reception antennas and the transmission antennas; and

calculating and outputting a likelihood for the transmitted signais based

on the nuiled signals.
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5 2 or greater) reception antennas, the denodul ating
met hod conprising the steps of: performng nulling
representative of orthogonalization of the received
signals, using a channel matrix having as el enents

channel coefficients between the reception antennas
and the transm ssion antennas; and 10 outputting a

i kelihood for bits of the transmtted signals based

e R Rl e
deinpaning i iof o dreeing g cepanuAfte HRTRRME Lo
frop st sBRABuCheRRG M nledin HERLSE R drreaten)
tral%rflﬂsio?l é’rﬂ?hﬁ’ése 955 @Eeiv%{gﬁ%pﬁrﬁﬂfsﬁﬁévirﬁf REM 1s%4h integer of

ant ennas, e program en ing a conputer to perform
2 R QREREATECAItIPEMBRARS B HenALIARRY ARANGAEONriging the
of't hogonal i'zati on of the received signals, using a
stepBafnel matrix having as el enents channel 20
coefficients between the, reception antennas and the
t r pedoinsiag owllmgt representativedofoontiroypesiizatiordefibeueacived
the transmtted signals based on the nulled signals.
sighalspusing@ ¢hanniet matrs bavingrasegiements channelicoefficignted
anot her program 25 for a denodul ati ng nmet hod of
betweesi the ngcepiivndentennasand ghe transmissiaantsingas) androm a
transnittin? appar atus,_ having M (Mis an in%Fger of 2
or outpyiting 2 fikelthogddas Bits hthentransmasted; signals baaed anghe
pparatus having N (Nis an integer of 2 or greater)
_nul P18 ant ennas, the program enabling a conput er

- opPEbdl De PP SGRInGRE WHF Biftided Bbrogram fora

- demodulating method of receiving and demodulating transmitted signals

from a transmitting apparatus having M (M is an integer of 2 or greater)
transmission antennas, in a receiving apparatus having N (N is an integer of
2 or greater) reception antennas, the program enabling a computer to
perform: '

a process of performing nulling representative of orthogonalization of

the received signals, using a channel matrix having as elements channel

- coefficients between the reception antennas and the transmission antennas;

and

a prbcess of demodulating the transmitted signals based on the nulled
signals.

According to the present invention, there is provided another program

for a demodulating method of receiving and demodulating transmiited

signals from a transmitting apparatus having M (M is an integer of 2 or
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5 the received signals, using a channel matrix having
as elenments channel coefficients between the
reception antennas and the transni ssion antennas; and
a process of calculating and outputting a Iikelihood
for the transmtted signals based on the nulled
signals. 10 According to the present invention, there
is provided still another programfor a denodul ati ng

R B T
8oL 8% 0F b o st RGBS
to%rfgfrﬁ?ter) reception antennas, the program enabling a
conputer to perform a process of performng
oL pRaseBr RO ALNRIRY RpHIRdRRRd el R fiotzal o

.th@l'@i%ossiﬁﬁéig,n@éin? GOSdrirfel AidtEx hsbﬁg% élBﬁle{jn%éé gﬁgﬁw

antennas and the Transm ssion antenfas; and
copffieiefs befweii fhetrebagtich hhtePinoBeed thertrdlishiissibntdiennas;

transmtted signals based on the nulled signals.
an8pecifically, a first wirel ess communi cati on system

according to the present invention has a receivVing

appapracess bbealagiating Hndowpuiting eglielibbo@ farthegrasnstted
_reception antennas, for receiving signals transmtted
sighalsnbasezibon thenawliad siggalsppar at us having M (Mis an

integer of 2 or greater) _transm ssion antennas, and
dems@arding fpythenrreseghiaventian.igerers 9503666@53'%"9#'1% of
h I triX.havi I ts ch Lo :
ProgsER 1oF PAIROduRIRE etiind of Fereiving Sndemonyietap i on
tra R ERA Sandls FERE Rl v e e B e Bfinigaer
of 2RSS thHEnIFsiDh GMtdindY) il BYEE&ViInY appatht 1R N (N
is an integer of 2 or greater) reception antennas, the program enabling a -
computer to perform:
a process of perforfning nulling representative of orthogonalization of

the received signals, using a channel matrix having as elements channel

coefficients between the reception antennas and the transmission antennas;

and
a process of outputting a likelihood for bits of the transmitted signals
based on the nulled signals. |
Specifically, a first wireless communication system according to the
present invention has a receiving apparatus having N (N is an integer of 2 or
greater) reception antennas, for receiving signals transmi_tted from a

transmitting apparatus having M (M is an integer of 2 or greater)

- transmission antennas, and demodulating the signals using QR
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rec Rtgm AN

5 reception antennas, for receiving signals
transmtted froma transmtting apparatus having M (M
is an integer of 2 or greater) transm ssion antennas,
and cal culating and outputting a |likelihood for the
signals transmtted from the transmtting apparatus
usi ng QR deconposition of a channel matrix having as
el ements channel coefficients between the transm ssion

de@&ﬂnﬁégtlﬁﬁp?ﬁtdh%n MeeRavi @%@'eﬁ&p}%’l@fseé%el coefficients

nication sys en1accor present

I nteger reception antennas, for

r epeiatoRE wirdlesd éohhﬂﬂﬁé‘&ﬂdrﬁ%sftérﬁ@&ol?dlﬁg%ﬂﬁé bRGent
apparatus having M(Mis an i'nteger of 2 or greater)

invehB6YS ABS ai rebeiRiMgeapisitatubShaity PNl &1 infdgest 2 or greater)
outputting a likelihood for bits transnmtted fromthe

receptos antdnnag, kppeceaiving signalg tARsdditedfrom &itemsoiittiag
channel matrix having as el enents channel
apparefus kavimg ¥ (dtisvasnnieper of 208 greategriransmissios@ntenas,
antennas. A fourth wi reless comunication system
ancgalsutating and eutpuitingslitelinpodifernbetsignala dkangmidedfrorg
apparatus havin a channel coeffjcient estimator for
theéﬁnawﬁinggama&mwmg iy desempesitig &f acehammet matts
betvveen t he, bet ween t reception antennas and the;
haying a8 glereeals ﬁ%efgﬁ%és FWEeD thedeanaBYSSIPg A ;
deCO{gaoser for performng QR deconposition on the
W8Smatrix of the channel coefficients and

P on i Wit R RO 981 BB ethe AR 8RS 20

i J

Ve K aTe D AN (U S T el 22 0 Bt

recBp6H 6htehhad, FRNESILRY SigrEIS trandffittal froANS 'l‘i‘ah‘sﬁﬂttmg
sequence estimator for outputting at |east one of

appdrangMdvirefiVs@a ieas tnteget 6KZbr hasdef Qfarishﬁséabﬁmﬁrt&q
sequence, and a '

and calculating and outputting a likelihood for bits transmitted from the

' be Mb‘é‘?\%b‘i&fd@gﬁsé}oﬁ%ﬁ' r\éb?ﬁtu&?ﬁﬁfe%‘a@ having N (N is an

: 'transmitting apparatus using QR decomposition of a channel matrix having

~ as elements channel coefficients between the transmission and reception

antennas.

A fourth wireless communication system according to the present
invention has a receiving apparatus having:

a channel coefficient estimator for estimating and outputting the
channel coefficients between the between the reception antennas and the
transmission antennas based on the received signals; | |

a QR decomposer for performing QR decomposition on the channel
matrix of the chanhel coefficients and outputting a Q matrix and an R matrix;

aQH processor for multiplying a received signal vector having the
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5 likelihood for bits transmtted by the transmtted
sequence, based on the converted signal and the R
matrix. Afifth wirel ess communi cation system
according to the present invention has a receivVing
apparatus having: a channel coefficient estimator for
estimating and outputting the 10 channel coefficients
bet ween t he betmeen the reception antennas and the

t r.an: n]sskgn a enna based on t he recglved S|%nals

reegl & F9'HE e@@%&ﬁ%ﬁ @repeaedmatmeol
h h ff d
*hfﬁg@?ﬁ% At QUE%@RQ e o Oah e a8 S M cossor
i 1
o Akl B Al At
tratn%ﬁgﬁé’é’% &R, 'a’%k%@ho&ﬁ‘for%?%nsﬁt%@ %Q#l%@rd\‘:t S'a‘ﬂﬂ he

uct a converted sIgna ynbo

Iikélﬁ%o%P BitS ?ﬂa‘ﬁ%hﬁ&e& 8{r 1R 8RS Mitle Pl RINCBUbASEW o the

synmb candi date f he converted signal based on the
coh@@@éd’@@nﬁl Qﬂ@'th?eRrﬂaﬁleO a transmtted sequence
estimator for outputting at |east one of a

t r g0 fifth Wirktessecpmmemicatiohi systanh @aedofding toihetprasemt t t ed
sequence, and a likelihood for bits transmtted by

“inveintioh rmssantddeddng epparates hbviagd on the converted

signal, the synbol candidate, and the R matrix. A

Si >at ¢hamined Iceséicmwﬂetimemri fonesypating and eutputtng &e he

present 25 invention has a receiving apparatus
chﬁawlmg}eﬁépl@mtarheéwe@@éhe betwaan thetresapiien astenaasiangitheg
g T

or PO e ORI Bt Perie B0 ST re RGBS 41 B GieLn
me[t gg’ﬁﬂ%é‘{'@ﬂ’%%ﬁgﬁﬁ%ﬁ% gb@%ﬁi{%ﬂtﬁlﬁ@% érrﬂé?rikl?ﬁld an R matrix;

aQH processor for multiplying a received signal vector having the

received signals as elements by a complex conjugate transposed matrix of
the Q matrix and outputting the product as a converted signal; |

a transmitteql symbol candidate selector for selecting and outputting a
symbol candidate for thé converted signal based on the received signals;
and ' '

a transmitted sequence estimator for outputting at least one of a
transmitted sequence, a Iikelihood for the transmitted sequence, and a
likelihood for bits transmitted by the transmitted sequence, based on the
converted signal, the symbol candidate, and the R matrix.

- A sixth wireless communication system according to the present

invention has a receiving apparatus having:

a channel coefficient estimator for estimating and outputting the
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5 received signals; a sorter for sorting the channe
coefficients based on the channel coefficients

esti mated by the channel coefficient estimtor and the
priorities determned by the priority determ ner, and
outputting a nodified channel matrix; 10 a QR
‘deconposer for perform ng QR deconposition on the

nodi fied channel matrix and outputting a Q matri x and

* onBfingl Bfcics belBl A BoBlactheliotbBanlplbaBet BERANES

X and ou I'ng theé pro d convert ed

Si iori ﬁe?erh'[iﬁé}sﬂﬁ&fé‘i{nfrﬂg&%ﬁﬁﬁtigébé% trh¥mission

outputting at |east one o transmtted sequence, a
sefu&StdS WAsshiRed iftin the FaRSHiRibrP SAEANGS ba8Bd o the

I'it kel i hood for bits transmtted by the transmtted
receisEsighalspased on the converted signal and the R

matri x; and a restorer for restoring and outputting at

| eassorterdooforting tihe ahammditcadflickéhts dased oa, thelohannel

i kelihood for the transmtted sequence, and the
cogfficisintshestimated bybthescharnmet adefficienbestimatarrasdsthie triexdties

sequence, based on the output fromthe transmtted
detesainattby & prienity deierminge apdiatpyitisg a modiigdrhannel

" wi.rel ess communi cati on system according to the

R e e b e R R

mai6sent. invention has a receiving apparatus having:

s e
on 5P B ST CIOBORIRERR BB2, o vt s,
BRSSPI OR o P

recpHIR b 6 e TR By Ao fcHbals o Ry RERAST

the Q matrix and outputting the product as a converted signal,

a transmitted sequence estimator for outputting at least one of a
transmitted sequence, a likelihood for the transmitted sequence, and a
likelihood for bits transmitted by the transmitted sequence, based on the
converted signal and the R matrix; and

a restorer for restoring and outputting at least one of the transmitted

sequence, the likelihood for the transmitted sequence, and the likelihood for

- bits transmitted by the transmitted sequence, based on the output from the

transmitted sequence estimator and the priorities.

A seventh wireless communication system according to the present.
invention has a receiving apparatus having:
a channel coefficient estimator for estimating and outputting the

channei coefficients between the between the reception antennas and the
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5 received signals as el enents by a conpl ex conjugate
transposed nmatrix of the Q matrix and outputting the
product as a converted signal; a transmtted sequence
candi date sel ector for determ ning candi date
sequences for L (L is an integer ranging froml to M
converted signals based on the received signals and
out putting the determ ned candi date 10 sequences as
and a transm tted

transnitted sequyence capdi dates;
tralisniesies aé‘i?ﬁﬂ?%ﬂlﬁsepd?“ iseeivedFidhalseast one of a

TSRS b il LB

et SR BN LoB AR Bnd MAFRR & O oafR AR AT R matric

cangl b‘“ﬁﬁn%%eséér fof gﬁé‘?’eﬁ?gv& FeRleRRR ﬁwﬁh&ﬁtﬁaqnﬁ%t em

accordi hg to the I nvent1 on  has a recel

 redOinad ighaldaY bfherils B hpRR U RS raShSEY Riathebr

estimati ng and outputting the channel coefficients

th® €l Wi AR oD NtHeSrotiBeEaS hUdne8ieMNBRfmakNd t he
transm ssi on ant ennas based on the received signals;

20 atrpnsraiticdysedpienceicandidate sdiectorfomdetermning candidate

bet ween transm ssion sequences transmtted fromthe
sefjuanses & ilofh ia@nhdnieger bargrdg from hdo Memmiveaddsigmads s ;
~a sorter for;sor;ingﬂthe channel coefficients based on
baskd asHhaneteived signials and suttiingtheddaterineddianlicate

coefficient estimator and the prioritjies 25
segueasen arlapymitipd saquencecandiaates; #nd  and out putting

a nodified channel matrix; 13 a . deconposer for

perd BRRSH eéﬁ%@ﬁﬁ%&#lma&w féh 0%'??8%%?#'%8* o ghAel

mat r.i x . and out putt i a trix ar n Rmatrix;, a QH
e I i S R L o S T
2 havi A ' I X
kol Bt ERSRINEbP I Bofe Pt StthEe Wadbd BTN
converted signal, the R matrix, and the transmitted sequence candidates.

- An eighth wireless communication system according to the present

invention has a receiving apparatus having:

a channel coefficient estimator for estimating and outputting the
channel coefficients between the between the reception antennas and the
transmission antennas based on the received signais;

a priority determiner for determining priorities between transmission
sequences transmitted from the transmission antennas based on the
received signals;

a sorter for sorting the channel coefficients based on the channel
coefficients estimated by the channel coefficient estimator and the priorities
determined by the priority determiner, and outputting a modified channel

matrix;
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5 the Qmatrix and outputting the product as a
converted signal; a transmtted synbol candi date
sel ector for selecting a synbol candidate for a
denodul at ed sequence based on the received signals,
and outputting a transmtted synbol candidate; a
transmtted sequence estimator for outputting at |east
one of a. 10 transmitted sequence, a |ikelihood for

| i kel i hood bi t.s

{1 QR R G P RAEHNS LR desqnHmsionn iP BRCiTRg
cnGianSR AReurtidta B Falbixfug Bi5 Wlidkor i ng. and-

he i rpEe Stor BARNRIADS - feREMERTIGT Vokfr RERRS
recdif LARAR, S8 iemishts bl CAIBRRidoRita raiSpos e i 6f

the QUHaRBEarRPbiifpatty hehroRactdd 8icbhi8ged Qighait h
Wi reless communi cation system according to the present

| nwardnigpiittea Symbot eahdidate seBalor FerSsdladtingda sgnbdannel
coefficient estimator for estimating and outputting
candidatOfoc bademodwlatdd seqmnice siedenrnttideceiedasignaldeand
reception antennas and the transm ssion antennas
outpardtond atrankmittext symbd| carghddite; a priority detern ner
for determning priorities between transmni ssion
segisatsadtied srauene astimetarifoeovipatiing aldeast ene ehaas
based on the received signals; 25 a sorter for
trapgpttiedsaqenca an nkelihand for the tragsmiftacisegianse, and el

L e B R b Aok oo
o R B U9 AR oo

BT 5o BB 6

sequence, the likelihood for the transmitted sequence, and the likelihood for

hits transmitted by the transmitted sequence, based on the output from the

transmitted sequence estimator and the priorities.

A ninth wireless communication system according to the present
invention haé a receliving apparatus having:

a channel coefficient estimator for estimating and outputting the
c_:_hannel coefficients between the between the reception antennas and the
transmission antennas based on the received signals;

| a priority determiner for determining priorities between transmission
sequences transmitted from the transmission antennas based bn the
received signals; |

a sorter for sorting the channel coefficients based on the channel

coefficients estimated by the channel coefficient estimator and the priorities
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5 a H processor for multiplying a received signa
vector having the received signals as elenents by a
conpl ex conjugate transposed nmatrix of the Q matrix
and outputting the product as a converted signal; a
transmtted sequence candi date sel ector for

determ ning candi date sequences for L (L is an
integer ranging from1 to M converted signals 10

ased he recei ved signals, and out putti t he
defiiiied R I aicri delemdngh antd Mautiib Bt anne
ma? uence candi dates; a transmtted sequence esti nator
" outputting at least one of a transnmtted

se [ kel : L

nd SR foaolindss dbrianfoshiihe (018 dbbaRpEYHipf b RBfed
' Lt , : verted
o S B G 2 QB Cd IR el e tence

cagdp : TALR= 9N ' i

car bt T Seoss o o AUMPRIRG Brebehed SRR YOG GMng e
redei@d digedls Resleimentd BE aldorsiBk CbAfigaSIaR§SascNtatrbeof

l'i kel i%ood for Di tsbf?ansm tted f/g%the t?g?}sm tted
thes@qnatnizeandosutpdtting thbgrodugtids 4 convérted sigfalr ansmtt ed

sequence estimator and the priorities. Atenth

w adramsmitiednsanuence oandigatecselacioofati degetnuinirigecgndidatet

i nvention has a receiving apparatus having: a channel
sequsscep doeh (L isan integer fangingsromat tll) seovened sianalgy

the channel coefficients between the between the

baseshen fheyrecsiveshsignalsand eltputtingfbrideierminad cangisgate
based on .the received signals., R deconposer for

Se%’e%'\C&Frﬁ%@a'taﬂ"‘ﬁsg&ﬁﬁasn?‘?(&ﬁnfiﬂaf% channel matrix of
ana iAo S85legea Folde@RioritBifiers) i Sanpte of 4 ™

' traliie ﬁtie}fles%qgj;ggeé‘,l a“ﬁc?lfh%rogg@}’ iﬁ@trénﬁpft%%eée\ﬁg%n%ggﬁé 3 as

enent’s a conprex uga anspos t7ix “of

likeliRGo@fdrrits! trardHitRHERHhE! tRehdniiged %%ﬁgéngcé‘,sba%eﬁl%ﬁ’ﬁ{é ed
si gnal ; a transnmtted sequence candi date sel ector
corfvettedligidl] e nfadi 874 the transmitted sequence candidates;
and
a restorer for restoring and .outputting at least one of the transmitted

sequence, the likelihood for the transmitted sequence, and the likelihood for

bits fransmitted by the transmitted sequence, based on the output from the

transmitted sequence estimator and the priorities.
A tenth wireless communication system according to the present
invention has a receiving apparétus having:
| a channel coefficient estimator for estimating and outputting the
channel coefficients between the between the reception antennas and the
transmission antennas based on the received signals;

a QR decomposer for performing QR decomposition on the channel
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sequences for L (L is an integer ranging from1l to M
converted signals based on the received signals and
outputting the determ ned candi date sequences as
transmtted sequence candi dates; a transmitted synbo
candi date sel ector for selecting and outputting 10
synbol candi dates for (ML) denodul ated signals based
on the received signals; and a transmtted sequence

e CH S 80 o0 875 Pl g an et
S eSHNGSocBat Tor DUKEHIPS T et ol 5 VBN

e a8 2R by BEPIERTNhigBSk FERSANR, matrc o

thé"@rrﬁbﬁﬁ(sarﬁpﬁm:bﬂhﬁ\@tth,@@@dl%t% ACBAVENED sighal;he present
i nvention has a réceiving apparatus having: a channel

coaftfaringitted @2tjuBRE® tahditlaRsédig8ior i dutdrmiminyiédndigate
the 20 channel coefficients between the between the
sequearaeisi fonLgbtieanastegedraniging froant e 85icomverted signsls
based on the received signals; a priority determ ner
based oddheredaivedysignalsrand eutpbitingetbe datamsinied sandidate
sequences transmtted fromthe transm ssion antennas

- sequpiu@sEHs rpesmitied seguanee gaadidiatess 5 sorter for

sorting the channel coefficients based on th chaﬂnel

codrtfanenaiied syabohaardidalp saleclonfprralectingrandpeippting
t i mat t Lorifi 16 ' by th
syrBp L dalEr dor ity dediad iy sidnais baSeR AN e deoiiathel
. LX; d f f '
S'gﬁg%g'ﬁﬁasa QR deconposer for performng QR

ition on the nodified channel matrix and

or BaaTEniied SR oottt Yin ol

pr 6CE€ssor rece nal  vect or
trah$itlRR ddfience, a likelihood for the transmitted sequence, and a

likelihood for bits transmitted by the transmitted sequence, based on the

converted signal, the R matrix, the transmitted sequence candidates, and the

symbol candidates.

An eleventh wireless communication system according to the present

‘invention has a receiving apparatus having:

a channel coefficient estimator for estimating and outputting the

“channel coefficients between the between the reception antennas and the

transmission antennas based on the received signals;

a priority determiner for determining priorities between transmission

sequences transmitted from the transmission antennas based on the

received signals;
a sorter for sorting the channel coefficients based on the channel

coefficients estimated by the channel coefficient estimator and the priorities
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recei ved signals as elenents by a conpl ex conjugate
transposed nmatrix of the Q matrix and outputting the
product as a converted signal; a transmtted sequence
candi date sel ector for determ ning candi date

sequences for L (L is an integer ranging from1l to M
converted signals 10 based on the received signals and
outputting the determ ned candi date sequences as

d sequence candi dates; a transmt synbol
deleiierhb Tie Paek g etenGe!. a0 P RREO LT anne!
stﬁr[bol candi dates for (ML) converted signals based on
MAUE recei ved si gnal s; 15 a transmitted sequence

1 OB Rloolytiosditafthendthify o AkafBEsfbnn the rmadiied
Ch?lﬁﬁéﬁ'ﬂgﬁlx utti'ngeé Qr}ﬂggnfé}’i b thH'Htt%Psm tted by

transm seq ence, ase on cdonverted

si gngH eprblf?oré%r'f&t Hultw gﬁ‘[@ gtr@éeﬁlé aﬁ%@éﬁoﬂd ﬁh@m tﬁ@d a

restor restori out puttinhg at east ne of

reddifed §igRAR1ds Sdmedts B ‘é%ﬁﬁﬁex%ﬁ;dda‘f@trbh@&%é‘d%atﬂkeof

transmtted sequence,” and the |ikel'ihood for bits

the Qahamxtér&ﬁo@tﬁutth@ thepisdidtiara senvemstsighased on the
out put fromt transm tted sequence estinmator and

t ha tpansmitted eequéntevehhdidate selbetos faratetermiaalg candidate
system according to the present invention has a
sequentssi for bdL éeqodntegeresnging bom hie Wiaogvertedsignadyl 25
cal cul ator groups and signal selectors in P stages (P
based gn thﬁf@@eéved;slgma@rancbw@u&m thedefemiped ma@tﬂiate
cal culator group in a pth I s an integer ranging
sequefres st fa'%mgtleggs@qé@ﬁﬁ? |°§P'ﬁ k§5:( Kp is an integer of
1 or, grea [ikelih IcuI each pof th
i eerdhsaatist elncleanddate Sedir Ry Seieotid T bupifing,
syRbBl cahdb 88 AN E5ASHAAOPs LRSI AR IrhdeReRR
signals; ' |
a transmitted sequence estimator for outputting at least one of a
transmitted sequence, a likelihood for the transmitted sequence, and a
likelihood for bits transmitted by the transmitted sequence, based on the
converted signal, the R matrix, and the symbol candidates; and
a restorer for restoring and outputting at least one of the transmitted
sequence, the likelihood for the transmitted sequence, and the likelihood for
bits transmitted by the transmitted sequence, based on the output from the
transmitted sequence estimator and the priorities.
A twelfth wireless communication system according to the present
invention has a transmitted sequence estimator including likelihood
calculator groups and signal selectors in P stages (P is an integer of 1 or

greater);
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converted signal, the Rmatrix, Lp-1 (Lp-1is an
integer of 1 or greater) error signals output froma
signal selector in a (p-1)th stage, and the
transmitted synbol candidates; and a signal selector
in the pth stage outputting Lp (Lp is an integer of |
or 10 greater) maxi mumli kel ihoods and Lp transmtted
synbol candi dates whi ch glve the |ikelihoods, based
the

onPdhelneRd taidater HoRE inip %&aahﬁesﬂef%ﬁﬁm%fﬁ% Lip
P) SR Karf i G R S anihlsB B 1 ot digaikefigd oot on

'ca]Eﬂl? glatted sequence estimator including likelihood 15

tor groups and signal selectors in P stages (P

CaFQEh bftRfeliRbod chcu!&ﬁ%aéé%GIatlﬁg bikelinHPR the r? th

culator group in a pth (p is an i nteger rangi

sta?é%{ﬁd]gér%rai?ﬁ g HAGAGARRY Synfisbl EANnCINAte Shased Bk aiger  of

or greater)” likelihood calculators; 20 each of the

convetid 1ge4l, Bl R whatria! sp-axiLew mammt@gén dfel bhgregitarh etrbe
pth stage and generating the transmtted synbol

signalsdiutpaitefsorh assignairsaldetor inoa (erthtacstage raaid thetrar@mitted
matrix, Kp-1 (Kp-1is an integer of | or greater)
syrabolgandidajesilandout put from a signal selector in a |
J)th stage, and the transnitted S(i/_rrbol candi dat es;

;ﬁa sipad selegierin ghe pth Stageoutpiting hpslade apirteger Phy or
aregla MR BUTLWeogRS 8nd e FANGSTFiRg SHErbo) SaRdates WhoRp
o R Sh oA T b i et
a3 oG ffbf?\elé“aﬁaii%%'ﬁd%w'sﬁg%afﬁeﬁ?é“égﬁagﬁfﬁﬁﬁ e

SRS T BRES coNHL albl 8 BAPLc AR 188 prdsant
invéfkbreh8d altratRhefe@Sequence estimator including |ﬂ(e|lh00d
calculator groups and signal selectors in P stages (P is an integer of 1 or

greatér);

a likelihood calculator group in a pth (p is an integer ranging from 1 to

| -P) stage comprising Kp (Kp is an integer of 1 or greater) _Iike’lihood

- calculators;

each of the likelihood calculators calculating a likelihood in the pth
stage and generating the transmitted symbol céndidates based on the
converted signal, the R matrix, Kp-1 (Kp-1 is an integer of 1 or greater) error
sighals but‘put from a signal selector in a (p-1)th stage, and the transmitted
symbol candidates; and

a signal selector in the pth stage outputting Kp+1 maximum likelihoods

and Kp+1 transmitted symbol candidates which give the likelihoods, based
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groups in the Mstages. A fifteenth wireless

comruni cation system according to the present
invention has a transmtted sequence estimator havi ng
i kelihood cal culator groups in N stages (Nis an
integer of 2 or greater) and signal selector 10 groups
in the Mstages. A sixteenth w reless communication
system according to the present i nvention has a

on kpiiBelped wﬁpﬁyﬁé‘ﬁf@ﬁ% ; ézgé'@%:éq?ﬁuéiiriﬂ%aﬁh stage
and Sy Nvithe b@icéata@%fﬁéie 15 A coventeont b w r el s
o Yy §%W5%‘°§%a&§emé%%ggﬁﬁ g Rihe present

invéﬁ}?djﬁjéé‘gt n8Rtked ?8{;@&6&! stl | naﬁ%r H%g@g'lﬂé(%ﬂh&éd éél@@i%?or

a S|gn sel ec Thoat ects a nhpst
t od
grohbg ﬁH M étégg% @ r:% gﬂ lﬁ@@%? Bg?gﬁ@g‘éﬁéﬂp&vﬁ 2:? gélsi‘éﬁéd:tﬁp

grogpgwmecmtgt@@egsystem according to the present
invention has a transmitted sequence esti mator

i nalfiftdenth wirgless cerimanioation systampacoordingto the prespeas,
and a signal selector in a final stage selects. a nost
invéntionl hag a massmitted ssquprmecestmnatoo haying dikelihdddeCalngiator -
for a bit sequence transnmtted by the sequence. 25 A
groups i Natages¥ is a3 integemeli? cugieater} podsignal selesierg t o

the present invention has a transmtted sequence
grodrg i%ﬁd\/‘ st#@9udi ng a |i kel i hood 19 cal culator for

onverted signal replica usin | ement s
ot A Shiestf yilieless SommuneoR YSET REcPIONRg o BIsPIaSP

| ‘nlnv%qt&qysa'\sf % Hﬁﬂuaﬁ%g?ﬁearf&é{:% it 8&"&“516@: gﬁ\ﬁ%\/\éﬁgf’@{ §in

a pIOFAIR) 5P S1e68UT A G4l savﬁ%&&gh%%a%& L0k Gitplls

ansm sequenc mat or

. a micRiMKdIF trafsMittd kS 4Re.

A seventeenth wireless communication system according to the
present invention has a transmitted- sequence estimator including signal
selectors in a plurality of stages, and a ‘signa! selector in a final stage selects
a most likely transmitted sequence and outputs a likelihoed for the '
sequence.

An eighteenth wireless communication system according to the present

~ invention has a transmitted sequence estimator including signal selectors in

a plurality of stages, and a signal selector in a final stage selects a most
likely transmitted sequence and outputs a likelihood for a bit sequence
transmitted by the sequence.

A nineteenth wireless communication system according to the present

invention has a transmitted sequence estimator including a likelihood
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calcul ator for calculating the likelihood using a
squar ed Euclidean di stance between the received
signals and the converted signal replica. A twenty
first wirel ess conmunication system according to the
present invention has a transmtted sequence
estimator conprising a |ikelihood 10 cal cul ator for
calculatlng the likelihood using a Euclidean distance

| converted perform ng a given processn er
Ca'SH'aSPfsfaﬁa%%f aEUB 15 féfé‘é(ﬁ"‘%ﬂsﬁ'@[iﬂ! &eplisa YRiBg, Jﬁ%@ t@@itt &

maff 2 opEulated o6 TReRTAcat g ERnsraL Ean I ETIr o om

[ese |nv nti.on ha(ﬁa transg tte synbol candi dat e

theirERbR S S0 G A% 1ruleoBNEE yoffisr A Luenty Sixh

R e TR ?éh@ﬁ?@?éﬁ&ﬂéﬂsﬁgﬁ{ %%4%’3?‘5@ 1 ePFee%ﬁ?t
mv@ﬂ%ﬂﬂh@ P?rf@nm&gl:l snhgéhégggﬂﬂgﬁfr' i ré é d'k

sSeven SS €O nicatron sys ng to t he
cal@QIaﬂj"r%teEélchﬁYﬁ&%é’ [H(él?ﬁ%oﬁ WRin é's@baﬁeﬁi E[l&ﬁdé%rn distance
enpl oyl ng recel Ved el ectric po of each of the

betwedhsib b 66ivee %Wénd thd E&Wéﬂe@! 92&51 replicd.ess

comuni cation system according to t present

I nagwengfistavirelgssi coktrhynidatien system aopdrdingno the present
received electric power vs. nolse electric power
inveatioroha$ adeartsnaifted Isequencs aslimatbrcompisirasa likslihmod
twenty ninth wireless communi cati on system accordi ng
cal@watqﬁéom@glelntmg ithe iraliheadiusinga fuchdeary d@éawqféderted
npl oyi ng a received_electric power vs. 20 no
by BPdeNTIg * aixen %@%I%@p%rﬁﬂpﬂp@ra sauaved uclidean éiistance
the transm.tt ences.

bet?ﬁep:thé? %&%ygép@% @?ﬂr{nﬁ %%‘136{1?‘13 g'ﬁ@ @%gr di ng t o

SARE S
invention has a transmitted symbol candidate selector employing a linear
filter. '

A twenty sixth wireless communication system according tp the present‘
invention has a transmitted symbol candidate selector employing maximum
likelihood estimation. |

A twenty seventh wireless communication system according to the
present invention has a priority determiner emp.!oying received electric power
of each of the transmitted sequences. '

A twenty eighth wireless communication system according to 't_he

present invention has a priority determiner employing a received electric

power vs. noise electric power ratio of each of the transmitted sequences.
A twenty ninth wireless communication system according to the present

invention has a priority determiner employing a received electric power vs.
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Athirty first wirel ess communi cati on system accordi ng
to the present invention has a transmtted sequence
candi dat e sel ector enpl oying maxi numlikelihood
estimation. The w rel ess conmuni cati on system
according to the present invention 10 uses a channel
matri x whi ch has been QR-deconposed, and estinates
transmtted sequences using pseudo received signals

| enerated from a luraljty of likely sequences and

“Og@téﬁP I ROXELi3eRy aBF‘ g%ﬁ*anke.r?/qrﬁn% egcﬁ% E%}gﬂef a%'ﬁmﬁéph&ff

th SF uen(%{esd, signals can be denpdul ated with a nuch
SIRPPOFCUFFRITIERBNt t han heretofore. 15 Bri ef

or 75t icSlest SoihEllbABh syl dodeieBodo R plefi ™"
nEORINES it AR Rbe cANANES  Reiskl erfplbing o near

fitdéecei vi ng apparatus shown in Fig. 1; 20 Fig, 3 is a
bl Qck di agram of a receiving apparatus according to a
fi insthimefilaedirgRizs mrhlRicafies 8PstehM 488ty tofthd prédseri
a bl ock diagram of a receiving apparatus according to

inventise has & teamamittedfequbntd eandigatnteledior @iMployingi 9. 5
Is a block diagramof a transmtted sequence estimator

* masiroum likelihdsd BstimationFig. 6 is a block diagramof a

third-stage |ikelihood calculator shown in 21 Fig. 5;
Fi dheviraless bomotunicatipnasystémaacsentingl s thegerelsektinventich
cal culator shown in Fig. 5, Fig. 8 is a block di agram

uses aghennek metrixgshich ihasi iestQRadlecnraposed lrodrestimates

. Fig, 5; ) . .
transr%itted sequences using pseudo received signals generated from a

plurality of likely sequences and actually' received signals. Using a suitable
number of sequences, signals can be demodulated with a much simpler
arrangement than heretofore.

Brief description of the drawings:

Fig. 1 is a block diagram of a wireless communication system

-according to an embodiment of the present invention;

Fig. 2 is a flowchart of a demodulating process performed by a

- receiving apparatus shown in Fig. 1;

Fig. 3 is a block diagram of a receiving apparatus according to a first
embodiment of the present invention; |
- Fig. 4 is a block diagram of a receiving apparatus according to a
second embodiment of the present invention;
Fig. 5 is a block diagram of a transmitted sequence estimator shown in
Fig. 4;

Fig. 6 is a block diagram of a third-stage likelihood calculator shown in
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Fig. 9 is a flowhart of a denodul ati ng process
performed by the receiving apparatus according to the
second enbodi ment of the present invention; Fig. 10
is a block diagramof a receiving apparatus accordi ng
to a third 10 enbodi nent of the present invention;
Fig. 11 is a block diagramof a transmtted sequence
estimator showmn in Fig. 10; Fig. 12 is a block
. diagram of a second-stage |ikelihood cal cul ator shown
Figiw Fig. 11; 15 Fig. 13 is a bl ock diagram of a

firstosta l.i kel i hood cal cul ator i,n_, Fig. ;

i 5. T3¢ Adack SRR A agrecendariate Raggd faisuidor Shown
in Iﬁﬁré,ormad by the receiving apparatus according to the

tHiTd enbodi nent of the present invention; 20 Fig.. 15

o N . ¢ i .

o - 85 GLEREaRTof A AR TROBIR AbGa R SHo ™
Figl§: is a flowchart of a demodul ating process performed
by' the receiving apparatus according to the fourth
enpigdbng atflofchafeofRl 8Bt uldtiRgProEess petforfriedl bylthe s a
bl ock di agram of a receiving apparatus according to a
recéiviigraprarangi aozotding t6 tite peesrehémbodienéntaf the présent 18

Is a block diagramof a transmtted sequence estimator
invefittoln  in Fig. 17; Fig. 19 is a block diagramof a
second-stage |ikelihood cal culator shown in Fig. 18;
5 Figg102aitdock dihgrain of ageeeivinig apparatis-ascarging to a third
| i kel i hood cal cul ator shown in '
embodiment of the present invention;

Fig. 11 is a block diagram of a transmitted sequence estimator shown
in Fig. 10;

Fig. 12 is a block diagram of a second-stage likelihood calculator

- shown in Fig. 11;

Fig. 13 is a block diagram of a first-stage likelihood calculator shown in
Fig. 11;
Fig. 14 is a flowchart of a demodulating process performed by the

receiving apparatus according to the third embodiment of the present

- fnvention;

Fig. 15 is a block diagram of a receiving apparatus according to a-
fourth embodiment of the present invention;

Fig. 16 is a flowchart of a demodulating process performed by the
receiving apparatus according to the fourth embodiment of the presenf

invention; _
Fig. 17 is a block diagram of a receiving apparatus according to a fifth

embodiment of the present invention;
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Fig. 18; Fig. 21 is a flowhart of a denodul ati ng
process perfornmed by the ' receiving apparatus
according to the fifth enbodi nent of the present
invention; 10 Fig. 22 is a block diagram of a

recei ving apparatus according to a sixth enbodi nment
of the present invention; Fig. 23 is a bl ock diagram
of a transmtted sequence estimtor shown in Fig. 22;

[ Pl TR Hash JAgrasm o earansniien soRRgnoR S9iTRalpr SpoWn,

. #a bﬁck di agram of a first-stage |ikelihood cal cul ator
M¥Bon in Fig. 23; Fig. 26 is a block diagramof a

e 838 RBioG B B 3tsecy-Subh InalfRRATAIIRE

Eﬁl?fr? Sq4hN Which information is assigned to
. sh ralr.@lr:rl?tg%

_ d signals; Fig. 28 is a block diagramof a
Si gRAb0SS LGN di%?[%% G FirsRsBgbREMoRNbaekERstshRivn in
the“present 1 nvention; Fig. 2971s a block diagram of a
Figchgnnel coefficient estimator according 25 to an
el event h enbodi nent of the present invention; Fig. 30
| SFig. dit dg adivwaian ofg: demosulatingprecessaperfarmed by the
enpl oyed 23 when the channel coefficient estimator

__recelvmgﬁapparét@ ac@rdingus ¢l fifth @misidimsnboblhegiredealgr am.

of a receiving apparatus according to a twelfth
inventimogi ment of the present invention; Fig. 32 is a

bl ock di agram of a conventional receiving apparatus;,

5 Figg223gaiblock girgram @f agesnivitg appasatusracoarding 4e grsixth

hown in Fi

sha Fig. 32; . .
embodiment of the present invention;

Fig. 23 is a block diagram of a fransmitted sequence estimator shown

in Fig. 22;

Fig. 24 is a block diagram of a secbnd-stage tikelihood calculator
shown in Fig. 23;

Fig. 25 is a block diagram of a first;stage likelihood calculator shown in
Fig. 23;

Fig. 26 is a block diagram of a signal selector according to a ninth
embodiment of the present invention; |

Fig. 27 is a diagram showing examples in which information is
assigned to transmitted signals;

| Fig. 28 is a block diagram of a signal selector according to a tenth

embodiment of the present invention;

Fig. 29 is a block diagram of a channel coefficient estimator accordihg
to an eleventh émbod‘iment of the present invention; | |

Fig. 30 is a diagram showing transmitted signal formats employed
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Fig. 34 is a block diagramof a signal selector
according to a thirteenth enbodi nent of the present
invention; Fig. 35 is a block diragram of a signa

sel ector according to a fourteenth enbodi nent of the
present invention; and 10 Fig. 36 is, a block diagram
of a transmtted sequence estimtor shown in Fig. 35.
Description of reference characters: 1 3, 5, 7, 8,

whSli S A SIS Przabidiaph
B 3B 5 AL
sl ol g (20, et
0) ; 703

CoPl 281811504 B 3o oo g et

P[?egggﬁ al\sﬂé ek dia raﬁﬁ of &% eri‘&%alc?@gto%ﬁ@ﬁvﬁhﬁg:lg;@b um

rans Ssion antenna 41 41-16 -

- 4??1‘31419 atlodk diterdrld a Signdl seidetdr adsbrding@da t?ﬁ‘té’éﬁth
91-16K, 93-1 - 93-16bK1, 111-1 - 111-L2' 113-

embo_éihi?eri'tﬁtHfégresbNﬁwbnt:oﬁZM 16, 1206-1 -1206- 16K1,
" 1208-1 - 1208-16K2 |ikelihood 24 cal culator 42, 44,

 46Figo 35 i$4,bleck didgrarh bl a sigdal s2létor3aording3o alfoofteenth
signal selector 55 transmtted synbol candi date

embetiipwendrof tite passeds jnvedboprdnd i ty deter mi ner -

Fig. 36 is a block diagram of a tralnsmitted sequence estimator shown
in Fig. 35. |
Description of reference characters:

1,3,5,7, 8, 100, 700, 1200 receiving apparatus

2 transmitting apparatus

4,86, 9, 15, 77, 110, 706, 1202 fransmitted sequence estimator

10 nulling device

11-1 = 11-N, 31-1 — 31-4, 51-1 - 51-3, 71-1 - 71-4, 81-1, 81-2, 101-1,

-101-2, 701- - 701-4, 1201-1 - 12044 feceptibn antenna

12, 32, 52, 72, 82, 102, 500 channei coefficient estimator
13, 33, 83, 75, 85, 106, 703 QR decomposer
14, 34, 54, 76, 86, 107, 705 QH processor

18, 35, 56, 79, 108, 707 recording medium

21-1-21-M trahsfnission antenna |

41-1 -_-41-16, 43-1 - 43-16K1, 45-1 - 45-16K2, 61-1 — 61-8, 63-1 - 63-
8K1, 51—1 - 91-16K, 93-1 ~ 93-16K1, 111-1 ~ 111-£.2", 113-1 - 113-L1’K1,
1204-1 — 1204-16, 1206-1 — 1206-16K1, 1208-1 — 1208-16K2 likelihood

24




74, 84, 105 channel coefficient sorter 78, 89, 120
restorer 103 control channel restorer 201, 301, 901
ant enna-speci fic mni num val ue sel ector 10 202, 203,
302, 303, 902 bit judging device 204, 205, 304, 305,
903 bit-specific mninmmvalue selector 206, 207,
308, 309, 909 bit-specific likelihood cal cul ator 210,
211, 310, 311 turbo, decoder 306, 30.7, 904 error

I |%Pa accumul ator 15 411, 431, 451, 611, 631, 911,
7039@ F1111, 1131 transmitted synbol candi date

ﬂ@g?{,o{p %&zﬁg aée?f? 3 hg?ét %ﬁ?&'ﬁ%ﬂq‘?i’%%ﬁ?'lmz

Sdgé% 633, 913 933, 1113 1133 error cal cul ator
1, 501-3, 505-1, 505-3 pilot synbol replica

t.%tngﬁ,}%é@%ﬂm?gggmﬁ%tgg?éﬂoﬁoe 3 correl ation

detector 905 - 908 function

Pr 986830104 Ardty HReHFRe2d 1209 signal sel ector
i ncorporating a b|t ['1' kel i hood outputting function

- Bepg, SDART etiariit] coefigicPicoftee | nvention: 25 An
enbodi ment of the present invention will be described

Wi 78, 89 ef2) msteeto the drawings. Fig. 1 is a block
di agram of a wireless conmunication system accordi ng

t 0188 cenbrochremmiel odstodee present invention. In Fig. 1,
the wirel ess comuni cation system according to the
enB0Hi 3Fht90 witenna-speeifie minimyanales salectkis recei vi ng
apggé’azt&sz 3%2?%%3} 582n %Ir{]jltléglr?g device
204, 205, 304, 305, 903 bit-specific minimum value selector
206, 207, 308, 309, 909 bit-specific likelihood calcutator
210, 211, 310, 311 turbo decoder
3086, 307, 904 error signal accumulator
411, 431, 451, 611, 631, 911, 931, 1111, 1131 transmitted symbol
candidate generator |
412, 432, 452, 612, 632, 912, 932, 1112, 1132 converted signal replica
generator | |
413, 433,l453, 613, 633, 913, 933, 1113, 1133 error calculator |
501-1, 501-3, 505-1, 505-3 piiot'symboi replica generator
502-1, 502-3, 506-1, 506-3 correlation detector
704-1 — 704-4 despreader
905 — 908 function pro'cessor
‘1203dec§der
1209 signal selector incorporating a bit likelihood outpuftting function

- Best mode for carrying out the invention:
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apparatus 2 to be connected to each other through

Wi rel ess conmunications. Receiving apparatus | has N
(Nis an integer of 2 or greater) reception antennas
11-1 - 11 -N and conprises nulling device 10,
transmtted 10 sequence estimator 15, and recording
medi um 16. Transm tting apparatus 2 has M(Mis an
integer of 2 or greater) transm ssion antennas 21-1 -

s e
refgrdficH SO K Yhuifigs FRE 938 PRBLR RSO 4 BREIEKS™S
coHpHu‘(lﬁ_\‘i’éaltBH fyéérﬁ"'f%or@gn Foséﬁ'e di’k%ﬁt’\bf"ﬂhb .régéﬁ’tr iRR&Rtion.

rocess own I n ki

In Iﬂgr § %Eﬁ?\r@l@@é‘c&rﬁﬁﬁ]ﬁféﬁ%rﬁﬁ%rﬂté&oﬂdlﬁé%tﬂeeémﬁodlment
program

program execut abl e by a conputer) stored

of th gresaitdhvihtithdiiidNslreceliifapssatos Nandppaisaitigl

receives transmtted signals from transm ssion
appaThRiz 2o B4 connedtdd b eachrahemnthréugiowaplessat us 21

(step S1 in 20 Fig. 2), nulling device 100 nulls
comauwmicationsi gnal s using a channel matrix whose

el ements are represented by channel coefficients

beRaeeivingrapparatusshhas Nofd isr an integerofahocaisater) seegptiop

in FIG 2). Transmitted sequence estimator 15

antgareedfidt ed 1t’H@'\détQ§nWé‘iﬁssn'¢}H%ﬂl gevige 10 ianamideheen

s i S BB Trd S SR L

iy uﬁ%’%rvéf{%obﬁ%%&é‘é Pl 7
F{% EI& escr| d%fét(/\n% eﬂl’é?ﬁé‘e}’ gé‘r"l‘ @%@P?‘?&ééﬁ@ing

apﬁdr@ﬁ%”‘l Ehbwe ﬁﬁfﬁ‘ﬁatﬂ?e ?eﬁf{o%iuiéi b’r69e§§’ Stfofm§&®BYi on

antennas 11-1 1I-N o recelv g apparat us 1,

receRAR) HFshratuE RaccorditRffodthelembogithetit OFENY Brededt invention
represented by the signals received by

will be described below with reference to Figs. 1 and 2. The process shown

in Fig. 2 is performed when receiving apparatus 1 executes a program (a

program executable by a computer) stored in recording medium 1.

When receiving apparatus 1 receives transmitted sig_nals from
transmission antennas 21-1 — 21-M of transmitting apparatus 21 (step S1in.
Fig. 2), nulling device 100 nulis received signals using a channel matrix

whose elements are represented by channel coefficients between the

transmission/

reception antennas (step S2 in FIG. 2).
Transmitted sequence estimator 15 demodulates the received signals
that have been nulled by nulling device 10 in a descending order into Mth

through 1st _transmitted sequences (step S3 in Fig. 2). Receiving apparatus
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respective reception antennas 11 -1 - 11 -N can be
expressed by: r = (rl, ---, rN) where rl represents
the received signal received by first reception
antenna 11-1, and rN the received signal received by
Nth reception antenna I 1-N. 10 If channe
coefficients between transm ssion antennas 21-j and
recepti on antennas 114 are represented by hij, and a

L f@ﬂ%ﬂﬁibe”ﬁw SoHlRRG R Aot TR WEIS
n @&qﬁi‘ﬁdﬁ%@sgg Re EftZH b5 hubind devios fo 'y befyeperiReg

befdl. "W ohe nﬁ%rfaﬁQ fﬁﬁ?ﬂéﬁsrﬂiﬁiﬁigigé%ﬁ&g 2%r8 Wé+ei¥€& bY™N

whose € are represent Sl gha

rederfﬂﬁﬁ 'En?érﬁ%sf { ‘P-P{U ?‘M\PS? rLRViNG BpPhREHIS N re%@i\%@fﬁgnal

a (Gaussi an nol se veci whose

veé’tb?ﬁﬁzﬁbéie @Ié?neﬁt%lﬁréfréﬁﬁeﬁs‘éntéd @@ws;gnamea@ﬁeadﬂed by
respective reception antennas 11 -

redielctive gdpriba antéhiganet-dt-es 1/NIchin be eipgesdedzbyisi ng
nulling matrix A. Nulling signal z can be expressed
asr =4ApAr-=pigr-An . The nul ling represents

ort hogonal i zati on of received signals. If sM sM+ sM
where r1 represents the received signal received by first reception antenna

- 11-1, and rp the received signal received by Nth reception antenna 11-N.

If channel coefficients between transmission antennas 21-j and
reception antennas 11-i are represented by hjj, and a channel matrix whose
elements are represented by channel coefficients hjj, then received signal
vector r is described as:

-[Equation' 1]

h oo A ] & n
r r, F S 4 Ry
2 n o E3%, 2
F= 1=, . . . .+ =Hs+n
Fud W fve 0 P U8 Ry

where s represents a transmitted signal vector whose elements are
represented by the signals transmitted from respective transmission

antennas 21-1 — 21-M, and n a Gaussian noise vector whose ele_ments are

. represented by Gaussian noises added by respective reception antennas 11-

11— 11-N. |
Nulling device 10 generates nuiling signal z using nulling matrix A.-
Nulling signal z can be expressed as:

Z=Ar=AHs + An

The nulling represents orthogonalization of received signals. If sp, sp + sp-
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1, sM+ sM1 + sM, sM+ sML + - + sl are selected as
M ort hogonal axes, then nulling signal z is described
as: [Equation 2] ss, n', 0r22r2Ms2 n'2 z= 22 Rs
nNn=z, 00z. 000r.. n, M 5As nulling matri x A,
there can be used a conplex transposed matrix of a Q
matrix that is determ ned by perform ng QR

deconposi tion of channel rratrlx H for exarrple as

AR 0+ el i
axep%%%%euﬂéé“a@@%ﬁ%5%8*%@%5 s 7 G GHF =

+n) = QHARs + Hn 15 = Rs + n' Cenerally, the

satisfies QHQ = 1| is;a unit matrix).
ted seqdience estifmatpf ”pr pares synbol
Aes,ind0 m sl ]
o o0 - :
0 0 0 nellsyd 10y,

As nulling matrix A, there can be used a complex transposed matrix of a Q
matrix that is determined by performing QR decomposition of channel matrix

H, for example, as follows:

[Equation 3] ,
by hy o By, 9 G2 7 G i A R

H= hy . : _ gy : _ 0 n, - By =OR
Y dn 0 Qe 0 - 0 Faane

In this case, the nulling process is described aé follows:
Z=QHy |
= QH(Hs + n)
= QH(QRs + n)
~=QHQRs + QHn
=Rs+n’
Generally, the Q matrix satisfies QHQ =1 (lis a unit matrix).
Transmitted sequence estimator 15 prepares symbol candidates in a

descending order from sp to s4, and estimates and outputs a transmitted

~signal vector s4, s2, -, sp1. In this manner, M signals that are

simultaneously transmitted from transmitting apparatus 2 which has M
transmission antennas 21-1 — 21-M can be demodulated. According to the

-embodiment of the present invention, therefore, signais can be demodulated
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descendi ng order fromsMto sj, and estinmates and
outputs a transmtted signal vector sj, s2, '-', sM
In this manner, M signals that are 20 sinultaneously
transmtted fromtransmtting apparatus 2 which has M
transm ssion antennas 21-1 - 21-M can be denodul at ed.
According to the enbodinent of the present invention,
therefore, signals can be denndulated 28 with a nuch
npl er arr?ngenent than he etof

Wil e BT ARG A Sut BRSO e P Ha AT aPPTepRates
F@ 0Flock di agram of a rece|V|ng appar atus accordi ng

NUITSA Of PPAYENEESenbodi ment of the present invention. The

_Egrr@ ge nt of a wreless comunication system

"to the first enbodi nment of t he present

o VA i P A AR SRERFRI slfto o
rrfmgﬂémegﬁthe rbSEnthGSRIMN. 'm@maaageﬁia%f é%Fé[é’es

ce|V|ng apparatus 1 according to the

comrﬁﬁinc&impguﬁaﬂta&hrdlhg 16 HRS ARt endbdiMepnbf e presentves
signal s whi'ch have been sent fromM (Mis an integer

mv@ﬁ’u@n iPsigtigatethe arangemeat onthanvieslaes cdmniunication\system-
N (Nis an integer of 2 or greater) receptlon

acemimymhélemﬂodlmh’ht oftheRpesient imyeatipaushows i Fig. 1. In-
conprises N reception antennas 11 -1 - 11--N, channel

Fig Getédeivingtappatatoaticaccordingio dee Girgd esehodimentef the present
processor 14, 15 transnitted sequence esti mator
invention eecsivessignalsiwhich &avebesnosent fram M ﬂ\dnsaﬁﬂ("éteger of 2

ram executabl e by a conpute for lizin
or ﬁret?g%rs) d@asssionaniTDaga 4 '0?11"%36@'#@"{1@? \ng?gﬂ of 2 or
annel copefficient es r 12, QR deconposer 13,
%ﬁr)m%t%b%%tﬁP %ﬂii ggp nd to nulling ggw ce 10

e At BB AT ARl Moo U B 8 - 1o
chﬁqﬁ@l c%gﬁfbll‘éntae%t“ﬁopg# | Q%h dUoGSoser 13R%g-¢ Ptir bt 9 gna

recel ves annel’ coefficlen
transmitted sequence estimator 15, and recording medium 16 for storing a

program (a program executable by a computer) for realizing processes in

“various parts of receiving apparatus 1. Channel coefficient estimator 12, QR

decomposer 13, and QH  processor 14 correspond to nulling device 10

described above. Specifically, according to the present embodiment, a GR

decomposing process is carried out as the nulling process.

Reception antenna 11-1 receives a signal. Channel coefficient
és_timator 12 is supplied with received signals as its inputs and estimates
channel coefficients. QR decomposer 13 is supplied with a matrix of channel

coefficients as its input, performs QR decomposition on the channel matrix,

and outputs a Q matrix and an R matrix.

QH processor 14 is supplied with the Q matrix and the received
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estimator 12 is supplied with received signals as its
i nputs and estinmates channel coefficients. R
deconposer 13 is supplied with a matri x of channel
coefficients as its input, perfornms QR deconposition
on the channel matrix, 25 and outputs a Q matrix and
an R matrix. QH processor 14 is supplied with the Q
matri x and the received 29 signals as its inputs and

o 58 b B e BB A cea
A4S /e RMADZ3EB) sk SR stsposer mor

of ﬂ%‘érﬁ%%tﬁ% Trahghiftfed UehBe Relifidton16% sdpplicBritistnd

est | ma_ es an out put transmtted sequences. _
cor@'a%@a%é@eﬂ%etd?ﬂ RETRALRAR s i&fingb&_-ahtﬁéﬁid‘late%%d/er :
ransm

ed sequence estimator 15 is capabl e of
oulputPiahdMBted dddiRincBeod for the transmtted signal
sequence or a li1kelihood for bits that have been
t r Bepentingtobihd ditangament of e ciegalbiecebaucinarsmitied
recei ved signal vector r 10 whose el enents are :
sequeEpTeesasiineatob 5 id capalge aif outputting adikeliheed fardbe ve
reception antennas 11-1 - 11 -N has been descri bed

 traagitted sigralQegeence or Adikelibood forhitstthehhaye Beednposer

13 is awunitary matrix of N rows and M col ums, and
tragsmitied kystheHi@nsmitigd signal seapeasent e Jeceiyad sigrabvector r

WhiGe Flamemin e SeRTeES TR B Bis SGPRBRRUPY BFRegivey
R B LTI 1 RS ERR RSB BbhER. ! Lo Y,

4] ThéIQ n%'t\'a;( %’at% oﬁ'tpu?%m aﬁ H%Eompo'sét* 18)s %hitgﬂnmatrix
of N rows and M columns, and satisfies QHQ = | where H represents a
conjugate complex transposition and | a unit matrix. The R matrix comprises
an upper triangular matrix of M rows.and M columns.

A processing operation performed by QH processor 14 is described

as follows:

[Equation 4]

Z

2= 7 |- O''r = O (Hs + n)=0Q" (QRs+n)=Rs+Q"n

t

i M he | & n

t

_ 0 n Fag || %2 R,
0 O P

0 0 0 nydlsyd L7y
- Transmitted sequence estimator 15 is supplied with converted signal

-vector z and the R matrix as its inputs, estimates transmitted sequences, and
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ZMrl 1 r,2rIMs, n', 0r22r2Ms2 +n'2 00-00
0 20 Transmtted sequence estimator 15 is supplied
with converted signal vector z and the R matrix as
its inputs, estimates transmtted sequences, and 30
outputs a transmtted signal sequence s'j, ---, s'M
havi ng a maxi mum likelihood. In this manner, M
signals that are sinultaneously transmtted from

outgh oA Fabs e 8854 S qtene s Bt T dano eyl 2 RedBhdng o
iefiBod FEERS pRORE Mok T4l 2R f#*@ﬁ%@%&_ﬁsﬁfotf?@%@ﬁ@éﬁ
frofl SRR Bs 2 PR M Behdrtistlon arfBhitas 24,1 -21-
M @aﬂn%é'ra obhﬁdiém tted sequences. Using a suitable

nu 0

er of sequences, signals can be denodul ated with
- a pUedrdEigRItRE préSEMIRABAdinidMNad eSGIRIAAIE, a channel
Enbodi ment 2: Fig. 4 is a block diagramof a receiving

magiXas AR:decsnpostd i ised ansigesidoasboedwignald geherated
present invention, Fig. 5 is a block diagramof a

fromrapkmality oflilssly seqgeenaest amdhnotuadiy oeceived Siggalsdarefisgd ©
Is a block diagramof 15 a third-stage |ikelihood
estiraatedransmitteth sequemcds. gUsiBg aFsigtable nembesiof SRAUEBLRSM
_of a second-st a(t;e l'i kel i hood cal cul ator shown in Fig.
signals £ap e demeadulated withskmughsimalar srrangement tkange
-I'i keli hood cal cul ator shown in Fig. 5. The
hergtofaigyenent of a wirel ess conmmuni cation system
E %caordi to the second enbodinent of the present
MPRPEREMon is the same as the arrangement of the

Fig. 4 is a block diagram of a receiving apparatus according to a.
second embodiment of the present invention, Fig. 5 is a block diagram‘ of a
transmitted sequence estimator shown in Fig. 4, Fig. 6 is a block diagram of
a third-stage likelihood calculator shown in Fig. 5, Fig. 7 is a block diagram of
a seco‘nd-stage likelihood calculator shown in Fig. 5, and Fig. 8 is' a block
diagram of a first-stage likelihcod calculator shown in Fig. 5. The

arrangement of a wireless communication system according to the second

‘embodiment of the present invehtion is the same as the arrangement of the

wireless communication system according to the embodiment shown in Fig.
1 above, except that receiving apparatué 3 is provided instead of receiving
apparatus 1. | |

In Fig. 4, receiving apparatus 3 according to the second embodiment
receives signals transmitted from transmitting apparatus 2 having three |
transmiséibn antennas 21-1 — 21-3, with four reception antennas 31-1 - 31-

4. ltis assumed that either one of 16-vaiued signals ¢1 - ¢4 is transmitted
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20 Wrel ess conmuni cati on system according to the
enbodi nrent shown- in Fig. 1 above, except that

recei ving apparatus 3 is provided instead of receiving
apparatus 1. In Fig. 4, receiving apparatus 3
according to the second enbodi nent receives signals
transmtted fron1transn1tt|ng apparatus 2 having three
25 transm ssion antennas 21-1 - 21-3, with four

recepti on antenpas 31-1 - t is assuned that
fm@?? o tﬁ@nwswwfeeaa%?jﬁar?# - ¢l 6is

smtte 31 . frogmeach of, transni.ssi o ant S 31-4,

SNGAS Sop s 3.%&%&5#3%?0?"% ihes 3>
chéﬁﬁeﬁ%&sﬁ[& Y S 3R pca%'???’o?e %%é%%? %,
ol LU T S eSS
prég R ethrbgf4th éx%@hia@té‘gﬁﬁr&ﬁﬁﬁél%ﬂ foP reéd&iﬂfﬂr%c@@ééé&mﬁ

recei vVing-apparatus 3. Receptlon antennas 31-1 -

vafi6e$hHes bERieMliny Bppagitas 8, Channel  coeffi ci ent

estimator 32 is supplied with received signals rl - r4
as Reception ahtennagsl 1-1at 8$-4oleesivel respedtiviecsignals, Ghahnel
-out puts channel matrix H of the 10 estimated channel
coeffieieht estimator IHsdepplied sdth r@8eived signEls e - m, ak its inputs,
channel matrix Has its inputs, perform QR
estimatespaiwnniebcoefficiends; mrid ontpuisxchanneah matnxd-baﬁthea Q
matrix and an R matrix. QH processor 34 is sup

esvmatect W@r@ahﬁpeffweam Qi decempeseindd i @ sypplied Vaﬁh F"ﬁ%ﬂﬂel

matfk %“dﬁ»&%&ieﬁor&%ﬁh&fé%%&f% o ghaielhaty H, and

and out put verted sequence z. Transnitted
-0”@'&%83%81339’5?99 "E suppl ied with converted

LRl et %%yﬁbs. 98 LB B 7o sgnal
g ﬁ@@sgw;s FUARIES 8 APed ShREE 2 et
trah?ﬁ&%'d matrix of the Q matrix , and outputs converted sequence z.
Transmitted sequence estimator 4 is supplied with converted sequence z ,
and the R matrix as its inpuis and estimates and outprts signals transmitted -
from respective transmission antennas 21-1 - 21-3.

As.shown in Fig. 5, transmitted sequence estimator 4 comprises three-
stage likelihood calculator grdups of likelihood ca!CQIators 41-1 - 41-16, 43-1
— 43-16K1, 45-1 — 45-16K2, and three-stage signal selectors 42 44, 46.
Transmitted sequence estimator 4 performs signal processing in the ordér of
the third stage, the second stage, and the ﬁfst stage. According to the
present embodiment,. if signals transmitted fronﬁ respective transmission
antennas 21-1 - 21-3 are 16-va1ﬁed, then the likelihood calculator group in

the third stage is made up of 16 likelihood calculators 41-1 — 41-16.
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-20 stage likelihood cal cul ator groups of |ikelihood
cal culators 41-1 - 41-16, 43-1 43-16K1, 45-1 -

45- 16K2, and three-stage signal selectors 42, 44, 46.
Transnmitted sequence estimator 4 perforns signa
processing in the order of the third stage, the
second stage, and the first stage. According to the
present enbodinment, if signals transmtted from

ST R Chah P PO S g 5 and
the thir

eletipl [Bact 1Ge et 508 S apmauiieull a1 -siong rgue o
e shoale 93 "o Tna el SRS hfididious o 0

' f [ | 3-1 - e3-16
traiuﬁgﬁ[éd’%yrﬁb&ﬂ%ln éggﬁts)gﬂ_ge-rsr&?{%?' ghals € €o- 2

atransmitte an e group of

U1 aasgRdvieh Fi!jl‘@?tjr_s? prdlindabieai@atbr 31=1 fthébhidd stagts

shown in Fig. 6, first likelihood calculator 41-11n
cohlpRisks tiafs AithaP syrBPEdrigatk (Rinemtor ad 1 syoi@rted signal
candi date generator 411, converted signal replica

refgicacyeriepatof 422, and emror oalcakitend 13.00tHdikelhbed calculators
i kelihood cal culators 41-2 - 41-16 are identical in

412 +ddt-18 arg mentikallin lstrodturalte likelthmodddaldulaion 411-kel | hood

calculator-41-1, transmtted synbol candidate
ge e liselihoodimladatog dilet, dransmitied symbol sandidatengenasgtor
candi date s3-1-8 which conprises a synb

: synbol _ , ?]l of
413 generaten @angroulpyis dransanitted symbobsandidatesaitghwhich

replica generator, 412 is_su ied with el enent, r.33 ,of
CORBSRS BRI 4 SnEt G pf SOBBISLS 1D SH16n SR §87°%

*rerfig daher 8B iz 1S SnPRATL RrdiaB i R SRRETEAS

naBHARG SOt EREE S5 SR ppes MR RR D,

_ ‘ i | and outputs 'error signal
ou@%{té{ﬁ@@%@ﬁ@@a@eﬁﬁ% i?’“ébl ica z3-1 is calculated

ac ERfdticatuliftof A$3 RASGSPIRY wilPcdnvertetBsignat 23 and converted
signal replica z31 as its inputs, calculates an error between the two signals,

and outputs ®rror signal e3.4. Converted signal replica z3.1 is calculated

~ according to the equation:

Z3-1 =13383-1-3 |
and error signal e3._1 is calculated according to the equation:
e3.1= |23-231/2

First likelihood calculatdr 41-1 outputs error signal e3.4 and transmitted

'symbol candidate s3.1.3. Similarly, second likelihood calcutator 41-2

outputs error signal e3.2 and transmitted symbol candidate s3.2.3. 16th
likelihood calculator 41-16 outputs error signal e3.1g and transmitted symbol

candidate s3.16-3.
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20 and error signal e3-1 is calculated according to
the equation: e3-1 ~1 z3 - z3-1 12 First likelihood
cal culator 41 -1 outputs error signal e3-1 and
transmtted synbol candidate s3-1-3. Simlarly,
second |ikelihood calculator 41-2 outputs error
signal e3-2 and transmtted synbol candi date s3-2-3.
16th 25 i keli hood cal cul ator 41-16 outputs error
e3 1 capdi dat e

@ﬁ @R shates Slppling il the egf%{g%égnag
9@4535 plisth bt caRrkRle ot RN hhkbenn.,

| ca{éﬁla@#! Bsz { ri@(\éilffg cggéfaﬂ?'@ddffﬁ:o—ﬁ{tiﬁ\gqgﬁhé gh ﬂc{staé% 38its

inp?fté Qchli%élgﬁlﬁERﬁerror nals @™y - <e’ 31; aasrﬁgﬁéét%?ltor%rnHQU

ansmtte syrrbol tes s ...

traKénnt?ed"@VrﬁBol%éfﬁhddlés g7l ¢ Q{ sTRE. ;N:h:cﬁf 06 thé éﬁ@r SYH@‘I’M

candi dat'es that are output are€ €ither one of signals

- trapbmitteriléymBilecdridicitéd eed acalbutputne eitherpné of slydals ¢ -

second stage is nmade up of 16K1 i kelihood

cqgal cul ators 43-1 - 43-16K1. First through 16th

I'i kel i hood 10 calculators 43-1 - 43-16 are supplied
wi flihedikelieodd dalsulgbar gre@p irethemncmd Stage is Adadef up b 16K1
matrix, error-signal e . 1, and transmtted synbol

- likejthood caladators 43-1 -343<16K's Flr@idhmughﬂ&thtiketm 32nd

i kelihood cal cul ators 43-17 - 43-32 are uppl i ed
calgplators fdré rttb%ﬂ@.agﬁ aupelzed with mgﬂedzrgnatzzﬁleme@thz-
and. trans tted

rz&%ﬁ*@ﬁﬁ%ﬂiarfreg ‘errors] @n%@ 4 SRRt d GURIDo SaRgORI B 1-
3 gt Ritss 17 th Byouazha ke fiRdd sdlcletats 1%‘?9 SadhE

suRAENT ebiVertsd Highal o BIchn Rl %, 1] Pt Fi'»??mg §ror
mghEF%’r' Wfrﬁnsrﬁﬁteﬁ@f’ﬁbdl%aﬁhgiatg sé 48k its! |r|f&1téh?‘P§(K1—

‘ator 43-11n the second sfag conpri ses

| 1)-iH'}WF@:GéIﬁ%ﬁYm’q%Ilﬁ@dﬂjbﬂéh@t&%rﬁ—%ﬁﬁ-4?!11, —-QOMIBK1 afk

si gnal

'supplied with converted signal z3, elements rop, r23 of the R matrix, error

signal ek 1, and trahsmitted symbol candidate s’k 1.3 as their inputs.

As shown in Fig. 7, first likelihood calculator 43-1 in the second stage
comprises transmitted symbol candidate generator 431, converted signal
replica generator 432, and error calculator 433, Other likelihood calculators
43-2 - 43-16K1 are identical in structure to likefihood calculator 43-1.

In likelihood calculator 43-1, transmitted symbol candidate generator
431 is supplied with transmitted symbol candidate s™'¢ as its input and
outputs transmitted symbol candidates s2_1.3, s2.1.2 which comprise a
symbol of either one of signals ¢4 — c1g. Converted signal replica generator

432 is supplied with elements ro2, ro3 .of the R matrix and transmitted
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re iga

20 replica generator 432, and error cal cul ator 433.

O her likelihood calculators 43-2 - 43-161<1 are
identical in structure to Iikelihood cal cul ator 43-1.
In likelihood calculator 43-1, transmtted synbo
candi date generator 431 is supplied with transmtted
synbol candidate s ... | as its input and outputs
transmtted synbol candi dates s2-1-3, s2-1-2 which

o rise a 25 nmbol of either one of signals c] - .cl
sy@BOREANaEn S Aaas2-1cp A ls GRS ancbpuP B edtegiishal

ith elenents r22, r23.of the Rmatrix and transmtted
candi dates s2-1-3, s2-1-2 as its inputs and

ol
oo ARG5S i€t dited WP hfTerteet Sandl 40 convertsd
sig‘in%ggé%lrli{:g Q?ﬁfj {#?3%[56 o%ﬁéi%" fad its FLtE %hﬁro@blgtgfﬂlrrrﬁ signal

tputs error 'signa

,ezfcﬁna‘em&%’e&gigﬂai reb RS '%591 BZalcllstef 8l dihg % ars eqdatish:

t he equaton: 2-1= r22s2-1-2 + r23s2-1-3 and
er iz 4 &i@ﬂg%_f@e-zp??b?%_q?écul ated according to the

equat i on: z2-1 +e ... 1 First

" antidredrisigratl es of isWatdulatedactonding b theeequatiari:gnal e2- 1

and transmtted - 10 synbol candi dates s2-1-3, s2-1-2.

Si @il prl ]yz.z-szg_qri@ +&Kql i hood cal cul ator 43- 2 outputs
error signal e2-2 and transnitted synbol candi dates .
s2 Firstlikalihoad calculaton43+1 outputs eivecsigaaleg-atand tiansmitted
transm tted synbol candidate generator 431 is

symbpheandidales 52t 1-an8pitt 2. Sisifanhs seeand fikalinood calculatos 43-
as its 15 input and out put, ransnj ttegd,symnmbol ‘
2 quipidfs st siangal 82 zand %ﬂfgnﬁ%ﬁwng&ﬁ%ﬂq@@% Sy2Bof2&

either one of signals cl - cl16. Converted signal
2-replica generator 432 is supplied with el enents r22,

3§t ARl P g o o=
generator 431 is supplied with transmitted symbol candidate s''2.3 as its
inpu"i and outputs trr;nsmitted symbol candidates $2.17-3, $2-17-2 which
comprise a symbol of either one of signals ¢4 —7015. Converted signal
replica generator 432 is supplied with elements rp9, rp3 of the R matrix and
transmitted symbol candidates s2.17-3, $2-17-2 as its inputs and outputs
converted signal replica z2_17. |

Error calculator 433 is supplied with converted signal z2, converied
signal replica z3_17, and error signal €' as its inputs and outputs error
signal ep.47. Converted signal replicé Zo.17 is calculated according to the
equation: |

2217 = 12282172+ 12382173

and error signal eg_q7 is calculated according to the equation:

11}

e2.17= lza—22.47|2 +e™¢7
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converted signal replica z2-17. 20 Error cal cul ator
433 is supplied with converted signal z2, converted
. signal replica z2-17, and error signal e. 1"2 as its
i nputs and outputs error signal e2-17. Converted
signal replica z2-17 is cal cul ated according to the
equation: Z2-17 = r22s 2-17-2 + r23s2-17-3 25 and
error signal e2-17 is calcul ated according to the

T K H&P@Qpélﬂai&@ﬁlztoélégzw% Suipyfs e Signdias a1 and

* raBomiiesnb GaLer 83116k U3 12 T0KA SBEDAIRPAgL 4dn

iR S
syrln%)%%é ﬁh‘?@&e? WIS H%l@é BE %5 cblqteé @Wlik&l hbb§ second

,aS|S|nusan errorS|gnaseI

carcu!”aéb% 4412 pabkash tivs §8¢Eorﬁ{'§lta6% b ﬁgﬂﬂdté %ﬂdsdmb@ﬂs K2

can ate sets (s"1-3, s whi ch

err%f ¥Rnhlee’ ” & 4(%%?1& shidfiebt @n@@ﬂaﬁ@KQ%Péﬁs@tﬁntt@ﬂ @ mboﬂl t he

first sta de up of 16K2 |ikelihood calculators

caf@idate seté (éf 61’% s ﬁl Q)SI (st Rb 031 &M 64) whith ghviehthederfdr.

cal cul ators -16 are supplied with converted
si ginel likejihoed ealenla$orrgroﬂap in tHe2first stagefis madeRupad 16K2
error signal e"j, and synbol candidate set (S'1-3, s"

-hkahhoz):l caiculatord ﬁ@dt-s A5416KD.t ﬁnrsidbrougzhtﬁthlhkellhcmsbd

cal culators 45-17 - 45-32 are supplied, with converted
calsulgiens 45-1 —eA%itBrare supplied withzonverted signghé1 relREENIX 11,

oo oo obae RS BRI B4

"th$ %g .16 <2nd I'ikelihood cal cul ators 45-16(K2-1)+l -
Ssupplied with converted si gnal zj,

o 0 lTaldn daulfoutob et Bbum Borl  4bua2 Beehupbr
with converted signal z1, elements rq1, r12, r13 of the R matrix, error signal
e”9, and transmitted symbol candidate set (s"2.3, $72-2) as its inputs.
| {16(K2-1)+1}th through 16K2nd likelihood calculators 45-1 6(I.<2-1)+1‘—
45-18K2 are supplied with converted signal z4, elements rq4, r12, 113 of the

- R matrix, error signal €”k2, and transmitted symbol candidate set (s"k2.3,

s"K2-2) as its inputs.
As shown in Fig. 8, first likelihood calculator 45-1 in the first stage
compri‘ées transmitted symbol candidate generator 451, converted signal

replica generator 452, and error calculator 453. Other likelihood calculators

 45-2 - 45-16K1 are identical in structure to likelihood calculator 45-1.

In likelihood calculator 45-1, transmitted symbol candidate generator
451 is supplied with transmitted symbol candidate set (s"1-3, §"1-2) as its

input and outputs transmitted symbol candidates s1-1-3, $1-1-2, $1-1-1
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s"K2-2) as its inputs. 20 As shown in Fig. 8, first

l'i kelihood calculator 45-1 in the first stage

conprises transmtted synbol candi date generator 451,

converted signal replica generator 452, and error

cal cul ator 453. O her |ikelihood calculators 45-2 -

45-16K1 are identical in structure to |ikelihood

calculator 45-1. In |ikelihood cal cul ator 45-1,

transm tted synbol candi date nerator 25 451 is

Q!bmmeaswﬁmhoéﬁ&mﬂa%réw%%%%wa@sﬁoﬁlmi% C4e1 C16" 1 3,
uts transm

Coeafﬁaﬁééfagi@" iSplicaeneialer 452 i Suprlicg gV Th Pl RTNS £ 1426

iR Reetli shd rarapnfied SYkl) EH0a8E N 1 s Faui1-1

asisiflafib SR dolts donvklta sidlat Ffea Sy ™ 120415 20

B Efﬂﬁg a@la’gﬁpgg? %Fﬂ&@@gﬁl S supp Qggﬁ'ﬂ?%bnf/@r@éd =
PRNMIES 1S, Hvd er?d)r siGPA Y tRdts ihblkAnd 8alputerér dignal

t
and error a’gna as |tg i nputs and outputs error

€15{.908hvertdd di n%‘pﬁéﬁ e4l_ssis warduldted|dceardidg o tife equation:
. cal cul ated accordl ng to the equation: Z1_1 =

rJ 12311 - rj113-1 r1I 2slr aés.? 4t #Hr3gs1 -3 and error signal
-1 1s calculated according to the equation: 10 el -

and ermor sigrja _}91112|s4cw5maﬂédramordfk@to theoelquatiotul at or 45- 1

outputs errorsignal el-1 and transmtted synbol

ca@di.ﬁat|e¥a <sI{4-1%+¢e11 1-2, sl 1-1. Siml arIy second

likelihood cal cuI ator_45-2 outputs error sig ej ﬁ

an&irst u@hppd@aicg%emaam&pa@t%gor signal e1.- 1an Frandmified

1. 16K2th Ijke |hood '

svw5°§%%@sf'é>é}t%§§ﬂ§1'@rm1-a551s1gna ARSI

calcl B3 5 SlapiR afror SRR B7 5o hai“%ﬁ%dnﬁf’"eﬂf@éﬁqﬂes'

i a%%fz 5 B IS b HEPTq B, b

signal e4.1gK2 and transmitted symbol candidates s1.16K2-3, S1-16K2-2:

$1-16K2-1-
Signal selector 46 in the final stage (16K2th stage) is supplied with the

- error signals and the transmitted symbol candidates which have been

calculated by 16K2 likelihood calculators 45-1 — 45-16K2 in the first stage, as
its inputs and outputs transmitted symbol candidates s'4, s'2, '3 which give
smallest error signal e’4. ”

According to the present embodiment, as described above, the

- fransmitted symbol candidates that are input to the signal selectors in the

| respective stages include 16 transmitted symbol candidates from likelihood

calculators 41-1 — 41-16 in the third stage, 16K1 transmitted symbol

candidates from likelihood calculators 43-1 — 43-16K1 in the second stage,
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cal cul ated by 16K2 likelihood cal cul ators 45-1 -
45-16K2 in the first stage, as 20 its inputs and
outputs transmtted synbol candidates s'j, s'2, S 3
which give snmallest error signal e j. According to
the present enbodi nent, as described above, the -
transmtted symbol candidates that are input to the
signal selectors in the respective stages include 16
transmtted synbol candi dates fromlikelihood 25
anda1GKR tiansnitied-symbal candidates fiem lielibioed sgleuiaigrns-1 -
transmtted synbol candidates from|ikelihood

5013@'@%%% 53149&3&9 anghangg total 16{d <Kd nl§2kt age, 37
ST AR PSR, T T

to A ForleFainig dhap dné fotht Aghbe £ SERE rhfelidy ity BR58ERes

s :Y%é;;ﬂn‘h g@%@&%@%@%@@m&@@% B3 Mber of

enﬁd&nﬁgﬁt [smfioty L‘ﬁ%é?ﬁw%dé EQnG@tfo'ﬁ% Plgeassivie ﬁﬂﬂé{& !

an a conven |ona process ere

nublislof tr‘éﬁ%ﬁ&ed%yrhb@l}[lfdﬁdﬁiaﬁgs %/4yger candi dates s

art of a denodul ating

pr S@lsp.#ﬂéﬂélﬂ@l@oba deffsd A RiYRAS PEHBIMAcA BYTEEENIH
(m%e second enbodi ment of t{nﬁ";,eppreseﬁt mven??on 18

‘appheatds Gmbd:baim% to theossmdaimbedieeritnd tapparsehtimvantion.

according to the second enbodi nent of the present -
Thierdemodulating prodess dé sesaivieg apphoatusidtdccoedieg tm thee seeond
Figs. 4 through 9. The process shown in Fig. 9 is

| enpmdimentaf thﬁmfeaentpnvmﬁ@@omll(b@miﬁsqr@ﬁdrb@ﬂommtber@ierﬁgce

receiving apparatus 3 executes pro ram

nit
to Etglﬁc )écthrquglhe% of B¢ PEPGRSSi shewssin FigoB gqqp@rﬁ%rmeﬁ ER
BB R ol Brostei I oE RS A s
orda BB e BB g A Ot A e SRRA Bparatus 2

.hag ?ﬁl%%?fr%rmrgg’:oﬂ earnfté)l{r{& ﬂ_‘:1 - 21-3 in the above description,

- transmitting apparatus 2 has M transmission antennas in the operation

described below.

In receiving apparatus 3, QR decomposer 33 performs QR
decomposition on channel matrix H. Based Qn. QR-decomposed channel

matrix H, QH processor 34 calculates converted signal z (step S$11 in Fig.

- 9). Transmitted sequence estimator 4 sets parameter m to M and Kyj+1 to 1

(step S12in Fig. 9), generates Qm symbol candidates for transmitted signal
Sm (step S13 in'Fig. 9), and sets parameter q to 1 (step S14 in Fig. 9).

Transmitted sequence estimator 4 calculates (kQm+q)th replica zm_

kQm-+q for converted signal zy, using a kth symbol candidate for transmitted

signals sm+1 - spM and a gth symbol candidate for transmitted signal sm
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, saﬁéﬁéaﬁ@eﬁﬁsﬁstiﬁm@bﬁ, and ffi“gh-- 9)35"

deconposition on channel matrix H. Based on
QR- deconposed channel 20 matrix H, QH processor 34
cal cul ates converted signal z (step S11 in Fig. 9).
Transmtted sequence estimator 4 sets paraneter mto M
and KM+l to 1 (step S12 in Fig. 9), generates Qn
synbol candi dates for transmtted signal sm (step S13
in Fig. 9), and sets paraneter g to 1 (step S14 in
ranspitted sequence estinmator 4 ca

(SRS FG: B wii e or S RERaorSAUE RS SFUBa el
cafdliates 31 ol berekrn caniSikd S8hRLAn ancl PR tmrigameq. and
adg R it RspaRtia e dn SiBR) cdRubiteltaPipngmitted signals
sy oMEtetER RS R T D000 ST or bk w th Eesatt 1o

th . i . t . s .

A L R R (168 ST IR ) R 00 Mo ST
_ id hot datisfildtdtepi S1NPLFig.

satisfied (step™S1' 8 in Fig. , and if "m- =1" is

9) nhikn tRinsAiitted séGlenteSdstinator Fisglect® andtshess Knasgmbot ed
sequence estimator 4 selects and saves Km synbol -

candidatetafoe frahemittechsignalst g —sspg @aldthe mrror ¢atep82Q incfig. 9).
error (step S20 in Fig. 9). If "m- =1 ""is .

If “sat Fst'iie datjsfiesh(sp 8181n Figy 9) dhenttransmiited saquenrge
sequence 10 estimator 4 outputs transmtted signals sl

estimaipnshogiputs transmittedi sigmale s1 or sSpM(whish giveia mMinimym esior

Embodi nent 3: Fig. 10 is a bl ock diagram of a
(stepcg Vinfg9aPpar at us according to a third enbodi ment
esent invention, Fig. 11 is a bl ock diagram

.. of the
Ena,boé{mfg? ransmtted sequence estimator shown in Fig.

1 i fulsc plobt Brahra o kg Ao Bl BRie B i

o B oo 98 o sk bl ora

or sno n arrang

traWs At SP Se LRI UstiRiA10F s SNGh FTTFRC 40! Figh 921 alt)scK iagfam

of a second-stage likelihood calculator shown in Fig. 11, and Fig. 13 is a

| block diagram of a first-stage likelihood calcutator shown in Fig. 11. The

arrangement of a wireless communication system according to the third

embodiment of the present invention is the same as the arrangement of the

~ wireless communication system according to the embodiment shown in Fig.

1 above, except that receiving apparatus 5 is provided instead of recei#ing
apparétus 1.

In Fig. 10, receiving ahparatus 5 according to the third second
embodiment receives signals transmitted from transmitting apparatus 2
having two transmission antennas 21-1, 21-2, with three recepfion antennas

51-1-51-3. Itis assumed that either one of 16-valued signals ¢4 - c1g is
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enbodi nent of the present invention is the sane as the
arrangenent of the 20 wirel ess comuni cati on system
according to the enbodi nent shown in Fig. 1 above,
except that receiving apparatus 5 is provided instead
of receiving apparatus 1. In Fig. 10, receiving
apparatus 5 according to the third second enbodi nent
receives signals transmtted fromtransmtting

BGOSR P e 21,
. RS o RSB e T g 31 -1
5, B fichs eoihafr 2041 HpRORRar 3.0 FoERtLaSs,

traRSRitfdCeypo RBhUMRES Seleétor @5, daremRRsPSequencEiéstimator 6,

processor 54, transmtted synbol candi date sel ector

HiuAT56 ¥AUSDARY @SProgRine (a BrodraReketatldibyta

an&%cdrﬂﬁhgsrﬂb _
- nmedium 56 for storing a program (a program executable

coipputer) formealizing pfovessein variisparesiyeseivingvapparatus 5.
parts of receiving apparatus 5. Reception antennas

51Recepfidn antennas \bd -1 espeBtrevsive reppeictive Sigeare | Channei
coefficient estimator 52 is supplied with received
coeffigient estirator 52 iasupplied wihreceived signalsgy crmands inputs,
- coefficients, and out puts channel matrix H of the 10

estiggiegahenneheoriisienisepnd ousnts chepneldpaliyddaf ths i s

estiabies: ngel BRTBABO L ABTASOIRRSER 80 18 UPBIEC i ghannel
its. a i R 5 ]

e B4 PR pRSe R e Sl PP A P o

oufftd 2 B PR e B DBAKE - Eneposed matrix of the

Sy ol PIERRBE DB SEARKRIE e QRN gopeBNRast,

e se I's supp

- 1§ BTN, Rl o ecsic i LIPy naRTpRICe s
conjigdtearaispoesd neathR @F RN mifrikNdAd d@puts converted
sequence z. Transmitted symbol candidate selector 55 is supplied w‘ith
received signals r{ —ra3 as its inputs, and selects transmitted symbol
candidates for converted signal z. In the present embodiment, transmitted
symbol candidate selector 55 selects eight signals as transmitted symbol
candidates using an MMSE (Minimum Means Square Error) filter, for
example.

Transmitted symbol candidate selector 55 has a weight vector 7
prepared according to MMSE with respect to the signal transmitted from first
transmission antenna 21-1 based on received signals r{ — r3, and multiplies

received signals rq — r3 by the weight vector to produce provisicnal

demodulated signai y4. Provisional demodulated signal y1 is expressed as:
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synbol candi date sel ector 55 sel ects eight signals as
transmtted synbol 20 candi dates using an MVSE

(M ni mum Means Square Error) filter, for exanple.
Transmitted synbol candi date sel ector 55 has a wei ght
vector prepared according to MVBE wth respect to the
signal transmtted fromfirst transm ssion antenna
21-1 based on received signals rl - r3, and multiplies
25 received signals rl - r3 by the weight vector to
[Eqyiay EEE% provi sional denodul ated signal yl.

Provi si onal denodulat d signal yl is expressed as: 40

[E’%j ‘Jémp_@"*‘ ‘§” = V%lﬁJr\%' 25‘%’5? wrebresents a

\NEI ght vect or gener d according to MVSE. Then,

squared Eucl i dean di stances between prow Si ong
rePsesats @ weighbyegipr eﬁnfrqmqg;édnm tgMMsEe| -
are cal cul as fallows; Squared Euclidean

i SERe s é‘wjﬁsﬁndwtam&’a befwgpn oYRIOTGhHgTIgYlated

BT E 2755 AIBER
o B A "L P,

di s;ﬁgce? (}12_1 - gj -16, and seI ects eight synbols
whi ¢ ivéd'the error as synbol candidates for first
Thbromanba SuRArREaBRRAA didtanSbdblfdpresd itan $€$6écﬂi@ely by
synb candi date selector 55 selects eight synb
q1pr qqh% signal transmtted from second 15 transm ss| on
antenna 21-2.
Transmitted symbol candidate selector 55 selects smallest eight

squared Euclidean distances among 16 squared Euclidean distances qq.4 —

91-16. and selects eight symbols which give the error as symbol candidates

- for first transmission antenna 21-1. Similarly, fransmitted symbol candidate

selector 55 selects eight symbols for the signal transmitted from second
transmission antenna 21-2.

Transmitted symbOI candidate selector 55 outputs the symbol

7 candidates obtained by the above process as symbol candidates x4 = X1-

'8, X2.1 — x2_3.' Symbol candidate xi.m, represents the mth transmitted

symbol candidate for the signal transmitted from ith transmission antenna
21-l, and is either one of 16-valued signals ¢4 - ¢16.

Transmitted sequence estimator 6 is supplied with converted signal z,
the R matrix, and symbol candidates selected by transmitted symbol

candidate selector 55 as its inputs, and estimates and outputs signals

transmitted from respective transmission antennas 21-1, 21-2.

~ As shown in Fig. 11, transmitted sequence estimator 6 comprises two-
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Transm tted synbol candi date sel ector 55 outputs the
synbol candi dates obtai ned by the above process as
synbol candidates x1 1 - xj x2-1 - X2-8. Synbol
candidate xi-mrepresents the nth transmtted synbol
candi date for the signal transmtted fromith
transm ssion antenna 20 21-1, and is either one of
16-val ued signals cl - cl16. Transmtted sequence

stagerieingod SalsclejarspLER oh kelinedokialatoty 81 - 61-8, B3

~ 61 Cand o SR ond Ao e T Bhar et sedonce: o

sk By TRBR GohatBREREdhdh i SRBTRCRE heliigod, o6

coE U AERE e i oBRck! Sohayagechs o Negpitace

theli€blingBd TafUfats ?ﬁ‘ﬂn’p iA the iR 'sbade? anBbignidl 38R dri6Win the

sequence estimator 6 performs signal processing in
first Reage. daécaringhte thé préddipeshbatinent, at tinsdhiced symbohe
second stage, signal selector 62 in the second stage,

cahditiate selcior BOaiantd eight spmbolscamsymbdlisantidetes fdrage,
and signal selector 64 in the first stage. According

transmidsiomparteanas etbhdw2nthen thetlikelisood caldulajortgrbup in the

candi date sel ector 55 selects eight synbols as synbol
seeentisiageds nmasie up pheaight kkelibnod orspd1-1 - 6182, then
the_ |ikelihood cal culator group in the second s{ age
i s Firgtiikelipoed calcyiator 61| i sypaliedwith canyeded sigpal z2,
61-8. 10 _First |jkelihood calculator 61-1 s supplied
elepar 2@ it Bumaliinand SYmboL FeRGAEIE M1 g 1S BPHE:
mat ri.x,..and s ol idate,.x2.1.as its i t
selan ke b ldHRor B cipp i Wi ori gt Ml zer,
r [ 2. af 1 : X
oleTb B s Bifatrioand SYFERL bot e adgaity Mblsy 583
- Lol . . : o)
ielfiood ictliaBl -4 & sidBling Wit UoeiER KiiieF 2p CigfEnt 25 of
: . j ' kBteFhButs12, first
ther® AR ah7 skt Sandag IO SssdnBusiiy ot age
As shown in Fig. 12, first likelihood calculator 61-1 in the second stage
comprisés transmitted symbol candidate generator 611, converted signal
replica generator 612, and error caiculator 613. Other likelihood calculators
61-2 — 61-8 are identical in structure to likelihood calculator 61-1.
In likelihood calculator 61-1, transmitted symbol candidate generator

611 is supplied with symbol candidate xo_1 as its input and outputs

“transmitted symbol candidate sp_q.2. Converted signal replica generator

612 is supplied with received signal vector roo and transmitted symbol
candidate so.1.2 as its inputs and outputs converted signal replica 22_1.
Error calculator 613 is supplied with converted signal z2 and converted

signal replica z2_1 and outputs error signal e2.1.
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conprises transmtted synbol candi date generator 611,
converted signal replica generator 612, and error
cal cul ator 613. O her likelihood calculators 61-2 -
61-8 are identical in structure to |likelihood
calculator 61-1. 20 In likelihood cal cul ator 61-1,
transm tted synbol candi date generator 611 is
supplied with synbol candidate x2-1 as its input and
outputs  transnitted synbol candi date
CorxRIMeggdsi |r89'@a|42eaa*sge%v'at‘%ff%@rémwog%ﬁﬂp@%on
\M:zé recei ved signal vector r22 and transmtted synbol
caf@r83t'@282-1122 as its inputs and outputs converted

and s 'eéﬁf"@é%déwég as%gaﬁciw&i‘aﬁ?n%é@%w%éft cd
1 2-1. 42
3 Co%\%ait el?isi gﬁa?lzi% ep?incaogtngt ?seggfgufgggg ag_cardi ng
oo P IRAHBLU RBIcuiSr 4177 (uAB6E Sct AT R fand iRt
syrfiBoF dandidatt! sfgs_i_gl '@%I‘ah?%&ﬁ\ﬁqggﬁﬁ@éd éélcﬂrla%l'tﬁﬁiﬁs

“error signal and transmtt synbol candi date

outpits edtor Sighal & h)éncﬁt@@rwﬁlﬂleu‘@iﬂﬁw&dnéﬂbwéj\boj Bighth

outputs error signal e2-2 and transmtted sy

likelinod i dalauiatdr 818 owtpgtst érrod slgﬁélldpgéndafamlnatted sﬁﬂ*&b&l
out puts error signal e2-8 and transmtted synbol

cawdatm g-%52-8-2. 10 Signal selector 62 in the second
stage i s squlled wth the error signals and the
t r Al selegter ﬁ?olmthe arepad stagenlistrplied withdag error signals

| i kelihood cal cul ators 61-1 -

an@%#ﬁﬁérﬁﬂ@b tcgna@@tew highshavigderen edfeulaiss By eight
ikelihght s BRIORCy Tl gr 6 G the sBeodd stEge. S8 ipdnpaand
ou@kﬁs Iﬁltl %e{o?rgig%&és %’51 Ig’g@l 'ggel | h@%%t 8%'9? grllé? qutra%sml ed
symbol candidates s"1.2 - s”K1.2 which give the error.

The likefihood calculator group in the first stage is made up of 8K1
likelihood calculators 63-’1 - 61-8K1. First through eighth likelihood

calculators 63-1 — 63-8 are supplied with converted signal z4, elements r14,

' 112 of the R matrix, and transmitted symboi' candidate s” 4.2 as its inputs.

© First likelihood calculator 63-1 is also supplied with symbol candidate x1_1 as

its input. Second likelihood calculator 63-2 is also supblied with symbol
candidate x4_2 as its input. Eighth likelihood calculator 63-8 is also supplied
with symbol candidate x1.g as its input. |

Ninth through 16th Iikeliﬁood calculators 63-3 — 63-16 are supplied with
converted signal z4, elements r{1, r12 of the R matrix, error s'igna!_e"1, and
tra;ismitted symbol candidate s”o_ as its inputs. Ninth likelihood calculator

63-9 is also supplied with symbol candidate x1_{ as its input. Tenth
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I'i keli hood cal culators 63"1 - 61-8KI. First through
eighth likelihood calculators 63-1 - 63-8 are
supplied with converted signal zj, elenments rl 1, rl2
of the Rmatrix, and transmtted synbol candi date
s"1-2 as its inputs. First |ikelihood cal culator 63-1
is also supplied with synbol candidate xj -1 as 20 its
i nput. Second likelihood cal culator 63-2 is al so

di dat t. .
l*k@ﬁ%drmq@lﬁ%ﬁor ﬁgo @aa!%%gﬁm'ehe%es@ﬁ@ Syibal sa R A ed as its
t N nt th
inoit; 1160 Rehaa aelcuittts £59Pa8 seSupriet watsvinBol diriitate
t ed I , I t | 1, | 2 of th
X1 BTN | or o Snal o e e L ansmitied

o Tk . TRl o B f‘é‘qﬁ?d%‘g?‘? gﬁlﬂe‘wmf i g
BRI iBpfied ith coetted gty g;gp,tﬁ., AELF B0 ma,

' err%?@@n 'g1r @%d%ré}%rhlﬁé s‘yﬁfﬂdﬂ ca te' ¢ ﬁ&' g:%g,‘%ﬁefr inputs.

cal Cu 63-16 is a sO supp
{8(&anth+d ftheukemiao% éalciilafors raats(mt%m is lalst aaﬂpl“@b retgh
8Klth kel i hood cal culators 63-8(Kl-1)+l - 63- 5 8K1
symbel samfidated{\4 tb isdnpet: tSH1s1 )t I:kaluhoedi eafzolators 63,
rl 2 of the Rmatrix, error signal e"j, and
8(K1-drs2vist alenl supplivg thlausgilrdbai carglidlatex jag astitsi inpu pRK tth
{8(KI-T1)+l}th |likelihood calculators 63-8(Kl-l)+l is
likelinogd nalsulatets H3-8K1 is pisosuppliediwith symbolicandidate x1.g as
I nput 8(Kl-1)th+2 likelihood calculators 63-

| 'tSH‘(H’Gul)+2 is also supplied with synbol candidate x1-2

s A Dol Bioc e e heeH CRRHO R S PR i1

-tfabé}%!ﬁﬁd i &bﬂgafd@éa%sgeaaa%&é%&wﬁ% siBboplca

F ey kb 633 YR Al oThERE ol Rltb 3.2 -
of SR PR 5t leThedd caants

error cal cul'a

eslameéﬂeheeﬁncva@krpgﬂeﬁtﬁ gGIMenﬂxé?@%aféE@o%fﬂ denti cal in

structure to cal cul at or
In first likelihood calculator 63-1, transmitted symbol candidate

- generator 631 is supplied with transmitted symbol candidate s”1.1 and

symbol candidate x1.1 as its input and outputs transmitted symbol
candidates s{.1.2, $1.1-1 which are either one of 16-valued signals ¢

through cis. Converted signal replica generator 632 is supplied with

" elements rqq, r{2 of the R matrix and transmitted symbol candidates s1.1-2,

$1-1-1 as its inputs and outputs error signal e4_1.
Converted signal replica z4.1 is calculated according to the equation:

Z1-1 =71189-1-1 +1281-1-2

‘and error signal eq_4 is calculated according to the -equation:

e1.1= lz1-21.112 +e4
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In first likelihood calculator 63-1, transmtted
synbol candi date generator 631 is supplied with
transmtted synbol candidate s"1-1 and synbol ,
candidate x1_1 as its input and outputs transmtted
synbol candidates sl -1 -2, sl -1 -1 which are either
one of 16-valued signals cl through c16. Converted

- signal replica generator 632 is supplied with

Sy U el el die? b3 T SublSio 088, « L il reremes.

sy ifol boafeln o 26 accar IRy Sevgnd Phdifind Ecu6r oo

2 Sl arcnd Pk e ehRrig S By ShlpbgSls i o1
B ik oA s IR AP i
RSP Bcah fotS) sl 8 R, SHERSBctor 02 n e

ﬁrstrs@bgl]e" R_EuPplit @ WithAB Arro? WigH A0 b AG tisd tréngdmitiekt SrmBel

8KIth likelihood cal cul at or. 63-81<1 out puts error
candigatds which havedenScdicudatedd byt 8id1 sikelifwodogaicliidare63-1 -
81-81<1-2, sl-8KI-1. Signal selector 62 in the first
634Kiyin the fisipthgedasiits mputeard oatputs traasmittedisyrhkeol
transmtted synbol candi dates whi ch have been
capdidat@sa £.08'pwhigh givelesinabiest efedrcul ators 63-1 -
63-81<1 in the first stage, as its inputs and oqutputs

t r ASAfding tp thawrssenteinbpdiney, as pesaibedahbeve. fice a
smal.] est error. 10 According to the present )
traBpBA b Rangiees i 2hn st to fle Srarasiestorin the

respRte sfBeF OIS ertlisufliRy VBl e B ER einood

cab R PS YR ngcadiint e AATEK iRy symp
colRRE 1AM collBAREBL0E el e f3Potag, ang
hehenfgaltgtad K§( 1 + K1),

According to the present invention, therefore, if K1 is set to ?‘8”,.fo'r
example, then t'he total number of transmitted symbol candidates is “72".
‘The number of processing cycles according to the present embodiment is
much smaller than a conventional process where 256 transmitted symbol
candidates are required. |

In the present embodiment, eight candidates are selected for a symbOI
transmitted from each of transmission antennas 21-1, 21-2. The number of
eight candidates is given by way of example, and the same numbers of
candidates may not necessarily be employed for the respective antennas.

The same process of selecting transmitted symbol candidates may not

necessarily be employed for transmission antennas 21-1, 21-2.
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According to the present invention, therefore, if Kl

is set to "8", for exanple, then the total nunber of
transmtted synbol candidates is "72". The nunber of
processi ng cycles according to the present enbodi nent
is much smaller than a conventional process where 266
transmtted synbol 20 candidates are required. In the
present enbodi nent, eight candi dates are sel ected for

a %ynbol_ transmtted fromeach of trans 'ssign ..
antfdgnksisza flawehart of apiemediaing Brocess prIfoFRRAYEESIVINg

ape s SrEsorlgd o KaLa o fiast L i Brsan! Bueriign The
e GroP5% 8E oo uPadiiEy HeBb iR R BRI, o2
enBBEEEof B hEPERh OB IR ERey BR el Gl vt e
to Elas, APRhALRR, 1 ERE BLdkeee BRI, s ooiidivnen 2,

OSSP OB, RSN eI oo A § Brocus

resent 1 nvention w

prétfani slepst eteRvrdihg medlimr581CThodgh Baht@iting Gpparatuoh
14. The process shown in Fig. 14 is perforned when a

haptwoassRmissibhantanasad 1-0; RE2sinithg abové Xestriptirei vi ng
~apparatus 5 executes a programstored in recording
tramenhitting 2ppatdtos @rhas Mricansmissign anpenresis the dpasationo
transm ssion antennas 21-1, 21-2 in the above
degerdlend belowh, transnmitting apparatus 2 has M
transm ssion antennas in the operation 10 descri bed
bellBfecaiying @periatig Saplihracerorgseryd nederme &t 53
perforpgse QR .deconposi.tion.on channel, matri x H  Based
defamprsiien dpeanneL st H. Based on (4R-dacamposed shagae
al cul ahes converted signal z (step S31.in Fi o
mefi Bl - RioSERRE dce Lo GrvEHER sl elsGhis b
and] L5 . f ' ' l, S ¢ -
‘14,?:i gpér%ﬁfﬁég ggéuég?% %@@@@o&%ﬁ@eﬁr%%% xrs Tyhibof BarfidateR for
transmitted signal sy, (step $32 in Fig. 14), sets parameter m to M and’

Kn+1 to 1 (step S33 in Fig. 14), and sets parameter § to 1 (step S34 in Fig.
14).

Transmitted sequence estimator 6 calculates (kQm-+q)th replica zm.-
kQm+q for replica zm using a kth symbol candidate for transmitted signals
Sm+1 - SM and a qth symbol candidate for transmitted signal sy, (step 335 in

Fig. 14). Furthermore, transmitted sequence estimator 6 calculates an error

- between replica zm and replica Zm.kQm+q. and adds errors zm+1 - z with

respect to transmitted signals smp+1 — s (step $36 in Fig. 14).
if “g++ = Qm” is not satisfied (step S37 in Fig. 14), if “k++ = Kmp+1" is
not satisfied (step S38 in Fig. 14), and if “m— = 1" is not satisfied (step 839 in

Fig. 14), then transmitted sequence estimator 6 selects and saves Km
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KMtj to | (step S33 in Fig. 14), and sets paraneter q
to |l (step S34 in Fig. 14). Transmtted sequence
estimator 6 cal culates (k@Qmtg)th replica zm kQmtq for
replica zmusing a kth synbol candidate for
transmtted signals 20 smtj - sMand a gqth synbol
candidate for transmtted signal sm(step S35 in Fig.
14). Furthernore, transmtted sequence estimtor 6
cal cul ates an error _between replica zm and re&%ica

syiphpkegndidates doniiersreitted sionats Sm —~ sM and the pEepter 840 in-
ri 0SB0 9 Bl s3U P B dBoh Reheieod
soffepdeiigtmalfiquubp 152 fthed 3l €5 2) P VER oo

mifhgh efrortiten SUEREREI rbol cand datee for

As8hi hed signals sm- sMand the error (step S40 in
E“E‘.{g.' %hﬁ*‘ If "m- = 1" is satisfied (step S39 in Fig.

14k, t ' i R t-Stm,

{1978 P OEE a8, oo AR NI ke gt o

enokifheftsdfaRe Prdsdrl irvehtiohd) ThedalraRgsth 8RINGf SHwirkicgs 15
is a block diagramof a receiving apparatus according

communidation systdmdicaentingto theefoprtbisanbodimeninbf the present
arrangenent of a wireless conmunication system

invantion i the dame bs the arrahgemeot ofrivet winglesh eopinasrdcation
invention is the same as the arrangenent of the

sysiemeaceosdiog korthe esnbodimant shyrein Bige d abong, exceph éhat
enbodi ment shown in Fig. 1 above, except that

receqdrg epn@raﬁpﬁoamp@éﬂdﬁdg igsiras\ofreaeivingtapparatusrcei vi ng
apparatus 1. In Fi recei ving apparatus 7

acHbF@gh 1§, teseiving BB iERs haeaPRELH o eHita gmabegdimest
oA DGRBS A PRAPEE Gl F bl o
wafRhRERE aftbirag 26,2 2179, st oy RCHHTRH l@hnds 7Y +%-
4. ltis assumed that 16-valued signals ¢4 - ¢1g are transmitted from each of
transmission antennas 21-1 - 21-3,

Receiving apparatus 7 comprises four reception antennas 71-1 - 71-4,

| channel coefficient estimator 72, pricrity determiner 73, channel coefficient

sorter 74, QR decomposer 75, QH  processor 76, transmitted sequence
estimator 77, restorer 78, and recording mediuh 79 for storing a prograrh (a
program executable by a computer) for realizing prdcesses in various parts
of receiving apparatus 3. |

Reception antennas 71-1 — 71-4 receive respective signals. Channel
coefficient estimator 72 is supplied with received signals rq - r4 as its inputs,
estimates channel coefficients, and outputs channel matrix H of the

estimated channel coefficients. Priority determiner 73 is supplied with
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transm ssion antennas 21-1 - 21-3. Receiving apparatus
7 conprises four reception antennas 71-1 - 71-4,
channel coefficient estimator 72, priority determ ner
73, channel coefficient sorter 74, QR deconposer 75,
(H processor 76, transmtted sequence 20 es ti nmator

77, restorer 78, and recording nedium 79 for storing a
program (a program executable by a conputer) for
real i zi ng processes in varjous parts _of receiving

re kﬁ%‘ﬂ sionalsy 1 ‘Ffdc%ﬁbtw Bibulsh tdstergainegs aprioriy batwesnei ve
respective, signals. nel . coefficient estimtor 7
tranSRUHION ABIPNAETE 18 ot Ty 286 TS A SN Xart ey esentative

i,hputs, .25 estimtes channel coefficients, and
Ofgﬂé)aﬁfegmmé?"%tri x H of the estimted channel
co | Cl Pri-f ermner 73 .1S.S i |
ey BRleImitdr 7 b BT s of b el ety o
L or L het .9 Sy )
chBhhefhaoiE WBER HeASaEaR LA FEBRS I pdwer (eteil for
e L DK | Qh ' i Adrfshigbgs
R seilon il Sy AL TbAG e
sebuef &SRS hidher efddttit pbREr RVERE GRathd Cokfficidn\weiter 74 is
l'evel s for Tespective transmtted sequences, and give
subbmettﬁmtnmhanhelimatrtmumra?n it)@ti as s ifputs ssonstthe column
hi gher electric power |evels. annel coefficient
vestors of chahried matrippt, iand outpbisahadifiet clannekmitranid’.
signal Xpri as its inputs, sorts the colum vectors
of AdHbisdiste, aianingl epeffinignbsemnen & sods tHeecolumunveastors in
matrix H . 10 At this tinme, channel coefficient sorter
theyaseqyding priler efintientiowc For example; gbaarelanatrikH & der of
riorities. For exanple, channel matrix His

- repigseRted¥ed by: [Equation 6] 41 h12 h13 H= h2l h22
D23 h32 h33 |
[Equation

hll hlz hl3
H= hZI hZZ h23
hB] h32 h33
h41 h42 h43

if higher priorities are given to transmitted sequences 2, 1, 3 in that order,

~ then modified channel matrix H’ is represented by:

[Equation 7}
hl3 hIl hll
H'= h23 h2l h22
h33 h3| h32
] h43 h41 h42

QR decomposér 75, QH processor 76, and transmitted sequence
estimator 77 perform QR decomposition, perform QH  processing, and
estimate transmitted sequences, respectively. Transmitted sequence

estimator 77 outputs a transmitted symbol sequence which gives a minimum
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Al h42 h431 15 If higher priorities are given to
transmtted sequences 2, 1, 3 in that order, then
nodi fied channel matrix H is represented by:
[Equation 7] k3 k | 1h2 h23 h2l h22 h33 h3l h32 h43
h4l h42_ QR deconposer 75, (QH processor 76, and
transmtted sequence 20 estimator 77 perform QR
deconposition, perform QH processing, and estinmate
transmtted sequences, respectively. Transmtted
eroéquence estimtor 77 outputs a transmtted synbol
se?uence which gives a mninmum 48 _error. Restor

78
gleir é8 lwsyﬁp&erfhwﬁmchﬁaﬂeﬁ rsaatmerémna gaARee! 'coefficient
é estl or 72 and tranzr ed S%{JE%D
esﬁ'é'& éps ?N'PP%'oseé’é&?ﬁ&ﬁ% oML UANHR seAugnce
i.t d the, .t
est@%ﬁW@s it Tpputs. Sér@f St Gaamites Sy Seavensano

S NI AT R I —
sebludhdds SRR fe%gae% i FRARAUEAFRBL BB i as

respec 0 channe ransmtted sequence
trafSHiited 8&q LZJﬂdé@ &8 Witheey Q@ﬁ ch%Hﬁéﬁ%étr}kelli)’ in
the order 'fromhig r priorit or 1 ncreased

Se%ﬁﬁﬁﬂttte%éﬁfe‘n&&tésﬂﬁim @ﬁd Pbdcéé%tée@iﬁbhﬁés
transmtted sequences using nodified channel matrix

suttessiely in thei ardet frem kigredgtieitissrodinsasaddasedueace
received electric powers of respective transmtted
estmgtieg acsuracy dydistignatingt thengonitied seqaehoes using modified
priorities my be determ ned by neasuring received
chanrgltmalsixgbwer vs. noise

While priorities are determined based on the received electric powers

-of respective transmitted sequences according to the present embodiment,

priorities may be determined by measuring received'electric power vs. noise
electric power ratios or received electric power vs. noise electric power ratios
and interference electric power ratios.

Fig. 16 is a flowchart of a demodulating process performed by receiving
apparatus 7 according to the fourth embodiment of the presenf invention,.

The process shown in Fig. 16 is perforr'ned when a processor (CPU: central

~ processing unit) of receiving apparatus 7 executes a program stored in

recording medium 79. Though transmitting apparatus 2 has three
transmission antennas 21-1 - 21-3 in the above description, transmitting
apparatus 2 has M transmission antennas in the operation described below.

In receiving apparatus 7. channel coefficient sorter 74 sorts channel

matrix H (step 851 in Fig. 16). Thereafter, QR decomposer 75 performs QR

decomposition on channel matrix H. Based on QR-decomposed channel
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15 electric power ratios or received electric power
vs. noise electric power ratios and interference

el ectric power ratios. Fig. 16 is a flowhart of a
denodul ati ng process perforned by receiving apparatus
7 according to the fourth enbodi nent of the present

i nvention. The process shown in Fig. 16 is perforned
when a processor (CPU. central 20 processing unit) of
receiviﬁg apparatus 7 executes a programstored in

matdxdi.dlTg Rreeessar7S catpdatns convesierd:igna) z(siaR adey big.
e e ssraneS S el B oG Faeinrth 6 et g1
todBlH SB3 1 Biski it pne LD R e Arerearifed
s Sevialo $3033 PR cho STt 4 1 o0 S8
econposition on channel matrix H Based on '
- deconposed channel 49 matrix H, QH processor 76

calgdhatffe b stingyist 77 (step S52 in Fig. 16).

Tr ansmtte(?cse uence estinmator 77 sets paraneter mto
M amdn&Mitied ééqtﬂerkétéwrr%‘i& 6 Raldulbted RQENATEPRGA £X,D
synbol candidates for transmtted signal sm(step S54
' if&r repfida z@ll@bi bkt aymisel eandidhte for rahemitibsignals
kd,gﬁ-a& 5 %6 . ranggrittedys_equence estimator 17 g
smdpnsl driccd gtteguabokcawlidatetfor trénsmittad sipeal Sk Grep)336 in
replica zm kQmq for replica zmusing a kth synbol
Fig.at@)i darthefhmore, teansmitied dequence estirsatgr 77 caltulatdsangt h
synbol candidate for transmtted signal sm (step S56
erion betweeny repliep zni-and eplias 2m-kQmangndod 8dds 6Fi0EN em+1 - ZM
estimator 77 calculates an error betgeen f:%li azm
it Fig. 2

withgspepl todeansmitesrignaliemad ds Sk (SR S?2 M- wi th
Pl A BB (LS T
L ed6) e e featk+te= " " isfi )
nof ReisTE igp ST Flo- 1. and im0 RO Bfed BP0
Fig>01%)! fhen transmitted sequence estimator 77 selects and saves Ky,

symbol candidates for transmitted signals sy, — spj and the error (step S61 in’

Fig. 16).

If “m-- = 17 is satisfied (step S60 in Fig. 16), then transmitted sequence

.. estimator 77 outputs transmitted signals sq - spg which give a minimum error

(step S62 in Fig. 16). Restorer 78 restores the order that has been sorted,

and outputs transmitted sequences estimated with respect to channel matrix

H (step S$63 in Fig. 16)..
Emb.odiment 5:

Fig. 17 is a block diagram of a receiving apparatus according to a fifth
embodiment of the present invention, Fig. 18 is a block diagram of a

transmitted sequence estimator shown in Fig. 17, Fig. 19 is a block diagram
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15 Fig. 16), then transmtted sequence estimator 77
sel ects and saves Km synbol candi dates for transmtted
signals sm- sMand the error (step S61 in Fig. 16).
If "m- = 1" is satisfied (step S60 in Fig. 16), then
transmtted sequence estimator 77 outputs transmtted
signals sl - sMwhich give a mnimnumerror 20 (step
S62 in Fig. 16). Restorer 78 restores the order that
has been sorted, and outputs transmitted seqguences

of asecaadwtraq ikeliheed satculaior saewa in fig: 18x andiFig 12his$63
in Fig. 16). Enbodi nent 5: Fig. 17 is a black diagram

blagk CEagr@mePf)v@ fEstaha00 h%@@ogé&ﬂ?wiﬂ@rﬁgownﬂm Fia 1%22&9.

resent invention,

anBgeed b7 MRS Com FlcAteh ey et aerpding f (g dir

enbitiighCotthd wean b dof stk < B AR e ortne

T oy PP KLU B a0 i
1 TGRSl SR KR U84 T oo

appargid fon is the same as the arrangement of the 5
Wi rel ess communi cati on system according to the

e HigrETt redeiing apphtdius 8lactonting te¥eehfth ehdiodiment

recei ving apparatus 8 is provided instead of receiving
receiEs signals trankmifted froiry tranemitting apparates 2thaving four
~according to the fifth enbodi nent receives signals
transmission anténhas &1+t arkid  with jwa pecaptionsartensad a1 8dr2.
10 transm ssion antennas 21-1 - 21-4, with two
r eEgseiVing appaahist somprisgs two receptisinanignaap 8itat. (&1-2
conprises two reception antennas 81-1 8%,%]2, ch%nnel
chanpgl coefficiant estimaders2, guriority detarminadids charas! gosfficient

sof R R, L ShobhentHo o Rg aedfontt
esiﬁrégg)?ggl %réﬁgmﬁ?ewggﬁl?encc%ngénda‘i‘(ﬁaetess%lleec$5%7.8a7nd %%rding
medium 88 for storing a program (a program executable by a computer) for
realizing processes in various parts of receiving apparatus 8. Receiving
apparatus 8 is connected to restorer 89. |

Reception antennas 81 -1, 81-2 receive respective signals. Channel

coefficient estimator 82 is supplied with received signals.rq, r2 as its inputs,

“estimates channel coefficients, and outputs channel matrix H. Priority

determiner 83 is supplied with received signals rq, r2 as its inputs,
determines a priority for converted sequences, and outputs a signal Xpri
representative of the determined priority. Channel coefficient sorter 84 is
supplied with channel matrix H and signal Xpri as its inputs, sorts channel
matrix H, and outputs modified channel matrix H'.

QR decomposer 85 is supplied with modified channel matrix H’,
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15 medium 88 for storing a program (a program
executabl e by a conputer) for realizing processes in
various parts of receiving apparatus 8. Receiving
apparatus 8 is connected to restorer 89. Reception
antennas 81-1, 81-2 receive respective signals.

- Channel coefficient estimator 8~ is supplied with

" received signals. rl, r2 as its inputs, 20 estimtes

S RN s T TR
R e BB o LB RRP SR BNl e
B o5 RS B ok e e
colgfcs|Boat PRcasa sl sQ HAILP, FOTEhy 20

coﬁr@@%@%ﬁél BOTransiReH iseduithéd e STAhidr &is S1pPRed wirt ri X

, bl performs QR deconposition on nodified channel

conwértédsighal 286d dhé Puingtrix 43 itdMputx apd éstimafesrand owtpu@
processor 86 is supplied with received signals rl, r2

traasnhittetbséuericesx as its inputs, nmultiplies received
signal vector r by the conplex conjugate transposed
mattris xasefimeddhat cranriet matrid Hhestimatedbycomarera edeffictpml
z. Transmitted sequence estimator 9 is supplied with

estypatand2dg reppsented byid the R matrix as its inputs and
estimates and outputs transmtted sequences. It is

[Equationed t hat channel matrix H estimted by channel

coef filBjet, éstikplor 82 is represented by: 10
[ Eddia j,on ;8] FI: ki k2 k3 44 1h21 h22 h23 h24J |f
hi gher PridritPes*are given to transnitted sequences

| ’ kit | r . i i
e B e B SR g U B Lt order
then modified channel matrix H’ that has beén sorted by sorter 84 is

represented by:

[Equation 9]

f{zlhn' hn hu _hmJ
hy hy by By

Clt ié also assumed that channel coefficient estimator 82 estimates two

~ transmitted sequences of higher priorities.

Transmitted sequehce candidate selector 87 outputs K sequence
candidates (Xq-4, X1-2) - (XK-4, XK-2) fbr minimizing a value calculated
according the equation: |

Eij= |r1-h14xi-h12xj 12

+ | rp-hpaxirhooxi12
for example, as transmitted sequence candidates (v4.4, v1-2) - (VkK-4., VK-2)

for transmission antennas 21-4, 21-2, with respect to transmitted sequences

52




10

15

20

25

represented by: 15 [Equation 9] H= h13 hll hl2 hl4
1h23 h2l h22 h241 It is also assuned that channel
coefficient estimator 82 estimates two transmitted
sequences of higher priorities. Transmitted sequence
candi date sel ector 87 outputs K sequence 20
candi dates N4, x1-2) - (xK-4, xK-2) for mnimzing a
val ue cal cul ated according the equation: Ei,j rl -h |
4xi-h 1 2xj 12 + | r2-h24xi-h22xj 12 for exanple, as
4, 2 ohhighier pedrites;uEactk of theitandidate(symbals is/githenone ofk- 4,
_VK-2) 25 for transm ssion antennas 2.1-4, 21-2, with
signalspiictC1e transnitted sequences 52 4, 2 of higher

priorities. Each of the candidate, synbols is either
oné tegnsmiftge sequence candigatesrare ,sgp%%é‘é’wgﬁ reggechite

oot s R EETBEh, ManbAELY,

NIRRT e e o
or e RE B Peaibulaiald D188 - 8, 983 BshoK Gritio-

gn ors 9 ansm tted séquence

st SidR SEIeUARILON TrahefledbafiRTRE AinTatbR9 perffns

_ I 'hood cal cu ator grolp in the second
'siglﬁ.ta coSsifG M tREORIEr Of tR2likelinbba caramtdr gicigein thBsecond
[

el'i hood™cal cul ator group 10 in the first stage, and

staged BiahaPed186iop 0294 the'sédnd stage, tedikelihdod oaltutadot group
the present enbodinent, if signals transmtted from

in thesPsicdtaye, anidsignabséloctondtdmittes fidt stage. 21-4 are

16-val ued, and transmtted sequence candidate

selfecomtingio thet presentembadisment: & sighalpisaasmiteddient es
respective transmission antennas 21-1 — 21-4 are 16-valued, and transmitted
sequence candidate selector 87 outputs K transmitted sequence candidates
(V1-4. V1-2) - (VK-4. VK-2), then the likelihood calculator group in the second
stage is made up of 16K likelihood calculators 91-1 - 91-16K.

First through 16th likelihood calculators 91-1 — 91-16 are supplied with

converted signal z2, elements rp2, r23, 124 of the R matrix, and transmitted

sequence candidates (v{.4, v1.2) - (VK-4, VK-2) as their inputs. 17th through

32nd Iikefihbod calculators 91-17 — 91-32 are supplied with converted signal
o, elements ro2, rog, ro4 of the R matrix, and transmitted sequence

candidates (vo.4, vz;_z) - (VK_4, vK.2) as their inputs. {16(K-1)+1}th through

16Kth likelihood calculators 91-16(K-1)+1 — 91-16K are supplied with

converted signal zo, elements o2, ra3, ro4 of the R matrix, and transmitted
sequence candidates (VK_4, VK-2) - (VK-4. VK-2) as their inputs.
As shown in.Fig. 19, first likelihood calculator 91-1 in the second stage

comprises transmitted symbol candidate generator 911, converted signai‘
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(vl -4, vl -2) - NK-4, vK-2), then the likelihood

cal culator group in the second 15 stage is made up of
16K li keli hood cal culators 91-1 - 91-16K. First
through 16th |ikelihood cal culators 91-1 - 91-16 are
supplied wwth converted signal z2, elenents r22, r23,
r24 of the Rmatrix, and transmtted - sequence

candi dates M4, v1-2) - NK- , vK-2) as their inputs.

iy e i A et

91séq‘u%{TiéK@rééé}ﬁ%§lct@ '"(ﬁ}w@tt"r%fé iBhogd RGN 1
canbiirtBAlRend calpkialdr 4t shrSRited svhRsty e '

ge&%ﬁtﬁlj{ ?Wl?é?ﬁ@ dz\gltq ﬁéﬁ%ﬂ{eﬁj §ezt£uer{c% ar{ tQ% \{ahg B.2)

and nsmit sequen can

P i i g
cahaRkimes §# 39 éii_@ "sg_sfg WHléﬁ‘%F@ bttﬁ@r éN@BPél RaRUdad fs.

gener at o onv d signal 53 replica generator

Ccﬁ%ﬂeﬂ@gﬁdl fr@pildéad;éhéraidiﬂgﬁli?? supblied withketémbatsdroo, ro3,

~calculators 91-2 - 91-16K are |dent|cal in structure

ro4 @nditkaisnhitted sgﬁib@ﬂbmmdaf&; sh._1. s i1.81 sp Jkglasmsomuts

cal cul ator 91 transmtted sy candi dat e
angersecuhizs aﬁtﬂoutsummﬂueetéd\mfgdaltrepmz_q extcouding b the

candi dates M4, v1-2) 5 - NK-4, vK-2) as its inputs,
equatiogener at es and out puts transnitted synbol

candi dates s2-1-4, s2-1-3, s2-1-2 which are either one

of Z9 ¢ Tal2@S241-2 *'P8S2-1ca ViddfRdl-4i gnal replica

oIS S“pﬁppﬁe%ﬁt&?;pé'ggé’%‘f%m%?éz ahfigonéiicd

its . put s

S'mv%fﬁtcs'dzza 2 S hils, aB8 skl b %@8@80#@%%' e2-1

(22s2-1-2 + r23s2-1-3 + r24s2-1-4
acggror ca %9;\ tlon913 is supplied with converted Si gnal

I S RN TR L

First likelihood calculator 91-1 outputs error signal es_q and transmitted
symbol candidates s3_1-4, $2-1-3, $2-1-2. Similarly, second likelihood
calculator 91-2 outputs error signal e2_2 and transmitted symbol candidates
$2.2.4, $2.2.3, $2.2.2, and 16Kth likelihood calculator 91-16K outputs error
signal e2.1gK and transmitted symbol candidates s2.-16K-4, $2-16K-3. S2-
16K-2-

Signal selector 92 in the second stage outputs K1 error signals "1 -
e"Kk1 having a smallest error and K1 symbol candidate sets (s”1-4, 8"1-3,
$"1.2) - (8"K1-4: S"K1-3: .S”K-;_g) which give the error.

The likelihood calculator group in the first stage is made up of 16K1

 likelihood calculators 93-1 — 93-16K1. First through 16th fiketihood
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according to the equation: 15 e2-1 ~ 1 z2 - z2-1 12

First |ikelihood calculator 91-1 outputs error signa

e2-1 and transmtted synbol candi dates s2-1-4,

s2-1-3, s2-1-2. Simlarly, second |ikelihood

cal cul ator 91-2 outputs error signal e2-2 and

transmtted synbol candidates s2-2-4, s2-2-3, s2-2-2,

and 16Kt h |i kel i hood cal cul ator 91- 16K outputs error

20 signal e2-16K and transm.tted synbol candi dates
calpplatgrs 93-15293 618 are sypplied with eonyesiedsignal dy e@@%lﬂs 1,

the second stage aqutputs errof,signals, e"l ,- e"Kl
r12par\zrsng|4a0€hhﬁ|ﬁ<&qtﬂéra sm%oma@ﬁ@s%e?é%dwo%ﬂ@@eﬂs?)

o i iR 050 ot TR e i ot

0P BBt Hs rbPliedh@A gohieBaSiatmI M. SRents i,

R O R e R Y

as'i&dnpl3: rl14 of the R matrix, and symbol candidate
“set Es" 1-4, s"11-3, S'1-2) as its inputs.

( 1ddShdwrin Frlg. Dor Alg likibollddicdiaterlolpedmpabesil at or s
93-16(KlI- 1)+I 93-161<1 are supplied with converted

 trabisiiéd 8ymbel eadidaterdenkrator 931, Sorivisited signalfrepliva R

matri x, and synbol candidate set (s Kl-4, s Kl1-3,
geRékitoPP32 aand emor cplotiatorA33s hotherilikeliiapd edlculatarg ©3-2 —
l'i kel i hood cal cul ator 93-1 conprises transmtted
93s16Hb bre: ientidakin sfreshirato fikelhpodeaiewaios@3sl-gnal
replica generator 932, and error cal cul ator 933.
ot Hedikelihaad eriedlaten 9ol dransmiged symipl gandigate ggperator
identical in structure tgo |ikelihood,kcalculator 93-1.
93|1rgernex%ﬁei%voo@aptﬁﬂr%n%wﬁéé-smqq &ﬁgmd?’k%%skﬂrﬂaﬁ-'l-&
candi date generator 931 nerates and .
S1e7-ansin 1 M0 Riroper el 63 -Fie, Lhiriod gigng
fe%l??(ﬂacielmpg%{o'é§3?ﬂé %QPSﬁeed fith ié?émgﬂfs 9%, M 255 5§ and ¢!
transmitted symbol candidates $1.1-4, $1-1-3, $1-1-2: $1-1-1 as its inputs,
and calculates and outputs converted signal replica 24.4 according to the
equation:
Z4.4 =T1481-1-1 + [1281-1-2 + [1351-1-3
+11481-1-4
Error calculator 933 is supplied with converted signal 24, converted
signal replica z4_1, and error signal "1 as its inputs, and calculates and
outputs error signal 4.1 according to the equation: |
e11= |z9-21.1|2 +e'4
First likelihood calculator 93-1 outputs error signal e1.1 and transmitted
symbol candidates $1-1-4, ${-4-3, $1-1-2, §1-1-1- Similarly, second

likelihood calculator 93-2 outputs error signal eq_2 and transmitted symbol
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replica generator 932 is supplied with elements rl 1,
ri 2, rI 3, rl 4 and 15 transmtted synbol candi dates
$1-1-4, s1-1-3, sl1l-1-2, s1-1-1 as its inputs, and
cal cul ates and outputs converted signal replica z1_1
according to the. equation: z1 1 ~rl Isl-1-1 +
r12sl1-1-2 + rl13sl-1-3 + rl4sl-1-4 20 Error cal cul ator
933 is supplied with converted signal zj, converted
signal replica z1-1, and error signal e"j.as it '
candigates s apd. Sa158 %rt-esz,mdz-m@ﬂad%éa 'Fﬁb“]?"hﬂoﬂr%?c%?tp{
according to the equation: el-1 ~ 1 2z, - 71 1 12 + e"
03 eI OWtPILS STRICRIIOR S TG b NS Bt SyBPE San g =1-
el-1 and transmtted 25 synbol candi dates sl -1-4,
161€1-41 S3-16K1-3- %1,-155-112'1'5.1-@%11+1arl y, second |ikelihood

LT A R At 02 80 s
i et e
cagh 508 888 i b epsi St 3 0

s*ﬁhi&H%a}é §4mpIlebt éfer.error signals 5 and the
transmtted synbol candi dates output from 16KI :

| i helcbhfrgto Bl prebentsmbBdinient, 88 db6trlbechablowr) tsindes ‘
transmtted sequences s'j, s'2, s'3, s'4 which give a

trafsmitteRbéeqionee estintiodd egtimated sequersestthainredndetinite in
as descri bed above, since transmtted sequence

‘theeapperdtiang@lae pait v ths Rosgtrenabishtis galculated RYERnite in

10 the upper triangular part of the R matri i,ch is
deceinposatt t@nm@ﬁ@%@&ﬁﬁég@ﬂug@e& %h@,%d?mﬂf(uéﬁv{gﬂ gven'tf
sequences. can be Qermd Iat?\%reven if. the reception

thearacerban agtennas &P TeWah aLiNG UASRISSPE A AR Mihas .

E L?—}ig)rzq}ﬂe%s% O\Ellglg%\f gfl %téie%ocﬂllgﬁ%) AcBLL PABRAEE Y receiving
apparatus 8 according to the fifth embodiment of the present invention. The
demodulating process of receiving apparatus 8 according to the fifth
embodiment of the present invention will be described below with reference
to Figs. 17 through 21. The process shown in Fig. 21 is performed when a

processor (CPU: central processing unit) of receiving apparatus 8 executes a

program stored in recording medium 88. Though transmitting apparatus 2
~has four transmission antennas 21-1 — 21-4 in the above description,

| transmitting apparatus 2 has M transmission antennas in the operation

described below.

In receiving apparatus 8, QR decomposer 85 performs QR

| decomposition on channel matrix H. Based on QR-decomposed channel

matrix H, QH  processor 86 calculates converted signal z (step S71 in Fig.

~ 21). Transmitted sequence candidate selector 87 determines K| symbol
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apparatus 8 according to the fifth enbodi nent of the

present invention, The 15 denodul ati ng process of

recei ving apparatus 8 according to the fifth

enbodi nent of the present invention will be described

below with reference to Figs. 17 through 21. The

process shown in Fig. 21 is performed when a

processor (CPU: central processing unit) of receiving

apparatus 8 executes a programstored in recorgln
cameiitiaies sets fahtragsmitieshsignals isng —Spparat(serSedimee %a,ur

transm ssion antennas 21-1 - 21-4 in the

des-ErﬂnptT'ﬂttﬁd seqquﬂma{gr 81568 g@[ﬁneztehggtbq\ﬁﬁ -L.) (step S73
i), SONBISE QB ARRHFANCIAAtES Ters 4 BOURO SN g (step
S incRlatR b apd S BREAMEET qé%”lnés?a”% ﬁ%isf Fhcessor 86

T oo i S SR, g s Mark Rpicd i
kQra TR pevpra GG A3 1EMaSE ﬁﬁﬁ%&@gﬁ@ﬁ gt iraraivited

S@%ggncel es°M ﬂ‘;ﬂ‘ é’gtﬁ’s bél cBﬁfcﬁ’dﬁb%r fFahgmittddLeigr 81 tsRp

ener at es candi dates for

(sfe;)ag?@‘iﬁ F@d 2%} IPafthemmést ﬁﬁnsﬁ?tﬂed Qe iehceZgtimatod9set s
aneter g to 1 (step S/5in Fig. 21). 5 Transm tted

cHQLR-GH @‘%ﬂ eEtiveenep %@%@@r@h@tﬁikarﬁﬁplarﬁa&m
kQmtq for converted signal zmusing a.kth s

ercasdglaf ez,gpmth respect td #dnsmitigdasignalesing s lsl\m(&ﬂem SqHn
synbol candidate for transmtted signal sm (step S76
Fign2H). g. 21) Furthernore, transmtted sequence

esti mat or cal cul ates an error, bet ca zm,.
andlf Fagot réél“%lﬁlk‘@jﬁlaiﬁﬁﬁﬁcﬂs@ﬁﬁml@ "e'ﬂmgf)s ity Eitj R awl 1S

“fgﬁtﬁ%ﬁr es eCt Stf%) ﬂ?ﬁaﬁ 'QH?‘PE' H%potgﬂl |fed e(g{e%%%% in
Flgsg@p q@fgg{:\ﬂsrﬁffe}d szeﬂuengﬁ(estufn”?ﬁg selse\etsi %M%?w?éssk' ed

sym%elscfa'n@%a@sf fn tr%%gﬁiﬂed signals s — sp and the error (step S81in

“Fig. 21). If “m-- = 1" is satisfied (step S80 in Fig. 21), then transmitted

sequence estimator 9 outputs transmitted signals s1 — sy which give a
minimum error (step S82 in Fig. 21).

According to the first through fifth embodiments described above, the

| output of the signal selector represents transmitted symbel candidates for

giving a minimum error. However, depending on the arrangement of the

“overall receiver, the output of the signal selector may represent a.likelihoed

for each transmitted symbol or a likelihood for bits that have been

- transmitted by each transmitted symbol.

Embodiment 6:

Fig. 22 is a block diagram of a receiving apparatus according to a sixth
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Fig. 21), then transmtted sequence estimator 9

sel ects and saves Km 15 synbol candi dates for
transmtted signals sm- sMand the error (step S81 in
Fig.21). If "m-= 11" is satisfied (step SSOin Fig.
21), then transmtted sequence estimator 9 outputs
transmtted signals sl - sMwhich give a m ninmm
error (step S82 in Fig. 21). According to the first

 through fifth enbodinents gdescrib e, the. 20
embOUBRISH thesBrasegeaIveeRpBct g 29 45 DS LSUPMETRL oo

10

15

20

25

vakeed seiienin sehgebr iR ot of § A Bloosdogrem
of 3 Sprerienack eltrod baflietol SRR PR R ARG P o

biofi RtFpb s gt stinoog SALTIRGAFFFiG, BECTRE,

arrgn%:rﬁ%ﬁt &é@%@%@éﬁ{c@nhﬁﬁﬁaﬁbﬁ GySRRREESHEINaBaNdishh t O

ment of the present invention, Fig.

 emP3diriert dTtRS breiaimmnibnas thd samaidstthd ssemgentnt of the

estimator shown in Fig. 22, Fig. 24 is a block diagram
wirBless coRfAnGicatiay systelreaddurdingdaltive eatomdirshobshawn A big.

23, and Fig. 25 is a block diagramof a first-stage,
1 dbiokva) &xuept teatireoéisingrapyiavatusi 100Hs provided inséeds of receiving

arrangenent of a wi.reless comunicati on system

appactugling to the sixth enbodi ment of the present

invention is the sane as the arrangenent of the .
wi IreFigs 22¢ teneiving apbarates 308 peaerdidiofersdhgmbodiment

enbodi ment shown in Fig. 1 above, except, that
reqeinasi Sigas Aigparited frepdirpast ShRATRRE S haViRp two

L )

LSRR R OO B G, 01
1082, Snalthbrtdatfeib ROGRIAA: 05 S Lhdnrol Bbud 103,

appar at us conpri ses two reception

- priBfyeduianih8r 184, channel cosfficient sorter 105, QR decomposer 108,

QH  processor 107, transmitted sequence estimator 110, and recording

medium 108 for storing a program (a program executable by a computer) for
redlizing processes in various parts of receiving apparatus 100. Receiving
apparatus 100 is connected fo restorer 120. |

Transmission antennas 101-1, 101-2 are modulated by independent
modulating processes. It is assumed that transmission antenna 21-11s
transmitting either one of signals ¢{ — ¢ 1 and transmission antenna 21-2 is -
fransmiﬁing either one of signals cq — ¢ 2. If the modulating process for
transmission antenna 21-1 is QPSK (Quadernary Phase Shift Keying), then
L1 = 4, and if the modulating process for transmission antenna 21-2 is

16QAM (Quadrature Amplitude Modulation), then L = 16.
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101- 2, channel coefficient estimator 102, contro
channel decoder 103, 15 priority determ ner 104,
channel coefficient sorter 105, QR deconposer 106, CH
. processor 107, transmtted sequence estimator 110, and
recording nedium 108 for storing a program (a program
execut able by a conputer) for realizing processes in
various parts of receiving apparatus 100. Receiving

apparatus 100 is to restorer 120,
P achida0 snparatunad %féiw? rSqgtion AmenanPitled Ody2:
endent ocesses

angTRRERT AL PBIENRE ANl 152 PR Basaartite sENER Renarit Rl
ool O B AL LA NS P 7 B % oot
esIBEieSHAMd BERBRaNS and oRpRm SRR AR FtRe L Lo,
esfffeted e e e Al Lt ude. Nbaut at Lon) £ hen
L2 GR¥eco o%%?%&h@gumﬂl%@r\m‘thl&héﬂﬁbi mastrik b as éte dmputen

antennas 101-1, 101-2, and reception antennas 101-1,

petditmé QR RICOMPosHiDAN Yitarsiel neatrix I-Clmdrmltputsczeﬂfmatre(nt
esti mat or 102 is supplied with received signals rl, r2
amgisan Rematrput@H mtesaﬂe@?ah anpplied withfthe Ceradrix and -
out puts channel matrix H of the 5 estinmated channel
receieéd signals &), rEBs dedoptsseultiphes tla;e @ﬂgmadesjgwﬁ py the
channel matrix Has its inputs, perfo
cmm@@ugatﬁqtr@aﬁmgﬁm@atnmf the QHnalfie, %ﬂui Buipé‘t?a
matrix _and an R matrix. QH processor 107 is suppl i ed
CQW@HGQ’IS@@ ﬁatrl x and received signals rl, r2 as its

comity Saleriarrd SRl il Jo Fhetlintsitr Lo o

A B TS 2 e Mg

ch%mefcﬁ% I Pﬂoﬁ?tb%&ﬂéén e fransrhissioih! ch

f romcontro
antennas, and outputs a signal Xpn representative of the determined priority.

It is assumed that the modulating processes employed for transmission

antennas 21-1, 21-2 have been indicated from the transmission side through

a control channel using a predetermined format. Priority determiner 104
"gives a priority to an antenna which has transmitted sequences of a smaller

“signal point number (transmitted sequences of a lower modulation multi-

valued number).

Channel coefficient sorter 105 is supplied with channel matrix H and

| ‘signal Xpri indicative of the priority as its inputs, sorts the column vectors of

channel matrix H, and outputs modified channel matrix H'. Channel
coefficient sorter 105 sorts the column vectors in an ascénding order pf

priorities. In the present embodiment, the signal point_number of an antenna
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of adqwenpaerityfis rerrasented byol-Bi andithesignal pRIfbRYM

channel decoder 103, determnes a priority between the
transm ssion is antennas, and outputs a signal Xpri
representative of the determned priority. It is
assunmed that the nodul ati ng processes enpl oyed for
transm ssion antennas 21-1, 21-2 have been indi cated
fromthe transm ssion side through a control channe
using a predetermned format. Priority determ ner 104
gives a prirority to an antenna which has transgggg gn

transmtted sequences_of_a | ower, nodul ation
ar\%g'p

el & figher priogyhet - Jd.gp;rin eémewgresilalga%éil 10 is
SuBEREL e GRBRS) o R A  PBl pmates
| £ _channe] X H _
aniputpriscue At Tgemie R el aBBfindtpPit 212
or i S P Plg, ) B AlER RS et FAT EDboEes

m%'rsf@él pl?&ih%d %T&ﬁétofé@@f%ﬁiﬁ@tﬂz%o&ﬁ?ﬂe&|a€orbqwqt1 —111-

y 1S represen e signal point

LZ?,WW%QW —Of1 R0 KANLARMoXtage BighBeselBEIoRS HE, PyaL2" .

ransm tted sequence estimator 110 is supplied with

TraREMRtddeskoticting lestimiiish 1 Tep&fombs bignabprdcessingun the arder

estimates and outputs signals transmtted from )
ofthietiestiroot walamtengeaiplih-the s2todd sfages signahaelestarild2 in

23, transm tted sequence estimator 110 conprises .
the secsndgiagel the likalibdod ahtoulatongragipdn gee bfstistags, iandodgnal

cal culators 111 -1 - | 11 - L2', 113-1 - 113-L1'K1,
selgaion Wol kxthgdirst ¢§aae. sel ectors 112, 114. Transmitted

el e Foumaar Ao S O bR,
, Si . 112 in 10
S RagRSof R ined P 3a SF Laga o Bl SFBEFApE, then

8 HEH o ACUARR aro ST Nerbhd sfoc Pambress LIAET e

iik%lfjl%ﬂd {;élg{}ln%@ﬁ%ﬂ{énﬂpﬁg daRdIedrs 1 R4 i fLbMas éupgiied

esen

~ with element rp9 of the R matrix and outputs an error signal group and a

transmitted symbol candi’date group.

As shown in Fig. 24, first Iikelihood catculator 111-1 in the second
sfage cdmprises transmitted symbol candidate generator 1111, converted
signal replica generétor 1112, and error da!culator 1113. . Other likelihood

calculators 111-2 — 111-L2" are identical in structure to likelihood calculator

1111,

In likelihood calculator 111-1, transmitted symbol candidate generator
1111 generates and outputs transmitted symbol candidate s2.1.2 which
comprises a symbol of either one of signals ¢4 — ¢ 2. Converted signal

replica generator 1112 is supplied with element rop and transmitted symbol
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the |ikelihood cal culator group in the second stage
conprises LMAX 15 |i kel ihood cal cul ators. Likelihood
cal culators 111-1 - 111-L2' are supplied wth el enment
r22 of the R matrix and outputs an error signal group
and a transmtted synbol candidate group. As shown in
Fig. 24, first likelihood calculator 111 -1 in the
second stage conprises transnmtted synbol candi date
generator 1111, converted 20 signal replica

cepdidate sg.1 129 its dputaranst generatesaid omtm,s converted signal
‘O herlikelihood cal culators 111-2- 111-L2' are

| reR#AZRehl in structure to |ikelihood cal cul at or In

likelih 11 d
canGricacyter 1t 5 R spplieguntt SRE ﬁs'saﬁ’ '&@@d
candi dat e ri ses

o I'éiéﬁt% Bber2 a1 Mo and Oefrmls " SighgTBart o
Rk o5 IRReR S B el AcoraRg b i Ehden
S2- }%ﬂtazzégéagwpu and generates and outputs

conv repl ica z2-1 Error calculator 1113

s E‘r'rl‘b?' | Q.s%ywétbadac%b%ag t8 thedB8Quatinver t ed

si gnal 2-1 as 1ts 1 nputS and out puts error
Si g@gl 9315_52 @verted signal replica z2-1is
~cal cl at edaccording to the equation: z2-1 ~
r 22§Rsiliil@likvod cakuiaiot 1€21 loutputsadroor sigresd egcgcandi ng to
the equation: e2-1 ~1 z2 - z2-1 12 First |ikelihood
trensroitteat symiddl tandidade pgmzer&maiﬁe@Mr 2 in thagserond
transmtted synbol candidate s2-1-2. Signal_ selector
stggg is suppliecswith the egoag@natgmmncb@evmsmlﬁed symhol

cahdiple diPun Wit have hopa aRHAtE wzukelm%%& caladators
1? P S infbeoincsne Stage oft s Mt aas SOBS Kidinar"S,
mgnalmal & ESt" er&pa sﬁ“%ﬂe@ er%raé]ﬁ:’cpk t?aq\sﬂﬁgc? y&%%?b&'ﬁ&.&étes
$"1.2 - 8"K1-2 which give the error. The K1 transmitted symbol candidates
that are output are either one of signals cq - ¢| 2.

The Iikeliﬁood calculator group in the first stage is made up of LpaxK1
likelihood calculators. First through L4’ likelihood calculators 113-1 — 113-
L4’ are supplied with converted signal zq, elements rq1, r12 of fhe R matrix,
error signal €”4, and transmitted symbol candidate s”1.2 as its inputs.
{L1'(K1-1)+1}th through LT'K1th fikelihood calculators 113- L1'(K1-1)+1 —~
113-L1°K1 are supplied with converted signal z4, elements rq4, rq2 of the R

“matrix, error signal "k, and transmitted symbol candidate s"K1.2 as its

inputs.

As shown in Fig. 25, first likelihood calculator 113-1 in the first stage

comprises transmitted symbol candidate generator 1131, converted signal
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15 s"1-2 - s"KII-2 which give the error. The Kl
transmtted synbol candidates that are output are

ei ther one of signals cl - cl-2. The likelihood
cal culator group in the first stage is nade up of
LMAXKI  |i kelihood cal culators. First through LI

I'i kelihood calculators 113-1 - 113- LI' are supplied
wi th converted signal zj, elements rl 1, rl 2 of the R
matrix, 20 error signal and transm tted synbol

reemg@mretog 1132, and W@r.c:ﬁmaor 1133 @men likelipood

Kith |ikelihood calculators 1

caﬁmuiatrzrs 1jL 32 = 11341K ace ieptica] Ip siragiuge to Fl&%!ﬁ\?@ﬂt ed

, ai(i ib elenments rlj, r12 of the R matrix, error
C *@% 1 ﬂl and transmtted synbol candi date s"Kl-2

s 31?§falnﬁrfefﬂ?h_§v'f'ﬁ%;95@5@%&6 generator
1 BATRLLBG R wﬁﬁ%@n&@far 2Bk SARIELE L SE R L

conv c? genera or er;or
o e Syl 5 *ﬁétﬁest it ara%) Mt Epmpted= -

syRilot of aftiesr &'i’e?’oflsl éls' frgo%rﬁ@rt‘ébl'sﬁﬁél ré%l%a]generator

transmtted synbo can generator -5 1131 i5S

113009 lsUBglia Whh el@nemtstry ?dr SYGRIRE R Ardiidahe tensmieds

its i-nput and outputs transm tted synbol candi dates

symbol candidate-siy_yp, 6L qrawitssiepats andoolputs cenvertsd sigeal
of signals cl - cLI'. Converted signal replica

replesezggor 1132 is suppl ied wwth elenents rl 1, rl 2
of the Rmatrix and transmtted synbol candi dates
s1-Brror, calaulator 1433iis supplisgt witty sanvsrtes,signabz sonuarted
SI nal 10 replica z1-1. Error calculator 1133 is

pnlisa wwﬁ%ﬁw sigaake gras ity jNPUEDADE outRHts ﬁf@ﬁ&rgnal

' repllca rror sig

ol Gorteded siondf nelich %1+ - omglen diposd asp e gafaton

i:hsl S cal cuI at ed according to the equation: ZI-1 =
Error s:gnal e1.1 is calculated according to the equation:
e11=1z1-21.112 + e

First iikelihood calculator 113-1 outputs error signal e4.4 and

transmltted symbol candldates S1- 12 $1-4-1- L1 K1th likelihood calculator

113-L1'KA1 outputs error signal eq..1'K4 and transmltted symbol candidates

- 84.1.1'Kq-2, 51-L1'K11.

Signal selector 114 in the first stage is supplied with the error signals

and. the transmitted symbol candidates which have been calculated by L'1K4

| Iikelihood calculators 113-1 — 113-L1’K1 in the first stage, as its inputs and
outputs transmitted symbol candidates s'.2, §'1.4 which give a smallest

“error signal €'1 where s'1.2 represents a transmitted symbol candidate

selected from s4.1.2 through s4_| 1 'K1,'2'
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15 Error signal el-1is calculated according to the
equation: el-1 ~1 2z, - z1 1 12 + e"] First
i kelihood cal culator 113-1 outputs error signal el-1
and transmtted synbol candidates s1-1-2, sj-1-1.
L1' Kith I'ikelihood cal culator 11 3-L1' Kl outputs
error signal el -L1'Kj and transmtted synbol
- candidates 20 sl-LI"Ki-2, sl-LI"KI-1. Signal selector
114 in the first stage is supplied with the error. .
si gRastereraiRp lsrwpphac% whithtsignalprbepresaiativg eka RAPEHN
have been calculated by L'j K _likelihood calculators
whiel is genarated by rriofity deterpings f 04 @gdts input, spasithgyut s

and . oytputs. transmtted synbqgl .candi.dates s' 1-2
traRS g S EI Ol P GGt AN LTS S B Th BN TR iyTap s
,S'"1-2 represents a transmtted synbol candi date
S%et3cted fromsi-1-2 through sl-LI'KI-2. 62 Restorer

;ff’gig?\?@y&%ﬂpgﬂﬁ‘iﬁ bhe 5804 d@%gé ShRRICKI M sintifed sybol

_ f fs' generate priority determ ne
cariifd s bf 8 Smdlidst efBF.{ AsHAE diffdr8RSETheMRESYIRRI K1 is
sequences, and ou

tputs transm ssi on ant enna nunbers s

gréare?,' the posSitit fors@irRsh %n%ﬂrﬁté@s?rh@o?éqgmaéwdn error

selects K1 transmtted synbo candi dates of a
fréeangflated lsHighds rédigtind} inf degraded bedeption dhracterigticsi s

greater, the possibility for correct transmtted
Asourting o tive presdelt etribdirnenat, mntenrfasooh sraaltbr digred point

hi gher, resulting in degraded reception )
nurhbemcdrergisdr psority Aanb cliammngel ooeffloients ase sortedb dds thus |

antennas of smaller signal point 10 nunbers are given
passitie ite procesd signatisi thesuter of amesnas of sewallegsignal paint

thus possible to process signals in the or(ﬁ}c{aﬁr1ji of.

tiopig made

|
nynbeisnand $he shEes of imgsdhabalage candisaie re

. hunber of tines that ,a | afge.candi date reduction is
InFEIEVIOUR S{agH 5 egieedTagHItNg in JNRIYAY TRESRYH ng i n
i ngrov.etd reception characteristics.
characteristics.
in the sixth embodiment of the present invention as described above,
transmitted sequence candidate selector 87 selects K sequence candidates

which reduce an error signal, with respect to transmitted sequences 4, 2 of

higher priorities. If the signal point numbers of transmission sequences 4, 2

afe cL4, cL2, respectively, then transmitted sequence cahdidate_ selector 87

selects K sequence candidates from a combination of cL4 x cL2. if a

‘transmission sequence of a smaller signal point number is processed

preferentially, .then K candidates may be selected from a smaller

combination, and any characterisftic degradations due to a selection error of
transmitted sequence candidate selector 87 are reduced. If the relationship
¢4 * ¢ | 2 < K s satisfied, then transmitted sequence candidéte selec_:tpr 87

itself is unnecessary.
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15 In the sixth enbodi nent of the present invention as
descri bed above, transmtted sequence candi date

sel ector 87 selects K sequence candi dates which
reduce an error signal, with respect to transmtted
sequences 4, 2 of higher priorities. If the signa
poi nt nunbers of transm ssion sequences 4, 2 are clL4,
cL2, respectively, then transmtted sequence candi date
sel ector 87 20 sel ects K sequence candi dates from a

Embaginention of cl-4 x cl-2. If a transnission

sequence of a snaller signal jnt punb IS, praocessed
or chseuarempodimeng ok theAresaht erkon bl be AeteihFY ; om
conbi charagteri

odlanr s ik a%@??&ﬁ%ﬁ&f?fﬂ e@f%%"‘i&everﬁfoifgﬁé idenfigal in
I e I AT e
ok 88 Erl of the BEHERE oy BRAGH Ul B BESEHAY b&ibw Witd Rotbreribe

th&s PEHGLgH BEention will be-described below. Since
tot hgssevenﬁg engodi nment of the present invention is

i deﬁ"{ﬂéﬁiaxirﬁunﬁéi@ﬁél@tﬁiﬁﬁﬂiurﬁ@eﬁéf%iidmﬁ frapgh@tidRoin of

the present iInvention, the seventh 5 enbodi nent of the
traniseRiesSibniatemiagis Ak, thendhs dikefresbdoedlowatirignoup in the
reference to Figs. through 25. If the nmaxi num
sexiopdaitagmishadendpesf gfiaxilikeliieod calaslatars eand tajihhe
transm ssion antennas is LMAX, then the |ikelihood
likelihoed aaloulageragroup in thecfirst stageds sradseup oF bitrex ifiketihood
LMAX | i kel i hood cal cul ators, and tall he 10 likeli hood

caleylai@rat or group in the first stage is made up of

LMAXKI 1 kel i hoo cal cul ators. A situation where the
modtisguatien pihese te meduialing Are £ AR Urags PN

O X T

o thE kWit be! dolkgldenas geﬁﬁ} ck ﬂjteolfﬂAxM likelihood calculators

prepared as the likelihood calculator group in the first stage, the number of

likelihood calculators that are in actual use is L1’K1. Therefore, if L1’ is

smaller than Lpgax, then all the prepared likelihood calculators are not used.
Achrding to the present invéntion‘, the number of K1 ié established

depending on L1". If the maximum number of the likelihood calculator group

. in the first étage is J1mAax, then all the J1yax likelihood calculators can be

utilized by establishing K1 depending on L1’ according to the equation:

[Equation 10]
 r=dha
: Lr

According to the present invention, therefore, the total reception

characteristics are improved.

Embodiment 8;
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15 prepared as the |ikelihood cal cul ator group in the
first stage, the nunber of Iikelihood calculators
that are in actual use is LVKI. Therefore, if LI' is
smal l er than LMAX, then all the prepared |ikelihood
cal cul ators are not used. According to the present
i nvention, the nunber of Kl is established depending
on LI'". If the maxi mum nunber of the |ikelihood
calculator group 20 in the first stage is J1 N
t hefn gighth pEbpdinyent afithe presssd invantionayibs daseriped below.
utilized by establishi K1 depending on Ll' according
Sipee theelghitbembraiment ol ¢ Bre imentidy iidgntipahin

R e 435 R B 8 et BERIB g

entmer Al i prefen G R et el Ru L g Ehce

2 od) fo4 he present invention is identical in
o R 2

_ _ the sixth enbodi ment of the present

I nv, ' i iy [ .

| nseratio o i BlEES of BERAFNARE prBlibe FrPAfERs in.sach
of théd abo¥e erboBitEENtS StheSidtitis e ldetdfindd 0a8e8 g?fr?ﬁ%ived

etermning priorities for antennas in each

' eleiAY poReR) b EEME®S elech PoWar Vd. iRiscrélectietpwarnatiodased

on received electric powers, received electric power
reveived elegtricp@edr v npisscsleciici ppwerratios ead weterferercer i ¢
- power vs. noise electric power ratios and interference
elddrie power ratiosoand theapriortiessare determinediasedomihe

det erm ned based on_the nodul ating process. Accordi qgr

medulatirg prasesnt Asrpisingisnthe Rresepierpbpdimant; he priorities
antennas are determ ned based,, on the coding ratio. If
-ar@%mﬂss%’&&ﬁ%%m@ ?ﬁ§ﬁ§.l°(‘etgefcr°9fﬂ9¢ t@iRsni ssi on ant ennas

214 dat%ls_ezquences transmitted from transmission antennas 21-1, 21-2 |
are coded at respective independent coding ratios, priority determiner 104

determines priorities based on the coding ratios for respective transmission

antennas 21-1, 21-2. -

A situation where the coding ratios for the respective transmission

antennas are changed. With the transmission sequence estimator

“according to the present invention, the signal separation characteristics of

antennas differ from each other depending on the order in which the

antennas are processed. Speciﬁcaliy‘, the signal separation characteristics

are worse for antenna signals that are processed in earlier stages and better

forantenna signals that are processed in later stages. The reasons are
considered to be that since the effect of interference by another antenna

remains even after the orthogonalization due to QR decomposition, the

‘'selection of candidate points at earlier stages is subject to errors. |
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are coded at respective independent coding rati os,
priority determ ner 104 15 determnes priorities
based on the coding ratios for respective transm ssion
antennas 21-1, 21-2. A situation where the coding

rati os for the respective transm ssion antennas are
changed. Wth the transm ssi on sequence esti mator
according to the present invention, the signha
separation characteristics of 20 antennas differ from
eac Acootding tetherresenti@mbadimerdeantennap vdth lpwer coding
antennas are processed. Specifically, the_si%nal .
raigs Aragivem magewcerrti%tfpb ergby agdigBgreATigittagas with
signals that -are processed in earl

! er. stages and .
WEE DAl SSPaERE AT Bl es Knanalsavilt BEbeg edol-Rorrecting
catioR BT ot ot PR] Bhe FSionih it et Wi Bl Siapel

S AR D PR i B

R S i b e s

in‘iﬁbb@& afbgnhd icﬁﬁféc'f@ﬁﬂﬁ%é e !u‘ﬁﬁbFrhE%deértwééﬁ ed¥ntennas.
Ssi g I

ning earlier stages wt Wor se si gnal separation

ERfbRIBRESI9:Stics to signals with higher
error-correcting capabilities (lower coding ratios)

andFRs 9608 arflotiaiRgrah agessighalhsdiettbeacsirdimg toa ninth

separation characteristics to signals with |ower
embodimandrafdled praserd rakgintioni és shidwig reFige @6i signabsdlestpr

so that the total reception characteristics will be
200provdingatacthe mintbrembedigrent of the prasenhirventipn bgs a bit
_between the antennas. Enbodinent 9: Fig. 26 is a
liksiliberd gutrpting Bnchos; g cogwirises AnteyBREGIHC finiHum

R S 35 P P bR e

SRt 2o, A o e B b s

SRR ST A AR IS v o

For use in combination with an error-correcting decoder using soft-
decision bit-information, such as turbo decoders 210, 211, signal selector
200 needs to have a function to output bit likelihcods for data sequences that
have been output. It is assumed that either one of 4-valued signals ¢{ — ¢4
is transmitted from each of two transmission antennas 21-1, 21-2 of |
transmitting apparatus 2. As shown in Fig. 27, 2-bit information is assigned
to each signal. The bits of signal points transmitted from transmission
antenna 21-1 are represented by bq.1, b1.2, and the bits of signal points
transmitted from transmission antenna 21-2 by b1, b2.2.

Antenna-specific minimum value selector 201 is supplied with the error

signals and transmitted symbol candidates that have been calculated by 4K1
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sel ectors 204, 205, and bit-specific |ikelihood
cal cul ators 206, 207. Signal 15 selector 200 is
connected to turbo decoders 210, 211. For use in
conmbination with an error-correcting decoder using
soft- decision bit information, such as turbo decoders
210, 211, signal selector 200 needs to have a
function to output bit Iikelihoods for data sequences
that have been output. It is assunmed that either one
likefihabdvcdloeldtcrs gmatl shown)-in ¢de Astistader, and rdutpetd sinaliest
each of two transm ssion antennas 21-1, 21-2 of
ertarsignl et agd trppamittedssgmbakcartdidates 8’ frisp fop the sespective
information is assigned to each signal. The bits, of
ar%erym whishigive erransBNat €d- BibAeErRINgis 2020203.MiEh Rie

-1 are represented by bl-1, bl-2, and the bit
pravigedm ggmmpr@tmmﬂsmq SRS TAS TR ParILN S SURRTespih

tnd to st S Fstomitad sprpelC e bt indles S ReElnife

ﬂ‘%?} eteﬁe%é?? {8 SioBBR | el hood cal cul ators (ot
%YQ%P%&T'E’ Wil velle Paac @i a0 248 el ot Bloviekd 6F

cofnﬂfmétgﬁ‘[ il Wﬁéjhh%é%naQ%e‘é%gg%&W v\‘it@ %pﬁﬁe& RAfitY dédlﬁBﬁ'blts

etermners pr ovid

o&&jﬁf&ﬁtﬁlﬁbw&nﬁlhe@‘%@@%‘aﬁé thd BFBESiHhHRl ahd ﬁéﬁsmltted
supplied wth the respective transmtted synbol

syfrivtl capdigatersthhibBave baeh calcuated etk lieelihbbd dalddatofs in
the respective signals. Bit-specific mninmumval ue

 the éitst stages ad@4OUtAOS, a simiatibstereomsignaldeongitrasmittesksyrohol

with the antennas, respectively, are supplied with
cagditiadewhigiht havedmtmuwefrtemlmwt iifienent fromethe depision bis.
and the error si gnals and transmtted 10 synpol

carkirexaspleHhdetision bibbpj efdhe ithfitef twlwmfsnon@teﬂ%afs
0, irﬁ‘éfE&%%géﬁpwmg%@%aééiéééﬁ%%?c?rgm 2080 Efglima"est
dat whi ch d bit
ST Amena i e GRS vhosedth Lk B EPLST Rl %‘ﬁséﬁ?t's

expreése% asi%‘ﬁo%gh bit of transm ssion antenna | is

[Equation 11]

E-—-e;_j(b:)

Bit-Speciﬁc likelihood calculators 2086, 207 which are provided in

" combination with the antennas, respectively, are supplied with error signal -

e'1 output from antenna-specific minimum value selector 204, 205 and error

signal E outpuffrom 'bit-specific minimum value seléctc_)rs 204, 205, and

' 6utputs bit—speciﬁc likelihood Ojj. Bit-specific likelihood Ojjis determined

according fo the equations:

[Equatioh 12]

A, =e}_j(l;;)—e;
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0, then bit-specific mninmumval ue sel ectors 204, 205
output smallest error 15 signal E anong signal points
whose jth bit is | of cl - c4. Error signal Eis
expressed as follows: [Equation 11 j ) E = ei-j (bj_
Bit-specific |likelihood cal cul ators 206, 207 which are
provided in 20 conbination with the antennas,
respectively, are supplied with error signal e
out put from ant enna-specific mnimum val ue sel ector
204wheodigrderror  signal E output frombit-specific
m ni mum val ue sel ectors 204, 205, and outputs
[EEP@m@bé%]flc li kel i hood Di + Bit-specific I|ikelihood
|s_gehgr?T_§ according to the equations: ~25
[Equailon 12 ~el-j (b, _j)-e; 67 (when bi-j 0)
[Eq“%bh - e i-jv-j) (when bi-j =1) 5
Si gnal séﬁector 200 supplies the bit | i.kel i hood

det@gﬁhl@bcﬁwr b8 sabples thersIERasinbed detditifned egens above
210, 211 for performng an error-correcting decoding

pr@éé@&&&uhﬁﬁ@ébm@ ofi0; Betfor parfarniiny BRtermr-cortectiag
assumed here that codi ng is perfornmed for each

decodingpresessbaseccon softidegmione efsrmsatidn. nlf is assuraed hede
out based on priorities as shown in Fig. 22, then the

thaturgslingsisaferfarmetbfos pach tiapsimission aotenngal IE pregess SOmig is

207 are input to a restorer (not shown) and after

-cafnetd oumasadocam priaitiessay saewa de bidiizdg theﬂ theplpiisfdit-

speclflc ||ke||h00d calculators 206, 207 are input to a restorer (not shown),
and after bit likelihoods are sorted according to transmission antenna
numbers, they are input to predetermined furbo decoders for processing.
Embodiment 10:

Fig. 28 is a block diagram of a signal selector according to a tenth
erﬁbodiment of -the present invention. As shownl in Fig. 28, signal selector
300 according to the tenth embodiment of the present invention has a bit
likelihood outputting function, and comprises antenna-specific minimum |
value selector 301, bit determiners 302, 303; bit-specific minimum value
selectors 304, 305, err@r signal accumulators 306, 307, and bit-specific

likelihood calculators 308, 309. Signal selector 300 is connected to turbo

decoders 310, 311.

Bit-specific minimum value selector 301 searches for a smallest error
signal among transmitted symbo! céndidates which have bits (inverted bits)
different from the decision bits for transmitted symbol candidates whose -

error signal is smallest. However, all symbol candidates for inverted bits may

- have been deleted by narrowing down transmitted symbol candidates with a
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nunbers, they are input to predeterm ned turbo
decoders for processing. Enbodinent 10: Fig~ 28 is a
bl ock di agram of a signal selector according to a
tenth 15 enbodi nent of the present invention. As
shown in Fig. 28, signal selector 300 according to
the tenth enbodi nent of the present invention has a
bit likelihood outputting function, and conprises
ant enna-speci fic mni mum val ue selector 301, bit
sigred| eelectmTis 3 Pprecaiing Slagedperi sigoalmalectond 12 ue
sel ectors 304, 305, error signal accunul ators 306,
307At thisdtirbe it spee pbssiblzotol p rﬁhtb@ob&i@ﬂ@mfa%ﬂs; agrprding
309. Signal selector 300 is connected to turb

to dlee sbieve eguations andmiq likglibepd |C@nrhaw¢aiﬁwam u%ofs@faé‘&ﬁ'er if
301 searches for a snallest error . sign rig 1
theﬁwhppmeeww@am%%%cmwm@v alygyselector 301 is

. d b f f f he d b
citthan vt £ A i fmeafovainal e Hlhisa ooz Bous 6 et RefoBles

o BGRB8 50 o Y S SRR iy Lot

mfnﬁﬁﬁ%n'@%@% gg%\éﬁgg 'Sgtogg @8? a8 6ot %%ﬂ ﬁ% @EI? gﬁ'teéf(ﬁl ?{gg'ga‘? f an

! Qo Ifikelifbéd 8an be

m&é}? lPa gﬁégﬁ % e accorchlhSts obeP[Le above equati ons,

ca?ﬂ.ﬁ’at@@. likeli hood can be cal cul ated. For example, if
signal point detected by antenna-specific m ninmm

val Tessiok elsé abovd protiemm, error siywal Adcuimealalors A06; BOE are
time, if signal points cl, c2 have not been sel ected,

- prbvitiedelcedriing tbjtﬁdmeseghamedinwtto Error mgrmlmceumia’tgrs

stage, then bit-specific mninumvalue sel ectors 304,
3080 30Z rezcuotulatepytaredgna! tthfcainvertek bits Wla ofrtain penod

inverted bit where bl 1 = 1 as their nputs nQ
Their ero @mataﬁcwaulaéqse’iﬂ%ﬁea aveagrthegiesalts H@tiﬁa@@een

problem error si accu ors, 306, 307.
ac&umnl%t@a oygE Hiayp 'FdPethPéi ﬂﬁ@ t&&%&ﬂ PRaYiSIo! g
accunul at

§ |
SIGNAIBE - averd 2aveiTPLNSRER ﬁéé?&a‘@%%ﬁ%%ﬁt%f ror stana

Bit-specific likelihood calculators 308, 309 are supplied with error signal

’1 output from antenna-specific minimum value selector 301, error signal E

_ output from bit-specific minimum value selectors 304, 305, and provisicnal
~ error signals €’j.gye from error signal accumulators 306, 307 as their inputs,

“and output bit-specific fikelihood Oij- Provisional error signals €'j.gye are

used as a substitute in calculating bit-specific likelihood if bit-specific

minimum value selectors 304, 305 are unable to outputting error signals for

inverted bits.

According to the present embodiment, it is thus possible to calculate bit

likelihood at all times even if symbol candidates are narrowed down by the

| signal selector in the previous stage according to the above process.
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Then, error signal accunul ators 306, 307 average the
results that have been accumul ated over the certain
period, thereby outputting provisional error 15
signals e'l-ave, e'2-ave for inverted bits for
inverted bits. Bit-specific |ikelihood cal cul ators
308, 309 are supplied with error signal €'l output
from ant enna-specific m ni nrum val ue sel ector 301,
error signal.E output frombit-specific m ninmmval ue
Emkbdiotentd1304, 305, and provisional error signals
e'i-ave fromerror signal accunul ators 30?%%507 as di
t hefig. Zapﬁmbloczcﬂla@f@nbgfwhaan@ ientegimalp AgRiding

ave

o amlereTbemhodRent Paiie R eRPpL 2 @s@eﬁ'qn @nﬁa'fé@ 30 R4 ofordim
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showid At rfna;fﬂdp%fewlﬁé‘”e?@oﬁmgf R TR ne thapnBPedificient
e@ﬁ?ﬁ%ﬁ%@&mm 2BIE BER, ﬁ%ﬁ“’f@f". o%%"’l‘ta“ﬁﬁf%“ﬁ"'e“t

esgifHal 500 HaMREE RHb{ GRS FeBlPGERIRtore S0 Y 0155, 805-
1 2hgwes or. I Synfbdl ﬁ?mﬁ' atlails 5612, 588-2 BeifgMopekown),

d| agram coetficient estimator according

aﬁ@c&?elﬁﬁ&’(ﬁ@fé&t&mm”ﬁfﬂezoﬁ 508 1P+ 566081 -1 [woereldtion,

Fig. 30 is a diagram showi ng transmtted signal .

' deft@étﬁﬁi 50270608 Xibaihgmot Beowhpnnel coefficient 5

estimator shown in Fig. 29 is used. As shown in Fig.

29, As Bhowalin Eige 30, piletrgymissls tmattare of @ot-synpel Igagtlpwh@h
- 'synbol replica generators 501-1 - 501-3, 505-
arsQBfaent for reppedivediansolissieplantennpsitt o#3 ase mf'l’t?d

505-2 being not shown), and correlation detector g‘
pesorlically istoziata sywbols by Bspestive tran%l@aﬁsm %@tﬁaﬂas #1-#3.

detectors 502-2, 506-2 bei nﬁ%not % ]f t
Inithe W@mmshrgwm F@ﬁ@oﬂ@? SVt Brtking: 5%6‘6?990' €
h wh f
traeAE TP B AT s s Bhnka are SnogBhal ERBER e

et §§|*8§°@#1t9%#%§isa oA BB Pehelbtel BRF ¥ Walsh

sequence having the same length as the pilot symbol number. A pilot

symbol sequence of transmission antenna #m will subsequently be

' represented by pm(n) where n represents a symbol number.

In channel coefficient estimator 500, received signal r4 is input to
correlation d‘etector 502-1. Pilot symbol replica generator 501-1 generates
pildt symbol sequence p1 for transmission antenna #1 (not shown) and
outputs generated pilot symbol sequence pq to correlation detector 502_-1.

Correlation detéctor 502-1 averages as many values as four pilqt

symbols produced by multiplying received signal rq by the complex

"conjugate value of pilot symbol sequence p4 of transmission antenna #1,

thereby estimating and outputting channel coefficient h{1 between
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In the exanple shown in Fig. 30, the pilot synbol
patterns fromrespective transm ssion antennas #1 -
#3 are orthogonal to each other. 15 Such orthogonal
patterns can be generated by using a Wal sh sequence
having the sane |l ength as the pilot synbol nunber. A
pil ot synbol sequence of transm ssion antenna #m w ||
subsequently be represented by pm(n) where n
represents a synbol nunber. In channel coefficient
trarsmission anEIMA # baad veceptiograntenna #3. iGhsunel goefficient h11
~correlation detector 502-1. Pilot synbol replica
is getirptadoacopnding tg#ireeaualion:pi | ot synbol sequence pl
for transm ssion antenna #1 (not shown) and outputs
[Egeatierbidld pil ot synbol sequence pl to correl ation
det ect qrd502- 1. Cgrrel ation detector 502-1 averages as
man’@nw‘r é”hs”:&"éur pil ot synbols produced by
mul ti pl'yrng recei ved signal rl by the conplex 25
wifgts) riﬂ AL Sre¥anidGeltivll 'ﬁi%in?ﬁ {ﬂ'g?{hestﬁﬁé PNEEsRhLEI N is

transm ssion antenna ~ thereby estimating and
re&ivedt NeRRIgRRRossHNE td deterffind bhandsl tosefitieitt hq4 by the

transm ssion antenna #1 and reception antenna #1.
w@ﬁt@ﬂ@ve@é@iﬁé o estihatedldharirg| eseificizingsl obiaireaddinng ptusality

the equation: [Equation 14] 1 4 h,, =jr,(n). p,(n)*
of $ilbt symba trdrsmisgior ddenals.ecei ved signal rl at the

time pilot synbol nis received. Actually, it is

posSintilady t eortalatiomb02-n hotrablowed s suppliad with recaived signal

wei ghted averagi ng of estimated channel coeffi Eﬂifgnt S
rq endzpilet aymhobsgauanaeifny of FRNEIISHIOR aRtEANaANYRCESS on

intervals, Simlarly, correl ati 502- not ., shoyn) is
gesefed &y Rilot Aymbekieplien gepaetor 581 @?T&LBN“&%‘ mbol
es%iﬁ"nqal%gs? .gﬁd I[c))rtPtpouftstc glqr?e c%%%‘f?cri]er?trm%].na #m which is

Also similarly, correlation 506-1 is supplied with received signal rq and -

pilot symbol sequence pq of transmission antenna #1, which is generated by

pilot symbol fepiica generator 505-1, and estimates and outputs channel

coefficient hgq1.

According to the present embodiment, the above process is repeated
to estimate channel coefficients between three transmission antennas (not

shown) and four reception antennas (not shown), and channel matrix H of

" the estimated channel coefficients is output. Though pilot symbols are time-

multiplexed on data symbols in the present embodiment, they may be
freduency~mul_tiplexed or code-multiplexed or frequency- and code-

multiplexed, and estimatéd channel coefficients may be obtained according

to the same process as described above.

Embodiment 127:
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generated by pilot synbol replica generator 501 -rn
(not shown), and estimtes and out puts channe
coefficient hlm Also simlarly, correlation 506-1 is
supplied with received signal r4 and pilot synbo
sequence pl of transm ssion antenna #1, which is
generated by 15 pilot synbol replica generator 505-1,
and estimates and out puts channel coefficient h4l.
According to the present enbodi ment, the above process
i s Figp¥hisealblock déagramaota ceéceiving apoefatus aenokslingtangen
three transm ssion antennas (not __ shown) and four
tweldberobediment eh thesprasent istventign. dhe afmmermfﬁ wrﬂess
of 20 the estimated channel coefficients is outp
conrauRjratinn systeyrrsosding do tthwelﬂmetmm@mt eﬁtfwaw&sent

IR 3  BEEt SEBk P
S R T 8@0%%8‘1@%{? 3 L qaaﬁliévreﬁﬁégpﬁtaal he
e g.g,s ?a%gs B0 0E BB RN Eof AR RO MSE: 71

I agrf a 201 SEEWI g appar at us

acgp %vug#; ‘ﬁ‘gyhmﬁug %@déd??%?&mgfto iepigaent

i nvent enent of a wr

m%p@ﬁ ﬂh@rbféﬁ 2 ARV Bt i hes ir&ﬁérfn‘ittbd from

I ment of present invention Is the same as
trahBﬁntﬁﬁ@ @ﬁgafmné 2Hairtpthibé elapsmissiomdRtermias @ -3 -syBem
according to the enbodi nrent shown in Fig. | above,

wittxfoapiecehtibn ahtstrize TO1-4pP20 YU St B0 sutad that d@dvalued
i nstead of receiving apparatus 1. In Fig. 31,

signetsecy/+ 0g amauaaSmmeZD@om"dohgammsbmntamemmas 211 -

enbodi nent of the present invention receives signals
21tF.ansnmitted from transmtti ng appar at us 2 havi ng
t hree transm ssi on_ant ennas - -3, 10 with fo
&qyﬁ\mg aap%rm%%?%@cwdmp ﬂne m{elﬂ'seq@garfeamt 9fd e
prqﬁen}( p’g{ﬁg ggz} 8@@@@%&%@)@5\/ ere gi%tserpotnteegf tfraru%)srlq'u eah

~signals ¢4 through cqs is spread in advance by a spread code.

Receivihg'apparatus 700 comprises four reception antennas 701-1 —
701-4, channel coefficient estimator 702, QR decomposer 703, four
despreadérs 704-1 %704-4, QH ‘processor 705, transmitted sequence
estimator 706, and récord-ing medium 707 for storing a program (a program
executable by a computer) for realizing processes in various parts of
receiving apparatus 700.

Reception antennas 701-1 — 701-4 receive respective signals.

‘Channel coefficient estimator 702 is supplied with received signals rq - r4 as

its inputs, estimates channel coefficients, and outputs channel matrix H of
the estimated channel coefficients. QH  processor 703 is supplied with

channel matrix H as its inputs; QR decomposition on channel matrix H, and :
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| . .apparatus 700.. Recepti on gantenna
sighdl dTeCeled s

21-3. Receiving apparatus 700 according to the twelfth
enbodi rent of the present invention is applied to a
situation where either one of transmtted 15 signals
cl through Cl16 is spread in advance by a spread code.
Recei vi ng apparatus 700 conprises four reception
antennas 701-1 - 701-4, channel coefricient estimator
702, R deconposer 703, four .despreaders 704-1 -
704-4, (H processor_ 705, transmtted sequence
ouguism@onarandan R @@diXli ng medi um 707 for storing a
prgﬁran1(a program 20 execut ab
re

esprrgdesotidd s 704rdAle %@@h%%%@sgge tﬁ’t@gf%)&ﬂf?{ga
. 701-1 - 701-4
Sroels aS JSinpus, Seemand TeCRET EPAs Aty 2
_ s e Palsddr _
dexpedilbie ifiaTER D ticydthe BrafiE Spie Cod ey [0 spread

B SRRl Mt sarle sk ypctapiel

rocesso suppl’i e

-regﬁﬁga%’grﬂl’é pjlx_,g_as its inputs, QR deconposition on

annel™ matri x and 72 outputs a Qmatrix and an R

matHx. plgReRESERES ﬁeﬁ@ﬁné—the-E&T\e‘br@é&ﬁﬁ@@bé@ﬁoﬂds@”

respective received signals rl - r4 as 1ts inputs,
préi6ssicRad ingeekiving sppalus 3 hecortihgusithg secone embemiment

code replica which is the sane as the spread code used
oftthe ppesead irtventientshansnintRig o4, shid mhiffersithetefzoms in thait itdgs

apparatus 2, and outputs despread received signals
supplied withdesPread oecsivert sigosisper £ oyras ithinpsdheather than

processin operati?ﬂ as QH processor 34 in receivin

@ hgpE

reagived SIANAISrpcbor qeesher 602 prdtidiessiaspesad repel
_present inyvention sqown in Fig. 4, but dif.feri tri
signals £l rof Y the gomplex sonjygatgAnesrAmatixgfthe @ matrix,

received signals.r'l, - C4 as its inputs rather than
-achg%tpy&jccmv%q%dgslgpal_z.m_ H processor 705 nultiplies
desplfathits

~ and the R matrix as its inputs, performs the same processing operation as

transmitted sequence estimator 4 in receiving apparatus 3 according to the

second embodiment of the present invention shown in Fig. 4, and outputs

-~ estimated transmitted sequences 8’4, s'2, §'3. According to the present

embodiment, the above arrangement is effective to reduce the amount of
processing operation in transmitted sequence estimator 706 to 1/spreading
ratio as compared with the estimation of transmitted sequences.

Embodiment 13:

Fig. 34 is a block diagram of a signal selector according to a thirteenth |

embodiment of the present invention. Only a bit likelihood outputting
apparatus for transmission antenna 1 is described. In Fig. 34, function

processors 905 — 908 perform a given processing operation on the error
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signals r'l - r4 by the conpl ex conjugate transposed
matrix of the Q matrix, and outputs converted signa
z. Transmitted sequence estimator 706 is supplied with
converted signal z 15 and the Rmatrix as its inputs,
perforns the same processing operation as transmtted
sequence estimator 4 in receiving apparatus 3
according to the second enbodi nent of the present
i nvention shown in Fig. 4, and outputs estinmated
Signeww(squamuEeelﬁﬂmmstamcbs) thap aresbGtpuboespedtivgly fron he
present enbodi nent, the above arrangenent is

anteininaespieoific miniedwnt valukeelewon?0 bibikepesite airimn value

operation in transmtted s!ﬂ(iuence estimator 706 to
selectyn%03dpng erfasignal aceumplaieq90d for threebysanvaitingther

transmtted se uenc S Enmbodj ment 13

 eITef §iaRals: ST f%arocg@ﬁ@&%er%%rsoﬁ%rf@q tJ’ﬂfaa‘sqwﬁlfe

th rteenth i ment t he present, .inv |y
&' P%ﬁ‘feﬁg%‘ég@&?&ﬁ‘? ange B SormRER e Efpiddhn
ds%ransm ssion antenna 1 is described. In Fig. 34,
et i on processors 905 - 908 performa given

D" SRR ARLEEE s RhOE 8 Pined BolRIALBI AN B

Eucl i es) tput respectiv

of g%@rﬂ%l Sitehhs I8 Héf@l‘ uYéH by Iﬁ?é@ﬁétgjg\g%l

S ec I'C mninmm va ect and error
[E§£%I15qccunul ator 904 for tlh]f:rfzﬁy converting the

ror si I or e anpl e, essi ng
opeh ,aﬁﬁ%mf'tx) Lfr{ﬂ' he squé‘?"ée'?i%rpb then a squared
Eucl i dean di stance is converted to a Euclidean
di §whesd; ¥0)t he function operator is defined as f{.),
then the {ikelihood of ajth bit of transm ssion
[EquationntBll is deternined by the equations: [Equation

151210 Merd -7 (@)] (P ) lwhénbgj= 1) (when bi -] =
(when by = 1)
If the processing operation is to find the square root, f_hen the likelihood -
is determined by the equations:;
[Equation 17]
= e',._. bi- )€} - {when bij=0)
(when b,_J = 0)
[Equatlon 18]
_,=ﬂ~\/¢r@:—;) : (when bj_j= 1)
(when bjj=1)
Embodiment 14:

According to the tenth embodiment of the present invention, the signal

~ selector with the bit likelihood outputting function has been described to

solve the problem-caused when all symbol candidates for inverted bits are
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[Equation 16] A _j = fl{ell - f {el i-j (bi-j)j (when
bi-j] =1) (when bi-j 1) 15 If the processing
operation is to find the square root, then the
likelihood is determ ned by the equations: [Equation
171 Ai-i =Je7, j (b,-j )-,, Fel (when bi-j 0) (when
bi-j = 0) 20 [Equation 18] -j( _j re, - ~e~, b, |
(when bi-j 1) (when bi-j = 1) Enbodi nent 14:
According to the tenth enbodi ment of the present
deleteentf @signahselectpn alith 2bit dikelduaast ovlputiingHenglian is used,
i kelihood outputting function has been described to

_thewkigaatshearpbe idesmdidaied Pyiarearrangergnbln be drarihadkelow.

for _inverted bits are 74 deleted, If a siﬁgnal szl egtorh
wi tfiga3bis a black diagigen efie signal sglacipracceriing to adgurteent

 eriodimeed Phise bRl mePRorysAPEOTANg Greagy e Bpodihent,
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N e

- InBR0S TEno herrathe ARG, Pl o IR dAPRRE 7

oosrgndr f _
re_{:%?f?\:g‘ééé@?%l?ng,arrg?gﬂzﬂé%%ge%;e!yf g)"ha:ngg%ﬁéfﬁ&eﬁ?éﬁﬁﬁﬁ%r 32

, I, , respectively.

ST o )
_esoﬁﬁ‘iﬂsngeéng E}S{tﬁﬂg 'Scﬁghn&% HtRESA t9e trafSiidBidreankihfas.

n etween the transm ssion antennas.

Trah@RRiEd $&flicTREURARLES | 20Bbelima i Arandretiesequences and
transmtted sequences and 10 outputs a bit |ikelihood _
outits @ bibiksitheod ¥afs. tecodes12038 desbdes and maitputs traeamitted
sequences.
Fig. 36 is a block diagram of transmitted sequence estimator 1202
shown in Fig. 35. Transmitted sequence estimator 1202 will be described
below with reference to Fig. 36. In Fig. 36, transmitted sequence estimator

1202 comprises three-stage likelihood caléulator groups and three-stage

signal selectors, like Fig. 5. Unlike Fig. 5, however, likelihood ca[culat_ors
1204-1 - 1204-16, '1206-1 - 1206-16K1, 1208-1 — 1208-16K2 are supplied

with received signals and estimated channels as their inputs, and signal

selector 1209 in tﬁe third stage has a b-it fikelihood outputting function.
Likelihood calculator 1204-1 is supplied with received signals rq - r4
and'channel matrix H as its inputs, and calculates and outputs error signal

e3_1' as follows:

[Equation 19]

4 2
€3, = ZI’} ~ Ry - Ssl

=1

where Sg represents a symbol candidate for a signal trans__mitted from the
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sequences. Fig. 36 is a block diagramof transmtted
sequence estimator 1202 shown in Fig. 35 Transmtted
sequence estimtor 1202 will be described below wth
reference to Fig. 36. In Fig. 36, transmtted sequence
estimator 15 1202 conprises three-stage |ikelihood
cal cul ator groups and three-stage signal selectors,
like Fig. 5. Unlike Fig. 5 however, Ilikelihood
calculators 1204-1 - 1204-16, 1206-1 - 1206- 16Kl ,
tmﬁ?ggnénkskgggﬂgﬁﬁg are supplied wth received S|gnals

estimated channels as their inputs, and signal
Se'SiﬁﬁIQﬂy,]l%ﬁhMH thiuldibrist 242D e 1THR- 96 Rhlculdté @ndimagut
outputting function. 20 Likelihood cal cul ator 1204-1
erfios sialy. i Signal sdlecter 4208 eiaas K1serrdr signals ofiacsnchiteshel
matrix Has its inputs, and cal cul ates and outputs
errer from Hiegraltulate’t drrarssigoalspand ouBrda symbd candiiaés- |

=Ljr,-h,3.S31 i-- 1 25 where S3 represents a synbol
whicihgivea the egor.a si gnal transnmitted fromthe 75 third
transm ssion antenna. Simlarly, |ikelihood

calldaliboed §amdﬂt02120quma!qwate§| TIRHIGNR F2- HUHTING

error signals sel ect or se r
re%qlmsisng\s 4 '§|¢@ﬂde§‘€ Syghe| rcanﬁilsﬁ”a 5 ﬁ@'eeﬁﬁfﬁw ﬁ'ﬁé’ﬁ[ slpstor
125hgnah§@ and outputs a synbol candi date 5 which gi ves

eBRIYIGWE: i kel i hood cal cul ator 1206-1 cal cul at es
[Eerror gnal e2-1, using received signals rl - r4 and
cﬂtﬁaet candi date se| ected by signal selector
1205, % foI | ows: [Equ tion 20]
321 I iy 137 iZ'Sj '

I=1

where §"1_3 represents a first candidate for a signal transmitted from the
third transmission antenna which is selected by signal selector 1205, and S»
a signal transmitted from the second transmission antenna.

Similarly, likelihood calculators 1206-2 — 1206-16'K1, calculate error

signals, and output calculated errors and symbol candidates which give the

errors. Signal selector 1207 is supplied with the 16K1 error éignals and the

.. symbol candidates which have been calculated by likelihood calculators

1206-2 - 1206-16K1 as it_s ihputs, and éutputs smallest K2 symbol candidate
sets (5"1.35"1-2) - (S”K2-38"K2-2)- -
Likelihood caiculator 1208-1 céiculates error signal eq1_1, using
received signals rq - f4 and the symbol candidate selected by signal selector
1207, aé follows:
[Equation 21] _
: 4 2

r—hy S hy- S 2 ~hy - §' '1_3

S

L=l

where §"4.3, $"1.2 represent first candidates for signals transmitted from
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42 10 e2 1 =7Zjr, - hi3 - S ... 1-3-hi2 - S2 P-- |
where S ... 1-3 represents a first candidate for a
si gnal transmitted fromthe third transm ssion
antenna which is selected by signal selector 1205, and
S2 a signal transmtted fromthe second transm ssion
antenna. Simlarly, likelihood calculators 1206-2 -
1206- 161<1 cal cul ate error 15 signals, and out put
cal cul ated errors and synbol candi dates which give the
the i@ Snd SEEBIRI trasdrbRIn dMBAnas whidhPhreesbldtel byheignal
161<1 error signals and the synbol candi dates mhlch
selei® 1207 and|Sphaigdl anbivitted froadthedirsitransmissioh206- 2
- 1206-161<1 as its i nputs, and outputs smallest K2
antgmmzol candi date sets (S'1-38"1-2) - (S'K2-3S'K2-2)
20 Li kelihood cal cul ator 1208-1 cal cul ates error
si dgiialilady, likeliherd ocgjcuiatersi 12&&-% i-gHe{18s16K2 calcylalg @ridhe
synbol candi date sel ected by gnal selector 1207, as

signgls, Gnel OL[tEqmaw&datezilqrrqrszandewmbel ggndidates, Wh@ givethe
"3"12-hi 3 "3"1 3 25 where S"] % represt flrtgt

err@ﬁdTaawwr@fﬁr@w@aﬁ aﬂéﬁwmbeicw AatepePYtRE

S AR BT R R B
f S Lacl

orl K el e 3 S (ARG ol At e o

o BBl or S SarAbiaL Alehad AL O ipedtt e

ndi dates out put fr om t he-
tetﬂﬁkéf'ﬁitﬁﬁ)nﬁn F{chE @?gfﬁ%ﬁggt'ﬁ the third stage is-
16iGignditiather £2081RRANAE BE likelihood outputting function
calculates and outputs likelihoods for all bits through the same calculations

as those described in the tenth embodiment of the present invention.

According to the present embodiment, as described above, fransmitted

sequence estimator 1202 having signal selector 1209 with the bit Iikelj_hood
outputting function makes it possible to demodulate signais from received

signals and a channel matrix.
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on how K1 and K2 are set, inverted bit nmetrics; may
not be calculated due to a reduction of synbol

candi dat es, as described above with respect to the 10
tenth enbodi nent of the present invention. Signal

sel ector 1209 with the bit |ikelihood outputting
function calculates and outputs |ikelihoods for all
bits through the sanme cal cul ations as those descri bed
in the tenth enbodi nent of the present invention.
According to the prB8SEORE &HCHLAMAS , as descri bed
above, transmtted 15 sequence estimator 1202 havi n‘g_
si dnal Aseireless conBoonigation siisten forlreeeivingang demodulating
out putting function nakes it possible to denodul ate

| trapsmpittadssignalmfiasa & tranpmitlingrapraratus having ih Y isandnteger

77 SCOPE OF CLAINS 1. A wireless communi catia:}n i%ster}lI
of 26r greatenirangnassionateRNaR Wity a [9EYRY APparaliy Havad

(N5, 2B apOSaRY B0bBregHle B4 TEPSHOR SERERT S RTTRIN T ¢
o or oavene R BRI SRS hrebShialvE 31 gRhBIGe Ratien
of gf&?l%%g@%g lsf?@ﬁl@,rdgi&g P%'nhggnfafrw RaviR sl fEmBhts channel

'on e receive Ignal's, using a

co%fgig{é?fé bSRAen’sdid Yo Eshtidh dﬁr{téﬁﬁé’é and RaRPhnsmission

I clrents. between 'sald receptron antennas and said

antdrMasNhs$i on  antennas; and neans for denodul ating

sald transmitted signals based on the 10 nulled
si gnal sneghs for dehtdREstirgpsaid irapaiited s Aszd on the

recei ving and denodulating transmtted signals froma
nulléchsigiialst | ng apparatus having M(Mis an integer of 2
or greater) transm ssion antennas, with a receiving
apparatus having N (N is an integer of 2 or greater),
sai d receiving apparatus conprising: 5 neans, for )
pei or i Wijelessicomymuaisatier systeny for deceivingajshdemeduiabng
transmitted signals from a transmitting apparatus having M (M is an integer
of 2 or greater) transmission antennas, with a receiving apparatus having N
(N is an integer of 2 or greater), said receiving apparatus comprising:
meéns for performing nulling representative of orthogonalization
of the received signals, using a channel matrix having as elements channel
coefficients between said reception antennas and said transmission
antennas; and
means for calculating and outputting a likelihood for said

transmitted signals based on the nulled signals.

3. Awireless communication system for receiving and demodulating

-tranSmittéd signals from a transmitting apparatus héving M (M is an integer

" of 2 or greater) transmission antennas, with a receiving apparatus having N
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of the received signals, using a channel matrix having
as elenments channel coefficients between said
recepti on antennas and said transm ssion antennas; and
means for calculating and outputting a |likelihood for
said 10 transmtted signals based on the nulled
signals. 3. A wreless comuni cation systemfor
receiving and denodulating transmtted signals froma
transm tting apparatus having M(Mis an integer of 2
RlandhReR bl 2ldreaieds sal erbRinpappavats compusingi ng

(N lgr?ggpat usbﬁqu;gg N )$8 (Nis an iFr)#eger of 2 or
gr eat efbans dbihértsraiing nollimgrepesentativeraficrthegonslizations
for performing nulling representative of

of tRE Feaaeaptignals, asingaf chirmnel ecatiiy baviigpmelemends ghaanel
channel matri x having as el enents channel

. coeffsbiits tetwesn saidveeaptian dntesn@stanshsad {@RRAYSHAR sai d

10

transm ssion antennas; and neans for outputting a

‘antéhkas;iamod for bits of said transmitted 10 signals

based he nulled sigpals. 4. A wiregl :
Communimeensder QyBUEINGA Berond febblnof iR mnsmited, 4

. through 3, er?li sai d means for performng nulling

Slgﬁ%@?aﬁe@&‘fﬁwg){‘” @arﬁ'QIE‘g?'e transposed matrix of a Q
matri x produced by QR-deconposing the channel matrix
as nulling. 5 5. A wreless conmrmuni cation system

252 e B G5 85 Ay oy i

1 tﬁrﬁ%ﬁ@%dt\\[ﬂga&b%?ﬁ fg[}é%ﬁol? Péﬁéﬁﬁﬂ?ﬁﬂmﬁ@q&m@ complex

ransm fted antenna to a

conjt | 8 FHSNE Of br @ Maakik pddiiceahby QR-dstomposing the
coéjpgér%métqsggsgnt enna, based- on lC{ﬁ‘he nulled signals. 6. A

chihried heftfix @8muitiHgcat i on system according to any one of
clains

5. A wireless communication system according to any one of claims
1 through 3, wherein said transmitted signals are demodulated in a
descending order from a transmitted sequence fransmitted from an Mth
transmitted antenna to a transmitted sequence transmitted from a first

fransmitted antenna, based on the nulled signals.

6. Awireless communiéation system according to any one of claims
1 through 5, wherein said receiving apparatus compfrises:
a channel coefficient estimator for estimating and outputting said

channel coefficients between said between said reception antennas and said

transmission antennas based on said received signals;

a QR decomposer for performing QR decomposition on the

channel matrix of said channel coefficients and outputting a Q matrix and an
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1 through 5, wherein said receiving apparatus
conprises: a channel coefficient estinmator for
estimating and outputting said channel coefficients
bet ween sai d between said reception antennas and said
5 transm ssion antennas based on said received
signals; a QR deconposer for perform ng QR
deconposition on the channel matrix of said channe

~coefficients and outputting a Q matrix and an 79 R

R WBirid X; a QH processor for nultiplying a received
signal vector having |lo said received signals as |
el enentsQblpracesswifexmettipiyingaoecerd sigr vasior NAVINGs
said Qmatrix and outputting the product as a )

saidaeveived digaimas elesnenta byrapemplexcepnidgate SEanspesedmatmix
for outputting at |east one of a transmtted

of saidu@matrix andicéputtiog the prodiist as @ eanveriedstignal i ce,
and a likelihood for bits_trans

t r ansmia transryilledapauensr estimaior QIT taﬂtep%gﬁ{%%@'gg?te%pe ofa
oo e T TGO L
ifgen or B oS s s SR Bl EriRed RERLRTES brtel e
coflesl PO FAB R IFELT 45" anani ssi on ant ennas

based on said received signals; a QR deconposer for

perform ng. QR deconposition on the channel matrix of
Sa'Jq chepielessa@ihinahration 8pstetn hpetrdingatocary o of glaims

and an R matrix; a QH processor for nultiplying a
1 thﬁﬁ!t{ﬁ’@,dwﬁéu@ﬂﬁ‘sai&&éééimnbaapmaﬂﬁ compfisescei ved signal s
as €lenents by a conplex conjugate transposed matrix
of sai da Ehamidlicoeffivitnt estivtatonfgr ehtimptiog and aputting said
converted signal; a transmtted synbol candidate .
chanheltanffidientsdmtween sgiddprtween said reception antennas and said

transmission antennas based on said received signals;

a QR decomposer for performing QR decomposition on the

_ channel matrix of said channel coefficients and outputting a Q matrix and an

R matrix;
a QH processor for multiplying a received signal vector having

said received signals as elements by a complex conjugate transposed matrix

of said Q matrix and outputting the product as a converted signél;

a transmitted symbol gandidate selector for selecting and
outputting a syni‘bol candidate for said converted signal based on sa.id
received signals; and |

 a transmitted sequence estimator for outputting at least one ofa.
transmitted sequence, a likelihood for said transmitted sequence, and a

likelihood for bits transmitted by said transmitted sequence, based on said
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outputting a synbol candidate for said converted
signal based on said received signals; and 15 a
transmtted sequence estimator for outputting at |east
one of a transmtted sequence, a |ikelihood for said
transm tted sequence, and a |ikelihood for bits
transmtted by said transmtted sequence, based on
said 80 converted signal, said synbol candi date, and
said Rmatrix. 8 A wireless comunicati on system
copestsdisiggall eaidrgyntet cahditlate,rend daid IR oagfix.5, wher ei n
said receiving apparatus conprises: a channe
coefficient estimator for estimating and outputting
said ,channel coefficients between said between said
r e@ept ifowirelese communigation gystem acepidingdp @NYANeAheldims
based on said received signals; a priority determ ner
1 thequghel, avharaingpiv reealying @preeatiie SRMANS§Rsni ssi on

baced AhariehcpelERrasangiRter cHTRamaAny QLiaRy 5

e T BEFI A P R Lo R g g s

SR anBPfien Blerd oA LI SEFRRIDa T S0
channel, Bl Setdtritie I8F ERARInG PrioRfied Befdkh R

deconpositi on sai annel matri x and

traﬁgﬁ%éticfﬂ Qéql?er@eg‘iﬁdﬁsﬁ\iﬂ@@ frofh SaitBdrismisSioRArRemeasbased
or multip

ying a received signal vector having said

on'Rfi¢ retRiled SgRalg; as el enents by a conpl ex conjugate
transposed matrix of said Q matrix and outputting the

pr oducts gertet fopsting &dic Cigaatel caefficitsbased ondhaence
estimator for outputting at |east one of a
chanaelsvefficiehts egtimate) by shidkeharmed doefficiensegtimator and the
transmtted sequence, and a 20 l.ikelihood for bits
pricrities determinashbissaid pricsits determines cgnd autputiing adnegified
sai d
channel matrix; -
a QR decomposer for performing QR decomposition on said
modified channel matrix and outputting a Q matrix and an R matrix;
a Qf prdcessor for muitiplying a received signal vector having

said received signals as elements by a'complex conjugate transposed matrix

of said Q matrix and outputting the product as a converted signal;

a transmitted sequence estimatbr for outputting at least one of a
transmitted sequence, a likelihood for said transmitted sequence, and a

likelihood for bits transmitted by said transmitted sequence, based on said

“converted signal and said R matrix; and

a restorer for restoring and outputting at least one of said
transrhitted sequence, the likelihood for said transmitted sequence, and the

likelihood for bits transmitted by said transmitted sequence, based on the
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converted signal and said R matrix; and a restorer for
restoring and outputting at |east one of said
transmtted sequence, the |ikelihood for said
transm tted sequence, and the |ikelihood for bits
transmtted by said transnmtted sequence, based on the
81 25 output fromsaid transmtted sequence estimator
and said priorities. 9. A w reless comunication
system according to any one of clainms 1 through 5,
outphut frorm saidi tehivseoiticd isequeappa eatimatar angr saie priottiehannel
coefficient estimator for estimating and outputting
said channel coefficients between said between said
reception antennas and said 5 transm ssion antennpas,
bafed dhwiglessrassanuaigativnsustem acerdingdemiyseie phelaims
1tgerfor m ng QR deconpagsition on the channel matrix of

e e s T
recei véti® %po@@%{%eﬁﬁm@ f%b%%ﬁ%%@@ﬁ\?i@ "3913?'9
GG e s PRV ER oG TR e P Fechr R dnd'saic
GO p B8 e B ST ke el BAMERE D PO0S Tor L (L
s an imw&%c&ﬁﬂ@éé}qgf ggugami@g gf?ﬁﬁ deRBHfIdshidn 61 Al s

based on said recelve outputting the

- chdRhE AR DE L2 At cBe AREHE ART GUpUiAY BN ink&tx and an -

sequence candi dates; and a transmtted sequence
R &bt or for outputting at |east one of a
transmtted sequence, a |ikelihood for said
t r ansnid Qétpeegssodier maiplgingla ezkivedagriaivestardaving
transmtted by said transmtted sequence, based on i
saihiedeivedrsignale ds silemeants byad dompiex eonjugatedrangngsed matrix
transmtted sequence candi dates. 20 10. A wirel ess

of saichimatdxiand eltpultingdbe prenud asa se@edssigndlai ns
a transmitted sequence candidate selector for determining

candidate sequences for L (L is an integer ranging from 1 to M) converted

“signals based on said received signals and outputting the determined

candidate sequences as transmitted sequence candidates; and

a transmitted sequence estimator for outputting at least one of a

- transmitted sequence, a likelihood for said transmitted sequence, and a

likelihood for bits transmitted by said transmitted sequence, based on said

converted signal, said R matrix, and said transmitted sequence candidates._

- 10. A wireless communication system according to any one of claims

.1 through 5, wherein said receiving apparatus compriseé;

a channel coefﬁcient estimator for estimating and outputting said

channel coefficients between said between said reception antennas and said
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1 through 5, wherein said receiving apparatus
conprises: a channel coefficient estinmator for
estimating and outputting said channel coefficients
bet ween sai d between said reception antennas and said
82 5 transm ssion antennas based on said received
signals; a priority determ ner for determ ning
priorities between transm ssion sequences transmitted
fromsaid transm ssi on antennas based on said
tranexigsiardartegnas based opraaid raciveshyignalg: sai d channel
coefficients based on the 10 channel .coeffjcients
est i mateeRrigily dgtermingifre Aetesrining pERfties ?#Wﬁed} and

the, priorities deternined by said pri.ority
traaéméﬁa!ﬁméequwsa[ﬁrﬁm#?ﬁi &ogY sedtarBmistian AnsAR basgd

a deconpaser, for perform ng QR deconposition on
oNnSAY reeedr§IgRR  hannel matrix and outputting a Q

il 11 iyt dof aBhbishic dnafheFoB RIS Bhscd b

| ple oIl | _
chb i SRR AR B firRtaf b SHf Ghaef MBI bAKITR e

iBFi iR dOAPYSE (e ningrt iputtaty & wdditied
pnggﬁ%}g‘%\ttegﬁ's% ect%@ﬂfng?’r@eﬁ%é‘gtmwgr'aég%iol candi date -
chhfneldnggixodul at ed sequence based on said received

signals, and 20 outputting a transmtted synbol

candi daf @R deddmpssertfoepesemning QR dgtompiositiohcn said

outputting at |least one of a transmtted sequence, a

mddified charob! hoatriz aind dutpuikting et @ anateiywpaccan Ramatrag

i keli hoogbfor bits transmitted by said transmtted .

sequenceQbprosesser fonmuitinlying & resaiver gignal vesial having

matrix, and said transm tted synbol candi date; ana 25t' .
saigl fesgived signals ap @erenisdYah GoBRIHENHIAIEraNSpRoSed fratrix

of, said  transm tted sequence, the |ikelihood for said
of Bk mateis S buEos Tie ATauiet abiAat MRS Faal | o

transm fed O3l il d1 AR Hldate Se e S0 el B sYbdie
candidate for a demodulated sequence based on said received signals, an‘d
outputting a transmitted symbol candidate;

a transmitted sequencé estimator for outputting at least one of a

“transmitted sequence, a likelihood for said transmitted sequence, and a

likelihood for bits transmitted by said transmitted sequence, based on said
converted signal, said R matrix, and said transmitted symbol candidate; and
a restorer for restoring énd out;ﬁutting at least one of said
t_ranémitted sequence, the likelihood for said transmitted sequence, and the
likelihood for bits transmitted by said transmitted sequence, based on the

output from said transmitted sequence estimator and said priorities.

11. A wireless communication system according to any one of claims
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‘medified sbanne/gaaliix andlitauiing &

output fromsaid transmtted sequence estimator and
said priorities. 11. A wreless comuni cati on system
according to any one of claims 83 1 through 5,
wherei n said receiving apparatus conprises: a channel
coefficient estimator for estimating and outputting
said channel coefficients between said between said
reception antennas and said 5 transm ssion antennas
based on said received signals; a priority determ ner
1 thayugtied, avivreingpig réasiving eppaeatu@ 6aMPIIBERSS M ssi on ,
sequences transmtted fromsaid transm ssion ?ntennas.d
based achaswiel ceefficientastimgiedifar e%tlrg@ﬁlﬂge?né) SHIRYERG Y
sai d channel coefficients based on the 10 cpqannel d said
chaorslidoeffigianss betweall saidptyaer SaltaiGeEPticR aNMtEs AN 52
estimator and the riorities deq[erm' ed by said

trapﬁr@ﬁﬁifltwaaf@f‘eaﬁibﬁ#, 03RRI (RG] 79" Snrodi f i ed
Chael L e SRR i PR
traﬁ%&@%@é@%&@gnﬂ%ﬁ{a{%ﬁiﬁ@@ fidth Bttt dstisdisnan®&hnas based

yI'ng a received signal vector

- ] - S eived signals as elenents by a conpl ex
ong%\r@l E%ﬁ"é&iggﬁggbsed matrix of said Q matrix and

out put t%’ ?grééﬂ%r 96%5%%@&@1@ RbefficRshts based onahe

transmtt sequencé candi date sel ector for -
chdRh&I HeMiidiénts €2Nifiatad By sarLGRaRR! toefficient estmator and the
I'nteger ranging froml1 to M converted 20 signals
pridfifesderramat besaidvridrist deermirmrdand optautingarhedified
det ermi ned candi dat e sequences as transmtted sequence

| chapndimatrixs; a transnitted sequence estimtor for

outputting at | east one of a  transmtted sequence,, a
li kel i @R Hecompeeeriprpeipimiog QR frspEwposHinh on said
i kelihood for hits trans_rrittﬁd b ,sagngi transm.tted
_ _ _ VBRIA gRA Ml R

i, wp?o%egsérlr f%??nrﬂittlélg?i%gsaerae%ee?v%% SRSt having
said received éignals as elements by a complex conjugate transposed matsix
of said Q matrix and outputting the product as a converted signal;

a transmitted sequence candidate selector for determining

candidate sequences for L (L is an integer ranging from 1 to M) converted

signals based on said received signals and outputting the determined

~ candidate sequences as transmitted sequence candidates;

a tfransmitted.sequence estimator for outputting at least one of a

~ transmitted sequence, a likefihood for said transmitted sequence, and a

likelihood for bits transmitted by said transmitted sequence, based on said

converted signal, said R matrix, and said transmitted sequence candidates;

and

a restorer for restoring and outpuiting at least one of said
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and a restorer for restoring and outputting at | east

one of said 84 transmtted sequence, the |ikelihood

for said transmtted sequence, and the |ikelihood for

bits transmtted by said transmtted sequence, based

on the 30 output fromsaid transmtted sequence

estimator and said priorities. 12. A wreless

comuni cation system according to anyone of clains

t hrough 5, wherein said receiving apparatus conprl ﬁ?
transhtthaaqusses! the likeihead farmeist RBSTERG FRAUSAGE AR

out p uttlrEEsaJd channel coefficients bet

Hanwpitiedi brsaid dansmitec aequgnee. aseg 0“%@
transm ssjion ant.ennas based on sai d _rece nal s;
oulp RO SO Spave e IneR AR OABLIOT B on & he

channel matrix of said channel coefficients and
outputting a Q matrix and an R matrix; a QH processor

]; gﬁ ng [&t{gﬂ'ls%ég %oﬁwnﬁ Giski &Y Piét@ﬁf’écc‘@&nha to %\9' dte dflaims

S|gna s as e a-conpl ex
ﬁﬂg&q L gatrix and
1 tﬁﬂ{ﬂﬁl}g\?l ng r% p‘?o “ﬂﬁg dpga{:égp}%gra@é%l gnal ; a

transmy {echrizg BoemeRnt asthdirdosestivaatiig Aad outputting said

determining candidate sequences for L (L is an
chhRhETRefiiciias Patisansdiditethvben eaikrdcegtions apterimmstamksaid
on said received signals and outputting the determ ned
trahBrristich datennas haesd on sid recuiaad sigedlssequence
candi dates; a transmtted synbol candi date sel ector
for selz@R dt@:mnpbser@tpmmmgngﬁﬁdlecﬁmm%@ﬂ@ ﬂ’l@r
al s based on said recei

(ML) denodul ated sign
chaigelahatyixafgaid chmw%meﬁl@reﬁé&qaeﬂ eutrudtingai® P‘ﬁtﬂ?‘ and an

outputting at |least one of a 20 transmitted sequence,
R gatiXel i hood for said transmitted sequence, and a

ls Ieg ﬁle In h&?&%&g%&gg%cﬁfs g%ftﬂﬂt‘?’p@mb %dre%&ve@' s(flgrﬁat %Efgrtl'nta%fhg
said received signals as elements by a complex conjugate transposed matrix
of said Q matrix and outputting the product as a converted signal;

a transmitted sequence candidate selector for determining
candidate sequences for L (L is an integer ranging from 1 to M) converted
signals based on said received signals and outputting the determined o
candidaté sequences as transmitted’sequence candidates;

a transmitted symbol candidate selector for selecting and
outputting symbol candidates for (M-L) de_modulatéd signals based on said
received signals; and

a transmitted sequence es{jmator for oqtputting af least one of a
transmitted sequence, a likelihood for said transmitted sequence, _and a
likelihood for bits transmitted by said transmitted sequence, based on said

converted signal, said R matrix, said'transmi_tted sequence candidates, and
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converted signal, said Rmatrix, said transmtted
sequence candi dates, and 85 said synbol candi dates.
13. A wireless comunication system according to
anyone of clains 1 through 5, wherein said receiving
apparatus conprises: a channel coefficient estimtor
for estimating and outputting said channe
coefficients between said between said reception
antennas and said 5 transm ssion antennas based on
saigladythived candliddtes. gnal s; a priority determner for
determning priorities between transm ssion sequences
transmtted fromsaid transm ssion antennas based on
said received signals; a sorter for sorting said .
chddnclA wiseless soBNTUnBakersYsiorTRCopIlIng 4 ABY one of claims
coefficients estimated by said channel coefficient

1 thEnUghe, YNGR $316 16GRYIBY PPPALATUS COMPIRES: by sai d

v e CERORALES HOP B i oo
onfSEQTEE I S SRRt ol
oGRS Y B e s el oo

conj UGy sridrfi ABRARTTErTBF Heternthiing priérifdiBéfieemnd

out putting e product as a converted signal; a

| tra@%ﬁr‘?sfs‘i@rf § e?ﬁ@'éﬁtféiﬁnﬁﬂé&iifr@ﬁi'@aiaﬁtfamhﬂssibmantennas.baseci

etermnin candi dat e sequences for L (L is an

oni Hi€ ejeived@ynglsf rom 1 to M converted 20 signals
based on said received signals and outputting the

det er manssHerdodsoiting saehceaued casfficients hasedandbgquence

candi dates; a transmtted synbol candi date sel ector
chaonelsiefficients esticateriby said ¢hpnnghpesfligightiegtimatorrasd the
- (ML) converted si .gna_l s. based on saiézl tr e%ei ved ..
prigriiegfetermined by said priority determiner, and outputiing a modified
channel matrix; |

a QR decomposer for pérformin’g QR decomposition on said
modified channel matrix and oufputting a Q matrix and an R matrix;

a QH processor for multiplying a received signal vector having
said received signals as elements by a complex conjugate transposed matrix
of said Q matrix and outputting the product as a converted signal;

a transmitted sequence candidate selector for determining
candidate sequences for L (L is an integer ranging from 1 to M) converted

signals based on said received signals and outputting the determined

" candidate sequences as fransmitted sequence candidates;

a fransmitted symbol candidate selector for selecting and
outputting symbol candidates for (M-1) converted signals based on said

received sighals;

86




25

30

10

15

86 25 a transm tted sequence estimator for outputting
at least one of a transmtted sequence, a |ikelihood
for said transmtted sequence, and a |ikelihood for
bits transmtted by said transmtted sequence, based
on said converted signal, said R matrix, and said
synbol candi dates; and a restorer for restoring and
outputting at | east one of said 30 transnitted
sequence, the l|ikelihood for said transmtted
sequenegerarmitti sequeked estirdtor dor itpsttingatdaastiane eha
said transm tted sequence, based on the output from
trafginittdd ssprinte ed likeliweddor esidi transonitted gegaepce. and a
priorities. 14. A wreless comunication syste .
likelihood donbjits transipitiederbsaid transmitied SEARNAS. %@?ea}?é‘r%}'%

.said transm tted sequence estimator includes :
cohverted sigoal, saiddR imatox, achepd Sé(ﬁmiucaﬂ‘g ageeﬁ'&g‘fjors in P
stages (Pis an inte

JI g pighiitn isa gt A A
tra(r;ﬁ ¢ idS"Ef?U:%[‘lciSL g{?rolgﬁlg??él??rﬁa?ﬁ'rog ca?rg?ﬁa ors ™ eac
iRingE st FRnPRredR S if-Rinifiey SEaaEhe ased on the
ol TR st disTitRey SRR0RAEE Euriarf rifhd brioftes.

integer of 1 or greater) error signals output froma

signal selector in a (p-1)th stage, and the _

tr asni A WidiestyeimupRatbAdYSem ancbrding torarly sre etclaims

in the pth stage outputting Lp (Lp is an integer of 1
6 BrolEfe avhersiréaid manskdtied seqsermedestimatoniniidesed

synbol candi dates 15 which give the |ikelihoods, b?sed
likelihdé ¢altadhion goolspsoang aignat selectess in R stagrsod is an integer

cal culator group in the pth stage and said transmtted
of dyorgrkateaydi dat es. 87 15. A wirel ess conmuni cation

system according to _any one of c|aj . .
4 a Iike!ih_olcmdgcalculato¥ group in a p’éh 8prE§ an integer ranging from

"~ 1to P) stage comprising Kp (Kp is an integer of 1 or greater) likelihood

- calcutators;

each of said likelihood calculators calculating a likelihood in the
pth stage and generating said transmitted symbol candidates based on the

converted signal, said R matrix, Lp-1 (Lp-1 is an integer of 1 or ‘greater) error

‘signals output from a signal selectorin a (p-‘l)fth stage, and the transmitted

symbol candidates; and

a signal selector in the pth stage outputting Lp (Lp is an integer of
1or greater) h‘laximum likelihoods and Lp transmitted symbol candidates
which give the likelihoods, based on Kp likelihoods output from the Iikelihood

calculator group in the pth stage and said transmitted symbol candidates.
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6 through 13, wherein said transmtted sequence
estimator includes |ikelihood calculator groups and
signal selectors in P stages (P is an integer of | or
greater); 5 a likelihood calculator group in a pth (p
Is an integer ranging from 1 to P) stage conprising
Kp (Kp is an integer of | or greater) likelihood

cal cul ators; each of said |ikelihood cal cul ators

Sgkér“gﬁ?\hge%g% &f&%@%zﬁné%s%rﬁ@&%%@rﬁéfcﬂﬁv€§ﬂsg;g* s
t t [ , id R A - -1
6 t@eﬁgnﬁgg%@?é?ﬁ 5551 Fayrater FRalebF Bb i M o
. ' ' (D= | .
el SRR Bl Py SIS . 30 (¢ o e

© of Lﬁa&%%l‘%sh stage outputting Kp+l maxi mum |ikelihoods

transmtted synbol candidates which give the

15 1i kEg‘?‘?m %égﬁglﬁ rrotipin & lpth (BRoals imegauangingrirom

the Ii ul ator group in the pth stage and
118 %a%feaéb‘iﬁbﬁéiﬁ@ KeVpok drAintligéaiord. orkfieattr)iketihoed
co I cation .system according to anyone of clains 6
calbtiaftgh 13, wherein said transmtted sequence
estimator conprises |ikelihood calculator groups in M
st ages ehbdh of said liketikgsd caltuitars ogiedating a likelihosdgnhe
sel ector groups in the Mstages. 5 17. A wirel ess
pthostane and gienenatsygssaidiransmittehgymbokeandidates paged oRsthes
through 13, wherein said transnmtted sequﬁnce ‘
comariedesignal comig R Beatrix, Kicd| (KRobis anintegerdfy! g 9Gaten #Rr

stages (N is an integer of 2 or, greater nd , Sj
signalsentpyt Tgan @Hzighal s9kectey ki a R Sg%gers??“daA“\%tFaé*sg'E@Ed

conmuni cati on system according to any one of clainms 6
symRplraA! ?S'\/ﬁfdei n said transnmitted sequence '

esti nataoe{igriaeﬂ Csle'ljedc?gr iﬁitﬁg %kh stage outputting Kp+1 maximum

likelihoods and Kp+1 transmitted symboli candidates which give the
likelihoods, based on Kp likelihoods output from the likelihood calculator

gro'up in the pth stage and said transmitted symbol candidates.

16. A wireless communication system according to any one of claims

6 through 13, wherein said transmitted sequence estimator comprises

likelihood calculator groups in M stages (M is an integer of 2 or greater) and

signal selector groups in the M stages.

17. A wireless communication system according to any one of claims

6 through 13, wherein said transmitted sequence estimator comprises

" likelihood calculator groups in N stages (N is an integer of 2 or greater) and

signal selector groups in the M stages.
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selectors in a plurality of stages, and a signal

selector in a final stage selects and outputs a nost

likely transmitted sequence. 5 19. A wireless

communi cation system according to any one of clains 6

t hrough 13, wherein said transmtted sequence :

estimator includes signal selectors in a plurality o

stages, and a signal selector in a final stage selects

a nost likely transmtted -sequence and outputs a

i kelihood for said 5 sequence. 20. A wireless

communi cation system according to any one of clains 6

t hri@ughA bdreledsetarnmusitatioh sestem bteardsgmoeanyeone of claims

estimator includes signal selectors in a plurality of
6 thtauds13,ankkereirs sajiddianseiited seqience ¢stimatos intludasesignals -

a nost likely transmtted sequence and.outfputs a
seleckarsiin aqulurality of 3$ages: andem signal seleaior iea final stagg selects

sequence. 21. A wireless conmunication system
andcudpdiisrymost Hksly transmittadh$eiense: hr ough” 13, wherein

said transmtted sequence estimtor includes a

l'i kel i hood cal culator for generating a converted

signal replica using elements, of said @ .
cartlh A Wi ek oomriniRlon Sstend ass il v orie B Poimes
asyr from sai. ' : ' j
6 FEaN Lt whey Sa SRS B QLN s ffpicE Miies dbtal

! i & ' bedrii el selects
sofinh AL H Spdte o Sidhpl oG B iaPSlage s
hIERA ittd Al o 9@ &likmebyaer saignal s
a ']aﬁﬁg{ i'isal df}gg%\%gﬁoié [ g‘ﬁgl%tnrep Pca. 23. A wireless
scGQ8RREI cation system according to claim 21, wherein
said likelihood cal cul ator cal culates the |ikelihood
using a Euclidean di stance converted by performng a
gi ven processing operation on a squared Euclidean
di ANk wiedlsserommivticationisystgns agoaidingaiodaryadie of claims
converted signal 5 replica. ) ) )
6 through 13, wherein said transmitted sequence estimator includes signal
selectors in a plurality of stages, and a signal selector in a final stage selects
a most likely transmitted sequence and outputs a likelihood for a bit

sequence fransmitted by said sequence.

21. A wireless communication system according to any one of claims
6 through 13, wherein said transmitted sequence estimator includes a
likelihood caiculator for generating a converted ﬂgnal replica using' elements
of said R matrix and calculating the likelihood using a physical quantity

measured from said converted signal replica and said received signals.

22 A wireless communication system according to. claim 21, wherein

~ said likelihood calculator calculates the likelihood using a squared Euclidean
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24. A wireless comunication system according to any
one of claims 7, 10, 12, 13, wherein said transmtted
synbol candi date sel ector enploys a linear filter
25. A wireless comunication system according to any
one of clains 7, 10, 12, 13, wherein said transmtted
synbol candi date sel ector enploys naxinmmlikelihood
estimation. 26. A wireless conmuni cation system
according to any one of clainms 8, 10, 11, 13, wherein
distrios: tptiveen spidieceivedraignalagndyaaid cervarias sipaghTeplica
power of each of said transmtted sequences. 27. A
wi rel ess comruni cati on system according to any one of
clains 8, 10, 11, 13, wherein said

- de@3r niMwireleRpIcopInUNiERIE SICE) @qu,r&bb?{;'giéw 3k wherein

saibdifauneesoaipuad G @sdfe Bhaifed.fing 8.5 qiAR Betaito
' t f clai . i

coRaTiPpy Berioymag P e erSesiie, bt g el v ¢
9 _ . . ot )

EucliGih Sriatie BaRn Rar e Bl Baatl bodferted signal

reél gnsm’ tted sequences. 29. A wireless comunication

. {?tem according to anyone of clains 9, 11, 12, and
13, wherein said transmtted sequence candi date

selector enploys a linear filter. 30. A wireless ]
connuNi £ dfireRisssacpirinization distent aceoniingite aty aieaphglaims
"9, 11, 12, and 13, wherein said transmtted sequence
7, 60N42 08 avissrbircsaid traesmittacs symboheandidadelselrsder employs a
estimation. 31. A wireless conmuni cation system
linegchiteti ng to anyone of clainms 8, 10, 11, 13, wherein
dat a sequences transmtted from M transm ssion
antennas are nodul ated respectively by independent

T L oS e naicalbd sl ToSuBld Ay 8458PGRims

7, 10, 12, 13, wherein said transmitted symbol candidate selector employs

maximum likelihood estimation.

26. A wireless communication system according to any one of claims
8. 10, 11, 13, wherein said priority determiner employs received electric

power of each of said transmitted sequences.
27. A wireless communication system according to any one of claims
8,' 10, 11, 13, wherein said priority determiner employs a rc_aceived eleciric

power vs. noise electric power ratio of each of said transmitted sequences.

. 28. A wireless communication system according to any one of claims

8,10, 11, 13, wherein said priority determiner employs & received electric
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points, and said priority determ ner determ nes said
priorities based on said nodul ating processes for the
respective transm ssion antennas. K A wreless

comuni cation system according to claim31, wherein a
priority is given to an antenna whi ch has sequences of
a |l ower nodulation nulti-val ued nunber anong said
transm ssion antennas. 33. A wireless conmunication
system according to anyone of claims 14 through 20,

pobhangl ﬁoi@,éteaeaﬁa b@%??atid AR Fhlih et dbtiispoler Thi

antennas are nodul ated respectively by independent

of EaeH | A shRbtrivdhieaRquendgs sai d nodul ating processes
have respective different nunbers of signal 91 5
poi nts, and said signal selector determ nes the nunber
of error signals and transmtted synbol candi dates
Whizth aAeviaiegsutoneweicdtiog systerhaccomding totamoome of elgins
for the transnission antenna to be processed by a

9, itk dRi andd3cwhedinsaid transinitedisesiuagee candidatagelestos s

- communi cati on system according to anyone of clains 6

emplppughings! fillgfer ei n sai d transnitted sequence
estimator includes a |ikelihood calculator for
calculating the |ikelihood using the difference
bet en. a.squared Euclidean d{stan e bet we

-1 tRAYIEIRRSFOPRINAcEkion System geeorging iy %%W%BE?'@EHS

S 33%32@%%@ Gari7 53 Rl RERReFhER R AR o Do

e”t%lgg"fah%x"ﬁﬁm @]Y}hg&ﬁ 3§t?m% gEuni cation system accor d| ng

erein sa| transnmitted sequence
estimator includes an accunul ator for accunulating a
first squared Euclidean di stance between a converted

si @l AwsRidssacaimanitiatiol systéri RecsdiRj toashysognaf slaims

~and a second squared Euclidéan 5 distance between a
8, donver 1R dviserenedataapiquences tranbivitied from Miteansedssivrd
~ signals, and outputting a provisional squared
ankerrdsdarermdisiatetcreshastivély by independeotroguiadingquracesses, -
Eucl i dean di stances; and
and said modulating processes have respective different numbers of signal
points, and said priority determiner determines said pricrities based on said

modulating proce:;ses for the respective transmission antennas.

32. A wireless communication system according to claim 31, wherein
a prierity is given to an antenna which has sequences of a lower modulation

multi-valued number among said transmission antennas.

33. A wireless communication system according to any one of claims-
14 through 20, wherein data sequences transmitted from M fransmission
antennas are modulated respectively by independent modulating processes,

and said modulating processes have respective different numbers of signal
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wherein said Iikelihood cal cul ator cal cul ates the

I'i keli hood using said provisional squared Euclidean

di stance if either one of said first and 10 second

squared Euclidean distances is not output. 36, A

‘Wi rel ess communi cati on system according to claim 34 or

35, wherein said squared Euclidean distance is

replaced with a Euclidean distance which is converted

by perform ng a given functional operation on 92 sa
poisty) anddsaii signdbseledios determinesthgmurpben ¢fegreaissignals an

conmuni cati on system according to any one of clains
tragsmited symbd Zandidates whiedy %fes%ﬁﬂ\étrf?%%e“ldf%g%wq ed from
- Mtransm ssion antennas are npdul ated respectively by
quuteé@grm@ﬁ@sm&m%\tlﬁﬁgfrﬁ%@'%f@é‘?a?%??& R QF%%%W ting
. processes have respective independent coding ratios, 5
likelihgod SREURPHIN wegﬁ?t@% ner determ nes said

priorities based on the coding ratios for the

respective transm ssion antennas. 38. A wreless -

co nicat.i : ' i b daints

ChPugh: Dol BERVRERGER KhBnt AcRing S y Jicre

erern sal coefticient estimator

- 6 tﬁiﬂﬂggafa%%yh%rgintgﬁd gﬂagéﬁﬁt@d Eécglgerrﬁié@tiﬁia\tér imelides & he M

nteger o or greater) transm ssion

i i el likeli Bl iffert nbol
llk%mggp{l%mué%ﬁﬁff&wmétlﬁﬁef likeliroé e usinlibe piifferensy mbol s

y transmtted according to a synbol

beRdrEa RqlaReT Batlideanatistancé beheeer aausuersd signahtapicast:

and known to the receiving apparatus. 39. A wreless
a HOENAithe réived sigaaisaaraba dijngradoE uslideandligtange deweersa
through 13, wherein said transmtting apparatus
conpertatisighal replica abaditd! and &he recaivad $ignale transnitted
signals, and said QH processor nmultiplies the
recei ved signal vector having said received signals

after being despread as. 5 el enents by. the co .
o Pgeh WIBIaB SRS BUNRALD $YSIETL RGP TNAP by, wherein
sa%uttr #érﬁiﬁ%g%e%hgggg tesﬁr%attgrelnca t\a/se %%%cﬁhﬂﬁﬁbr for

accumulating a first squared Euclidean distance between a converted signal

replica at a bit 0 and the received sig_nals and a second squared Euclidean

distance between a converted signal replica at a bit 1 and the received
signals, and outputting a provisional squared Euclidean distance based on
the accumulated squared Euclidean distances; and

wherein said likelihood calculator calculates the likelihood using

- said provisional squared Euclidean distahce. if either one of said first and

second squared Euclidean distances is not output.
36. A wireless communication system according to claim 34 or 35,

wherein said squared Euclidean distance is replaced with a Euclidean

distance which is converted by performing a given functional operation on
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40. A wirel ess communi cation systemfor receiving and
denodul ating transmtted signals froma transmtting
apparatus having M(Mis an integer of 2 or greater)
transm ssion antennas, with a receiving apparatus
having N 93 (Nis an integer of 2 or greater), said
recei ving apparatus conprising: 5 neans for using a
Eucl i dean di stance converted by performng a given
processi ng operation on a squared Euclidean distance.
sa«idgq@an@dr@@iagaﬁmﬁd;@atl on system for receiving and
denodul ating transmtted signals froma transmtting
apparatus having M (Mis an integer of 2 or greater)
transmi ssion antennas, with a receiving apparatus
havéhg Alm(e!‘lesscmnmtm;cmjmn syfsten @ccgrding tr any oae of claims
recei ving apparatus conprising: 5 an accunul ator for
8,ddk ditul 3t Wherein datessequqiges drapsonittert fram M angraissien a
bit 0 and a second squared Euclidean distance at a bit
arttemaaﬁjaredupaulawchgesweﬁtwwydmp@wm awpdtlRlingrragesses,
dj nce ased on the accumul ated, sguared cl.i dean
-artﬂi i m@yatg}mpmﬁgeq B?V%éﬂ’%ﬁﬂc Y? el“ﬂﬁ@ﬁ?‘?fhﬂ@i ratios,

uare

anfEsad praf e imines Natarees Shid ridabas beged dodhd 3afg

B e Do RO BB ) 27 1 Ver e

sai d squared Euclidean distance is replaced with a
Eucl i dean di stance which is converted by performng a

gi v fNﬂﬁFélQéhaéorﬁﬁﬁfn%dti%ﬂ KRt oI ’RFlanFHRe 'o@@%'ﬂ'ns

di stance.” 5 43 recei vi ng."appar at us haV| ng IN (

6 ol ¢3,€\fvh@rfeuisélﬁ dhapakecdefficieAtastirnstor dsthimatss, Imiltrfe
wi rel ess conmuni cation systemfor receiving and

treshemitling afppagatus daing thedigMyisalrsintegenad 2t oragreater} | ng
apparatus having M (M is an integer of 2 or greater)
transanissios sintennast thenclsanrsdicdefficenty usingailohsymbels
periodically transmitted according to a symbol pattern inherent in each of the

transmission antennas and known to the receiving apparatus.

39. A wireless communication system according to any one of claims
6 through 13, wherein said transmitting apparatus sbreads in advance and
- then transmits the transmitted signals, and said QH processor multiplies the
- received signal vector having said received signals after being despread as
efements by the complex conjugate transposed matrix of said Q matrix and

outputs the product as the converted signal.
40. A wireless communication system for receiving and demodulating

transmitted signals from a transmitting apparatus having M (M is an integer

of 2 or greater) transmission antennas, with a receiving apparatus having N
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5 conprising: 94 nmeans for performng nulling
representative of the received signals, using a
. channel matrix having as el ements channel coefficients
bet ween sai d reception antennas and said transm ssion
antennas; and neans for denodul ating said transmtted
signals based on the 10 nulled signals. 44. A
recei ving apparatus having N (N is an integer of 2 or
greater) reception antennas in a wireless . =

(N iscmintegetdf norsyrstiten), fsaid renediing ApPaiaius aemBHYNGt i ng

transmtted signals froma transmtting apparatus .
havi ngridapsifor gsiag & hudigigandlistangg C@f‘?é%‘i‘%‘fgy performing a
transm ssi on antennas, said receiVving. aratus 5
given ppodessing: oparatien pHa $RYATEH rﬁetiﬁgdﬁﬁrl‘ %féﬁ%%e-
representative of orthogonalization of the received
signals, using a channel matri x having as el enents

h | coefficients bet j : [ '
andToaPFRaRs SPEERUR oA LR Toh 1F F R 2R PRIGRing
bt g ! ; an or |
warsrnfiervongs SR 8 ASHLLER ordrai At L Shuinisoer,
ST né . the as fadoN
o S RG99 HREIFET S, g sppatushains
ARy for o cemmising i
(N B o o A L B i o e
‘havi ng ;M LM rh afdh fori Reiulfinga ditsigioeared Euclidean
transm sslon antennas, said receiving apparatus

5
" disSAHBY 4t BB 0 dRpascbond squiredrEudideahidistgnee at a bit 1,-and

representative of orthogonalization of the received

oufpuitit & provisiopaksquzmed Euclidean distangepses en Bifent s

- channel coefficients between said reception antennas

. acantultedisquanesriudlidean gstances; and

means for calculating a likelihood using said provisional squared
Euclidean distance if either one of said first and second squared Euclidean :

distances is not output.

42. A wireless communication system according to claim 41, wherein
said squared Euclidean distance is replaced with a Euclidean distance which

is converted by performing a given functional. operation on said squared

‘Euclidean distance.

43. A receiving apparatus having N (N is an integer of 2 or greater)
reception antennas in .a wireless communication system for receiving and
demodulating transmitted signals from a transmitting apparatus havingM (M
is an integer of 2 or greater) transmission antennas, said receiving apparatus

comprising:
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antennas; and 10 neans for outputting a |ikelihood for
bits of said transmtted signals based on the nulled
signals. 46. A receiving apparatus according to any
one of clainms 43 through 45, wherein said neans for
performng nulling uses a conpl ex conjugate

transposed matrix of a Q matri x produced by

QR- deconposi ng the channel matrix as nulling. 5 47. A
recei ving apparatus according to any one of clains 43

t hr oughedha forBer6imingdH Uiy RIp3e_dritatesofthelreceived
denodul ated in a descending order froma transmtted

sighaiBUasiAg 4 el hictex havingars dlbmentsosaring edeticianta

to a transmtted sequence transmtted froma first
betiveenssiid teckpdiohemienndsaskd saisl transrhiesion|andennasg AAMs .

48. A receiving apparatus accordi ntg(g to anly one of

cl ai ms mganshioo dgmodatatingasaid trenagitied sigpalgdased on the

coefficient estimator for estimating and outputting
nuliegt signalsannel coefficients between said between said

reception antennas and said 5 transm.ssion antennas

based on said received signals; a QR deconposer for

Caa cumvesapreharhanta f 0} e FIRIRDNS T 4leA
rockBliaf patereiagrinie yiedles cRTFgeafol SieiE e R o Bnd,
def3poBltHB Y heindo SRR IRASRIAS AERARRATHATG 1 (M
o GURIBL L0 ATl g sesng apparts
co,?Pﬁgﬁ,, itted sequence, a likelihood for said '

ansim tted sequence, and a o
means for performing nulling representative of orthogonalization

of the received signals, using a channel matrix having as elements channel
coefficients between said reception antennas and said transmission
antennas; and

“means for calculating and outputting a likelihood for said

transmitted signals based on the nulled signals.

- 45,  Areceiving apparatﬁs having N (N is an integer of 2 or greater)
reception antennas in a wireless communication system for receiving and
demodulatihg transmitted signals from a transmitting apparatus having M (M
is an integer of 2 or greater) transmission antennas, said receiving apparatus
comprising: |
| means for performing nulling representative of orthogonalization

of the received signals, using a channel matrix having as elements channel

- coefficients between said reception antennas and said transmission
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i kelihood for bits transmtted by said transmtted
sequence, based on said 15 converted signal and said
R matrix. 49. A receiving apparatus according to any
one of clains 43 through 47, conprising: a channe
coefficient estimator for estimating and outputting
said channel coefficients between said between said
reception antennas and said 5 transm ssion antennas
based on said received signals; a QR deconposer for

' rgh3g QR deconposition on the channel matrix of
angegfr]:?gé aﬁnel coefficients and outputting a Q matri x

and an mBaf@tdriotitp @ikl aliKefiR66@ forltsits ofwaid tramsmisteal

recei ved signal vector having 10 said received signals
sighalehbasanon iy nailebsighabs. conj ugat e 't ransposed mat ri x

of said Q matrix and outputting the product as a

converted signal; a transmitted synbol candidate

sel ector for selecting and outputting a symnbo

camd. daA eedaiving appataiuy accerding Y 688 @ar%ﬁng 43dhrough

recei ved signals; and a transnitted sequence estinator
45; wiheeinsaid Mmegnatfon perfernyng nuiling usashsepleXFonjugate

sequence, a |ikelihood for said ansmtted sequence
trapsgosed matdx pha Synalix prqduce é?vs{}kr@%fe?%i&f’%%g ﬁ’qe chanriel

transmtted sequence, based on said converted signal,
MAHK @S- candi date, and said R matrix. 50. A

recei ving apparatus according to any one of clains 43

through 47, conprising: 97 a channel coefficient

est jJmat pr. re ' | ; ' '

o R isedling Hpb AR S BoERRIRLIEH) b oF Bieins A0ARRIUgh

452%%?&?1%?&9@%%&@%@% I LREE W asdd¥eeAdingrorder

received signalsT a priority determ ner for
frofs baFdRsMited Reb0ehéd RENSBItHREROmM an Mth transmitted antenna to

a transmitted sequence transmitted from a first transmitted antenna, based

on the nulled signals.

48. A- receiving apparatus according to any one of claims 43 through
47, comprising:

a channel coefficient estimator for estimating and outputting said
channel coefficients between said between said reception antennas and said
fransmission antennas based on said received éighais;

| a QR decomposer for performing QR decomposition on the

channel matrix of said channel coefficients and outputting a Q matrix and an

'R matrix;

aQH processor for multiplying a received signal vector having

~ said received éignals as elements by a complex conjugate transposed matrix

of said Q matrix and dutputting the product as a converted signal; and
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transm ssi on sequences transmtted fromsaid
transm ssi on antennas based on said received signals;
a sorter for sorting said channel coefficients based
on the 10 channel coefficients estimted by said
channel coefficient estimator and the priorities
determ ned by said priority determ ner, and outputting
a nodified channel matrix; a QR deconposer for
perform ng QR deconposition on said nodified channel
mat ri x garghsmitted seyngnee Estimatanfonoatpatiing atdeastoneld &
H processor for nmultiplying a received signal vector

‘trahswittegl sexpiedce ez bkefifmosi fgn abisl tlanssnidad sequBHCR ABNP| ex

conjugate transposed matrix of said Qmatrix and .
likedinopd foi bits ransmitted iyt said transoritied seauancss bpseq on said
transm tted sequence estimator for outputting at |east
convestast signakangsaid i ewtdequence, a likelihood for said
transm tted sequence, and a 20 |ikelihood for bits
transmtted by said transmtted sequence, based on

_ said transmitt ce.
7 edBor s e AR SR Bl e" ¢ A3 throgan

475ai d .tir ansmtted sequence, the likelihood for said
t FHREI MY ed sequence, and the |ikelihood for bits

!rans md dRthnlY co8itlieht 888Ltdradr 8afiHaR Pand degslity b4

25 output Tromsa ransmtted sequence estimator and
ch%ﬁt‘né‘ o%fﬁb‘iéﬁt# Béfwéén séid RARbEh RAiGRRApASH antmasdmpsaid
o any one of.clainms 43 through 47, conprising: 98 a

traRSRiNRin Rehhas baséd ontdai@isteived sigadlsimat i ng and
outputting said channel coefficients between said

bet weer QR dbdonteierdor paferning GR desaimposiion on the
transm ssi on antennas based on said received signals;

chanf misisinwd eaier carmeb eoéfficients aiR cutm ding 8i @ ineatris gndian
channel matrix of said channel coefficients and
Rmatpgitting a Q matri x and an
aQH processor for multiplying a received signal vector having
said received signals as elements by a complex conjugate transposed matrix
of said Q matrix and outputting the product as a converted signal;
a transmitted symbol candidate selector for selecting and

outputting a symbol candidate for said converted signal based on said

‘received signals; and

a transmitted sequence estimator for outputting at least one of a
trérismitted sequence, a likelihood for said transmitted sequence, anda

likelihood for bits transmitted by said transmitted sequence, based on said

~ converted signal, said symbol candidate, and said R matrix.

50. A receiving apparatus according to any one of c]aims 43 through

47, comprising:
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R matrix; a QH processor for nmultiplying a received

signal vector having 10 said received signhals as

el enents by a conplex conjugate transposed matri x of

said Qmatri x and outputting the product as a

converted signal; a transmtted sequence candi date

sel ector for determ ning candidate sequences for L (L

is an integer ranging froml to M converted signals

based on said received signals and outputting the

det er m pefhahhelédsificiohteSHALRAfGSeABndting @i bugdtting said

sequence candidates; and a transmtted sequence
clentrieiabefficients betwrér $aig betwéemshidareeplioraantennas and said

transmtted sequence, a |ikelihood for said

tramsmissiont adeseasbase] onmsdicreceived siruais; f or bits

transmtted by said transmtted sequence, based on

sai d cenierifedetempingr fosdetenrinieg prissitiembetvaien

transnm tted sequence candi dates. 20 52. Areceiving
trapssaisalonsestiencas Hgnsmitiad fromesaid tangmissianapiansggbased
-~ 47,. co _rigi % a channel coefficient estimator for
ongridreeeiNgd $IdMRit put ting said channel coefficients

bet ween _sai d between said, .recepti gn .antennas, ang said

Hieign

5t rans AitORFGIPT AR SAFANREh R0 efkon the
o B SOl Al DBl e 8 Ptor o
oGBS SRR 44 Do EABinB S o B modite

cHfelbl hidygpt s based on the 1o channel coefficients
estimated by said channel coefficient estimator and

the prij@Ride@dnfiRIsEr FariRHIPMIFAOR 8&tdhpbsition on said

~determner, and outputting a nodified channel matrix;
medified dbbaanpbsatrixX ad patputting Q) RRAtMeandReSR hiatrixon

sard aqQH processor for multiplying a received signal vector having
said received signals as elements by a complex conjugate transposed matrix
of said Q fnatrix and outputting the product as a converted signal;
a tranémitted sequence estimator for outputting at least one of a
transmitted sequence, a iik'elih:ood for said transmitted sequence, and a

likefihood for bits transmitted by said transmitted sequence, based on said

- converted signal and said R matrix; and

a restorer for restoring and outputting at least one of said

~ transmitted sequence, the likelihood for said transmitted sequence, and the

likelihood for bits transmitted by said transmitted sequence, based on the

output from said transmitted sequence estimator and said priorities.

51. A receiving apparatus according to any one of claim_s 43 through

47, comprising:
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nodi fi ed channel matrix and outputting a Q matri x and
an R matrix; 15 a QH processor for nmultiplying a
recei ved signal vector having said received signals
as elenments by a conpl ex conjugate transposed matri x
of said Q matrix and outputting the product as a
converted signal; a transmtted synbol candi date

sel ector for selecting a synbol candidate for a
denodul at ed sequence based on said received sjignals,

and 2@ chainpet coefiiciant estimator feresiinaling anthavipatiing said

transm tted sequence estimator for outputti at | ast.d
chanteel sbetficientahetaarcenid dgtiuper said ecredameniFngs a0d 1

transmtted sequence, and,a Likel.ihgod for bits

trapsmissign adenpgs ased op SUGTeceMPdIgNRce, based on
id ted si |, id.R [ ...sai
Cr ans QB HespMRASE iR e g Fik JstomPEEHERh the,
cham SRR o Saickinte! oREBienk R, gifitutHlo 83 fhatrixand an

trﬁnsm' tted sequence, and the |ikelihood for bits
RPAURs i t ¢ ed by said transmtted sequence, based on the
out put f AP Salodr ' £R68 sRfifdl VBE®@r havih
sai d pl’al (gr {Eﬁagégscgg.apﬂt@gﬁ%i%ﬁgeapparsg%ﬁﬁs_ accor di ng .
salditeBEN =AU 65 RdMert by eufplexidonjagatitiatispgsed matrix
channel “coefficient estirator for estimating and ‘
of Eé’iHRB‘HétﬂQ andislitpGtiag tied peouict asiserdrvebethvaigmalsai d
etween said reception antennas and said 5 - |
t r ansmspansmitiedesvyienbasadditate seldctos foi deigrpingitl s;
100 a priority determner for determning priorities

" cahéideresequeres foskibis arintegerangingfsomt t kM) copvered

transm ssi on antennas based on said received sigpals;
sigmatmbasad dosakoeceivgd signale aad setpuitieg the deiringted

on the 10 channel coefficients estimted b aid
cantlidatesequsitors Asdransaifteasegrensr| CaR da%s,, %‘Pﬁt i es

geﬁﬁmq”&gng it L PRl i he s S O uttirR gt RALPEAS bPd
transmitted sequence, a likelihood for said transmitted sequence, and a
fikelihood for bits transmitted by said transmitted sequence, based on said

converted signal, said R matrix, and said transmitted sequence candidates.

52. A receiving apparatus according to any one of claims 43 through
47, comprising: | |
a channel coefficient estimator for estimating and outputting said
channel coefficients between said between said reception antennas and said
transmission antennas bésed on said received signals; '
a priority determiner for determining priorities between

transmission sequences transmitted from said transmission antennas based

on said received signals;
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channel matrix; a QR deconposer for perform ng R
deconposition on said nodified channel matrix and
outputting a Qmatrix and an R matrix; 15 a (H
processor for nultiplying a recei-ved signal vector
having said received signals as elenents by a conpl ex
conjugate transposed matrix of said Q matrix and

out putting the product as a converted signal; a
transmtted sequence candi date sel ector for

det er mersanter feseitingseidkehannet seeffisients pased ogthe
integer ranging froml to M conve

ted. 0 si |
chanss SooTicsite Sl SgnNEHEoBTEEar EFIBERRENd the

.determ ned candi date seguences, as transnitted se e
prierdien dripagined By sA19 PN LS e TEc L PHRAC 7 BOUHTE ©

outputting at |east one of a transmtted sequence, a
cham& MM for said transmitted sequence, and a

l'i kelihoqd for bits | bt | {54
sequencearASRI Ry PP BHITE O FRLMpEIORDI 4R
' h bl REMdCADR datrks:  and
e Shardit s ShO HRANGNGE QAR AR R e
of sai ¢ g L4 ARANNAS a febBivebkadndiaedtic baviegi d
transm%t?e sggﬁée%cef ansﬁ{‘hg likeli hl@g(%d for bits _
sali/rBBsNEH lsifhdly as @lehénngna toeploetprdogate tampdsed matex
30 output Tromsaid transnitted sequence est inator
of 8816 @ matriRandroutpetting tH® pratuct Asreecanverted signaly at us
according to any one of clains 43 through 47,
conpri s ingnsraitiedasynetiol cantlidats selectssfonseleetiga symbol
estimating and outputting said channel coefficients -
cahditiakeefor sadembdutatashseguancedased amsaidireppined slgnals iagd
5 transm ssi on antennas based on said received

outriuiing 8 transoRttert sympekeandidateper forning Q R
oot {1 & BRRSTIR WHUSHED FRUTRES T PL IS8T oRE br o

transmitted sequence, a likelihood for said transmitted sequence, and a

' likelihood for bits transmitted by said transmitted sequence, based on said

converted signal, said R matrix, and said transmitted symbol candidate; and

a restorer for restoring and outputting at least one of said

transmitted sequence, the likelihood for said transmitted sequence, and the

likelihood for bits transmitted by said transmitted sequence, based on the

output from said transmitted sequence estimator and said priorities.

53. A receiving apparatus according to any one of claims 43 through
47, comprising: |
a channel coefficient estimator for estimating and outputting said

channel coefficients between said between said reception antennas and said

~ transmission antennas based on said received signals;
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R matrix; a QH processor for nmultiplying a received
signal vector having 10 said received signhals as
el enents by a conplex conjugate transposed matri x of
-said Qmatrix and outputting the product as a
converted signal; a transnitted sequence candi date
sel ector for determ ning candidate sequences for L (L
is an integer ranging froml to M converted signals
based on said received signals and outputting the

det ermi ﬁfb@'ioihg/ datatthinel fors@steRNTaty poritie’sdtvebad
sequence candidates; a transmtted synbol candi date

trargnsisgion sfeQUeﬁewmahmutmﬂfromLHaWtrbhﬁ@ngswﬁo@rhtennas based
candi dates for (ML) denodul ated signals based on said
o saidirgeeived gigmlats; and a transnitted sequence estimator
for outputting at |least one of a 20 transmtted
 sequenca soder faredortingsaiti cnhema'edc@efﬁ&ienismmdmtl@n ce,
and a likelihood for bits transmtted by said
cftanaﬁkmeeff isigntregstinried hiyssaid chansel; @eﬁmt@sﬁlawt@i andithe
ggrmtrl X, said transm tted sequence candi dat Sg
Pfﬁ%ﬁ@es trmined by saicharierty sletergynen and Qutpytigg A7partieds
acco[dl? to any one of clainms 43 through 47,
'ﬂb 102 a channel coefficient esti mator for

EZE wpert SR AREafbbaH! @iff’%@@%ﬂﬁ R BREmARc 28I

médu‘r‘é&%ﬁghﬁél' rﬂEtr?P:%r?d“g@t? &a?r%! gnd SRS Hittrix;

a pri determ ni ng
t d
Pigfnr;a?sﬂ*PS‘%‘%%%gf%m‘ﬁW PSRRI

saﬁcﬁﬁéﬁe}\% §{;Séﬁ§|a%  elémetd BY af @mpsiek tbAfigafd #akdruyl matrix
coefficients based on the 10.channel coeff|C|ents

of @aid Qahatixyhdauiputthghel prodati aca ebhversdd sighal, and

t he
a transmitted sequence candidate selector for determining

candidate sequences for L (L is an integer ranging from 1 to M) converted

: signéls based on said received signals and outputting the determined

candidate sequences as transmitted sequence candidates;

| a transmitted sequence estimator for outputting at least one of a
transmitted sequence, a likelihood for said transmitted sequence, and a
likelihood for bits transmitted by said transmitted sequence, based on said
converted signai, said R matrix, and said transmitted sequence candidates;.
and o |

a restorer for restoring and outputting at least one of said

 transmitted sequence, the likelihood for said transmitted sequence, and the

likelthood for bits transmitted by said transmitted seguence, based on the

 output from said transmitted sequence estimator and said priorities.
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priorities determned by said priority determ ner, and
outputting a nodified channel matrix; a QR deconposer
for perform ng QR deconposition on said nodified
channel matrix and outputting a Q matrix and an R
matrix; 15 a QH processor for multiplying a received
signal vector having said received signals as

el enents by a conpl ex conjugate transposed matri x of
said Qmatrix and outputting the product, as, a

cobver thetbceivimpbpparatusasearainadosyir el elang #a dlarough
sel ector for determ ning candidate sequences for L (L

'47] somprisingeger ranging froml to M converted 20

signal s based on said received Si

the deteeghanned ceeffigienhestivatpidate ﬂg'@ts"?qa gﬁégﬁﬁ%&ﬁé sélid
cngaaSer e berussh agSNEE o RpREh AfR L s
trapsgusvauadiegRas bhsel of e 888eBicnce. cori mat or

[or QULPER by bok 35t pabnfhg QRURBRFCSIRR on the

__ch?ﬁli%liﬂqa{r%@glsiawa%ﬁﬁl cBbfiidri@ 8agIdutnetiby asQindatrix and an

sequence, based on said converted signal,
kGl-R matrix, and said symbol candidates; and 103 a
restorer for restoring and outputting at |east one of

sai d 30, pHhpritetssickos ging d rezehvddedigal orctarrhayingd
transm tted sequence, and the |ikelihood for bits

sald RReVickitighdly as allementstsyratcoetblex qomjtgate thansposed MAWX
output fromsaid transmtted sequence estimator and

of saiddQpnaixidridesutpatiingAhe gredudtiag appavestasssigiebr di ng
to any one of clainms 48 through 55, wherein said

t r ansmia tradsmitpresrauence ifate selegtrrdor delerminigg |
candidaie pegeemoadar b (i 3b Taaet sanoig from 118" AHGRrEH
signals based on said received signals and outputting the determined
candidate sequences as transmitted sequence candidates;

| a transmitted symbol candidate selector for selecting and
outputting symbol candidates for (M-L) demodulated signals based on said
received signals; and
a transmitted sequence estimator for outputting at least one of a
transmitted sequence, a likelihood for said transmitted sequence, and a
likelihood for bits fransmitted by said transmitted sequence, based on said

convéned signal, said R matrix, said-transmitted sequence candidates, and

said symbol candidates.

55. A reéeiving apparatus according to any one of claims 43 throggh

47, comprising:
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5 a likelihood cal culator group in a pth (p is an
‘integer ranging from 1 to P) stage conprising Kp (Kp
is an integer of 1 or greater) |ikelihood
cal cul ators; each of said |ikelihood cal cul ators
calculating a likelihood in the pth stage and
generating said transmtted synbol candi dates based on
the 10 converted signal, said Rmatrix, Lp-1 (Lp-I is
an integer of 1 or greater) error signals output from
a si gnaa chghraslicoeffidiertt dgimatbhfos leafMatiag Gndsutputting said
transmtted synbol candi dates; and a signal selector
channéheogifidiersts dagtweah pald beigvden ddigh réceptioni diitegeds afd siid
- or greater) maximum i kelihoods and Lp transmitted
trasypnisdiorr antbnmas desased ovhsail rgesieed Bignlalkel | hoods, based
on Kp likelihoods output fromthe |ikelihood '
cal cul aa priorify sigterinminehforsteterminipg printitieaibetweamsni t t ed
synmbol candi dates. 57. A receiving apparatus

| transavydom gequenasy thnsnoitted | fegmsaishirangroisgionsytennas based

sai.d transmtted sequence estimtor includes

- oM $3i reqRiRY SigRAISLI at or groups and signal selectors in

P e o P P ST b3t G bl e,
crp AR AR shobPach o ST SRR3R sl Mt
or B s PSSty RN SHABLMg R g o

Chéﬁﬁéﬁﬂéttriged synbol candi dates based on the 10
converted signal, said Rmatrix, Kp-1 (Kp-1 is an

i nt egera QR deWmBSSABE pefibffing hE MO NIHsRISN & S8R

signal selector 1n a (p-1)th stage, and 'the
mddified ohdrired matyiriaad RapditifgteQ maipt ahdsag Ramagix; ect or

in the pth stage outputting Kp+l nmaxi num |i kel i hoods

and Kp-elQtt presessarddr syuitigjing anicdvedssigialolectpnravirge
said received signals as elements by a complex conjugate transposed matrix
of said Q matrix and outputtihg the product as a converted signal,

a transmitted sequence candidate selector for determining
candidate sequences for L (L is an integer ranging from 1 to M) converted
éignals based on‘said received signals and outputting the determined |
candidate sequences as transmitted sequence candidates;

a fransmitted symbol candidate selector for selecting and
eutputting symbol candidates for (M-1.) converted signals based on said
received signals; | |
a tfansmitted sequence estimator for outputting at least one of a
transmitted sequence, a Iikelihood for said transmitted sequence, and a

likelihood for bits transmitted by said transmitted sequence, based on said

converted signal, said R matrix, and said symbol candidates; and
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15 li kel i hoods, based on Kp |ikelihoods output from
the likelihood cal culator group in the pth stage and
said transnmitted synbol candi dates. 58. A receiving
apparatus according to any one of clains 48 through

55, wherein said transmtted sequence esti mator
conprises |ikelihood <calculator groups in M stages (M
is an integer of 2 or greater) and signal selector

groups in the Mstages. 5 59. A receiVving apparatus
accor dafgstoseiioy resariog asﬂaqq%ufaagﬂf:‘%&ﬁ”e Salther ei n

an R san s D Rl aSE o8 TR B EL s apd he

igifosH Eon il éﬁ%v%%%%%%&d %%%sﬁ*&?%@%g%%f&%ﬁséégr P

oulpP et 98 4sflBh e dled Y Poiatcr g o BHOMREY.
selectors in a plurality of stages, and a signal

selector in a final stage selects and outputs 105 a

mosg | ikRlckiinapPalatRfaseadmgas. anyborfelof daines 48 \throgigh
apparatus according to any onée. of clains 48 through

55 Seheiiessitraminittet dequehte dstraaterrineudss likelthood
I ncl udes signal selectors in a plurality of stages,

caldoRtdr grbopsandaligedl eelectors if Prstages dRds aplinteger af ost
likely transmtted sequence and outputs a |ikelihood

grdater)sai d sequence. 5 62. A receiving apparatus
according to any one of clains 48 through 55, wherein
sai d t adikelihood ¢alsulptengroupdniankthdp I8 AR|INGEET ENEHRG Trom

selectors in_ a plurality of stages, and,a,sjgnal
1 1o &) stags ComPESINGNR (K isn Nitegerdl hoRa@atsh fikgliipod

transmtted sequence and outputs a |likelihood for a

calguiatafdguence
each of said likelihood calculators calculating a likelihood in the

pth stage and generating said transmitted symbol candidates based on the
converted signal, said R matrix, Lp-1 (Lp-1is an integer of 1 or greater) error

signals output from a signal selector in a (p-1)th stage, and the transmitted

~ symbol candidates; and

a signal selector in the pth stage outputting Lp {Lp is an integer of

1 or greater) maximum likelihoods and Lp transmitted symbol 'candi;iates

~ which give the likelihoods, based on Kp likelihoods output from the likelihood

calculator group in the pth stage and said transmitted symbol candidates.

57. A receiving apparatus according to any one of claims 48 through
55, wherein said transmitted sequence estimator includes likelihood
calculator groups and signal selectors in P stages (P is an integer of 1 or

greater);
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5 transmtted by said sequence, 63. A receiVing

appar atus accordi ng to any one of clains 48 through

55, wherein said transmtted sequence estinator

includes a likelihood calculator for generating a

converted signal replica using elenents of said R

matri x and cal culating the |ikelihood using a physica

quantity nmeasured from5 said converted signal replica

and said received signals. 64. A receivin apparatu§

accor dialikaliboot sialauiEor graiddni B @ |S|qu|@?qg%5§nglng rom
uar ed

- calculator calculates the |ikelihood usi .S
1 o, Stage RIS (KR 9vaB iNtegPHOt 606 BAICY RIS, ng

said converted signal replica. 65. A receiving
caleWAHPEY us according to claim63, wherein said

2 Euol (SRR i oo il OB pgRGiing R fiEaRgod T B
pttﬁ %%ﬁ%@&g@?@égﬁb S3Ry t?é‘nﬁnﬁ’t%ﬁyﬁ%&l %@nggﬁéééjﬁégbd on the

sald recelrved-signals sal

coﬁ%n’f@t‘é fsﬁgaf, ISIRPR matrixe l(-:]: ﬂi(p—@ Gs af ih%‘g%g\fif A gasrg_iziéafe&} &xsor

accor 0 any one O aims 49, 51, ,

si% gi;@ug ﬁioﬁh L isRyHalsbleetbrsiy apl 1 anegigéatad 8¢ eahemited

Inear- filter. 67. A'receiving apparatus

- syAfyoPcehdibated; and one of clains 49, 51, 54, 55,

wherein said transmtted synbol candi date sel ector
enpl oysa signahsetector kethenpthdstage butpitimg Kea1 maximum
recei ving apparatus according to any one of clains 50,

 likBlhodits, andbKp+ditransmittachsympe! eandigatestvdhigh give 8epl oys

received electric power of each of sa%g_tr nsqitted
likekhpasisc besed on Kp likefiioprs guiips rase e i t&w@%rﬁjl eylatony

one_of clainms 50, 52, 53, 55, wherein saj riority
graep i thernpth stage apd sa\'d fé@%ﬁmgwdeﬁyggkifﬁicénﬂsiﬁg?gvs.

noi se electri.c power ratio of each of said transmtted

sequences.

58. A receiving apparatus according to any one of claims 48 through

. 55, wherein said transmitted sequence estimator comprises likelthood

_calculator groups in M stages (M is an integer of 2 or greater) and signal

selector groups in the M stages.

59. A receiving apparatus according to any one of claims 48 through

55, wherein said transmitted sequence estimator comprises likelihood

calculator groups in N stages (N is an integer of 2 or greater) and signal

" selector groups in the M stages.

80. A receiving apparatus according to any one of claims 48 through
55, wherein said transr'nitted.sequ'.ence estimator includes signal selectors in

a plurality of stages, and a signal selector in a final stage selects and ou_tputs
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70. A receiving apparatus according to any one of
clains 50, 52, 53, 55, wherein said priority
deternmi ner enploys a received el ectric power vs.
noi se electric power ratio and an interference
electric power ratio of each of said transmtted
sequences. 5 71. A receiving apparatus according to
any one of clainms 51, 53, 54, 55, wherein said
transmtted sequence candi date sel ector enploys a
a mbsidikely ftaTsrhitteisequ@ace A r ecei vi ng appar at us
according to any one of clains 51, 53, 54, 55,
wherein said transmtted sequence candi date sel ector
enpl oys maxi mum | i kel i hood esti mation. ZB..A s h
r e@di. viMEpCaiiag apparates aEeRTHING I &y, 08% 8f Bieips 48 1Rra
52, 53, 54, wherei.n data sequences transmftt I
55 whscoin saicenRTmied Sedepacs relineipancl B8S adiel SelreRys
i ndependent nodu) atin [LOCESSES,.aNn [ i ng
a piIbeetRaed SilS ol SHeERF AT R SRR fuedp A indst,
L points, . n ' b Qr 4t g ] aid
BB el SEa B Md BLtee STRGIMAFfor SR L RRoesT C
_respective transm ssion antennas. 74. A receiving
apparatus according to claim73, wherein a priority is

918N LR 80iARk 3BRArNI BBcbRInG RSHIANBAE oPbizims AgRhrough

nmodul’ at'i on nu alued nunber anong sai

55, (HEFSh S PRafdthRRASequéhce AstifRRbivinolidep sigradi selectors in
according to any one of clainms 56 through 62, wherein

a plaklity 60stagessarid asignal seldcforamalfinal stege salects a most
antennas are nodul ated respectively by independent

likeyctrdresinitigd sequesceand anthutsiadikelibood forianbit paUeRes
have respective different nunbers of signal points, 5

tramsdhited by saighsg¢quasicéct or det er mi nes the nunber of
error signals and transmtted synmbol candi dates which
are out put depending on the

63. A receiving apparatus according to any one of claims 48 through -
55, wherein said transmitted sequé_nce estimator inciudes a likelihood
calculator for generating a converted signal replica using elements of said R
matrix and calculating the likelihood using a physical quantity measured from

- said converted signal replica and said received signals.

64. A receiving apparatus according to claim 63, wherein said
likelihood calculator calcutates the likelihood using a squared Euclidean

-distancé between said received signals and said converted signal replica.
65. A receiving apparatus according to claim 63, wherein said

likelihood calculator calculates the likelihood using a Euclidean distance

converted by performing a given processing operation on a squared
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nodul ati ng process for the transm ssion antenna to be
processed by a |ikelihood calculator in a next stage.
108 76. A receiving apparatus according to any one of
clainms 48 through 55, wherein said transmtted
sequence estimator includes a |ikelihood calculator
for calculating the |ikelihood using the difference
between a squared Euclidean distance between a
converted signal replica at a bit 0 and 5 the received
Eaclgiansdistardca betivesredaibuetbidearidhaid ang eahketaited signal
converted signal replica at a bit 1 and the received
repligmal s. 77. A receiving apparatus according to claim
76, wherein said transmtted sequence esti mator
i ncl udes an accunul ator for accunulating a first
squar ed Euclidean distance between a converted signa
r epP®.c aAdeceivisgtapparaiug adeerding ¢ any opegfalaimedd,H1, 54,
) %econdkégﬁired Eucl i dean di stance between 5 a ,
S IMRIpinetpId frgpamitied symhokgandidate selegier emplaysclinear
i kgnals, and outputting a provisional squared
clidean di stance based on the accunul at ed squared
Eucli dean di stances; and wherein said |ikelihood
cal cul ator calculates the likelihood using said

0 1 ApBbe BA AL5 Be  cabo.3154
SR ai aAS M o i S EFBRS A

likBligdddestimsigt.ance is replaced wth a Euclidean
di stance which is converted by performng a given

functional operation on said squared Euclidean
di.stance. 5 79. A receiving apparatus according to any
oneés®f Alredeiving Gppafatud Siccofding thanebne diicisePieBees3,
transmtted from Mtransm ssion antennas are
Shuhereinsadid pdprity detemyineyeinpthysardeived mbetifiapongr of each
processes, and said '
of said transmitted sequences.

89. A receiving apparatus according to any one of claims 50, 52, 53,
55, wherein said priority determiner employs a received electric power vs.

noise electric power ratio of each of said transmitted sequences.

?0. A receiving apparatus according to any one of claims 50, 52, 53,

- . 55, wherein said priority determiner employs a received electric power vs..

noise electric power ratio and an interference electric power ratio of each of

said transmitted sequences.

71.  Avreceiving apparatus according to any one of claims 51, 53, 54,

55, wherein said transmitted sequence candidate selector employs a linear
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109 nodul ati ng processes have respective i ndependent
coding ratios, and said 5 priority determ ner
deternmines said priorities based on the coding ratios
for the respective transm ssion antennas. 80. A
recei ving apparatus according to any one of clains 48
through 55, wherein said channel coefficient
estimator estinmates, in the transmtting apparatus
having the M (M.is an integer of 2 or greater)

filtqrr ansmi ssi on ant ennas, the channel coefficients using
pil ot synbols periodically 5 transmtted according to
a synbol pattern inherent in each of the transm ssion

g ARt B 858 SRS Sy sF1e /o,
55;\;'{}58+égi‘saiéﬁra ft&4 %egaéﬁcé EanSidhict dI8ctBPBRIIOWES
preads 1 n adva

nce and then transmts the transmtted

maSar0R Iﬁgliﬁ'&% S&iiflafdbh.processor multiplies the

received signal vector having said received signals
after being despread as 5 elenents by the conpl ex
conj ugate transposed matrix of said Q matri x and

ouygut A ideeivitipabparatiss adtordinguerangdres ghelhims30, 32, 53,
recei ving apparatus having N (N is an integer of 2 or
540whetet Yata sspiEnces tansmitted from b tansrhission antennas are
conmuni cation systemfor receiving and denodul ati_gg
mddulatedirespsttivelyry indepemdenttmedigdaling prapesspsr and,gal
having M (M is an integer of ‘2 or greater). . .
madulating rrecesseshaveniespestiyendifferant nugpers o signal points,
conpri sing:. nme “usj n

and saiPTRY ggt@%ﬁf@i%tﬁggmgg OB I8 at i on
. Eucl | [ 8 I Vi
megyAiRBoRssRaG" (0% RoPeolVe Frveghput 2o efnegr Sat er'y

reception antennas in a wireless conmuni cati on system
for receiving and denodul ating transmtted signals

- Trop a g FaRfing bhpSrARP 3L ting8\dIdith 8 (Wherein a priority is
given to an antenna which has sequences of a lower modulation multi-valued

number among said transmission antennas.

75. A receiving apparatus according to any one of claims 56 through
- 62, wherein data sequences transmitted from M transmission antennas are
modulated reSpecﬁvely by independent moduiating processes, and said
‘modulating processes have respective different numbers of signal points,
and said signal selector determines the number of error signals ahd
transmitted symbo! candidates which are output depending on the
modulating process for the transmission antenna to be processed by a

 likelihood calculator in a next stage.
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IS an integer of 2 or greater) transm ssion antennas,
sai d receiving apparatus 5 conprising: an accunul at or
for accunulating a first squared Euclidean distance
at a bit 0 and a second squared Euclidean di stance at
a bit 1, and outputting a provisional squared
Eucl i dean di stance based on the accunul ated squared
Eucl i dean di stances; and 10 neans for calculating a

| i kel i hood using said provisional squargP Euclé ean
di #6andereceiving appareis acosding tpianytongef daipashfs through

55, #0 JpEaes Saduanah Y BRI N Ese ThRL,
id d,Eucli di,st [ I i
caleiietordassmianetan e librop Sstgt ety enesha Do o
' functi anal 1] L g s ; '
ot rictide s Shenar BEfiest SO By SHal BRleg #E R And
dernodul.ati . = ‘ J 4
theE5BRER RS RR 2h AR BRI AL BicaR Bobsanarcbiereed
' i o > _ 9% ¢ havi
SO P B B e e ) r ot fon
antennas, said denodul ating nmethod 5 conprising the
steps of. performng nulling representative of
or yhogep@lceriid apparatisgccordingitoataisi dhavlereirssad a
channel matri x having as el ements channe

traﬁ@ﬂfﬁé&é@q@eb@sﬁamborsiadddeemmdmmmatmﬂmcmigﬁmwa
transm ssion antennas; and 10 denodul ati ng sai

d )
- first squsnedt Fedideagrtistancabetivasn alconverted gignal frriica atgdit 0

A denodul ati ng nmet hod of receivi ngE and deﬁgul at bngm
and theterneivastisighglsans a seeend squaredikyslidgan Sheiraes setween
having M(Mis an inte of 2 or, grea

f .
a qonyeded sianehreplica @b adbi ﬂe%ma thefeeeived 351:5%5# AndsoytRutiRg

- a pl}'lm(/i"s\'ional squared Euclidean distance based on the accumulated squared

Euclidean distances; and |
wherein said likelihood calculator calculates the fikelihood using
said provisional squared Euclidean distance if either one of said first and

second squared Euclidean distances is not output.

78. A receiving apparatus according to claim 76 or 77, wherein said
squared Euclidean distance is replaced with a Euclidean distance which is
converted by performing a given functional operation on said squared

Euclidean distancc_a.

79. A receiving apparatus according to any one of claims 46, 48, 49,

51, wherein data sequences transmitted from M transmission antennas are

“modulated respectively by independent modulating processes, and said
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is an integer of 2 or greater) reception antennas,
sai d denodul ati ng nmethod 5 conprising the steps of:
performng nulling representative of orthogonalization
of the received signals, using a channel matrix
havi ng as el enents channel coefficients between said
reception antennas and said transm ssion antennas;
and 10 cal culating and outputting a |ikelihood for
said transmtted signals based on the nulled siggal S,
mogipjatingdunoessesthavg reepaeiveondeperdent qgdigyratios, and said
denodul ating transmtted signals fyroma trélnsm' tti Og
prigfiy sleferiynerndetarINes NS PHANTSR %ﬁJ o e Coigd dalies f
transm ssion antennas, in a receiving apparatus having
thenresrective BaNSMISEREAMNeN3A% greater) reception
ant ennas, said denodul ating nethod 5 conprising the
steps of: performng nulling representative of -
ort,hoggnal i zation of . the r [ S| ;1S
 onBner fieef fieftayls Sood G BB Sainh8hidugh
ol ent : . : N
55y Peisi S50 cheR DLy BGeh  cR iRy cRITAR o B PRt AR
| h&vi ' ' ) &9 3msmidglogn the
apé%lralugédﬁé\{{g g?eg"l\/ﬂg\g'isa%ﬁgﬁgﬁggﬁ?i% igﬂgiér?eﬁod according to
anfivashethaphal 6effiientsuging pildi/syntbsis enodivally st ep of
performng nulfing uses a conplex conjugate
~ trah$mithoscdrding to x syimizol Qattern inhepemidn eaghof the
QR- deconposing the channel matrix as nulling. 5 89. A
trademizsioraanteghas ahd dknawncodhe geceivingyappaeatus. cl ai ms 85
through 87, wherein said transnmtted signals are
denodul ated in a

81. A receiving apparatus according to any one of claims 48 through
55, wherein said transmitting apparatus spreads in advance and then
transmits the transmitted signals, and said QH processor multiplies the
received signal vector having said received signals after being despread as
elements by the complex conjugate transposed matrix of said Q matrix and

outputs the product as the converted signal.

82. A receiving apparatus having N (N is an integer of 2 or greater)
- reception antennas in a wireless communication system for receiving and
ciemodulating transmitted signals from a transmitting apparatus havihg MM
is an integer of 2 or greater) transmission antennas, said receiving apparatus
.comprising: | |

means for using a Euclidean distance converted by performing_a

' given processing operation on a squared Euclidean distance.
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descending order froma transmtted sequence
transmtted froman Mh transmtted antenna to a
transmtted sequence transnmitted froma first 5
transm tted antenna, based .on the nulled signals. 90.
A denodul ati ng net hod according to any one of clains
85 through 89, wherein said receiving apparatus
conprises: a channel coefficient estimtor for
estimating and outputting said channel coefficients

bet ggen aspicHivif} Y554taRR Iﬁ’a\f:ﬁ%ﬁp@ Rufihiédut Za&dgl%git&)

5 transm ssi on antennas bas sal d r

retepfioh antehnaR lﬁ%c\ﬁr@8§§borfn% rﬂ@étfd?{ é}s”ﬂe?n%r receiving and

deconposition on the ch anne mat r | sal d chan
deretililating WansAiiteP YRt frold ﬁr&%&rﬁgaﬁﬁ&am h&inng M M

matrix; a QH processor for nmultiplying a received
lssargntégere:ttzarr drestienctrdfsraRsibnr fritehivsl saidRewvid§ apparatus

el enents by a conpl ex conjugate transposed matri x  of
C@des:r{grratrl X and outputting the product as a

converted signal; and a transmitted sequence esti mator

for out pmatcpwglu!aton fonaccomeladingaa fitst aguaredt Buclidean

sequence, a likelihood for said transnitted sequence,
d'ﬁt@&Cﬁ at a1t § erd|a sepsndrstuased Ewhdmmdlstameb@t ahitd, and
transmtted. s Lllence based on said 15 converted
O%Pgﬁas %W&V@&?f& RAHAEM; E@C igean digtaner bpsed g thet hod

. a%@ﬁﬁ""%&g% Fﬁ'jréﬁgle of %I‘SE’E 8§ thgogﬁgnﬁg wher ei n

Sara | cERhs ol AR Rfing AlERIAEL R AR R sifared
E éﬁﬁ@gﬁ 'd‘i!ﬂaﬁ&t RMRAS 879 of Bhid i rét éﬁ@ggﬂﬁ%ﬁ&@éﬁﬁ@?gan

ased on said recéived srgna

distahtes [gﬁtgoqb@{gconposlu on on the channel matrix of
sai d channel  coefficients and outputting a Q matrix-

and an R matri x;

84. A recording apparatus according to claim 83, wherein said

- squared Euclidean distance 'is replaced with a Euclidean distance which is’

“converted by performing a given functional operation on said squared

Euclidean distance.

85. A demodulating method of receiving and demoduiating
transmitted signals from a transmittin‘g apparatus haVing M (M is an integer
of 2 or greater) transmission antennas, in a receiving apparatus haning N (N
is an integer of 2 or greater) reception antennas, said demodulating method |
comprising the steps of: |

performing nulling representative of orthogonalization of the
received signals; using a channel matrix having as elements channel

coefficients between said reception antennas and said transmission

o111




10

10

10

a H processor for multiplying a received signa
vector having 10 said received signals as el enents by
a conpl ex conjugate transposed matrix of said Q
matri x and outputting the product as a converted
signal; a transmtted synbol candi date selector for
sel ecting and outputting a synbol candidate for said
converted signal based on said received signals; and
15 a transmitted sequence estimator for outputting at
anteasds;and of a transmtted sequence, a |ikelihood for
said transmtted sequence, and a |I|ikelihood for bits
t r ans i dereddWating salic ransmitted sionade basred on 1ae aullemh
_said converted signal, said synbol candidate, and .
signélsl R matrix. 92. A denodul ating net hod according to
any one of clains 85 through 89, wherein said
recei ving apparatus conprises: a channel coefficient

S R oA AR 1
- . ' 114 5. ]SS .
v SBEScRB FBh A B A GR BRI e

oA e Bl SRR eI

. 4 . . e o . . . ,
s BifehEF 8 LBF B0 EpeiPalehnad R o RRIng method
oRist Y| -imated by said channel coefficient
c estlfsfrlrr?a t()t"(rélgf;lﬁfilFc)zl§téfhe priorities determ ned by said
priori tperthfngniing reprbsentativetof mgthagondiiZdtied of the
channel matrix; a QR deconposer for performng QR
redeivedpizmials, asingm shannel malrikihavingaselemends chanael
outputting a Qmatrix and an R matrix; 15 a (H

_coeffmients betweesn saidtrepegtioyantennasiandsaid tfaasmissiaror

having said received signals as elenents by a conpl ex
andempasgand transposed matri x

calculating and outputting a likelihood for said transmitted signals

" based on the nulled signals.

87. A demodulating method of receiving and demodulating

‘transmitted signals from a transmitting appafatus having M (M is an integer

of 2 or greater) transmission antennas, in a receiving apparatus having N (N
is an integer of 2 or greater) reception antennas, said demodutating method
comprising the steps of: |

_ p’erformihg nulling representative of orthogonalization of the
recéived signals, using a channel matrix having as elements channel

coefficients between said reception antennas and said transmission

. antennas; and

outputting a likelihood for bits of said transmitted signals based
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~ transmilted antegen toaqanmitted senuepcafrans rgm %u?laﬂ al s

of said Q matrix and outputting the product as a
converted signal; a transmtted sequence estimtor for
outputting at |east one of a transmtted sequence, a
i kelihood for said transmtted sequence, and a 20

i kelihood for bits transmtted by said transmtted
sequence, based on said converted signhal and said R
matri x; and a restorer for restoring and outputting at
| east one of said transmtted sequence, the

onthgeniledsil@eds. sai d transnitted sequence, and the

i kelihood for bits transmtted by said transmtted
sequence, based on the 25 output fromsaid

05 08a. b HEEIAAIRG RSP GRORUa A aE Gary TS

n5yBh 7, phertif A or PR, AEle EEF 8RN o o

cofap B0 PR AR Bk YR8 scromposi e

chﬁﬂﬁ@lq‘ﬂgﬁixae&dnﬁlﬁﬁ | 115 5 transm ssion antennas based
on sal d recelved signals; a QR deconposer for

perform ng QR deconposition on the channel matrix of
sai d channel coefficients and outputting a Q matrix
anggan A BeffRidulatingeméltiodr ssuesding th anyanet oflaimsgB s
recei ved signal vector having 10 said received signals

~ thresighlsmaiieseihysald tranghittedcsignalg atre denwdubateddn aat ri x

of said Q matrix and outputting the product as a
desomvding edlari fooralg transmittedrsequedcee éqnemiiéed fram aaMih
sel ector for determ ning candidate sequences f L (L

. based on said received sig aIs_anF out putting the
trapspified aatenDg, based andhe QBE@%WSQ@ Sas transnitted

sequence candi dates; and a transmtted sequence
estimator for outputting at |east one of a

: I Zgﬁ): m ;% F%&@@ﬁ#@ﬁg@e&%ﬁgﬁéﬁf&'ﬂaqg afn9ror1%af5f%lajms 85

through 89, wherein said receiving apparatus comprises:

a channel coefficient estimatof for estimating and outputting said
channel coefficients between said between said reception antennas and said
transmission antennas based on said received signals;

a QR decomposer for performing QR decomposition on the
channel matrix of said channel coefficients and outputting a Q matrix and an
R matrix; .

a QH prdcessor for multiplying a received signal vector having
said received signals as elements by é complex conjugate transposed_. matrix
of said Q matrix and outputting the product as a converted signal; and

a transmitted sequehce estimator for outputtingat least one of a

~ transmitted sequence, a likelihood for said transmittéd sequence, and a
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i kelihood for bits transmtted by said transmtted
sequence, based on said converted signal, said R
matri x, and said transnmtted sequence candi dates. 20
94. A denodul ati ng nmet hod according to anyone of
clainms 85 through 89, wherein said receiving
apparatus conprises: a channel coefficient estimtor
for estimating and outputting said channe
coefficients between said between said reception
likeliticothfas bits dramsivitted by saitstrasshitiedassgeenas, ibasscboneaid
said received signhals; a priority determner for
cotlgbredisignad apd isard Rireatriget ween transmi ssi on sequences
transmtted fromsaid transm ssion antennas based on
said received signals; a sorter for sorting said
channel coefficients based on the 10 channel = -
 codlt.i chstemodidatingainethasl aceardingra @iw oneoek ¢lains A
estimator, and th 116 priorities determ ned by said

thiquadG. Whrkedrsaic egceryna 2pRARIY'E CREPASRDI f i ed
GeconpcR FhrBREl Rk RO Pt RiRENS Huff § o g saic
oBHRBE S ST e S tih B s s
trlfRHi8dlon SAthrR LA DPLLATLEPEd SigiiERnt o by 2 complex
conj ugate transposed matrix O salgggglmat ri x and

out put t4 Rk HBEMpBSCHor BerBAMYGRIREEoRSBYHian 8n the
B o PaTrar e

transmtted synb candi date sél ector for selecting a .

chaXABPhatBesf i A tRahifs! cdeHRIIHY ladtesltpeling *r@ matidarmhan

said received signals, and 20 outputting a

Rhfamgni tted synbol candidate; a transmitted sequence

estimator for outputting at |east one of a o

t r ansmi & Qid pengseactor raultiplyingi & rangivest sigaglvector having

transmtted sequence, and a |ikelihood for bits ,
said mosiNac signaly aselementinbyrproosiplex goaivgate Harwrpssd matrix

sai d . '
of said Q matrix and outputting the product as a converted signal;
| a transmitted symbol candidate selector for selecting and
butputﬁng a symbol candidate for said converted signal based on said
received signals; and - '

a transmitted séquence estimator for outputting at least one of a

transmitted sequence, a likelihood for said transmitied sequence, and a

likelihood for bits transmitted by said transmitted sequence, based on said

converted signal, said symbol candidate, and said R matrix.

92. A demodulating method according to any one of claims 85
through 89, wherein said receiving apparatus comprises:
a channel coefficient estimator for estimating and outputting said

channel coefficients between said between said reception antennas and said
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converted signal, said Rmatrix, and said transmtted
synbol candi date; and 25 a restorer for restoring and
outputting at | east one of said transmtted sequence,
the likelihood for said transmtted sequence, and the
i kelihood for bits transmtted by said transmtted
sequence, based on the output fromsaid transmtted
sequence. estinmator and said priorities. 95. A
denodul ati ng net hod according to any one of clains 85

trérﬁHrﬁi%QiBn%?vterYﬁgﬁ’ @éﬁdséﬂ Q?Q%EENIEH @i ratus

conpri ses. a annel” coefficient estinator for

esti mat i pgioAftetmine fattidi@irtiniry diRlestttivbbRi ent s

bet ween sai d "bet ween sai d reception antennas and said
tréndnigsisfisagueRceirandalicdfiRel sail Fahsmistidt asténnas based
signals; a priority determ ner for determ ning
orpsaidretéiesd bigiheisen  transni ssi on sequences transnitted
fromsaid transm ssion antennas based 117 on said
r ecei ved ssitgntdr sprtingssaid ehahoel camfficiagtsdsxsedarathec!
coefficients based on the |o channel coefficients
chasnehegeafticisptssestinatad bivaaid channeliopefflicientiestitmtonarnd the
the priorities determned by said priority .
prigsities getrminggh By éatdp‘?ﬂqflt]ﬁ getermieer aad O%Mlég!ﬂﬁ @ madified:
a deconposer for perform ng QR deconposition on
Cr@&‘gg‘ & fied channel matrix and outputting a Q

il 1 1§ 0 B8oPrabBrg i opBalinnoBRAER R RosyBnap gaid
o SEende HfR e R IR PR S BN e

Candi ek & s EReeR BEnGRe ol b ARt a R
BN Bt Enfiby Rk SOMORE £Rrlosl b

of sail QuhattixtdriDottpattingtthe ProgucteRNg cemleatistesigaaces as
transm tted sequence candi dat-es;
a transmitted sequence estimator for outputting at least one of a

transmitted sequence, a likelihood for said transmitted sequence, and a
.Iikelihood for bits transmitted by said transmitted sequence, based on said
converted signal and said R matrix; and

a restorer for restoring and outputting at least one of said
transmitted sequence, the likelihood for said transmitted sequence, and the
likelihood for bits transmitted by said transmitted seduence, based on the

output from said transmitted sequence estimator and said priorities.

93. A demodulating method according to any one of claims 85
through 89, wherein said receiving apparatus comprises:
a channel coefficient estimator for estimating and outputting said

channel coefficients between said between said reception antennas and said
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a transmtted sequence estimator for outputting at

| east one of a transmtted sequence, a likelihood for
said transnmitted sequence, and a |I|ikelihood for bits
transmtted by said transmtted sequence, based on
said 25 converted signal, said R matrix, and said
transmtted sequence candidates; and a restorer for
restoring and outputting at | east one of said
transmtted sequence,the likelihood for said

trarfsANSSTbh LRterf RAUSINER orf B&idiBBeivkl sRnakpod for bits

transmtted by said transmtted sequence, based on the
30 out pyQR H@%ﬁ@bggﬁ for peffotihRly QRSB SidriBh dtie and

said priorities. . A denodulati ng nethod accordi ng

cHamnehmatheotdai¢ chhnhel&efiidiests aindSSutputtinge Q matrik and an
recei ving apparatus conprises: 118 a channel

R ooatfiki ci ent estimator for estimating and outputting

sai d channel coefficients between said between said
r ecept i aRapranesaer fondnyltiplyingsa receivad ignalveaterdiairg
based on said received signals; a QR deconposer for .
s3i FacRivACY s dsRlaments P a cOmRie% copilgalairangrqsed rpatrix
coefficients and out

ofﬁﬁgﬁngﬁ%q Putpuing ihgRseddd s : 3{9%}?@? _ﬁigygﬁé_r iax
;§°EI _ZE%H%@%M%%&%@%&“ : %@%Mg{ﬁgﬁﬁéﬁ%@b fo
ceiBb Lo b 2189 hAebeb bkl BRACY M efvenes
si@%\l? B&Qértl bR'safP iy %]gnalg apd &%Sﬁiﬁﬁ e H%?rn’fit‘?éd L (L
S¥san’Tn angl ng oml To converte ghal s

eger r \Y Sl

coitRffle 8Bq et chsl RRhNSHiIBR BB LafidRiEd i  he

determn candi dat e sequences as transmtted

sequencg trapsmMitt SSquehceltiRtatbE R oupliting Gt kdistiohe of a
sel ector for selecting and outputting synbol

trarendlitéd sequérise, @GNHelihdedrishdzid eansmitten] sequaswe, and wai d

likelihood for bits transmitted by said transmitted sequence, based on said

converted signal, said R matrix, and said transmitted sequence candidates.

94. A demcodulating method according to any one Qf claims 85
th_rough 89, wherein said receiving apparatus comprisesﬁ

a channel coefficient estimator for estimating and outputting said
channel coefficients bétween said between said reception antennas and said
transfnission antén-nas based on said received signals;

a priority determiner for determining priorities between
transmission sequences transmitted from said transmission antennas based
on said received signals;

a sorter for sorting said channel coeffiéients based on the

channel coefficients estimated by said channel coefficient estimator and the
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received signals; and a transmtted sequence estimator
for outputting at |least one of a 20 transmtted
sequence, a likelihood for said transmtted sequence,
and a likelihood for bits transmtted by said
transmtted sequence, based o n said converted
signal, said Rmatrix, said transmtted sequence

candi dates, and said synbol candidates. 97. A
denodul ati ng met hod according to any one of clains 85

- priofitiesidateifhinadiby saidl rily teerminargang patpittisg a modified

conprises; a channel coefficient estinmator for
chashehmtatrixg and outputting said channel coefficients

between sai d between said reception antennas and said

119 5 ta &R dessmpasenioe padfermingddRslecompositiaresry gaid

sL?naI s, a priority determner for determning.

megified chanrelypatikand eytaHinossRonatidandae K magrﬁém tted
fromsai d,transni ssj on gntennas based .on sai .
recel veQl BFABesSoE ok i Iying:a ?&ﬁweﬁf'g%'deeﬂ%{Mrng

Sa@gefflci ent s base efnnel .coefficient

Gcrhelplgar 3R PleRBnlsdhy 2 GarIe Erpiogals HatsppsR matri
of et A B aThE o dicr 4 paietiad damst o v

2 o R S SEFP B RR08 oo
ca;rﬁlafc{eilt% f&@d@ﬁloﬁu%d b&qudntetoddddbiPSamSeteied signgls, and

ying a received signal vector. having sal

out R Rfhy Attrarisenabd sgmbel eamdiiatedy a conpl ex conj ugate
transposed matrix~ of said Q matrix and outputting the
pr oducta ransmittutvssduetcsieptilatorsfor batputiing atieashoemcéa
candi date sel ector tor determning candidate

travsqutted esqiiencd, a(likelisoadh forrsaehFransmitgideduence) andan) |

converted 20 signals based on said received signals

likefifwas fiop bits inagstritéediby said transmitted sequence, based on said

~ converted signal, said R matrix, and said transmitted symbol candidate; and

a restorer for restoring and outputting at least one of said
transmitted sequence, the likelihood for said transmitted sequence, and the
likelihood for bits transmitted by said transmitted sequence, based on the

output from said transmitted sequence estimator and said priorities.

95. A demodulating method according to any one of claims 85

'through 89'; wherein said receiving apparatus comprises:

~achannel coefﬁcient estimator for estimating and outputting said -.
channel coefficients between said between said reception antennas and said
transmission antennas based on said received signals;
a priority determiner for determining priorities between

transmission sequences transmitted from said fransmission antennas based
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candi date sequences as transm tted sequence
candi dates; a transmtted symbol candidate sel ector
for selecting and outputting synbol candidates for
(ML) ~| con\zlgrted signal s based on said received
signal s; a transmtted sequence estinmator for
outputting at |least one of a transmtted sequence, a
|'i kel ihood for said transmtted sequence, and a
I I'llf(ﬂel [ h.oog for bits transmtted by said transmtted
on seiguecere lségredis;,on said converted signal, said R
matrix, and sai d synbol candidates; and a restqgrer for
[ est or !atrﬁ?)r?ﬁ dorcsarping ﬁaﬂﬁcﬁnnﬁb‘é@ﬁ'ﬁﬁét%?a%e& en g??
~transmtted sequence, the |ikelihood_ for said _
channeh sepiciasts eirentedl byssaid channgbepaTTiien Saisietps And e
~transmtted by sai.d transmtted sequence.  base e
Pf'@MWGtF%ﬁﬁg&Yosagﬁz Rrofb Rt aogT Ao Lo e
sai ri.orities. 98. A denodul ati ng nethod accordin
Chﬁ‘@eiﬂgatﬂﬁedof claims 90 through 97, wherein said °
transm_t S [ .f = LiKi8h ionaRad
cal cul gt(ég dge‘rc Eiggg%ﬁﬁégﬁm@%p;ﬁcth %?@Phg’ésgtogges (P
: : : . . )
madfied cHANrR? flath ahd QutpuHifdh &1 Inatfix B afPRIrgeit,
?alcu?f}fjn{al g{)cl;upal n app%ﬁ?pq?s atn irqt eger rangi ng
Com A\ ) . . .
procassi Fo AR 8 rEBeivKe sighatettot hg@ngof
| or _greéallt eé?) ﬁ kel ci)hood pli%g‘(rcurl a?lorgg;s gZ]acheotf sgi dg
said rEeéw@e Qfyriadd 8¢ bRINGESs B9 Feomplexccanjligate tianspdsedateix:
pth stage "and generating said transmtted synbol
of §ﬁ€]¢p ﬁ«’r’étﬁﬁ a?d?ffﬂbufﬂng ttee piddiuchas er cavvestedrsignalisai d R
matrix, Lp- p-1is an integer of | or greater
error % gawmittedtgequencs candidatemetlesior &t eirninian)g
(p-1)th stage, and the transmtted synbol candi da}{%s;

- candidate seqyueaices §ordc (lois amintegergangingdgRm dutohtit EPRYF

(Lp is an integer of |

signalsdpasrsbers saidaeceived SRS r %Lfﬁ?rl%@"rg@i%nﬂ%ﬁf‘i&?d

candidate sequences as transmitted sequence candidates;
| a transmitted sequence estimator for outputting at least.one of a

transmitted sequence, a likelihood for said transmitted sequence, and a

likelihood for bits transmitted by said transmitted sequence, based on said

converted signal, said R matrix, and said transmitted sequence candidates;

and |
a restorer for restofing and outputting at least one of said
transmitted sequence,.the likelihood for said transmitted sequence, and the

likelihood for bits transmitted by said transmitted sequence, based on the

output'from said transmitted sequence estimator and said priorities'.

96. A dem_oclulating method according to any one of claims 85

through 89, wherein said receiving apparatus comprises:
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15 which give the likelihoods, based on Kp |ikelihoods
output fromthe |ikelihood calculator group in the
pth stage and said transmtted synbol candi dates. 99.
A denodul ati ng net hod according to any one of clains
90 through 97, wherein said transmtted sequence
estimator includes |ikelihood calculator groups and
signal selectors in P stages (P is an integer of 1 or
greater); 5 a likelihood calculator group in a pth (p

i's an ' @Eﬁaﬁﬁelrc%@:ﬁ‘ld‘bgwtfésﬂmat&r foP eE’ﬁm%ﬁﬁ@ anf Q:lEESutﬁh %a;d

Kp (Kp 1's an integer of or greater) kel i hood

ch@ah@%@éfmléntsw\he@ﬁ saiy sietweléw ddi@ psbeplibh tan@érmaﬁs and said

calculating a likelihood in the pth stage and

trapentdssion agtetmiad Basedon saiddessivbdkignali dat es based on
the 10 converted signal, said Rmatrix, Kp-1 (Kp-1is
an i nt em&@R décdmposeyrfeaperfgarmmg@Rs:I@:naipnsdmmn tHer om
a signal selector ina (p-1)th stage, and the

chanaeismatrixef said ahannel goeffitiands andratitputing el nsatrisendran
in the pth stage outputting Kp+l maxi num |I|i kel i hoods
BT?@“’F{pH transnitted synbol candi dates which give the
15 Ii kel ihpods, based l'i kel i hoods. oyt put from
the |1 RBsessoar mtﬂtmlv@eaﬂ@qewe@rfégmﬁ gtox aviia

candi dat es.
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sel ector groups’in nndu tlng
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erern t rans ttEd se uenc t1 mat or onpri ses

signiakebadiaPen saldcrecaived s@%ﬁ@%nd BulpRiRg e défehnirri
I nteger of 2 or greate nd :
candidate sequences as transmitted sequence candidates;

a transmitted symbol candidate selector for selecting and
outputting symbol candidates for (M-L) demodulated signals based ‘on‘said
received signals; and

a transmitted sequence estimator for outputting at least one of a

transmifted sequence, a likelihood for said transmitted sequence, and a

likelihood for bits transmitted by said transmitted sequence, based on said

converted signal, said R matrix, said transmitted sequence candidates, and

said symbol candidates.

97. - A demodulating method according to any one of claims 85
through 89, wherein said receiving apparatus comprises:

a channel coefficient estimator for estimating and outputting said

chaninel coefficients between said between said reception antennas and said
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signal selector groups in the Mstages. 5 102. A
denodul ati ng net hod according to any one of clains 90
t hrough 97, wherein said transnmtted sequence
estimator includes signal selectors in a plurality of
stages, and a signal selector in a final stage selects
and outputs a nost likely transmtted sequence. 5 122
103. A denodul ati ng net hod according to any one of
clains 90 through 97, wherein said transmtted

traé?&‘i’s%fiﬁ‘r?aﬁt% haB bk oh! 44 Fedtigibignalg] ectors in a

ural1ty of stages, and a signal Selector in a final

stage Saebﬁ&ﬁtz deferfigér for Welermining phbtitierdbewgeance and
outputs a likelihood for said 5 sequence. 164. A

- trafiemisidrabequeeroesinthsaiitted fionysaid teemsmission antgraiassaed

t hrough 97, wherein said transmtted sequence
onesglid rededred sighaldes signal selectors in a plurality of
stages, and a signal selector in a final stage selects
a nost @ serignfor saingiseicahannal saeliciants based, P8 the
~likelihood for a bit 5 seguence transmtted. b saig
chanelasesicients estimates Bysald ¢hanne! reefrigien %#fﬂétqf angihe
~one of clains, 90 through 97, wherein said. transnj.tted
prigeierdeieraitady saidiRsiorn deteiminerian] %@Hg‘@& & it
for generating a converted signal replica using
ChaPReRREIX of said R matrix and cal cul ating the

i 0 cono Jetpddir b iR BhoamPBERIGT sal
YT igpnel iarid AN TR R Rnc ©

cal cul g ;%ﬂa%eéé&%'r Rambiyiay MoreReRaY digithl Ruclor haeing

di stance between said recelved signals and said

sa%\é@rvba%i?leﬂé‘ ak glaibhisthy d @dmplexdesrdyate ttiarg poeed ouatrix
according to claim2105, wherein said
of said Q matrix and outputting the product as a converted signal;

a transmitted sequence candidate selector for determining

candidate sequences for L (L is an integer ranging from 1 to M) conve_rted

| signals based on said received signals and outputting the determined

candidate sequences as transmitted sequence candidates;

a transmitted symbol candidate selector for selecting and

_outputting symbol candidates for (M-L) converted signais based on said

received signals, |

a transmitted sequence estimator for outputting at least one of a
tfansmitted sequence, a Iikeiihood.for said trané-mitted sequencé, and a
likelihood for bits transmitted by said transmitted sequence, base_d on said
converted signal, said R matrix, and said symbol candidates; and

a restorer for restoring and outputting at least one of said

transmitted sequence, the likelihood for said transmitted sequence, and the
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i keli hood cal cul ator cal cul ates the Iikelihood using
a Euclidean distance converted by performng a given
processi ng operation on a squared Euclidean distance
bet ween said received signals and said converted
signal 123 5 replica. 108. A denodul ati ng net hod
according to any one of clains 91, 94, 96, 97,
wherein said transmtted synbol candi date sel ector
enploys a linear filter. 109. A denodul ati ng met hod

RGPS 1ot drRRT 10 st Falintes tiengLsted op the
BRSPS QbARE S o st it v, o

94, 95, 97, wherein said priority determ ner enploys
recei ved electric power of each of said transmtted

sequencAteniddulafng aremid ablaaingRoey GROGT diiids bo. any |

one of clains 92 95, 97, wherern said priority

thetsuigtr 97, veriere oS £l Srahishitad YeguatcetdstintatbpiMeludesTikelihood
noi se electric power ratio of each of said transmtted

caleaten gesupsldri signdesaectoat infY stagfesqE ia@nantigey of 9 axny
one of claims 92, 94, 95, 97, wherein said priority
grestesl;mi ner enpl oys a received el ectric power vs.
-noi se electric power ratio and an interference
eI ect r i @ Helibmodrealewater geeurhin apthsti ig ant lnhmmramgslg from
uences 113. A depodul ating nmet hod accordin any
16,8 slage|camplising KpsKp ipen lmgemﬁm er areaieq ke hood
I|Lﬂnt£mtted sequence candi date sel ector enpl oys a
CRTYRLFSfilter. 124 114. A denodul ati ng net hod

her ei rodh & FH AR FAGURRR Cerplting & IkelBped infre
ptfi Y End generating said transmitted symbol candidates based on the
converted signal, said R‘matrix, Lp-1 (Lp-1 is an integer of 1 or greater) error
signals output from a signal selector in a (p-1)th stage, and the transmitted
symbol candidates; and

a signal selector in the pth stage outputting Lp (Lp is an integer of

Tor greater) maximum likelihoods and Lp transmitted symbol candidates
which give the likelihoods, based on Kp likelihoods output from the likelihood

calculator group in the pth stége and said transmitted symbol candidates.

99. A demodulating method according to any one of claims 90
through 97, wherein said transmitted sequence estimator includes likelihood

calculator groups and signal selectors.in P stages (P is an integer of 1 or -

greater);

a likelihood calculator group in a pth (p is an integer rahging from

1 to P) stage comprising Kp (Kp ié an integer of 1 or greater) likelihood
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maxi mum | i kel i hood estimation. 115. A denodul ati ng
nmet hod according to any one of clainms 92, 94, 95, 97,
wherei n data sequences transnmitted from M transm ssion
antennas are nodul ated respectively by independent
nodul ati ng processes, and said nodul ati ng processes
have respective different nunbers of signal points, 5
and said priority determniner determnines said
priorities based on said nodul ating processes for the

calce®iest i ve transm ssion antennas. 116. A denodul ating
met hod according to claim 115, wherein a priority is
gi ven temchrofasic ikelihabi caldwatorsecalenating 6fhk§|lﬂlQﬂém the
nodul ation nmulti- val ued nunber anong said

pth stagersrskgenerating saiddransimitted syabed gaadidateshasggpn the
according to ané one of clains 98  throu

104
conmeited aighat, saikquaateiksKer kil is ag InegRl &1 PRatsateR e
SRR, PUPHL Jop B aLssieclst i sdp osians: Py T Busstised

have respective.different nunbers of signal 5 points,
Syﬁ\%&&%’i“ﬁgﬁ‘a&nﬂ!‘dsel ector determ nes the nunber of

ar o ourbtienabsion b B8 h st BPIRnGCRE P cReR

kAR RGBS R pMBE A e

15

lik%@%tﬂﬁﬁ'r gﬁ%‘%@ Sg"fédm&eéuﬁesa’é Shgﬂut FonRfhe MKEAhebd ehRuRRoP0

rern sal transmtted sequence

: __grcgtz;f W‘e%thi 196§ said trarephittBa @gnihdl edhditiatest or

ulating the likelihood using the difference

bet ween a squared Euclidean di stance between a

converted signal replica at 5 a bit 0 and the received

si g, sA decharubating reathBuicadapeding do snyane Galaigerd

converted signal replica at a bit 1 and the received
throiugh&7s whietein saiditrapsmitiad sepuesch st ¢ATABNS]S cl ai m

118, wherein said transmtted. sequence fe ti mat?r
likelitwagoealculatos growns xMrstagss A isaniniegeroly of greater) and

. signal selector groups in the M stages.

101. A demodulating method according to any one of claims 90
through 97, wherein said transmitted sequence estimator comprises
likelihood calculator groups in M stages (M is an integer of 2 or greater) and

signal selector groubs in the M stages.

"102. A demodulating method according to any one of claims 90

| through 97, wherein said transmitted sequence estimator includes signal

selectors in a plurality of stages, and a signal selector in a final stage select_s

and outputs a most likely transmitted sequence.
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first squared Euclidean di stance between a converted
signal replica at a bit 0 and the received signals
and a second squared Euclidean di stance between 5 a
converted signal - replica at a bit 1 and the received
signals, and outputting a provisional squared
Eucl i dean di stance based on the accunul ated squared
Eucl i dean di stances; and 120. A denodul ati ng met hod
according to claim 118 or 119, wherein said squared
Euchkpgde ' [ I s M '

i st nen poHARR et (8 REGI o oy e o Bk 20,
thiougtt 9DNRheRreEaId tRihsPRttEAisBqEENG 8tim&1ef il e signal
di stance. 5 121. A denvodul ating net hod accordi ng ?o
sedegtocninn aplurakty wé s@igesddnd aShigndl eledteriaiafintiistage selects

sequences transmtted from Mtransm ssi on antennas
a mast lisely lteansthitted peguence gndpuiputea dikeitdodiiod shiat | ng
processes, and said nodul ating processes have
SQALENEet i ve i ndependent coding ratios, and said 5
~priority determ ner determnes said priorities based
on the coding ratios for the respective transm ssion

- ant as., 126 .122. A denodul ating nethod. according to
anyﬁg‘ﬂeﬁ‘&e"&‘l’%ﬂﬁﬂn@meﬂi‘w aoemdung togiyrenenokalping ﬂgn nel

B R TR T et b AR S
Sl p LAl 3500, A S0P A5 R ppae selects
= AT VRS ARRRY S8 e YNl PIRER PSR,

seBBRLY radsARER] B Ysid denodul ati ng net hod :
egccordi ng to an?yonle é()b%%gpg?ns 90 through 97, wherein

said transmtting apparatus spreads in advance and
then transmits the transmtted signals, and said QH

pr ols shidemodulatirigemetiiRl acereingad apyBhe ofMAshe 90
havi ng said received signals after being despread as
through 97, wherein said transmitted sequence estimator includes a
~ likelihood calculator for generating a converted signal replica using elements
~ of said R matrix and calculating the likelihood using a physical quantity

measured from said converted signal replica and said received signals.

106. A demodulating method according to claim 105, wherein said
likelihood calculator calculates the likelihood using a squared Euclidean

distance between said received signals and said converted signal replica.

107. A demodulating method according to claim 105, wherein said
likelihood calculator calculates the likelihood using a Euclidean distance
converted by performing a given processing operation on a squared

Euclidean distance between said received signals and said converted signal
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5 el enents by the conpl ex conjugate transposed matri x
of said Qmatrix and outputs the product as the
converted signal. 124. A denodul ating net hod of
recei ving and denodulating transmtted signals froma
transm tting apparatus having M(Mis an integer of 2
or greater) transm ssion antennas, in a receiving
apparatus having N (N is an integer of 2 or greater)
reception antennas, said denodul ating nmethod 5
repligapr i sing the step of using a Euclidean distance
converted by perform ng a given processing operation
on a squared Euclidean distance. 125. A denodul ati ng

thod of i vi d denoduyl at i t it ¢
ST 08, <A FeOTRdHI g oRINO SEORDPAa PO OB AP 114

an_integer. of 2 or_ greater) transm sSion antennas,. |
96057 WBETAIM G2 FANSINIEd 15 Bel cANEIALS SelgRIor RRjeys 3 ingsr

or greater) reception antennas, said denodul ati ng
fitgbt hod 127 5 conprising the steps of: accunulating a

first squared Euclidean distance at a bit 0 and a -
second squared Euclidean distance at a bit 1, and

L0 A ey =S B s

base - squar ean

| 96969! FRERSA séﬂ%ér%ngi?tba lé‘yﬁ'&ﬂd? dandidatecseIBoef enloys sai d

proVvi sironal "squared Eucl'idean distance if either one

m&fimeat fkdlinbdl eafighatiohond squared Euclidean di stances
I'S not output. 126. A denodul ati ng net hod accordi ng

to claim 125, wherein said squared Euclidean distance
- is replaced with a Euclidean distance which is
- convig, t & demodutatingrmitimdeagriovaingfta moyianesd! daisrs®2.di,
on said squared Euclidean distance. 5 ]
95, 97, wherein said priority determiner employs received electric power of

“each of said transmitted sequences.

111. A demodulating method according to any one of claims 92, 94,
95, 97, wherein said priority determiner employs a received electric power

vs. noise electric power ratio of each of said transmitted sequences.

112. A demodulating method according to any one of claims 92, 94,
95, 97, wherein said priority determiner employs a received electric power
| vs. noise electric power ratio and an interference electric power ratio of each

of said transmitted sequences.

113. A demodulating method according to any one of claims 93, 95,
96, 97, wherein said transmitted sequence candidate selector employs a

~ linear filter.
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127. A program for a denodul ating nethod of receiving
and .denodulating transmtted signals froma
transmtting apparatus having M(M is an integer of 2
or greater) transm ssion antennas, in a receivVving
apparatus having N (Nis an integer of 2 or greater)
recepti.on antennas, said program5 enabling a conputer
to perform a process of perform ng nulling
representative of orthogonalization of the received
signals, using a channel matrix having as elenents
channel coefficients between said reception antennas

and1$4i A ddmedglatiag niuthad cebo@ing ®'ahy8nd oP ERAAS 9305,
denodul ating said transmtted signals based on the

96,07, evheseiprealics trah@MitistBsedquanceiamdidate salattsmstupiaysng
met hod of receiving and denodulating transmtted
maiigmah dikeliloodaestiraation.t t i ng apparatus having M (M is
an integer of 2 or greater) transm ssion antennas, in
a receiving apparatus having N (Nis an integer of 2
or greater) reception antennas, said program 5 '
enab!$-ng deroedyating mathed aeerdingtormcers obelaims 92, 94,
ormn I1ing representative of L
e W&ngffa?%ﬁlpa oages Hanaraien feam yrasauissian Agtepnas
I trix _haying.a el.engnt s annel .
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transm ssion antennas, in a receiving apparatus

having N (N is an integer of 2 or greater) reception
ant Btthah densalulating@iediod according to claim 115, wherein a priority

Is given to an antenna which has sequences of a lower modulation multi-

valued number among said transmission antennas.

| 117. A demodulating method according to any one of claims 98
rthrough 104, wherein data sequences transmitted from M transmission
antennas are modulated respectively by independent modulating processes,
and said modulating processes have respective different numbers of signal.
points, and said signal selector determines the number of error signals and
transmitted symbol candidates Which are output depending on the
modulating'process for the transmission antenna to be processed by a

likelihood calculator in a next stage.

118. A demodulating method according to any one of claims 90
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5 enabling a conputer to perform a process of
performng nulling representative of
orthogonal i zati on of the received signals, using a
channel matrix having as elenments channel
coefficients between said recepti on antennas and said
transm ssi on antennas; and 10 a process of outputting
a likelihood for bits of said transmtted signals
based on the nulled signals. 129 _
through 97, wherein said transmitted sequence estimator includes a
likelihood calculator for calculating the fikelihood using the difference -
between a squared Euclidean distance between a converted signal replica at
a bit 0 and the received signals and a squared Euclidean distance between a

| converted signal replica at a bit 1 and the received signals.

119. A demodulating method according to claim 118, wherein said
transmitted sequence estimatof includes an accumulator for accumulating a
first squared Euclidean distance between a converted signal replica at a bit 0
and the received signals and a second squared Euclidean distance between
a converted signal replica at a bit 1 and the received signals, and outputting
a provisional,sq'uared Euclidean disté‘nc_é based on the accum.u§ated squared

Euclidean distances; and

120. A demodulating method according to claim 118 or 119, wherein
said squared Euclidean distance is replaced with a Euclidean distance which
is converted by performing a given functional operation on said squared

Euclidean distance.

121. A demodulating method according to any one of claims 92, 94,
95, 97, Wherein data sequences transmitted from M transmission antennas
are modulated respectively by independent modutating processes, and said
“modulating processes have respective independent coding ratios, and said
priority determiner determines said priorities based on the coding ratios for- |

the respective transmission antennas.
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122. A demodulating method according to any oné of claims 90
through 97, wherein said channel coefficient estimator estifnates, in the
transmitting apparatus having the M (M is an integer of 2 or greater)
transmission antennas, the channel coefficients using pilot symbois
periodically transmitted according to a symbol pattern inherent in each of the

transmission antennas and known to the receiving apparatus.

123. A demoduiaﬁng method aé;cording to any one of claims 90
tﬁrdugh 97, wherein said transmitting apparatus spreads in aannce and
then transmits the transmitted signals, and said QH processor multiplies the
received signal vector having said received signals after being despread as
elements by the complex conjugate transposed matrix of said Q matrix and

outputs the product as the converted signal.

- 124. A demodulating method of receiving and demodulating
: tran.smitted signals from a transmitting apparatus having M (M is an integer
of 2 or greater) transmission antennas, in a receiving apparatus having N (N
is an integer of 2 or greater) reception antennas, said demodulating method
comprising the step of: |

using a Euclidean distance converted by performing a given

processing opération on a squared Euclfidean distance.

125. A demodulating method of receiving and demodulating
transmitted signals from a transmitting apparatus having M (M is an integer
of 2 or'greater) transmission antennas, in a receiving apparatus having N (N

is an integer of 2 or greater) reception antennas, said demodulating method
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comprising the steps of:

accumulating a first squared Euclidean distance at a bit 0 and a
second équared Euclidean distance at a bit 1, and outputting a provisional
squared Euclidean distance based on the accumulated squared Euclidean
distances; and

calculating a likelihood using said provisional squared Euclidean

"distance if either one of said first and second squared Euclidean distances is

not output.

126. A demodulating method according to claim 125, wherein said
squared Euclidean distance is replaced with a Euclidean distance which is
converted by performing a given functional operation on said squared

Euclidean distance.

127. A program for a demodulating method of receiving and
demodulating transmitted signals from a transmitting apparatus having M (M
is an integer 6f 2 or greater) transmission antennas, in a receiving apparatus
having N (N is an integer of 2 or greater) reception antennas, said program
enabling a computer to perform: |

a process of performing nulling representative of

orthogonalization of the received signals, using a channel m'atrix having as

“elements channel coefficients between said reception antennas and said

transmission antennas; and

“a process of demodulating said transmitted signals based on the

nulled signals.
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128. A program for a demodulating method of receiving and

| demodulating transmitted signals from a transmitting apparatus having M (M

is an integer of 2 or greater) transmission antennas, in a receiving apparatus
having N (N is an integer of 2 or greater) reception antennas, said program
enabling a computer to perform:

a process of performing nulling representative of

-orthogonalization of the received signals, using a channel matrix having as

elements channel coefficients between said reception antennas and said
transmission antennas; and |
a process of calculating and outputting a likelihood for said

transmitted signals based on the nulied signals.

129. A program for a demodulating method of receiving and

| demadulating transmitted signals from a transmitting apparatus having M (M

is an integer of 2 or greater) transmission antennas, in a receiving apparatus

having N (N is an integer of 2 or greater) reception antennas, said program

‘enabling a computer to perform:

a process of performing -nuﬁing representative of
orthogonalization of the received signals, using .alchannel matrix having as
elements channel coefficients between said reception antennas and said |
transmission antennas; and |

a process of outputting a likelihood for bits of said transmitted

signals based on the nulled signals.
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