SPECIFICATION RADIO COMMUNICATION SYSTEM, RECEPTION
DEVICE, DEMODULATION METHOD USED FOR THEM, 5 AND
PROGRAM THEREOF Technical field: The present invention relates to a
wireless communication system, a receiving apparatus, a modulating
method for use therein, and a program 10 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 antennasspgéﬁk%g%%@rt: There have been a
technology for simultaneously acquiring outputs 15 with respect to a
plurality of reference signal sequences as disclosed in JP-A

2003-1708048 and a technology for processing a plurality of oncoming
signals rec%ﬁ%@b%@%@”%gﬁw &W&E&%ﬁ ugTI LPQ}{W!
sensors as disclospfip AR M BiciTioy 32 i Eiagiay showing an

arrangement of a wireless 20 communication system of the above type.
SReceiving apparatus 800 &ibI6O& Btk TiyBRAEBEption antennas 800-1
through 800-4, and demodulates received signals according to a
demodulating process based on maximum likelihood sequence
estimataitalrfiéig. 32, it is assumed that signals sent from three
transmission 25 antennas (not shown) are received by receiving

apparatus 00 FRaNHG eRH ORGSR WA RS BOTYHRGRI oS IErara
cadidanRT ISR AR SRRYRGHINAPIEOIOIRR] SRR

through c16. Receiving apparatus 800 has four reception anten
10thrébgtefen e savls forrfisoEitinty & signaid Ghtmnelatbedficiensegtimator
802résceiving apparatus of a wireiess communication system which employs a
plurality of iransmission/reception aniennas.
Background art:
There have been a technology for simultaneously acquiring outputs
15 with respect to a plurality of reference signal sequences as disclosed in JP-A
2003-1708048 and a technology for processing a plurality of oncoming
signals received by an array sensor device comprising a plurality of sensors
as disclosed in JP-A 9-219616.
Fig. 32 is a diagram showing an arrangement of a wireless
20 communication system of the above type. Receiving apparatus 800 employs
a plurality of reception antennas 800-1 through 800-4, and demoduiates
received signals according to a demoduiating process based on maximum
likelihood seqguence estimation.
In Fig. 32, it is assumed that signals sent from three transmission

25 antennas (not shown) are received by receiving apparatus 800 having four

reception antennas 800-1 through 800-4, and each transmission anienna 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 sequences. In the above example, if either one
of 16-valued signals c, through c16 10 is sent from the three transmission
antennas, then maximum likelihood sequence estimator 803 comprises

40%@@!’:?{%’&%@"l?rﬁ@@f%%%@&%@ﬁa@%'ﬂgg@ nd one signal selector
805. Each of error calculators 804-1 through 80 -4096 is in the form of

error cakaseinin@enstiaive 80 Fps3BunTdirspitagentnors ACOIAtDT Mk 1,
i5 smitte, mbol generator 811, .generates.and qutputs transmitted
sy%%%]én%?cﬁﬁiecf“gﬁ%avﬁ%n? 'séé'%’lr{f&eé&SﬁfB?' %%f%ﬁﬁtl%fsg dieived

sigeabpepdioatgeneraten@lkigrapried Wi e diansmitiatrmanbols and
the channel coefficients as its inputs and generates and outputs received
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calculators 804-1 through 804- 4096 generate mutually different

trarg?l%?ﬂg B82S Received signal replica generator 812 generate

four received Sign@l deplieas [k oknEl ZndébB1ElAirRreseaied gkl s
h1lsl-1 + h1251-2 + h13s1-3 rl1-2 = h21s1-1 + h22s1-2 + h23s1-3 113 =
10h31isseniirprpibe thiepdmepmission antennas, then maximum likelinood

sequence estimator 803 comprises 4096 error calculators 804-1 through
804-4096 and one signal selector 805.

Each of error calcuiators 804-1 through 804-4096 is in the form of error
calculator 804 shown in Fig. 33. In first-stage error calculator 804-1,

15 transmitted symbol generator 811 generates and outputs transmitted
symbols s4.4, 812, $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.

20 Error calculator 813 is supplied with the received signals and the
received signal replicas as its inputs and calculates an error signal. The
transmitted symbols generated by transmitted symbol generator 811 are for
either one of signals ¢4 through c45, and error caiculators 804-1 through 804-

4096 generate mutually different transmitted symbols.
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Received signal replica generator 812 generate four received signal

repiicas rq.1, r.g, f.a, ra represented by:



ri-4 = h41s1-1 + h42s1-2 + h43s1-3 5 where h11, h12, hl13, 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 received signal replicas as
its inputs and calculates error signal el according 10 to the equation: et =
jro-r1-112 + 1r2 - r1-212 +Ira - r1-312 + Ir4 - r1-412 First-stage error
calculator 804-1 outputs generated transmitted symbols s1-1, s1-2, s1-3
and calgulated %Qr_ggr% @al g%grp?)ilarly, second-stage 15 error calculator

804-2 ouﬁq)uts transmit ed'?Symbo s's2-1, s2-2, s2.3 and error signal e2.
4096th-stagetersar edigrtator BR4:4906 outputs transmitted symbols
S4096-1, s4096-2, s4096-3 and error signal e4096. Signal selector 805 is
supplied with & ttankiited Syfibbls and the error signals output from
4096 ernor, ealgalors, 8Q4; 1. thraygh 804-4096, as 20 its inputs, selects a
minimum error, and outputs transmitted symbols which give the minimum

5 errvigrethis franfer Ntheltrasmitte dhsighadstare ot aesdesBig desure of
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the '%/ﬁ io - Bro S to be splved by the. invention: 25 In the .

co r?ventr%ngr% %{:1811?”5 1205 SR8 ran?\fms?:on SHEaNaEAng \{/%?egfﬁ’r%l
selenteni@25 needs to be supplied with 4096 signals and to generate 2
and corr(;%are 4096 signals in order to demodulate the three signals, and

hence r

becaustREeHA repriRdsigoalp asnprpesirmal randidaies according

ransmlstte% sequence estimator described abo
(eRieiae BndbstBriatouittibitsresscssiseals @noariie is

to the equation;
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First-siage error calculator 804-1 outputs generated transmitted

 symbols 814, 51.0, S+.3 and calculated error signal .. Similarly, second-stage

error calcuiator 804-2 outputs fransmitted symbols $2.4, S22, S2.3 and error
signal e;. 4096th-stage error calculator 804-4906 outputs fransmitted
SYMDOIS Sapgs-1, Sange.2, Sapss-3 and error signal eqns.

Signal selector 805 is supplied with the transmitted symbols and the
error signals output from 4096 error calculators 804-1 through 804-4096, as
its inputs, selects a minimum error, and oufputs fransmitied symbols which
give the minimum error. In this manner, the transmitied signals are
modulated.

Disclosure of the invention:
Probiems to be soived by the invention:
In the conventional transmitted seguence estimator described above,

signa! selector 805 needs to be supplied with 4096 signais and to generate

&)



that are possible to have been sent and actually received signals are 5
compared with each other. When D signals are being sent from the
transmission antennas, it is generally required to generate and compare
DM signals in order to demodulate the D signals. Consequently, the
number of combinations is exponentially increased, and a very complex
arrangement is required. JP-A 2003-1708048 and JP-A 0 9-219616
referred to above are given merely as technological examples for QR
decpmeasiion. ansbbedircioseaeaalonionas inahle 1. slve he
above problems. It is an object of the present invention to so%/e the above
proientsrandrde plargdamovingleSsataiammicatiencayséemyua receiving
apparatus,.a.1l modulating method for use therein, and a program

therefor which ?8383%38?
arrgRgemepisdirapsincasiiadaatthsdaskiAgoerdingdeharrgsent

invention, there is provided a wireless communication system for

€ GRTRUEEISHRG S RARIAMRH SO0 A sRnpidates

S receRggA M meriufdting Ydhemitegsimars ngeena fiemdhsitting

APRAARDRYING M, (MiS3D p&g&%&sryﬁe%&fr%ﬁat% LaRSTIISSION ore D
antennas, with a recelving a ?I\?
gresiten|stireceieeitinig@pparstuthedmngasirg: means for performing nulling
representative of orthogonalization of the received signals, using a

channel HRIFRCHEDNG 'S BIEAREA R CRIIMIRABA S G MGenes haltnBerease .
recaidion aptesRRtRns hr draasnissigniatenpas »ed £ ReABS I yp.a

aratu havmg IS an Iinteger S?Df\or

demodulating the transmitted signals based on the nulled signals.

10 Ac&ordivfy foreierfae e ab ivecanionyehaeis prenidetirafmticat swisgtogss for
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QR decomposition, and the disclosed technologies are unabie to soive the
above problems.

It is an object of the present invention to solve the above problems and
to provide a wireless communication system, a receiving apparatus, a
modulating method for use therein, and a program therefor which are
capable of demodutating signals with a very simpie arrangement.

Means for achieving the task:

According to the present invention, there is provided a wireiess
communication system for receiving and demoduiating 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
5 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 10
coefficients between the reception antennas and the transmission

antennag;-and {eans JanSa i d.putputting a likelihoo for}ﬂﬁe
transmitted signals baseJ on r#ggnqu%gé}gil%%%%é@ acqéca)br%?r‘? 't 5' &8t
inveigtiads. there is provided still another 1 wireless communication system

for receiying and demodulating transmitted signals from a transmitting
apparatlzé‘scﬁggwwgdﬁ%? RSPPITEYEP P Hietdnrspyidadsnribpnvireiess

ant@dﬁlﬂaﬁjWﬁqﬂi@x@?ﬁw%a%@&%@sé}ﬂym&ma{ﬁr@\r%@rﬁﬁﬁ% Bhis
greater), the receiving apparatus comprising: means for performing Lﬁlng

rept@S2AtHAVE Dt BIenaRRRTalstiaving MEVDe redelegdrsiffals gusitg)a

ch r ' s elements channel coefficients between the
re?e%%ﬁ%gén%%%%%a ‘tr\'\vét?t]rgrqg?n%“s? nagﬂ?éﬁ%?s%aé{wg MR R ggrinteger

outpiRtiorgmeekieljhvad-éoehits eiphe dtanemitiegkrignals based on the
nulled signals. 25 According to the present invention, there is provided a

receiving SH P RE TATE NYNR 8R RRegaiye Db greatssiinetioptisiihe
anieRBNE SR e e SHEMMUMEAIOR SRS ISRENING BNy
demodulating transmitted signals from a transmitting apparatus %avmg M
(M 9ifqisRig dredi2oor thyreatepfiransinissicneadtinnasy theseeeiningnnas:
apRgpatus comprising: means for performing nulling representative of the
received signals,

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

According fo the present invention, there is provided still another
wireless communication system for receiving and demodulating fransmitted
signals from a transmitting apparatus having M (M is an integer of 2 or
greater) transmission antennas, with a Feceiving 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
coefiicients between the reception antennas and the transmission antennag:
and

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

According to the present invention, there is provided a receiving

apparatus having N (N is an integer of 2 or greater) reception aniennas in a

(&3]



5 using a channel matrix having as elements channel coefficients between
the reception antennas and the transmission antennas; and means for
demodulating the transmitted signals based on the nulled signals.
According to the present invention, there is provided another receiving '10
apparatus having N (N is an integer of 2 or greater) reception antennas in
a wireless communication system for receiving and demodulating
transmitted signals from a transmitting apparatus having M (M is an

integer of-2 o Areaien %&@éﬁ%&% ac%%%mgasnéhae?%&&vé{eﬂga{%gﬁé%%d

comprising: means ftor performing nulling representative o

orthipganaiizationrefshettibbaecaisrd signadsvuging archasgel snatpix
having as elements channel coefficients between the reception antennas

an@HRFFLIRATIGSIPA AURASRS: PRITBRSAARG PRI ARG Beitputting
a likelihogelor iheciaprmitterLmignashased /R themulied Rignalsn2Q.

According to the present invention, there is provided still another
5 recesviag appargiusatdvihgvieq Nesemietsgehafrorapiiaten)sbebptmnthe

anienngs n aueless communication system for receiving and
demodu ating transmitted S|gnaPs from 4 traﬁ%rﬁﬁ?ﬁna% paratus having M

(M is amisteget pli2ras QURERS EaRsnissien arienbasthedeosivigead
apparatus 25 comprising: means for performing nulling representative of
ortiGifalization of the 6 received signals, using a channel matrix having

e S R S R

L OtheapansthittddsignbligN is an integer of 2 or greater) reception antennas in a
wirgless communication system for receiving and demodulating transmitted
signals from a transmitting apparatus having M (M is an integer of 2 or
greater) transmission antennas, the receiving apparatus comptising:

means for performing nuiling 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 calcutating and outputiing a likelihood for the fransmitted
signais based on the nulled signails.

20 According to the present invention, thera is provided still another
receiving apparatus having N (N is an integer of 2 or greater) reception
antennas in a wireless communication system for receiving and
demodulating transmitted signals from a transmitting apparatus having M (M
1s an integer of 2 or greater) transmission antennas, the receiving apparatus

25  comprising:

means for performing nuliing representative of orthogonalization of the



5 based on the nulled signals. According to the present invention, there is
provided 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 10 2 or greater) reception antennas, the
demodulating method comprising the steps of: performing nulling
representative of orthogonalization of the received signals, using a
chagasl maligehie I clpmeishpRaLrocllclelin. hetesndhe
reception antennas and the transmission antennas; and 15 demodulating
thectrafiisinitte Hadigeertstha seckpticineriativdssignmiaise thaeonding taathennas;
present invention, there is provided another demodulating method of
recaeri]vmg and demodulating transmitted signals from a transmitting
apparatugsdanying Mdddtsarnineaessf 205 eRtaD +4ASSISSIAnais
antennas, in a receiving apparatus having N (N is an integer of 20 2 or

5 greRREprrer ditioH!BAtesMAa%- the demodulating method comprising the
steps ofperieryRg Mo spiasenialveatonaagnalzation 8hilig g
received signals, using a channel matrix having as elements'c annel
coeffitientsf beteieey trel ieeptiorkrdarmas-dnd) thieitgnsoisaion
antennas; and 25 calculating and outputting a likelihood for the

tran Sl Sorrie B 0P YAGHE MiRATSITRIRT 9 AQUSHERETD the
preggRéiyeBHAMERRER isPiouidad =ik anothes wamedylglingmethedof:

receiving and demodulating transmitted signals from a transmitting
1 Uappafa@rs¥avinerrpinnieniarinasgdrofonvrdyratingrnethedmissioising the
antg{érﬁ%sdfin a receiving apparatus having N (N is an integer of
performing nuliing representative of orthogonalization of the received

signals, using a channel matrix having as elements channel cosfficients

between the reception antennas and the transmission antennas; and

i
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demodulating the transmitted signals based on the nulled signals.
According to the present invention, there is provided another
demodulating method of receiving and demodulating transmitied 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
20 2 or greater) reception antennas, the demodulating mathod comprising the
steps of:
performing nulling representative of orthogonalization of the received
signals, using a channel matrix having as elemenis channel coefficients
between the recepiion antennas and the transmission antennas; and
25 caiculating and outputting a likelihood for the transmitied signals based

on the nulied signals.



5 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 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

demodujging HRNLed Siangls, Lo A Fansmiling ARPAIRLR RYIng M

(M is an integer of 2 or greater) 15 transmission antennas, In a receiving
app@ratys:bivhodihdd isfaacetegerof Geongielater) receptitacsiteraias,

th l t : f performi
TR B SRS & B G RATT MM CR aRorveaen et SRR g o
chappRimalex Badng:asielemnealsishanpat20casliideninbetvasne of

reception antennas and the transmission antennas; and a process o

5 derAGA GFERR tRCHRIThARERNRAGn 1S Basfibiotne melleer syRarising the
Accs(?(_gc,?'g‘ngf:to the present invention, there is provided another program 25
for a demodulating method of receiving and demodulating transmitted
signals fremfoartiansiiittio gepppssata/baiing dgdidtzatontetee ot 2=0rel
greater) transmission antennas, in a receiving apparatus having N (N is an
intetiéh ?Q’B‘P&r%&@}%‘zf@ﬁﬁb‘h%ﬁ@ﬂﬁés‘?‘ﬁ?@%&%@%ﬁﬂr@haﬁﬁ%&'ﬁms
comw&eént%@%geégﬁo@ BFRSRSSCARSHHRY NG NILRE LRRIRRESaHYe Of

orthogonalization o

10 outputting a likelihood for biis of the transmitted signais based on the
nulied signals.

According to the present invention, there is provided a program for a
demoduiating method of receiving and demodulating transmitted signais
from a transmitting apparatus having M (M is an integer of 2 or greater)

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

a process of performing nulling representative of orthogonalization of
the received signals, using a channel matrix having as eiements channei

20 coefficients between the reception antennas and the transmission antennas;
and

a process of demodulating the transmitted signals based on the nulled
signais.

According to the present invention, there is provided another program

3
n

for a demodulating method of receiving and demodulating transmitted

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



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. 10 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)
UagRLaiee ANABR JRRLCIMI0 2D0NAUB AN RS ARIAtEger
of 2 or greater) reception antennas, the program’enabling a1 ¢ mpu?er
to pedgemofd progesteof pedptiorirgntzrling, iepresentabieabiing a computer
orthogonalization of the received signals, using a channel matrix having
as @gﬁ%?\r@:channel coefficients between the reception antennas and the

transmissigi e BnasiiRthhaiReFess b AuiRkting fh isaliapadfer bits

of the transmitted signals based on the nulled signals. Specifically, a first
Swirblegsegivameivitaiorssys tephamedrtiati tohthenpesseatiavesntimnhals a

receiving, abr%gh in ngN IS an,integer of 2 or,_greater) reception
antenna'tsl, or receiv?ﬁgtyé?ggﬁgF Pr%?lgrrﬁtl = rgrrﬁdé%tﬁggﬁsf |f?ﬁba ennas,
appaxatus having M (M is an integer of 2 or greater) transmission

antennas, and demodulating the signals using ﬁg@decomposition of a

channel ARRBERROT S aiBMBRE AHBRHIIERCD dkriand TReibreiangmitted

traRgRissioRaRdrereniigRARigMas- A second wireless communication
system according to the present invention has a receiving apparatus

1Chaving NAgNdeia itotdgepreberdinyrestion) tBeecaption dadenitiasdorer
recg%gr%nszi%]raésdg%%%g&%% Hﬂoemhg ro %@95‘% and demodulating
transmitted signais 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 enabiing a
15 computer to perform: |
a process of performing nulling representative of orthogonalization of
the received signals, using a channel matrix having as elements channel
coefficients between the reception antennas and the transmission antennas:
and
20 a process of outputting a likelihood for bits of the transmitied signals
based on the nulled signals.
Specifically, a first wireless communication system according to the

present invention has a receiving apparatus having N (N is an integer of 2 or

greater) recaption antennas, for receiving signals transmitted from a

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

transmission antennas, and demodulating the signals using QR

L0
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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 OR decomposition of a
channel matrix having as elements channel coefficients between the
transmission and 10 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

recRIVIMGLRISNaISH aNSIRitRd o3 HARS BU Ut BRRAALH A 2WBG YA M

is an integer of 2 or greater) transmission antennas, 1 and calculating and
oubsiittiay diksineod rrbisdraneniiceditormase transmitting apparatus

using OB é}le%org%slpon of a channel matg?(ehavm S eler‘%ents channel

coefficientseBeE(‘weerﬁ3 the (FanSmission an reé%SﬁS ) é?ﬁetﬂﬁ s PETS 0N

winglesgicomasunicatiomgaiemeaecBEding 10 tRespipserbSbINVenrRuRas
a receiving apparatus having: a channel coefficient estimator for

esfl‘?ﬁ%ﬁﬂ@f1 %ﬁ@%tfﬁd@ﬁ%ﬁvmﬁﬁ%%@ﬁé@m%@%@ﬁ MepEtREen
thea@%@ﬂm@ma@@nﬁg@e%ﬁhﬁ&@?%&ﬂ@(}&@éﬁmﬁsﬁgsgn%ﬁgﬁnas,

received signals; a OR decomposer for performing OR omposition on
theaoHaariia@bheaidie Wb thienghalinsicodfficidntssach s utputtimgeal @om

matrix.and an R matrix; a QH pracessor for multiplying a received signal
el FATUHE TorREbled Sonne BERRTEHD By & CARBraR Biiugate
tranapiagesk pRkAE dherRemalenaasko g e RIRIHEERS and

converted signal; and a transmitted sequence estimator for outputting at
ledSICEREDY NtBARRMItted sequence, a likelihood for the transmitted

sequenge e S KEIlond 55 SARS IS Pt 0 ALt

sequence, based on the
imvention has a receiving apparatus having N (N is an integer of 2 or greater)
reception antennas, for receiving signals fransmitted from a transmitting
apparaius having M (M is an integer of 2 or greater) transmission antennas,
and calculating and outputting a likelincod for bits transmitied from the
transmitting apparatus using QR decomposition of a channe! 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 aniennas based on the received signals;

a QR decomposer for performing QR decomposition on the channel

matrix of the channel coefficients and outputting a Q matrix and an R matrix;

a QH processor for multiplying a received signal vactor having the



converted signal and the R matrix. A fifth wireless communication system
according to the present invention has a receiving apparatus having: a
channel coefficient estimator for estimating and outputting the 10 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 a Q matrix and an R matrix; a QH processor
for udtiely g keceived sidl veeiph HaYIBg e e fereed signgys 8s
elements by a complex conjugate transpose trix of the 6 matrix and
outpettngdive prativctastag treyproeid cigaal ;@ transniitigdzsyankol
candidate selector for selectin%a,nd outguttin a_symbol candidate for the

convertéd SGHAMHSEECER 1R FRUBRICH SRRyt deast sreitied
sequpRAtRStiBAlRIGS QUiRIHBSAbIeAs! LR Aligsdransaitiad segyence,

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

Stratspiitesd By thits transmitied Bethedneeshilisstisenpece draasdeahdignal,
thecgmép@dcgaq%q%gg%%déq% a%e atrix. A sixth wireless communication

system according to the present 25 invention has a receiving apparatus
having: & Gitanwiedieeefimientestithateyfusrasitbaingasd-euspstng the
channel coefficients between the between the reception antennas and the

trafARLOB A2 eIy BesRP iRt 1R¢BR/ed signals; a priority
determ_lrseen‘sﬁr@@t%@wm%tpé@_mﬁ%ﬂ%%@.ﬁ%%%%%g&%%ces
transmitted from the transmission antennas based on the 5 received
10sigabgiing smedidentobhyctre bhdetebeodfficientpiasedionrthe aithieel
transmission antennas based on the receivad signals; _
a QR decompaoser for performing QR decompesition on the channel

matrix of the channel coefficients and outputting a Q matrix and an R matrix;

a QH processor for multiplying a received signal vector having the

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

a transmitted symbol candidate selector for selecting and outputting a
symboi! candidate for the converted signal based on the received signals:
and

20 a transmitted sequence estimator for outputting at least one of a

fransmitted sequence, a fikelihood for the transmitted seguence, and a
iikelihood for bits transmitted by the transmitted sequence, based on the
converted signal, the symbol candidate, and the R matrix.
A sixth wireless communication system according to the present
25  invention has a receiving apparatus having:

a channel coefficient estimator for estimating and outputting the

]
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coefficients estimated by the channel coefficient estimator and the
priorities determined by the priority determiner, and outputting a modified
channel matrix; 10 a OR decomposer for performing OR decomposition
on the modified channel matrix and outputting a Q matrix and an R
matrix; 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; 15 a

of the . asac
o B e IR hse e i PR s e

liketdrooddeio bitsteanamiiteg dyriiedransivittedggedgience, based on the
converted signal g?end the R matrix; and a restorer for restoring and

outputtirfgPL R SEEHE BRI LSRN PHRB GRS TRRHRESE For
thesgnsritecseaieasernthineditelinars fan it ansmitisdily the

transmitted sequence, based on the output from the transmitted
5 sedi@edivedesgngdtor and the priorities. A seventh wireless communication

system accquainglo e present Invention s areceving appaatus
having: a channel coefficient estimator for estlma%ng an outapun[%ng

thecetétinalcestficienibhetwernarthe besttiramthetieceptiondanteprasiand
the 12 transmission antennas based on the received signals; a QR

deSGHHBLECSY HerrBHRG SR AU B RBIREHNBE ahedified shanmeof

thegh@pnel coefficients and outputting a Q matrix and an R matrix; a QH

processor for multiplying a received signal vector having the 5 received

1Usignals es@fearentsinsar donpsigxrooniugate samspostdnmattheoh oiéeQ
maix and UiRYEIng (e pEadHSt a2 Soverted signal,
a QM processor for multiplying a received signai vector having the

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

15 a transmitied sequence estimator for outputting at ieast one of a
transmitted sequence, a likelihood for the transmitied sequence, and &
likelihood for bits transmitted by the transmitted sequence, based on the
converied signal and the R matrix; and

a restorer for restoring and outputiing at least ons of the transmitted

20 seguence, the fikelihood for the transmitted sequence, and the likelihood for
bits fransmitied by the transmitted sequénce-, based on the output from the
transmitted sequence estimator and the priorities.

A seventh wireless communication svstem according fo the present
invention has a receiving apparatus having:

25 a channel coefficient estimator for estimating and ouiputting the

channel coefficients between the between the reception antennas and the



a transmitted sequence candidate selector for determining candidate
sequences for L (L is an integer ranging from Ito M) converted signals
based on the received signals and outputting the determined candidate 10
sequences as transmitted sequence candidates; 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 converted signal,
he B MAl-R IR Iagated sedvensecandidates. 15 An eighth
wireless communication system according to thé present invention has a
receiving appdeatmimentyr petiamieboQefficienhestmaiarfenestisnating
and out utting the channel coefficients between the between the

rec

ABHHoh A ARE RS 2N P HRE RIS ARSS RITPAER RS B2RiEY BhrtAB Fetwid
signals; 2@t RHOIEYSHRIBFIDER ARGt REPuRIDg NSRS BRINGRY the
transmission sequences transmitted from the transmission antenhas

5 badegedipthugnalerseiasiipmisba s crewfox sortingethdrshaprreicoefivients
ba n.the channel cqefficients estimated by the channe| coefficient
est?ﬁn%%rm a?r%( tﬁrédp?llé%%’sn %%8{89?%#1138 %f ﬁ%‘ge&?gr%gaalterminer, and

outputting teanselifieriseliaenet saatiidat asRRWerMBpReHIRHRe AR
OR decomposition on the modified channel matrix and outputting a Q

mabFRRRFEh R matix 28 BIg5ToRnEns fmiiipljiry avaskshvaensisnal
vegiarhavinghthe Jeeeived signals %ﬁtﬁl?&m?fﬁebae?%ﬁﬂm%eéa%mg%ate

transposed matrix of 5 the Q matrix and outputting the product as a
1Ccornesrtetsigaaliransaniaditsed symbalacaintideteaselector for selecting a
symbol a transmitted sequence estimator for outputting at ieast one of a

transmitted sequence, a iikelihood for the transmitied sequence, and a
likelihood for bits transmitted by the transmitied sequence, based on the

converted signal, the R matrix, and the transmitied sequence candidates.

=
(9]

An eighth wireless communication system according to the present
invention has a receiving apparatus having:

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

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

a sorter for sorting the channal coefficients based on the channel

coefficients estimated by the channei coefficient estimator and the priorities

3]
&R

determined by the priority determiner, and outpuiting a modified channel

matrix;

-
(%)



candidate for a demodulated sequence based on the received signals,
and outputting a transmitted symbol candidate; a transmitted sequence
estimator for outputting at least one of a 10 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 transmitted symbol candidate; and a restorer for
restoring and outputting at least one of the transmitted sequence, the

likelihood dor the Srapsaaitied seaanag R AL kelipad iofd mBified

transmitted by the transmitted sequence, based on the output from the
tranbamt@drsgguende efptitiatpa &hchehexpriotitieR Aainth wireless

communicagjon system accorgling. to the present. invention has a receiving
ppara TP hiah T oG bR AR SERRAr e
outputingsthigrilchasrelsaeibigrisrhabyeenithpRetwrgibibe rRseRtion
antennas and the transmission antennas based on the received signals; a
5 pri&?mﬁd@@fmm_W@étwnﬁrﬁ%&tqﬁégabam@raﬁﬁmission
sequenceg frapsmitted oM defapsmiss] %}tggigéﬁnﬁ?ﬁ fhe
received signals; 25 a’sorter tor sorting the channel coeflicients based on

thecahdniaé fooefficients.kdtiinadeddnye¢hemehd nmelireoetfidient @gtintatand
and the priorities 14 determined by the priority determiner, and outputting

a S EHEE G R e iRy RRIR-ABEE R Soser for performing OR
decompasjtipg-amdhe sediiads shanrelimallin ans OHRKLNGR & matrix

and an R matrix; a QH processor for multiplying a received signal vector

10haliagamétadsenernsiyralsdib eddisrits iipasotitpiceaoajsgatnd a
trarlliﬁg%s&gd %?télz)t(sq];ansmitted by the fransmitied sequence, based on the

converted signal, the R matrix, and the transmitied 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
15 bits fransmitted by the transmitted seguence, based on the output from the
transmitted segquence 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

z0  channel coefficients between the bstween 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 aniennas based on the
received signais;

25 a sorter for sorting the channel coefficients based on the channel

coefficients estimated by the channel coefficient estimator and the priorities

14



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 sequence
estimator for outputting at least one of a transmitted sequence, a
likelihood for the transmitted sequence, and a likelihood for bits
raggraRALIbY Y ARSI RS RN e ERBHAR HSaidl (HARR.
signal, the R matrix, and the transmitted sequencecandidates; and a
resteBixfor restoring and outputting at least one of the transmitted
sequence,.the, likelihood for the transmitted sequence, and the likelihpod
for bits & R TR e A M P e B O h e RS

froantheclRdtansmitiesRrane ace eslimalal andiheaprorities. A tenth
wireless communication system according to the present invention has a

“receiving appBIAEISIRAIMGT dEHARAE EsetierAIcEslinRalsr farvigitating
andeadping e BB ORI IERIR RAWSEN AR RENBELGrauix of
reception antennas and the 25transmission anteénnas based on the
recivédsignalsnd @R decotmpgsediart perforoningt@Rstigedmposition on
the channel 15 Eﬁ%{{ix of the channel coefficients and outputting a

Q
matrix aRd' aASRHRARIE RS BREELs SRIPHRIRIFIRG T BRG ea Ersial
vecdensndng ihe_racrivedrsigRalsaAgislemnents BA complex copigate

transposed matrix of the Q matrix and outputting the product as a

10cornrsqe PRitivale el ehRgRitcenseeliia v g dhel drirabledtorrtdidate

o SElong. £ AN oA REERGERI Lhrhd3 R, mteger ranging from L to
a transmitted sequence estimator for outputting at least one of a
transmitted sequence, a likeiihood for the transmitied sequence, and a
likelihood for bits transmitted by the transmitied sequence, based on the
15  converted signal, the R matrix, and the transmitied sequence candidates;
and
a restorer for restoring and outputting at ieast one of the transmitted
sequence, the likeiihood for the transmitted sequence, and the likelihood for
bits transmitted by the transmitted sequence, based on the output from the
20 transmiited seguence estimator and the priorities.
A tenth wireless communication system according fo 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

™
on

transmission antennas based on the receivad signals;

a QR decomposer for performing QR decomposition on the channel



based on the received signals and outputting the determined candidate
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 copvesiafsignal, dhe ' itted sequence candidates,
and the symbol cagéidﬁ.%@%ﬁéléﬁérﬁﬁmb & %o%nar%ﬁnﬁgat%nn%%?gﬁr'ﬁ(’
accordirg@b' e @eserbrinvettiyinb asraceeeeivingraprar@iusahagings a

channel coefficient estimator for estimating and outputting the 20 channel

coETERRTS IR ER HoBEts PR TR HON Ut FaRSRARHEatrix of
trapsmissienieaiRNbaphangdr e tecslved slgnaky aqigrty

determiner for determining priorities between transmission sequences
© transmitfeEREMMtRE seiisnisiandidaianeebtmddreetiminsuenadidate

sig X rtey, for sorting the channel coefficients based on th
chan %?ac?g%fﬁ%ign@s%s imat B;r/aﬂ%nghé%nﬂeﬁ (I:%eﬁﬂgfé%\{eﬁﬁﬂﬁ%?%nd
thebpeieiteshiGaletesnisigadny 4he prigitirdelesmiRer ANt QURILIRG a
modified channel matrix; a OR decomposer for performing OR

deEGATOSTR ASRARRETHGEifEE 1 ERsh FENfidAiRcand outputting a Q matrix
and an i el QRRIPCassan (o auipBa alereled Slanalss

having the received signals as elements by a complex conjuga
10 traA¥posedamitiiasf for (M-L) demodulated signals based on the received

signals; and

a 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, basad on the

15 converted signal, the R matrix, the transmitted sequence candidates, and the
symbol candidates.

An eleventh wireless communication system according to the present
invention has a receiving apparatus having:

a channel coefficient estimator for estimating and outputting the

20 channel coefficients betwean the between the recepfion antennas and the
transmission antennas based on the received signals;

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

25 a sorter for sorting the channel coefficients based on the channe!

coefficients estimated by the channel coefficient estimator and the priorities



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 1C
based on the 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 the received signals; 15 a transmitted

sequenceestipalor foranrautting:at Je transmitted sequence,
a likelihood for the trérllosngl}tte(g sea%éeﬂh(%e??g)rggp g&f?k%ﬁh%gréﬁgﬁd gﬁgﬂne
transatiitted by the transmitted sequence, based on the converted signal,

the R matri d th | capdidates; and a restorer for restoring and
ouiput?r%g@%la%%?'ﬂﬁgs%?%%Q?ﬁ%ﬁﬁﬁﬁ%@%@%ﬁ%ﬁ@?wm@liﬁ’@@%‘%r

theckanseniiagisandengs.ang the lkelhoadifar Bitsdransmitted by the
transmitted éequence, based on the output from the transmitted

5 sequenc® @stRiraerE doaha Wiinesa fcamiiich sidreleesctormavimgdation

sysie, | t r t invention has.a transmitted sequence
estima’fé)?‘?c?il%{ﬁi.‘(%%ggcﬁkge%ﬁgoeog%%y ga?&ﬂ?g%% é:Ponlﬁu ag%éasﬁa %?%%é?@é'%?(sqfn
P stegEsnBtis andriegertofgltios goeatans & adikelibeeg salculator group
in a pth (p.is an integer ranging from 1 to P) sta%;e comprising Kp (Kp is

an integer BB B GresRaHa TN BB SRS, Ragpi v eRdgate
Ca'§élﬂ}@ﬁ§&%#‘l@{iﬂ& afkaibaodinhe pih, 3 w&eﬂee%@eg@mthe
transmitted symbol candidates based on the converted signal, the R

10 mak@setpn figprackived isigngds afd ortgniitefhenietermined candidate
sequences as fransmitted sequence candidaies;

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

15 - a transmitted sequence estimator for outputting at jeast one of a
transmitied sequence, a likelihood for the transmitied seguence, 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

20 sequence, the likelinood for the transmitted sequence, and the likelihood for
bits transmitted by the transmitted sequence, basad on the output from the
transmitted sequence estimator and the priorities.

A twelfth wireless communication system according to the present
invention has a transmitted sequence estimator including likelihood

25 calcuiator groups and signal selectors in P stages (P is an integer of 1 or

greater);

17



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 | or 10 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 the
transmitted symbol candidates. A thirteenth wireless communication
system according to the present invention has a transmitted sequence

timatoy, including likeli |p.calculat d signal selectors in P
Ciagoe (b I L Ga PP L T R S e s e

pthRpstsaa dotegesingriingfranad itne §iringe corapusing dfadEd is an
inte%Trkﬁo)% 1 or greater) likelihood calculators; 20 each of the likelihood
calédld Eo&lculating a likelihood in the pth stage and generating the

transmittestawniel Randiskies baseshondhe sraveriedsigak the @Pom

matrix, Kp-1 (Kp-1 is an integer of 1 or greater) error signals outpu
5 a sRIRaE sule aorsratn®tigthranagdifehdyhbataasiitteel bpssoobn the

idates: and. 25 a signal selector in the pth st tting Kp+1
Bl el RSN B SR R G

thedigelisandsubmseds-saal Kpidkeliheads outpdtdamthedikelifiootied
calculator group in the pth stage and the transmitted symbol candidates.
A TEURECHBRVHAERSS ®Bfmunication system according to the present

e P e e D o

1 Usig g aisie crowigron pkdhindred Mastd desransmitted symbol candidates which
give the likelihoods, based on Kp likelihoods output from the likelihood
calculator group in the pth stage and the transmitted symbol candidates.

A thirteenth wireless communication system according to the present
invention has a transmitted sequence estimator inciuding likelihood

15 caleulator 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) likelihaod
calculators;

20 each of the likelihood calculators calcutating a likelihood in the pth
stage and generating the transmitted symbol candidates based on the
converied signal, the R matrix, Kp-1 (Kp-1 is an integer of 1 or greater) error
signais output from a signal selector in a (p-1)th stage, and the fransmitted

symbol candidates; and

S
(2]

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

and Kp+1 transmitted symbofl candidates which give the likelihoods, based



A fifteenth wireless communication system according to the present
invention has a transmitted sequence estimator having likelihood
calculator groups in N stages (N is an integer of 2 or greater) and signal
selector 1G 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 a final stage selects and outputs a most likely transmitted
SRS S BuRR VIR HEYYE! RRa FmmuUpieRtion sYslem Aecarding o
the present invention has a transmitted sequence estimator inciue Ing
sighat! Selectossitical plyrdlilcahstdgies, and a signal selector in a final

stage segg ts .a most IiI%fI transmitted sequence and outputs a likelihood
for the. <oREIEEN 30y KFIoS T RSB A IESS SIS AGRRIH & agefFesent

aCGﬁW}@H’s%iﬁ%ﬁbeaoﬁ%ﬁ%ﬁﬁtﬂéwgeaQQH&@%@tM}%FTHE%déﬁ%%%% eslimater

including signal selectors in a plurality of stages, and a signal selector in

5a figEsadeaeassd Mhisstnlivegerarishiiftatestajuend signd sakpuits a
Iikeéi,%%g fr%t?el?\i/f g,%%ggnce transmitted by the sequence. 25 A

nineéteenth wireless communication system according to the present

inventioi lidieentranseiitetsenuarcetiestinataniachmingadikalibead 49
calculator for generating a converted signal replica using@elements of the

R MR UnBRoACTRATY R SRIASSIEERE e peisatpbaaag calculator
megsiiediffantipeconesetrigaabeniica-and the receivad signals. A

twentieth wireless communication system according to the present 5
10inveridrs iaghg iesiegtited sequence estimator comprising a likelihood
calculatoﬁ(\ for.cal Hlatingethe likelihood usin e}anuared uclid%an distance
sixteenin wirgless communication systent according 1o the present
invention has a transmitted sequence estimator including signal selectors in
a plurality of stages, and a signal selector in a final stage selects and outputs

a most likely transmitted seguence.

—
{n

A seventeenth wireless communication system according to the
present invention has a fransmitted 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 likeiihood for the
sequence.

20 An eighteenth wireless communication system according io the present
invention has a transmitted sequence estimator including signal selectors in

a plurality of stages, and a signal selector in a final stage selects a most

likely transmitted sequence and outputs a likelihcod for a bit sequence

transmitied by the sequance.
z25 A nineteenth wireless communication system according to the present

invention has a fransmitted sequence estimator including a likelihood

(5o



between the received signals and the converted signal replica. A twenty
first wireless communication system according to the present invention
has a transmitted sequence estimator comprising a likelihood 10
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 replica. A twenty fifth wireless communication system according to
the ' ion t itted symbol. candidate selector
e N S RS e e
systeriiaecdrchiugkatithetipsaierhooy eslignahalyaitanpmigohsymbald from
candidate selegtqr emr%%ing maximum likelihood estimation. A twenty

sevBR#PRIRLELS98RITRIRaRBA Listers Meeotian®so the 20 present
invention has:&&FoikidelersHRGERaRIYR t@ﬁﬂxsﬁaﬁiggi%@owséeﬁi

each of the transmitted sequences. A twenty eighth wire
5 conmRivieation aymeamilted adingeirthestpresentonvertion & licihpoarity

de | loying.a received electric . power vs. nojse electric power
Sl SR R NN SN E iEd
cometusicatiensysiem sgeardng ddhe preseat sigventigndaas a priority
determiner employing a received electric power vs. 20 noise electric
power ra‘iiBf"ﬁﬁgéﬁ?&@ﬁ@%é@%&iﬁ@ﬁﬁw@r%ﬂbmﬁh@ the present

transpied reguansesAdhidieiwieless communication system |

according to the present invention has a transmitted sequence cangldate
1 0selestorizinmplviaiddimenths iednoadhisiydissEwineless demAtenieationed
sysgem %ccording to the present . — .
y periorming & given processing operation on a sguarsd Euclidean distance
between the received signals and the converted signal replica.
A twenty fifth wireless communication system according to the present
invention has a transmitted symbol candidate selector employing a linear
15 filter.
A twenty sixth wireless communication system according o the present
invention has a transmitted symbol candidate selector amploying maximum

likelinood estimation.

A twenty seventh wireless communication system according to the

20 present invention has a priority determiner employing received eiectric power
of each of the fransmitied sequences.

A twenty eighth wireless communication system according to the
present invention has a priority determiner empioying a received electric
power vs. noise electric power ratio of each of the transmitted sequences,

Z5

A twenty ninth wireless communication system according to the present

invention has a priority determiner employing a received electric power vs.

20



invention has a transmitted sequence candidate selector employing
maximum likelihood estimation. The wireless communication system
according to the present invention 10 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

herﬁé@@@e&ﬁc@b@mgﬁ?eglﬂ]a%f mgr'gér%\@{%éfec He %c';%vart%l o0 O%Ct

of a wireless communication system™ accor {6 an empodinient
pretertt ansaniiienh sEqgeddsa flowchart of a demodulating process

performed% a_receiving apparatus shown in Fig. 1; 20 Fig. 3 is a block
diagram’of X?S%Wﬁ? & ﬁgFﬂmgr‘a@%%Wa%%?r@ﬁ%??dﬁiﬂﬁe?fﬁé?%e

PrepRBhiRVERELOR itk flile4 Seck diagramioha weelvin %:%Bﬁﬁﬁﬁﬁ“é linear

according to a second embodiment of the present invention; Fig.’5 is a
>blo8ltediagram of a transmitted sequence estimator shown in 25 Fig.4;

Fig. 6 is 2 Biagk dingram.el a hir:siage lkelinoed caloulator shown in, 1

Fig. 5; Fig I0CK d lagram of a secon sage

shomeenifoFrigaSa fignénittadiecudiagramabiatfrstisirgesikalbined
calculator shown in 5 F|%n5 Fig. 9 is a flowchart of a demodulating

proBRRU LR iR s gpfmation.

The wireless communication system according to the present invention
10 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.
15 Brief description of the drawings:
Fig. 1 is a biock 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 2
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 shown in

rig. 4;

[N
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Fig. 6 is a biock diagram of a third-stage likelihood calculator shown in



receiving apparatus according to the second embodiment of the present
invention; Fig. 10 is a block diagram of a receiving apparatus according to
a third 10 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; 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
recejying apparatus according to the third embodiment of the present
invention; 20 Fig. 15 is a block diagram of a receiving apparatus according

to a foufthy efribadifnentiaithenpresestcnvestians gl isaBothataia

dem ulaging process performed by the receiving apparatus according to

the'foufth“embodiment of the present invention; 25 Fig. 17 is a block

diagram pf ageceivipek apRaUs acrding o Rdiith s reRedimentefihs,

present invention; 22 Fig. 18 is a block diagram of a transmitted sequence

Sestffitatér shown in Fig. 17; Fig. 19 is a block diagram of a second-stage

10

-
8]

=D
3]

ikelinood calelatap hownn Fig, 18 5Fia 2015 Block dagram of a

first-stage Tikel

calculator shown in” Fig.
receiving apparatus according to the second embodiment of the present

invention;

Fig. 10 is a block diagram of a receiving apparatus according fo 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;

Fig. 13 is a block diagram of a first-stage likelihood calcuiator 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 biock diagram of a receiving apparatus according o a
fourth embodiment of the present invention;

Fig. 16 i1s 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;

b
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Fig. 21 is a flowchart of a demodulating process performed by the
receiving apparatus according to the fifth embodiment of the present
invention; 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 I diagram of a.signal selgctor according to a ninth
emboniricit o e Do B Y e e eA A
examplestin; which information is assigned to transmitted signals; Fig. 28

is a block ‘diaﬂggram of a signal selector according to a tenth embodiment of
the pres&fti é?lﬁ'otﬂ?‘ﬁigﬁ?'%’ﬁ@é’ﬁﬁ)éﬁ%ﬁ%ﬁﬁ%ﬁ’&%ﬁaﬁﬁéﬁé’ééﬁféﬁent

estynalp; RCERrdiRY 25 to an eleventh embodiment of the present

invention; Fig. 30 is a diagram showing transmitted signal formats
5employedigviZénsizebitrartiay toe ffitehtst stmgat kedihonm daictipt@Osisouse;

Fig-31 1158-6‘ block diagram of a receiving apparatus according to a twelfth
emggdimént of the present invention; Fig. 32 is a block diagram of a

conventioRalzeeel RGvoRRALAH S &idiadd dspadelackAdiagiary gfyanerror
calculator shown in Fig. 32; Fig. 34 is a block diagram of a signal selector

acdGRAENY AR MMt ECeinadmienEhme preiaanividioresent

invention;
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 iikelihood calcuiator
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 1o a ninth
embodiment of the present invention;
20 Fig. 27 is a diagram showing examples in which information is
assigned o transmitied signais;

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

embodiment of the present invention;

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

25 1o an eleventh embodiment of the present invention:

Fig. 30 is a diagram showing transmitted signal formats employed
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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 -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
recvevRtion antenna 12, 32, 52, 72, 82, 102, 500 channel coefficient

estimstbl o6 AIngs cealicienbestipaior sEYR Meklnpbiseised: 34, 54, 76,

86, 107,795k Broeeswgkn %%@%@@%%[&%@é@&@;@igm
21-1 - 21-M transmission antenna 41-1 -41-16, 43-1 -43-16K1, 45-1

-45MgRD eghedigeg ¢3he BesoE grendanl - 91-16K, 93-1 -93-16K1,

111-1- -L3', -1 3113-L1'K1, 1204-1 - 1204-16, 1206-1 - '
1206-16:}I;<]t1}', Bk e A SIUPUPRRIEYE 62,
64, 92, 4911214 HR0AI3OAL 305, AGT sighabisetesion Fbriansmitted
symbol candidate selector 5 73, 83, 104 priority determiner 74, 84, 105
channel 'cSeftiti&t R5REA9g2890% 3 §ipgdisreiector according to a thirteenth

embodiment of the present invention;

~ig. 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 transmitied sequence estimator shown
in Fig. 35.
Description of reference characters:

1,3,5,7, 8,10C, 700, 1200 receiving apparatus

2 transmitting apparatus

4,8,9, 15,77, 110, 708, 1202 transmitted sequence estimator

10 nulling device

111 - 11N, 3141 - 314, 51-1 - 51-3, 71-1 = 71-4, 81-1, 81-2, 101-1,
1012, 701- - 701-4, 1201-1 — 1204-4 reception antenna

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

13, 33, 53, 75, 85, 106, 703 QR decomposer

14, 34, 54, 76, 88, 107, 705 QM processor

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

21-1 — 21-M transmission antenna

41-1 - 4118, 43-1 - 43-16K1, 45-1 — 45-16K2, 61-1 ~ 61-8, 63-1 — 63-
8K1, 81-1 - 81-16K, 83-1-93-16K1, 111-1 = 111-L.2", 113-1 = 113-L 1K1,
1204-1 - 1204-16, 1208-1 — 1206-16K 1, 1208-1 ~ 1208-16K2 likelihood

]
=N



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, 632,912, 932, 1112, 1132 converted signal replica generator 413,
43% {Jé}g I?13 633, 913, 933, 1113, 1133 error calculator 20 501-1,
501%, 8 -1, 505-3 pilot symbol replica generator 502-1, 502-3, 506-1,

506-3 catzekutictbrlere&oraZ0)dd, 4 D444 espresnier 295 1908 dnstion
processor 1203 decoder 25 1209 signal selector incorporating a bit
Iike?ﬂSB@butputting function Best mode for carrying out the invention: 25

An embegiment ke RraesNtARuetionvllie described with reference

to the drawings. Fig. 1 is a block diagram of a wireless communication
Ssystem dceading4daeriénsistetimiont of the present invention. In Fig. 1, the

oresnt £ abto SACAY R GRSl 1 and ransmiting apparats
2 to be conrgcteniteseagbrother through wireless communications.
103 control channe! restorer
2061, 361, 901 antenna-specific minimum value selector
202, 203, 302, 303, 902 bit judging device
204, 205, 304, 305, 903 bit-specific minimum value selector
208, 207, 308, 309, 909 bii-specific likelihood calculator
210, 211, 310, 311 turbo decaoder
306, 307, 904 error signal accumulator
411,431, 451, 811, 831, 911, 231, 1111, 1131 transmitted symbol
candidate generator
412, 432, 452, 612, 632, 912, 932, 1112, 1132 converted signal replica
generator
413, 433, 453, 613, 633, 913, 833, 1113, 1133 error calculator
20 501-1, 501-3, 505-1, 505-3 piiot symbol replica generator
502-1, 502-3, 506-1, 506-3 correlation detector
704-1 — 704-4 despreader
8905 - 908 function processor
1203 decoder
25 1200 signal selector incorporating a bit likelihood outputting function

Best mode for carrying out the invention:



Receiving apparatus 1 has N (N is an integer of 2 or greater) reception
antennas 11-1 - 11-N and comprises nulling device 10, transmitted --10
sequence estimator 15, and recording medium 16. 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

presen KYsniim e dfAgaedReA eI W JETRIERTRIO AR & 21

2. The process shown in is performe en receiving apparatus 1

exeelgeseegroadiainyugFim tikee ilablediyyesconipuiardistared in
recording medium 1. When receiving apparatus 1 receives transmitted

sigh e YN HAN SYTEITORASARIENIELS 31§ RAdNR AL R RIGSG P alGS-
21 (ﬁtﬁi@.S1t%%@r§i&ékwmc‘éﬁ‘éi¢%ﬁ@&ﬁ"éﬂ%&%??]\’t%%%gé}ﬂl?ok!ﬂ%ta
y

channel matrix whose elements are represented by channel coefficients
Shet@idBh Bresaph RS M rvcesiely ittennasiseh B2 indermilg

Tr i en timator 15 demodulates the received signals 25
th:tgﬁg%/% ezﬁt%nbh ﬁ%@%ﬁ% 883|c8%3riﬁ1503%§3\’é58 |r?8 order into Mth
thrauginistideaipsmitted sequences (step S3 in Fig. 2). Receiving

apparatus 26 1 repeats the above sequence until the process is ended

(step S4TEEENSPPRRENSITPEIIERSS BarpieRBE% Y HGRpiRsy fesspon
will hedeseribed below. Whep thesignals oL transiting appagatus 2

are received by N reception antennas 11-1"- 11-N of receiving apparatus
101, receiradsiptata®udbtamovrhosdiote metitsrars reprasentSddogeratus 2

signals regeived by. respective reception antennas 11-1 - 11-N can he
exp?ggsl\g 3x}s apzip{(reig_e_??ﬁl or greaper?transmlssmn 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 {o the embodiment of the present invention

15 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 executabie by a computer) stored in recording medium 1.

When receiving apparatus 1 receives transmitted signals from

transmission antennas 21-1 — 21-M of transmitting apparatus 21 {step S1 in
20 Fig. 2), nuliing device 100 nulls received signals using a channel matrix

whose elements are represented by channel coefficients between the

transmission/

reception antennas (step S2 in FIG. 2).

Transmitted sequence estimator 15 demodulates the received signals

[
(4]

that have been nulied by nulling device 10 in a descending order into Mth

through 1st transmitted sequences (step 83 in Fig. 2}. Receiving apparatus
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where rl represents the received signal received by first reception
antenna 11-1, and rN the received signal received by Nth reception
antenna 11-N. 10 If channel coefficients between transmission antennas
21-j and reception antennas 11-i are represented by hij, and a channel
matrix whose elements are represented by channel coefficients hij, then
received signal vector r is described as: [Equation 1] 21 1i1 >i2 1M nl "zl
r2" r2M S.. n, i5 = 1+~ =Hs+n Lr5. _r N: rV2rNMJ _SM J L Y12: where

S IRSSENS ARG, SIsl VRS Whose sleants afe, epresaated

by the sigha om respective transmission an

21-M, arithe auBagy ssiarsoieeiventor hyhostrel emesss amilinepesanieshby
Ga,lﬁjssian noises added by respective reception antennas 11- 20 1 - 11-N.
Nu

FGeviceq gaieralR & AR S KIS ARIAR SRR FE6BIVARY NiMing
sigRalhEan Aaawriessed as: AoALTAiR aALHAG NUINQ (RRreRents

orthogonalization of received signals. If 5M: sM + sM- 27 1, sM + sM-1 +
SMPEGEM HVBMeeieREairease ket asttvl oitbg sigaklaxessitrenogulling

SRR A PERSA RS IEMRINPL MG ol BY SiotiscZa By 2L 1
F={r, o IN)
where rq represents the received signal received by first reception antenna
11-1, and 1 the received signal received by Nth reception antenna 11-N.
If channel coefficients between transmission antennas 21-j and

reception antennas 11-i are represented by hijj, and a channel matrix whose

elements are represented by channe! coefficients hjj, then received signal

vector 1 is described as:

{Equation 1]
| . f
g Ty a0 Ny ‘ 8 ‘ n
. i
r, Py T oy 115, M.
7o =| 7 - ;—J Ci=Hy+n
|J"NJ Ly Be 0 Tyl kSMJ L1y,

where s represents a transmitted signal vector whose elements are
represented by the signals transmitted from respective transmission
antennas 21-1 - 21-M, and n a Gaussian noise vector whose elements are
represented by Gaussian noises added by respeaciive reception antennas 11-
1—11-N.

Nuliing device 10 generates nulling signal z using nuliing matrix A.
Nulling signal z can be expressed as:

Z = Ar= AHs + An

The nulling represents orthogonalization of received signals. I spy, SM + SM-
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00L'M 1000 rMMJ SMJ Ln',u 5 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]1h1, h,...hM9nqgl2 .. quit7."... Tina H=1hng2 _0r2'...rzOR hN.I
...... hus, J[g,1 ... ... gNn; O ... 0 I MdO 10 In this case, the nulling process
is described as follows: Z=QHY = QH(Hs + n) = QH(QR5 + n) = QHQRSs
+ QHn 15 =Rs+n' Generally, the Q matrix satisfies QHQ = I (I is a unit
matirix). Transmitted sequence_estimator 15 prepares symbal candidates
in jé@géﬁ%ﬁé gl%%’r frov gh/?WEL ar’EdS %s%llr?“‘n%;ﬁjl(ges&z;ler(]]y Su p%ts0 ona
trapseitédnsigi@gveagterl 8ls §28sldethdlis manner, M signals that are 20
simultaneously transmitted from transmitting apparatus 2 which has M
traﬁéﬂﬂgg?&zgptennas 1-1 - 21-M can be demodulated. According to the
embodiment?f the preseft irizention/itherefor ,@ig@nals can be
demodulate ctQé (imthh a chzsimplerzgrr ”ng e‘@téthan heretofore, by

¥l =

using an“af p_rof“ri ite nimbemof sequenges. Embodiment 1:

24

0 0 0 rylls, | L7y

As nuliing matrix A, there can be used a complex transposed matrix of a Q
mairix that is determined by performing QR decompaosition of channel matrix
H, for example, as follows:

[Equation 3]

ghu LSRR CVE I AR P &m s »
pe }Eq?i -' ' =‘G S V)
in this case, the nulling process is described as foliows:
Z = Qhy
= QH(Hs + n)
= QM(QRs + n)
= QHQRs + QHn
=Rs+n

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

Transmitted sequence estimator 15 prepares symbol candidates in a
descending order from sy to s4, and estimates and outputs a transmitted
signal vector s4, sp, -, sp. In this manner, M signals that are
simultaneously transmitted from transmitting apparatus 2 which has M
transmission antennas 21-1 — 21-M can be demodulated. According to the

embaodiment of the present invention, therefore, signals can be demodulated

28



Fig. 3 is a block diagram of a receiving apparatus according to a first 5
embodiment of the present invention. The arrangement of a wireless
communication system according to the first embodiment of the present
invention is similar to the arrangement of the wireless communication
system according to the embodiment of the present invention shown in
Fig. 1. In Fig. 3, receiving apparatus 1 according to the first embodiment
of the present 10 invention receives signals which have been sent from M
(M [ er.of 2 or greater) trapnsmjssion antepnas 21-1 - 21 -M, with
N (e R R R i oeren ponopiat
Reaeivieg appegatrgdscomprises N reception antennas 11-1 - 11-N,
channel coefficient estimator 12, QR decomposer 13, QH processor 14,
15 FRRORIMERt dequence estimator 15, and recording medium 16 for
storing g-progam &%&%@#&%ﬁ%@é&ﬁnhﬁj LN {%Hteféé&f salizing, .,
processes in various parts of receiving ap hratus 1. Channel Coetficient
S estifiied T2nQR tue corspoisievddjandTOd pracgssamt 4cowpspend to
nulling device, 10 described above. Sﬁﬁecifically according to the present

emBadiment A0 RYSE HedHRIs g B ARl parima of Hewmesiifing
procesatidnesepiing anteaasddsdrereiana siunads Channs!icontfident

estimator 12 is supplied with received signals as its inputs and estimates

chatiie EBefiRciBRRTOR R Apbserresastsoppiisensihvenineafiix of In
Chanaey, S AR IR PULBEHIR I L ORaRIOR R

channel matrix, nd outputs a Q mdtrix and an R ma P&?’&ﬂ BELEsspt
1014 isvenfiptiedositieshig@amathictahavihegeseived 29 Sianals &8 ietnnus?
and outputs a converted sequence that is produced by multiplying the
rocd RE LR R B R SoRRER EoRnh e i Bse A 'oars f 2 or
MagiXatbrRRsBiRn aRMHHRES1§SIIMAaoR 1S is supplied with the

Receiving apparatus 1 comprises N reception antennas 11-1 — 11-N,

channel coefficient estimator 12, QR decomposer 13, QH processor 14,

o
[#2]

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 QM processor 14 correspond to nulling device 10
described above. Specifically, according to the present embodiment, a QR
20 decomposing process s 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,

25 and outputs a Q matrix and an R matrix.

oLy processor 14 is supplied with the Q matrix and the received
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converted sequence and the R matrix as its inputs and estimates and 5
outputs transmitted sequences. Depending on the arrangement of the
overall receiver, transmitted sequence estimator 15 is capable of
outputting a likelihood for the transmitted signal sequence or a likelihood
for bits that have been transmitted by the transmitted signal sequence.
The received signal vector r 10 whose elements are represented by the
signals received by respective reception antennas 11-1 - 11-N has been
described abgve. The atrix that is output from QR decamposer 13 is a
R R R S e B Fetenes B B
represepiisng thenugaloCoRRIRGY AN PORHHNEK 20d i Gt i ARabs e d heakRix
matrix comprises 15 an upper triangular matrix of M rows and M columns.
A prbSs SifpEBeratiispuiRs PR BY O sHrpesst iesuwpakatmiadhas
foll ; ' = O +17)= N=Rs+0O:n J
71 %zé@%%%%fa@ %;%ﬁgﬁ%gg?# @5%%%1%%@%1@ S5
Tramgmitteldesequitert sestémater 15 is supplied with converted signal
vector z and t asitsin uts,ggstimates transmitted sequences,

he R matrix : |
and 50 ORISR e GENAT SO e, ERTHeS e Ao
likedibpashdn dbisaannensM=piapalstbataie sinuleneous ks tigasmitted
from transmitting apparatus 2 which has M transmission antennas 21-1 -
21 transmitted signal sequence or a likelihood for bits that have been
fransmitted by the fransmitted signal sequence. The received signal vecior r
whose eiemenis 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 = | whare H represents a
conjugate complex transposition and | a unit matrix. The R matrix comprises
an upper triangular matrix of M rows and M columns.
A processing operation performed by QH  processor 14 is described

as Toliows:

[Eguation 4]

| 2 |

Transmitted sequence estimator 15 is supplied with converted signal

vector z and the R matrix as its inputs, estimates transmitied sequences, and
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M can be demodulated. 5 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 signals are used to 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

ac [ . ' of the present invention, Fig. 5 is a

bloc %%%égtr% %%%ﬁﬂggﬁi#ﬂ%gé@i%ﬁgn%é’estim%?giﬁgﬁnn?ﬁﬁ%ﬁ, Fig. 6
is aitdbickcdiagranis ohdimarthitdigtage thise bho ethralsniaios g hewenintig. 5,
Fig. 7 is a block diagram of a second-stage likelihood calculator shown in

Fig ST dFRMETY IO IPRRAGKS i G RASMI RS RS e RREST 88 R iAo R 1-

sheuaain FGienddiBa@angement of a wireless communication system
according to the second embodiment of the present invention is the same

as the afregrjdinein Hietiheesonireolbsdivammmitztivib oy sterncaecardinggto
the emhbodi t,shown in Fig. 1 apove, except that receiving apparatus 3
o DT e O RESER S AT (B S0R S e AR goneraed
apparatepRieososdingtosthfsacend RimbadinestdReaivrmsigaMS sed to

transmitted from transmitting apparatus 2 having three 25 transmission
antefiiiadioiransmited St ES\sere Cepiier? agamber ghsepuenses,

asyyal it sutenRns Al Sinals i oA e Kaneimilied 21

from each of transmission antennas 21-1 - 21-3. Recelving apparatus 3
cornprige®feur reception antennas 31-1 - 31-4, channel coefficient

estjmator, 32, OR decomposer 33, OH processor 34,

Fig. 4 is a block diagram of a receiving apparatus according fo a
second embodiment of the present invention, Fig. 5 is a block diagram of a
fransmitted sequence estimator shown in Fig. 4, Fig. 6 is a block diagram of
a third-stage likelihood calcuiator shown in Fig. 5, Fig. 7 is a block diagram of
a second~étage likelihood calculator shown in Fig. 5, and Fig. 8 is a block
diagram of a first-stage likelihood calculator shown in Fig. 5. The
arrangement of a 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 transmifted from transmittin§ apparatus 2 having three
transmission antennas 21-1 — 21-3, with four reception antennas 31-1 - 31-

4. Itis assumed that either one of 18-valued signals ¢4 - cqg is transmitted
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transmitted sequence estimator 4, and recording medium 35 for storing a
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

QRfr%‘ﬁ‘rQ%o&fW%%%@H%% gp%{i%ﬂhﬁg% Egg'tpms a Q matrix and an R

matrix. QH processor 34 is suppli h matrix and received
signals rkecediag Hppapmtis Mntdhptieseckrivastsignalafenfddythe 314

complex conjugate 15 transposed matrix of the Q matrB( , and outputs
co&%ﬁ@&'&é’ag&ﬁf& gstiniemtedRElfsenmoastintalel 4 iBreapptieicbith

conugtadartbeni . AibERMATas i piARd estimalesand

outputs signals transmitted from respective trafismission antennas
21 ¥ OMEBshWITIarETY B eteiabimitied soqueries astinminng mooyaisesn

thr%%-igo stgge Ii%(glihc!)\%d caICuIat%r %;oups of likelihood calculators 41-1 -
41-16, Al 330152? J TRHBER , and three-stage signal selectors

42, 44, fRecEpaosmitiechseienceasimaiond RaHocms sigRalPressssing
in the grder of the third stage, the second stage, and the first stage.
AcCORIIIRPRS BstimsHes et e mHRRipAamtrirasgivae sianamitted dresits inputs,
respecti |SBl D, -1 - 21-3 are 16-valued, then the
Iikeﬁﬁ%ﬁ\é?%gl%cﬁ?lgyo%%?giéﬁ%ﬁe t w%%i?étgse%léar%@%zm&%néﬁg 'Ii“lyglihood
caleslarated thanngH teeliRitiieli R deatoutatars Yelisl sk kb averseiplies
with c?nVﬁrtedtsig‘nal z3 a!r_1fd element r33 of the R matrix as its inputs and
outfiAs i 887 SN RUPTTE trolGgmMS TRt o shegngianatrix H, and
tranrsAptiet IYMRehcandigate gramp of

QH processor 34 is supplied with the Q matrix and received signals r
- T4 as its inputs, multiplies received signals rq - rg by the compiex conjugate
transposed matrix of the Q matrix , and outputs converted sequence 2,
Transmitted sequence estimator 4 is supplied with converted seguence z
and the R matrix as its inputs and estimates and outputs signais transmitted
from respective fransmission antennas 21-1 - 21-3.

As shown in Fig. 5, transmitted sequence estimator 4 comprises three-
stage likelihood calculator groups of likelihood calculators 41-1 — 41-16. 43-1
~43-16K1, 45-1 — 45-16K2, and three-stage signal selectors 42, 44, 48,
Transmitted sequence estimator 4 performs signal processing in the order of
the third stage, the second stage, and the first stage. According to the
present embodiment, if signals transmitted from respective transmission
antennas 21-1 - 21-3 are 16-vaiued, than the likelihood calculator group in

the third stage is made up of 16 likelihood calculators 41-1 — 41-18.



transmitted symbol candidates s3-1-3 - s3-16-3 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,
transmitted symbol candidate generator 10 411 generates and outputs
transmitted symbol candidate s3-1-3 which comprises a symbol of either
one pf signal . Sonverted signal lica generator 412 is
e B e AR R g g 20 an
carsiitEets3d leB ths Rerimghitssaindigmuneratescanslto aipstroeeryeitgtbup of
signal replica z3-1. 15 Error calculator 413 is supplied with converted
SRR S AA AT e 6 GRAR SEREREEY SO RRU ER iR S'an
errgaheeaRNdNaiWe SignRies ggg%z%t_ greor signal e3-1. Converted
signal replica z3-1 is calculated according to0 the equation: z3-1 =

2 r33s3-1/3s20'ana Erfoe <y fiEitdBelibrpdateldateidattdritingetthitbstage

equationi. e3q1 = 23.- z3-1 2 First likelinood calculator 41-1 outputs error
signal 'Ef%rﬂadq tsraaﬁtéerésﬁiﬁog%nagg'gcaéﬁ(%g?e{%%[%?31 S?ﬁﬂ?’a%’lg%cg%@gﬁﬁ
likettiptiosl garderdator4 2-2nauipoissioasigaake Hhanikianssnitedulators
syrggol candidate s3.2-3. 16th 25 likelihood calculator 41-16 outputs error

13 “16'8rii 3ridrainRen SUHTHEE & fikribrod sl Btes Sighal
selector @i thedinitd Sipgs: i&wp@a&xﬁ@&@g%ﬁﬁﬁ%}@%&@%

n
the transmitted symbol candidate group which have been calc ;%C%B%

1016 fikélprasdedascanstorgpits trademiiein sh i destaigetsassits 3 which
comprises a symbol of either one of signals ¢4 — ¢4g. Converted signal
replica generator 412 is supplied with element ry1 of the R matrix and
transmitted symbol candidate s3_1.3 as its inputs, and generates and

outputs converted signal replica z3_1.

fod
1

Error calculator 413 is supplied with converted signal zz and converted
signal replica z3_4 as its inputs, calculates an error between the two signals,
and outputs error signal e3_1. Converted signai replica z3_4 is calculated
according 1o the equation:

£3-1 =r3353-1-3
20 and error signal ez is calculated according to the equation;
e3.1= lz3-23.112
First likeiihood calouiator 41-1 outputs error signal e3.4 and transmitted

symbol candidate s3.1.3. Simiiarly, second likelihood calculator 41-2

outputs error signal e3.2 and transmitted symbol candidate s3.0.53. 16th

S8
@

likelihood calculator 41-16 outputs error signai e3.1g and transmitted symbo!

candidate s$3.15.3.



inputs and outputs K1 error signals "1 - e"K1 of a smallest error and K1
transmitted symbol candidates s"'1-3 -s "K1-3 which give the error. The Ki
transmitted symbol candidates that are output are either one of signals c1
- C16. The likelihood calculator group in the second stage is made up of
16K1 likelihood calculators 43-1 - 43-16K1. First through 16th likelihood
10 calculators 43-1 - 43-16 are supplied with converted signal z2,
elements r22, r23 of the R matrix, error signal e™'1, and transmitted

symbol @;g%jgé?g%%% ?nstgg {Hl%lta %Nth @ngrﬁ/gerr} 32{9‘dtllkelgp(?_osd nal

calculato are supplle S|gna , Eléments

22y mmm&tmaymﬁecreynsn@nabediaawgrtr@mw&tedaﬁmb@h
candlldate s"2-3 as its inputs. 116(K1 5 17)+1}th through 16K1th likelihood

caltd I%Hfﬁj?%§y1%§|¥59i5‘9fd£§ FERP 8 Tdup e dBimihechie reiRpsigals
Z2,iheraens sabrkaldhe Rigalis efror-signaleo K lyand fransmified

symbol candidates "K1.3 as their inputs. As shown in Fig. 7, first
5 Ilkérmﬂ%%ﬁcwa”tbﬁ'@fldidam seaomnd stages voripriges tharsmittethe K1

sy date nera ]} nverted s naI Ore I|c enerator
43?,99&&‘ errorS alc é:f%r} hay |ke?Ht<5)o rﬁ@u %PE] 9%3'5 8Kk 1
arecigentical in structure to |Ike|lh00d calculator 43-1. In likelihood
calculatar 43-1, transmitted symbol candidate generator 431 is supplied

with transRRiHEEHBPRThERIEH 70 418 W1 e RSRIICAFIATD IR RS & HRST RS
symaiRRdidRIgs S s kB 5225:4 akhich-gomp (6%%@12&@(&2%85 either

one of signals cl - c16. Converted signal replica generator 432 is
1 0supslicdaigth éfeh“reﬁ& 122ye23.0pike Ritmatrivenetisrsanited Sdsymby),
2 as its inputs and outﬁﬁts converted si naI

dd 2-1-
M 0 BT A ) I T A g s S

conygstad inputs. 17th through 32nd likefihood caiculators 43-17 — 43-32 are
supplied with converted signal zp, elements rog, ros of the R matrix, error
signal ™'z, and transmitted symbol candidate s™7.3 as its inputs. {16(K1-
15 1y+1ih through 18K1th likelinood calculators 43-16(K1-1)+1 — 43-15K1 are
supplied with converted signal zp, elements rog, roa of the R matrix, error
signal e”'k1, and transmitted symbol candidate sk 1.3 as their inputs.
As shown in Fig. 7, first likelihood calcutator 43-1 in the second stage
comprises transmitted symbol candidate generator 431, converted signal
20 replica generator 432, and error calcuiator 433. Other likelihood calculators
43-2 - 43-16K1 are identical in structure fo likelihood calculator 43-1.
In likelihood calculator 43-1, transmitted symbol candidate genarator
431 is supplied with transmitted symbol candidate 8’4 as its input and
outputs transmitted symbol candidates s5.1..3, s2.4.7 which comprise a
25 symbol of either one of signais ¢4 — c4g. Converted signal replica generator

432 is supplied with elements ro9, ro3 of the R matrix and transmitted
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signal replica z2-1, and error signal a™1 as its inputs and outputs error
signal 5 e2-1. Converted signal replica z2-1 is calculated according to the
equation: Z2-1 =r22s2-1-2 +r23s2-1-3 and error signal e2-1 is calculated
according to the equation: e2-1 =172 - z2-1 2 + e-1 First likelihood
calculator 43-1 outputs error signal e2-1 and transmitted 10 symbol
candidates s2-1-3, s2-1-2. Similarly, second likelihood calculator 43- 2
outputs error signal e2-2 and transmitted symbol candidates s2-2-3, s2-2-

2 '@M&BI'E@IH@Q@& CLﬂ'%t%%‘.‘tf_glzs%@Wd&%oqyéﬂ%gﬁd‘?%ﬁb%%%d signal

generator 431 is supplied'with transmitted sy ca ate s asits
25 figpiifieazsd outputs transmitted symbol candidates s2-17-3, s2-17-2

which ¢ rise, a symbal.of either.one of signals c1 - c16. Converted
Signal rERA EHEIRI A5 SRR M RIRR SIS 2 2P BreHE R
magiigh QIH@ptT@EﬁUW@ﬁ@MM&@ﬂQd&d@}%% #3-thhids 32 AR UL al

_and outputs converted signal replica z2-17. 20 Error calculator 433 is
5 sufighéd WA BBV SIEERISiBRlife 22 dofeiastaisid merrspingaty fhe Boation:

error sigf Ie.__;g sits i RUL gnd outputs error signal e2-17. Converted
signal rep ida 7 %#Tﬁ'ga é%t&%%cording to the equation: Z2-17 =

r22s3d e sigpa62:17 18 RSttt micsighvad e2t47 igcafioniated according
to the e%uatig_n' e2-17 = z2 - z2-17 12 + e,,,17 35 16K1th likelihood
calculat r24'371g$@1“0{?£ph‘ts érforisignal e2-16K1 and transmitted symbol

candidatesssikaficbBearkulod a3 Jignal elertqr 44hin 4he seganchsiaggsy

is supplied with the error signals and the transmitted
10 symbol candidates sp_4.3, so.1.2. Similarly, second likelihood caicuiator 43-

2 outputs error signal .7 and transmitted symbol candidates s9.o_3, 820
2

in 17th likelihood caiculator 43-17, transmitted symbol candidate
generator 431 is suppiied with transmitted symbol candidate 8’53 as its

15 input and outputs transmitied symbol candidates s5_47.3, s2.17.2 which
comprise a symbol of either one of signais c1 — ¢1g. Converted signal
replica generator 432 is supplied with elements rpo, ro3 of the R matrix and
transmitted symbol candidates sp_47.3, s2.17.2 as its inputs and outputs
converted signal replica zo_17.

20 Error calcuiator 433 is suppiied with converted signal Zp, converied
signal replica zz_17, and error signal &' as its inputs and outputs error
signai ep_17. Converted signal replica z5_17 is calculated according to the
equation:

2217 =12282.17-2 + 12352-17-3
25 and error signal ep_47 is calculated according fo the equation:

e2-17= |z2~20.47|2 + €717

(&8
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symbol candidates which have been calculated by 16K1 likelihood 5
calculators 43-1 - 43-16K1 in the second stage, as its inputs and outputs
K2 error signals e"1 - e"K2 of a smallest error and K2 transmitted symbol
candidate sets (s"1-3, s"1-2) - (s"K2-3, s"K2-2) which give the error. The
likelihood calculator group in the first stage is made up of 16K2 likelihood
calculators 45-1 - 45-16K2. First through 16th likelihood 10 calculators
45-1 - 45-16 are supplied with converted signal z1, elements r11, r12,r13

of the R X, & i . ol candidate set (s'1-3, s"1-2
as its inpﬁ?%ﬁ%ﬁ%ﬁ%%%@rﬁ%tﬁgﬁﬁsgé()%qc%ﬁ&c%ﬁ'a 5L 459 Al 78-30K 8 d
suppiednittth sonvelrtedciigriet zb, plementsyrii i, 83 efitheRipratiix
error signal 15 e"2, and transmitted symbol candidate set (s"2-3, s"2-2)

as H¥iRPEREYFEge s 15 aRtir il dhe R RiananIRBed eltanstpited
453468 i AR 0H FeyBBUE AU RERY gk 908 el plements

r1l, r12, r13 of the R matrix, error signal e"K2, and transmitted symbol
£ carfditfutatest 48 K2-43- 8K 2)ths #scdoptiage, As showntinarig o8ffinst K2

likelihood calculator 45-1 in the first stage comprises transmitted symbol
R ks B e By SR R R IRGS Asodhg
erreasalcniatasd 53.,Qthen likelinoed calsuylatorswAkgiddOKkre

identical in structure to likelihood calculator 45-1. in likelihood calculator

45-1, tranBmitelnspmh paicEii R R éntaibst 2pas isisadeplieahifi2
tranggHsshARRRkGANSidate A8L 533, éilfﬁ;)ogaﬁt% sgéﬂv%%ﬁfhgoautp“ts

transmitted symbol candidates 51-1-3, s1-1-2, s1-1-1 comprise a
1 Osynepbiuirteithér-dnedst 16 aralseddignhalshcdoned fedGamee rte desigmets 14,

replica generator 452 is supplied with elements r11, rl2, ri13 of the R
mali2 44 TG Rl B PR SHHA FabePBe SVE T SEGeia o < 1.5,

s"4_2) as its inputs.
17th through 32nd likelthood calculators 45-17 — 45-32 are supplied
with converted signal z4, elements r14, r12, r13 of the R matrix, error signal

15 e"p. and transmitted symbaot candidate set (s"7._3, $"2.0) as its inputs.

{16(K2-1)+1}th through 16K2nd fikelihood calculators 45-16(K2-1)+1 —
45-16K2 are supplied with converted signal z4, elements r11, r{2, r13 of the
R matrix, error signal "2, and transmitted symbol candidate set (s"k9.3,
8"ko.0) as its inputs.

20 As shown in Fig. 8, first likelihood calcuiator 45-1 in the first stage
comprises transmitted symbol candidate generator 451, converted signal
replica generator 452, and error calculator 453. Other likelinood calcuiators
45-2 — 45-16K1 are identical in structure to iikelihood caiculator 45-1.

in likelihood calcuiator 45-1, transmitted symbo! candidate generator

bJ
%2

451 is supplied with transmitted symbol candidate set (s"1_3, $"1.2) as its

input and outputs fransmitied symbol candidates $4.1.3, $1.1.2, §1.1.1
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as its inputs and outputs converted signal replica z1-1. 5 Error calculator
453 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 calculated according to the equation:
Z1-1=r1 1s1-1-1 + r12s1-1-2 + rI3s1-1-3 and error signal el-1 is
calculated according to the equation: 10 el -1 = ~z1 -z1.1 i2+e"1 First
likelihood calculator 45-1 outputs error signal el 1 and transmitted
symhelcandioaes strlst S, hd A Siml.secgnd likeihood
calculator 45-2 outputs error signal el-2 and transmi {d symbol 16
caiitidateedigna) sdhiRaebibahditalikaosiealmiaiaidq-16K2
outputs error_15 signal e1-16K2 and transmitted symbol candidates

5116105 1851 K. 3nddfangRBtad SYRAPLERISRSS FithefiRal stage-1-1
(1646218 Biage)isosupplied withaihes er5nnAIgpRlS 95@1 the transmitied

symbol candidates which have been calculated by 16K2 likelihood
5 calculatGrE g 3aicuior B2 ih shedliest siityepaeRedtsignalits; acchoetipdts
trag;s,rﬁiiaHt?eol ﬁggn?pol caﬂgigrargarssg% FE'BZ,, s'3 which ?iive mallest error .
sighal 6'1. Accordirg 30 the pre&rﬁ EnfoBUIREMYESHEIREE 2560 S 9RR
trasgmittedsyereal sangliesipsathal aredapulde dha siganbseledtusiaitie
respective stages include 16 transmitted symbol candidates from
likelihoof 12 CalE&tols U1 11281-1:8 ih tESthite stage, 16K 1 transmitted
symhelecandigiales from likelingad saleulatars 48:1. 416K 1 in the
second stage%? a1n§ l16§K2 transmittec?J sy%‘ubozf gan%lﬁggt%e% from
10 Iikelihood';caleuiaﬁofszA,S;-l?-+451’]16K2 in the first stage, and hence total
16(1 + + K2),.According to the present invention, therefore, if K1 is set
to '('16" gﬁlaswﬁéilﬁbogca cglator fs'-o{ outputs error signal e4_41 and transmitted
symbol candidates s1.1.3, 81.1.2, s1_1.1. Similarly, second likeiihood
caiculator 45-2 outputs error signal e4.2 and fransmitted symbol candidates

181.2.3, 81.2.2, 81.2.1. 16K2th likelihood calculator 45-16K2 outputs error

b=
o

signal e1.1gK2 and transmitted symboi candidaies s4.18K2.3. 51-16K2-2,
S1-18K2-1-

Signal selector 46 in the final stage {16K2th stage) is supplied with the
error signals and the transmitted symbeol candidates which have been
calculated by 16K2 likelthood calculators 45-1 — 45-16K2 in the first stage, as
20 its inputs and outputs fransmitted symbol candidates s'4, §'p, 8’3 which give
smallest error signal ¢'4.

According to the present embodiment, as described above, the
iransmitted symbol candidates that are input to the signal selectors in the

respective stages inciude 16 transmitted symbol candidates from likelihood

S
L0

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

candidates from likelihood calculators 43-1 — 43-16K1 in the second stage,



to "32", for example, then the total number of transmitted symbol
candidates 5 is "784". The number of processing cycles according to the
present embodiment is much smaller than a conventional process where
the total number of transmitted symbol candidates is "4096". Fig. 9 is a
flowchart of a demodulating process performed by receiving apparatus 3
according to the second embodiment of the present invention. .0 The
demodulating process of receiving apparatus 3 according to the second
erRRTBRALF IRRLASSMIB EXA0L BB ARGTREEASIRNANN 451
reference to Figs. 4 through 9. The process shown in Fig. 9 Is performed
whé&hr E6 12 aic dlss dr g Gitgecantt ilkpreciesslin § Unit Kdf +d¢Biving apparatus 3

t tored in recording mediyum 35. Though transmittin
parat S a8 I e IO AREFRBEES L £ 55 1 16 A2
dessriptionsr BRASMBLINGABRMAMSENBS Mr thansmigsips,MBsnaawiindhe

operation described below. In receiving apparatus 3, OR decomposer 33
5 pefforid ORNIBEBHBOSItI A MR AVEEMABIRIFINB e b griesent
OR; r r 34 calculate
com e e SR R e et T e
setsypatvaneé tiea martitivt axyeh KW adntidbidstep' 8E&1n Fig. 9), generates Qm
symbol ndgi{date for transmitted signal sm (step S13 in Fig. 9), and sets
parameﬁgq &F é?&ﬁ@ﬁ%aﬁav&ﬁ%ﬂgmrﬁ@a@aﬁmﬁw@wﬁ%&%m

calgyipies kQaetaiine RliaRdBe AR KRIDSG I F AR Yste signal ndsing

a kth symbol candidate for transmitted signals sm+1 - sM and a gth
10 synhbeidaimensiabne prasesmitteecsigingl anmaBstistérsdddingig. Bl second

Furthermore, transmitted sequence estimator 4 calculates an erro,

e B s B S M e

withoregpeetitodhghikeh Symbealeandidaienfor tignseitedsignalsmhen a
processor {(CPU: central processing unit) of receiving apparatus 3 executes a

program stored in recording medium 35. Though transmitiing apparatus 2

1, .
on

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

in receiving apparatus 3, QR decomposer 33 performs QR
decomposition on channel mairix H. Based on QR-decomposed channel
20 matrix H, Q1 processor 34 calculates converted signal z (step S11 in Fig.
9). Transmitted sequence estimator 4 sets parameter m to M and K41 to 1
(step 512 in Fig. 9), generates Qm symbol candidates for transmitied signal
sm (step §13 in Fig. 9), and sets parameter g to 1 (step S14 in Fig. 9).

Transmitted sequence estimator 4 caiculates (kQm+q)th replica zy,.

[
N

kQm-+q for converied signal zm using a kth symbol candidate for transmitted

signals sm+1 - spp and a qth symbol candidate for transmitted signal sm



sm+1 - sM (step S16 in Fig. 9). 5 If "g++ = Qm" is not satisfied (step S17
in Fig. 9), if "k++ = Km+1" is not satisfied (step S18 in Fig. 9), and if "m--
= 1" is not satisfied (step S19 in Fig. 9), then transmitted sequence
estimator 4 selects and saves Km symbol 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.

). Empediiam: 5iorbhisaBleck dRaAT oLa ey, apparaiue

according to a third ‘embodiment of the present invéntion 19s a

blockidia@eamroé;ao@&w&niﬁedvs&queﬁ@%eiﬁmkﬁ)féﬁmw&mfdg%ﬁ&and
Fig. é{% Is a block diagram of a second-stage likelihood calculator shown
in A" 1T

"BhakPi 159850t SRR HAGURPEY cenfitaiads ieammabiad signals
calglator §|Q,p(\gféy1gﬁig id Eigle arrangement of a wireless

communication system according to the third embodiment of the present
Sinventioff i§ithesameis s ohaaiiniinthisteend oF the 20 WinelEss = Ky++” is not

co nicati em.according tp.the empodiment shown in Fig. 1 _.

ab?@%@:@ﬁﬁ%ﬁééeﬁﬁh g ) agBar'gtums“ B’i@ proUR é&gfﬁ TGP r%%%i\ﬁ hdp-

apiarttus ttamsrfiged Gereepiing:tpRasALISh-atcardinaOstRE ool
second . embaodiment receives signals transmitted from transmitting

app A8 S8 HERA RS Pt SHtision nteRmEe2ITer (efep Sfhnirise9).
recpBonAnianaas ol L ledolixasraed L siler one.of Ag valued

signals ci - ¢16 is 39 transmitted from each of transmission antennas 51-1
10. 5 pRinRé@evingpstp tieatsiBecosiyrrse s thregreteptinincaaienmash ktor
- iCi ' R decomposer 53, QH processor
gi (&e‘ﬁ@ﬂ”ﬁ' EQ%lef&c’lent estimator 52, OR de p QHp

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 likelihood calculator shown in Fig. 11, and Fig. 13is a
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
20 wirgless communication system according to the embodiment shown in Fig.
1 abave, except that recsiving 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 apparaius 2
25 having two transmission antennas 21-1, 21-2, with three reception antennas

51-1-51-3. ltis assumed that either one of 16-valued signais cq -cq5 is



transmitted symbol candidate selector 55, transmitted sequence estimator
6, 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 - rs as its inputs, estimates channel coefficients, and outputs channel
matrix H of the 10 estimated channel coefficients. OR decomposer 53 is

SURRIIRGER FRANBSENBAIFLELASHSH BRMERRSHrMs )R decomposition
on channel matrix H, and outputs a Q matrix and an R matrix. QH
processtesaE g ARIREEtWEth eeenprivasrikrand seertivedisignads 31-1 r3 5t

o R A e oot

transposed matrix of the Q matrix ,’an ert

Trarsmitizdcyomiodcandidate selesior 55 irasupmtied witherreaivaphator 6,
signals rl - r3 as its inputs, and selects transmitted symbol candidates for

> corVEHE YRR RS HIESER EMBAIRAERT) (PeRiSBTRBSAWBbIS by a
Ca@%‘iﬁeﬁ?%F%%@ér%ﬁb‘?&&%&&@tiﬁ%ﬁéﬁé@%@gﬂi%%gﬁéggs 5.

candidates using an MMSE (Minimum Means Square Error
exampleRFeapiithiastesyasid] -danditidtesselectmsbadchias signeightDrectos!
prepar %iggf:gsrgmaqtto MSE Wi'th Jezﬁ_gct to thg ségggn | transmitted from
first transmission antering 2'1°P BasEE bIF rEL&tS £ﬁé1s‘r13-€i%ft§|‘ﬁ?”ts*
muiiipies: @5 deaaivedosiginrlatel arfd Sthe welghbyamehde: Rraduce
provisional demodulated signal Y1. Provisional demodulated signal Y1 is

L Uexpsrelisatrashaptaerifisie BpH @R derpmposer Sus swiplzv it channel
7"2ﬁ1"é¥f'x"1-l\/¥§ ?tsr ‘?hﬁdf? Eerforms QR decomposition on channe! matrix H, and
outputs a G matrix and an R matrix.

QH  processor 54 is supplied with the Q matrix and received signals rq
— 13 as ifs inputs, multiplies received signals 4 — r3 by the complex

15 conjugats transposed matrix of the Q matrix , and outputs converted
sequence z. Transmitted symbol candidate selector 55 is supplied with
received signals 11 — r3 as its inputs, and selects transmitted symbol
candidates for converted signal z. in the present embodiment, transmitted
symbol candidate selector 55 selects eight signals as transmitted symbol

20 candidates using an MMSE (Minimum Means Square Error) filter, for
example.

Transmitied symbol candidate seiector 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

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

demodulated signal y+. Provisional demodulated signal y1 is expressed as;
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where w represents a weight vector generated according to MMSE, Then,
squared Euclidean distances between provisional demodulated 5 signal
y1 and 16-valued signals cl - c16 are calculated as follows: Squared
Euclidean distance with signal ci = ci-Y112 The obtained squared
Euclidean distances are represented respectively by ql1-1-q1-16 10
Transmitted symbol candidate selector 55 selects smallest eight squared
Euclidean distances among 16 squared Euclidean distances ql1-1 - q1-16,
an éﬂgﬁ%&g’?ht symbols which give the error as symbol candidates for
first transmisslon antenna 21 % [Similarly, transmitted symbol candidate
selector 55 selects eight sympols for the signal transmitted from second
15 transmission’ ﬁr(‘t\énﬁazms ITraftsfittéd:8ymbel’candidate selector 55
outputs the symbol candidates oobtained by the above process as symbol
candidates x1-1 - x1 g, x2-1 - x2-8 . Symbol candidate xi-m represents
e SRS S R o7 FIE Lt e M rom
transmisSigsnagigana 20 2kdaandsesibeponmeh Hovalkad signrlgfdsd
c16. Transmitted sequence estimator 6 is supplied with converted signal

5z, 8R! mafie Hrydyprivbalsdidatesesalectelswyiahasisitussymbol
candidatg ?Q%Lﬁoae%ﬁ%i%%% @,ﬂq g%px@'aé,es and outputs signals
transmitted from respective transmission antenhas 21-1, 21-2. 25 As
shown in Figgi Hly rénsmitted sequence estimator 6 comprises two- 41
stage lik I'h.oog calculatar groups of likelihood calculators 61-1 - 61-8,
631" 6L R TS ST, S SRR RS B EeIaR el o by
seqyience gesfinator 6 performs signal processing in the order of the
likelihood

C Transmitted symbol candidate selector 55 selects smaliest eight

squared Euclidean distances among 16 squared Fuclidean distances a1-1 —
g1-16, and selects eight symbols which give the error as symbol candidates
for first transmission antenna 21-1. Similarly, transmitied symbol candidate
selector 55 selects eight symbols for the signal transmitted from second

15 iransmission anienna 21-2.

Transmitied symbol candidate selecior 55 outputs the symbol
candidates obtained by the above process as symbol candidates x4_4 ~ X1-
8 X2.1 = X2.8. Symbol candidate x;.; represents the mth fransmitted
symbot candidate for the signal transmitied from ith fransmission antenna
20 21-l, and is either one of 16-valued signais ¢4 - cqa.

Transmitted sequence estimator 6 is supplied with converied signal z,
the R matrix, and symbol candidates selected by fransmitied symbol
candidate selector 55 as its inputs, and estimates and outputs signals
fransmitted from respective transmission antennas 21-1, 21-2.

25 As shown in Fig. 11, transmitted sequence estimator 6 comprises two-
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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 present embodiment, if
transmitted symbol candidate selector 55 selects eight symbols as
symbol candidates for transmission antennas 21-1, 21-2, then the
likelihood calculator group in the second stage is made up of eight
likelihood calculators 61-1 - 61-8. 10 First likelihood calculator 61-1 is

supplisdiwith,ceavefierRionAl % &'m@ﬁ%éq?cg\fcm@&sf&%‘lﬁ% 8nd g3 1

symbol candidate x2-1 as itS inputs. Second likelihood calculator 61-2 is
suppiied withaoorivertaagsi giiat 2 leteone BEr B2 of e dRnittedrbearthce

bol candidate x2-2 as its inputs. Eighth_likelih lculator 61-8 i
SUBPIGEF i EGHGRE A AT 7 SN 19 961 5 1R HAIBRE and

syrphieleabdiflate X2 BeasctisinRuigAsiShavR i oits A 2, fiestlikelinaaske,
calculator 61-1 in the second stage comprises transmitted symbol

5 cafiofdét@lijane Al Biar FeHpdRr e diHAtap ieadqiorabislesiar, G the
err to : rikeli lators .6.1:2 - 61-8 are identical
T e P e s RRLY

transmittedesysitnb cab diglates gegterayont 6klas suppliechndttesyatbol
candidate x2-1 as its input and outputs transmitted symbol candidate

s2 {2 BURYRRET G feplica geniiaiblh e iseidhenp oricy (Ries acenadhe
sigpatyeeiaLERAARddrans ek symhebLARdidates2sk-2 agitsinputs

and outputs converted signal replica z2-1 25 Error calculator 613 is
10suppliedrwihlisshiveetopdigliap 70 lahd comadied dvitlignavesisiitaigzallzand

CURMRRIL SIS S SRl Paiaalen 2 e
caldated Acstiopgccieemaion supplied with converted signal zo,

element rpo of the R matrix, and symbol candidate x7_5 as its inputs. Eightn

likelihood calculator 61-8 is supplied with converted signal zo, element roo of

15 the R matrix, and symbol candidate x2.g as its inputs.

As shown in Fig. 12, first likelihood calculator 81-1 in the second stage
comprises transmitted symbot candidate generator 811, converted signai
replica generator 812, and error calculator 613. Other likelihood caiculators
81-2 - 61-8 are identical in structure to iikelihood calculator 81-1.

20 in likelihood calculator 81-1, fransmitted symbol candidate generator
611 is supplied with symbol candidate xo_1 as its input and outputs
transmitted symbol candidate sp.4.5. Converted signal replica generator
612 Is supplied with received signal vector r22 and transmitted symbol
candidate sp_1.p as its inputs and ouipuis convertad signal replica z5_1.

25 Error calculator 613 is supplied with converted signal zp and converted

signal replica z7_1 and outputs error signal e5_4.

=Y
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e2-1=12z2-7-2-1 12 5 First likelihood calculator 61-1 outputs error signal
e2-1 and transmitted symbol candidate s2-1-2. Similarly, second
likelihood calculator 61-2 outputs error signal e2_2 and transmitted
symbol candidate s2-2-2. Eighth likelihood calculator 61-8 outputs error
signal e2-8 and transmitted symbol candidate s2-8-2 10 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 calclatars 61 idmfd-8.in %@%ﬁ%ﬁ%@é&%@%r&ﬁg%iﬁﬁ%aﬂggz

outputs K1 error sighals e"l - eK1 of a smallest error and’ K1 transmitte
symbol éandidgiespsi1s2 - s"K1-2 which give the error. 15 The likelihood

calculator group jn the first stage is made up of 8K1 likelihood calculators
63 BT SRITH i G BIGHAR TRERFBG EAIRRRALES 1 - 6.6 are
s.uppIiqu@(i{hch(pélerggg1 $iynal z1, elements r11, rl12 of the R matrix, and
transmitted symbol candidate s"1-2 as its inputs. First likelihood calculator

5 63-1 is A58t dtpierr\eRivwaabEI chAdibdie XTOT S8rE0 % inpid. teesomided
likeli . r.63-2is pRli [ |_candida -2 as
s e e e e P e

candigate xtd sigrits syputaidinthrisotieh shoth dikelihnogtealsulatos@Faro -

63-1%6 are supplied with converted signal z1, elements r11, r12 of the R

MR G0 P B PRS2, b PO RS 63 YRR

inpeds g RiBEhdikelinood calculator 63-9 is also supplied with symbol
candidate x1.1 as its input. Tenth 43 likelihood calculator 63-10 is also
1C suppliedSitielssaissir can didaeesrtond strg Sitp atppbed NddiHooercalsighaady

63%}%i?h%l?r%nssurﬁﬁléa%ds\ﬁvri%gﬁ%@r%clig%nsd\jvq'\%% 'r%(aélv'g QSQ%SCQB&%M by eight
likelihood calculators 61-1 — 61-8 in the second stage, as its inputs and
outputs K1 error signais e”q - "k 1 of a smallest error and K1 transmitted
symbol candidates 8" 1.2 - 8"k 1.2 which give the error.

15 The likelihood 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 rq 1,
rq12 of the R matrix, and transmitted symbol candidate s"4_5 as its inputs.
First likelihood calculator 63-1 is also supplied with symbol candidate x1_1 as

20 its input. Second likelihood calculator 83-2 is also supplied with symbol
candidate x4.o as its input. Eighth likelihood calculator 63-8 is also supplied
with symboi candidate x4_g as its input.

Ninth through 16th fikeiihood caiculators 3-8 — 3-16 are supplied with
converied signal z4, elements rq4, 112 of the R matrix, error signal e”4, and

25 fransmitted symbol candidate s".7 as its inputs. Ninth likelihood calculator

83-9 Is also supplied with symbol candidate x4_4 as its input. Tenth

£3



{8(K1-1)+1}th through 8K1th likelihood calculators 63-8(K1-1)+1 - 63- 8K1
are supplied with converted signal z1, elements rl11, r12 of the R matrix,
error signal e"1, and transmitted symbol candidate s"K1.2 as their inputs.
{8(K1-1)+1}th likelihood calculators 63-8(K1-1)+1 is also supplied with
symbol candidate x1-1 as its input. 8(K1-1)th+2 likelihood calculators 63-
8(K1-1)+2 is also supplied with symbol candidate x1.2 as its input. 8K1th O
likelihood calculators 63-8K1 is also supplied with symbol candidate x1.8
as ;iis . inkig. first likelihaod calculator 63-1 comprises
o S R S S B S
geivgratorn B 2kaltitbetf cakalataits-683s Qs ikslhipadcalauatermbrae
15 63-8K1 are identical in structure to likelihood calculator 63-1. In first
likeih®GF EaiRidtor 63-1, transmitted symbol candidate generator 631 is
suppliedyih. ransmigestaynerakicarsidate Sachiands BAmhRl candidae.
x1-1 as Its input and outputs transmitted symbol candidates s1-1-2,
5 518K1 aRieHrafie @ittty ey atdbsigiabdisigaalenis PO thiroughihelB.matrix,
Converted signal replica generator 632 is supplied with elements r11, r12
of t réoﬁsr'%g?ﬁ% dnd (rga?ﬁ%&sﬁ?gz?éf%%o cgan%‘?(llgaﬁies%f-ﬁ"zz,ass °F PRSts
inplais<and-outp ks itToer sigRalabh €2opyerted signakreplissigd Jils
calculated according to the equation: z1-1 =r1151-1-1 +r12s1-1-2 25
an@EPRA SRIHIIRIE Kis taR It acBOfdmy Atk dihaat swicditors 63-

1Z1ggk1dab6s 148 Edﬁ%i\E&?thﬁ’uo%ﬁﬂJSPé%‘i‘}Hi@&éP#_ﬁﬁ%ﬁtgQH%BEiQé??%th

el 1 and transmitted symbol candidates s1-1-2, s imilarly, second
10 likdlhedbdockdeidaiar 836 2- B0 tpatsiermumsitrraheth- 2yanshtremsiiitted 1 _g as
symbol ca%ndidates sl1-2-2, s1-2-
its mput.
As shown in Fig. 13, first likelihood caiculator 63-1 comprises

transmitted symbol candidate generator 631, converied signal replica

generator 632, and error calculator 633, Other likelihood calculators 63-2 ~

}
o

83-8K1 are identical in structure to likelihood calculator 63-1.

In first likelihood calculator 83-1, transmitted symbol candidate
generator 631 Is supplied with transmitted symbol candidate s™4_4 and
symbol candidate x1_1 as its input and outputs transmitted symbol
candidates $1.1.2, $1.4.1 which are either one of 16-valued signals ¢
20 through cis. Converted signal replica generator 632 is supplied with
elements 141, r12 of the R matrix and transmitted symbol candidates sq1_1.9,
$4.4-1 as its inputs and outputs error signal e4_4.

Converted signal repiica z4_4 is calcutated according to the equation:

£4.4 = 1118111 T 1128412

B
T

and error signal e+.1 is calcutated according to the equation:

e1.1 = |zq =244 |2 +e"y

44



1. 8K1th likelihood calculator 63-8K1 outputs error signal e1-8K1 and 5
transmitted symbol candidates 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 calculated by 8K1 likelihood
calculators 63-1 - 63-8K1 in the first stage, as its inputs and outputs
transmitted symbol candidates s'1, s'2 which give a smallest error. 10
According to the present embodiment, as described above, the

t it idates that.are.input to the signal selectors in th
roaportg R L G Sy s A TREAMRRe

caleytatais:-éidtiaied -8 in e second biagay aastSKdLikanspHtes Q)b -
candidates from likelihood calculators 63-1 - 63-8K1 in the first stage, and

15 HEWGRHB IR P'9RNG | AcRBRdiRGIB hedpTWaent AansiaRias Brotatore-if-
KL s satin fcifRioe aspiioltendke inial pumherof ipasmtied symbol

candidates is 72". The number of processing cycles accor@ﬁ%%o?
5 preansaittdditmeot mndidetes malipr thas agonventignal pegesssstherae
transmitted s 0 candidates are required. In the present

256. bol
o R e B oL Siaeti 96 e ABST e sveal from

eaclunfittaRsMissioRARteaRATAbUlatdY-By BRe MUMRSSOaRiGB ors 53-1 —
candidates is given by way of example, and the same numbers of

carfhicRitd iR st Fleeesaanty Bewmpieyed Tuisttienesitsstioerabmennas.
25 Thsrae pocese AARRRING Hansthlieg symbol candidates may not

necessarily be employed for transmission antennas 21-1, 21-2. e5 Fig. 14
10is a flowdirartrdihg thetimo dedatinggpnoodsaperfas mest s apivigihe
to the third embodiment of the present invention.

t
R S eGP RIOE ATS ABAla e § ARt henhirg

respective stages include 8 transmitted symbol candidates from likelihood

calculators 61-1 — 61-8 in the second stage, and 8K1 transmitted symbo!

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 fransmitted 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 embodiment, eight candidates are selected for a symbol
transmitied from each of transmission antennas 21-1, 21-2. The number of
eight candidates is given by way of exampie, and the same numbers of
candidates may not necessarily be employed for the respective antennas.

25 The same process of selecting fransmitted symbol candidates may not

necessarily be employed for fransmission antennas 21-1, 21-2.



embodiment of the present invention will be described below with
reference 5 to Figs. 10 through 14. The process shown in Fig. 14 is
performed when a processor (CPU: central processing unit) of receiving
apparatus 5 executes a program stored in recording medium 56. Though
transmitting apparatus 2 has two transmission antennas 21-1, 21-2 in the
above description, transmitting apparatus 2 has M transmission antennas
in the operation 10 described below. In receiving apparatus 5, QR

decomp% §r3sogé rgﬁag fg%%omq_%l %ho\n o[%ggsanneljfcr)rr]%télx I—}Iérggésmg

on QR-decompose anne Matrix ocesso EAYRENS

corngriedtsighatzdsiep S3f<nHg erhdhdliransoities seauenseLsiimaie
6 generates xm symbol candidates for 15 transmitted signal sm (step S32

in rfiamf&*}“%%?g PperRe R RO NSARP A ftqRtdinsiehe Hild 14),
and SIS ARG OHR LS iRPaRAEHNMge $4dcRtaRYRIERd RAGURNGE .

estimator 6 calculates (kQm+q)th replica zm- kQm+q for replica zm using
Sa kih Egabt) Sandiptatie fontﬁamme@mgnals P26 §m$1pe§Mmad afgth a

symbol candi faor transmitted signal.sm. (step S35 in F

Furthermore, @%ﬁ“smlttea SeQUence e%'ﬁﬁ]g{é %%én&fﬁﬁ%% %rgF(eCUteS a
betpregrareRlicaam s iR easNM +ThalgHaekissRItARg aPddatad/b
with respect to transmitted signals sm+1 - sM (step S36 in Fig. 14). If

"q+HRS R TRPADYSSIRR RSP (S8R B37 iR IFfg N1k, bvesdeskipEienis 25 not
satisfied (3158 F35IRGI0, 1AL Ak Mssnd a iga&ﬁa%am%d e S39 in

Fig. 14), then transmitted sequence estimator cts and saves Km 46
1 0syndiestobedlinizites for transmitted signals sm - sM and the error (step S40

If "'m-- = 1" is satisfied (step S39 in Fi , then_transmitted
sequencg?égﬁ?ﬁ‘ﬁ?gr%)%ﬁtﬂ %ﬁéﬁ\ﬁ?@&“gﬁ?ﬁlé e €h give a
decomposition on channel matrix H. Based on QR-decomposead channe!
matrix H, Q7 processor 54 calcuiates converted signal z (step S31 in Fig.
14). Transmitted sequence estimator 6 generates Xy, symbol candidates for
15 transmitted signal sy, (step S32 in Fig. 14), seis parameter m to M and
Ki+1 to 1 (step 533 in Fig. 14), and sets parameter ¢ to 1 (step S34 in Fig.
14}
Transmitted sequence estimator 6 calculates (kQm+q)th replica zy,.
kQm-+q for replica zm using a kth symbol candidats for transmitted signals
20 sm+1 - spg and a gth symbot candidate for transmitted signal sy (step $35in
Fig. 14). Furthermore, fransmitted sequence estimator 6 calculates an error
between replica zy, and replica Zm-kQm+g. 8nd adds errors Zm41 - Zj with
respect {o transmitted signals s;m+1 — sp (step 336 in Fig. 14).
I "g++ = Qm” is not satisfied (step S37 in Fig. 14), if "k++ = Kmaq" is
25 not satisfied (step S38 in Fig. 14), and if “m-- = 1" is not satisfied (step S38 in

Fig. 14), then transmitted sequence estimator § selects and saves Ky



minimum error (step S41 in Fig. 14). 5 Embodiment 4: Fig. 15 is a block
diagram of a receiving apparatus according to a four 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

apRAFALLS j diment recejves si nil .
o R e TSGR 540
antBignad 21 im2%-3; withfelisd éseptiopaintennas v hén ifdnsrditisds
assumed that 16-valued signals cl - c16 are transmitted from each of

trafSHESTH SHBAINLS PHIRULS TansRites W alSr a ais §iER four

recepiiatLANeRNZSId Slu1 Tty ggnnel coefficient estimator 72, priority
determiner 73, channel coefficient sorter 74, QR decomposer 75, QH

5 proEBdssHmentréinsmitted sequence 20 estimator 77, restorer 78, and

recoring pedhn, (915 slaing arogiam s proguan execulablo by e

computerfgfor realiZing processes In various

3. Retepiior@riemeasddedt ikkritaceivR rRsRRGENR SIgRalsichaanel
coefficient estimator 72 is supplied with received signals rl - r4 as its

inpGRNDYESPRRSERARTEqseilirdorrb suprAkamaeh&IeRIBSe of

theigstimated ﬁt@%mg%@{ﬁgis%d%ﬁ%%%%fwms@cwBR#&%%M““ !

received signals rl - r4 as its inputs, determines a priority between
1 0trarsysizsiencantérniastizd emb2diBeahdnoutpltsFaosi aabXprexcept that
rep%{?&@lt%i\é%pg];gpu% ‘?%eg@{,?ggd%igtg%’d of receiving apparatus 1.

in Fig. 15, receiving apparatus 7 according to the fourth embodiment
receives signals tfransmitted from transmitting apparatus 2 having three
transmission antennas 21-1 — 21-3, with four reception antennas 71-1 - 71-

15 4. ltis assumed that 16-valued signals ¢q - c1g 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, QH processor 76, transmitted sequence

20 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 signals. Channel

coefficient estimator 72 is supplied with received signals r4 - r4 as its inputs,

25  estimates channel coefficients, and outputs channel matrix  of the

estimated channel coefficients. Priority determiner 73 is supplied with



5

20

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
sor, tarsin ; endi r.of prioriti or example,
ik R R ST e
h2&ah8iigsion dridTrad 2 h43d 26 3f highenipicsitiesyare iyerpeesentative
trarA?mittgdtseqiue ces 2, 1, 3 in that order, then modified channel matrix
H' 13 re%re%%%ﬁ%‘??ﬁﬂ“ation 71 hi 11,11 hl, H=h, h2, h,, h" hli h32 [h4,
h4; h4, iR desemspaner 75 RAbLRIReaFsMoifhandrransBitee Requenge

20 estimator 77 perform QR decomposition, perform QH processing, and

estif@nest it et e saledpiadivenTrarsipsiieouguisvets for
estimaiot(Z AUIRWIRAJANRIDIEd HDRRLSFIRn S VIl gYEs Bnitred
minimum 48 error.
sequences with higher electric power levels. Channel coefficient sorter 74 is
supplied with channel matrix H and signal Xpri as its inputs, sorts the coiumn
vectors of channel matrix H, and outputs modified channel matrix H'.
At this time, channe! coefficient sorter 74 soris the column vectors in
the ascending order of priorities. For example, channel matrix H is

reprasented by:

[Equation 6]

hl]
i h?,?

I,

H=

E
L7t

b,

My,
Ry, |

X

33

has ]

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

then modified channel matrix M’ is represented by:

[Equation 7]
! Ry byl
i "y hz‘f -
H= - o
3 By hy By i
3_’1/7'43 h,, h43_|

QR decomposer 75, QH processor 76, and transmitted sequence

estimator 77 perform QR decomposition, perform QH processing, and

estimate transmitied sequences, respectively. Transmitted sequence

estimator 77 outputs a transmitted symbol sequence which gives a minimum

48
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s
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20

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
respect to channel matrix H. Transmitted sequence estimator 77 can
process sequences successively in the order from higher priorities for
. ertor, o N i
increased sequence 10 estimating accuracy by estimating transmitted

sequeNcresisIBO M IHiRg ichanmel iBANE MaddhileBHOLHISHAl Coeficient

determined based on the received electric powers of respective
trafSHIREr JeRikhEFasERtedim iwtirepreseat demdtinsentiepseritiesce
magg?%ggpfm%e asurng received electric power vs. noise 15
electriic power ratigg%{ rec’e%}}{eg(}‘1 %Fesciﬁ% %%nwsenp Vs .dnsdlig]eg %‘I%%ﬂli’(? B%%er

ratiBeseerifitestete tioe iedestnitt@dwienbatiosq figcis is adisviehareabaited
demodulati%gé)rocess performed by receiving apparatus 7 according to

the YU EmGSHMRRL 8F ik EpPEshin TROBRESChFhRehrRRESd SHiARTHE 2s
FigirRsimmeraunechaheBaREase sae! (BLL:csnrahA0 pggessing unit)

of receiving apparatus 7 executes a program stored in recording medium
79. ThougRNeatEATitEERPEp PR RIIB S dTaS thesep DapsHESgiGMagEeNNas

21-1 - 21-3 in.th d iption, transmitti tus 2 has M
o o R B DR APRsoA TELIIRh el e

appatatusing ebanael cyeticiestiseHanddisodsshannels 25inatibukdstep
S51 in Fig. 16). Thereafter, QR decomposer 75 performs QR
de B’E@i "Brithannel matrix H. Based on QR-decomposed channel

49 malrb Qbh RS SPeER ARIRLIPLRR CARNPIHETSIGNBLA SIER B3R LN
gbf respective transmitted sequences according to the present embodiment,
priorities may be determinad by measuring received slectric power v§. noise
electric power ratios or received electric power vs. noise electric power ratios
and interference electric power ratios.

Fig. 16 is a flowchart of a demodulating process performed by receiving
apparatus 7 according to the fourth embaodiment of the present invention.
The process shown in Fig. 16 is performed when a processor {CPU: central
processing unit) of receiving apparatus 7 executes a program stored in
recording medium 79. Though transmitting apparatus 2 has thres
transmission antennas 21-1 - 21-3 in the above dsscription, transmitting
apparatus 2 has M transmission antennas in the operation described below.

In receiving apparatus 7, channei coefficient sorter 74 sorts channel
matrix H (step 851 in Fig. 16). Thereafter, QR decomposer 75 performs QR

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

49



16). Transmitted sequence estimator 77 sets parameter m to M and KM+1
to I (step S53 in Fig. 16), generates Qm symbol candidates for transmitted
signal sm (step S54 in Fig. 16), and sets parameter q to | (step S55 in Fig.
5 16). Transmitted sequence estimator 77 Transmitted sequence
estimator 6 calculates (kQm+q)th replica zm- kQm+q for replica zm using
a kth symbol candidate for transmitted signals sm+1 - sM and a qth
symbol candidate for transmitted signal sm (step S56 in 10 Fig. 16).

FURNRADRAIransBilied poR AR SUAOL ARS8 8D BU Fig

between replica zm a

replica zm-kQm+q, and a

withéespeutstoitieohsavjttedcsigatisasm+T seid fatepnSEr in iyl 46J. Kl a1+
= Qm is not satisfied (step S58 in Fig, 16), if "k++ = Km+1"is not
saﬁgfﬁeift@?e%%%:g@l% 5&3 195BRRISE - SToR rRA iR PR s
5 Rigyrth) Jherp aranitiad srusRe_ astRARie(: salsatssandsavasiy

symbol candidates for transmitted signals sm - sM and the error (step S61
5in 9. 16). If "m-- = 1" is satisfied (step S60 in Fig. 16), then transmitted

sequen I u itted signals 51 - sM which give a
minimur(;f ?ﬁ%%t&étge%%%% i%%é@&%%estorer 78 restores the order
that has heesrsitiie deandroatpatirisansnitedisrguaicas@aiirapied with
respect to channel matrix H (step S63 in Fig. 16). Embodiment 5: Fig. 17
is skl (PAGPRATDFan BB A SRRl RERd R G e siftesssignals

embodimeqt, ot BiiesgRIBVEN I EIG AR Mg diagamata sse in
transmitted sequence estimator shown in Fig. 17, Fig. 19 is a block
10diagrani®0 bfahssowsre- stanenikelirsodieateutatin steown daiitptagaand

20

25

Flgérzrgrlgﬁween replica ziy and replica Zrn-kQm+qs and adds errors zm+1 - Zp

with respect to fransmitted signals sp+4 — s (step S57 in Fig. 18).

If “g++ = Qm” is not satisfied (step S58 in Fig. 18}, if "k++ = Kiyy+1" is
not satisfied (step S59 in Fig. 18}, and if “m-- = 1" is not satisfied (step SB0 in
Fig. 16), then transmitied sequence estimator 77 selects and saves Ky
symbol candidates for transmitted signals sy — spq and the error (step 861 in
Fig. 16).

I "m-- = 1" is satisfied (step S60 in Fig. 16), then transmitied sequence
estimator 77 outputs transmitted signais s — sy which give a minimum error
{step SB62 in Fig. 16). Restorer 78 restores the order that has been sorted,
and ouiputs transmitted sequences estimated with respect to channel matrix
H (step S63 in Fig. 18).

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 biock diagram of a

transmitted sequence estimator shown in Fig. 17, Fig. 19 is a biock diagram

tn
]



block diagram of a first-stage likelihood calculator shown in Fig. 18. The
arrangement of a wireless communication system according to the fifth
embodiment of the present invention is the same as the arrangement of
the 5 wireless communication system according to the embodiment shown
in Fig. 1 above, except that receiving apparatus 8 is provided instead of
receiving apparatus 1. In Fig. 17, receiving apparatus 8 according to the
fifth embodiment receives signals transmitted from transmitting apparatus

2 hendng foHA LO-uanraNssiRnaRaaRAS Rhwh R G, WithWa-gCspiion

antennas 81-1, 81-2. Receiving apparatus 8 comprises two réception
antdpeladiadram 8t 2 firghaingel tefitsid riéstintateh8®npridiigy thtdfnainer
83 nnel coefficient . sorter 84, QR decomposer 85, QH processor 86,
traﬁg%%l g%g?ﬁq%qe%géreées Thiator ?f?grfgpnﬁy g%aﬁ%c?{ %gﬂai af'ﬂgcg~l

selestosdBrieandfreeopeiagrt nreditiMsSBdu=sher OIRPERARB A MRIGYRM
executable by a computer) for realizing processes in various parts of

® reciiRIRS SppiaRBHNCa i LR ARy 2 arA IS R PhndbeatshestoiFgo.
Re%%qe,@i@mﬁa%éeﬁﬂng555&#&&56@&?&%@%@ﬂﬁé%%}%@@éwmg

coefficient estimator 82 is supplied with received signals r1, r2 as its
inpapsar2diestimates channel coefficients, and outputs channel matrix H.

Priorit iner 83 | lied wit ived signals rl, r2 as its inputs,
CtormiGS i oy 87 SoAVER A SO L S SL S T RGP

repessnsativsnaldbedeiptinesoriiniGhaansheaelfisiantisgrisy,84 is
supplied with channel matrix H and signal Xpri as its inputs, sorts channel
1025 miﬁ}%a%%pa&%ﬁ%a%mﬁhéy%ws@mn@ﬂt@mmﬁdow BS.
e SO LR SR O 1 o1
channel coefficient estimator 82, priority determiner 83, channel coefficient
sorter 84, QR decomposer 85, QH processor 86, transmitted sequence
estimator 9, transmitted sequence candidate selector 87, and recoerding
15 medium 88 for storing a program (a program executable by a computer} for
realizing processes in various parts of raceiving apparatus 8. Receiving
apparatus 8 is connectad to restorer 89,
Reception antennas 81-1, 81-2 receive respective signais. Channet
coefficient estimator 82 is supplied with received signals r4, rp as its inputs,
20 estimates channel coefficients, and outputs channel matrix H. Priority
determiner 83 is supplied with received signals r1, r» as ifs inputs,
determines a priority for converted seguences, and outputs a signal Xpri

representative of the determined priority. Channel coefficien: sorter 84 is

supplied with channel matrix H and signal Xpri as its inputs, sorts channel

B2
o

matrix H, and outputs modifiad channel matrix H'.

QR decomposer 85 is suppiied with modified channel matrix H’,



matrix and an R matrix. OH processor 86 is supplied with received signals
rl, r2 and the Q matrix as its inputs, multiplies received signal vector r by

the complex conjugate transposed matrix of the Q matrix , and outputs 5

converted signal z. Transmitted sequence estimator 9 is supplied with
converted signal z and the R matrix as its inputs and estimates and
outputs transmitted sequences. It is assumed that channel matrix H
estimated by channel coefficient estimator 82 is represented by: i0

Echeipn SLHGUkb AR 3 Moldben dF RIBOBIRISFaR TG GIED 19

transmitted sequences 4, 2, 1, 3 in that order, then modifie
mami by ahdtanel bedrixsdMad byosesten®6is seprésental leyelsd signals

hanne

qruation 9 h13 hl 12 hl14 1h zah, h,, h22 |tis also assumed that

H |
chahnel %%Ciﬁ?ae FRRLfR B P PPt AR iR PR NS RIERRL MG EORELY Bie
highehprerdtes. Jarneaniird seavang s caaditaisise estarfifpauputs K

sequence 20 candidates (x1-4, x1-2) - (xK-4, xK-2) for minimizing a value

S caletRIFhEEARliRg TRNERIRIbACEIFRCH SRINIFIDY Bswaplied with

= SeRaia Ao AR Ao Ach SARS SRS fYlit.

v1-2) - (vK-4, vK-2) 25 for transmission antenna
to transmitted sEguerRess 52

20

25

it is assumed that channel matrix H estimated by channal coefficient
estimator 82 is represented by:

[Equation 8}

H:Lhzl by hy o by

hzl hzz ;’123 h2.¢_;

It higher priorities are given tc transmitied seguences 4, 2, 1, 3 in that order,
then modified channel matrix H' that has been sorted by sorter 84 is

represented by:

[Equation 9]
! Py ko hy Ry
hyy By By Ry,

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

Transmitted sequence candidate selector 87 ouiputs K sequence
candidates (X1-4, X1.2) - (XK-4, XxK-2) for minimizing a vaiue calculated
according the eguation:

Ejj = Ir1-hqaxi-hqox |2

+ [ ro-hogyinooy |2
for exampie, as transmitted sequence candidates (vq4.4, V4.2 - (VK.4, VK2

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



4, 2 of higher priorities. Each of the candidate symbols is either one of
signals c1 - c16 If transmitted sequence candidates are selected with
respect to transmitted sequences 4, 2 of higher priorities, then, as shown
*in Fig. 18, 5 transmitted sequence estimator 9 comprises two-stage
likelihood calculator groups of likelihood calculators 91-1 - 91-16K, 93-1 -
93-16K1, and two- stage signal selectors 92, 94. Transmitted sequence
estimator 9 performs signal processing in the order of the likelihood

calgulafor ' e tage, signal.selector 92 in.the second
e T B o R R SRR A Shr
selsigttai9d in ¢hg first stage. According to the present embodiment, if

signals transmitted from respective transmission antennas 21-1 - 21-4 are

16-valudbrarRMEREAFRLEN R GARFIEatea IRIaRies e b sTspatb s K
trapsmifatacieRrR sandidates Wi lifohhcd) UK & MGA) iWEII&gEE,

likelihood calculator group in the second 15 stage Is made up o
Slikellinoaitedaatnecglestingtot GiCoRirststw dwgleitth ikaiitoodalculator

o e R R e RSB e K PB4,

v1-@hgduigray KeBohsr e mputsaddiidbaasial 3t bkRlioos nerforms

calculators 91-17 - 91-32 are supplied with converted signal 20 z2,

clePRISFR92390 Pl e S Phelirtiatierrdrainitatysaiqueriodhe second
ca t,%zg%-éetg@f@gzw%fﬁe (ALY 'r{ggﬁﬁ%g L
ough 1 1)+1 - 91~

thr Kth likelihood calculators 91-16(K- are supgi%%lp
Lowitin tenfvetteid gsignalizly ekt smetor22, ir?Ga 2dofthgeR matrix, and

transmitted sequence candidates (vK-4, vK-2) - (vK_4, vK-2) as their
inputs. SRS BN T AEES! RECTRATI Do SHCABPo gt (8

seqengkstagaraanises Haasmitied sympolcandidalg oenelatol Mehnitted
converted signal 5 2
sequence candidate selector 87 outputs K fransmitied sequence candidates
V1.4, v4.2) - (VK-4. VK-2), then the likelihood calculator group in the second
15 stage is made up of 18K likelihood calculators 99-1 — 81-16K,

First through 16th likelihood calculators §1-1 ~ 91-18 are supplied with
converied signal zo, elements 127, 123, o4 of the R matrix, and transmitied
sequence candidates (v4.4, v1.2) - (VK-4, VK_2) as fhe'zr tnputs. 17th through
32nd likelihood calculators 81-17 — 81-32 are suppiied with converied signal

20 zp, elements rpo, 123, ros of the R matrix, and transmitted sequence
candidates (vo_4. v2.2) - (VK.4, VK-2) as their inpute. {16(K-1)+1}th through
16Kth likelihood calculators 91-16(K-1)+1 — 91-16K are supplied with
converted signal zo, elements rog, 123, ro4 of the R matrix, and transmitted
sequence candidates (VK.4. VK-2) - (VK-4. VK.2) as their inputs.

25 As shown in Fig. 19, first likelihood calculator $1-1 in the second stage

comprises transmitied symbo! candidate generator 911, converted signal

o
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replica generator 912, and error calculator 913. Other likelihood
calculators 91-2 - 91-16K are identical in structure to likelihood calculator
91-1. In first likelihood calculator 91-1, transmitted symbol candidate
generator 911 is supplied with transmitted sequence candidates (v1-4,
v1-2) - (vK-4, vK-2) as its inputs, and generates and outputs transmitted
symbol candidates s2_1-4, s2-1-3, s2-1-2 which are either one of signals
cl - c16. Converted signal replica generator 912 is supplied with
Cleriis gételat: 972 and UROPEILERRNEhS) ARdIINOR S8l Pt
s2-1-2 asits inputs, and calculates and outputs converted signal replica
z2 91 -dcebiditiiktorehisiehoat)rasionctz e Iodik2Rs8oti-2aic R8s a3 +
r24s2-1-4 rrtoirkc?ﬁ:ul tor. 9 3tis §ipplied with converted signal z2 and
GO NST e S YSUIRIRE TS Th RS B d SienrRbetia®puts

1
converted signa

errgesigamre2Lisangariagvthartamationeldard ahdd até&@ 12 Kirsy
_likelihood calculator 91-1 outputs error signal e2-1 and transmitted
5 symbti-datidiahREsisInpIts sang-gerorates Sy Uitisananitisihesdbol

cal -2.0ut rrog. signal e2- d smitted symbol

B Lt A e T i ARSI
outputy ezt A9rsigealie? dbi¢ranst FahEmitiedisyraibldenditigtes, ros,
s2-16K-4, ?2-16K-3, s2- 16K-2 Signal selector 92 in the second stage
oulBdEFLEREIUGH ALY CRRRIDRISSIRg-a-4niRiest SRet-28 K BRIl

cangidageeitetsdnd. Rithids Sohvdhed Kl $aKESrs Kk Which give
the error. 25 The likelihood calculator group in the first stage is made up of
10 16RYUAKENhoOd calculators 93-1 - 93-16K1. First through 16th likelihood
54 -
£2-1 = 12282-1-2 T 12382-1-3 * 1248214
Error calculator 913 is supplied with converted signal zp and converted

signal repiica zy_1 as its inputs, and calculates and outputs error signal e9_4

according to the eguation:

1t ej.1 = %22—22_1 32
First likelinood calculator 81-1 outputs error signal e_4 and transmitted
symbol candidates sp.1.4, $2.1.3, 82.1.2. Similarly, second likelihood
calculator 91-2 outputs error signal e»_» and transmitied symbo! candidates
$2.2-4, $2-2-3, 82-2.2, and 16Kih likelihood calculator 91-16K outputs error
20 signal ep_1gK and transmitted symbol candidates s2_1gK.4. $2.18K.3, $2-
16K-2:
Signal selector 92 in the second stage outputs K1 error signals &1 -
e"K 1 having a smallest error and K1 symbot candidate sets (s”1.4, 8"1.3,
871.2) - (8"K1-4: 87K 1-3. 8K 1.2} which give the error.
25 The likelihood calculator group in the first stage is made up of 16K

likelinood calculators 83-1 — 93-16K1. First through 16th likelihood
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calculators 93-1 - 93-16 are supplied with converted signal z1, elements
r11, rl12, r13, r14 of the R matrix, and symbol candidate set (s"1-4, s"1-3,
s"1-2) as its inputs. {16(K1-1)+1}th through 16K1th likelihood calculators
93-16(K1- 1)+1 - 93-16K1 are supplied with converted signal z1, elements
ral, r12, 5r13, 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,

comngingigpal1enisa eagaer n@é%nﬁanéoﬁ(f&{eﬁaé%ﬂm@%%m%ﬁt%%fm1,

likelihood calculators 93-2 10 93-16K1 are identical in“structure to
likelitdolscaleubatoe F3ratinxlieekihaodicalcataton@3s4; (sansmitted symbol

candidate gener, ates a ts fransmitted symbol
o SR R s T
c1 4 pd6- ConGares S RYisaRite anRaar il supsliechwith |
elements r11, r12, r13, r14 and 15 transmitted symbol candidates si- -4,
s1-113, 929N R matas AsGptbolerndidetaseid sind auputs-conlerted
signalyepligazl-1 according to the equation: z1-1 =r11sl-1-1 +r12s1-1-2
+r13s1-1-3 +r14s1-1-4 20 Error calculator 933 is supplied with
convertefissignahzt, Fiprd@rfedt ighiaboeplmaritd, End esropsigeal 'l as
its inputs ignéj calculates and out%ts error signal el-1 according to the
k) |

equEtISHY BTISYTRA caciopls aeherRignaihdom elfedistenal sepisiputs
errgienigraahedsh anehtsans pillada e symbotcandidmesskldiadrd tho -

s1-1-2, 61.1-1. Similarly, second likelihood calculator 93-2 outputs error
sigfat 8352 arrddpaisaittedirsptrisoieBkelinood calcuiator 93-1,

in likelinood calculator 93-1, transmitted symbol candidate generator
831 generates and outputs transmitted symbol candidates s1.1.4, $1-1-3
$1-1-2, 81.1.1 which are either one of signais ¢1 - ¢15. Converted signal
replica generator 832 is supplied with elements r41, r{7, r13, r414 and
transmitted symbol candidates s4.1.4, $4.1.3, $4.1.2, $1.1.1 as its inputs,
and calculates and outputs converted signal replica z4.4 according to the
equation:

211 = 11181-1-1 T 11281.1.2 * 11351.1.3

1148114

Error calculator 833 is supplied with converted signal zq, converted
signal replica z4_1, and error signal "1 as its inputs, and caicuiates and
ouiputs error signal eq._1 according to the equation:

eq.1= lz1-21.112 + ey

First likelihood calculator 83-1 outputs error signal e4_1 and transmitted
symbol candidates ${.1_4, $4.1-3, $1.1.2, $1.4.1. Similarly, second

likelihood calcuiator 93-2 outputs error signal 4.0 and transmitted symbol

i
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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 16K1-4,51-16K1-3, 51-16K1-2, 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'l1, s'2, s'3, s'4 which give a smallest
error. According to the present embodiment, as described above, since
raggrriasaquence colmalos 3 esfimatemseiienierdimare

in 10 the upper the

de&3nip6der dButs BMitiethtnabragEhtes Taittde Yemottiathtbéven .
if the rece

21 1?%%6\/\%1%\%1" E 8%7%%6&1&%&%%&3 performed by receiving

apparatiSighaicensdiogde thendftheembgdimens sfdaorrasentioyspian
~The 15 demodulating process of _receiv%r:{gmapparatus 8 according to the
5 fift R BB diRnsmitedhry PR SRrmidatRf

refergngide bigs. 147 - k NEG.2LIs o o
performedowhe-n a p%o@%%ﬁépogﬁgﬁgﬁéﬁéﬁc%%gm u%%e(%% r%‘cseﬁiir?gv"
apparatosiB@weetraiesirgram stored in recording medium 88. Though
transmitggoagparatﬁ 2 20 hﬁf four transmission antennas 21-1 -21-4 in
the above“Ges

anteanasiitte:gnenatieruarssribedhalons L2486RMEYAPRA HHSBOR

decomposer 85 performs OR decomposition on channel matrix H. Based

inite
riangu R

arparto matrix which is calculated by O

tion antennas are fewer than the transmission antennas. Fig.

WiecaedehaddibRRd with

SRR SRR APPSR RSP RALOEH A0S FsSiBre

10 on ORUIBEH HFPBSEE chRIhAEIh2 Stk MhOH sroessied6\:-alBulates
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CORRIRAL S (SIeh k0t SH JIRDS AL SRgNeNGE SR ULiRle
selector 87 determines 0
the reception antennas are fewer than the transmission antennas.

sym

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 pfocess of receiving apparatus 8 according to the fifth
embodiment of the present invention will be described helow 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 § executes a
program stored in recording medium 88. Though transmitting apparatus 2
has four transmission antennas 21-1 — 21-4 in the above description,
transmitiing apparatus 2 has M transmission antennas in the operation
described below.

In receiving apparatus 8, QR decompeser 85 performs QR
decomposition on channel matrix H. Based on QR-decomposed channeal
matrix H, Q1 processor 88 calcuiates converted signal z (step S71 in Fig.

21). Transmitted sequence candidate selector 87 determines KL symbol



candidates sets for transmitted signals sM - sSM-L+1 (step S72 in Fig. 21).
Transmitted sequence estimator 9 sets parameter m to (M-L) (step S73 in
Fig. 21), generates Om symbol candidates for transmitted signal sm (step
S74 in Fig. 21), and sets parameter q to 1 (step S75 in Fig. 21). 5
Transmitted sequence estimator 9 calculates (kQm-+q)th replica zm-
kQm-+q for converted signal zm using a kth symbol candidate for
transmitted signals sm+1 - sM and a gth symbol candidate for transmitted
sig : t in Eig-21). ore, transmj ce
e o e S ek o ST P2
zm-kQmivgnamitad deBEecrestimatdr Ozdteithreapestrioidrandmiges S73
signals sm+1 - sM (step.S77 in_ Fig. 2@ If "g++ = Qm" is not satisfied

S S S B AR B

21)sanehiFign213 Bhisdess patisfiec(eiep SRR $7g.iR )y then transmitted

sequence estimator 9 selects and saves Km 15 symbol candidates for

epl

PR AsedRndmis Tiss §98ahsRigster

S transmitfe@TSigHieS ssrvemanslifatendraieres kAnFgtR ¥lcnm=

1" is.satisfi in.Eig, 21); then transmitted sequence estimator
Rt e S et o
S8zignéigs3L). Anganding din therfirst dhreightdiftr earbosirenigiescribed
bave, the .20 output of the signal selector represents transmitted symbol
AR

arrangemestef die - ewaralbracsinel -the y ek the signal selector may
represent a likelihood for eair‘ﬁ%transr%tted 1;s%/lrs)qn'bol (??'E\&%E’érlﬁiocﬁ for bits

u S

Ive a minimum error (S
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. Fig. %% is a block diagram of a receiving apparatus according to a sixth
E%dlmzé

nt of the present invention, Fig. 23 is a block diagram of a
If “g++ = Qm” is not satisfied (step S78 in Fig. 21), if *k++ = Kppeq” is

not satisfied (step 579 in Fig. 21}, and if “m-- = 1" is not satisfied (step S80 in
Fig. 21), then transmitted sequence estimator 9 selects and saves Ky,
symbol candidates for transmitted signals sy — sp and the error (step S81 in
Fig. 21). If *m—= 17 is satisfied (step $80 in Fig. 21), then transmittad
sequence estimator 9 outputs transmitted signals sq - sy which give a
minimum error (step S82 in Fig. 21).

According to the first through fifth embodiments described above, the
output of the signal selector represents transmitted 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 likelihood for bits that have been
transmitted by each transmitted symbol.

Embodiment 8:

Fig. 22 is a biock diagram of a receiving apparatus according to a sixth

(@]
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transmitted sequence estimator shown in Fig. 22, Fig. 24 is a block
diagram of a second-stage likelihood calculator shown in Fig. 23, and Fig.
25 is a block diagram of a first-stage likelihood calculator shown in Fig.
23. The 5 arrangement of a wireless communication system according to
the sixth 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 100
is %Gﬂ%%%é’ﬁ%@ﬂﬂ&é{&&&%hﬂ%ﬁ?&%r rr‘g[‘fzé-a%% ‘ES';OFC'Q u%?gré%c%%‘““g
apparatus 100 according to the sixth’embodiment receives S|gna‘?s
tratiansithéitb f crv tramseretttingeapreraiusi? Figver) By 2eaesnbissiefiagram
antegmas 21-1, 21-2, wijth two reception antennas 101-1, 101-2. Receiving

apB LY aEC S0 R pHELL AR B S AREhifdE 4. R 1204 J192 28 B Ane
cogffisiembgriimater AR cRRIINLGRNACLALERAPLAGRN InPFQISE The

determiner 104, channel coefficient sorter 105, QR decomposer 106, QH
5 protEssHIMET, af anwithitss sequievideadionmpsten ECcarding totkrgxth

mqgm[}? ing.a program. (a pregram execytable by a computer

for rea |dz}|]ﬁ§ %ﬁ%@ﬁe%s%%fﬁlgﬁgﬁ@égr%%%r%%@%i%%%ﬁpae{@%@? 56" ‘# tﬁ&?
Resebiing appanatiaidOdgstannesctadiiy eioseinZidR ransmission.
antennas 101-1, 101-2 are modulated by independent modulating
procBRa%s. R RERLAhEF R draPRAIU O PRIy 98 d1Ns apd i TRaMG N
eithepong Rfsignals cl - cL1 and transmission antenna 21-2 is
transmitting either one of signals cl - cL2. If the modulating process for

10 transmidBibig a?ierere®ingd o @Psks (QlatemdinyRhdse Stiftateyitoent
then 25 L1 = 4, and if the ulating process for transmission antenna
1 NS AN T A RS R o A et 29 Borg g
Regendngssppaintsnte@has tvereaerianemaasilhnas 02, 101-2.

Receiving apparatus 100 comprises two reception antennas 1011,

101-2, channel coefficient estimator 102, control channel decoder 103,

=
n

priority determiner 104, channel coefficient sorter 105, QR decomposer 106,
oH 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,

20 Transmission antennas 101-1, 101-2 are modulated by independent
modulating processes. It is assumed that fransmission antenna 21-1 is
transmitting either one of sighals ¢4 — ¢} 4 and transmission antenna 21-2 is
fransmitling either one of signals ¢4 — ¢ 2. If the modutating process for

transmission antenna 21-1 is QPSK (Quarternary Phase Shift Keying), then

B
L0

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

18QAM (Quadrature Amplitude Modulation), then Ly = 16.

58



and reception antennas 101-1, 101-2 receive respective signals. Channel
coefficient estimator 102 is supplied with received signals r1, r2 as its
inputs, estimates channel coefficients, and outputs channel matrix H of
the 5 estimated channel coefficients. QR decomposer 106 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. QH processor 107 is
supplied with the Q matrix and received signals r1, r2 as its inputs,

PR ad 028 XA A ORI SRR o oRpRs¢

ou pu%s convertéa signal z. Priority

detenthisesiidh isnsemppliedovith signal peitvawapetsvd-tighd)sofChannel
respective transmission antennas 21-1, 21-2 which are indicated from

cont?6 ERAnAIMBIS dS2 1B suRRtEFHIBISC BB BRlRder ans its inputs,
traRg SN ARG BRE RIS RARRI SRl FeRieseniatye of the

determined priority. It is assumed that the modulating processes
- S empidyeico chamshissiticienitennas 21-1, 21-2 have been indicated from

the tranzgra’s ign si%%ép%%;h a coEntéoI annel uging a predetermined
format. rlorl?y detEner 164° Ud)leé%a io?ﬁ?%e RARR AR WRIR HiSs
trapemiited sedenses sfifospalelaAfsignaliReinkRymbeLEransmiied

sequences of a Ioweri_[nodulation multi- valued number). Channel

codifigi8Rt a1 08 s RUFEREEN A CIaHRATBRWINHNarid TR Xpri
IndicRBKE LGRS 88 iis IpHS Aars He RaRBVEFOR AL chane
0] S ne hannel

matrix H, and outpu odified chan atrix K. coefficient

1 0sorteniéxsung.itirecohnsposedtorstin ahtbsc@ndundkoratet ofitprisrities. In
the(grese&%[ embodiment, the signal point number of an antenna 59 of a
low&? PO 1978hfesented by L1', and the signal point number of an

Priority determiner 104 is supplied with signal point numbers (L4, Lo) of
respective transmission antennas 21-1, 21-2 which are indicated from control
channel decoder 103, determines a priority between the transmission

15 antennas, and outputs a signal Xp{i representative of the dstermined priority.
It is assumed that the modulating processes employed for transmission
antennas 21-1, 21-2 have been indicated from the transmission side through
a conirol channel using a predetermined format. Priority determiner 104
gives a priority to an antenna which has transmitied sequences of a smaller

20 signal point number (fransmitted sequences of a lower modulation multi-
valued number).

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

25 coefficient sorter 105 sorts the column veciors in an ascending order of

priorities, in the present embodiment, the signal point number of an antenna

o
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antenna of a higher priority by L2'. Transmitted sequence estimator 110 is
supplied with converted signal z and the R matrix as its inputs, and
estimates and outputs signals transmitted from transmission antennas
21-1, 21-2. 5 As shown in Fig. 23, transmitted sequence estimator 110
comprises two-stage likelihood calculator groups of likelihood calculators
111-1-122121-12',113-1 - 113-L1'K1, and two-stage signal selectors 112,
114. Transmitted sequence estimator 110 performs signal processing in

the prales, of ya.%%q&fagg%@é&%aﬁg;.qnf)gﬁdQﬁ@%@ﬁ&@ﬁ&ta@%@%@o a'ﬁ%e

selector 112 in 10°the second stage, the likelihoo

calCulator grotp in

firsasteyes ahd Signal pseliigtoy 124 ifrthediittstagidhtihessimdnurmo is
signaéﬁ?eiégt )gr}i mber of signals transmitted from transmission antennas
=20
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calgnitsaRdRIRarsRSAELAGR CRIRBRRESJMAK R kelihogd »

calculators. Likelihood calculators 111-1 - 111-L2" are supplied with

Jele

cal

ment A2 eP\Wid R i adx asotitisatsemenesr sifmatgrddp ancprises

g Al e RIS P R, S A A e hoP.

ulator In the secon comprises transmi Sy

candidatesgenearator 1141 lamp wersesh 20 gignatkaplieagenarator 1112,

an
ide

c#error calculator 1113. Other likelihood calculators 111-2 - 111 -L2' are

fiRas TIGA REGHSRGTiRElRFSY JIR stk e sianahPiReRRTipE albaipiesT

11 sfsrsamamities sysapabeansidategeasatol stbbl J5RSrales-and 1o in

outputs transmitted symbol candidate s2-1-2 which 25 Comprises a

1 Osyniitobeteitheiagaetot Sihsodicalciie€ gnveptedisigital seypkcand signal
genseriatC (r)rl iist§g lpsl'{esqawgh element r22 and transmitted symbol 60
candidate s2-1-3 85 its mpu%,'and generates and outputs converted

signal If the maximum signal point number of signais transmitied from

[

fout

transmission antennas 21-1, 21-2 is Ljgax in the present embodiment, then
the likelihood calculator group in the second stage comprises Lpjax
likelihood calculators. Likelihood calculators 111-1 - 111-L2" are supplied
with element rpo 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 transmitied symbol candidate generator 1111, converted
signail replica generator 1112, and error calculator 1113, Other likelihood
caiculators 111-2 — 111-L2" are identical in structure to likelihood calculator
111-1.

In likelihood caiculator 111-1, transmitted symboi candidate generator
1111 generates and outputs transmitted symbol candidate s»_4.2 which
comprises a symbol of either one of signals ¢4 — ¢| 2", Converted signal

replica generator 1112 is supplied with element roo and transmitted symbol



replica z2.1. Error calculator 1113 is supplied with converted signal z2 and
converted signal replica z2-1 as its inputs and outputs error signal e2-1. 5
Converted signal replica z2-1 is calculated according to the equation:

z2-1 =r22s2-1-2 Error signal e2-1 is calculated according to the equation:
e2-1 =122 - z2-1 12 First likelihood calculator 111-1 outputs error signal
e2-1 and 10 transmitted symbol candidate s2-1-2. Signal selector 112 in
the second stage is supplied with the error signal group and the

trapamittessynbal Jc3Rdigalr upuRWhic heen calculated by L2
likelihood calc%r;it%rs 111-1 - ill-L%é\l"rt?t é%agfgncaﬁs%%gse?ogsv | 'épleltr?[))é E rs1ai
andeplitgutg K1 error signals e"1 - e"K1 of a smallest error and K1
transmit?d symb%l?gan?ﬁ tes 15 s"1-2 - s"K1-2 which give the error. The

K1 transFiiREGAGHHaN 15 ATRRPHRG IR SRmpered S eRAbr ARG

sigpatvsdedtiigndiRggikal oo saCHRIAL gL | is, made
up of LMAX%Ingjikelir?ood &c%)ﬁc):ulators.%First thro%g%]&ﬁ'efilirké&ﬁ%% @"1'

S calbwRYsred iunal tepica EoatdsseRiphiriedigeerie tod sigrmlatbn:
elements 11,1 f the R matrix, 20 error signal e"1, and transmitted
symbol c;ﬁbidzﬁé‘%ﬂ%—'ﬁ as its inputs. {L1'(K1-1)+1}th through L1'K1th
likelihooBtatcigeatairs;14 8 ¢aliifatd]-akedkdidd- K KHcasguapRlied with
converted signal z1, elemgnts rll, r12 of the R matrix, error signal e"K1,
and tranSenitted §ymbet tandidate s"K1-2 as its inputs. 25 As shown in

Egﬁszrgit@?tsli@#aeeé Salsiater 113 hindhe first stags, 82%% s

ymbol candidate generator 1131, converted signal 61 replica

10 gef@naprtiaBsymnd catidalesiaton] 138natkeptike|Hddd the second
stage is supplied with the error signal group and the transmitted symbol
candidate group which have been calculated by 1.2’ likelihood caicuiators
111-1 - 111-L2" in the second stage, as its inputs and outputs K4 error
signals e”4 - "k of a smallest error and K4 transmitted symbo! candidates

15 s"4.2 - 8"K1.2 which give the error. The K1 transmitted symbol candidates
that are output are either one of signais cq — ¢y 9.

The likelihood caiculator group in the first stage is made up of LmaxK1

likelihood caicuiators. First through L.¢” likelihood caiculators 113-1 — 113-
L1" are supplied with converted signai z4, elements rq4, r12 of the R matrix,

20 error signal €4, and transmitted symbol candidate s”4_ as its inputs.
{LT(K1-1)+1}th through L1'K1th likelihood calcutators 113- LT(K1-1)+1 —
113-L1°K1 are supplied with converted signal z4, elements rq4, r1p of the R
matrix, error signal ek 1, and transmitied symbol candidate 8'K1.2 as its
inputs,

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

comprises transmitted symbol candidate generator 1131, converted signal
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calculators 113-2 - 113-L1'K1 are identical in structure to likelihood
calculator 113-1. In likelihood calculator 113-1, transmitted symbol
candidate generator 5 1131 is supplied with transmitted symbol candidate
s"1-2 as its input and outputs transmitted symbol candidates s1-1-2,
s1-1-1 which comprise a symbol of either one of signals c1 - cL1',
Converted signal replica generator 1132 is supplied with elements r11, rl2
of the R matrix and transmitted symbol candidates s1-1-2, s1-1-1 as its

InPHISRAG AL 98sCHRdiapakiIdOdRRIEREL LublraL Salgylater 1133

is supplied with converted signal z1, converted signal replica z1-1, and
erroalsigatire "1 as? its Tnputs idhdreltiputiscariorssigoaireett- lkabiomwe rted
signall r?gtlica]é%:al is calculated according to the equation: Z1-1 =

r1 181395 vy r signal el.1 is calculated according to the equation:

el-1 = 1zjh-eiindda e alchissddikeihoad calcuiatar MdslaHEMUE. Q1R rator
signal el.1 and transmitted symbol candidates s1-1-2, s1-1-1 L1'’K1th

5 likelihobl edrRliggoritnizRpaKies rpnobrrrdiitpialse 1.4 as K andt and
tra ' ' -1 1'K1-2, s1-L1'K1-1. Signal selector
iy S S e e R e s o

syraprobohntiidatesondichehmess ken galculbteddnel il ikelitogenerator
calculators 113-1 - 113-L1'K1 in the first stage, as its inputs and outputs

transris S RRHBO ML RMRRES 112 7421 Of R BH BRI AEERBST R rror
sigaghBd wWhelsds 2represents adraosmiited sy mhplsandidaled signal
selected from s1.1-2 through s1-L1'K1-2 62 Restorer 120 is supplied with
1Csigrepipri tepresentative of a priority
Error calculator 1133 is supplied with converted signal z4, converted
signal replica z4_4, and error signal e”{ as its inputs and outputs error signal
e1.1. Converted signal replica z4_1 is calculated according to the equation:
Z4.4 = 11481-1-2
15 Error signal eq_1 is calculated according to the equation:
e1.1= lz1-2z1.112 + &'y
First likelihood calculator 113-1 outputs error signal e4_1 and
transmitied symbol candidates s1_1.2, s4.1.4. L1’K1th likelihood calculator
113-L1'K1 outputs error signal e4_; 1'K1 and transmitted symbol candidates
20 81l 1K1, 811 K141
Signal selector 114 in the first stage is suppiied with the error signals
and the transmitted symbol candidates which have been caiculated by L'1K+4
likelihood caiculators 113-1 — 113-L1'K1 in the first stage, as its inputs and
outputs transmitted symbol candidates s'1.2, s'4_1 which give a smaliest
25 error signal e'q where 8’1o represents a transmitied symbol candidate

selected from s¢.1_p through s4_| 1'K1.5.

<
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which is generated by priority determiner 104 as its input, sorts the
transmitted symbol sequences, and outputs transmission antenna
numbers s'l, 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
embodiRedbran'ey RS ehalee e oab Rl A BUIRSIR-AIP.Qlven:
priority, and channel coefficients are Sorted. It is t?ws possible to process
sigwbighirs thenerdisddfanptenihadadé snvadiet Gigaaltp dipLitnsonbens, and the

number oé times a]t a large candidate reduction is made in a previous
staga T Tea 0 TR SERING ST SRS BHIPAR FRORERSIIR RHISNEE N MR The

simegﬂqodiment of the present invention as described above,
transmitted sequence candidate selector 87 selects K sequence
5 candidafi@NVRRIBTOAUCE dnteprepangdatamrisriegiedt toranaritedaymbol

' , ' lorities..If t ilanal point f..
el RN L A B ST

sequeriee tengidaieiie Ecton8scPisalptte K Seausance sandidatesm feomra
fcL4 x cL2. If a transmission sequence of a smaller signal

binati
ol RBUP RS B RieLEd AR IgERr AR CRR R ARG I5dCS
selgetefirnarmales cembinatm: adaM-ehaaniarsic Aggragations

due to a selection error of transmitted sequence candidate Selector 87
10 are"HRRRIE G GiereRaivoiis pRehenas! coetiicitnis sagisfigds! thers thus
traps i Sequence can idate selector 87 .itself is unnecessary. 63
Engbgéﬁnieeed}wt%: ces§ signals In the BrEP b Antennas of shaner 3|gr¥ai point
numbers, and the number of times that a large candidate reduction is made

in a previous stage is reduced, resulting in improved reception

characteristics.

ft

LIr

In the sixth embodiment of the present invention as described above,
transmitted sequence candidate selector 87 selects K seguence candidates
which reduce an error signal, with respect to transmitted sequences 4, 2 of
higher priorities. If the signal paint numbers of transmission sequences 4, 2
are clL4, cL2, respectively, then transmitied sequence candidate selector 87
20 selects K sequence candidates from a combination of cL4 x cL2. ifg
transmission sequence of a smaller signal point number is processed
preferentially, then K candidates may be selected from a smailer
combination, and any characteristic degradations due to a selection error of
transmitted sequence candidate selector 87 are reduced. If the retationship

25 cpg4 * c2 < Kis satisfied, then fransmitted sequence candidate selector 87

itself is unnecessary.
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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 LMAX, then
the likelihood calculator group in the second stage is made up of LMAX
likelihpad: ﬁplrators, and tall he 10 likelihood calculator group in the first
stage is made up of LMAXKZ1 likelihood calculators. A situation where the

modulatihggyatessibodiacntrainsmissiesntantiennan vl teeysignakpoint
number, changes due to adaptive modulation or the like will be

coSiRere P HERINE SPYREMT MRSIIMRETAbEE Cirsamtarees pépiirniea in
thedikalhand cacia QLeronp Jaithefirst S1a9e.d0R:; R@én%"ék%i\t‘%ﬁg )

calculators that are in actual use is L1'K1. Therefore, if L1'is’ smaller

L MR eREREAl ehéhprefsassd ikeliioo dvbteutitersiare elbwseith Aterndiag
to inventigp, the number of K1 is established depending on
Ll%%%eg'sr%i?ﬁ’?ﬁﬁ?‘n%gmber of the likelihood calculator group 2 0 in the

first stage tissYhaidinthaghallgbeHuMAes kelhand walewiatossican be
utilized by establishing K1 depending on L1' according to the equation:

[EGARRSHS0T KARIOMIAX ' macedhemdhe rrlippesamiomasatiorn uihardtere,

theiotahEegeRli 0 Rakhasastelislicsalmnareyed.Srobodinent 8: 64
likelihood calcuiator group in the first stage is made up of LpaxK4likelihood
calculators.

A situation where the modulating process for each transmission
antenna, i.e., the signal point number, changes due to adaptive moduiation
or the like will be considered below. Of the LpjaxK+ likelihood calculators
prepared as the likelihood calculator group in the first stage, the number of
likelinood calculators that are in actual use is L1K1. Therefore, if L1 is
smaller than Lypax, then all the prepared likelihood calculators are not used,

According to the present invention, the number of K1 is established
depending on 1", 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 eguation:

[Equation 10]
J1

KI — Y oMAx

Ly
According to the present invention, therefore, the total reception
characteristics are improved.

Embodiment 8:



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 through 25. According to the process of
determining priorities for antennas in each of the above embodiments, the
priorities are determined based on received electric powers, received

electric pAVRkA IRRRFIRAYIG BBLLANOR L RSENRd R RONEL

Vs, noise electric power ratios erence 10 electric’ power ralios,
andstheeine gigrdraeentettmmairtied trasedamthevantdulatiognpracess.
According to th%gt esent embodiment, the priorities for antennas are

detRPANSEABESEN BnHE CEDRRS FARD! ¥ PRLERIF MR dRfRE Fom

traRsASSIRR RYEMaas ki iRlcAtsranaPIe d LRSS EYS I HrereRdent .

codincgrratios, priority determiner 104 15 determines priorities based on
Stheteddusg Fativeeh réspective transmission antennas 21-1, 21-2. A

situation t ing ratios for the respective.transmission antennas
AMDES lt?n .
are change§% ??ﬁ@ tr%%&%?gﬁgé%%&“&’gh(%pé's‘%{}ﬁ% or & 8?8@%‘?0‘3&?

preseihicinvent@mibeisigngal separatitachey Aeiensliesdo 26 amesnased
differ from each other depending on the order in which the antennas are

proESE S P QB EIESMY TH & SRS MR S PSRRI R W RFalRD Rse
for antavaa signalshatare Prasesradio salist strgesandhetisrdor

antenna signals that are processed in later stages. The reasons are
1 Ocorpirfired ayvber dias sitsbttivenciistie s timtedEmnice by asmotbertaamtenna

25 E?r%%ﬁr;}? even cg;lf:ger tﬂgco%}g%gn Iizationad%Je ré% R de%:ompositi,o,n, the
selection 0t Candidate points At eatier SE5eL S IRRINSR o RIgEes for

antennas are determined based on the coding ratio.

If data sequences transmitted from transmission antennas 21-1, 21-2

are coded at respective independent coding ratios, priority determiner 104
15 determines priorities based on the coding ratios for respective transmission
antennas 21-1, 21-2.

A situation where the coding ratios for the respective transmission
antennas are changed. With the transmission sequence estimator
according to the present invention, the signal separation characieristics of

20 anfennas 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 sarlier stages is subject to errors.



According to the present embodiment, antennas with lower coding ratios
are given higher priorities for thereby assigning earlier stages with worse
signal separation characteristics to signals with higher error-correcting
capabilities (lower coding ratios) and assigning later stages with better
signal 5 separation characteristics to signals with lower error-correcting
capabilities (higher coding ratios), so that the total reception
characteristics will be improved and the characteristics are uniformized

betweemthe aeNRas. FERQ imﬁm ): FIq. 26.] lo iagram of a
signal selectoria(gc?]:cordiengr to a rqinth fgn%?n ’o%?%%eﬁ?gowﬁe?%\?%égﬁt ng
inveattisrard gishowiy e Figio2te sign thoeler ssid DD @ eaordingstetheiminth
embodiment of the present invention has a bit likelihood outputtin

BB SHRALSRRA CIeN A CELRLEHe SAR I Bl SRR e b

detesppRtie02waP 3ot RARECINNIDUGN MRl UR:SEISGERrS 808 405:igRY
bit-specific likelihood calculators 206, 207. Signal 15 selector 200 Is

> corffbeiadan thAvaciRIEhige e 2mats] Witk tpweiesinccambinitigreayigbiiines

erroL- tir; er_using soft- decision, bit information, such as turbo
deﬁgﬁr%%%%ﬁ,ﬁ%%’n%%Zﬁgeggrt't o%d@ncéeggg ngﬁ%r\%%rﬁj e i%’fﬂ eoutput
bit likelineadsnio trdathsetisistes thatuhrrebeebowipsh Hdsaasswmed

that either one of 4-valued signals c1l - c4 20 is transmitted from each of
wotTHRSHRESOH antennas 21-1, 21-2 of transmitting apparatus 2. As

shown -6 2 dilninsgiaoBr's aRmianellelpPack Aaal, Bt of

signal points transmitted from transmission antenna 21-1 are represented
10py BrodimentaidhiesisrifivigntibpoiAtssiiams miffen PRraigran selisson

oSSR Rt B AR e e e
thatieive aeentsaltwleiestiyndKdd €8mprises antenna-specific minimum
value seiector 201, bit determiners 202, 203, bit-specific minimum value
selectors 204, 205, and bit-specific likelihood calculators 206, 207. Signai
15 selector 200 is connected to turbo decoders 210, 211,
For use in combination with an error-correcting decoder using soft-
decision bit information, such as turbo decoders 210, 211, signal seiector
200 needs to have a function to output bit ltkelihoods for data sequences that
have been output. It is assumed that either one of 4-valued signals Cq—Ca
20 s transmitted from each of two transmission antennas 21-1, 21-2 of
transmitling apparatus 2. As shown in Fig. 27, 2-bit information is assigned
to each signal. The bits of signal points transmitted from transmission
antenna 21-1 are represented by bq_4, bqi_2, and the bits of signal points

transmitted from transmission antenna 21-2 by bo.4, bo.o.

o
[#)]

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

signals and transmitted symbol candidates that have been calculated by 4K1
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likelihood calculators (not shown) in the first stage, and outputs smallest
error signal e'l and transmitted symbol candidates s'1, s'2 for the
respective antennas which give error signal e'l. Bit determiners 202, 203,
which are provided in combination with the antennas, respectively, are
supplied with 5 the respective transmitted symbol candidates as their
inputs and determine the bits of the respective signals. Bit-specific
minimum value selectors 204, 205, which are provided in combination
with [ r i ith decision bits _outpu
IR sanARSSRRG NN R LI dedson Bl ouRY
syratrot s@ndidatemnthathavétbe eprontdWatettbedKY likelioaskalpdatos
in the first sta}ge, and outputs a smallest error signal amona transmitted

syfAbot &EhY
degigiomdlts: EansxansIGiih @@@iémar%&i;é%%m%@w@%ﬁiﬁﬁﬂ?”

antenna | is 0, then bit-specific minimum value selectors 204,

an e error S|gﬁals an nsmitteé

SR RRER TR A< (b RIS BHER EifRER i HRo MiticB are

05 output

5 smifeissereiiva Y angrited sviohg! st peinesiesmjthtbiens ebobine

10

15

20

R
83

c4. Elror s | ressed as follows: [Equation 11] E=er-i
Bititsﬁge%?icﬁiﬂ?e%iﬁ%%g%e S

cal%usllgpoarls 206, 207 which are provided in 20

combinaivspeittiitheisnennasusespestireyoaresaInpie withesialesignal
e'l output from antenna-specific minimum value selector 204, 205 and
errGPTERYIRIE Wil BiespEShe shtsin @ vaRirisdeitore ioien 1us,
ancIPHERPESRAEHGAKSINPO DB Bitaspedllic ke rihsmi
detel;?nﬂi}ned according tog'?r%e eqUa%n%&dég %ggﬁitgﬁ@%%@eir%‘%mg? d

symbol candidates that have been calculated by 4K1 likelihood calculators in
the first stage, and outputs a smallest error signal among transmitted symbol
candidates which have bits (inverted bits) different from the decision bits.

For exampie, if decision bit by of the jth bit of transmission antenna | is
0, then bit-specific minimum value selectors 204, 205 output smallest error
signat E among signal points whose jth bitis 1 of ¢4 —ca. Error signal E is
expressed as follows:

[Equation 11]

E=e b))

Bit-specific likelihood calculators 208, 207 which are provided in
combination with the antennas, respectively, are supplied with error signai
e'1 output from antenna-specific minimum value selector 204, 205 and error
signal E output from bit-specific minimum value sejectors 204, 205, and
outputs bit-specific likelihood Uj.j. Bit-specific fikelihood i Is determined
according to the equations:

[Equation 12]

A= (D, )— e,
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io

20

25

(when bi-j = 0) [Equation 13] )11r=e,-e,-, V,) (when bi_j = 1) 5 Signal
selector 200 supplies the bit likelihood determined by the above process
to turbo decoders 210, 211 for performing an error-correcting decoding
process based on soft-decision information, It is assumed here that
coding is performed for each transmission antenna. If process sorting is
carried out based on priorities as shown in Fig. 22, then the outputs of bit
10 specific likelihood calculators 206, 207 are input to a restorer (not
shown),(@%@eg@} likelihoods are sorted according to transmission
antenna numb'e"#s, they are input to predetermined turbo decoders for
prdEgssitien Bimbodiment 10: Fig. 28 is a block diagram of a signal
selector @gcgegm_}@ Igenth 15 embodiment of the present invention. As
shown in Fjig. 28, signal selector 300 according to the tenth embodiment
of the priadmt inyention has a bit likelihood outputting function, and

comprises antenna-
P nal se(e]:

specific minim valye selectqgr 301, bit determiners
302, 30 ,'%lt-specﬁligegﬁwgrﬁﬂﬁg\%ﬁgésbﬁgc é‘?&"@%ﬁ%ﬁ@?'@% Kilgagoove
acquBtetaies: 306 3B3darhit-SPECitic Rokalingon eHsUIARESRRB, 309.

Signal selector 300 is connected to turbo decoders 310. 311. Bit-specific

miRTaRINGNR e ReSEI O seHreRES RS 'afsrRalis el asRymrARRAg
traﬂ%ﬁE&%%wﬁalf&%mg&%%%ﬁhk%@ﬁ}{g%tﬁgaﬁm@d|P ?écgég%erﬂap s

from the decision bits for transmitted sym idates whose 25 erro

sigoaiiristsond hest Howeeiiad] @'mmmanélig_afés thosri nnermeq)b_immy _

AT R T e A R SR
and after bit likelihoods are sorted according to transmission antenna
numbers, they are input to predetermined turbo decoders for procassing.
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, sighal 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 vaiue
selectors 304, 305, error signal accumulators 308, 307, and bit-specific
likelihood calcuiators 308, 308. Signal ssiector 300 is connected to turbo
decoders 310, 311.

Bit-specific minimum value selector 301 searches for a smallest error
signal among transmitted symbol candidates which have bits (inverted bits)
different from the decision bits for transmitted symbol candidates whose

error signatl is smallest. However, all symbol candidates for inverted bits may

have been deleted by narrowing down transmitted symbol candidates with a

2}
e s}



signal selector in the preceding stage (e.g., signal selector 112). At this
time, it is no possible to perform the calculation of i-j according to the
above equations, and no likelihood can be calculated. For example, if the
signal point detected by antenna-specific minimum value selector 301 is 5
ci, then bl_1 = 0. At this time, if signal points c1, c2 have not been
selected, but deleted, by the signal selector in the preceding stage, then
bit-specific minimum value selectors 304, 305 are not supplied with an

errgr si 0 inverted bi re bl-1 =1 as thejrin o bit
|ike%%%%’§ %llgé@re)mc% C(E) a@%%‘lﬁﬁ%ggo%\e/.eq th%gar}?g\?%l%% Tﬁ?nz, error signal
accumuletris 36, 309 regdaiidles pacondingstodiaalaienants; | according
embadiment. Error signal accumulators 306, 307 accumulate efror sit%nal

E 15 PR ERBYAHRRUYERS: eBrAR PEiBaodritrnbesaiculaies: deaupramedes f
306hS3RigraueIaaedbe eIl ANALNIAVERRAR RRGHITIAIRLQSLINS 301 is
certain period, thereby outputting provisional error _5 signals e'l1-ave,

5 e'2cavhefoinverted Hitthivtingelteybits BitspecificHikelihooukealselaties,
30 9.are,s lied. with error.signal e'l output from antenna-specific
S 1 e e e BNt B

mimiRiurakar seleentss30ds 305 artnptavisianal vBieSigRAlSi§iaR¥e an
from error siinal accumulators 306, 307 as their inputs, 20 and output

bit-EyetFi Mkafsed 11 £ PrRvIERh Ao SdHbikeihasd w@e besed as a
subgfitutein calculating bit-specific likelihood if bit-specific minimum value
selectors 304, 305 are unable to outputting error signals for inverted bits.
10 Accordinigpteciiie ihesboteprbbdiment;dt sghaisapossitikedo CAubdte hie
25 Iikeligé)f?d at al] times even if symbol candidates are narrowed down by

theP GYREF LEUBPH T HRIGRTE STRRRUBES ifg 25 HR ABSTEBHINEES

6a 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

accumuiated over the certain period, theraby outputiing provisional error

-
Cr

signails &'1_gye. € 2-gye for inverted bits for inveried bits.

Bit-specific likelihood calculators 308, 309 are supplied with error signal
e’ output from antenna-specific minimum value ssiector 301, error signal E
output from bit-specific minimum value selectors 304, 305, and provisional
error signals e'i_gye from error signal accumulators 308, 307 as their inputs,
20 and output bit-specific iikelihood Tiij. Provisional error signals €'_gye are
used as a substitute in calculating bit-specific likelihood if bit-specific
minimum value selectors 304, 305 are unable to outputting error signals for
inverted 5‘tts.

According to the present embodiment, it is thus possible to calculate bit

[pe]
&1

likelihood at all times even if symbol candidates are narrowed down by the

signal selector in the previous stage according to the above process.



Embodiment 11: Fig. 29 is a block diagram of a channel coefficient
estimator according to an eleventh embodiment of the present invention,
and Fig. 30 is a diagram showing transmitted signal formats employed
when the channel coefficient 5 estimator shown in Fig. 29 is used. As
shown in Fig. 29, channel coefficient 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
deteslossinenl - 902-3, 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-symbig. 128 drtawhickh dexg aliffefentfiannespectiissiipasimiaseaccording
anfnnas #1 - #3 are inserted ?eriodiggg into data symbols by respective

tral Al LRF AN EARRIRentAf The HESS MR AR 9gSa( mdizamsm
syraelRRttesRSHARY ESRaSHYS tnsISRLNMIS ANas L idf 3 A8icient

orthogonal to each other. 15 Such orthogonal patterns can be generated

S by SRIFPEVSARNN Fefjite A8dshawaty the Shaws lergth 2& themiletsyeafiloant
nu j | seqguence of transmission ante #m will
sutr)é;%%ﬁt?&ﬁé%e&r/e r”e%s%r@e%?89?%%’6&)@%?%%8%“‘Fé%roer%g@?é‘1a“s;\‘?’%ér 505-
nurhbes03charpieltcyeificienpisiiguiorbee, 58¢eivedssigpatbListiBRsk,
20 correlation detector 502-1. Pilot symbol replica generator 501-1
e AR AR SRiBBI B AGarte pidon GRS IerantdFPRRI ot
shewp-a0d setputsgenseated Rilgi syAPol sequence pl to correlation

detector 502-1. Correlation detector 502-1 averages as many values as

10four pilotssghiyotsproguiad it aynitiolisinteteveivéd sigmabrd lengtiewhich
corg%%ﬁec%%gggéeev [I\lljee %‘rpilo.!t sg/mbol sequega:eé?l of transmission
antenna #1 - thereby Batimating and ottptHY h&indl tBEHLRERER 11
betpeariiéBlly into data symbols by respective transmission antennas #1 - #3.
In the example shown in Fig. 30, the pilot symbol patterns from respective

transmission antennas #1 - #3 are orthogonal to each other.

N

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

in channet coefficient estimator 500, received signal r1 is input to
20 correlation detector 502-1. Pilot symbol replica generator 501-1 generates

piiot symbol sequence p+1 for transmission antenna #1 (not shown) and

outputs generated pilot symbol sequence pq to correlation detector 502-1.

Correlation detector 502-1 averages as many values as four pilot
symbols produced by multiplying received signal r4 by the compiex
25 conjugate value of pilot symbol sequence p1 of transmission antenna #1,

thereby estimating and outputting channet coefficient h44 between
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transmission antenna #1 and reception antenna #1. Channel coefficient
h1ll is estimated according to the equation: [Equation 14] 14 h,I=
r(n)-A(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 h1l 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 ' g of transmissjon.antenna #m, which is
et e T T e
estimstesaied artpulisghatiretgostbeient hl M. Also similarly, correlation
506-1 is supplied with received signal r4 and pilot symbol sequence p1 of
tra ?H%técfan %btenna #1, which is generated by 15 pilot symbol replica
generatqg,S__O_SEH gg Eseg ates and outputs channel coefficient h41.
According to4)g present embodiment, the above process is repeated to
est\;mgte channel coe(fsuficients etweqn threﬁ trﬁ,nsmi, sion antennas (not

oS Tl TS BT LS B SR b PSSl P SRR Mitrix H of
20 theiostimatedahanneheoafisiey isispitpuhdnIgh aielsympols, e

time- multiplexed on data symbols in the present embodiment, they may

be ¢ BySiREtS St Eg8raisdchnuniexetiopMeqirsriopd ang pouality
m%ﬂgg@{%%ﬂﬁqi @ﬁ%@%ﬁmp\gﬁoeﬁicients may be obtained

according ‘to the same process as described above. 25 Embodiment 12:
71 Simitarly, correlation 502-m (not shown) is supplied with 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 outputs channel coefficient hq .

Also similarly, correlation 508-1 is supplied with received signal rg and
pilot symbol sequence p4 of transmission antenna #1, which is generated by
pilot symbol replica generator 505-1, and estimates and outputs channel
coefficient haq.

According to the present embodiment, the above process is repeated
to estimate channel cosfiicients 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-multipiexed or frequency- and code-
muitipiexed, and estimated channel coefficients may be obtained according
to the same process as described above.

Embodiment 12;
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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 - embodiment of

the presept inventign teceivessignalatans

i0

M
[

apparatus 2 having three transmission ante?ng;%d%}fl%?ﬁ éﬁ%?%gﬁﬁ four

redwstitneamber imasn? 01 e Fetoh! Ihiesissunitkthahhfovadnedf sigihalexl
- ¢16 are transmitted from each of transmissjon antennas 21-1 - 21-
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a computer) for realizing processes in various parts of receivin
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chavitielowizieeption 25 nastiPaied ¢harnelt coefficionsts G iSruekssbr
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21-3.

Receiving apparatus 700 according to the twelfth embodiment of the
present invention is applied to a situation where either one of transmitted
signals ¢4 through ¢+ 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, QH  processor 705, transmitted seqguence
estimator 706, 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 signais.
Channel coefficient estimator 702 is supplied with received signals r1 - 74 as
its inpuis, estimates channel coefficients, and outputs channel matrix H of

the estimated channel coefficienis. QM processor 703 is supplied with

channel matrix H as its inputs, QR decomposition on channel matrix H, and



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
transmitting apparatus 2, and outputs despread received signals r'l - r'4.
QH processor 705 performs the same processing operation as QH
processor 34 in receiving apparatus 3 according to the second

e iment, af the RressRtdnyention shown in Fig. 4, but differs
therefrom in that it is 10 supplied with despread received signals r'l - r'4
as its inplaspratuershdd - tec € d signalpplieddittdégpockas cscédzd

multi I(léis deslpread receiyed si%?als r'l - r'4 by the complex conjugate

tranSpesed mAedt 5F (RS niSHRCath POt S 80RAG e d 4idFiag 2
Trapspitied SRRUCRAEEFHIBRIGMTOBAmsURPiRd.With §eavertRd $i8Na)éad

15 and the R matrix as its inputs, performs the same processing operation

5 as taHSARRdPd sl dtmaBtbing iAnkuEing aijsheatasts desvieidg
to %%e%%ogrﬁng@p(id_irpent of the present invention shown in Fig. 4, and

outputs estimated t anshitted sequences s'1, s'2, s'3. According to the
present @mbpdineantrthesateierak dng smmeapio eftatiye peraducssthé!
amount of 20 processing operation in_transmitted sequence estimator 706

to ffs_%’n%séafn%’* PAfRFEYIBEMPRACE ith 3RECEIRN LibiT Serand mimeriment
seqiensresEMbRAIMSAh3WRIt B isi alogidiaaramifa mignali is

selector according to a thirteenth embodiment of the present invention.
100onRHatiRdikelidRPBAD IRvRl 26 sippaitatysTfor tkanisnTissismahterinanl is
o c LT e etive s SRl R St A
signals r'q — r'4 by the compiex conjugate transposed matrix of the Q matrix,
and outputs converted signal z.
Transmitted sequence estimator 706 is supplied with converted signal z
15 and the R matrix as its inputs, performs the same processing operation as
transmitied sequence estimator 4 in receiving apparatus 3 according fo the
second embodiment of the present invention shown in Fig. 4, and outputs
estimated transmiited sequences s'4, 8’2, §'3. According to the present
embodiment, the above arrangement is effective to reduce the amount of
20 processing operation in transmitted seguence estimator 708 fo 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 outputiing

P
o

apparatus for transmission antenna 1 is described. In Fig. 34, function

processors 8905 — 908 perform a given processing operation on the error
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signals (squared Euclidean distances) that are output respectively from
antenna-specific minimum value selector 901, bit-specific minimum value
selector 903, and error signal accumulator 904 for thereby converting the
error signals. For example, if the processing operation is to find the square
5 root, then a squared Euclidean distance is converted to a Euclidean
distance. If the function operator is defined as f{.), then the likelihood of a
jth bit of transmission antenna | is determined by the equations: [Equation
15 1= fh s ' - T I = [ 6]
e L e S e S
finanktensgrsperiigot)ithenthedike dudactortdétdnitipedfmyrirereguations:

[Equation 17].(when bll = 0) (when bi-j = 0) 20 [Equation 18] )11 '=e¢', -
T R BTGS2\ ARSI B IRIERY S RELBHH o
thestestiigraiRodraeatphine, PRESSHIBMINIBHEISRIINA . 2 SaIRCIaL YN
the bit likelihood outputting function has been described to solve the

proBnitelLdSq YRR RUCHIRRS O isiaTtRa dscfoe iRk ecd bitgideen 4

distance.
Iif the function operator is defined as '}, then the likelihood of a jth bit
of transmission antenna | is determined by the equations:

{Equation 15]

fy = e b ) e (when bjj= 0)
(when bjj = 0)

[Equation 16]
Ay =rieg-f {*’f'fﬁ,,-@fw,:)} (when bjj= 1)
(when bij = 1)

i the processing operation is to find the square root, then the likelihood
is determined by the equations:

[Equation 17]

Ay = \/{Zj(l—fj-—\j?: {when b= 0)
(when bij = 0)

[Equation 18]
Ay =€, - \/m {(when bj.j= 1)
{when byj=1)

Embodiment 14:
According to the tentn embodiment of the present invention, the signal
selector with the bit likelihood outputting function has been described fo

solve the problem caused when all symbol candidates for inverted bits are |



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 a block diagram of a signal selector according to a
fourteenth embodiment of the present invention. According to the present
embodiment, 5 it is assumed that each transmitted signal takes an either
one of 16 values. In Fig. 35, receiving apparatus 1200 has four reception
antennas for receiving signals rl, r2, r3, r4, respectively. Channel

cogificient astinagiol 3218RIMAES BRGUHIRYES SOANRAGIS ReRYReNdhReq.

transmission antennas. Transmitted sequence estimator 1202 estimates
tratsnitigtaie gasisedeanst U Bledtpvisradbit igelhetda btald3edoeit b2 203

decodes-and putputs transmitted sequences, Fig. 36 is a block diagram
o e et A A o T Salet Acrouans 18 et
segnannarestinatar b2ewilhbergiescrinesh lagliguowithyelasence ta &ifant.
36. In Fig. 36, transmitted sequence estimator 15 1202 comprises

5 thrédsqageRe ibRipealcansiBitipd sisnalia trrcn st csigridl Keuaduess,
a1y 2 RIKETHG b AUty A dl RlaRa AR kR o

1204-16, 1206-1 -1 16K1, 1208-1 -1 are supplied with
receivedlisipsiasiTg estimatadrebpartelsias Gaintrpoteffnshsigaahator 32

selector ]&%OQ in the third stage has a bit likelihood outputting function. 20
L ETBAE A0 Q5P 5 GHe i KL e T BB ANEPT 04, and

chanassmalixddae isipttsaand Sclairg 20 ¢ MUPHIS LEYBIBNA and
e3_1 as follows: [Equation 19] L 2 t131 -7,1r,-h" .S31 25 where S3

10 repppelttseabEy ik BlacdnalimtOrncdsigraiddenatiecentoninkis TEnsmitted

seguences.

Fig. 36 is a block diagram of fransmitted sequence estimator 1202
shown in Fig. 35. Transmitted sequence estimator 1202 will be described
below with reference to Fig. 36. In Fig. 36, transmitied sequence estimator

15 1202 comprises three-stage likelihood calculator groups and three-stage
signal selectors, like Fig. 5. Uniike 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 inpz}ts, and signal
selector 1209 in the third stage has a bit iikelihood outputting function.

20 Likelihood calcuiator 1204-1 is suppiied with received signals rq - r4
and channel matrix H as its inputs, and caiculates and outputs error signal
e3.1 as follows:

[Equation 18]
4 2
€31 = k’?"hm'sz’%

1

25  where S3 represents a symbol candidate for a signal transmitted from the
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third transmission antenna. Similarly, likelihood calculators 1204-2 -
1204-16 calculate and output error signals. Signal selector 1205 selects
K1 error signals of a smallest error from the calculated error signals, and
outputs a symbol candidate 5 which gives the error. Likelihood calculator
1206-1 calculates error signal e2-1, using received signals rl - r4 and the
symbol candidate selected by signal selector 1205, as follows: [Equation
20] 4 10", e21=L~r; '~ 1 3-h,7,-Sj where S"4.3 represents a first

caﬂq;gqitgnfgﬁ@ﬁgpg\lﬁéﬂ%mltted from the third transmission antenna
which is selected by signal selector 1205, and S2 a signal transmitted

from theSgnitarid tﬁwﬁmwwmeﬁnw@lfﬁlbﬂ?@ﬂkéﬁlm@dxietﬂmﬂdtor@ut

1206-2 -.1206-16K1 alcul and q t calculated

errors %Sr{ qmbopggi%eqe Ates Wﬁnoqgjﬁé %P&$8FF8?§ 'gé%rﬁ& SadPio07
is supplirtiit titclkkel erer signals and digpxnahghasndisirsiwhich
have been calculated by likelihood calculators 1206-2 - 1206-16K1 as its

inpURCHANSSURIR Shallest K2 symbol candidate sets (S"1-3S"1-2) -
(S°K2 3515he2h 26 kifelliopnsalculalos 1208, calulatss ey siona

el 1, using received signals rl - r4 and the sym candfdite se ected by
&gmbs@écsﬂgnaléw ap dotldins sjEduattandddbenlbeta $Y1sBnd! d@actor

rep{%gnt ﬁ][oh {g:va\}gdldates for signals transmitted from 76

[Equation 20]
4 2
= Z‘rf = by S Ry Sz!‘
=1 -

where S 4.3 represents a first candidate for a signal transmitted from the
third transmission antenna which is seiected by signal selector 1205, and So
a signal transmitted from the second transmission antenna.,

Similarly, likelihood caiculators 1206-2 ~ 1208-16K1 calculate error
signals, and output calculated etrors and symbol candidates which give the
errors. Signal selector 1207 is supplied with the 16K1 error signals and the
symbol candidates which have been calcutated by likelihood calculators
1206-2 - 1206-16K1 as its inputs, and outputs smaliest K2 symbol candidate
sets (871.38"1-2) - (S"K2-38"K2-2)-

Likefihood calculator 1208-1 calculates error signal e4_1, using
received signals r4 - r4 and the symbol candidate selected by signal selsctor
1207, as foliows:

[Egquation 21]

it 8 1t
P e T e PR

€=
- <

i=]

where 5"1_3, 5"1.p represent first candidates for signals transmitted from

76



the third and second transmission antennas which are selected by signal
selector 1207, and S1 a signal transmitted from the first transmission
antenna. Similarly, likelihood calculators 1208-2 - 1208-16K2 calculate
error 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
no ' : idat described
I SN AU TR S
Sigregcoletl6r 1209 Svith shenbitidkalihited totputéEngrdtnatiomisadeulates
and qutputs likelihoods for all bits through the same calculations as those
ded in the tenth embodiment of the present invention. According to
the presgptipimpasimestcasiesathetaove. trapsmiked o seguense
estimator 1202 having signal selector 1209 with the bit likelihood

5 oufp By ANScHIRYhakisyAtpo Ssible andskmobolsandigaisis Wionh wiveihed
siogalsansa daNnel natile SEAEEOF CIHAIMS L AWIEIRES: ¢om the
communication system for recegl’vmg and (yemodu?é‘ung ERH Y
sighadiiivomcaltraingmigtingoappesating aagegM ghbis BRciaiReerdS-ehading
greater) transmission antennas, with a receiving apparatus having N (N is

o TREQ O ST B SR G AR LSRRG
for yisig Qi SdRAR SlistankeeN R L RETRIDINGR LYSLt 1o the

processing operation on a squared Euclidean distance. 10 2. A wireless
10 coremitireozitivhaystertferneseivimyantbdemodulating  transmitted

signals from a transmitfing.apparatus having M (M.is ninie er of 2 or

greater) Héj}n%é}géﬁr:jrg@%r&%, {vgv?t 'g]?ée&%’/ﬁgg é%%%% Uf?ﬁ‘i’/ﬂ‘?g N
caiculates and outputs likelihoods for all bits through the same calculations
as those described in the tenth embodiment of the present invention.

According fo the present embodiment, as described above, transmitted

[
()

sequence estimator 1202 having signal selector 1209 with the bit likelihood
outputling function makes it possible to demodulate signais from received

signals and a channel matrix.
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(N is an integer of 2 or greater), said receiving apparatus comprising: an
accumulator for accumulating a first squared Euclidean 15 distance at a
bit 0 and a second squared Euclidean distance at a bit 1, and outputting a
provisional squared Euclidean distance based on the accumulated
squared Euclidean distances; and means for calculating a likelihood using
said provisional squared Euclidean distance if either one of said first and
second squared Euclidean 20 distances is not output. 3. A wireless
communication system accokgigre elaig 2, \ygerein said squared
Euclidean distance is replaced with a Euclidean distance which is
converted by performing a given functional operation on said squared 25

Euclidean disjapee, 16 4 Aeceing apparaie having ML i5an iteger
of 2 or greater) reception antennas in WiTeIEEs commdnt gtl eﬁ“&%ﬁ@ g

fortreseivitier angh-ie rad Wating Hansgdised sigealsvianveassmikiager
apparatus having M (M 5 is an integer of 2 or greater) transmission
anfimasySRE SRR algp A aieRN DM NAT§CAidag SRERAHfghaving N
Eugli I \Vi y performi ] 0 lng.Qperation
o e e e R R e R N
is an integer of<zos Greatary adtapiiearadisanas wavanmldssperforming a

communication system for receiving and demodulating transmitted
S Y R SR B & BTG, SRS LA ey of 2 or
greater) transmission antennas, said receiving apparatus comprising: 15

an accumulator for accumulating a first squared Euclidean distance at a
bit 0 andia setINEFSEEHLBEYTaEan sistancaieaditing and demodulating

fransmitted signals from a transmitling apparatus having M (M is an integer
of 2 or greater) transmission antennas, with a receiving apparatus having N
(N is an integer of 2 or greater), said receiving apparatus comprising:

an accumuiator for accumulating a first squared tuclidean
distance at a bit 0 and a second squared Euclidean distance at a bit 1, and
ouiputting a provisional squared tuclidean distance based on the
accumulated squared Euclidean distances; and

means for calculating a likelihood using said provisional squared
Euclidean distance if either one of said first and second sqguared Euclidean

distances is not output.

3. A wireless communication system according {o ciaim 2, wherein
said sqguared Euclidean distance is replaced with a Euclidean distance which
is converted by performing a given functional operation on said squared

Euclidean distance.
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outputting a provisional squared Euclidean distance based on the
accumulated squared Euclidean distances; and means for calculating a
likelihood using said provisional squared 20 Euclidean distance if either
one of said first and second squared Euclidean distances is not output. 6.
A recording apparatus according to claim 5, wherein said squared
Euclidean distance is replaced with a Euclidean distance which is
converted 25 by performing a given functional operation on said squared

Euclidean diﬁ\t?@@&v%a Zpﬁa%%%{}ﬁ@w mﬁ@gﬁ iﬂfé&é:reé)\fiﬂgafiﬁ%ater)

demodulating transmitted signals from a transmitting apparatus having'M
(M'EcantiptejderoR2 brardsiesstransmisdiaticmsgsieas fon i@ cetdigingd

apparatus having N (N.5 is an integer of 2 or greater) reception antennas
sai%e e°r'§J%‘é'8§f‘ iﬁsnr%%fﬁ%%gsg&#ﬁns?%eflf%agtggﬂggﬂgé?ﬁar T3 pyngv (M

diskanaentegutesteridy; ReMOIMINGRITHIEN 2PIORRESIRAIONEERIARAbBaratus
squared Euclidean distance. 10 8. A demodulating method of recelving

andHenistiGiating transmitted signals from a transmitting apparatus

having M (M iﬁ@é}{ﬂ‘%&ﬁ&éin fz?éhrc%E%aatﬁQ;éﬁ%ﬂé@%@%@&%ﬁ%ﬁ'ﬁ%ﬁd fhg a

receiving apparatus having'™N (N is an integer of 2 or greater) receptio
an@neasrasdsianupdnitnp me ttmd redripakiiagihissiaps. of: 15
accumulating a first squared Euclidean distance at a bit 0 and a second
squared Euclidean distance at a bit 1, and outputting a provisional

squaredgEuclidesaefisiaassPasrchatitaenee Wi aed spypsest Grelidgan
distances; and calculating a likelihood using said provisional squared
EutgicRitign antennas in a wireless communication system for receiving and
demodulating transmitted signals from a transmitiing apparatus having M (v
is an integer of 2 or greater) transmission antennas, said receiving apparatus
comprising:
an accumulator for accumulating a first squared Euclidean
distance at a bit 0 and a second squared Euclidean distance at a bit 1, and
outputting a provisional squared Euclidean distance based on the
accumulated sguared Euciidéan distances: and
means for calculating a likelihood using said provisional squared

Euciidean distance if either one of said first and second squared Fuclidean

distances is not oufput.

6. A recording apparatus according to claim 5, wherein said squared
Euclidean distance is replaced with a Euclidean distance which is converted

by performing a given functional operation on said squared Euclidean

distance,
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20 distance if either one of said first and second squared Euclidean
distances is not output. 9. A demodulating method according to claim 8,
wherein said squared Euclidean distance is replaced with a Euclidean
distance which is 25 converted by performing a given functional operation
on said squared Euclidean distance. 80

7. A demodulating method of receiving and demodulating
transmitted signals from a transmitting apparatus having M (M is an integer
of 2 or greater) transmission antennas, in a receiving apparatus having N (N
is an integer of 2 or greater) reception antennas, said demodulating method
comprising the step of

using a £uclidean distance converted by performing a given

processing operation on a squared Euclidean distance.

8. A demodulating method of receiving and demodulating
transmitted signals from a transmitting apparatus having M (M is an integer
of 2 or greater) transmission antennas, in a receiving apparatus having N (N
is an integer of 2 or greater) reception antennas, said demodulating method
comprising the steps of:

accumulating a first squared Euclidean distance ata bit 0 and a
second squared Euclidean distance at a bit 1, and ouiputting a provisional
squared Euclidean distance based on the accumulated squared Euclidean
distances; and

calculating a likelihood using said provisional squared Euclidean

distance if either one of said first and second squared Euclidean distances is

not ouiput.

8.  Ademoduiating method according to claim 8, wherein said
squared Euclidean distance is replaced with a Euclidean distance which is

converted by performing a given functional operation on said squared

Euclidean distance.
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