SPECIFICATION RADIO COMMUNICATION SYSTEM, RECEPTION
DEVICE, DEMODULATION METHOD USED FOR THEM, AND
PROGRAM THEREOF Technical field: The present invention relates to a
wireless communication system, a receiving apparatus, a modulating
method for use therein, and gpragamAthesgfor, and more particularly to a
demodulating method for use in a receiving apparatus of a wireless
communication system which employs a plurality of

transm|SS|on/rece tion antennas. Bac§§round art: There have been a

techn &év Qé‘ht?ﬁ( EMpﬁg%ﬁﬁ@Héaﬁwg%luraﬁty

of referenc Tfé?q_ﬁsp 708048 and a
technology or processmg a plurality o oncomlng signals received by an
array sensor device coxDSFREGRIMYQEsERSErs 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

lurality of reception antennas 800-1 through 800-4, and
Tﬁ&ﬁ%ﬁlﬁ%@ received signals according to a demodulating process

baseharFRK Y CHEIAIKk eIy GF RN ARD Fide P o, o

assumed that S|gnals sent from three transmission antennas

retiEVRRL MeskPNt IRCE insHaRRRT e KN Tavingd s repsention pitraas
800-1 through 800-4, and each transmission antenna is

therefor, and more particularly to a demodulating method for use in a

receiving apparatus of a wireless communication system which employs a

plurality of transmission/reception antennas.

Background art:

There have been a technology for simultaneously acquiring outputs
with respect to a plurality of reference signal sequences as disciosed in JP-A
2003-1708048 and a technology for processing a plurality of oncoming
sighals received by an array sensor device comprising a plurality of sensors
as disciosed 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 800-4, and each transmission antenna is
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sending either one of 16-valued signals c, through c16. Receiving
apparatus 800 has four reception antennas 800-1 through 800-4 each for
receiving a signal. Channel coefficient estimator 802 is supplied with the
received signals as its inputs, estimates channel 5 coefficients between
the transmission and reception antennas, and outputs a channel matrix.
Maximum likelihood sequence estimator 803 is supplied with the received
signals and the channel matrix as its inputs and estimates transmitted

SEBRGEMAN dhe dvaveerasipitgiedhetonaighlfvalued signals cl
through c16 10 is sent from the three transmission antennas, then

maxienelikotiherraredys Sotchasifasioicass tompRieyas B eriothrough

Pt S04 ounh, SaL10%8 i are el e 5Pl

' Caleut?
error calculator

é&ﬁ@@%mﬁ@ reilR SRR Le Y iRBlH AR, dbdnprsmitted
S ol generator 811 generates and outputs transmitted symbols s1.1,
sdeFiGdrRyvibiesne tidoemsimid s andmeaspRenainéehsigaabrepliciputs a
generator 812 is supplied with the transmitted symbols and the channel

coaffiekmetsx itdiapms anikgbheesiseananeapaienaiesitld gataplied with
licas. 20 Er lcul 813 lied with,th i ' d
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{58 ﬁﬁﬁ@ﬁ@éﬁ%éﬁ%@'s generated by transmitted symbol generator 811
are for either one of signals c1 through c16, and error calculators 804-1
through 84ag69s genarate insiihaihoiéferen trahsadtsighajenbolgrough cis
is sent from the three fransmission antennas, then maximum likelihood
sequence estimator 803 comprises 4096 error calculators 804-1 through
804-4096 and one signal selector 805.

Each of error calculators 804-1 through 804-4096 is in the form of error
calculator 804 shown in Fig. 33. In first-stage error calculator 804-1,
transmitted symbol generator 811 generates and outputs transmitted
symbols $1.1, $1.2, $1.3 With respect to each of the antennas.

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

Error calculator 813 is supplied with the received signals and the
received signal replicas as its inputs and caiculates an error signal. The
transmitted symbols generated by transmitted symbol generator 811 are for
either one of signals c: through c1s, and error calculators 804-1 through 804-
4096 generate mutually different transmitied symbols.

Received signal replica generator 812 generate four received signal

replicas r.1, .2, N.3, 114 represented by:
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25 Received signal replica generator 812 generate four received signal
replicas rl.1, r1.2, r1.3, r1_1 represented by: 2 r1-1 = h11s1-1 + h12s1-2
+ h13S1-3 r1-2 = h21S1-1 + h22s1-2 + h23s1-3 114 = h31s1-1 +
h32S1-2 + h33s1-3 rl1-4 = h41sl-1 + h42S1-2 + h43s1-3 5 where h11,
h12, h13, h21, h22, h23, h31, h32, h33, h41, h42, h43 represent the
channel coefficients between the transmission antennas and reception
antennas. Error calculator 813 is supplied with the received signals and
the *’nec%i\'}e&sigﬁﬁhl’épﬁé‘ag1é§?'rﬂs inputs and calculates error signal el
according 10 to the %qquiﬂnzsel =jr, - rl-112 + dr2 - rt-212 +jr3 -r1-312
+ IrA AT P2 First 46348 errdt calculator 804-1 outputs generated

trangmitted, symbals$1:-1, Rl s1-3 and calculated error signal et.
Similarly, second-stage 15 error calculator 804-2 outputs transmitted

symhals 52+4+.52-B.S2-Bahaerror signal e2. 4096th-stage error
calculator 804-4906 outputs transmitted symbols s409e-1, S4o£%

whatnh:3 Al BrroPaighar dmooBasidtalseiSetol sos 18 é%iﬂ?eed‘v%z?the
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aRiERRaANd outputs transmitted symbols which give the minimum error. In
this manner, the transmitted signals are . o
Error caiculator 813 is supplied with the received signals and the

received signal replicas as its inputs and calculates error signal e, according
to the equation:

&1 = |ty - ryal’ + |r2 - ril”

+rs = rraf* o Jra - gl

First-stage error calculator 804-1 outputs generated transmitted
symbols s14, 812, $1.3 and caiculated error signal e1. Similarly, second-stage
error calculator 804-2 outputs transmitted symbols s;.1, S22, $2.3 and efror
signal e;. 4096th-stage error calculator 804-4806 outputs transmitted
sympoIs Saggs-1, Sa0ss-2. Sacess and error signal esnes.

Signal selector 805 is supplied with the transmitted symbols and the
error signals output from 4096 error caiculators 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
modulated.

Disciosure of the invention:
Problems to be solved by the invention:

In the conventional transmitted sequence estimator described above,

signal selector 805 needs 10 be supplied with 4096 signals and to generate
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modulated. Disclosure of the invention: Problems to be solved by the
invention: 25 In the conventional transmitted sequence estimator
described above, signal selector 805 needs to be supplied with 4096
signals and to generate 3 and compare 4096 signals in order to
demodulate the three signals, and hence requires a large amount of
calculations to be carried out. This is because pseudo received signals
“generated from all candidates that are possible to have been sent and
aAdtyaihpmecitabsinaisaredranpaedodiiatachethees\Wigeab, sigdals
are being sent from the transmission antennas, it is generally required to
hgBAe rReLUiss ORISR @MY GhariaisiRIRduBmMBATTIRE HE D signals.

Consequently, the number,of combinations is expanentially inc :

and 1615 CORBIE AT TR re o T SRR o B cates
t-Are 1008301800 TalB F O 2hR h are GIMRTy MRl leaical

examples for QR decomposition, and the disclosed technologies are
cungidestd \sdlvedkd atbeve Woblkebsifgrislamobjeetngf seatjresetbe

invention to solve the above problems and to provide a wireless M
HEOSTMERIBRIBHEYRRSTI! ASrBEBRAALY S AERGS L08R GRIG CIRNPRE for

use therein ar:;ja rogram theref hich are capable of demodulating
SQQBR‘%S‘R‘N%W%" 8r9%%8p g‘gtr?a%ﬁgeegné\{r%n eans for achieving the task:

Accordingdguibrirasenh imvBBHRR chiRa s pYided @ wHesly increased,
and a very complex arrangement is required. JP-A 2003-1708048 and JP-A
9-219616 referred to above are given merely as technological examples for
QR decomposition, and the disclosed technologies are unable to soive the
above problems.

It is an object of the present invention to solve the above probiems and
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
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 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 antennas and the transmission antennas;

and
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communication system for receiving and demodulating transmitted signals
20 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 apparatus comprising: means for
performing nulling representative of orthogonalization of the received
signals, using a channel matrix having as elements channel 25
coefficients between the reception antennas and the transmission
antemmasnsafal densshsdtingdhetialasimoite signsinitiedesigoalhbasdd
on the nulled signals. According to the present invention, there is
$9H@8ed another wireless communication system for receiving and

demogl ol IR0SMed SIApplo R I A ane BHA GPRRAHS VARG

M (M'is"an int€ger of 2 or greater) transiission ahténnas, with a receiving

RPRABHISIMRYIRG NN foraiabiRae) MR MBRAIRANheeeeViRG signals
apparatus comprising: means for performing nulling representative of
fovthog traaizatitnétirereteeibedisghdidyiusiag ntegemed hatriieriang
as elements channel 10 coefficients between the reception antennas and

fRESFRISSINR IS RANRHMED 3FaTRNING FEPesRURMRY A o S g A eaer
keli ' ‘ the nulled si .
B AR e

Accor e present in d still another 15

wireleas £QERUPEIRSION SY HEMIgTeprebint-ang deaecdRingization of the
rte;ig?vrggtg%nats, using a channel matrix having as eleménts channel
coefficients between the reception antennas and the transmisé%on antennas,
and

means for calculating and outputting a likelihood for the transmitted
signals based on the nulled signals.

According to the present invention, there is provided still another
wireless communication system for reéeiving 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 apparatus comprising:

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

means for outputting a likelihood for bits of the transmitied signais
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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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 apparatus comprising: means for
performing nulling representative of orthogonalization of the 20 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
wirzldss idleehsigoatior? SyAtaor dingdodhdng esehtiemedtitaijngaransmitted
provided a receiving apparatus having N (N is an integer of 2 or greater)

signalstisaramdranssriittiaoannaredsc BN Mahd isssRiBIPaS Bteifihg
and demodulating transmitted signals from a_transmittin tys

CTERIT DR TSP BUST D2 o) EXiE] ILADHRL SN SR aL G
receilying APRATBI RATERINthdeaRs JenRererariReTelBled signals,
representative of the received signals, 5 using a channel matrix having as

usieents aeeinahtoe fimitngsasetiernartecherastiovefiicnnis betvern the
transmission antennas; and means for demodulating the transmitted

I’@F@Eéi?%é@@ﬂaﬁ%@ﬁJ“@d@@ﬂ’ﬁﬁ?’@&%%ﬁﬁ‘ﬁﬁ@ﬁresent invention,
ere < BV ARelIcL (FESHIGL ARREIUNA LRI M St

integ reception antennas in a ‘wireless communication

-sﬂ*‘yﬁé@é‘f‘ for receiving and demodulating transmitted signals from a

tfansmitting apparatus having M (M is an integer of 2 or o
According to the present invention, there is provided 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
signais 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 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 calculating and outputting a tikei%hood for the transmitted
signais 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
demodulafing fransmitted 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 orthogonalization of the
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greater) transmission antennas, the receiving apparatus comprising:
means for performing nulling representative of orthogonalization of the 15
received signals, using a channel matrix having as elements channel
coefficients between the reception antennas and the transmission
antennas; and means for calculating and outputting a likelihood for the
transmitted signals based on the nulled signals. 20 According to the
present invention, there is provided still another receiving apparatus
rSEAPSNNAR NN AL RARHRY HREHIR hERRD U o RNRIS BRI reless
communication systém for receiving and demodulating transmitted signals
cheficietransetitiranapparsdeptiay ey dhiisls srahtmemganehisiogreatennas;
transmission antennas, the receiving apparatus 25 comprising: means for
apérforming nulling representative of orthogonalization of the 6 received

Sianale, doia 2 chanelmeti havinorse sienes sl esciiens

nas and the transmission antennas;

pREANS fohaUiRYENg;g/{ielihood for bits of the transmitted signals 5
based on the nulled signals. According to the present invention, there is

providledcadiiegrindiiatiytg satetiroe ofi cecdhéng snordeniedalatimgodulating
transmitted signals from a transmitting apparatus havin V}(I (Mis an
%Fécﬁ/ f

"t of eriyiaa s (aMeRaBRGRRITHASIR & 88pbaratus
ir %‘Q%Q\' aEp%@émg%eév%g 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 demodulating method comprising the
steps of.
performing nulling representative of orthogonalization of the received
signals, using a channel matrix having as elements channel cosfficients
between the reception antennas and the fransmission antennas; and
demodulating the transmitted signals based on the nulied signals.

According to the present invention, there is provided another

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 demodutating 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 signals based

on the nulled signals.
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10 2 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 15 demodulating the transmitted signals based on the
nulled signals. According to the present invention, there is provided
another demodulating method of receiving and demodulating transmitted

signalg-BRihg trkenyidagmnRasatisraning M polidsdisiioencior

greater) transmission antennas, in a receiving apparatus having N (N is
demintedsting 2Gthod groates)wiegeptiddantedntatinpdraesndigdifignals
method comprising the steps of: performing nulling representative of
fisihagoraRtisg RrRarAlLaiDading gAY &%lﬁ%ﬂ&ﬁﬁ&%%ﬂi?ﬁg%g

I t I (o] .bet ' -
R P

othe fansaritiedsigialsbasashonibaenied sighajsmateotdiogrorisiag the
present invention, there is provided still another demodulating method of
stepsiviig and demodulating transmitted signals from a transmitting

oD S N SR KA SR O AR SGey o S 255 vec
T

eps of: orming nulling representative of orthogonalization of the
Heseiadthe reception antennas and the transmission antennas; and

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

According to the present invention, there is provided a program for @
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 & computer to
perform:

a process of performing nulliing 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 demodulating the transmitted signals based on the nulied
signals.

According to the present invention, there is provided another program
for a demodulating method of receiving and demodulating transmitted

signais from a transmitting apparatus having M (M is an integer of 2 or
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signals, using a channel matrix having as elements channel coefficients
between the reception antennas and the transmission antennas; and 10
outputting a likelihood for bits of the transmitted signals based on the
nulled signals. According to the present invention, there is provided 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) 15 transmission antennas, in a receiving apparatus

&é%ﬁ%%é%ﬁi@@i&ﬁ%&ﬂﬁ an%%‘@é?xﬁ%@f%ﬂ?gr%ﬂﬁ’ﬂrﬁﬁ%ﬁ PR

ena g a computer to perform: a process rrorming

inesyesentabre; i aghogeRrpizatiantentee reseivashsionalsabing & computer
channel matrix having as elements channel 20 coefficients between the
teeeigon antennas and the transmission antennas: and a process of

demodulating the transmitted signals based on the nylled_signals,
AccordRg T e HESTINE AHORGRERI S RRIE A RBas Braleation s

{0 R UEROBoR MRS (ST UIB BRTTHEH

signals from atransmitting apparatus having M (M'is an integer of

cgreffitgenteabsmiesio Nhantepagso Manteaeiyingrappasaruadiae b 4Niénaas:
integer of 2 or greater) reception antennas, the program enabling a

puter to perform: a process of performing nulling representative of

orthogonalization of
gprocess or)f calculating and outputting a likelihood for the transmitted

signals based on the nulled signals.

According to the present invention, there is provided still another
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, the program enabling a
computer {o perform:

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

a process of outputting a likelihood for bits of the transmitted signais
based on the nulled signais.

Specifically, a first wireless communication system according to the
present invention has a receiving apparatus having N (N is an infeger of 2 or
greater) reception antennas, for receiving signals fransmitted 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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5 the received signals, using a channel matrix having as elements channel
coefficients between the reception antennas and the transmission
antennas; and a process of calculating and outputting a likelihood for the
transmitted signals based on the nulled signals. i0 According to the
present invention, there is provided still another 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)

e L (N I

rogram enanling a 1 o compu

BRI MeaRiRsaRsRiPaHA PRk AU RMisRRaseNtative of

orthogonalization of the received signals, using a channel matrix having .
as elénsenisnchwined ssoaffiventd daxiure epstieerr eceptiomanteineaprandrhe
transmission antennas; and 20 a process of outputting a likelihood for bits

BB orhamAERcsiings2BRsE o R RN d NishaRk IdpeeTiRhi Y bdiRg ")
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receiving apparatus havin s=an integer or greater) recep

APAPERS FAN IS AV N BIanRiatEaBpBNtied TFPanR AT iERRSANEIRE antennas,
apparatus having M (M is an integer of 2 or greater) transmission

amierrias|aing dexhoddtatttiggre ilghhto dsiogtigRsigridsdrapesitidadofram
P Tanemiting Apparatis ueing QR BeCompOSHIoN of 2 channel matrix
having as elements channel coefficients between the transmission and
reception antennas.

A third 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 transmitted from a transmitting
apparatus having M (M is an integer of 2 or greater) transmission antennas,
and calculating and outputting a likelihood for bits transmitted from the
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 channel coefficients and outputting & Q matrix and an R matrix;

a QM processor for multiplying a received signal vector having the
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between the transmission and reception antennas. A second wireless
communication system according to the present invention has a receiving
apparatus having N (N is an integer of 2 or greater) 5 reception antennas,
for receiving signals transmitted from a transmitting apparatus having M
(M is an integer of 2 or greater) transmission antennas, and calculating
and outputting a likelihood for the signals transmitted from the
transmitting apparatus using QR decomposition of a channel matrix
rAMINgAS SHelB el B RABR Bﬁ%ﬁ@{ﬁe@«e&yﬁ 1he {anspUSEIPHARGI Qs
reception antennas. A third wireless communication system according to
titleeQprasent dndentiputiag ahepeddogeaparatiseadogH{aiamd integer
of 2 or greater) reception antennas, for receiving signals transmitted from

a traAdARsIY asheRaHRNEAVASH NRLRN B hR Y EENO FD lspgtane9f a
Niss| d lati d ing a likelihood f
e AR A RERC e e R e s B eefon
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transmission and reception antennas. A fourth wireless communication
ceysterredaigndingrio the Bresainb .20 invention has a receiving apparatus
having: a channel coefficient estimator for estimating and outputting the
chanfidlftio¥fiieients ttiaanIpEReRrsEMRCresE b P dhR AFRESAAd the
.transgmis'fpi]é)n antennas based on th% received signals; a QR decomposer
n

PR RRG SRAECSHPOZIRN DR ME Bhannel 25 matrix of the channel
coeffiCigs fatouRLIERIA QBRI ToRREFREIMAERE 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 decompaesition on the channel
matrix of the channel coefficients and outputting a2 Q matrix and an R matrix;

a QM processor for multiplying 2 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 transmitted symbo! candidate selector for selecting and outputting a
symbol candidate for the converted signal based on the received signais,
and

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

A sixth wireless communication sysiem according to the present
invention has a receiving apparatus having:

a channel coefficient estimator for estimating and outputting the



10

15

20

25

a QH processor for multiplying a received signal vector having the 10
received signals as elements by a complex conjugate transposed matrix
of the Q matrix and outputting the product as a converted signal; and a
transmitted sequence estimator for outputting at least one of a
transmitted sequence, a likelihood for the transmitted sequence, and a 5
likelihood for bits transmitted by the transmitted sequence, based on the
converted signal and the R matrix. A fifth wireless communication system

chespsing dfrithenseseniclly eREahasah rere BaARPREMIE haviag dahe
channel coefficient estimator for estimating and outputting the 10 channel

tereffivkans Betecensiabether thih eaeewptiosigmsésinas and the
transmission antennas based on the received signals; a %R decomposer

for pérRIRiTRG ASFE B S AT R OH I AR T SAEMIEFHHE RRAIRIPT
SEOTLRIISAnG AHRH YRS 2 PAHURARG AR SHIBAIRS BHGEd IReese"

Iplying a received signal vector havingthe 15 received signals as
rétRimedtsigyasomplex conjugate transposed matrix of the Q matrix and
outputting the product as a converted signal; a transmitted symbol
candrlateteeltastepfongdrecthg e cogfliniagta ysedoredhaichenns! the

converted signal based on the received signals; and 20 a transmitte
e B bR e

BRI P RIAD"R 1698TEHE R RSt SRS
dt%.é%ﬁs‘?‘}r{n ﬁllt%;%gt&? &ﬁléepﬁﬁgﬁwté?grﬁﬁﬂgﬁ Nl @L?g%:téﬁ%ﬁ%%géfﬁ%g'%annei

y the transmitted sequence, ba
matrix;

a QR decomposer for performing QR decomposition on the modified
channel matrix and oufputting 2 Q matrix and an R matrix;

a QM processor for multiplying a received signal vector having the
received signals as elements by a complex conjugate transposed matrix of
the Q matrix and outputiing 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 transmifted 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 transmittea
sequence, the likelihood for the transmitied 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 fo the present.
invention has a receiving apparatus having:

a channel coefficient estimator for estimating and outputting the

channe! coefficients between the between the reception antennas and the
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converted signal, the symbol candidate, and the R matrix. A sixth wireless
communication system according to the present 25 invention has a
receiving apparatus having: a channel coefficient estimator for estimating
and outputting the i? 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

Lon t ' ' ; a ' h I
D BB e B L o by the channe

coefficaRrt §stivmpsaneoineaprintities deteratnatbyitite piotiy channel
determiner, and outputting a modified channel matrix; 10 a QR

mficinep dse chapefooaffigioRsdred mpbuitivncon e eRdRmaptrix;
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outputtingthe product as a converted signal; 15 a transmitted sequence
tiestinatatrionadtputpogiatesstoodiadtaadransmitetbgesigrate, a

likelihood for the transmitted sequence, and a likelihood for bits

transinitashyittad semsenice daedidaiesaasty i griccalinkgeersidisate

and the R trix; i [
Sanline B el A0 fesorer [ORR i A1 RH'BURAS aY et gee of

based on the received signals and outputting the determined candidate
sequences as transmitted sequence candidates; and

a transmitied sequence estimaior for outputting at least one of a
transmitted sequence, a likelihood for the transmitted sequence, and a
likelihood for bits transmiﬁed by the transmitled sequence, based on the
convertad 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 cosfficient estimator for estimating and outputting the
channel coefficients hetween the between the reception antennas and the
transmission antennas based on the received signals;

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

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

mairix;

13
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20 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: 25 a channel coefficient
estimator for estimating and outputting the channel coefficients between
the between the reception antennas-and the 12 transmission antennas

based he received signals; R de oser for performi R ... |
decord B RE S R IR R Gr o7 et it dngified
OHERIHENG AR BAY X\ AP ARt QRLIAGRSPAIAR! Multiplying a
received signal vector having the 5 received signals as elements by a
compieXbpjugatestafmposdiibiatgact tee cmnanial art uthattng the
product as a converted signal; a transmitted sequence candidate selector

TEFaRAMIANYCAR GRS Y8 QAKX EORUAAIRAIRISBABATTRIKIO!
(040 SN BRI RddGIrSS MocR PR g i fPutting he

ermined can queéences-as séqguence’candidates;

and a4raaraniied FegHIG sRHIBater deletP YHINGRIAASIL80RbA)

transmitted sequence, a likelihood for the transmitted sequence, and a
kelthoat: flur Bitdd¢randmidted by due tea Sadtelsethve neesivadesigpratheand
converted si%nal, the R matrix, and the transmitted sequence candidates.

QB‘QH%% Wﬁ@@&%ﬁ%k%%ﬁi@?&ém according to the present
'nventéoﬂﬁ%wgg%g%%eg%g{%ﬂgymzoutputting at least one of &

transmitted sequence, a likelihood for the transmitied sequence, and a
likelihood for bits transmitted by the transmitted sequence, based on the
converted signal, the R matrix, and the transmitted symbol candidate; 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 fransmitied sequence, based on the output from the
transmitted sequence estimator and the priorities.

A ninth 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 {ransmission

sequences transmitted from the transmission antennas based on the

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

coefficients estimatad by the channel coefficient estimator and the priorities

14
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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; 20 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
riorities determined by the priority determiner, and outputting a
R UReh RN EF RIRTLY S Her iR B W GG O el
,q%%qg@position on the modified channel matrix and outputting a Q matrix
and an R matrix; a QH processor for multiplying a received signal vector
having (it deceivedsigrfalspasielenent Ryde compisticoniugtite modified
transposed matrix of 5 the Q matrix and outputting the product as a
Gorneeldnaidnand eainine @ yrimirtaaotate sdraidr for selecting a

bol gandidate for a demodulated b he recei
R e R e R

RRANGIFSGRLBALI IR AR EING BbleRtt LRB N Bald HANSIRES matrix of

sequence, a likelihood for the tfransmitted sequence, and a 'likelihood for
ibi¢s Qr amsiniitteddopdimutiangsthitedosiemience, duasedtied Hignabnverted
signal, the R matrix, and the transmitted symbol candidate; and a restorer

for re3tARGAHEEEIBOHRRAE TaRSIGHE SRR RRFRMRIEIMIning candidate

sequences for L (L is an integer ranging from 1 {o M) converted signals
based on the received signals and outputting the determined candidate
sequences as transmitted sequence candidates;

a transmitted sequence estimator for outputting at ieast one of a
transmitted sequence, a likelihood for the fransmitted sequence, and a
likelihood for bits fransmitted by the transmitted sequence, based on the

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

‘and

a restorer for restoring and outputting at least one of the transmitted
sequence, the likelinood for the transmitted sequence, and the likeiihood for
bits transmitted by the transmitted sequence, based on the ouiput from the
transmitted sequence estimator and the prioriiies.

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

a channel coefficient estimator for estimating and outputting the
channe!l 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

15
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sequence, the likelihood for the transmitted sequence, and the likelihood
for 15 bits 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 has a
receiving apparatus having: a channel coefficient estimator for estimating
and outputting the 20 channel coefficients between the between the
reception antennas and the transmission antennas based on the received

nSiNalst eritinslatenBinskias ¢l raufasiPHoA IR FRRINCET an R matrix;
transmission sequences transmitted from the transmission antennas
based Gfitheocessiveibsigntisty2fgeestteied sigiva) vestandaveng the

coefficients based on the channel coefficients estimated by the channel
reseifeibRIcEaimatoPIEMPINE PYGERIIMIZdEREINARE 159%@%?6%‘693"“ of

determiner, and outputting a modified channel X a; ecomposer
t?@r é??é?ﬂﬁr?d‘ ﬁ%%gﬁm%ggﬁigﬁogﬁi ?ffea Mo |%é%%%§gr%§ﬁ%npatrix and
outpyftipga Ripaatdx anchas FamblrhteSsaiRtdreaesseiipiniyltabiigaas
received signal vector having the received signals as elements by a

smpteesdojugdieitranspiseet meatgioofite Q mddhcandastegritipibe
product as a converted signal; a transmitted sequence candé;jgte alector
I

HepeR erIAG LAIMBRIAIRN A RIMh SRR YHING e A RIRILge i 1
1oJ¥b fenveilap slanmtpA A based A dbiRdReRked signals and outputting
Tra-gelermined candidate ‘

a transmitted symbol candidate selector for selecting and outputting
symbol candidates for (M-L) demodulated signals based on the received
signalg; and

a transmitted sequence estimator for outputting at least one ofa
fransmitted sequence, a likelihood for the transmitted sequence, and a
likelinood for bits transmitted by the transmitted seguence, based on the
converted signal, the R mairix, 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
fransmission antennas based on the received signals;

a priority determiner for determining priorities between transmission
seguences transmitied 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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sequences as transmitted sequence candidates; 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 15 converted
signal, the R matrix, and 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 transmitted by the transmijtted sequence, based on the output
ﬁamrmm%hvmf@atgéﬁtsﬁE@@§tiﬁfﬁ&t&ﬁam@ﬁimﬁ%eﬂ &Ane!
vn\éir Il’E(SS communication system according to the present invention has a
ree IVing apparatus having: a channel coefficient estimator for estimating
and oytpytiggdhie pelRaniel creflicismig EWRADMEAMERYN R modified
reception antennas and the 25 transmission antennas based on the
rdemived isighniad sral Q Rtpleitovp poSerfatripesfudrain dR @Ratiecomposition on
the channel 15 matrix of the channel coefficients and outputting a Q

matrixtaRd AHARIBEIH{O O IBlYBEsB SRS YRAIBIIIAL & SRR AING dhsl
vector having the received sigpals as elements by a compl j .
it R R S
eRB\SHest $0RRY SLAJARSMREdssaueNss sansdairsaaiaster:for
determining candidate sequences for L (L is an integer ranging from 1 to
M) comvedeshsitipdlisehasedonahdidateisetesigndis deteompingnestt

determined candidate _ _
sequences for L (L is an integer ranging from 1 to M) converted signals

based on the received signals and outputting the determined candidate
sequences as transmitied sequence candidates;

a transmitted symbol candidate selector for selecting and outputting
symbo! candidates for (M-L) converted signals based on the received
signals;

& transmitied sequence estimator for outputting at ieast 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 transmitied sequence, and the likelihood for
bits transmitted by the transmitted sequence, based on the ouiput from the
transmitied sequence estimator and the priorities.

A twelfth wireless communication system according to the present
invention has a transmitted sequence estimator including likeithood
calculator groups and signal selectors in P stages (P is an integer of 1 or

greater),
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sequences as transmitted sequence candidates; a transmitted symbol
candidate selector for selecting and outputting 10 symbol candidates for
(M-L) demodulated signals based on the received signals; and 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
15 converted signal, the R matrix, the transmitted sequence candidates,

and the, symbol candidates. An eleventh wireless cammunjcati el
o AR e R B, R g e o
shapng EBﬁTBﬁEHber‘éﬁ’m{Pfsf%‘%ﬁﬂé@@ﬁ"w N5t QusRItingKbmaBehannel
coeffiCients betweén the between thereception antennas and the

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

transereedfrthn tikelnonthalmiaions saa tig alipihogddR dae pth

ignals; 25 f ing_th ffici h
S RS e e S

SeRiaeties, 14 qReERsE RIS F{ﬂ%ﬂﬁyig%tﬁ"im{&f?éf R4 prEBRS Perror

modified channel matrix; a QR decomposer for performing QR
sigoaibpositioniamtzesigodifiselechanimne ittt rest gatputdip siG nsaitied
and an R matrix;

symbol candidates; and

a signal selector in the pth stage outputting Lp (Lp is an integer of 1 or
greater) maximum likelihoods and Lp transmitied symbol candidates which
give the iikelihoods, based on Kp likelihoods output from the fikelihood
calculator group in the pth stage and the transmitied symbol candidates.

A thirteenth wireless communication system according fo the present
invention has a transmitied sequence estimator including 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 ranging from 1 to
P) stage comprising Kp (Kp is an integer of 1 or greater) likelihood
calculators;

each of the likelihood calculators calculating a likelihood in the pth
stage and generating the transmitted symbol candidates based on the
converted signal, the R matrix, Kp-1 (Kp-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 Kp+1 maximum likelihoods

and Kp+1 transmitted symbol candidates which give the likelinoods, based
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5 a QH 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
transmitted sequence candidate selector for determining candidate
sequences for L (L is an integer ranging from 1 to M) converted signals 10
based on the received signals and outputting the determined candidate
sequences as transmitted sequence candidates; a transmitted symbol

o B A AR s
éq‘?&l%él%%mﬁ@ers%%mgﬁggjg@gast one of a transmitted sequence,

a likelihood for the transmitted sequence, and a likelihood for bits

transwiftedtbytite wissisniticchsequicetonayetkan dbeoadingeidetisigralent
the R matrix, and the symbol candidates; and a restorer for restoring and
iBugsiENg as RdsArpBIetheapaipriegivekEduRYIDS, likelinaamhearrator

the transmitted sequence, and the likelihood for, bits transmitted he
HSHERRY Son i AR BHest it ORI SheP HAR G eRp et
e inaiagand the priorities. A twelfth wireless communication
system according to the present invention has a transmitted sequence
estimatiifiewitidingdiesihomd 2bcristitat@yvgtenp s o dilgn 4b Shte clarsaint

P stages (P is an integer of 1 or greater); 17 a likelihood calculator group
IPVETHAN DS ahtTARYBItad SPgURsse1agimator having likefihood calculator

groups in N stages (N is an integer of 2 or greater) and signal selector
groups in the M stages.

A sixteenth 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 & final stage selects and outputs
a most likely transmitted sequence.

A seventeenth wireiess communication system according to the
present invention has a transmitied 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 the |
sequence.

An eighteenth wireless communication system according to the present
invention has a transmitted seguence estimator inciuding 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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P) stage comprising Kp (Kp is an integer of 1 or greater) likelihood
calculators; each of the likelihood calculators calculating a likelihood in the
pth 5 stage and generating the transmitted symbol candidates based on
the converted signal, the 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 1 or 10 greater) maximum likelihoods

r ' I i whi ive.the:likeli b
B R T g G S e B
(HiOR and BRdaasitied menaebeongdidales Hysdeeninwireteassured from
communication system according to the present invention has a
thrersmivertiesbsigeat cepditienatot ihelugitrVikeé #i90dias5 calculator groups
and ;signal selectors in P stages (P.is an integer of 1 or fgjreaterg; a

likelif Y Al FRSFORMAPHIN (AL SHRER 25REIAY #IMtTa P BYeN!

. . rising K [ ' [ I ikeli .
S SR S S e ST Eeb R W hetiasd
sbe-nibicitagecandiprner v gkbRHERP IR Sy mhakenndidriesbaradar
the converted signal, the R matrix, Kp-1 (Kp-1 is an integer of 1 or
hpbacs) dnoresigiveld Sgnals o theignavestedtsidnag [Briina. stage, and
the transmitted_ symbol candidates; and 25 a si?nal selecg)r in th

stage%%ﬁ%ﬁr%pWﬁ%‘ﬁ§§imRBh%%% systemn according to t%gtgresent

invention has a transmitted sequence estimator comprising a likelihood
calculator for calculating the likelihood using a Euclidean distance converted
by performing a given processing operation on a squared Euclidean distance
between the received signals and the converted signal repiica.

A twenty fifth wireless communication system according to the present
invention has a transmitted symbol candidate selector empioying a linear
filter.

A twenty sixth wireless communication system according to the present
invention has a transmittad symbol candidate selector employing maximum
likelihood estimation.

A twenty seventh wireless communication system according to the
present invention has a priority determiner employing received electric power
of aabh of the fransmitted sequences.

A twenty eighth wireless communication system according to the
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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and Kp+1 transmitted symbol candidates which give the likelihoods, based
18 on Kp likelihoods output from the likelihood calculator group in the pth
stage and the transmitted symbol candidates. A fourteenth wireless
communication system according to the present invention has a
transmitted sequence estimator having likelihood calculator 5 groups in M
stages (M is an integer of 2 or greater) and signal selector groups in the
M stages. A fifteenth wireless communication system according to the
RS Ble EIME MR 38R LEMISHHUIRE FRAUABSRRIIMAKS sV R ikl watlof
calculator groups in N stages (N is an integer of 2 or greater) and signal
tselepos Ot gpsirthed] stages. A sixteenth wireless communication
system according to the present invention has a transmitted sequence

estimﬁ\t&ilﬁéﬁﬂﬂﬁbeﬁﬁﬁél%f@%ﬁ%aﬁp% Wﬁ?ﬁﬁ@%ﬁﬁ@@ ,taﬁaﬁ@mt
i?&?ﬁéorgle%%%% zlasrgg%eitéee eﬁcé\%l?en dc%uct:%lﬁt&d%t@ %%ﬁgc@%y %ﬁn@?@cﬂég mlinear

seventeénth wireless communication sys gto
#her present invention has a transmitted sequence estimator including
signal selectors in a plurality of stages, and a signal selector in a final
stagesséiedyshisimastBes g oransanited se guston acdwdipgtivdiikgiasedt
for the sequence. 20 An eighteenth wireless communication system

RYESVIRRY RS BRBHICH TEAHER PR S AN RIRIRBE S RERRL ¥mator
}Q%&H%&ﬂﬁﬁiﬁgg 88!?%%%[31. i 0q,l!olurality of stages, and a signal selector in
afina

Stage Selects a mos
The wireless communication system according to the present invention

uses a channel matrix which has been QR-decomposed, and estimates
transmitted 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 fo 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 &
second embodiment of the present invention;

Fig. 5 is a biock diagram of a transmitted sequence estimator shown in
Fig. 4;

Fig. 6 is a block diagram of a third-stage likefihood calcutator shown in

21
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likely transmitted sequence and outputs a likelihood for a bit sequence
transmitted by the sequence. 25 A nineteenth wireless communication
system according to the present invention has a transmitted sequence
estimator including a likelihood 19 calculator for generating a converted
signal replica using elements of the R matrix and calculating the
likelihood using a physical quantity measured from the converted signal
replica and the received signals. A twentieth wireless communication
system according to the present 5 invention has a transmitted sequence
Fi&timator comprising a likelihood calculator for calculating the likelihood

uSIng:R,S9 RS dioHR HIEBRLHARCEL DENUAAD JBAIRAANEH SBAIBRSHBRN

conve sighal replica twenty rst wireless communication system
;@m@r@ng to the present invention has a transmitted sequence estimator
comprising a likelihood i0 calculator for calculating the likelihood using a
Euclifigar diseabisgss siserasa dhya fsmbatsing hkgiepossatudmgopepsitib iy
on a squared Euclidean distance between the received signals and the
FdBnverted signal replica. A twenty fifth wireless communication system

accoﬁq 'HIR e, Mﬁﬁ é@‘éeé‘é%ﬁéﬁaﬂﬁbapﬁﬁ%@ cYmbRlsaRdidae

selecto employlng a linear 15 filter. A twenty sixth wireless
reesiwisabarssystentaenngdiogie dpreisentbiiientiondfidissapresent

transmitted symbol candidate selector employlng maximum likelihood
ipganitiun.

Fig. 10 is a block diagram of a receiving apparatus according to a third
embodiment of the present invention;

Fig. 11 is a biock 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
invention;

Fig. 15 is a block diagram of a receiving apparatus according fo 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 present
invention; |

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

embodiment of the present invention;
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A twenty seventh wireless communication system according to the 20
present invention has a priority determiner employing received electric
power of each of the transmitted sequences. A twenty eighth wireless
communication system according to the present invention has a priority
determiner employing a received electric power vs. noise electric power
ratio of each of the transmitted sequences. 25 A twenty ninth wireless
communication system according to the present invention has a priority

detereniner employing aesehied larlric powes (s A RASEEIRAHIS shown
power ratio"and an interference electric power ratio of each of the
iangmitted sequences. A thirtieth wireless communication system
according to the present invention has a transmitted sequence candidate
selectog etiple yirig eclirdiagr anfiltdra Adamtydiindagdr dlesihcomhaainidation
system according to the present invention has a transmitted sequence
HAPHHLE 1d&or employing maximum likelihood estimation. The

el ' o : ) : '
Lses & h e R ST RS HIRSe QR Shgwn n
;tr@nsrg];itted sequences using pseudo received signals generated from a

plurality of likely sequences and actually received signals. Using a suitable
numbleigo4eig e fiows; signel e ctenedéatiog uistse seithaal s phsr
e b aTatLe Seeoring 10 fha-tith SmBodNant of the présent
invention;

Fig. 22 is a block diagram of a receiving apparatus according to a sixth
embodiment of the present invention;

Fig. 23 is a biock diagram of a transmitted sequence estimator shown
in Fig. 22;

Fig. 24 is a block diagram of a second-stage likelihood calculator
shown in Fig. 23;

Fig. 25 is a block diagram of a first-stage likelihood caiculator 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
assignad to transmitted signals;

Fig. 28 is a biock diagram of a signal selector according fo a tenth
embodiment of the present invention;

Fig. 29 is a block diagram of a channel coefficient estimator according

to an eleventh embodimeni of the present invention;

Fig. 30 is a diagram showing transmitted signal formats employed
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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; 20 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

wiowmincRarnigl 4okfick it adterkdiagienrnohatigirdstagesiielihood

calculator shown in 21 Fig. 5; Fig. 7 is a block diagram of a second-stage

likelitii@d3daie @ dttnckhdagram MG a5 eErjv Bt apbRE Lhapaeding fo a
O B BBV Scening apparatus according (o
be sEron BBl o DO E 0B
thegpmgeasi@vgrmi@m iggidnisat bloekrdiagsirniafor tlaoamittelig. 32;
sequence estimator shown in Fig. 10;

Fig. 34 is a block diagram of a signal selector according to a thirteentn
embodiment of the present invention;

Fig. 35 is a block diagram of a signal selector according to a fourteenth
embodiment of the present invention; and

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

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

2 transmitting apparatus

4.86,8, 15, 77, 110, 708, 1202 transmitted sequence esfimator

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 — 1204-4 reception antenna

12, 32, 52,72, 82, 102, 500 channel coefficient estimator

13, 33, 53, 75, 85, 1086, 703 QR decomposer

14, 34, 54, 76, 86, 107, 705 Q™ processor

16, 35, 56, 79, 108, 707 recording medium

21-1 - 21-M transmission antenna

41-1 — 41-16, 43-1 - 43-16K1, 45-1 — 45-16K2, 61-1 — 61-8, 63-1 — 63-
8K1, 91-1 - 91-16K, 83-1 — 93-16K1, 111-1 - 111-L2', 113-1 — 113-L1K1,
1204-1 - 1204-16, 1206-1 — 1206-16K1, 1208-1 — 1208-16K2 likelihood
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Fig. 12 is a block diagram of a second-stage likelihood calculator shown
in Fig. 11; 15 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 invention; 20 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
%’]}E receiving apparatus according to the fourth embodiment of the

finvention; 25 Fig. 17 is a block diagram of a receiving apparatus

accorghng o 2fifely embgdingantgbthe presgnt Nyeniions 22759 -<1hs 2

block diagram of a transmitted sequence estimator shown in Fig. I7; Fig.

sk9dstarblock diagram of a second-stage likelihood calculator shown in
Fig. 18; 5 Fig. 20 is a block diagram of a first-stage likelihood calculator

showh3rirgmgmite#igymb el eafslifHarsetes®modulating process

performed by the receiving apparatus according to the fifth embodiment
of theggr n}&ﬁ]pémggﬁ;dg‘{elprgme{

74, 84, 105 channel coefficient sorier

78, 89, 120 resiorer

103 control channei restorer

201, 301, 901 antenna-gpecific minimum value selector

202, 203, 302, 303, 902 bit judging device

204, 205, 304, 3085, 903 bit-specific minimum value selector

208, 207, 308, 308, 909 bit-specific likelihood calculator

210,211, 310, 311 turbo decoder

306, 307, 904 error signal accumuiator

411, 431,451, 611, 631, 911, 831, 1111, 1131 transmitted symbol

candidate generator

412, 432, 452, 612, 832, 912, 832, 1112, 1132 converted signal replica

generator
413,433, 453, 613, 633, 913, 933, 1113, 1133 error caiculator
501-1, 501-3, 505-1, 505-3 pilot symbol replica generator
502-1, 502-3, 506-1, 508-3 correlation detector
704-1 —~ 704-4 despreader
905 — 808 function processor
1203 decoder
1209 signal selector incorporating a bit likeiihood outputting function

Best mode for carrying out the invention:
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10 Fig. 22 is a block diagram of a receiving apparatus according to a sixth
embodiment of the present invention; Fig. 23 is a block diagram of a
transmitted sequence estimator shown in Fig. 22; Fig. 24 is a block
diagram of a second-stage likelihood calculator 15 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; 20 Fig. 27 is a diagram showing
exanipiesnith udiicemiof thatiore & retSsigeeiibt Wilnsenddesd sigpralgitrig. 28
is a block diagram of a signal selector according to a tenth, embodiment of

referprecein thecteaningry. Bis!dbiBloglagiasi arLERIEI S fficient
estimator according 25 to an, eleventh embodiment of. the pr. ‘ -
R S AN S TR T L et mvertion.
IRBR{OYCthe W itd1884 A8 FhanneLERR s eRIs st RMRdCib Rffent
used; Fig, 31 is a block diagram of a receiving apparatus according to a
dgivekithembodinventiohthéqwe sestinirendppaFigus? isradbifacisdidtingm of

a conventional receiving ap;garatus 5 Fig. 33 is a block diagram of an

anpEreile dd PSHRM RStE .t%?ﬁﬁi@ oissthnBek #EEI8SS of a signal

selector.ac%ording to a thirteenth
communicatons.

Receiving apparatus 1 has N (N is an integer of 2 or greater) reception
antennas 11-1 — 11-N and comprises nuliing device 10, transmitted
sequence estimator 15, and recording medium 18. Transmitting apparatus 2
has M (M is an integer of 2 or greater) transmission antennas 21-1 - 21-M.

Fig. 2 is a flowchart of a demodulating process performed by receiving
apparatus 1 shown in Fig. 1. The demodulating process performed by
receiving apparatus 1 according to the embodiment of the present invention
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 signals from
transmission antennas 21-1 - 21-M of fransmitting apparatus 21 (step S1 in
Fig. 2, nulling device 100 nulls received signals using a channel mairix
whose elemenis are represented by channel coefficients between the
transmission/
reception antennas (step S2 in FIG. 2).

Transmitted sequence estimator 15 demodulates the received signais
that have been nulied 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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embodiment of the present invention; Fig, 35 is a block diagram of a
signal selector according to a fourteenth embodiment of the present
invention; and 10 Fig. 36 is a block diagram of a transmitted sequence
estimator shown in Fig. 35. Description of reference characters: 1, 3, 5, 7,
8, 100, 700, 1200 receiving apparatus 2 transmitting apparatus 15 4, 6, 9,
15, 77, 110, 706, 1202 transmitted sequence estimator 10 nulling device
11-1-11-N, 31-1 - 314 51-1-51-3,71-1-71-4,81-1, 81-2, 101-1,

e e e canes S eSS R 3 T B>
decormmpesgildg Ptobdss Beforted BOMQIhgraserson 0L&ilBhe Hostiibed
108, 707 recording medium 21-1 - 21-M transmission antenna 41-1

belove, YehensBel siinalssrony SranxpjtEng apnga6s £ % 2saKad oy N
-91-16K, 93-1 - 93-16K1, 111-1 - 111-1-2", 113-1 - 113-1-1'K1, 1%04 -1-
E%%PH@” B8as 3de! IBP(?L N shaeceivbubepaesaiksiho&saned signal

Sél%'f‘ 6o Bletirié aPE rdhreXortbts by thé St rdearetit

select
respective reception antennas 11-1 — 11-N can be expressed by:

F={r4, = IN)
where r4 represents the received signal received by first reception antenna
11-1, and rn the received signal received by Nth reception antenna 11-N.

If channel coefficients between transmission aniennas 21-j and
reception antennas 11- are represented by hjj, and a channel matrix whose
elements are represented by channel coefficients hyj, then received signal
vector 1 is described as:

[Equation 1}

1

R,

’)

=Hs+n

|
. »

‘ - z J*E
1_7‘,\‘ L? Vg Z Pang L I_ﬂ]\(

where s represents a transmitied signal vector whose elements are

represented by the signals {ransmitted from respective fransmission
antennas 21-1 - 21-M,and n a Gauséian noise vector whose elements are
represented by Gaussian noises added by respective reception antennas 11-
1—11-N.

Nulling device 10 generates nulling 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, S + Sp-
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55 transmitted symbol candidate selector 5 73, 83, 104 priority determiner
74, 84, 105 channel coefficient sorter 78, 89, 120 restorer 103 control
channel restorer 201, 301, 901 antenna-specific minimum value selector
10 202, 203, 302, 303, 902 bit judging device 204, 205, 304, 305, 903
bit-specific minimum value selector 206, 207, 308, 309, 909 bit-specific
likelihood calculator 210, 211, 310, 311 turbo decoder 306, 307, 904 error
signal accumulator 15 411, 431, 451, 611, 631, 911, 931, 1111, 1131

transmitted symbol candidate generator 412, 432, 452, 612, 6§32, 912
GBI T PS5 W e ST Aplicd oAU RS a0 A5 Laradepa
633 9 P33ihd BuddRBieneiealsulptor. 20 501-1, 501-3, 505-1, 505-3
pilot symbol replica generator 502-1, 502-3, 506-1, 506-3 correlation

{trcitiod@3-1 - 704-4 despreader 905 - 908 function processor 1203

decoder lel 09 signa ,sfielepl;[or.inco%o ti@‘ hit likelihood outputting
function Bes

mode fo rrying out the inventian:,
RERE - (631 ¥zzg“' Tam |1 %2 Hoy
z=| " i1=Rs+n'=s ; , .
l : 0 0 :
L2y d 0 0 0 rngilsud _”‘M_l

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 Ty o th, G G o G 1Ty Ry e ?”wl
L L R Y
L o bl L gl [0 0 ]
in this case, the nulling process is described as foliows:
Z = Qity
= QM(Hs + )
= QH(QRs + n)
= QHQRs + QFn
=Rs+ 1

Generally, the Q matrix satisfies QHQ = { (1 is a unit matrix).

Transmitted sequence estimator 15 prepares symbol candidates in a
descending order from sp 10 s1, and estimates and outputs a transmitted
signal vector s1, 82, -, sp- In this manner, M signals that are
simultaneously transmitied 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, signals can be demodulated
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An embodiment of the present invention will be described with reference
to the drawings. Fig. 1 is a block diagram of a wireless communication
system according to an embodiment of the present invention. In Fig. 1,
the wireless communication system according to the embodiment 5 of the
present invention allows receiving apparatus 1 and transmitting apparatus
2 to be connected to each other through wireless communications.
Receiving apparatus 1 has N (N is an integer of 2 or greater) reception,
vdtfivenmash Simplel AraARgeBIRRHE R RAIREPIRRCEY HSiRchem AR QR ate
se uenc? estimator 15, and recording medium 16. Transmitting apparatus
nﬁ'"%%%rlﬂ (iﬁ?é‘gﬂﬁﬁ?eger of 2 or greater) transmission antennas 21-1 -
heMaifRign24is a flowchart of a demodulating process performed by
receiving apparatus 1 shown in Fig. 1. The demodulating process
perfafiged fyareiceividpapparatusreaeddrgjrapietizdusnaioodidiegt tof ahist
present invention 15 will be described below with reference to Figs. 1 and

enhpdiprRItistBRINASANLG Ve ridifear iAngs FRRRIVAN G APRIRSRIs 1
executes a program (a_progr xegut c e red. i
S SRR TR T PR
iSlEnAis AR HaRSHiIasoa ANEBRRN bithe vk Riskansmiting-anparsiigtem
21 (step S1in 20 Fig. 2), nulling device 100 nulls received signals using a
atrandisigiatihe emmbesistemtofdtarereperddnuantigrenhomesl oEfgcibntd
between the transmission/ reception antennas (step S2 in FI

G. 2),
Figarsingatyiserprebatihamsiord o doliadiet ﬁf@?@ééﬁ%ﬁts%ﬂa?spresem

invention receives signals which have been sent from M (M is an integer of 2
or greater) transmission antennas 21-1 - 21-M, with N (N is an integer of 2 or
greater) reception antennas 11-1 - 11-N.

Receiving apparatus 1 comprises N reception antennas 11-1 — 11-N,
channe! coefficient estimator 12, QR decomposer 13, QH processor 14,
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 QR
decomposing process is carried out as the nuliing process.

Reception antenna 11-1 receives a signal. Channel coefficient
estimator 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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25 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 26 1 repeats the above sequence until the process is ended
(step S4 in FIG. 2). The nulling process performed by nulling device 10
will be described below. When the signals from transmitting apparatus 2
are received by N reception antennas 11-1 - 11-N of receiving apparatus
1, received signal 5 vector r whose elements are represented by the

e% glsye %Yr?&}? é‘?w%%ﬁlgbﬁ%%c% %ﬁéﬁ et it g&%i?@ed by

resse Y. r— ere rl represents t the receive S|gna

FREGNE ﬂc_ﬁﬂw@“ﬁét@?@é@%’bﬁ@t@@%h@kbnﬁﬁl@%%cﬂﬂ@@@w@wsm@d matrix

received by Nth reception antenna 11-N. 10 If channel coefficients
ditvec@miedrismisins aitted reesiRer e agbaEinor dntesirplied vl the

represented by hij, and a channel matrix whose elements are r nted
w&ﬁgﬁﬁa%@m@rﬁ%ﬁ erTaEeNRY *é%g'ﬂa%éﬁﬁ PRUEAISH A as:

7 15rr2r2!r22 r21 S2 +in2 =Hs+n ~rN L !
> Jﬁ@%&%@&@r@ v%%éul\eérs%represents a transmitted signal vector whose
elemensEH8iE RIS IRBIARANghR SiandlsHsanssitetkionerespetivitted
transmission antennas 21-1 - 21-M, and n a Gaussian noise vector

selosncleastimstoe ! feisrospatdd b@@@l@&ia@ roiketinanfefppihe

respective reception antennas 11- .
tran%mstted ssgn%l sequence or a likelihood for bits that have been

Eﬂ

transmitted by the transmitted signal sequence. The received signal vector 1
10 whose elements are represented by the signals received by respective
reception antennas 11-1 — 11-N has been described above.
The Q matrix that is output from QR decomposer 13 is a unitary matrix
of N rows and M columns, and satisfies QHQ =t where H represents a
conjugate complex transposition and | a unit matrix. The R matrix comprises
15  an upper triangular matrix of M rows and M columns.
A processing operation performed by Q' processor 14 is described
as follows:

[Equation 4]

:
U:

O7r=0"(Hs+n)=Q" (QRs+n)=Rs+Q"n

{ o lfal ]
h rWJw |

i

Sy n‘MJ
20 Transmitted sequence estimator 15 is supplied with converied signal

vector z and the R matrix as its inputs, estimates transmitted sequences, and
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20 1 - 11-N. Nulling device 10 generates nulling 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 sM, sM + sM-
27 1, sM + sM-1 + 5M2, sM + sM1 +- + sl are selected as M orthogonal
axes, then nulling signal z is described as: [Equation 2] ZI YI 12 ... r1M SI
nil 1 Zz =Rs+n'=0r22 Y2M S2+n200LZMJ 0 0 O rte; SMJ 5 As nulling
matrix A, there can be used a complex transposed matrix of a Q matrix

e s detelnunegdy SighinrsiindSARedeqompasiiiamofghannakmaax H,
ng@gxample as foIIov?Z@?Equatlon 3] h" ﬁlz %S'\ﬂ I Sitrgﬁ“:{qz ..gMitriz ...

lislibbotztinlthigzhAral?, . Mreigr@R st are. sthjagMousgNWﬂsm}ﬁQﬁrj

10 In this case, the nulling process is described as follows: Z=QHY
fl@ﬂ(ﬂgqsmsﬁ@g(@mgmw 2 which has M transmission antennas 21 1—21-

M can be demodulated.

According to the present embodiment, as described above, a channel
matrix as QR-decomposed is used, and pseudo received signals generated
from a plurality of likely sequences and actually received signais are used to
estimate transmitied sequences. Using a suitable number of sequences,
signals can be demodulated with a much simpler arrangement than
heretofore.

Embodiment 2:

Fig. 4 is a block diagram of a recelving apparatus according to a
second embodiment of the present invention, Fig. 5 is a block diagram of &
transmitted sequence estimator shown in Fig. 4, Fig. 6 is a block diagram of
a third-stage likelihood caiculator shown in Fig. 5, Fig. 7 is a block diagram. of
a second-stage likelihood calcutator shown in Fig. 5, and Fig. 8 is a biock
diagram of a first-stage likelinood calcuiator shown in Fig. 5. The
arrangement of & wireless communication system according to the second
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 3 is provided instead of receiving
apparatus 1.

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

4. it is assumed that either one of 16-vaiued signals cq - ¢4 I8 transmitied
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= QHQRs + QHn 15 =Rs+n' Generally, the Q matrix satisfies QHQ =1 (I is
a unit matrix). Transmitted sequence estimator 15 prepares symbol
candidates in a descending order from sM to s1, and estimates and
outputs a transmitted signal vector s1, s2, SM. In this manner, M signals
that are 20 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, signals

an be demodulated 28 with a much,sjmpler arrangement than
FEPRS715, T R S G FUIES A By Seqences. Embodiment
1 Figp 3 RiRiP Sk UAgtad PE R RO 8,APPALANEACSRIIMGLID R THSL 814
embodimentlo&th%egpé?egsgg: inverﬁ%gn. The arrangt;esﬁent of a wireless '
chmmenigasitiisystestimatordng tRkthe fisshposeodit)edtof thepsesent4,
invention is similar to the arrangement of the wireless communication

HtemitecCeraivRNeE RS RO SDFERETBYESSRERMVER tIShSh&iRINE 2

e
(Mrls @ngaiegss Fgc?ei\ghgrgak%)at{ggsgnission antennas 21-1 - 21-M, with

N (N is an integer of 2 of greater) reception antennas 11-1 - 11-N.

ReceiRagegiparatisineanigrides i rdoeptdreartameets/ & sihrdlg-NChannel
Soafoent cstimator 32 18 Suphllsd with racEved Signals 1y - 74 % s inputs,
estimates channel coefficients, and outputs channei matrix H of the
estimated channe! coefficients. QR decomposer 33 is supplied with channel
matrix H as its inputs, performs QR decomposition on channel matrix H, and
outputs a Q matrix and an R matrix.

oH processor 34 is supplied with the Q matrix and received signals 4
- f4 as its inputs, mulliplies received signals rq - r4 by the complex conjugate
transposed 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 inputs and estimates and outputs signals transmitted
from respective transmission antennas 21-1 - 21-3.

As shown in Fig. 5, transmitted sequence estimator 4 comprises three-
stage likelihood calculator groups of likelihood caiculators 41-1 — 41-16, 43-1
- 43-16K1, 45-1 — 45-16K2, and three-stage signal seiectors 42, 44, 46.
Transmitted sequence estimator 4 performs signal processing in the order of
the third stage, the second siage, and the first stage. According to the
present embodiment, if signals transmitied from respective transmission
antennas 21-1 — 21-3 are 16-valued, then the likelihood caiculator group in

the third stage is made up of 16 likelihood calcuiators 41-1 ~ 41-16.
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15 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 OH processor 14 correspond to
nulling device 10 described above. Specifically, according to the present
embodiment, a QR 20 decomposing process is carried out as the nulling
process. Reception antenna 11-1 receives a signal. Channel coefficient

Lﬁﬁéﬁ‘ﬁ% 8%5 |en$P4%(ézv¥lth J3CRY/BPLS glﬁisupp]ﬁ ’V’%ﬁ%&%‘aﬁﬂmtﬁi and

anne coe decomposer’l a matrix of

dbanel gg%ﬁﬂm@w&smmm 8P nesiasnmQBudscampositionsigrifiegroup of
channel matrix, 25 and outputs a Q matrix and an R matrix. QH processor

oI BPPlietawith e 1B Andrix Hatsmitied siystb @ saighariagies mpiits

and outputs a converted ence that is produced by multiplying the
tF@EéW@ge @HH?é’%mdé %?e%:én%gﬁ@e"t?aﬁsposed matrix of the Q

matrig T(g ﬁeﬁQ%Uﬁ&%@aﬁm@&rﬁmwwq Wi ikPaiggied

sequence an maltrix as its inputs and estimates and 5 outputs

densidedrapgHenees \Peapsnsingigaith giangendert elihveeoieer algnal
receiver, transmitted sequence estimator 15 is capable of outputting a
ikl teogarferates 4ﬁa’t}1§rﬁ'ﬁﬂt@(§i"9i’9¢%ibs@f@éﬁd@or@th?éﬁlkébhcf@ﬁ [siesaigtors

have been transmlttedb the transmitte aI se enc?g irecelved
|

4ighar Gdctr ?F’fdfé,ﬁ%g’@ e FIEWE R e Adr< received
by remﬁgﬁﬁo%@eawa%&;w%,s&&n%m&@e&l %@&%H%@%ﬂ@%r

411 generates and oufputs transmitted symbol candidate s3.4.3 which
comprises a symbol of either one of signals c4 ~ cq5. Converted signal
replica generator 412 is supplied with element r33 of the R matrix and
transmitted symboi candidate s3.4.3 as its inputs, and generates and
outputs converted signal replica z3.4.

Error calculator 413 is supplied with converted signal z3 and converted
signal replica z3.1 as its inputs, calculates an error between the two signals,
and outputs rror signal e5.4. Converted signal replica z3.1 is calculated
according to the equation:

23-1 = 3383-1-3
and error signal e5_4 is calculated according to the equation:

e3.1= |z3-23.112

First likelihood calculator 41-1 outputs error signal e3.1 and transmitted
symbol candidate s3.4.3. Similarly, second likelihood calculator 41-2
outputs error signal e3_o and transmitted symbol candidate s3.2.3. 16th
likelihood caiculator 41-16 outputs error signal e3.4¢ and transmitted symbol

candidate $3.18-3.
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The Q matrix that is output from QR decomposer 13 is a unitary matrix of
N rows and M columns, and satisfies QHQ = | where H represents a
conjugate complex transposition and | a unit matrix. The R matrix
comprises 15 an upper triangular matrix of M rows and M columns. A
processing operation performed by QR processor 14 is described as
follows: [Equation 4] Z, z -1 z 2 -Q'Hr=QH(Hs+n)=QH(QRs+n)=Rs+QV~n
zMrilrig...rIMSIn 0"22...r12MS2+n2 00_000 rMMiSM nIM 20

Tranggyitied sﬁgt@;%ﬁﬁ%@%ﬁr&%ﬁﬁgleﬁﬁnﬁﬁigh%HHQHg%ﬁjgf‘@ilgna!

vector Z and maltrix as Its Inputs, estimates transmitted sequences,
ot pBEhauin s bimnsal tothsigneh sariecerolb e diarngde@mximum
likelihood. In this manner, M signals that are simultaneously transmitted

drdenatatinittfgikpacadisaainterads M trafibrifsdidhabtéisheiaga- as its

21- M be d lated. 5 Accordj 1h bodi
BUERAEH BB e e e R o S PRl A <

PsRunreseiyed sionalsigsnrrater Jroma DurgliteRfditelheeanencathe K1

and actually received signals are used to
transmitted symbol candidates that are ouiput are either one of signals ¢4 -

C16.

The likelihood calculator group in the second stage is made up of 16K1
likelihood calculators 43-1 — 43-18K1. First through 16th likelihood
calculators 43-1 — 43-16 are supplied with converted signal zp, elements rpo,
o4 of the R matrix, error signal €4, and transmitted symbol candidate s™'4.
3 as its inputs. 17th through 32nd likelihood calculators 43-17 — 43-32 are
supplied with converted signal zp, elements ro9, rog of the R matrix, error
signai €2, and transmitted symbol candidate s'72_3 as its inputs. {16(K1-
1)+1}th through 16K 1th likelihood calculators 43-16(K1-1)+1 — 43-16K1 are
supplied with converted signal z2, elements rog, rog of the R matrix, error
signal €’k 1, and transmitted 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 likelihood caiculator 43-1.

in likelihood calculator 43-1, transmitted symbol candidate generator
431 is supplied with transmitied symbol candidate ™4 as its input and
outputs transmitted symbol candidates s2_4.3, 82.1.2 which comprise a
symbol of either one of signals ¢4 — c4g. Converted signal replica generator

432 is supplied with elements ry9, roa of the R matrix and transmitted
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estimate transmitted sequences. Using a suitable number of sequences,
signals can be demodulated with a much simpler arrangement than 10
heretofore. Embodiment 2: 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 15 a third-stage likelihood calculator
shown in Fig. 5, Fig. 7 is a block diagram of a second-stage likelihood

caI tor shown in Fig. 5, and Fig. 8 is a block di m of & flrst

?? g ﬁ ﬁ%?o?%ﬁo??vr?ﬁ'r'i:%% ‘ﬁw %%ﬁgéﬁ]gu;ﬁ‘ orawire ergés%gsegnai
r8 ﬂggl&ngtlon system according to the second embodiment of the
presentmvention is the same as the arrangement of the 20 wireless
comrmamc@mu%mmaas@mmm tivitre ndoeginemn sgirostizin Gigveried
above, except that receiving apparatus 3 is §rowded mstead of receivin

%@Fﬁ‘ré@lﬁ’é'qa FRFig2ad REen Mg Epfaratds 8% PSR GHEPT g‘gﬂa’

embodiment receives SI nals transmit

i B A e G B s RS PR o on
ante 5131?% %J;I 18 gssumed that either one of 16-valued signals cl
- cl6 transmi ted from each of transmission antennas 21-1 - 21-3.
dfeceivorgsapraRius B caloplses faccoatiogtiontbatequnak®i-1 - 31-4,
channel coeffi C|ent estl tor 32, QR decomposer 33, QH processor 34,
trans@@éds rﬁ&orm and recording medium 35 for storing a

First likelihood calcuiator 43-1 outputs error signal ez_1 and transmitted
symbol candidates sp_1.3, s2.1.2. Similarly, second likelihood caiculator 43-
2 outputs error signal es_» and transmitied symbol candidates s2.2.3, 82.2-
7.

in 17th likelihood calculator 43-17, transmitted symbol candidate
generator 431 is supplied with transmitted symbol candidate s™'2.3 as its
input and outputs transmitted symbol candidates so.47.3, $2-17-2 which
comprise a symbol of either one of signals ¢4 — c1g. Converted signal
replica generator 432 is supplied with elements rog, r23 of the R matrix and
transmitted symbol candidates s2.47.3, s2.47.2 as its inputs and oulputs
converted signal replica zp.17.

Error calculator 433 is supplied with converted signal zp, converted
signal replica zo_17, and error signal "' as its inputs and outputs error
signal ep_{7. Converted signal replica zp_47 is calculated according to the
equation:

2217 =12282-17-2 T 12382-17-3

and error signal ep_47 is calculated according to the equation:

ep-17 = lzp— 23,4712 + €47
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5 program (a program executable by a computer) for realizing processes
in various parts of receiving apparatus 3. Reception antennas 31-1 - 31-4
receive respective signals. Channel coefficient estimator 32 is supplied
with received signals rl - r4 as its inputs, estimates channel coefficients,
and outputs channel matrix H of the 10 estimated channel coefficients. QR
decomposer 33 is supplied with channel matrix H as its inputs, performs
QR decomposition on channel matrix H, and outputs a Q matrix and an R

maliefRHPIRERARRale SuRRIed MBR NG AmRidrBAd, w%ﬁﬁn%ﬂ%ﬁd

rl r4 as its inputs, multiplies received signals r1 - r4 by the com

teanjugatel $priasispaseid atedrbood dhet Q nealrivgkang. oBipots setedied4 in

sequence z. Transmitted sequence estimator 4 is supplied with converted

thecirnul staad e voRliadivib fRafpie aianaifiantdbalaniiyisd

signals tran ted spective trans a 1 21 3. As
KB PRt G RS DR R dotIBSU AL 20
SirgrAkrlinaod calsulairn groyRsRIdke @Q?é%‘é%@tg{é&é Arcdolfuts K2
43-1 - 43-16K1, 45-1 - 45-16K2, and three-stage signal selectors 42, 44,
Ator Bignammitied setuensfeaestimibet érp@srmnmﬁlgmlqmmmwgﬂmthe
order of the third stage, the second stage, and the first stage. According
qBnHisigireselst Gnbadimert) if @gﬁa@traﬁgmm)ew%?ﬁn%@ BigE o’

t 5 ant 1 1-21-3are 1 th l
calouien BRI st IR TG eihads kiR
ikkithofd-d8c3kidkelimnad.caiyitars At idtdoth arstruRBliedyyth

converted signal z3 and
calculators 45-1 — 45-16 are supplied with converted signal z4, elements 141,

r10, r15 of the R matrix, error signal &”1, and symbol candidate set (8”13,
$"'4.2) as its inputs.

17th through 32nd likelihood calculators 45-17 — 45-32 are supplied
with converted signal z4, elements 144, r12, 113 of the R matrix, error signal
e”9, and transmitted symbol candidate set (s72.3, 8"2_p) as its inputs.

{18(K2-1)+1}th through 16K2nd likelihood calculators 45-16(K2-1)+1 ~
45-.16K2 are supplied with converted signal z4, elements r11, rqg, r13 of the
R matrix, error signai e"ko, and transmitted symbol candidate set (s"K2.3,
s"Ko.-2) as its inputs.

As shown in Fig. 8,' first likelinood calculator 45-1 in the firsi stage
comprises transmitted symbol candidate generator 451, converted signal
replica generator 452, and error calculator 453. Other likelihood calculators
45-2 — 45-18K1 are identical in structure to likelihood caiculator 45-1.

in likelihood calculator 45-1, transmitted symbol candidate generator
451 is supplied with transmitted symbol candidate set (s"4.3, 8"1_2) as its

input and outputs transmitted symbol candidates s1{.1.3, $4.1-2, $1-1-1
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element r33 of the R matrix as its inputs and outputs an error signal group
of error signals e3-1 - €3-16 and a transmitted symbol candidate group of
transmitted symbol candidates s3-1-3 - s3-106-3 5 As shown in Fig. 6, first
likelihood calculator 41-1 in the third stage comprises transmitted symbol
candidate generator 411, converted signal replica generator 412, and
error calculator 413. Other likelihood calculators 41-2 - 41-16 are identical
in structure to likelihood calculator 41-1. In likelihood calculator 41-1,

t itted symbol idat t 41 t d output
AR FRBE S Bo Cl BLS RT3 SN LG Bprmbal o Bither
(gﬁrgﬁ;%%v a6l robhEa CeAKRLIEN ARl JAPRRBIRRRIEIGTASS 4. 112,

ment r33 of the R matrix and transmitted symbol

qancidaters SnbiBiaais trewmitiad geniralesadid atatpsdscanserted, s4.1.4
signal replica z3-1. 15 Error calculator 413 is supplied with converted

afghainB Enarsbavipids sgharieprans reaitsdnputs, calculates an
error?etweerll t ettvvo §Ii§nals a§d§OUt?RIJtS error. si gal e -%. C%rh\(/%rrt-%%
signa F&%ﬁigg 349'% é ﬁ?a%ga PRSP gc?c?}/ﬁg% JAfioR: 78-T<

- L e ' is'C ' ti9hnal
R L e o e ayone
@3-~ aDdritengisemayelincandidatemddlateSaviartyingerotie equation:.
likelihood calculator 41-2 outputs error signal e3-2 and transmitted

symbéli cafdidafel sB-2-3 ! 15%-252ikelitifold Galculator 41-16 outputs error

at &I,F%?-égnaaq%%rﬁnlssrrgg%%lg¥énab gf':cording fo the eguation:

eq.1= 29 ~214[2 + ey

First likelihood calculator 45-1 outputs error signal e4.4 and transmitted
symbol candidates $4.1.3, 84.4-2, $4-1-1. Similarly, second likelihood
calculator 45-2 outputs error signal e4_2 and transmitted symbol candidates
$1.2.3, §1-2-2, 81.2-4. 16K2th likelihood calculator 45-16K2 outputs error
signal e4.1gK 2 and transmitted symbol candidaies s4.15K2-3, $1-16K2-2
$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'1, s'2, 8'3 which give
smallest error signal &'4.

According to the present embodiment, as described above, the
transmitted symbol candidates that are input to the signal selectors in the
respactive stages include 16 transmitted symbol candidates from likelihood
calcutators 41-1 — 41-18 in the third stage, 16K1 transmitted symbol

candidates from likelihood calculators 43-1 — 43-16K1 in the second stage,
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candidate s3-16-3 33 Signal selector 42 in the third stage is supplied with

the error signal group and the transmitted symbol candidate group which

have been calculated by 16 likelihood calculators 41-1 - 41-16 in the third
stage, as its inputs and outputs K1 error signals a™1 -a K1 of a smallest

error and K1 5 transmitted symbol candidates s"'1-3 -s ... K1 -3 which give
the error. The K1 transmitted symbol candidates that are output are either
one of signals cl - C16. The likelihood calculator group in the second

st jsmade u likeliho I r - 43: ILS
e e LT

£9NEEThaigaFrZRsplgaems rehce2eed the(R -metrix, kkmor signal e™1,

and transmitted symbol candidate s'1 3 as its inputs. 17th through 32nd

likelindodordingl sdisdsrasent Bvaantien sheseéeraiih cbiverbipsiBapng K2

elements r22, r23 of the R matrix, errorgai{gﬁﬁd e"2, a

>me géransmgfed idat
(Qribol A RRAERBISARSRLAE IREAIGUTBRC L ATS TR BBRCt SR Rddates
likelihpo cul R 1)+1 43 res ' '
o e e S g P e et
anth Hansaritird-syarbahardigaln 8 dchaeasidielr irpotssAsrairevindrdta.
7, first likelihood calculator 43-1 in the second stage comprises
mamsraittgdrsyratmittedraliveirel gencidaieads ‘88R%erted signal 20 replica
generator 432, and error caﬂcul tor 433. Other likelihood alculat%r{f,r43-2 -

e

43-16K -t éSe RUANAT Rl eRMG RIS B LB R RS 5 S thiTik TR e
SRicLaIL 4351 BRRE ef S WO S ANHIAHGESIESA IR present invention.

The demoduiating process of receiving apparatus 3 according to the second
embodiment of the present invention will be described below with reference
to Figs. 4 through 9. The process shown in Fig. 9 is performed when a
processor (CPU: central processing unit) of receiving apparatus 3 executes a
program stored in recording medium 35. 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 3, QR decomposer 33 performs QR
decomposition on channel matrix H. Based on QR-decomposed channel
matrix H, QH processor 34 calcuiates converted signal z (step 811 in Fig.
9). Transmitted sequence estimator 4 sets parameter m to M and Kyj+1 to 1
(step 812 in 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 calcuiates (kQm+qg)th replica zm-
kQm+q for converted signal zyy, using a kth symbol candidate for transmitted

signals sm+1 - sy and a gth symbol candidate for fransmitted signal sm
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431 is supplied with transmitted symbol candidates '1 as its input and
outputs transmitted symbol candidates s2-1-3, s2-1-2 which comprise a
25 symbol of either one of signals c1 - c16. Converted signal replica
generator 432 is supplied with elements r22, r23.of the R matrix and
transmitted 34 symbol candidates 2-1-3, s2-1-2 as its inputs and outputs
converted signal replica z2-1. Error calculator 433 is supplied with
converted signal z2, converted signal replica z2-1, and error signal e™1

ItS ¢ t ign : Teloy iga
B o Fansi e el
£2BsRale3 andoeisobeigned e Ldnisericiiged ageoadin geplite Bguatign.q, and
e2-1=12z2-2z2-112 + e., 1 First likelihood calculator 43-1 outputs error
sipmpaRriexdithaiesprRES 0 thalthmireheirrididate fy ansmitted signals
Similarly, sec ndg%giho?d caéculator 43- 2 outputs error signal e2-2 and
St S Rbld8ted' s2-2-3, x2-2- 2 In 17th likelihood calculator

43-17,ransmited-supbelcandidaig gsreratey #31 & sepplied-with . 1 is not

transmitted symbol candidate s'2-3 as its 15 input and outputs transmitted
sythifielcandipates sRFg. 3)sarkd 2 which Compris s atsymd ¢saireiliérin Fig.
one of signals cl - ¢16. Converted signal replica generator 432 is

Shpbmsutians BideR REdU ee Ralihaly haRiIREREhAIMARLIRBIRED!
?g&%g%ggf%&%n%%f%é%ig?%&”g é?ﬁ‘ﬁssﬁ‘ﬂ”gnoé’ ERlétserfoorn(\é?&?%i@ ﬂﬂ'—"ig. 9).
If “m-- = 1" is satisfied (step $19 in Fig. 9), then transmitted sequence
estimator 4 outputs transmitted signals s4 — spy which give a minimum error
(step S21 in Fig. ).

Embodiment 3.

Fig. 10 is a block diagram of a receiving apparatus according to a third
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, and Fig. 13 is @
block diagram of a first-stage likelihood calculator 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 receiving
apparatus 1.

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

51-1 - 51-3. It is assumed that either one of 16-vaiued signals ¢ - c4g is
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20 Error calculator 433 is supplied with converted signal z2, converted
signal replica z2-17, and error signal e"'2 as its inputs and outputs error
signal e2-17. Converted signal replica z2-17 is calculated according to the
equation: Z2-17 =r22s2-17-2 + r23s2-17-3 25 and error signal e2-17 is
calculated according to the equation: e2-17 = 1z2-z2-1712+e,"17 35
16K1th likelihood calculator 43-16K1 outputs error signal e2-16K1 and
transmitted symbol candidates 52-16K1-3, s2-16K1-2 Signal selector 44 in

45 R SIS AR U e e eqd e yansmitec

symbol candidates which have been ca K1 likelihood 5

calculaiisvisglapharbicl AreBifmenan thasao A is MNEkisrane GUtputs 51-
K2 error signals e"l - e"K2 of a smallest error and K2 transmitted symbol

Sackinate! seef{isiars estpto(SROIR stecopyruisien GivéXfe aoresser 54,
likelihood calculator group in the first stage is made up of 16K2 Iikeljho?gr 6

‘eanginitise 25mPokBANEIARIRG BTGt L S kIO IS BRI BRORA
S B R P e e
asisunRY R FEHIHrgUsb b ikalinaesi eateinatorsdEeiingd@ppaies 5.
supplied with converted signal z1, elements r11, r12, r13 of the R matrix,
error Signaptith eltcamasrarisiittd-Syrabelvearsivariivetggmas. sChannel
aéei%@%%%lﬁ%%f{i%%fo%%?%}ts%r&?ggU«%ﬁ 20skgINood SAICUIaIOLS s inputs,
estimates channel coefficients, and outputs channel matrix H of the
estimated channel coefficients. QR decomposer 53 is supplied with channel
matrix H as its inputs, performs QR decomposition on channel matrix H, and
outputs a Q matrix and an R matrix.

ol processor 54 is supplied with the Q matrix and received signals r+
—r3 asits inputs, multiplies received signals r{ — r3 by the complex
conjugate transposed matrix of the Q matrix , and outputs converted
sequence z. Transmitted symbol candidate selector 55 is supplied with
received sighals r4 — r3 as its inputs, and selects transmitted symbol
candidates for converted signal z. In the present embodiment, transmitied
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
prepared according to MMSE with respect to the signal transmitted from first
transmission antenna 21-1 based on received signals r1 — r3, and multiplies

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

demodulated signal y1. Provisional demodulated signal y1 is expressed as:
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45-16K2 are supplied with converted signal z1, elements r~j 1, r12, r13 of
the R matrix, error signal e"K2, and transmitted symbol candidate set
(s"K2-3, s"K2-2) as its inputs. 20 As shown in Fig. 8, first likelihood
calculator 45-1 in the first stage comprises 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,
fEuEnsiedjsymbol candidate generator 25 451 is supplied with
transmitted symbol candidate. set (s"1.3, s"1.2) as its input and outputs
transmitted symbo) candida es|s1-1-3, s1.1-2, s1:1-1 36 which comprise a
symbéi 5t 8ith&rEmeof: 16- leezdwsigrnﬁlgiciﬁéf&f Converted signal
replica generator 452 is supptied with elements r11, r12, r13 of the R

matrix and transmitted symbol candidates sé—ﬁ-?,, sl-1-2, 1&@]@1% its
YRS WG RRPRRSCBAVEIREN SGiHl PRI A e A5 ¥ B}QC% Fasa i
supplpd10 comeried ignal s comerid. SianelieRIGR i AeANE Rk
signal S A S Inputs an el-1.

outputs error signal onverted signal
sepiisazladds calarie digeensding © heravalionitdd s ¥oided-1-1 +
ri2s1-1-2 + rl3s1-1-3 and error signal el-1 is calculated according to the
equatfnuatecetuckddn-distangesvith Bigt#kelinood calculator 45-1
outputs error sig gl el.1l and transmitted symbol candidates s1-1-3,
s1-1-25 st 174 1Similarly, second likelihood calculator 45-2 outputs error

00k LrAngansEtedis¥mbalGandidales represented respectively by
81-1—91-16

Transmitted symbol candidate selector 55 selects smaliest eight
squared Euclidean distances among 16 squared Euclidean distances g4.4 -
q1.16, and selects eight symbols which give the error as symbol candidates
for first transmission antenna 21-1. Similarly, transmitted symboi candidate
selector 55 selects eight symbolg for the signal transmitted from second
transmission antenna 21-2.

Transmitted symbol candidate selector 55 outputs the symbot
candidates obtained by the above process as symbol candidates x4.4 — X1.
g8, X2_1 — x2.8. Symbol candidate xj.m, represents the mth transmitted
symbol candidate for the signal transmitted from ith transmission antenna
211, and is either one of 16-valued signals ¢4 - cq6.

Transmitted sequence estimator 6 is supp!iéd with converted signal z,
the R matrix, and symbo! candidates selected by transmitted symbol
candidate seiector 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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s1-2-3, s1-2-2, s1-2-1. 16K2th likelihood calculator 45-16K2 outputs error
15 signal e1-16K2 and transmitted symbol candidates s1-16K2-3,
s1-16K2-2, s1-16K2-1 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 20 its inputs and outputs transmitted symbol
candidates s'1, s'2, s'3 which give smallest error signal e'l. According to

%ggﬁgge%@heor: 8%&?3%%%%85?%&% ggdtgg,?gwsrgiqugsxrgqgg 63-1

are mnpu e'signal selectors In the respective stages

Inglyciac6 Hansmitiad sya1grbeaatidates foneliketirgasifeninstaionse
41-1 - 41-16 in the third stage, 16K1 transmitted symbol candidates from

Bediihatnt 6ateufatons 4@rial pBtEEsing thelvecodarsthes [HRliNCOTEK 2
transmitted symbol candidates from likelihood calculators 45-1 - 45-18KS%age

PRIREIAFSE S, BrifihSRERTBISIALTL SIE SREFRERGrEING TPHR"
H%%ﬁﬁ?t[fﬁé]%tb lcé@%&?:%%%% Fg}f%sﬁkt?sﬁgléa?nidgﬁg%g%%iea& 64 in the

example, then the m transmitted sy ndidates 5 is

fr8dstdhe nuBreeriaf REPERS B e)iElempeenmeiing, 1 fhepigaeat symbol
embodiment is much smaller than a conventional process where the total
camiidats seiestoitttll syiatis emhdigdmbais aesembly cansiidatrsciadrt of

e T M R e
ROSERS SHGERVIRIRPRR S SiohPRESNIOs NG RR6RNE 1-1 — 61-8.

First likelihood calculator 61-1 is supplied with converted signal z3,
element roo of the R matrix, and symbol candidate xp_1 as its inputs.
Second likelihood calculator 61-2 is supplied with converted signal zo,
element rog of the R matrix, and symbol candidate x2.p as its inputs. Eighth
flikelihood calculator 81-8 is supplied with converted signal zp, element rpo of
the R matrix, and symbol candidate xp_g as its inputs.

As shown in Fig. 12, first likelihood caiculator 61-1 in the second siage
comprises transmitted symbol candidate generator 611, converted signal
replica generator 612, and error calculator 613. Other likelihood caiculators
61-2 — 61-8 are identical in structure to likelihood caiculator 61-1.

in likelihood calculator 61-1, transmitted symbol candidate generator
611 is supplied with symbol candidate x2.1 as its input and ouiputs
transmitted symbol candidate so.41.2. Converted signal replica generator
812 is suppiied with received signal vector ro2 and transmitted symbol
candidate so_4.o as its inputs and outputs converted signal replica zp_1.
Error calculator 813 is supplied with converted signal zo and converted

signal replica zp_4 and outputs error signal ep_1.
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embodiment of the present invention will be described below with
reference to Figs. 4 through 9. The process shown in Fig. 9 is performed
when a processor (CPU: central processing unit) of receiving apparatus 3
executes a program stored in recording medium 35. Though transmitting
apparatus 2 15 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 3, QR decomposer 33

performmRedesigRasiiRtbon chanagldiritbe hcBasHPD the equation:
QR-decomposed channel 20 matrix H, QH processor 34 calculates

convefted sigpasz_step S11 in Fig. 9). Transmitted sequence estimator 4
sets parameter mto M and KM+1 to 1 (step S12in Fig. 9), generates Qm

A BHIEAHENPA B2-folSRISHRIBE RpRIFISS Ri%E IRy, 9), and sets

paran%eterg g 118%§lp §i4 in Fig. 9). Transmitted sequence estimator 4
calculatas (k r%+q "”?eplica zm 2 5 kQm-+q for converted signal zm using

a kth syiNIdid g dardiansmittenitsianaleramsignasMandadithansmitied
symbol candidate for transmitted signal sm 38 (step S15 in Fig. 9).

furthercandjdedasmites sBiiaidy esthonatolikltuodisaisdatendi -2

between converted signal zm and replica zm-kQm+q, and adds error. ek
QRS BEH B 2 KER 5 A0 ATV Y AR SRR Blgr 885 25+ 319Nt

RAFIERSMLDES 518 4001 0500 1o (RN ool

m+1"is not satisfied (step S18 in“Fig. 9), and if "m-- = 1" is

agﬁam&eﬂz(gt_%p S19in Fig. 9), then transmitted sequence estimator 4
selects and saves Km symbol

Signal selector 62 in the second stage is supplied with the error signals
and the transmitted symbol candidates which have been calculated by eight
likelihood caiculators 81-1 - 61-8 in the second stage, as its inputs and
outputs K1 error signals "4 - "1 of a smaliest error and K1 transmitted
symbol candidates s"4.2 - 8"k 1.2 which give the error.

The likelinood calculator group in the first stage is made up of 8K1
likelihood calculators 83-1 ~ 61-8K1. First through eighth likelihood
calculators 63-1 — 63-8 are supplied with converted signal z4, elements rq4,
r42 of the R matrix, and transmitted symbol candidate 8”4 as its inputs.
First likelinood calculator 83-1 is also supplied with symbol candidate xq.1 as
its input. Second likelihood caicuiator §3-2 is also supplied with symbol
candidate x{.2 as its input. Eighth likelihood calculator 3-8 is also supplied
with symbol candidate x4.g as its input.

Ninth through 16th likelihood caiculators 63-9 — 63-16 are supplied with
converted signéi z1, elements rq 4, r{p of the R matrix, error signal "4, and

transmitted symbol candidate s"5_2 as its inputs. Ninth likelihood calculator

63-9 is also supplied with symbol candidate x4.1 as its input. Tenth
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candidates for transmitted signals sm - sM and the error (step S20 in Fig.
9). If "m-- = 1" is satisfied (step S19 in Fig. 9), then transmitted sequence
10 estimator 4 outputs transmitted signals s1 - sM which give a minimum

error (step S21 in Fig. 9). Embodiment 3: Fig. 10 is a block diagram of a

receiving apparatus according to a third embodiment of the present

-invention, Fig. 11 is a block diagram of a 15 transmitted sequence

estimator shown in Fig. 10, Fig. 12 is a block diagram of a second-stage
Ikt calauisttor shawnd sy slippliad wigh $3risha| bmclidEgramoofs its
first-stage likelihood calculator shown in Fig. 11. The arrangement of a

inmeledSHolineilimestion eyalontcdbriiryee swwmied Wilbsumpahcsngigate

)gresent.inventi n is the same as the arrangement of the 20 wireless
b&ﬁﬁjﬁﬁ:g} ‘system according to the embodiment shown in Fig. 1

abovfa ﬁﬂﬁlq}ﬂ% RESHIRBRARMIAURTRSIRIQMABHIRSEad G 1eRiYings 3.
atus 1

i
appa .In Fig. 10, receiving apparatus 5 according to the third
Secane |fIpbhgtmeith ueieeesignaaitansiittashteom 4ragsnoiting R matrix,
apparatus 2 25 having two transmission antennas 21-1, 21-2, with three

eEeEsioncdsienRiy FENSTELCY HHRekoATEHIAR BitierDAR Breiblvamiad
AR AT S R U it
iRy aso s e ST
8eGLdne? mstilmateuhlied with symbol candidate x1.2 as its input. 8K1th
likelihood calculators 63-8K1 is also supplied with symbol candidate x1.g as
its input.

As shown in Fig. 13, first likelihood calculator 63-1 comprises
transmitted symbol candidate generator 831, converted signal replica
generator 832, and etror calculator 633, Other likelihood calculators 63-2 ~
63-8K1 are identical in structure to likelihood calculator €3-1.

in first likelihood calculator 63-1, transmitted symbol candidate
generator 631 is suppiied with transmitted symbol candidate s"4.1 and
symbol candidate x4_4 as its input and outputs transmitted symbcl
candidates s4_1_2, $1.4.1 which are either one of 16-valued signals ¢;
through cqs. Converted signal replica generator 832 is supplied with
elements r{1, r{2 of the R matrix and transmitted symbol candidates s1.1.2,
s4_4.4 as its inputs and outputs error signal eq_1.

Converted signal repiica z4.4 is calculated according to the equation:

Z4-1 = 11189.1.4 + 11281.1.2
and error signal e{_1 is calculated according to the equation:

e1.q= lzq1-21.412 + ey
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5 and recording medium 56 for storing a program (a program executable

by a computer) for realizing processes in various parts of receiving
apparatus 5. Reception antennas 51-1 - 51-3 receive respective signals.
Channel coefficient estimator 52 is supplied with received signals rl - r3

as its inputs, estimates channel coefficients, and outputs channel matrix

H of the 10 estimated channel coefficients. QR decomposer 53 is supplied
with channel matrix H as its inputs, performs QR decomposition on
chanrfétshikeiitrhcahdaloutplas 83¢) matpxtareray Rgnatreq @ Eptdassoritted
54 is supplied with the Q matrix and received signals rl -r3 as its inputs,

RYONRS SERSHERIES Sirials BT -1r2 byPiRd e pHeR A rptinars FalRpaEidS3-
ix of the O matrix , and d i
RO LR of SR ey R e B 2

5 BRYIR ARG alERREN sy mBalp PR ABtes dnaPanvEK pdAtgNal

z. In the present embodiment, transmitted symbol candidate selector 55
gelestsivghtgigbalscasdidatsited gymha 2@ gandidSigsalssetpatoMMSE the
Minimum Means Square Error) filter, for example. Transmitted symbol

BFiitRaE SoriiBiss WHS Hg &Rt §&‘?@ﬂsﬁaﬁé%%‘&%ﬁiﬁdﬁw}ﬁ§t
W&RJ@% S i&%eh%%@g{éreﬁnsg‘@g%@u .'é‘é&t@%%%%%!o AieR a5k -

ased on'received sign iplies received signals rl -

ERIKheNRIE R Yestando R odURp O Hisi BakpRMREHIRRRRIgnahdl
Provisional demodulated signal Y1 is expressed as: 40 [Equation 5]
candidates s'4, §'2 which give a smaliest error.

According to the present embodiment, as described above, the
transmitted symbol candidates that are input to the signal selectors in the
respective stages include 8 transmitted symbol candidates from likelihood
calculators 81-1 — 61-8 in the second stage, and 8K1 transmitted symbol
candidates from likelihood calculators 63-1 — 83-8K1 in the first stage, and
hence total 8(1 + K1).

According to the present invention, therefore, if K1 is set to “8”, for
example, then the 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 transmitfed symbol
candidates are reguired.

In the present embodiment, eight candidates are selected for a symbol
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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rl y1-WHr= (W1-11fJ1_2Wit3 1,]= WI-Ir + W1_2Y2 + W1~-3r3 r3 where w
represents a weight vector generated according to MMSE. Then, squared
Euclidean distances between provisional demodulated 5 signal y1 and
16-valued signals c1 - C16 are calculated as follows: Squared Euclidean
distance with signal ci =1 ci-yl 12 The obtained squared Euclidean
distances are represented respectively by q1-1 -q1-16. 10 Transmitted
symbol candidate selector 55 selects smallest eight squared Euclidean

distanggs aMmeag b sANArefFushidsan sisigreessss bedarrhedandreceiving

selects eight symbols which give the error as symbol candidates for first
appaeissibraanteding zginesiﬁmbﬂmwgmmﬁe@fgpmbmaﬁtﬁaa@@tlon The

selector 55 selects elghél symbals forthe trans tteoEﬁ
GRS BRSSP ARRB S T B SOt e Lt 55
BRI &W%%ang'%ﬁ BY U ehous BEISRS S EiaRke

can Idates x g, x2-1 Symbo ate xi_m represents

ﬂ@@@éh ippsaliied symhel sandideterowihmtunal franpanttrehsdmiibn 2

transmission antenna 20 21-1, and is either one of 16-valued signals c1 -
piB:sErndGfidd w@c@rm@@awmoum)s@ugmwwmmmé SipRiites a
z, the R matrix, and symbol candidat %Iecte transmitted symb

SHAR

|
RiARIRE: S G SEPAI NG MEHL A eoiToueR TABSSTIBIG erfeia L 2

has two transmission antennas 21-1, 21-2 in the above description,
transmitting apparatus 2 has M transmission antennas in the operation
describad helow.

In receiving apparatus 5, QR decomposer £3 performs QR
decomposition on channel matrix H. Based on QR-decomposed channel
matrix H, QX processor 54 calculates converted signal z (step 831 in Fig.
14). Transmitted sequence estimator § generates Xy, symbol candidates for
transmitted signal sy, (step 832 in Fig. 14), sets parameter m to M and
Ka+1 to 1 (step S33 in Fig. 14), and sets parameter g to 1 (step S34 in Fig.
14},

Transmitted sequence estimator 6 calculates (kQm-+g)th replica zm.
kQm-+q for replica zy, using a kth symbol candidate for transmitted signais
sm-+1 - Sp and a gth symbo! candidate for transmitted signal s, (step 38 in
Fig. 14). Furthermore, transmitted seguence estimator & calculates an error
betweén replica zm and replica Zm_kQm+q, and adds errors zy+1 - Zjy With
respect to transmitted signals s+ — Sy (step S36 in Fig. 14).

If “g++ = Qm" is not satisfied (step S37 in Fig. 14), if "k++ = Km+1' Is
not satisfied (step S38 in Fig. 14), and if “m-- = 1" is not satisfied (step 838 in

Fig. 14), then transmitted seguence estimator 6 selects and saves Ky
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transmitted from respective transmission antennas 21-1, 21-2. 25 As
shown in Fig. 11, transmitted sequence estimator 6 comprises two- 41
stage likelihood calculator groups of likelihood calculators 61-1 - 61-8,
63-1 - 63-8K1, and two-stage signal selectors 62, 64. Transmitted
sequence estimator 6 performs signal processing in the order of the
likelihood calculator group in the second stage, signal selector 62 in the
second stage, 5 the likelihood calculator group in the first stage, and

signal selector 64 in the first stage. According to the presen i :
SRR R Rl e T scicead 2T piBl. S Sho i
Byynhg) candidates fe LangaissigaPaiegnas Bl-ap trdriheihiifitied
likelihood calculator group in the second stage Is made up of eight
Ekelilzond eslitmiator Gadufputsl ttarkdrist dghlatod calsyjpeancl give a
supplied with converted signal z2, element r22 of the R matrix, and
sYBBIEaRaTdEsR I4dsitdigpdts): Second likelihood calculator 61-2 is

lied with converted signal z2, element r22 of the R matrix, and
g 'g}ﬁmi ate x2-2 as its inputs. Eighth likelihood calculator 61-8 is

supplief ihganypiiacpiaiaht 3 9BINIRY Sobraile Babaitinenda four

symbol €andidate x2.8 as its inputs. As shown in Fig. 12, first likelihood
eahtuddioretit of ihéhpreseonhsEmjorcompe sesangesnetibdfsymbreless
candidate generator 611, converted signal replica generator 612, and

sRoVRAnicRien SYSIIRAINEIRSIR Rt BRNaers akdadH R
S B R e A e Rtor
eIReiaRte-X3rding {5 Ne Wb AKiBNEShown in Fig. 1 above, except that
receiving apparatus 7 is provided instead of receiving apparatus 1.

in Fig. 15, receiving apparatus 7 according to the fourth embodiment
receives signals transmitted from transmitting apparatus 2 having three
transmission antennas 21-1 — 21-3, with four reception antennas 71-1 -~ 71-
4. ltis assumed that 16-valued signals cq - cqg 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, priority determiner 73, channel coefficient
sorter 74, QR decomposer 75, Q1 processor 78, transmitted sequence
estimator 77, restorer 78, and recording medium 78 for storing a program (a
program exacutable by a computer) for realizing processes in various parts
of receiving apparatus 3.

Reception antennas 71-1 — 71-4 receive respective sighals. 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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transmitted symbol candidate s2-1-2. Converted signal replica generator
612 is supplied with received signal vector r22 and transmitted symbol
candidate s2-1-2 as its inputs and outputs converted signal replica z2-1.

25 Error calculator 613 is supplied with converted signal z2 and converted
signal replica z2-1 and outputs error signal e2-1. 42 Converted signal
replica z2-1 is calculated according to the equation: Z2-1 =r22s2-1-2 and
error signal e2-1 is calculated according to the equation: e2-1 =1 z2 -
rééelvid SifisllikelhgassqaiGhiey, Gletbatlputs £Faosignate2drand
transmitted symbol candidate s2_1_2. Similarly, second likelihood _
tratcniigoiodladtennast érfor SirialakiDatpl taasHgnel Xymmpresentative
candidate s2-2-2. Eighth likelihood calculator 61-8 outputs error signal
e AedaraiREd RIS mbol candidate s2_8 2. 20 Signal selector 62 in
the second s IS i ' r.signal j

sym b%cpgg?}’dl afge@ \}f}%‘fﬁfg?g%i%%i%&gﬂﬁ%@ﬁgﬁgh %ﬂ%}%ﬁ%w of

Gateatona -k - @iy the wrsend slagrrassiisd Mts Rndowstputrel§ for
error signals a"1 - e"K1 of a smallest error and K1 transmitted symbol

respeiciite drersDittek sezugncr yinatheheroighsrmiwiikemisogansmitted
e S e SR e S e sy
BRI A NS 0S| B STATA 12 A R
vectors of channel matrix H, and outputs modified channel matrix H'.
At this time, channel coefficient sorter 74 sorts the column vectors in
the ascending order of priorities. For example, channel matrix H is

represented by:

[Equation 6]

% hll h]? hi'_’r I
2 *_“. hyy By hy
hy  hy o By
Lhau hg By

If higher priorities are given to transmitied sequences 2, 1, 3 in that order,
then modiﬁed channel matrix H' is represented by:

[Eqguation 7}

13 h’ll 12 [

h h
_ by hy Py
h

h

[

H

32

By hy,
h

43 h4l Ly

QR decomposer 75, qQH processor 78, and transmitted sequence
estimator 77 perform QR decomposition, perform QH  processing, and
estimate transmitted sequences, respectively, Transmitted sequence

estimator 77 outputs a transmitied symbol sequence which gives a minimum
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First likelihood calculator 63-1 is also supplied with symbol candidate x1.1
as 20 its input. Second likelihood calculator 63-2 is also supplied with
symbol candidate x1-2 as its input. Eighth likelihood calculator 63-8 is
also supplied with symbol candidate x1-8 as its input. Ninth through 16th
likelihood calculators 63-9 - 63-16 are supplied with converted signal z1,
elements rll, r12 of the R matrix, error signal e"1, and 25 transmitted
symbol candidate s"2.2 as its inputs. Ninth likelihood calculator 63-9 is

&J;,fs)rsupplied with symbol candidate x1-1 as its input. Tenth 43 likelihood
ca

culator 63-10 is also supplied with symbol candidate x1-2 as its input.

16th Ifkelibned ralpuitonitst 1ats slsmaeppligtivwithfaymbbbersdidatdficient
x1-8 as its input. {8(K1-1)+1}th through 8K1th likelihood calculators

BSLs(HID TR 1B BtrBraKlitied syppliddcrttiarrefiomdignanitiadanangnce
rll, r12 of the R matrix, error signal "1, and transmitte

%s mbol
esiEiane Skas SRl RS OfB etV AIRMNER OB CEHGSSS

- - 1 | H H . . _ . . .
e L e T
sy candisiatendd v itedpput. iBkh kR tketibond! calitrlatersviiBs8iie as
is also supplied with symbol candidate x1-8 as its input. As shown in Fig.

rapfirsitfike [FespeoakuRRHMGRST dvRpIRsES ot dpsiatesDalsr H-

T G s epien B o
Krocalin R HGRES I KGR MHTRIF AN for increased sequence
estimating accuracy by estimating transmitted sequences using modified
channe! matrix H'.

While priorities are determined based on the received electric powers
of respective transmitied sequences according to the present embodiment,
oriorities 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 2 demodulating process performed by receiving
apparatus 7 according to the fourth embodiment of the present invention.
The process shown in Fig. 16 is pen‘orfned when a processor (CPU: centrat
processing unit) of receiving apparatus 7 executes a program stored in
recording medium 782, 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 S51 in Fig. 16). Thereafter, QR decomposer 75 performs QR

decomposition on channel matrix H. Based on QR-decomposed channel
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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
s1-1-2, s1-1-1 which are either one of 16-valued signals c1 20 through
c16. Converted signal replica generator 632 is supplied with elements
r1l, r12 of the R matrix and transmitted symbol candidates s1-1-2, s1-1-1
as its inputs and outputs error signal el-1. Converted signal replica z1.1 is

calculated agcording to th uatign; Z1-1=r1 1s1-1-1 +r12s1-1: .
R r GonaPeTER el A BLE Ty S SHURLB R 5258 Fio
1 . LS _ ) ror i ol

Zﬁ’d té%gr%ﬁtﬁdé “E%r?n&l)“ﬁ%?ﬁﬂﬁf %‘f??rzéggfllz Simﬁgﬁ;{%g\?ﬁ]d Rt 1
bikeliboed GHcURPIKE3SE guipisiesrQrsigyatied! 2ardideas iottewnsmitted
symbol candidates s1-2-2, s1-2- 1. 8K1th likelihood calculator 63-8K1
sigpatserisienyhardn-Bigl Hhd snseihiRetreRisbAdanditiars S55 in Fig.
s1-8K1-2, s1-8K1-1 Signal selector 62 in the first stage is supplied with

the’ error signals and the transmitted symbol candidates which have been

calculgied, by, giKhlikelhendLalaiaiass $3-1 - 63-8K1 in the first stage, as

its inputs and outputs transmitted symbol candidates s'l1, s'2 which give a

smalleBtatsonitkl Aecnreting testive girese ntdoolmiesn@l nasciits ceiblemh Zm.-
above, the transmitted symbol candidates that are input to the signal
selectarSon 1Rliva e dRIBG:MEHS SHENRR eansidataiy anspitted signals

%?-QE 'qd?tse;a far?x élﬁ%ﬂhs%/%qboi candidate for transmitied signal sy, (step S56 in

Fig. 16). Furthermore, fransmitted sequence estimator 77 calculates an
error between replica zmy and replica zm.kQm-+qg, @nd adds errors zm+1 - Zjy}
with respect to transmitted signals sy+1 — sp (step 857 in Fig. 16).

If “g++ = Qm" is not satisfied (step S58 in Fig. 16), if "k++ = Km+1' 18
not satisfied (step $59 in Fig. 16), and if “m-- = 1" is not satisfied (step 560 in
Fig. 16), then transmitted sequence estimator 77 selects and saves Ky,
symbol candidates for transmitted signals si, ~ s and the error (step S61 in
Fig. 16). |

If “m-- = 1” is satisfied (step S60 in Fig. 16), then transmitied sequence
estimator 77 outputs transmitted signals sq — spy 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
r (step SE3 in Fig. 16).

Embodiment 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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calculators 61-1 - 61-8 in the second stage, and 8K1 transmitted symbol
candidates from likelihood calculators 63-1 - 63-8K1 in the first stage, and
15 hence total 8(1 + K1). According to the present invention, therefore, if
K1 is set to "8", for example, then the 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 20 candidates are required. In the present

smbadineniighiikandiskienrieaeiectashinia Bigmhe| drhSigit2d fsam
each of transmission antennas 21-1, 21-2. The number of eight
clankidigsais gitarfitstwiagef ikediphs calgiRiaRsReWNbEIg of8. The
candidates may not necessarily be ,emgfl}c{)]yed for the res ectige %ntg%as.
pEanensnb B wiEelsF S QRRIMY HEALRTRF S BSFRENGR AL Fiy hot
DERERRRILN PG SN [P ARTRISR AN GUIARBAS A afbtod i of dhe
is a flowchart of a‘demodulating process performed by receiving
ARBALUSMAcaRIEing tosthgdhird comhndyrerthef ¢heprtisemisbentiom Fig.
The demodulating process of receiving apparatus 5 according to the third
érabodimextetiieap ressiving epmeratiiteiassenisiaftBrRIGARRH receiving
reference 5 to Figs. 10 through 14. The process shown in Fig. 14 is
BRPBIAIEE When a processor (CPU: central processing unit) of receiving

appargius o e¥eCUIes A Program;Sored RJRAALBAMBOER SHobiakah

transmitting apparatus 2 hggg{two transmission antennas 21-1, 21-2 in the
phuodesieipliofdnansmitinepapparusitBipedb ratseBbiavirptonnas

in the operation
transmission antennas 21-1 — 21-4, with two reception antennas 81-1, 81-2.

Receiving apparatus 8 comprises two reception antennas 81-1, 81-2,
channe! coefficient estimator 82, priority determiner 83, channel coefficient
sorter 84, QR decomposer 85, QH  processor 88, transmitted sequence
estimator 9, transmitted seguence candidate selector 87, and recording
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 fo restorer 88.

Reception antennas 81-1, 81-2 receive respective signals. Channel
coefficient estimator 82 is supplied with received signals rq, r as its inputs,
estimates channel coefficients, and outputs channel matrix H. Priority
determiner 83 is supplied with received signals rq, ro as its inputs,
determines a priority for converted sequences, and outputs a signal Xpyi
representative of the determined priority. Channel coefficient sorter 84 is
supplied with channel matrix H and signal Xpyj 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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10 described below. In receiving apparatus 5, QR decomposer 53

performs OR decomposition on channel matrix H. Based on
OR-decomposed channel matrix H, OH processor 54 calculates

converted signal z (step S31 in Fig. 14), Transmitted sequence estimator

6 generates xm symbol candidates for 15 transmitted signal sm (step S32
in Fig. 14), sets parameter m to M and KM+1 to 1 (step S33 in Fig. 14),
and sets parameter g to 1 (step S34 in Fig. 14). Transmitted sequence
RHEAMO CIRCA LR SRIIM R I BIPlid dami@niratix Fepding satpusisg Q
a kth symbol candidate for transmitted signals 20 sm+1 - sM and a gth
reginiEc et R dnitrafdiitee sigser 86 (stepnpisdrvity reagived signals
Furthermore, transmitted sequence estimator 6 calculates an erro
eI G b PREAAT AU RO S5 SN L S GRS 1Y the

ith.r [ [ - 3641 Ei f

D G e A M et PR P Y e
siiafiedd(sigp 838 Misrhitlednradisncedstisatiraiisbop (hiep@so in
Fig. 14), then transmitted sequence estimator 6 selects and saves Km 46

wymbokcasigiiatesaor thmshinaiisrm s ioptsRnanestiealad eieprags

tin Fig, 14). If "m-- = 1" is satisfied (step S39 in Fig. 14), then transmitted

S f&tBF 8 outputs transmitted signals s1 - sM which give a
Minimum SILOMASIERRAE LB AAY b R FMRARHERY fyFidahnds dBMEtent

diagram o%a recelving apparatus according to a four
estimator 82 is represented by:

[Equation 8]

Hw__\‘hﬂ hlZ h].'i hMJ
h’2! h22 hZB h24

If higher priorities are given to transmitted sequences 4, 2, 1, 3 in that order,
then modified channel matrix H' that has been sorted by sorter 84 is
reprasented by:

[Equation 9}
HZV‘B o Ry |
By By By Ayl

It is alsc assumed that channel coefficient estimator 82 estimates two
transmitied sequences of higher priorities.

Transmitted sequence candidate selector §7 outputs K sequence
candidates (x4.4, X1.2) - (XK-4, XK-2} for minimizing a value caiculated
according the equation:

Eij= |r1-hqaxih12x|?

+ | rp-hpaxi-hooxjl
for example, as transmitied sequence candidates (v4.4, v1.2) - (VK-4, VK.2)

for transmission antennas 21-4, 21-2, with respect to fransmitted sequences
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embodiment of the present invention. The arrangement of a wireless
communication system according to the fourth embodiment of the present
invention is the same as the arrangement of the wireless communication
10 system according to the embodiment shown in Fig. 1 above, except
that receiving apparatus 7 is provided instead of receiving apparatus 1. In
Fig. 15, receiving apparatus 7 according to the fourth embodiment
receives signals transmitted from transmitting apparatus 2 having three

Irapgmiagias aniemnes Hath 31tBewithdidatkesynioriaiteithas dhelof 71
15 4. It is assumed that 16-valued signals cl - c16 are transmitted from

gigoklefctragmission antennas 21-1 - 21-3. Receiving apparatus 7
comprises four reception antenn%n-l - 71-4, channel.coefficient

estimdtBARSTIBRGIBRRRRA AR AL SRRV B tEr R R
93@%@@@5@%&%%@&@%@@ $egNeRse RARSHIRIPr 15,

restore recording medi storing a program (a program

paeewialie by quermpwistiiairedlizingpresessosstagaritespmots cafculator
receiving apparatus 3. Reception antennas 71-1 -71-4 receive respective

gigrais o€ Reeliferosoetiieiioss ithator 93-$3tpRitet wiA-Ee v &igHars
e o S R SR S
Z%?%?BP&&E‘&%%%@%M@F’éégﬁé'ﬁkféﬁﬁb_‘bé_%aﬁ:mat&s SF8tRrmings second
priority between “transmission antennas 21-1 - 21-3, and outputs a signal
Ypiheepignanialivetopfaperdeiersaitednsianty, the likelihood calculator group
in the first stage, and signal selector 94 in the first stage.

According to the present embodiment, if signals transmitted from
respective transmission antennas 21-1 — 21-4 are 16-valued, and transmitied
sequence candidate selector 87 outputs K transmitted sequence candidates
(V4.4, V1.2) - (VK.4, VK-2), then the likelihood calculator group in the second
stage is made up of 16K likeithood calculators 91-1 — 81-16K.

First through 16th fikelinood caicuiators 91-1 — 81-16 are supplied with
converted signal zo, elements o7, ro3, rp4 of the R matrix, and transmitted
sequence candidates (v4.4, v1.2) - (VK.4, VK-2) as their inputs. 17th through
32nd likelihood calculators 81-17 — 91-32 are supplied with converted signal
zo, elements rpo, raa, ro4 of the R matrix, and transmitted sequence
candidates (vo.4, v2.2) - (VK-4, VK-2) as their inputs. {18(K-1)+1}th through
16Kth likelihood calculators 91-16(K-1}+1 - 81-16K are supplied with
converted signal zo, elements rp2, rp3, o4 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 iikelihood calculator 91-1 in the second stage

comprisés transmitted symbol candidate generator 911, converted signal
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Priority determiner 73 calculates the norms of three column vectors of 5
channel matrix H, regards the calculated norms as electric power levels

for respective transmitted sequences, and give higher priorities to
transmitted sequences with higher electric power levels, Channel
coefficient sorter 74 is supplied with channel matrix H and signal Xpri as

its inputs, sorts the column vectors of channel matrix H, and outputs
modified channel matrix H'. 10 At this time, channel coefficient sorter 74
reqrisahgeoeiaton 9detoasthether asdeniditng dider OtpeioitRil ot extamiplers
channel matrix H is represented by: [E(%uation_ 6] 1 hl1l h][2 h1l3 H=h21

oz 8 T ¥RA EIIRIERRD RS B R ARgHERrorEY BfeTgeh o
(oI AN St A e
Herdhabhdl hd2Qbblsgamposendmitd peepasses éandithteansmitied . o)
sequence 20 estimator 77 perform QR decomposition, perform QH
ptegessingoanéd itsitpats trntbgrnedaieq et esipetpseiamitted symbol
geggg?drgittégdsg?ﬂfg%a_3, $2.1.2 which are either one of signals ¢4 - ¢48.
Converted signal replica generator 812 is supplied with elements o9, 123,
ro4 and transmitted symbol candidates s2.1.4, $2.1.3, $2-1-2 as its inputs,
and calculates and outputs converted signal replica zp._4 according 1o the
equation:

22-4 =12282-1-2 1 12382-1.3 + 72482.1-4

" Error calculator 913 is supplied with converted signal zo and converted

signal replica zo_4 as its inputs, and calculates and outputs error signal 2.4
according to the equation:

ep1 = lzp~2z0.112

First likelihood calculator 91-1 outputs error signal e2.4 and transmitted
symbol candidates s2.1.4, $2.4.3, s2-1-2. Similarly, second likelihood
calculator 91-2 outputs error signal e and transmitted symbol candidates
$2.7.4, $2.2.3, $2_5_9, and 16Kth likelihood calculator 81-16K outputs error
signal ep.4gK and transmitted symbol candidates $2.15K-4, $2-16K-3: $2-
16K-2-

Signal selector 92 in the second stage outputs K1 error signals "4 -
e"k1 having a smallest error and K1 symbol candidate sets (s”4.4, $"1-3,
$"1.9) - (S"K1-4. §"'K1-3, $"K1-2) which give the error.

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

likelihood caicuiators 893-1 — 83-18K1. First through 16th likelihood

o4
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estimator 77 outputs a transmitted symbol sequence which gives a
minimum 48 error. Restorer 78 is supplied with channel matrix H from
channel coefficient estimator 72 and transmitted symbol sequences from
transmitted sequence estimator 77 as its inputs, and sorts the transmitted
symbol sequences. 5 Restorer 78 sorts the transmitted symbol sequences
in order that transmitted sequences estimated with respect to modified
channel matrix H' will serve as transmitted sequences estimated with
caspdatdes dannrebfwdtbtatd é’wapﬁﬁdtwﬂfsequeedecési'gmﬂcz»;?ktmnents raq.
process sequences_successively in the order from hlgher priorities for

ingrdASef4eplulfiscB MeiktiABaRy kel sap oy algirfitEg transniited 1-2)

SRR RO SRR I RO B 16k
ﬂfﬁnﬁm@tﬁd@wm%@%@rwﬂg %H@ﬂfﬁﬁ@@rﬁmﬁl dmeﬁén@ryqqnqqz,

may be determined by measuring received electric power vs. noise 15
Bjgctrie phWer Rativstiox raodivatindlectinpiolate est (9ise) eleliicpangix 1-2)
ratios and interference electric power ratios. Fig. 16 is a flowchart of a
gefR Rt ﬁ1g process performed by receiving apparatus 7-according to

the foudt eormental e, IRsgRLBNeRoN. Hps pinssss shawn in

Fig. 16 1s per orme heh a processor proc ssmg unit)
ﬁé@ﬁiﬁ@W&%El@é@@@@ﬁ@ﬂ&%@W slonedizdegardingmedium

79. Though transmitting apparatus 2 has three transmission antennas
Qeneraiar 853 taedisoier dedculstion G andtihendikelinood calculators 83-2 -
83-16K1 are identical in structure to likelihood calculator 83-1.

In likelihood calcuiator 93-1, tfransmitted symbol candidate genesrator
931 generates and outputs transmitted symbol candidates s4.1.4, 81.1.3,
$4-1-2, 81-1-1 Which are either one of signals ¢4 - c45. Converted signal
repiica generator 932 is supplied with elements rq1, r{2, 143, r14 and
transmitted symbol candidates s4.1_4, $1.1.3, $1.1.2, $1.4.1 as its inputs,
and calculates and outputs converted signal replica z4.1.according to the
equation:

211 = 7118411 * 11281.1-2 * 11381.1.3

* 1148114

Error calculator 933 is supplied with converied signal 21, converted
signal repiica z4..14, and error signal €1 as its inputs, and calcuiates and
outputs error signal 4.4 according to the equation:

8.1 = |z1 - Z1-1 |2+ e

First likelihood calculator 93-1 outputs error sighal e4.4 and transmitted
symbol candidates s$4.1.4, $1.4.3. $1-1-2, 84.1.1. Similarly, second

likelihood calculator 83-2 outputs error signal e4_» and transmitted symbol

n
n
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apparatus 2 has M transmission antennas in the operation described
below. In receiving apparatus 7, channel coefficient sorter 74 sorts
channel 25 matrix H (step S51 in Fig. 16). Thereafter, OR decomposer 75
performs QR decomposition on channel matrix H. Based on
QR-decomposed channel 49 matrix H, QH processor 76 calculates
converted signal z (step S52 in Fig. 16). Transmitted sequence estimator

d +
O iR briricRed forsfodeamited ST Ry G ot SRR e?
9%“%’%@%5 elFF A &Pg%éﬂ@g fggghﬁ!ﬂw%%%@@@%%%ﬁﬁ@%@% $1.

estimator 7 Transmltted se stimator 6 calculates (kQm+q)th

18RHCa, ZM- 48>y o feplina 783 Ugg; vkth symbol candidate for
transmitted signals sm+1 - sM and a gth symbol candidate for transmltted

SignaPERALEEIRSSS A0 H 18} SHaehis MERePEAYHI1ER SEQSIREAIS
S R RAS SRBER Bl R AR B0

OI‘S zm respect to transmitted

CHIRAF ST b SMASIEHEO GHY ngni&)s ifaﬁgmﬁme@@h%@tgﬂe@ 2,83,
(step S58 in Fig. 16), if ' 'k++ = Km+1"is not satisfied (step S59 in Fig.
slowhaithiflve-astisikenbesatisfied (step S60 in 15 Fig. 16), then
transmitted sequence estimator 77 selects and saves Km Sémbol

candrﬁﬁ?@%‘*ﬁﬁﬁé’i‘%ﬁﬁ@f@@rﬁ%@ﬁ'wtaﬁﬁ frseiRrqd B‘@Eif'fhcq:lg
i S R N S e reetrie
RENPEEY BiEvigutar part of the R matnx which is calculated by QR
decomposer 85, transmitted signal sequences can be demodulated even if
the reception antennas are fewer than the transmission antennas.

Fig. 21 is a flowchart of a demodulating process performed by 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 fransmitting apparatus 2
has four transmission antennas 21-1 - 21-4 in the above description,
tfransmitting apparatus 2 has M transmission antennas in the operation
described below.

in receiving apparatus 8, QR decomposer 85 performs QR
decbm_position or channel matrix M. Based on QR-decompaosed channel
matrix H, Q@ processor 86 calculates converted signal z (step 871 in Fig.

21). Transmitted sequence candidate selector 87 determines K| symbol
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20 (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 S63 in Fig. 16). Embodiment 5: Fig. 17 is a block
diagram of a receiving apparatus according to a fifth 25 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 50 of a
second-stage likelihood calculator shown in Fig. 18, and Fig. 20 is a block
arngfisiates seisfotagniruiiBERIANRA RO rsPioMn-h (SigP187 e Fig. 21).
arrangement of a wireless communication system according t fifth
oo B FRRIBI o s SRR AE AndrriessP S73
IRER IR ROFBIEL RiFR OB AN BRRAKLTE AR RSB UBRE! SHOMRep
In FI9. 1 above, except thaf receiving apparatus 8 is provided instead o
Sreivirggapparaius setbdagrhéieeceiving sippababisrBragearding to the
fifth embodiment receives signals transmitted from transmitting apparatus
2 havihtpRamniiee saanrasecaifeaitiLaicuiaies (MGt hetINtchZm-
antennag 81-1, 81-2. Recejving apparatus 8 comprises two reception . .
KETa LB £ 115 e aaenE S TA S5 ShaH, dareansraited
- el coeffici I S8EH {PERCSBRY
térfgr@n%trténé‘a+semggae%%{ﬁaﬁgﬁﬁfansmigé%gggé%ﬁ(%ﬁ éﬁ%%idate 8&
seleptar787inarig re¢ordingtiermedium=88 foitisic rirg, aoprog satirtairogram
executable by a computer) for realizing processes in various parts of
RIENIG 2 B R ERISDS R IBRICE Zm and replica zm.kQm-+q. and adds

eIrors Zm+1 - Zp With respect to transmitted signals sm+1 — s (step S77 in
Fig. 21}

If “g++ = Qm" is not satisfied (step §78 in Fig. 21), if "k++ = K1 I8
not satisfied (step S72in Fig. 21), and if “m-- = 1" is not satisfied (step 580 in
Fig. 21}, then transmitted sequence estimator 9 selects and saves Ky
symbol candidates for transmitted signais sy — spp and the error {step 881 in
Fig. 21). iIf “‘m-- = 1" is satisfied (step S80 in Fig. 21), then transmitted
sequence estimator 9 outputs transmitted signals s4 — spg 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 symbol candidates for
giving a minimum error. However, depending on the arrangement of the
overall receiver, the output of the signal selector may represent a likelihood
for each transmitted symbol or a likelinood for bits that have been
transmitted by each transmitied symbol.

Embodiment 6:

Fig. 22 is a block diagram of a receiving apparatus according to a sixth
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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 rl, r2 as its inputs, 20 estimates channel
coefficients, and outputs channel matrix H. Priority determiner 83 is
supplied with received signals r1, r2 as its inputs, determines a priority for
converted sequences, and outputs a signal Xpri representative of the
cHebedninad pfididnicbanniehenaftinieRig@feis84 htosuprigmitl ehannel
matrix H and signal Xpri as its inputs, sorts channel 25 matrix H, and
renpui esosHite CHRSSEMELN S ROWRIBEiBnTroSdE 8844 agpRs diagram
modified channel matrix H', 5 rforms QR decompgsition, or ifie
A0 A G0 S G HHASPN ok s e G pegcS Bor
518 SURPART WithAR e SRR &4 dR ANgies RoWAtFaS itsanpHe.
multiplieS received signal vector r by the complex conjugate transposed
anatibeofdhe € matrilesncooutputscR tonvayttehsigned iifgaostindg et
sequence estimator 9 is supplied with converted signal z and the R m

exphedinRmt ahideTRRaES BMESIRPURFPRMREE Sy AEre RIS ke
AT R R P o e
12%%%2 gggggmwe%waﬁgwﬁawag Wiransnyieeseasrnersitedeling
apparatus 1.

in Fig. 22, receiving apparatus 100 according to the sixth embodiment
receives signals transmitted from transmitting apparatus 2 having two
transmission antennas 21-1, 21-2, with two reception antennas 101-1, 161-2,

Receiving apparatus 100 comprises two reception antennas 101-1,
101-2, channe! coefficient estimator 102, control channel decoder 103,
priority determiner 104, channel coefficient sorter 105, QR decomposer 106,
QM processor 107, transmitted sequence estimator 110, and recording
medium 108 for storing a program (a program executable by a computer) for
realizing processes in various parts of receiving apparatus 100. Receiving
apparatus 100 is connected to restorer 120,

Transmission antennas 101-1, 101-2 are modulated by independént
modulating processes. It is assumed that transmission antenna 21-1is
transmitting either one of signals ¢q — c_1 and transmission antenna 21-2 is
transmitting either one of signals ¢ — ¢ 2. If the modulating process for
transmission antenna 21-1 is QPSK (Quarternary Phase Shift Keying), then

L4 = 4, and if the modulating process for transmission antenna 21-2 is

16QAM (Quadrature Amplitude Modulation), then Ly = 16.
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then modified channel matrix H' that has been sorted by sorter 84 is
represented by: 15 [Equation 9] H _[hi3 by h12 h14 h23 h2i h22 h>4J Itis
also assumed that channel coefficient estimator 82 estimates two
transmitted sequences of higher priorities. Transmitted sequence
candidate selector 87 outputs K sequence 20 candidates (x1-4, x1-2) -
(xK-4, xK-2) for minimizing a value calculated according the equation: Ei,j

= rl-hl4xi-h12X] + - = i it )
e RS RO I e e
aRlesRasdt-4ntdndawitihtespect 1o reesivities seciencemd’ AC2afne!
higher priorities. Each of the candidate symbols is either one of signals c1
coefitieft ansimiatar 464U sewpisdivaesaneliesigalith rdgRitioinPULs.

<SR BRSSP LR e R e s
X g*l'ﬂ?éi}rc%(?l% gilikelihgad calculators 91-1_- 91-16K, 93-1 - 9_3-16K1,
and two- stage signal selectors 92, 94. Transmitted sequence estimator 9
perfoprsdsignalprese $sehisinppiiedieritf thatikelimoatic dicatatsrigrolp.
in the second stage, signal selector 92 in the second sta%e, thg I&(%Qgﬂ&d
neficutatRgtslrsomposition on channel matrix H, and outputs

and an R matrix. QF' processor 107 is supplied with the Q matrix and
received signals rq, ro as its inputs, multiplies the received signals by the
complex conjugate transposed matrix of the Q matrix , and outputs
converted signal z.

Priority determiner 104 is supplied with signal point numbers (L4, L2) of
respective transmission antennas 21-1, 21-2 which are indicated from control
channe! decoder 103, determines a priority between the transmission
antennas, and outputs a signal Xprg representative of the determined priority.
It is assumed that the modulating processes employed for fransmission
antennas 21-1, 21-2 have been indicated from the fransmission side through
a control channel using a predetermined format. Priority determiner 104
gives a priority to an antenna which has transmitted seguences of a smaller
signal point number (transmitted sequences of a lower modulation multi-
valued number).

Channe! coefficient sorter 105 is supplied with channel matrix H and
signal Xpyj indicative of the priority as its inputs, sorts the column vectors of
channe! matrix H, and outputs modified channel matrix H'. Channel

coefficient sorter 105 sorts the column vectors in an ascending order of

priorities. In the present embodiment, the signal point number of an antenna

5%
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10 in the first stage, and signal selector 94 in the first stage. According to
the present embodiment, if signals transmitted from 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 15 stage is made up of 16K likelihood calculators 91-1 -

%%é%e%ﬁbmwm&%@éﬁgs@%@@a'aH@tmré Q&iar QdikEnarasepptiad

converted signal z2, elements r22, 123, r24 of the R matrix, and

Hraasméteta seghenpemepdidates (Vishawiiiyd bdtdente Dstisndieir 110 is
inputs. 17th through 32nd likelihood calculators 91-17 - 91-32 are ‘
Suipplied wilth convened sgreil 220 g adhmaainngs iininpulsrang rstimates
matrix, and transmitted seque candidates (v2-4, v2-2) - (vK-4, vK-2) as
FRAHIE TR AL ST B Gb e T 2 2.
91-164K-dox s H AEKA e sttty tedrieial 22 (lemans

r22, ré\g %%*238 ?#eﬁé'm%ﬁtx, and fcr%r%sg%it ed fgquence candidates (vKis:

WoBtadeikeIHo@) aalthedtdnutauRs Adirbiieoth dagiidiest likefihedd 1-
calculator 91-1 in the second stage comprises transmitted symbol

candidatéd gehbidtdrol andversdaammarnss sefieagehbtatotv12, and

rror calculator 913. Other likelih g]i)cal lators . 91-2 - 91-16K ar.
FERACaN LT ATS TRUTHOSH PLSUIALS B 2 SHA S ReTRpa the order
sRlcdatanRldq tapsmitedRymPe! gandidaigdaengratanAil dsisupplied? in
with transmitted sequence candidates (v1_4, v1-2) 5 - (vK-4, vK-2) as its
thputecand ganerates dinelibotplitsicansmittpd syrmbihecfirdidtags sant-gjgnal
s2-1-3, s2-1-2 which are either one of signals c1 - c16.
selector 114 in the first stage.

If the maximum signal point number of signals transmitted from
transmission anfennas 21-1, 21-2 is Lysay in the present embodiment, then
the likelihood calculator group in the second stage compiises Ljjax
likelihood calcuiators. Likelihood calcuiators 111-1 ~ 111-L2' are supplied
with element roo of the R matrix and outputs an error signai group and a
transmitted symbol candidate group.

As shown in Fig. 24, first iikelinood calculator 111-1 in the second
stage comprises transmitted symbol candidate generator 1111, converted
signal replica generator 1112, and error caiculator 1113. Other likelihood
calculators 111-2 — 111-L2" are identical in structure to likelihood calculator
111-1.

in likelihood calcuiator 111-1, transmitted symbol candidate generator
1111 generates and outputs fransmitted symbol candidate s2.4.2 which

comprises a symbol of either one of signals ¢4 — ¢ 2". Converted signal

replica generator 1112 is supplied with element rop and transmitted symbol

o0
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Converted signal replica generator 912 is supplied with elements r22, r23,
r24 and transmitted symbol candidates s2-1-4, s2-1-3, s2-1-2 as its inputs,
and calculates and outputs converted signal replica z2-1 according to the
10 equation: z2-1 =r22s2-1-2 + r23s2-1-3 + r24s2-1-4 Error calculator
913 is supplied with converted signal z2 and converted signal replica z2-1
as its inputs, and calculates and outputs error signal e2-1 according to

ign: 1 -1.22 = 12- irst.likeli r9l- :
e B S S A e o0 P e
#ikc2 Zimilarly, second likelihood calculator 91-2 outputs error signal
e2-2 and transmitted symbol candidates s2-2-4, s2-2-3, s2-2-2, and
16KtHElkelipaiouiatacdIafor Bisuskliegtpuits eaovantasighanabzeeand

transmitted symbol candidates s2-16K-4, 52-16K-3, s2- 16K-2 Signal
VAP S IR RIThADREE SEIRYRK AR 8P%ﬁ%|§rami§'%nﬁql%\’}i~ng

GBI SUREARL e PR eandieal wisdritides hidequbidn

groupzi the fiysgstage is made up of 16K1 likelihood calculators 93-1 -
93-16K1. First through 16th likelihood 54 calculators 93-1 - 93-16 are
supplfedarigigeeheeredE ighalaic e rasenting 10 12 saten of the R
matrix, and symbol can?' ate set (s"1-4, s"1-3, s"1-2) as its inputs,
{16(K§2ﬂ+‘1}E/r’rZ%ﬁfcﬁ?gﬁ 16K 1th likelihood calculators 93-16(K1-

First likelihood caicuiator 111-1 outputs error signal ep_4 and
transmitted symbol candidate so.4.2. Signal selector 112 in the second
stage is supplied with the error signal group and the transmitted symbol
candidate group which have been calculated by L2' likelinood calculators
111-1 - 111-L2" in the second stage, as its inputs and outputs K4 error
signals e"1 - €"k1 of a smaliest error and K4 transmitted symbol candidates
s"1.2 - 8"k1_p which give the error. The K1 transmitted symbol candidates
that are output are either one of signals ¢4 - ¢ 2.

The likelihood calculator group in the first stage is made up of Lygax Ky
likelihood calculators. First through L4 lkelihood calculators 113-1 ~ 113-
L4’ are supplied with converted signal z4, elements rq1, r{p of the R matrix,
error signal "4, and transmitted symbol candidate s" 1.2 as its inputs.
{L1(K1-1)+1}h through L1'K1th likelihood calculators 113- L1V(K1-1)+1 —
113-L1'K1 are supplied with converied signal z1, elements 144, rqo of the R
matrix, error signal e”k 4, and fransmitted symbo! candidate s"k 4.2 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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1)+1 - 93-16K1 are supplied with converted signal z1, elements r11, r12, 5
r13, r14 of the R matrix, and symbol candidate set (s"K1-4, s"K1-3,
s"K1-2) as its inputs. As shown in Fig. 20, first likelihood calculator 93-1
comprises transmitted symbol candidate generator 931, converted signal
replica generator 932, and error calculator 933. Other likelihood
calculators 93-2 10 93-16K1 are identical in structure to likelihood

Soien ok s opad erieulton g L vasseiie syl gancidate

enerdtes and outputs transmitted sym es

calclitdiord-113.51-142 1 awige atR Sithestana nksignalsinbog 16.

Converted signal replica generator 932 is supplied with elements rl11, r12,
HIG et draidd 15 transmitted symbol candidates s1-1-4, s1-1-3, s1-1-2,
s1-1-1 as its inputs, and calculates and outputs converted signal replica

z1-1 HetbRANRPR GREURRIGAHOR 21 VERsA e vIMP el s8pdidplp generator
P31l sl 20 E i calpihlPs S s omled i oy

sigha onve signal replic and error signét a“l as its inputs,

g geledatesinad soHiBdicaraideiarat e1-bagcordingtactheapation:
el-1=jz1-2z1-112 + e"1 First likelihood calculator 93-1 outputs error
syigratiat-eithed aaashitedaBscqymbiol canditetsicd sipurigeRligs genepator

Phibk Simiarly, sseond ikelinaad caleyiator 3.2 outputs errer signa
symbol candidates s4.4.2, $1.1.4 as iis inputs and cutputs converied signal
replica z4.4.

Zrror calculator 1133 is suppiied with converted signal z4, converted
signal replica z4.4, and error signal €”4 as its inputs and outputs error signal
e4_1. Converted signal replica z4.1 is caiculated according to the equation:

L4415 71184-1-2

Error signal eq_1 is calculated according to the equation:

i = lz1-z1.412 + e

First likelihood calculator 113-1 outputs error signal e4.1 and
transmitied symbol candidates s4.4.2, s1.1.4. L1K1th likelihood calculator
113-L1'K1 outputs error signal eq. 1'K4 and transmitied symbol candidates
s1.L1 K12, s4-L1'K1-1

Signal selector 114 in the first stage is supplied with the error signals
and the transmitted symbol candidates which have been calculated by L'qK4
likelihood calculators 113-1 ~ 113-L1’K1 in the first stage, as its inputs and
outputs fransmitted symbo! candidates s'4.2, §'4.1 which give a smallest
error signal e'4 where s'4_2 represents a transmitted symbol candidate

selected from s4.4 .2 through s1.; 1'K4.2.
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candidates s1-2.4, s1-2-3, s1-2-2, s1-2-1, and 16K1th likelihood calculator
93-16K1 outputs error signal e2-16K1 and transmitted symbol candidates
sl 16K1-4, s1-16K1-3, s1-16K1-2 51-16K1-1. Signal selector 94 in the
first stage is supplied with the error signals 5 and the transmitted symbol
candidates output from 16K1 likelihood calculators 93-1 - 93-16K1, and
outputs transmitted sequences s'1, S'2, s'3, s'4 which give a smallest
error RAeessH MY MitheuprsReMvitnbashaienbrasgdessebediabove, shméy
transmitted sequence estimator 9 estimates sequences that are indefinite
Winidio imganmataﬁénmwb\adaiﬁm@imefn‘dmxaﬁm&m@ \HareltRdbey QR
decomposer 85, transmitted sign é nc?s can be demodulated ev

P RE RS SO SR HRNGRS &l Al

52% flowchart of a demodulating process performed by receiving
pafatus 8 according to the fifth embodiment of the present invention.

The $mdamnededatingracess obcecelvitgmanpaisaitsiSlacanstinigen tyenbol
fifth embodiment of the present invention will be described below with

Genstigates @f ﬁ.@g@veﬁﬁ Btigh s e @%@&W%@.@Z and K1is

SEER ek i S i e R e
RS BINGRRON %@rz%gﬁﬁ:ﬁ%ﬂr b%@?b@@ﬁ@?@é%ﬁete?&tﬂ:ﬁ?

the above descriptiony, transmitting apparatus 2 has M transmission

Anterdiag i e epesativrriesdithed helownhatectsingilepparafie8iMQR
decomposer 85 performs QR decomposition on channel matrix H. Based
M TR EEBrapIbarigENnand channel coefficients are sorted. Itis thus

possible to process signals in the order of antennas of smaller signal point
numbers, and the number of times that a jarge candidate reduction is made
in a previous stage is reduced, resulting in improved reception
characteristics.

in the sixth embodiment of the present invention as described above,
fransmitted sequence candidate selector 87 selects K sequence candidates
which reduce an error sighal, with respect to transmitied sequences 4, 2 of
higher priorities. If the signal point numbers of transmission sequences 4, 2
are cL4, cL2, respectively, then transmitted sequence candidate selector 87
selects K sequence candidates from a combination of ct4 x cL2. If &
transmission sequence of a smaller signal point number is processed
preferentially, then K candidates may be selecied from a smaller
combination, and any characteristic degradations due to a selection error of
fransmitted sequence candidate selector 87 are reduced. If the refationship
14 x C Lo < K is satisfied, then transmitted sequence candidate selector 87 '

itself is unnecessary.
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25 matrix H, QH processor 86 calculates converted signal z (step S71 in
Fig. 21). Transmitted sequence candidate selector 87 determines KL
symbol 56 candidates sets for transmitted signals sM - 5M-L+1 (step S72
in Fig. 21). Transmitted sequence estimator 9 sets parameter m to (M-L)
(step S73in Fig. 21), generates Qm symbol candidates for transmitted
signal sm (step S74 in Fig. 21), and sets parameter q to 1 (step S75in

éilqbéé%%r'{@nsmitted sequence estimator 9 calculates (kQm+q)th replica
zm- kQm+q for converted signal zm using a kth symbol candidate for

transmiede sieNAsIBiIens i ang pratesymbehcandidAtedadsaribetted

signal sm (step S76 in Fig. 21). Furthermore, transmitted sequence
betwatGitce Meukaesrih embobsnassofdbicareaeahimvepicn is identical in

B B L L S S

HIDSHPRIES S7PI FITaf). Wi St
AR AR SR SR  Eerenee

seAuRNCE atinRfieod selects and saves Km 15 symbol candidates for
transmitted signals sm - sM and the error (step S81 in Fig. 21). If "m-- =
1" is dhthRecaasEyBSITNAERPIPL Y WHebar M Sigiiels kagarrdeiMator
9 outputs transmitted sif g?ls sl -sM \ﬁhic. ive a in'%m error (s

ERISTEROD DR oMAYe TSN RSP hRAS o g
aboya e LOOHBHE NS Bignal SReRieRSERIB FansRItRdRymbol

candidatestor giving a minimum error. However, depending on the
wkedingemeniaiither group in the first stage is made up of LiyayxK4likelihood
calculators.

A situation where the modulating process for each transmission
antenna, i.e., the signal point number, changes due to adaptive modulation
or the like will be considered below. Of the LyyaxKq likelihood calcuiators
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.

According te the present invention, the number of K1 is estabiished
depending on L1". If the maximum number of the likelihood calculator group
in the first stage is J1pax, then all the J1pax likelihood calculators can be

utilized by establishing K1 depending on L1 according to the equation:

[Equation 10]
J1

Ki= 2o

oL
According to the present invention, therefore, the total reception

characteristics are improved.

Embodiment 8:

04
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overall receiver, the output of the signal selector may represent a
likelihood for each transmitted symbol or a likelihood for bits that have
been transmitted by each transmitted symbol. 25 Embodiment 6: Fig. 22
is a block diagram of a receiving apparatus according to a sixth 57
embodiment of the present invention, Fig. 23 is a block diagram of a
transmitted sequence estimator shown in Fig. 22, Fig. 24 is a block

o e A e B SRl U et P 2B bfow
2R cENfe aFaRIsmslinlaVireiReSHRTURY N GRHAB FYSiBRLABEPHINg to

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

arengameantioftiesiviretesd coimeuh chifensystent inveordting toatléghth

embodiment shown in Fig. 1 above, except that receiving apparatus 100
s hedinanimithrierssdivg nEppandtuRe deeciibes) .béiq%w&bifﬁj‘erence
agp,arat#'gf 00 acﬁ; rding to the sixth embodiment receives signals

e rShited HOHPE &Msmitting apparatus 2 having two transmission

antenags lrl, A1 R WS 15CsBlionANSTRABARs Tol g Resaingn

apparatus 100" comprises two reception antehnas 101-1, 101-2, channel

coefficieniestimatairkatcont aithdtieelde cheterhditad baweatityn received
determiner 104, channel coefficient sorter 105, QR decomposer 106, QH
PRSEESIINOE, e BINAH RIS AR AREE RIS FRERIIRRIOS O

o B L e IS YA R SR
&eseivingwer ratios, and the priorities ars determined based on the
modulating process. According to the present embodiment, the priorities for
antennas are determined basad on the coding ratio.

If data sequences transmitted from transmission antennas 21-1, 21-2
are coded at respective independent coding ratios, priority determiréer 104
determines priorities based on the coding ratios for respective fransmission
antennas 21-1, 21-2.

A situation where the coding ratios for the respective fransmission
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. Specifically, the signal separation characteristics
are worse for antenna signals that are processed in earlier stages and betler
for antenna signals that are processed in later stages. The reasons are
considered 1o 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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apparatus 100 is connected to restorer 120. 20 Transmission antennas
101-1, 101-2 are modulated by independent modulating processes. It is
assumed that transmission antenna 21-1 is transmitting either one of
signals cl - cL1 and transmission antenna 21-2 is transmitting either one
of signals c1 - cL2. If the modulating process for transmission antenna
21-1 is QPSK (Quarternary Phase Shift. Keying), then 25 L1 = 4, and if

the modulating pragess for tr ISS| te -2 IS; .

v BBl AL IR s fud e coding,

88 a8t draaBten shterRasdOhd il adsignthtpeapiinnsanieanasn

101-1, 101-2 recelve respective signals. Channel coefficient estimator

WOz s Sgppliedwitatiencihatksigniatiod fo Zighalsinplindighaneates correcting

channel coefficients, and outputs channel matrix H of the 5 es; 'm@t d .
Flizinigna

WAL AIANBRROCIIY dBHOM K AEEE G RIRE S A THA
Qﬁ&r%ﬁéﬂpéﬁava%‘?é‘?%g&% it ﬁ'ti'%é%“e‘}%ﬂ@&%r@ﬁmg EhhWliities
outpu an atrix. lied with

s a 0 matrix an H processor 107 is sup
thig e Maridin @ngticrgeieehsiomalsath! R asrifoin piisrapdtipties Wi be
received signals by the 10 complex conjugate transposed matrix of the Q
imativedrtdtisuth arenteistidsigitalnirivitgd beiMeiaarintoanennas.
supplied with signal point numbers (L1, L2) of respective transmission
BAREBAAKESME-F: 21-2 which are indicated from control channel decoder

. e N s 3 e i
embodiment of the present inventiont. As shown in Fig. 26, signal selector
200 according to the ninth embodiment of the present invention has a bit
likelihood outputiing function, and comprises antenna-specific minimum
value selector 201, bit determiners 202, 203, bit-specific minimum vajue
selectors 204, 205, and bit-specific likelihood calculators 2086, 207, Signal
selector 200 is connected to turbo decoders 210, 211,

Eor 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 ouiput bit likelihoods for data sequences that
have been output. It is assumed that either one of 4-valued signals ¢1 — ¢4
is transmitted from each of two fransmission 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 transmitied from transmission
antenna 21-1 are represented by bq.4, b1.2, and the bits of signal points
transmitted from transmission antenna 21-2 by bo_q, bo.2.

Antenna-specific minimum value selector 201 is supplied with the error

signals and transmitted symbol candidates that have been calculated by 4K

6
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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 20 signal point number (transmitted sequences of
a lower modulation multi- valued number). Channel coefficient sorter 105

[RSHPOAE é’Y!:tUI RaN8Y T@-ﬁ%hﬁ Athe'd 'é&gféngﬁé‘ gj&ﬁ’éi%&/

as Its inputs, SOI’ S the column vectors of chann matrlx outputs

greslifigghehanpeh@ataxdrhittetronabs @@@Eﬁl@igt&ssgrﬁersﬂé)ﬁas@ﬁ@ iepective

column vectors in an ascending order of priorities. In the present
snibodraevinichedigrairpokignahtber Siadeiatannarsas, azrbwﬁpﬁbrﬂgﬁ

GBSV 5 B 2L B CL RS BSR4 e

vw@rgg ﬁﬁ%ﬁt@ﬂ% IR ARLS s ang RSURAtES 1 &R ne

output signals transmitted from transmission antennas 21-1, 21-2. 5 As

shopitsinHige 28s Hacwnaigrmhagguence estimator 110 comprises
two-stage likelihood calculator groups of likelihood calculators 111-1 -
111- Bit-gpseific MiBiMLIRI Y2l aetesiage %%aﬂ%%lmb 212 p1avded in

T e

e e
signabpoinididateeribbsignatshisanseaitbetbteairby 4K1 likelihood calculators in
the first stage, and cutputs a2 smallest error signal among fransmitted symbol
candidates which have hits (inverted bits) different from the decision bits.

For example, if decision bit b;,j of the jth bit of transmission antenna [ is
¢, then bit-specific minimum vaiue selectors 204, 205 output smailest error
signal E among signal points whose jth bitis 1 of ¢4 — c4. Errorsignal £ is
expressad as follows:

{Equation 11]

E=e., (ET—J)

Bit-specific likelihood calculators 206, 207 which are provided in
combination with the antennas, respectively, are supplied with error signal
e'4 output from antenna-specific minimum value selector 204, 205 ang error
signal £ output from bit-specific minimum value selectors 204, 205, and
outputs bit~speciﬁé likefihood Cij.j. Bit-specific itkelihood [l is determined
according to the equations:

[Equation 12]

Ay =€ ebi._j )— e

&7
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transmission antennas 21-1, 21-2 is L MAX in the present embodiment,
then the likelihood calculator group in the second stage comprises LMAX
15 likelihood calculators. Likelihood calculators 111-1 - 111-L.2" are
supplied with element r22 of the R matrix and outputs an error signal
group and a transmitted symbol candidate group. As shown in Fig. 24,
first likelihood calculator 111-1 in the second stage comprises transmitted
symbm!’f?arg%i‘d,a;e(]?enerator 1111, converted 20 signal replica generator
1112, ANd enidr calculator 1113. Other likelihood calculators 111-2 -
thlatrrezidentical in structure to likelihood calculator 111-1. In

likelihood calculat 1-1, transmitted symbol candidate generator 1111
gene tes &hd edut%g’—} transmitted symbol candidate s2-1-2 which 25

COMPfISeS, &Sy | of either one of signals c1 - cL2'. Converted signal
replic gener!i{or 12 is supplied with element r22 and transmitted

symbgigha|crandidares2-ud piickstitpuis inaihgeretatesramd o uipite above
converted signal replica z2-1. Error calculator 1113 is supplied with

pocestdd Sighaldecadaredile®dd Shyrperispicag 21 a8dsIApeRiagd

BB eror s 22t SOt Sepeiopl 3 s et

SIS SR 4 sty
carried out based on priorities as shown in Fig. 22, then the outputs of bit-
specific likelinood 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 turbo decoders for processing.
Embodiment 10:

Fig. 28 is a block diagram of a signal selector according to a tenth
embodiment of the present invention. As shown in Fig. 28, signal selector
300 according to the tenth embodiment of the present invention has a bit
likelihood outputiing function, and comprises antenna-specific minimum
value selector 301, bit determiners 302, 303', bit-specific minimum vaiue

selectors 304, 305, error signal accumutators 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 smaliest error
signal among transmitted symbol candidates which have bits (inverted bits)
different from the decision bits for transmitied 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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10 transmitted symbol candidate s2-1-2. Signal selector 112 in the second
stage is supplied with the error signal group and the transmitted symbol
candidate group which have been calculated by L2’ likelihood calculators
111-1-111-L2"in the second stage, as its inputs and outputs K1 error
signals e"1 - e"K1 of a smallest error and K1 transmitted symbol
candidates 15 s"1-2 - s"K1-2 which give the error, The K1 transmitted

B A T A B R g 12, e

calculator group'in a ade up of LMKY' likelihood

calculgiorss Rt thrush sdsdikstineaskeripvlatr s akdtdtioklsf L ak&ording
supplied with converted signal z1, elements r11, r12 of the R matrljx, 20

ertbesignabadduatidrisarsritiedikghifomd andidate st asditFapatample, if
L1'(K1-1)+1}th through L1'K1th likelihood calculators 113- L1'(K1-1)+1 -

thessianri P ipfsrdachin RoiaEcarssiin MinEENRIYe PSEstar B! 1S

R matrix, error sighal a'K1, and transmitted symbol candidate,s'K1-2 as

S o S e e
B[ﬁtﬁ?&sdQBW&@@%@@M&%@W@@Ip@éegmﬁgesgsggrqﬁﬁnlﬂ%geciﬁc
converted sighal 61 replica generator 1132, and error calculator 1133.
@thenlikelibhads e ctdatod4,1302 atd 3bilskiprifeddeittical praruigne @ an
likelihood calculator 113-1. In likelihood calculator 113-1, transmitted

BNREBARILWASTE Banerah S e 1T Ui IR AHAEIARRMARY RS mbol

g%pﬂ%%% s"1-2 as its input and outputs transmitted symbol candidates
St , SI-1-1 which comprise a

To solve the above problem, error signal accumulators 308, 307 are
provided according to the present embodiment. Error signal accumuiators
308, 307 accumulate error signal E for inverted bits over a certain period.
Then, error signal accumulators 308, 307 average the results that have been
accumulated over the certain period, thereby outputting provisional error
signals e'1_gye, €'2-gve for inverted bits for inverted bits.

Bit-specific likelihood calculators 308, 308 are supplied with error signal
e'q output from antenna-specific minimum value selector 301, error signai £
output from bit-specific minimum value selectors 304, 305, and provisional
arror signals €'i_gye from error signal accumulators 306, 307 as their inputs,
and output bit-specific likelihood Ujj. Provisional error signals €'j.ave 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 possibie to caiculate 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.

eo
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symbol of either one of signals c1 - cL1'. Converted signal replica
generator 1132 is supplied with elements r11, r12 of the R matrix and
transmitted symbol candidates 1-1-2, s1-1-1 as its inputs and outputs
converted signal 10 replica z1-1. Error calculator 1133 is supplied with
converted signal z1, converted signal replica z1-1, and error signal e"1 as
its inputs and outputs error signal el-1. Converted signal replica z1.1 is

galﬁulgted %cgf_rding to the equation: Z1-1 =r11s1-1-2 15 Error signal
TR uIated according to the equation: el-1=itz1-z1-112+e"l

First likglihgad salgtatarabldm SriPHiRaHEr sigtabrh: baidtanesediethg
symbolcandidates s1-1-2, s1-1-1. L1'K1th likelihood calculator 113-L1'KI

toutpudsererothsignabeiiraniKafdhd tresmsmmitied aytidolaah igated 126 diagram
51-L1'K1-2, s1-L1'K1-1. Sig%ggl selector 114 in the first stage is supplied
t

SMEMRE EABERIGedSianal famalcRiRa SN REE dARENGh cPeiient

been calculated by L'1 likelihgod,calculators 113-1 - 113-L 1'K1 | .
P RTE TSR 2R STTR e aREH AL & Rt e s B et
é&r%%%@l\é%ﬁ;?ﬂ@@ﬁitaﬁﬁmoﬁi%ﬁ lguRerg S A 2 0epiesenis-8. 505-
transmitted symbol candidate selected from 1-1-2 through s1-L1'K1-2. 62
Resi6ren120(s stipplictbhvitpinmngk Xprates asehatiss HRdopigityosricwn),
is %enerated by priority determiner_ 104 as its input, sorts the transmitted
a0mesl

SRR SBLe BRI RS IS SRR B i GREelation
detectors 502-2, 508-2 being not shown).

As shown in Fig. 30, pilot symbols that are of a 4-symbol length which
are different for respective transmission antennas #1 - #3 are inserted
periodically into data symbois by respective transmission antennas #1 - #3.
in the example shown in Fig. 30, the pilot symbol patterns from respeciive
transmission antennas #1 - #3 are orthogonal to each othar,

Such orthogonal patterns can be generated by using & Walsh
sequence having the same length as the pilot symbol number. A piiot
symbol sequence of fransmission antenna #m will subsequently be
represented by pm{n) where n represents a symbol number.

in channel coefficient estimator 500, received signal rq is input to
correlation detector 502-1. Pilot symbol replica generator 501-1 generaies
pilot symbol sequence p4 for transmission antenna #1 (not shown) and
outputs generated pilot symbol sequence p1 to correlation detector 502-1.

Correlation detector 502-1 averages as many values as four piigt
symbols produced by multiplying received signal r4 by the complex
conjugate value of pilot symbol sequence p4 of transmission antenna #1,

thereby estimating and outputting channel coefficient hq4 between
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s'1, s'2. 5 Signal selector 112 in the second stage selects K1 transmitted
symbol candidates of a smallest error. As the difference between L2' and
K1 is greater, the possibility for correct transmitted symbols to be deleted
in error from candidates is higher, resulting in degraded reception
characteristics. According to the present embodiment, antennas of
smaller signal point 10 numbers are given priority, and channel

HePRIGRNH Asergd1IHsduecpassitipioProsassCignmeindaeiordst h1 4
of antennas of smaller signal point numbers, and the number of times that
isadatigeataddidatedioduictitve isguadierin a previous stage is reduced,
resulting in improved reception characteristics. 15 In the sixth
[ErMsdiamént of the present invention as described above, transmitted
sequgc_e]c ) di<d te sieb%ctor 87 selects K sequence candidates which
reduce' an 1”r gﬁgr{%\ Mwith respect to transmitted sequences 4, 2 of
higher priorities. If the signal point numbers of transmission sequences 4,
wheee qldrasiieserdpactedlpdisgnabnsitted Sewiphebsyanam dtés

selector 87 20 selects K se uenceffandidates rom a. compination of %L4té
"2pavRd RGidAlssbIS fosRIRdVPE RIS g!m %%Wﬁ'ﬂ%ﬁmy y the
R %%e&/é’fgéﬁg %ﬂ@@éﬁg%éé SN ESRRYRESSIREIREITAM Biurality

er combination, an characteristic degradations due to a

Fglestienapyer einkanssiited sggsience candidate selector 87 are
reduced. If the relationship 25 cL4 x ¢ L2 < K is satisfied, then transmitted
sequétitdaindiaseiatosctiiZem (Relfsbamnbiesyanlieawith received signal

r1 and pilot symbol sequence pm, of transmission antenna #m, which is
generated by pilot symbol replica generator 501-m (not shown), and
estimates and oufputs channel coefficient hqm.

Also similarly, corralation 506-1 is supplied with received signal rq and
pilot symbol sequence pq of transmission antenna #1, which is generated by
pilot symbol replica generator 505-1, and estimates and outputs channe!
coefficient hg 1. |

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
frequency-multiplexed or code-multiplexed or frequency- and code-
multiplexed, and estimated channel coefficients may be obtained according
to the same process as described above.

Embodiment 12:
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Embodiment 7: A seventh embodiment of the present invention will be
described below. Since the seventh embodiment of the present invention
is identical in arrangement to the sixth embodiment of the present
invention, the seventh 5 embodiment of the present invention will be
described below with reference to Figs. 22 through 25. If the maximum
signal point number of signals transmitted from transmission antennas is
LIVIAX, then the likelihood calculator group in the second stage is made

up of EigaX liketiiberk dirgiame el ARgeaiVNg RPRREAHSHACILLIRP @

royp in the first st is made up of LMAXKI likelihood lculators. A:
SR e o A AT b Lo R TG T3 faroess
&:SmPHErﬁt%%?&!rp%fé’t@w&%brem@%%wmm@%iysm@mamaeqsﬁé@nt
like will be considered below. Of the LMAXKI likelihood calculators 15
prepstied asthredivekhas theatouiatge greupdhtiie it stagen e wnigdierof
likelihood calculators that are in actual use is L1'K1. Therefore, if L1'is

SyvFIET BRaRICMAND iereanRAd BIERRRRPINEIMESH dafandforSERPh et
T T R B e
groupj28iih the fissbpiagedpaM, thensal dhgidd MANKdiketirond
calculators can be utilized by establishing K1 depending on L1' according
tntbediqustioof tIEquatentioy&itodl mctives signals iransmitied from
transmitting apparatus 2 having three transmission antennas 21-1 - 21-3,
with four reception antennas 701-1 — 701-4. It is assumed that 16-valued
signals cq - c4g are transmitted from each of transmission antennas 21-1
21-3.

Receiving apparatus 700 according to the twelfth embodiment of the
present invention is applied o a situation where either one of transmitted
signails ¢4 through cq¢ is spread in advance by a spread code.

Receiving apparatus 700 comprises four reception antennas 701-1 -
701-4, channel coefficient estimator 702, QR decomposer 703, four
despreaders 704-1 — 704-4, QM processor 705, transmitted sequence
estimator 708, and recording 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 signails.
Channe! coefficient estimator 702 is supplied with received signals r{ - r4 as
its inpuﬁs, estimates channel coefficients, and outputs channel matrix H of

the estimated channel coefficients. QM processor 703 is supplied with

channel matrix H as its inputs, QR decomposition on channel matrix H, and
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According to the present invention, therefore, the total reception 25
characteristics are improved. Embodiment 8: 64 An eighth embodiment of
the present invention will be described below, Since the eighth
embodiment of the present invention is identical in arrangement to the
sixth embodiment of the present invention, the eighth embodiment of the
present invention will be described below with reference 5 to Figs. 22

RS- rASERI ARG EhtRenpspgess of determining priorities for antennas

in each of the above embodiments, the priorities are determined based
on rebespraletritdgoWveréDiedcivedeiuditd pihaessestise ieeeivid
power ratios or received electric power vs. noise electric power ratios and

SloterirEncen B disciR S WESRIRES, STt IRTDTIBRALS dre detthffiad
QAN G AU TS LARATUINEHID IRBEP e IRBAG e ac

e priorities fo ennas are determined based on the coding ratio.

tHatasesHRREesiaaRMted fonttiranapissionanieanas dbdisXieBparad
coded at respective independent coding ratios, priority determiner 104 15
reotavaringig aisrities based on the coding ratios for respective
transmg'_s{sion antennas 21-1, 21-2. A situation where the codin ratiosg%q
sion

the ré3pechiRFERSMICIRP ERIHAS HCRAGEES itk RS TARCAR
sl fﬂ%(?éi\ﬁﬁ@gégwé‘ﬂ@% RIEHtARVRHRN e SiPBAbodiment

separation characteristi
of the present invention shown in Fig. 4, but differs therefrom in that it is

supplied with despread received signals r'1 — r'4 as its inputs rather than
received signals rq - 4. QH  processor 705 multiplies despread received
signals r'4 — r'4 by the complex conjugate transpesed matrix of the Q matrix,
and outputs converied signal z.

Transmitted sequence estimator 706 is supplied with converted signal z
ahd the R matrix as its inputs, performs the same processing operation as
transmitted sequence estimator 4 in receiving apparatus 3 according fo the
sacond embodiment of the present invention shown in Fig. 4, and outputs
estimated transmitied sequences s'4, 8’2, 8'3. According to the present
embodiment, the above arrangement is effective to reduce the amount of
processing operation in transmitied 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 805 — 908 perform a given processing operation on the error
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20 antennas differ from each other depending on the order in which the
antennas are processed. Specifically, the signal separation characteristics
are worse for antenna signals that are processed in earlier stages and
better for antenna signals that are processed in later stages. The reasons
are considered to be that since the effect of interference by another
antenna 25 remains even after the orthogonalization due to QR
decomposition, the selection of candidate points at earlier stages is

sigpRist (ﬁg@ﬁfﬁé._%gqﬁééammgtwﬂ@ébﬁé@éﬁf@ﬁ#ﬂ@@%@%@,@&ﬁt@ﬂhé@voiph
Qe o R

%W@&‘tﬁ?@;@%ﬁ'%&éﬂ%@'ﬂ¥§%('9\é@.{rﬁ9%§& 'HRSHALASSIORRART the
stages with better signal 5 separation characteristics to signals with lower
error-signielsting mapebitités, i(Highereceisgatpsyasothatithéndtiie square
reception characteristics will be improved and the characteristics are
inntothfrcd HesREsh EvelidaaR g rRIB AiRTURTE EIG. 26 HldsRRK
gg%rgén of a signal selector according to a ninth 10 embodiment of the
pre Sfifinvention. As shown in Fig. 26, signal selector 200 according to
the niftihgrahodiciesbet e REeRsTHAAVEUON asrARY IkGIMQof a jth bit
outputting function, and comprises antenna-specific minimum value
séleatam28iidvitatatannandesd202rradE hitysresifigumaibmimim value
selectors 204, 205, and bit-specific likelihood calculators 206, 207. Signal
fEcrs@tietor 8bo is connected to turbo decoders 210, 211. For use in

combing;imfv{étgj@,-f;,@%}t—ﬁ({érie}cting decqdéransing s

(when bij = 0)

[Equation 16]

A=A ) (when bjj= 1)
(when by = 1)

If the processing operation is to find the square root, then the likslihood
is determined by the eguations:

{Equation 17]

e
Domy =€, (brs )= e' (when bj.j = 0)
{(when b = 0)

[Equation 18]

Juy =l =fe (b ) {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

soive the problem caused when alt symbol candidates for inverted bits are

T4



20

25

decision bit information, such as turbo decoders 210, 211, signal selector
200 needs to have a function to output bit likelihoods for data sequences
that have been output. It is assumed that either one of 4-valued signals
cl - c4 20 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

&é?&%@.isﬁ%%;gﬂﬁ@@e%gs B L BIERREIRDBY Blipkihd e dhadiissd,

signal points transmitted from transmission antenna 21-2 by b2-1, b2-2.

tRBrAItRNa cheBiEcmnbBuIYalbg selectangeinisriupiiedswtiities dretow.
signals and transmitted symbol candidates that have been calculated by
4K1 g likBlincohicalcdisgrmiitarions) Felrsiirseceasdingne Guiputeenth
smallest error signal e'l and transmitted symbol candidates s'1, s'2 for.
TPAURENS SRENREE AR cfoGh QP o e e Guzent
PR W AT RIOYKEA R SAMBINSIANENEL e AR DRE SRS Bl es.
are supplied with 5 the respective transmitted symbol candidates as their
linPits ahd-detevmineptwediils AROE nespectivessigptals. Bitapenifior
minimum value selectors 204, 205, which are provided in_combination
TRRAIVIRO SERIRSS réspEstivelie e FiliNe RN BRUESBH BIRS teipmator 32

from bit determiners 202, 203 and th ignals and. itted jO
SRR o ALE e PR i e 69 R TRE DO (LR tors

WaG iRl S1a08, AN YLRTIN G SBlest e atsionah smeRg kagsmifted and

symbol candidates which have bits (inverted bits) different from the
osepiaterahits likeiireeamplés if Decisitar bk b jdddcbdgthdntoftkantsissiomitied
antenna l is

sequences.

Fig. 36 is a block diagram of transmitied sequence estimator 1202
shown in Fig. 35. Transmitied sequence estimator 1202 will be described
helow with reference to Fig. 36. In Fig. 38, transmitted sequence estimator
1202 comprises three-stage likelihood calculator groups and three-stage
signal selectors, like Fig. 5. Unlike Fig. 5, however, likelihood calculators
1204-1 — 1204-16, 1206-1 — 1206-16K1, 1208-1 — 1208-18K2 are supplied
with received signais and estimated channels as their inputs, and signai
selector 1209 in the third stage has a bit likelihood outputting function.

Likelihood caleulator 1204-1 is supplied with received signals rq - 14
and channel matrix H as its inputs, and calculates and outputs error signal

es_q as follows:

[Equation 19]
4 2
| €3 =Z!’? —hy 'Ss‘
=]

where Sg represents a symbol candidate for a signal transmitted from the

3
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0, then bit-specific minimum value selectors 204, 205 output smallest error
15 signal E among signal points whose jth bitis 1 of c1 - c4. Error signal E
is expressed as follows: [Equation 11] Bit-specific likelihood calculators
206, 207 which are provided in 20 combination with the antennas,
respectively, are supplied with error signal e'l output from
antenna-specific minimum value selector 204, 205 and error signal E

cglutg tfrom.bit—sfﬁ)o%:zij{ic minimum value selectors 204, 205, and outputs
it g‘é”‘é}ﬁg‘f%ﬁ M &Bit-specific likelihood *,j is determined

acco@jHﬂié‘ﬂ#p%ﬂH@E‘&“&é%@xt@gi@t@@é@]EQ'ZD@A@ME\%@%%O%&]@M
[Equation 13] el - 6, | (when bi-] = 1) 5 Signal selector 200 supplies the

ditdikeireis dSipnalisetkbiotht2dizoseleptodesetoctushgndécodersrdziest
211 for performing an error-correcting decoding process based on

sppdeemiticintieniatenh ab R Sigiatedans e uRals sumgnBY SRn1dHERISor

eﬁc transmjssion arntenna. If process sorting is carried out based on
BHETLEY 8% YoWhh Fig. 22, then the outputs of bit 10 specific likelihood

calculgieimngd 294 ARIPRILI. A Lastorsiet i aiand AftesiRg

likelihoods are sorted according to transmission antenna
received signals r4 - r4 and the symbol candidate selected by signal selector

1205, as follows:
[Equation 20]

4 2
€ | zZ}!r, =hy S 5 —hy S:,_I

where 8"¢_3 represents a first candidate for a signal transmitted from the
third transmission antenna which is selected by signal selector 1208, and Sp
a signal transmitted from the second transmission antenna.

Similarly, likelihood calculators 1206-2 — 1206-16K1 caiculate error
signals, and output calculated errors and symbol candidates which give the
errors. Signal selector 1207 is supplied with the 16K1 error signais and the
symbol candidates which have been calculated by likelihood calculators
1206-2 — 1206-16K1 as its inputs, and outputs smallest K2 symbol candidate
sets (8"1.38"1.2) - (8"K2-38"K2-2)-

Likelihood calculator 1208-1 calculates error signal 4.4, using
received signals 4 - rq and the symbol candidate selected by signal selector
1207, as Toliows:

[Equation 21]

4 P
S Zirz ~hy S k- SH!_2 —h;s ‘S“1M3[

Je=]

where 8"1.3, S"41.9 represent first candidates for signals transmitted from
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numbers, they are input to predetermined turbo decoders for processing.
Embodiment 10: Fig. 28 is a block diagram of a signal selector according
to a tenth 15 embodiment of the present invention. As shown 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, error signal accumulators

139 6hiB0 ARArRESRIMpHENS DB RN RGSETEASUMISE BEBSalEste Ry pignal
lect i ted to turbo_decoders 310, 341..Bit-specifi
e A SRR L b SR S R SR Ul

mjtted symbol candidates which have bits (inverted bits) different
from the decision bits for transmitted symbol candidates whose 25 error
signabis angl ek Ihowe vericallatprabtl G+ tid ARG K Zerrdubits REpr
have been deleted by narrowing down transmitted symbol candidates Wiwe

sloBasighdl eelbslraicatpreREaMPRAGY DG cgifRias b 8ivat
this time, it is no. possible to perform_the calculgtio MaLac | t
e HTDERE SRl R0 IO 58 KoL g B & ot 1
lﬁ{@ﬁ%@&’ié‘él@%@fé?%i@ﬁéﬂ?ﬁﬂ{@{ﬁ@@%ﬁ&g@i@mgﬁEVaﬂ%E@ﬂé@QdéaéﬂSéﬁg
ci, then b1-1 = 0. Atthis time, if signal points c1, c2 have not been
selested,1 hndkRtad bytthevsigad! sklesuits thayphet &dingistagésdréve to
bit-specific minimum value selectors 304, 305 are not supplied wit

BIRSIUGHARI BT IR SR iR (FRe RS BIRICHREI APRYEINHR S SHB % 16 the

t“eifw 'hé)r% c?r?l?ng%t of the present invention.

Signal selector 1209 with the bit likelihood outputting function
calculates and ouiputs 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 1208 with the bit likelihood
outputting function makes it possibie to demodulate signals from received

signals and a channel matrix.
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calculated. 10 To solve the above problem, error signal accumulators 306,
307 are provided according to the present embodiment. Error signal
accumulators 306, 307 accumulate error signal E for inverted bits over a
certain period. Then, error signal accumulators 306, 307 average the
results that have been accumulated over the certain period, thereby
outputting provisional error 15 signals e'l-ave, e'2-ave for inverted bits for
inverted bits. Bit-specific likelihood calculators 308, 309 are supplied with
error signal e'l outpui {rerRBRisasPectic minipur value selector 301,
error signal E output from bit-specific minimum value selectors 304, 305,
and provisional error signals e'i-ave from error signal accumulators 306,
307 as their inputs, 20 and output bit- speC|f|c likelihood "i-j. Provisional

erroﬂs.gnd?s\@rf%@ﬁsa$emﬁéa'5§taﬂm§ﬁm fRT caRiKRR F BR-dpRIGHE Iating
trl"akesl% ed'fsprfw% S 1%' & m{PéW %’% ‘?‘5{8 S ﬁ}%’ Sﬂg I°¥: f\‘t?rll“:tetger of

ou put Ing er Por S|gnals or |nv ccor ing i

2e<59@@éa@mwﬁmg@m&ﬂ{éﬁr{gscwaeéué;%@@@Jﬂf@@%@tr@bmgqs Nis

even if symbol candidates are narrowed down by the signal selector in
aiménpegeivob Sty eattu)dietentitre anjens asosekb reEFMpafipwRt i :

Fig. 29.is a block diagram of a channel coefficient estimator according to
CRAef/B8th embodiment of the present invention, and Fig. 30 is a diagram

5 cetmator SRosin B O R Sh e hE iy o o et o
tiseeHEaRd signals, using a channel matrix having as elements channel
coefficients between said reception antennas and said fransmission
antennas; and

means for outputting a likelihood for bits of said transmitted

signals based on the nulled signals.

2. Awireless communication system according {o claim 1, wherein
said fransmitted signals are demodulated in a descending order from a
transmitted sequehce transmitted from an Mth transmitted antenna to a
transmitted sequence transmitted from a first fransmitied antenna, based on

the nulled signals.
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estimator 500 comprises pilot symbol replica generators 501-1 - 501-3,
505- 1 - 505-3, (pilot symbol replica generators 501-2, 505-2 being not
shown), and correlation detectors 502-1 - 502-3, 506-1 - 506-3,
(correlation detectors 502-2, 506-2 being not shown). 10 As shown in Fig.
30, pilot symbols that are of a 4-symbol length which are different for
respective transmission antennas #1 - #3 are inserted periodically into
data symbols by respective transmission antennas #1 - #3. In the
Bxample/sbrRs tdmigidisdherpdps symbetpaitess kRt aspettiveherein
transmission antennas #1 - #3 are orthogonal to each other. 15 Such
THAGGERNI MhASHH A4S bergersested by using a Walsh sequence having

th length he pilot. bal ber. A pilot b f.
ranamiseioh AHOTRECPR Ui SUEELERh b T EBrucenmd By o sei
MRS JERFGSERIS B&W&QR'MG&w%ﬁ'@?&%E@S{féﬁixeéﬁt%ﬁ‘}i{é%?ﬁd said

500, received signal rl is input to 20 correlation detector 502-1.

tsyndnissplicangemesatondd dngeridratesivedbssymkol sequence pl for
transmission antenna #1 (not shown) and outputs generated pilot symbol

sequence @%&ﬁ@@%ﬁ@@f@&ﬁmmm@m&w ngb;a
R O SR ARG A8 an

RefHeRce pl of transmission antenna #1, thereby estimating and

outputting channel coefficient h11 between 70 transmission antenna #1
and reception antenna #1. Channel coefficient h11l is estimated according

to the equation:
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[Equation 14] h1l =4jr(n)'Pi(n)* n 5 where rl1 n represents received signal
rl at the time pilot symbol n is received. Actually, it is possible to
determine channel coefficient h11 by the weighted averaging of estimated
channel coefficients obtained in a plurality of pilot symbol transmission
intervals. Similarly, correlation 502-m (not shown) is supplied with
received signal 10 r1 and pilot symbol sequence pm of transmission
antenna #m, which is generated by pilot symbol replica generator 501-m
(not shown), and estimates and outputs channel coefficient h1m. Also
similarly, correlation 506-1 is supplied with received signal r4 and pilot
symbol segu@fcerptastvafemisstimyirgen necg vadnitdnial yestrateing
15 pilot symbol replica generator 505-1, and estimates and outputs ,
sgithFfVEsbRigRAE R SIRMBNERTY 1B ARREXRIUHA IR PRREA SBIE X
P58 RasRealer Basimpnohponelcoelisniphemeen iree
ransmission antennas’(not shown) and four reception antennas (not

shown), andielipnnpldnaljprbbptRdieestisnatest ebnsarictegfEeignts is

output. Though pilot symbols are time- multiplexed on data symbols in the

opteséing mbpdihd anskyateaip beakeeprasienhsigplekeased on said
code-multiplexed or frequency- and code- multiplexed, and estimated
rereiNGE YgBRAISIARE may be obtained according to the same process as

described ghove, 2RETOOAINEN Lefimator for outputting at least one of a

transmitted sequence, a likelihood for said transmitted sequence, and a
likelihood for bits fransmitied by said transmitted sequence, based on said

conVerted signal, said syimbol candidate, and said R mairix.
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71 Fig. 31 is a block diagram of a receiving apparatus according to a
twelfth embodiment of the present invention. The arrangement of a
wireless communication system according to the twelfth embodiment of
the present invention is the same as the arrangement of the wireless
communication 5 system according to the embodiment shown in Fig. 1
above, except that receiving apparatus 700 is provided instead of
receiving apparatus 1. In Fig. 31, receiving apparatus 700 according to the
twelfth emdbodimeintiefsthegrresenicaentigstrenaivessignels vaneniited,
from transmitting apparatus 2 having three transmission antennas 21-1 -
21- Nﬂ@@!ﬂﬁ@@rf@@mﬁl%%m% FOTANSE1-4. It is assumed that

16-valued si als 1 C 6ar<ﬁ niltt 7%%1[ a h of tr&nsrp aid
antennas 2121% Ci? it %’]CCOI%Ing BYW ﬁtﬁ
Ry 'B&%‘Pﬁ&émg 5&&%}% @8%%&%@!@4&%%‘%%%%@d

one of transmitted 15 signals cl through c16 is spread in advance by a
trapregait sodeaiRenabsngpapdaratesid 08ceivedrsgsdr reception antennas

701-1 - 701-4, channel coefficient estimator 702, QR decomposer 703,

four desp?e@(?e%e?gm@QS%ﬁoﬁP@ﬁPﬁfﬁegs@& @@@Wﬁﬁﬁﬁﬁfbﬂ%@?ﬁence

stim tor 706, nd r rdln ?57f n r
R 30 A 5] b o g I e an
RPRYES-RE receiving apparatus 700. Reception antennas 701-1 - 701-4
receive respective signals. Channel coefficient estimator 702 is supplied

with rece|\£edlb19namssesrzﬂoa$nultsplymg 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
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its inputs, estimates channel coefficients, and outputs channel matrix H of
25 the estimated channel coefficients. OH processor 703 is supplied with
channel matrix H as its inputs, QR decomposition on channel matrix H,
and 72 outputs a Q matrix and an R matrix. Despreaders 704-1 - 704-4
are supplied with respective received signals rl - r4 as its inputs,
despread received signals rl - r4 using a despread code replica which is
the same as the spread code used to spread 5 the transmitted signals in
sitanseitisgeppaHitl setavetatigpiais despredsliitecetneddsignated - r'4.
QH processor 705 performs the same processing operation as QH
Carstideto £8aURTEES T AppAIHAK SPaLeDrGiIfg M itRies e
embodimen% of the ?r sent invention.shqwn.in Filgc.p4 but d'flers .
therefrom fh {ﬁQPf{‘fé‘i %ﬁ%ﬁﬁ@ﬁ%@eﬁ B%%? etll\{;té%gsé %ﬁfr'(in-er'ﬂ a
e iinRYtSJatReIban feariyed RI9RaIS tHankn REHRIOSESACE 7ARd 2
multiplies despread received signals r' | - r'4 by the complex conjugate
likralirspos ok hiddérixeofdimiti@diatiesdamehetjii#s segueried, Sigaatizon said
Transmitted sequence estimator 706 is supplied with converted signal z
CO5\RItPthEI B0 AaRBIch R i At 3NEHUFS IS HARRSH R ePORid IR
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 s'1, s'2, s'3. According to the
present embodiment, the above arrangement is effective to reduce the
amount of 20 processing operation in transmitted sequence estimator 706
to 1/spreading
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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 25 apparatus for transmission antenna 1 is described. In Fig..
34, function processors 905 - 908 perform a given processing operation

on the error 73 signals (squared Euclidean distances) that are output
respectively from antenna-specific minimum value selector 901,
bit-speqfiic-liinymNakie.sslegar N A EROTEIANA BrouTHIAIR
for thereby converting the error signals. For example, if the processing

epeidionasdarinstbersarese S root, then a squared Euclidean distance is
converted to a Euclidean distance. If the function operator is defined as ff

~ ), then the Bkeliaood epaffinient ostiratenisyiesinaithang ectertinedaid
the eqyations: [Equation 15]1i0 A,-> =f e',- (;-))I: f{e',} (when b1l = 0) ,
IR P DR G /LR 7 S GireR B e e
rahhiRdlibe piRasssing.eRaratiaig ladilddhe e root, then the
likelihood is determined by the equations: [Equation 17]
a QR decomposer for performing QR decomposition on the
channel matrix of said channel coefficients and outputting a Q matrix and an

R matrix;
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'-)-fie, (when bl-j=0) e',- C (when bi-j = 0) 20 [Equation 18] ~le";_; b'-1)
(when b11=1) (when bj-i = 1) Embodiment 14: According to the tenth
embodiment of the present invention, the signal 25 selector with the bit
likelihood outputting function has been described to solve the problem
caused when all symbol candidates for inverted bits are 74 deleted. If a
signal selector with a bit likelihood outputting function is used, then
signals can be demodulated by an arrangement to be described below.
Fig. 35 is aebdkpdémgsesurdba sighialgelg ctoraebardisighala/émicekating
embodiment of the present invention. According to the present

ARG, SIS ASAIREPHA VABIPRAINIANERD AL IEReI RTRAITRAX
S QORI Bnll it LR ARGARP ALY R S AN ARSIHRCoePtion

antennas 1or receiving signa , respectively. el

coefficient gsfigmataltd esiaies apAnUELsAbamIS RRIARMIRG
transmission antennas. Transmitted sequence estimator 1202 estimates

cesnakitiaitee despmpraescioahd i & autpotsgebiEikgitigopdmatido ook O3B

decodes and outputs transmitted sequences. F:%.t,SG Is a block diagram
Tt

%gﬂ%[ﬁm.%&é%ﬁ%cééﬁﬁa?&nﬁ@f%BWH PRI JeISHEIRRRd
SHAMERS SRAN L2074 PR ABSCUBEEnce candidates:

a transmitted symbol candidate selector for selecting and
outputting symbol candidates for (M-L) demodulated signals based on said
received signals; and

a transmitied sequence estimator for outputting at least one of a
transmitied sequence, a likelihocd for said transmitted sequence, and a
liketihood for bits transmitted by said transmitted sequence, based on said
converted signal, said R matrix, said fransmitied sequence candidates, and

said symbol candidates.

6. A wireless communication system according to claim 1 or 2,
wherein said receiving apparatus comprises:

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 signais;

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 coefficients based on the channel

coefficients estimated by said channel coefficient estimator and the priorities
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below with reference to Fig. 36. In Fig. 36, transmitted sequence estimator
15 1202 comprises three-stage likelihood calculator groups and
three-stage signal selectors, like Fig. 5. Unlike Fig. 5, however, likelihood
calculators 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 the third stage has a bit likelihood outputting
function. 20 Likelihood calculator 1204-1 is supplied with received signals
ddtemtirmed] mharrkpritaitixdetasitgamp asd anduaditudotes adidfiedighasne!
error signal e3_1 as follows: [Equation 19] 411r,2 e31--hf3'S31 , 1
matiifere S3 represents a symbol candidate for a signal transmitted from

the third tran e 1
150416 co e B oy e B SR RIS S
HddeRedr sigialsehatsmaliessuanigtifigm therealoutaiaderRnsgnels, and

outputs a symbol candidate 5 which gives the error. Likelihood calculator
1206-1 caleuRitbprosessiyiar auliinlying aceenieecsrigns Yecter hadinse
%@"%";&32 R ale e LAY R ieX coniasat: Hansbotad Obtrix
of said Q matrix and outputting the product as a converted signal,

a tfransmitted 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 symbol candidate selector for selecting and
outputting symbol candidates for (M-L) converted signals based on said
received signals;

a transmitted seguence 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 symbol candidates; 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 transmitied by said transmitted sequence, based on the

output from said transmitied sequence estimator and said priorities.

7. A wireless communication system according to any one of claims
3 through 8, wherein said transmitted seqguence estimator includes likeiihood
calculator groups and signal selectors in P stages (P is an integer of 1 or

greater);
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10 e21-5~Y-hi3 S 11l 13-h'2 ' Sz where S™1-3 represents a first candidate
for a signal transmitted from the third transmission antenna which is
selected by signal selector 1205, and S2 a signal transmitted from the
second transmission antenna. Similarly, likelihood calculators 1206-2 -
1206-16K1 calculate error 15 signals, and output calculated errors and
symbol candidates which give the errors. Signal selector 1207 is supplied
with the 16K1 error signals and the symbol candidates which have been
calculated dyiliidlivod ¢ 2gidataogsoup08-2 pApesI s ntegies iapgtegdnem 1

s smallest K2 sy candidate sets (S"1-3S" "K
@ HIHoE STRERGAAR ARG D5 Sl cubh oLy Shriand,
c‘é?c';”@atr&%e'ved signals rl - r4 and the symbol candidate selected by
signal selector 1207, as follows: [Equation 21] 4 2 el-I = J:jr, -h"- S,

-hizSiz-htzezich $t Jakblikdlrecsl-dichtatersepuesantifipsh dikedisdesifahe
signals transmitted from 76 the third and second transmission antennas

pilhRRaecs6leaperBlindgrrir §aasmitteRoyyane craditiiastPasaainadhe
c%g&ngt%eed]lgj’ééainsm EI ?éa{nteﬂ%af ﬁ_mllla rSy égklﬁ 'Q&SP 0 C&r%?e%ter ) error
signals oufput 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 candidates
which give the likelihoods, based on Kp likelihoods output from the likelihood

calculator group in the pth stage and said transmitted symbol candidates.

8. A wireless communication system according to any one of claims
3 through 6, wherein said transmitted sequence estimator includes likelihood
calculator groups and signal seleciors in P stages (P is an integer of 1 or
greater);

a likelihood calculator group in a pth (p is an integer ranging from 1
to P) stage comprising Kp (Kp i1s an integer of 1 or greater) likelihood
calculators;

each of said likelihood calculators calculating a likelihood in the
pth stage and generating said transmitied symbol candidates based on the

converted signal, said R matrix, Kp-1 (Kp-1 is an integer of 1 or greater) error
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5 signals, and output calculated errors and symbol candidates which give
the errors. The number of error signals and symbol candidates output
from the likelihood calculator group in the third stage is 16K2. Therefore,
depending on how K1 and K2 are set, inverted bit metrics may not be
calculated due to a reduction of symbol candidates, as described above
with respect to the 10 tenth embodiment of the present invention. Signal
selector 1209 with the bit likelihood outputting function calculates and
S@nptﬂsawméuhﬁ"@m mianaii@ihm@gmtaé%ér}rﬁb stagalation shadransmitted
cribed in the tenth embodiment of the present invention. According to
iﬁ%@@ﬂ%&ﬂﬁéﬁi t, as described above, transmitted 15 sequence

estimator 120 %{ %‘@P"ﬁlwstﬁ@ fét%@% WL e Rt s NS imum

outputting function ma es It possi Ie to demodulate signals from received

ligigitale dne dckprnatanatiittgd %Niﬁém&@iﬁ@%\ﬂﬁﬂ A
wireless communication system for receiving and demodulating

Erﬁaw@mﬁ'édbﬁgﬁd@mr&m H(ﬁlﬁmﬁﬁiﬁlﬁg@ybﬁ%ﬁ‘ﬁdﬁﬁbhﬂqﬁm%@ﬁator

inte er reater nsm sion antennas, with a ing apparatus
SRR A SRR S A TSU B A AR o
receiving apparatus comprising: means for performing nuIImg
representative of orthogonalization of the received signals, using a

chanfiel méatix ietesscaselementoormymemaefboingsibetmeenssaitciaims
reception antennas and said transmission antennas; and

3 through 6, wherein said {ransmitted 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.

10. A wireless communication system according to any one of claims
3 through 8, 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.

11. A wireless communication sysitem according to any one of claims
3 through 6, wherein said transmitted sequence estimator includes signal
selectors in a plurality of stages, and a signal selector in a finai stage selects

and oufputs a most likely transmitted sequence.
12. A wireless communication system according to any one of claims

3 through 8, wherein said transmitted sequence estimator includes signal

selectors in a plurality of stages, and a signal selector in a final stage
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means for outputting a likelihood for bits of said transmitted signals based
on the nulled signals. 2. A wireless communication system according to
claim 1, wherein said transmitted signals are demodulated in a
descending order from a transmitted sequence transmitted from an Mth
transmitted antenna to a transmitted sequence transmitted from a first
transmitted antenna, based on the nulled signals. 78 3. A wireless
communication system according to claim 1 or 2, wherein said receiving

sappeiratus oshirse e shuihee IseopificiEn tostimdotor Bsthhatingfandaid
outputting said channel coefficients between said between said reception
S&HAERNER 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 Rimatrixwitefe@Hpraaesseatimaykiehinstadenaly esl signehuesteraims
having said received signals as elements by a complex conjugate
Arkmepobddl whaiginbsiidronsmilirdadpigporingtimaromatudssasignal
converted signal; atra%smitteddgfgbol _canc?id te selector for selecti(%%ec,ES 5

SSlRCMRY0AR] U PN BLP BARAIARS R SRR riesit d R Aprbalags
e Eﬁ?éigi al%?@llgﬁ%ﬁ; %@ﬁ@éﬁ@tm;ﬁﬁg%ﬁﬁgiﬁmﬁﬂq%t sequence

outputtin east one o
transmitied by said seguence.

14. A wireless communication system according to any one of claims
3 through 8, wherein said transmitfed 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 guantity

measured from said converied signal replica and said received signals.

15. A wireless communication system according to claim 14, wherein
said likelihood calculator calculates the likelihood using a squared Euciidean

distance between said received signals and said converted signal replica.

16. A wireless communication system according o claim 14, wherein
said likelihood calculator caiculates 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

replica.
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transmitted sequence, a likelihood for said transmitted sequence, and a
likelihood for bits transmitted by said transmitted sequence, based on said
converted signal, said symbol candidate, and said R matrix. 80 4. A
wireless communication system according to claim 1 or 2, wherein said
receiving apparatus comprises: a channel coefficient estimator for
estimating and outputting said channel coefficients between said between
said reception antennas and said transmission antennas based on said
receividd signaiissiasdRaecompasenrfey penfo ratcg Qg decamypositiohaims
the channel matrix of said channel coefficients and outputting a Q matrix
Sl nvRaTRiftiRaE JANSHERI SY PR GRPRAIFRI@ SelrRiccsgiar sctinear
fp@{ing said received signals as elements by a complex conjugate
ransposed 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) cotfrertédveisikmnatsrbasadehicsary stoeiant sigirgsiammp oipgihgaims
the determined candidate sequences as transmitted sequence

TarmtiGatéeeRg sAIAAGRRMASEREnee cand B SERAIRIERP RS ast
rﬂgﬁiﬂ\fuﬁn%?@%{% ﬁ%ﬁﬁ%@?’ a likelihood for said transmitted

sequence, an or bits transmitted by said transmitted
sequence, based on said converted signal, said R matrix, and said

transmitted sequence candidates.
19. A wireless communication system according to claim 6, wherein

said priority determiner employs received electric power of each of said

fransmitted sequences.

20. A wireless communication system according to claim 6, wherein
said priority determiner empioys a received eiectric power vs. noise electric
power ratio and an interference electric power ratio of each of said transmitted

seqguences.

21. A wireless communication system according to any one of claims
4,5 and 6, wherein said transmitted sequence candidate selector employs a

linear filter.
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82 5. A wireless communication system according claim 1 or 2, wherein
said receiving apparatus comprises: 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 R matrix; 83 a QH processor for multiplying a received signal
vect@havingissis seceinolsigatitnasysiemerms by ag donproxtvhpfelams
transposed matrix of said Q matrix and outputting the product as a
B YRR =i ARRIE LE B EAR GRS SmPloys

nqw%‘ﬁ{{ﬂmiﬂg%mé%gég%%&%q%%nces for L (L is an integer ranging from 1 to

converte ased on said received signals and outputting the
determined candidate sequences as transmitted sequence candidates; a
transmitted symbol candidate selector for selecting and outputting symbol
canditfate ABH@IBES gomotiintal Bighdtehase VA58 do0 [EakvEd Wiprals!

iR S St aed SR BN 5P eSS A Sn AR Do

pliband fon Pitstaasiia hiaaspid R pRRIL seaHanca hased aRpid
conhverted signal, said R matrix, said transmitted sequence candidates,
pabOesses have respective different numbers of signal points, and said priority
determiner determines said priorities based on said modulating processes for

the respective transmission antennas.

24, A wireless communication system according fo claim 23,
wherein a priority is given to an antenna which has sequences of a lower

modulation multi-valued number among said transmission anfennas.

25. A wireless communication system according to any one of
claims 7 through 13, wherein data sequences transmitted from M
transmission antennas are moduliated 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.
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said symbol candidates. 6. A wireless communication system according to
claim 1 or 2, wherein said receiving apparatus comprises: 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 priority
determiner for determining priorities between transmission sequences
transmitted from said transmission antennas based on said received
Hignalsyarsiaterdomsountimcpsaicl systanebooeffitients bayezhenctheahenbel
coeff|C|ents estimated b(g/ said channel coefficient estimator and the

tRrR RS BDBEIEHRING IrBYRIHTSH SRR BBRHARIER ARG DE AR ylielinood
g@ﬂ&%‘%&? b e oL BN a

ecom OS lon on said® mod annel matrix an put Ing a

R A E Dolbe R dtpresessreias BubinlgRaAdReRIVRshaNal ¥eskoD and

having said received signals as elements by a complex conjugate
transposed wignixsofrzhie Qindaaikandidagiutinttiue hotetas gonverted
converted S|gnal a transmitted sequence candidate selector for

AR BhAd Rl EHREERPY $19R8% integer ranging from 1 to

M) converted signals based on said received signals and outputting the
determined candidate sequences as transmitted sequence candidates; a

transpritted symbalieasgidatersaledterion selgetingenstding to claim 26,
wherein said transmitted sequence estimator 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 squared Euclidean distance based on
the accumulated squared Euclidean distances; and

wherein said likelihood calculator calculates the likelihood using
said provisional squared Euclidean distance if either one of said first and

second squared Euclidean distances is not output.

28. A wireless communication system according to claim 26 or 27,
wherein said squared Euclidean distance is replaced with a Euclidean
distance which is converted by performing a given functionai operation on

said squared Euclidean distance.

29. A wireless communication system according to claim 6, wherein
data sequences transmitted from M transmission antennas are modulated

respectively by independent



outputting symbol candidates for (M-L) converted signals based on said
received signals; 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
symbol candidates; and a restorer for restoring and outputting at least one
of said transmitted sequence, the likelihood for said transmitted
rseduiztics, prutdseckkeliboditomith tedingnpitterbbyesaltbyransaytstive
sequence based on the output from said transmitted seq?dgnce estlmator

a%ﬁcﬁﬂﬂé@g?’aﬁi%r@[&%§%‘§rﬁﬁ‘ﬂr‘ﬁ%§'ﬁdﬁf§§)§@h¢ﬁ 5iRg &S ny
I [ it
T R T s PG S5 B
an integer of 1 or greater); 85 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 grééten)Aivdiialsss cemulavestioactysiaai@ikefiogdeaorateof claims

e R R e e R

IR slh% )!\fFersSQ?FHFe HE BN RSk
t%éﬁ%i?o@?‘r%agég%i R}(stage a%ﬁe tr(;mémltted s%/%trq%ol can datgésﬁand a
teigaaliseleatantathagtthstagemuputiotidipniisisen piitegsmobols
periodically transmitted according to a symbol pattern inherent in each of the

transmission antennas and known to the receiving apparatus.

31. A wireless communication system according to any one of claims
3 through 8, wherein said transmitting apparatus spreads in advance and then
transmits the transmitted signals, and said QH processor muttiplies 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.
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1 or 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 stage and said transmitted symbol
candidates. 8. A wireless communication system according to any one of
claims 3 through 6, 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
integ@2 randjirgckving apRjaitabaongosiNgKpr(kpsgandhikgegotatien
greater) likelihood calculators; each of said likelihood calculators

SRR RIAENAN 08 WITRIESSRUTIGMARA HRhEY SR S2d TRHYRR R

o e e S e e A I oo
iSelecine e adplingsnger anaHibekarsmitieshrasnbalcancidates appdratus

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

CRpErIgAgsmitted symbol candidates which give the likelihoods, based on
Kp likelihoods output from the likelihood calculator group in the pth stage
and said transmitted symbol candidates. 9. A wireless communication
system according to any one of claims 3 through 6, 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.
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10. A wireless communication system according to any one of claims 3
through 6, 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. 11. A wireless communication
system according to any one of claims 3 through 6, wherein said
transmitted sequence estimator includes signal selectors in a plurality of
stages, and a signal selector in a final stage selects and outputs a most
rtikelysfansraifednseg neticy (Sraseintdiss of mhwgcatibiaaysienh the
according to any one of claims 3 through 6, wherein said transmitted

r8E6 Y SR aIMatSIIH AL B hR A H A1 PE BIGFARYDCERRR! and
ignal sel in a final , t likel mi

oo e S R LT

ANBHALBIGRYN system according to any one of claims 3 through 6,

wherein said transmitted sequence estimator includes signal selectors in
a plurality ofsangelorandrutinpoad dskitiopthfarfipits shepidélasemitiatbst

%ﬁ% trﬁnsm'tted %quuepc(f and ?utputs a likelihood for a bit sequence
Fhiteef )Pg'aTl % Hh% SENAS A wireless communication system
according to any one of claims 3 through 6, wherein said transmitted
sequence estimator includes a likelihood calculator for generating a
conveged gigaakigplicajising edementisiag siuchiRIDabdaisericulating

the likelihood using a physical quantity measured from said converted
signal replie&Baanslisaeisiced eximagior 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 rmatrix;
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15. A wireless communication system according to claim 14, wherein said
likelihood calculator calculates the likelihood using a squared Euclidean
distance between said received signals and said converted signal replica.
16. A wireless communication system according to claim 14, 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
signa @dplracessty for wirdtiyicgraressbabsigystoracioc havmnpteady
one of claims 3, 5, 6, wherein said transmitted_ symbaol candidate selector

BTGP A TRk MR A WIRIEST RS RBRILERG LyeRARSaL B B
B ARAT AMPotioudint IR IR RIG LTI SR B AN diee

ctor employs m ood estimation. 19. A

communicatiparsyaigel agenidingtestipiand, iwheapuisag arieast one of a
determiner employs received electric power of each of said transmitted

’f@tﬁmﬁ@bg@oumea%&&aimfmwﬁésﬁté@@ﬁmt@étse@mgrt@@elamﬁ 8,
R D e LA L GIBEHEBo vatd B
ﬁﬁ@ﬁé@&%%&@ﬂiﬁ%ﬁt&- A wireless communication system
according t0 any one of claims 4, 5, and 6, wherein said transmitted
sequence candidate selector employs a
34. A receiving apparatus according to claim 32, comprising:

a channel coefficient estimator for estimating and outputiing said
channel coefficients between said between said reception antennas and said
transmission antennas based on said received signals;

a QR decomposer for performing QR decompaosition on the
channel matrix of said channel coefficients and cutputting a Q matrix and an
R matrix; 7

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 converied signal;

a tfransmitted symbol candidate selector for selecting and
outputting a symbol candidate for said converted signal based on said
received signals; and

a transmitied sequence estimator for outputting at least one of a
transmitted sequence, a likelihood for said transmitted seguence, and a
likelihood for bits transmitted by said transmitted sequence, based on said

converted signal, said symbol candidate, and said R matrix.
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linear filter. 89 22. A wireless communication system according to any one
of claims 4, 5 and 6, wherein said transmitted sequence candidate
selector employs maximum likelihood estimation. 23. A wireless
communication system according to claim 6, 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 priority determiner
detedbine\saicepriogtspbaste aceaidingodutating pLocesspsgmythe
respective transmission antennas. 24. A wireless communication system

according f’ocaéﬁﬁ@sc,oﬁfﬁiéf%m %%ﬁ@@i@éi@éﬁ‘?@mﬂ‘étm EprRRld
JEReeeR Al R quer %H'@H%ﬂtﬁgﬂﬁégﬂ'@g% %B%ﬁfo%‘?\@gnﬂg and said

ransmission antennas. A wireless communication system according

tiarRmiSN8rohriiainas Hhseddbh 1skiw heseinatntagirmgiences transmitted
from M transmission antennas are modulated respectively by

independeatQRatitaringosadessexfamaingith hoggRtny pittue oseditiave
respective different numbers of signal points, and said signal selector
CHBHARR AT RPN el OGBS FribBrac X and an

Fgm tes which are output depending on the modulating process for the
transmission antenna to be processed by a likelihood calculator in a next

stage. 90 260K wiretess cofomunitptiingysteseiedosiing ltosuyrdnevily
sgfgr?;cgived 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 transmitted sequence candidates; and

a transmitted sequence estimator for outputting at least one of a
transmitted seguence, 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.



through 6, wherein said transmitted sequence estimator includes a
likelihood calculator for calculating the likelihood 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. 27. A wireless communication system according to claim 26,
wherein said transmitted sequence estimator includes an accumulator for
accu’r}ﬁj|atiﬁgemﬁhsirsqaap@dmmmmmcéam\ﬁ8eﬁwﬁﬁ}@g'ed
signal replica at a bijt Ow{gd the received s nals anc% a second

Euclidean JRIGABE HRAFESIS A &GHIBAY éﬁaﬁt’f'@ E‘g&ryﬁp g@a:d
base% %'ﬁf&‘?é?ﬂé‘%% QHtEB%%g’Eﬁ/\QéWQQ!@%%%%&P&H@&%@'%%%M

e accumulated squared Euclidean distances; and wherein

ieaidrifiedibaasheatridatbasalt viatesidhe dsridtpedinalng said provisional
squared Euclidean distance if either one of said first and second squared

Euclidean a|Q%@@@ﬁﬁ@@ﬁ@uﬁmw@é@m\;\ﬂ@e@%Q%@ﬁmeﬁ@aﬁarpéy%t@m

AL Lo HEA DGR R & SRV B RGERC 2"

Fglmr]‘ynctmnal operation on said squared Euclidean dlstance 29 A
wireless communication system according to claim 6, wherein data
sequenceaﬂ@h‘smrbtm:b@mnid\flmam@’rmsgmranmmeasmmmmmedving
respectively by independent 91 modulating processes, and said
SAGRERIVG HrigastleahalRMBE YR complex conjugate transposed matrix

of said Q matrix and outputiing the product as a converted signal;

a tfransmitted 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 determinead
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 outputiing at least one of a
transmitted sequence, a likelihood for said iransmitted sequence, and a
likelihood for bits fransmitted by said transmitted sequence, based on said
converted signal, said R matrix, said transmitted sequence candidates, and

said symbol candidates.
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independent coding ratios, and said priority determiner determines said
priorities based on the coding ratios for the respective transmission
antennas. 30. A wireless communication system according to any one of
claims 3 through 6, wherein said channel coefficient estimator estimates,
in the transmitting apparatus having the M (M is an integer of 2 or
greater) transmission antennas, the channel coefficients using pilot
symbols periodically transmitted according to a symbol pattern inherent in

each 3f theA trapsimissiapramreasasaoci knpwndaitheS s eivipgisingaratus.
31. A wireless communication system according to any one of claims 3

through 6, WRBRANGIAaFARSMIERLTBRIvA RS Shnedag innstioavting said
PSS el S VERGAnCAG Sali Bt SERRHCH e, s o said
HERHREL 9 SAIRMSARL eSO RN CaRLgalR; HaRsposed maltrix of

said Q matrix and outputs the product as the converted signal. 92 32, A
receiving appaiatibg dhetanmgiheNas detantelen @ bZionigreatemyaeception
antennas in a wireless communication system for receiving and
TERIHBH BTN § BHIRIRRE & %@%lgﬁ?%ﬁ?@tﬁ%‘% MRS UES R AOERAARGRBEd
M iscan int%%%r of 2 qrgreater) transmission antennas, said receiving
f salg recel SIghals : . )
apparatus comprising: 93 means for performing nulling representative of

orthogonalizaliprefdhgoraRgivasisianaise Lshgrmiehanpakmabix favitGnnel
as elements channel coefficients between said reception antennas and
sHiffivandendstiorated by said channel coefficient estimator and the priorities
determined by said priority determiner, and outputiing a modified channel
matrix;

a QR decomposer for performing QR decompeosition on said
modified channel matrix 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 G matrix and outputting the product as a converted signal;

a transmitted sequence candidate seiector for determining
candidate sequences for L (L is an integer ranging from 1 to M) converted
sighals based on said received signals and outputiing the determined
candidate sequences as transmitted sequence candidates;

a transmitted symbol candidate selector for selecting and

outputiing symbol candidates for (M-1.} converted signals based on said

received signals;
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antennas; and means for outputting a likelihood for bits of said transmitted
signals based on the nulled signals. 33. A receiving apparatus according
claim 32, 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; a QR decomposer for performing QR decomposition on the
channel matrix of said channel coefficients and outputting a Q matrix and

an R matri{rpsntiitet sredebetor sHRHYife ovdeeiien sigaasteswof a
having said received signals as element a camplex conjugate
BRSO CF S0 IR e BRI S OHR Re T 2
kRNMBEad SRRl A Aty Uad sesvenaeasieaion fer BUEHIRid
least one of a transmitted sequence, a likelihood for said transmitted
ceenegtie symkia shike i ooat ficr; bits! tsains stteebby ssaditters naited
sequence, based on said converted signal and said R matrix. 34. A

receiving o FBFERIR" ALCEPRIRGTHS ABMPIIEHRpALINGSh ARaHheRId
t%%ri%%ﬁeﬂ%s%grggﬁ%g%g1}{{%%‘8&1&‘ %dr ggttg l%}t'pwgrﬁm dcgéaneeécgai and the

ween sal etween said recepuon antennas’'an

BRsBHaSISNARAERNARMASE B PR SRid-RERNREsnalE R BARGOBIPARST
for performing QR decomposition on the channel matrix of said channel
aedpfficients said batmmitgtes@onatde aradimator and said priorities.

38. A receiving apparatus according fo any one of claims 33 through
37, 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 ranging from 1
to P) stage comprising Kp (Kp is an integer of 1 or greater) likelihood
calculators; |

each of said likelihood calculators calculating a likelihood in the
pth stage and generating said transmitied 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
1 or 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 stage and said transmitted symbol candidates.



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 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 transmitted sequence, a likelihood for said transmitted sequence,

and &9ikefhoeeefoinbisppansiniteddeydng varyrineds sipiarice JBasedoh
an said converted signal, said symbol candidate, and saii%%%gix. 9 35.

3K rOES TR S dFaRRLRE SR R CRRT 4PN BHERGS

ffici i rf imati ' [
e S T haon B e gf o
dreasmission antennas based on said received signals; a QR decomposer
for performing QR decomposition on the channel matrix of said channel

coefficient$ dike! bpd tiRlgdad e aRdeapt R e @ ey rparaissdrom 1
fo ltiplying a received signal vector having, said received signals as
QA A CE R £ 2o R Al RBBbBY B E) TR and
Qutputiing the product as a converted signal; a transmitted sequence

candidate selector for determining candidate sequences for L (L is an
integer rangsagy fivdsu ki tikkjromw edkdiators calculating a likelihood in the

pth stage and generating said tfransmitied symbol candidates based on the
converted signal, said R matrix, Kp-1 (Kp-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 seiector in the pth stage outputting Kp+1 maximum
likelihoods and Kp+1 transmitted symbol candidates which give the |
likelihoods, based on Kp likelihoods output from the likelihood calcutator

group in the pth stage and said transmitted symbo! candidates.

40. A receiving apparatus according to any one of claims 33 through
37, 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.

41. Areceiving apparatus according to any one of claims 33 through
37, wherein said fransmitted 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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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. 96 36. A receiving apparatus according to claim 32,
compidsingA aecteiving| zpeéisiostazirding forarstiongin datrsutsutarpgh
said channel coefficients between said between sa ceptlon an as
%d"é&f&*?réﬁ%‘?é?@ﬁ‘&ﬁ@ﬁﬁ%%ﬁ%@@%maﬁar Seiar SRR aers i

5EPaMRPF 8(98;ffgﬁ@@g@%rﬂ@é@@epﬁat@rﬁagl %1%%@@@@@ maybaﬁ uts

nne cients an utputting a Q matrix and an R matrix; a

spresesEas ol anghnhsagsadessied 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

andid I d Ini did L
(oS BB RHE G HRAEL 75 PG DAl el i over

FECRIVEL Rignals Rac AYHRIKING the, determingd - GapdidalesRamIangesdss in

transmitted sequence candidates; a transmitted symbol candidate selector
Foiselkistiohsange outpidtting yah belectoditedcinfar (Mdge) spuid datest likely

signals based on said received signals; and
transmitted sequence and outputs a likelihood for said sequence.

44, A receiving apparatus according to any one of claims 33 through
37, wherein said fransmitted 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 transmitted

by said sequence.

45. A receiving apparatus according to any one of claims 33 through
37, 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 guantity measured from

said converted signal replica and said received signals.
48. A receiving apparatus according to claim 45, wherein said

likelihood calculator calculates the likelihood using a squared Euclidean

distance between said received signals and said converted signal replica.
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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, said transmitted sequence candidates,
and said symbol candidates. 97 37. A receiving apparatus according to
claim 32, comprising: a channel coefficient estimator for estimating and
outputting said channel coefficients between said between said reception
antemifas ahedegainlittpappusatas antendag assdiondhidheceineshid
signals; a priority determiner for determining priorities between
Iiﬁawgﬁqgév@#pgawéﬁé@i@éﬁgmétﬁ}@%&eﬁtwérﬁ%@l@#@aﬁ@ﬁﬁ%{z&e
baseorlt oﬁl: said ngceived si&nalg; a SOéter. I1‘lor so&tijngosﬁaicg chasnﬂglre
COEffiCR t%yb%%ear(%%ea ERndl Coetndidnts edimated 8y &% cHanneI
esfieisntestimatosanid thedpiioribissidetergiard saithrtigi¥red signal
determiner, and outputting a modified channel matrix; a QR decomposer
regpiparforming QR decomposition on said modified channel matrix 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 canj e fr ' i [ ing th
prooit s G D SR St SRR sy
Welepsternininancandisate,aastlenteidatd dbidsan Brageysangnhfranad
to M) converted

49. A receiving apparatus according fo any one of claims 34, 36, 37,

wherein said transmitted symbol candidate selector employs maximum

likelihood estimation.

50. A receiving apparatus according to claim 37, wherein said priority
determiner employs received electric power of each of said transmitted

sequences.

51. A receiving apparatus according to claim 37, wherein said priority

determiner employs a received electric power vs.

[
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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 signals based on said received signals; 98 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
noosw eftactrzigralyesaidti® aradriae andréaid reyandlebtan giokates;sdiodod each of
restorer for restoring and outputting at least one of said transmitted
3t HranEE iR RBANEAEIST 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. 38. A

receiging aRparAYHACEORAIRALS adRaRStSsIaNYLA3 Birelams3Ts, 36, 37,
wherein said transmitted sequence estimator includes likelihood :

veladrelateaigrnaps aniidesi preal umicetomntida s mps (RSt laysgeliogarditer.
greater); 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) likelihood

culatore: e P . oo )
e, i < S AR g
vinetagn eanyered sigral sstjddieaattndidate Spdcipaanpirgermblionm

greater) error
likelihood estimation.

54. A receiving apparatus according to claim 36, wherein data
seqguences fransmitted from M fransmission aniennas are modulated
respectively by independent modulating processes, and said modulating
processes have respective different numbers of signal points, and said priority
determiner determines said priorities based on said modulating processes for

the respective transmission antennas.

55. A receiving apparatus according to claim 54, wherein a priority is
given to an antenna which has sequences of a lower modulation multi-valued

number among said transmission antennas.

56. A receiving apparatus according to any one of claims 38 through
44, 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
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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 candidates which give the likelihoods, based on Kp likelihoods
output from the likelihood calculator group in the pth stage and said
transmitted symbol candidates. 99 39. A receiving apparatus according to
any one of claims 33 through 37, wherein said transmitted sequence
restitaatordrdidsig liké Betrddocaletdatongedhpsramitsgnd esebe ctiorsais Bnd
stages (P is an integer of 1 or greater); a likelihood calculator group in a

tRASPideshsyeiyRl sandirgiae mhickans sidgatdansmsing b (ke Begiiating

e B R e R R B i B,

depnsatisie syRbeleapdidates based on the converted signal, said R
matrix, Kp-1 (Kp-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 outputtin? Kp+1

maximtm MKERTOEY FRERBIUE RGTSRAtESS FRY ST idRtES R gNE
o likalif valihood . ol

e o g e o M e st At

cHeAdeeabringiappansiusacreitinaduamyane aifiadnss’sdiwesais

sguared Euclidean distance between a converted signal replica at a bit 0 and

the received signals and a squared Euciidean distance between a converted

signal replica at a bit 1 and the received signals.

58. A receiving apparatus according to claim 57, whereih said
transmitted sequence estimator iné!udes 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 ouiputiing a
provisional squared Euclidean distance based on the accumulated squared
Euclidean distances; and

wherein said likelihood calculator calculates the likelinood using
said provisional squared Euclidean distance if either one of said first and

second squared Euclidean distances is not output.

59. A receiving apparatus according to claim 57 or 58, wherein said

squared Euclidean distance is replaced with a Euclidean distance which
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37, 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. 41. A receiving apparatus according to
any one of claims 33 through 37, 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. 100
42. A receiving apparatus according to any one of claims 33 through 37,
IsvbreneRissidir assivittitsedlivhbdwithnar) rapeiaiies Hyrkaidsasiadn

%ﬁﬁ%ali%c%sta es, and a signal selector in a final stage selects and
FELASEN YRely transmitted sequence. 43. A receiving apparatus

according to any one of claims 33 through 37, wherein said transmitted
sequence estimator includes signal selectors in a plurality of stages, and

a sigBal setentoriniadiinabatagessetectsi mastlikebndransimitted33, 34, 35
sequence and outputs a likelihood for said sequence. 44. A receiving

veisaiatds acReRURRARS AFRNeRY I E TS M3 RS YRS 97, WHERAASAIE
R B R R gt

ori nal stage se a mos

HEMSIRRC P8 aMeRce PRk QUi is f likpaorch iR BHARYYENES, and said

transmitted by said sequence. 45. A receiving apparatus according to any
poineinf didamsidathetegniRys adidrphosibiestizasedited se queling ratios for
estimator includes a likelihood calculator for generating a converted

TRy FRFPERHYS HERYURHBhBNGME R

61. A receiving apparatus according to any one of claims 33 through
37, wherein said channel coefficient estimator estimates, in the fransmitting
apparatus having the M (M is an integer of 2 or greater) transmission
antennas, the channel coefficients using pilot symbols periodically transmitted
according to a symbol pattern inherent in each of the transmission antennas

and known to the receiving apparatus.

62. A receiving apparatus according to any one of claims 33 through
37, wherein said transmitting apparatus spreads in advance and then
transmits the transmitted signals, and said QM 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.
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matrix and calculating the likelihood using a physical quantity measured
from said converted signal replica and said received signals. 46. A

receiving apparatus according to claim 45, wherein said likelihood
calculator calculates the likelihood using a squared Euclidean distance
between said received signals and said converted signal replica. 10. 47.

A receiving apparatus according to claim 45, wherein said likelihood
calculator calculates the likelihood using a Euclidean distance converted

by pé&formingeanyiderairgcessingcopbratieiniog arstderedd Biatiigetiansmitted
distance between said received signals and said converted signz}l rgPIica.

signalsEQE A ApPRIEIG BREAAT PREdH Kk BiamEeaRe a7 O
LSS P N LRAenRRol eandatn RelRstar SID YDA RERN E'eh

eceiving apparatus according to any ms

iMBEERIBIRIg B IBIedRINbAl Sinedinate seleelommploNsy ety
likelihood estimation. 50. A receiving apparatus according to claim 37,
ophwrasingpibipatsg afeterminer employs received electric power of each

Gl 37 R WG BEESRAAG SR BB St
S R SE PSRl LA s
coefficients between said reception antennas and said transmission
antennas; and

outputting a likelihood for bits of said transmitted signals based on

the nulled signals.

64. A demodulating method according to claim 63, wherein said

receiving apparatus comprises:

1Ce



52. A receiving apparatus according to any one of claims 35, 36, 37,
wherein said transmitted sequence candidate selector employs a linear
filter. 53. A receiving apparatus according to any one of claims 35, 36, 37,
wherein said transmitted sequence candidate selector employs maximum
likelihood estimation. 54. A receiving apparatus according to claim 36,
wherein data sequences transmitted from M transmission antennas are
modulated respectively by independent modulating processes, and said

modulating precestiewatigierispritnaiatiferestimativgranst signaltiientgid

TR E HFOSEL BE T 9L PEloe s A TN G B 21

5GSBS PR Wﬁa@%&é@@%ﬁ%‘é‘ﬂ%ﬁé&v‘@!@%ﬁ IRAgpriority is given to

an antenna which has sequences of a lower modulation multi-valued
number araoD@ skiddrapseissioparemiiag OR Aceceiyugitappantius
according to any one of claims 38 through 44, wherein data sequences

chanseifeaifvorT BeivarlamRe|sPaliteienis and oNERIIBRGHE £ pealiveRNByaN

F%nde endent modulating processes, and said modulating processes have
Hive different numbers of signal 103 points, and said signal selector

determines, thg-nwRbes - 8HioRRIBRAITANS rHaasRtiad SnBetor havinﬁ
e

candidates which are output depending on the modulating process for t
stahssoissied sigiesinatodienprotessed byradikelitmgdgeddcuitepasachmatrix
stage. 57. A receiving apparatus according to any one of claims 33
ah#siyR matrix and outputting the product as a converted signal; and
a transmitted sequence estimator for outputting at ieast 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.

685. A demodulating method according to claim 63, wherein said
receiving apparatus comprises:

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
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 outputiing the product as a converted signal;



37, wherein said transmitted sequence estimator includes a likelihood
calculator for calculating the likelihood 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. 58. A
receiving apparatus according to claim 57, wherein said transmitted
sequence estimator includes an accumulator for accumulating a first
squared Eadiidsamitisthagmbetwaedidatenaeridsignaktteptiog and bit 0
and the received signals and a secaond squared Euclidean distance

OBERWRE 2 BUMRG A HRIG &g S BHOT IS APIHRA BRI YGRS,
rg@é{\petgpfq[%l!}qsa apjr(?visional squared Euclidean distance based on the

accumulated squared Euclidean distances; and wherein said likelihood

calculator galesHatagtthedikglibped ssirgagaitoprovipigmabsauiaead one of a

Euclidean distance if either one of said first and second squared
tRnshiidad distumeisndtalitipod. B9 saitbtanainYep seauspreeordit @ to
claim 57 or 58, wherein said squared Eucligean distance is replaced wit
i her s B HRAAIGR Bb A SAVSTTG) SN oC e S
Jneiianal Spegrtioneu said paLArRdLEuSiiPan;diRianss:B0. A receiving

apparatus according to’any one of claims 33, 34, 35 wherein data
sequences transmitted from M transmission antennas are modulated

respectively by independent modulating 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. 61. A receiving apparatus
according to any one of claims 33 through 37, wherein said channel
coefficient estimator estimates, in the transmitting apparatus having the M
(M is an integer of 2 or greater) transmission antennas, the channel
coefficients using pilot symbols periodically transmitted according to a
symbol pattern inherent in each of the transmission antennas and known
to the recefingragparatutahzy matbeilmcrappaacttisiacbordifigteiarsaid
one of claims 33 through 37, wherein said transmitting apparatus spreads

rﬁ?ﬁﬁ%@é’%@%%ﬁ%&ﬁﬁé the transmitted signals, and said QH
processor Q%HMW% t@@eﬁ?czgh‘{eé%ﬁfﬂQ?Ar"%(ftg"sﬁﬁx‘élﬂﬁggl‘#dr%%‘(ﬁgng said

signals after being despread as elements by the complex conjugate

ctiansiepsedifiadinobenic & vaitix ek oy nlts rhesprdughasniigs and said
converted signal. 105 63. A demodulating method of receiving and

PR ARH g NEansat I igPRISFIG LNt MElAE apparatus having M
(M is an integer of 2 or _greater) transmissio tennas, in g.receivin
apparatus haUmg RPOVICER IHieer BV 3Ia0 o utiey s A Lo s,

cPRIArRE mRIalNgRethad neP TRl HREHERS BSURS TP NG AtliNghd an
representative of orthogonalization of the received signals, using a

Relnaatiniet matrix having as elements channel coefficients between said
reception anteiqnas and said transmission antennas; and _

a QM processor for multiplying a received signal vector having
said received signals as elements by a complex conjugate transposed mafrix
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 outputfing the determined
candidate seguences as transmitted sequence candidates; and

a fransmitted sequence estimator for outputting at least one of a

transmitted sequence, a likelihood for said transmitted sequence, and a
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outputting a likelihood for bits of said transmitted signals based on the
nulled signals. 64. A demodulating method according to claim 63, wherein
said receiving apparatus comprises: 106 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
isethnadder Qimbancantieh bR sailrirarsOHiplosegyenfer, basislyingsaid
received signal vector having said recejved signals as elements by a
RHPISIRNR afPifaRdpate: AR SRiIgrEaRr OifiedseaHasR SRR ates:
product as a converted signal; 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 and said R matrix.
65. A demodulating method according to claim 63, wherein said receiving
apparatus comprises: 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
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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 signal; 107 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
outp@ing At demsbonkih@ rirstheitedosdimgeticelzan iGSinand ksin s
transmitted sequence, and a likelihood for bits transmitted by said
rRERRIRCRRAAILREOPREEEHN said converted signal, said symbol

didate, id ix. 108 66. A d dulati hod rdi )
s e S e S O A ARG Gaic
Gaaffiele aatipatonionastimalingRRgrINe saldishantshnas and said

coefficients between said between said reception antennas and said

for performing QR decomposition on the channel matrix of said channel

coefficignt§ 3! QWP@S@%Q@W&W&QQ ﬁf?&ﬁﬁ%%oﬁppﬁr%&?or
S5 ning arecel sl S0l o Raving: SRR IRGSY SO 3ha an

ements by a complex conjugate transpose
R matrix;

a QM 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 transmitied sequence candidate selector for determining

candidate sequences for L (L is an integer ranging from 1 to M) converted
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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; and a transmitted
sequence estimator for outputting at least one of a transmitted sequence,
a likelihood for said transmitted sequence, and a 109 likelihood for bits
siginsie bestcsasdidasomited Sggakneod bndpdibn e detaveriagd

al, said R matrix, and said transmitted sequence candidates. 11C 67.

%%’H@@ﬁ?ﬂH&?ﬁ&ﬁwéﬁ UABSIAHG Yo eRNRNES, SANAERSSid receiving

apparatus cqupliasfd S| ConiEing' s mAIp (A gstipgling end

outputting sa channel C etween sali between said reception

ARRNAg eyndubaldzamaﬁwmfon @menosmbasestan sigitkhiedeived on said
signals; a QR decomposer for performing QR decomposition on the

reraiMesl pignalsoPsAd channel coefficients and outputting a Q matrix and
R mat f It]

having ot TR B SHch e e, o cBMEICL Ko AR one of

tHEANSRAREH JaLRN S SIS RREX AN RURIHLRGHDE PERHELRS 8nd a

converted signal; a transmitted sequence candidate selector for

liteférovudify icihs thaasensesd eycesidarandnitied tegenca gingddoom b 4id

M) converted
converted signal, said R matrix, said transmitted sequence candidates, and

said symbo! candidates.

68. A demodulating method according fo claim 83, wherein said
receiving apparatus comprises:

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 priority determiner for determining priorities between
transmission sequences transmiited from said fransmission antennas based
on said received signals;

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

a QR decomposer for performing QR decomposition on said

modified channel matrix and outputiing a Q matrix and an R matrix;



' 11 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 transmitted by said transmitted sequence, based on said
converted sigfd| psade:Esondtixsdtip yimusaitied ised usgoal candiddtesing
and said symbol candidates. 68. A demodulating method according to

SAEITPESNFHSHENAAIAS RESARG dipRreRRieprRbGAHARRRPSed matrix
S ThaRnaly RESIMAING SR OUBIng ARG ER008k:

coertiicien een sald reception antennas

transmissignHHEANIAS Pt ST HeRRIed SinBisict BERSIMIning
determiner for determining priorities between transmission sequences

apawiitiaiteescinomnesis ivahsthitsam iategenasrigisgdrom ddid Meivadried
signals; a sorter for sorting said channel coefficients based on the channel

PR IBARCE RS BYENRACHIRAY RESHRUENHREHR A dRHed
difuile detnimoed by ﬁa%mmgy%egs&gﬂe&&a%%sﬂgggﬁgyﬂ'ng a modified
channel mattix; a QR decomposer for performing ecomposition on
said a transmitted symboi candidate selector for selecting and
outputting symbol candidates for (M-L} converted signals based on said
received signals;

a transmitted sequence estimator for outputting at least one of &
transmitied seguence, 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 symbol candidates; and

a restorer for restoring and outputting at least one of said
transmitted secfuence, the likelihood for said transmitted sequence, and the

likelinood for bits transmitted by said fransmitted sequence, based on the

output from said transmitted sequence estimator and said priorities.

69. A demoduiating method according to any one of claims 84 through
68, wherein said transmiited sequence estimator includes likelinood
calculator groups and signal seleciors in P stages (P is an integer of 1 or
greater);
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) likelihcod

calculators;
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modified channel matrix and outputting a Q matrix and an R matrix; 11'm
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
sequencesashransaiittédedbgodnca cantidatescalating mitielibpob ot the
candidate selector for selecting and outputting symbol candidates for

P SPeE R eE AN R I BRRItierBUTRASERAIS ses s Rred the

matoy; ing, at leas jtt
R e e e R SE B o ror
sianambted lyheaid dreigpitterbsesiens ¢p bosediansaithacoryadadmitted
signal, said R matrix, and said symbol candidates; and a restorer for
shstepiripadidiataputinty at least one of said transmitted sequence, the

likelihood f id t itted , and the likeli for bits.
ransmite Ry RSP SR LA LA RUL I eh oot th RO e o

1&@%@5@9}%9!%&&1 SRUMABLHEh AR RUAHIeH SO M ARINOSNAING s

od according to any one of claims 64 through 68,"wherein said
viratispitte dreetiveitesoastimadedinel dde Sk elibods ocabelildtongreupssind od
signal selectors in P sta%es (P is an integer of 1 or greater);
calculator group in the pth stage and said transmitted symbol candidates.

70. A demodulating method according to any one of claims 64 through
68, wherein said transmitted seguence estimator includes likelihood
calculator groups and signal seiectors in P stages (P is an integer of 1 or
greater);

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) likelihood
calculators;

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, Kp-1 (Kp-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 Kp+1 maximum
likelihoods and Kp+1 transmitted symbol candidates which give the
likelihoods, based on Kp likelihoods output from the likelihood calculator

group in the pth stage and said transmitted symbol candidates.
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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) likelihood
calculators; 113 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 selector in a (p-1)th stage,
and the transmitted symbol candidates; and a signal selector in the pth

stageyautptitrgrde (laiscaméteges efoldaigtealry) dnaximeiaitikadibaedsigh
and Lp transmitted symbol candidates which give the likelihoods, based

&h wbmt@mﬁﬁidétr@mitfﬂﬁﬁwqmémﬂna&mamp@s@@ﬁiﬁem@@;ﬂh
nd said tran itted s ol candidates. A demodulati
B PR RTFOR O hotne LA Rlgh OB A ERO A Gagional
§@é@ﬂ&‘t&9ﬁ§ﬁﬂﬁﬂ%l@%@5’é@ includes likelihood calculator groups and
signal sélectors in P stages (P Is an integer of 1 or greater); a likelihood

calculator group in a pth (p is an integer ranging from 1 to P) stage
comprlsmg Kp (Kp is an integer of 1 or greater) likelihood calculators;

each &4 saift ARENAEERHAE MatHRIAREIRIRG IPIRRYIReSIahkEMER4iageugh

d generating said tra mitted s mbolc nd| ates based o
gE:Ecg)]nv\\/%etednagr(11g(z§]d{jlsal m%ltrlx nfe(l?p TMERN HEGEFs? P%?%r%%?er)

I SIS BE RN QFE FoS ARk SSIeHRIGB (T2 bihyaes) and g nal

transmitted
selector groups in the M stages.

73. A demodulating method according to any one of claims 64 through
78, wherein said transmitied sequence estimator includes signal selectors in
a plurality of stages, and a signal selector in a final stage selects and outputs

a most likely transmitted sequence.

74. A demodulating method according to any one of claims 64 through
76, wherein said transmitied sequence estimator includes signal selectors in
a plurality of stages, and a signal selector in a final stage seiects a most likely

transmitied sequence and outputs a likelihood for said sequence.

'75. A demodulating method according to any one of claims 64 through
68, wherein said fransmitted 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 transmitted

by said sequence.



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 on Kp likelihoods output from the likelihood
calculator group in the pth stage and said transmitted symbol candidates.
114 71. A demodulating method according to any one of claims 64

through 68, wherein said transmitted sequence estimator comprises
likelihood calculator groups in M stages (M is an integer of 2 or greater)
and signal Asetanted gedinpsriethedvhstagemhy & Argammedifiatignm@thivdough
according to any one of claims 64 through 68, wherein said transmitted
E5bviepreireS iR Ala P eBNisHsead KM S5 titaadaraftt uies likainqades

IS an integer of 2 or greater) and, signal selector groups.inthe M. .

e R Aot iCar 58 b R G Ay LR Brnecb g R
HEOMAN S BaWlerein SaK KeNRTIedRRIYensrRimalHIRcHEeas g8 om
selectors in a plurality of stages, and a signal selector in a final stage
ssetbctseadsaligigns| aapbss [dedystahsmiteddeqraise. 74. A

demodulating method according to any one of claims 64 through 76,
wherein said transmitted sequence estimator includes signal selectors in

2 plusality of slages, g ﬂgﬂ@gﬁﬁé@éﬂﬂ@ in&&g&%-%&k%%%ﬁé%?&t

likely transmitted sequerice an ihood forsaid Sequence.

likelifoderaadlpiing saribRgeaceR dingiR 88 Y.0nR) & StAImeS £ thiueth

68, wherein said transmitted sequence estimator includes signal selectors
distance between said received signals and said converted signal replica.

- 78. A demodulating method according to claim 76, 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

replica.

79. A demodulating method according to any one of claims 85, 67, 68,

wherein said transmitied symbol candidate selector employs a linear filter.
80. A demodulating method according to any one of ciaims 65, 87, 68,

wherein said transmitted symbol candidate selector employs maximum

likelihood estimation.
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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 said sequence. 115 76. A demodulating method according
to any one of claims 64 through 68, 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
replicalandisdehredeaiadid s igpedited’ Zceoddinm th ity Bttt exoosdidg
to claim 76, wherein said likelihood calculator calculates the likelihood

RISHY SSRIAMEEERDIRIGNR 8RIARE HBRNERART Rieartudigalds and

' ver. ignal replica. 78. A demodulating method according to
ti%%nﬁ%egv%%%é%%s%ga 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 $¥#d cénderrextisighiab roptivad 2ecardngdduiingGietoeraicceaiing
to any agne of claims 65, 67, 68, wherein said transmitted symbol

AR RS SRR R % RAEAEIL R R GRBRISS Bl Power
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symbol candidate selector employs maximum ood estimation. _
SEhudglesodulating method according to claim 68, wherein said

83. A demodulating method according to any one of claims 66, 67, 88,

wherein said transmitted sequence candidate selector employs a linear filter.

84. A demodulating method according to any one of claims 66, 67, 68,
wherein said transmitted seguence candidate selector employs maximum

likelihood estimation.

85. A demodulating method according to claim 68, wherein data
sequences transmitted from M transmission antennas are modulated
respectively by independent moduiating processes, and said modulafing

processes have respective different numbers of signal



priority determiner employs received electric power of each of said
transmitted sequences. 82. A demodulating method according to claim 68,
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. 83. A demodulating method according to
any one of claims 66, 67, 68, wherein said transmitted sequence
candidate selector employs a linear filter. 84. A demodulating method
rmats dingitesaa yp oodtpdelaimsite, 6&icothindre il $aid ttsbuitied on said
sequence candidate selector employs maximum likelihood estimation. 85.

Al BGIﬁﬁﬂWﬁéafﬁ\%@ﬁ@@‘&dﬁmWiﬁﬁ@r@iﬁfﬂﬁt@%quences
transmitted from M transmission antennas are modulated respectively by
independent modulating processes, and said modulating processes have

respegdive AIHBFRBHDIANG 1 OhanRlbHiRg IR 881WEPERY a priority is

determiner determines said priorities based on said modulating

gvecessas mmiteeegpech Vet aasmessies ahternes: 86\ ddiao duldtivglusd
method according to claim 85, wherein a priority is given to an antenna
AHAGP haRSBgUHEERHERSRHISNAORIAESY multi-valued number among
said transmission antennas. 87. A demodulating method according to any
one of claims 69 through 75, wherein data sequences transmitted from M

transpYSSigN geResas g rAHBIRRERSPROIY BbYBAIREAHANES through
modulating processes, and said

75, wherein data sequences transmitted from M transmission antennas are
modulated respectively by independent modulating processes, and said
moduiating processes have respective different numbers of signhal points, and
- said signal selector determines the number of error signals and transmitted
symbol candidates which are oufput depending on the modulating process for

the transmission antenna to be p'rocessed by a likelihood calculator in a next

stage.

88. A demodulating method according to any one of claims 64 through
68, wherein said transmitted sequence estimator includes a likelihood
caiculator for calculating the likelihood 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.
89. A demodulating method according to claim 88, wherein said

transmitted sequence estimator includes an accumulator for accumulating a

first squared Euclidean distance between a converied signal replica at a bit 0
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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. 88. A demodulating method
according to any one of claims 64 through 68, wherein said transmitted
sequence estimator includes a likelihood calculator for calculating the

dkdlihece csingitbgnifferante betweersausasdieddidshaesistdistansstween a
between a converted signal replica at a bit 0 and the received signals and

OBy aHRY SRabEmicAst fckibatRE g corvrebigntial psslicataudtivg a

Bl S A RS R e e T kel

£ol-agedrmuating-asfirgiequared Euclidean distance between a converted
signal replica at a bit 0 118 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 squared Euclidean

distarfck bé@@%}? ae&mﬁa%m@@w Emsi@faaﬁ%%&aﬁ%éghafmn said
sgcgléol’e%? gﬂ% t,tggg %C e%é%ggdto L%esagh \AILS%-:E%@@SW crl:ﬁ L%

uared ean Istance IS replaced W éan distance wh

EsHvEiag Wmﬁtﬂm@@@u@m funstions Opsration o said seyared
Euclidean distance. 91. A demodulating method according to claim 68,

e digtance.

91. A demodulating method according to claim 68, wherein data
sequences transmitted from M fransmission antennas are moedulated
respectively by independent modulating 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.

92. A demodulating method according to any one of claims 64 through
68, wherein said channel coefficient estimator estimates, in the transmitting
apparatus having the M (M is an integer of 2 or greater) transmission
antennas, the channel coefficients using pilot symbols periodically transmitted
according to a symbol pattern inherent in each of the transmission antennas

and known to the receiving apparatus.

893. A demodulating method according to any one of claims 64 through

68, wherein said transmitting apparatus spreads in advance and then



sequences transmitted from M transmission antennas are modulated
respectively by independent modulating 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. 92, A demodulating method according
to any one of claims 64 through 68, wherein said channel coefficient
estimator estimates, in the transmitting apparatus having the M (M is an
tinlegeiteftBeorgneatitd aigmissiond anlienDibptoe ctmelagsiécienss
using pilot symbols periodically transmitted according to a symbol pattern

rRfRiVeSt oAt NSHM USSR Uie Ritathaig natel RiteREipdersteRas
aratus. 93. A dempdulating method according to.any one, of claims 64
R By R P PR et - B e
Skl Ensmits theHanymitadaignms: 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. 120 94,
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 outputting a likelihood for bits of said
transmitted signals based on the nulled signals. ":21

94, A program for a demodulating method of receiving and
demodulating tfransmitted 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 signhals, using a channel matrix having as elements channe!
coefficients between said reception antennas and said transmission
antennas; and

a process of outputting a likelihood for bits of said transmitted

signhals based on the nulled signals.
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