;e3eo0"l tp|6T" -1 M MO RECEI VER AND METHOD OF RECEPTI ON THEREFOR 5 i 0
BACKGROUND OF THE | I\I\/Er\w,mmm"mmm’mmnesent i fvention relates to a multi-input

mul ti-output (MM rec met hod of reception as in a
concurrent transm ssion on gue@mon frequency band and whi WWM@WWW
adaptive equalization processing to received signals received [T
transmtters (where Nis an integer equpl- to and greater than 239'5[5‘31 way of
M ant ennas (where Mis an integer equal to or greater than 2) for purpose
of decodi ng processing. A task in the nobile_station conmunication business
is how 15 20 to constructMAM O RILECEdYABRANDMIOEEAR i ng for a nul titude

of users on alimted frequenc%qléand w th_a hi %gglgual Ity. A multi-input
mul ti-output (MM) system QF WER R ION T f3ns for sol vi ng such a

task. In this system a first to an NNth transmtter use a comon frequency
band to transmt a first to an N-th synbol sequence signal, respectively,

dun1 19 2 SBTBR SR T R (e o0 SL0nal o 3 e recel ved by ar
the N Bh i ransm 1t SIS REASET PRRTRHEOIaes 1P R uific iRy etk EeuPEha °
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apply an adaptive equalization processing to received signals received
from N transmitters (where N is an integer equal to and greater than
10 2) by way of M antennas (where M is an integer equal to or greater
than 2) for purpose of decoding processing.
A task in the mobile station communication business is how
to construct a system capable of accommodating for a multitude of
users on a limited frequency band with a high quality. A multi-input
15 multi-output (MIMO) system is known in the art as means for solving
such a task. In this system, a first to an N-th transmitter use a
common frequency band to transmit a first to an N-th symbol
sequence signal, respectively, during a common time interval. These
transmitted signals are received by an MIMO receiver equipped with a
20  plurality of antennas #1 to #M. The received signals are processed
by the MIMO receiver, which estimates the first to the N-th
transmitted signal from the first to the N-th transmitter and delivers
them to output terminals Out-1 to Out-N separately for each
transmitter.
25 An arrangement of a single transmitter in the MIMO system

is shown in Fig. 1. An error correction coding is applied to

information bits in a channel coder 51, and a resulting coded bit



15 20 sequence is interleaved in an interl eaves neans (I NTERLE.) 52 before
it is mapped to synbol in a synbol mappi ng neans 53 for transm ssion. The
transm ssion takes place after adding a training synbol sequence which is
al ready known to the receiver side and which is specific to each
transmtter and fed froma training synbol generator neans 54 to the synbol
sequence from the mappi ng neans 53 at a9position which precedes the synbol
sequence in a nultiplexes means 55. The signal sequence to be transmtted

i d i igh f . [ I b di dj
from an_ an6EHHANCRIROIEUERVER Fota BENGSeHsT MEvalek LABIGITA o opEa S ai d
t licati EP12335655A2 (i d A t 21, _2002). Th
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estimate. A subtractor 66 Subtracts the replica fromthe received signal,

t hus reduchmghlﬁbgﬁbﬂbyrsi yiabaeb barediednoes)radio Mihvel ftbed aghafingina.
interferences). 1Sl and | which remain after this -3 reduction

processd ng are prodeddd0 byceivewBEitcldsd,&or exaimiple, iwdauidgwarclaid

| i kel i hood ratio of each synbol is calculated by an LLR generator 68 from
t he resul t openspatentrapppissatignt BPA&I33665 BARr(issued ogust 2dn 208R)ence 1 (
~1~to ~_1IN. In the decoders 621 to 62N.in 5 Fig. 2 which corresponds to
each user (theapsiangesmsnt o gopvestionalMIMO mravgudachowafinelig 2ynbol

R et L R G T
i s.dei I d i. dei I DEI NTER. ), 69 d .the.
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synbol sequence I IS pplied as a 1s priori 1 nformation sequence 2 ( ~

2, to ~1 2%%aenbeqsme!\48@aﬁmio\ffé 6f1dakbdrts 82, tBhszg,e%%ﬁ&ec@v@r 2CegYeNgs
in the M MO adaptive equalizer 35 and the SISO decoders 621 to 62N are

repeat ed aaptaiigdrneit off thenRElM@ ddaptexentualizdedediiowhesuligl 8. del i vered
as a decided bit sequence Bseal to BseqN In the case where a synbol

sequence | Redeivatesipnaled; to rifrehichrge sampbedifdem the basebandisiganibat i on
sequences 1 and 2 of the synbol sequence are al so subjected to deinterleave
and i n2@er | equapri esformatiehysequende2S G dexdddy)swhichaisdird backcfroave a
satisfactory equalization in the M MO adaptive equalizer 35 or to ensure
that the iﬁne‘ifSQn@woqlm ésf anériceBansehattuat(@ropagatisin patkreepenser be
satisfactorily elijnated, it is inportant to detect a sanpljng timng of a
recei ved sEgHErateatlsyitc10pw F@tﬁﬁ@?aptaﬂé@ EAMAAEZarndS durAttiephl ¥ of fae

equal i zatl agﬂeggreldqré)ée%red sigéllla? itsorello?oduced in a replica generator (REP.

GEN.) 65 using the a priori information sequence 2 and the channel
25 estimate. A subtractor 66 subtracts the replica from the received
signal, thus reducing ISI (inter~-symbol interferences) an MAI

(inter-channel interferences). ISI and MAI which remain after this



20 25 words, to detect a sync timng inclusive of a frame sync and synbol
sync. However, this point is not disclosed in the European |aid open patent
application cited above. A conventional adaptive equalizer which would be
used when a single user (transmitter) exclusively uses one channel

(transm ssion path) for transmssion is shown in Fig. 4. In order to form
an equalization start timng signal, angequalization duration signal and a
channel status estimate, a sync channel generator 81 precedes the adaptive
equal i zer 61, Wiile not shown, a transmitting side initially transmts a
long trai nr%uwﬁﬁdpr%%m%@res@/ww%@Y@@aMMSIﬁeﬁftﬁa mian@dheynbol
pattern of ,which is already known to.a receiving.sid uri eac ane,
Pd thon_t 1ol heiadisERBhoECEE (o SedlF SrarhaliSkalunaesd haer-LETo be
transmtted, Wile t. sho on { he.receiving side, a,radi o wave received
from the t EBRERHIAT G TLPHL RS TPeul QEAUED BRoChsSuMAto dahbY o R Gh
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having a digital seguence which is sanpled. The correl ati on between the

recei ved stghelerhensiad in adeliter] saaie(DEINTOERNE 69, aind fige synbol sequence

TSS fed fromthe training sequence generator 13 1s forned by a sync -5
ti m ngigendeaiterl¢afted NEqGENCE is2ecldded byr HaSI80D diegodermhdudedolty t he
sync timng generator 12 changes in a nmanner as illustrated in Fig. SA, for

exanpl e, addciipnndutputsvakbicdetgeerde fhemethe&18E rdecatdesrd 3iignal Sige is
at its maxjnu and is used as the sync timng ts. The sync tim_ng signal
which is pidguteaved byhentint¢mgaver (i/NéFEjRé-iE-i zkld anglcdie eutpugaiitheand t he
trai ni ng synbo] sequence TSS are input tq a start timng/duration candi date
si gnal genBMgtkraver ( STAFRAPDRA ¥EN MaRHNEhPAFoRPHEBOXN &y dhei LW st ar t
timng signal, .and zatian duratiqn signal of which ,are input
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synbol sequence. As shown in Fig. SB which illustrates the equalization

start tim gftimesndntihen egealthzhdecodihs akisal iEdedfvepad iy 4 decigeeibied
signal sanples) |ocated across Ns synbol's centered about the detected 20

sync tini ngeqeentdddg,ped B Haambheahe dwsd nherecosyelbo] seqoenpetis Si gc with
the training synbol sequence which exceeds a given threshold value THL are
desi gt edirder vt ivdéhpdragsmittengeddenghefirecti imfopatdti¢s segluencgssi ti on
is defined as the equalization start timng tO and the equalization
duration si gued 21ef the doimbet saquenertancdilsg suljactnd tesdeisddrlegverfdrdt i ve
path (sanpJe) o the last effective path (sanple) position te. To determ ne
whi ch one U?tefff’ea‘ﬁatwpﬁéﬁwé‘éﬁni% the %ﬁ&@d&@@@éﬁ h, the threshold val ue
TH1L may be chosen to be, 1/ :6 tines.a. maxi mumcorrelati,on p

among t he paths (sgﬁpq)"éisf)r %é?blﬂﬁ Petes %r)éeﬂn‘-’@gbzcaélf‘?ﬁ h@&h@g&gﬁ\éw and
sanpl es equal [.0 or exgceedi TH may be.determ ned as effective paths. Up
Co The. pr cdanptiviersg SafgEr propt e duergl Poter gt Bkt e Sanner
of determ ni he nc. ti.mn the equal i.zati on start _timng .and the

equal it | opd davelcBAnhe e et B A BTy Milpth B B R o7 esent

I nvention itrﬁpBE'Pé’ﬂtdteo a@té\ét@sampling timing of a received signal, a sync

timing and to determine the duration of the equalization, or in other



receiver and an M MO reception nethod which enable efficient detection of
at |least equalization start timng to allow a satisfactory to adaptive
equal i zati on processi ng even when there are many signal sequences (users).
SUMVARY OF THE | NVENTI ON According to one aspect of the present invention,
a detection of a sync timng and an equalization duration and a channel 15
estimation are made. On the basis of thg.detected sync timng and the
estimated channel status, a replica of a training synbol which exists in a
received signal corresponding to a transmitted signal fromeach transmtter
i s formed. wardsplto cketott nesmwv einingiine hipisgrdloh firaom aynt east syndol
transmtter other than an intended transmtter is 20 subtracted fromthe
recei ved ssymal thdom@varathimpeiferenet dssglosedsimothe Fyrapeanhlaid oenhen
processed, as required, to be used in detecting, at | east the equalization
start tinipatewti applisatioadcitgdialzovguald canventpntleadapyverequalizecei ved
signal fromth intfnc?feg transmtter. %s Wth this arrangengnt, if there
exi st a plwhdchtyould heansed wheng gingle dsgudirarsmattgrke IVeky W88y
band concurrently, it is possible tq.achieve the detection of the
equal i Zat | BR¢ Chafinely(GFan it HOTRAID O TG ARSTISE | O TSP the
estimation, of the channel statu 1.t h d_accutac BRI EF SCRI PTI ON OF
THE DRAW NEBOFHGT 16 1083 oy sqpalizEtion SaTaR Taite St SRIL. 4 SAJSIEALIR a b
transmtter, l.ch corresponds . to a turbo-receiver; Fig. IS di agram
show g antBlRifRSignRE AR 8RR LABER ARG, b nete shashedcel ver
generator 81 precedes the adaptive equalizer 61. While not shown, a
transmitting side initially transmits a long training symbol sequence
10 (sync word signal), the transmitted symbol pattern of which is already
known to a receiving side during each frame, and then transmits data
representing an information content which is to be transmitted.
While not shown, on the receiving side, a radio wave received from
the transmitting side is received by an antenna, amplified and
15 demodulated to be converted into a baseband received signal, which is
then input to an input terminal 11. A sampling signal generator 19
forms a correlation between the received signal and a training symbol
sequence TSS which is fed from a training sequence generator (TSS
GEN.) 13, and a sampling timing is chosen at the time when the
20 correlation value assumes a maximum value or when a received signal
reaches from a path which provides a high received signal power. A
received signal which is obtained with a sampling signal that is
generated by the sampling signal generator 19 at this sampling timing
is provided from a sampler 20 as a received signal having a digital
25 sequence which is sampled. The correlation between the received
signal having a digital sequence and the training symbol sequence

TSS fed from the training sequence generator 13 is formed by a sync



Fig. 3 is a diagramshow ng an exenplary functional arrangenent of an M MO
adaptive equalizer; to Fig. 4 is a diagram show ng an functional

arrangenent of an adaptive equalizer for a single user; Fig. SAillustrates
a conventional manner of determning a sync timng; Fig. SBillustrates a
conventional manner of determ ning an 15 equalization duration; Fig. 6 is a
di agram showi ng the arrangenent of an.M MO recei ver which is now proposed,;
Fig. 7 is diagranms show ng exarrpl es of the functional arrangenent of a sync
timng generator; 20 Fig. 8 shows di ggr ans illustrating exanples of the

functi onaltlmmgngenemtomf(Ta{MﬁbKﬁ GEN.nd/Hur ditheroceglativar sigpaler at or; Fig.
9 is a diagram show ng an exenplary functional arrangenent of a channel
est i mat or ;prEIdpced byst lyagrtamlggo&@waéw UrcEhanges dir aigenpet asf an 25
Si gnal eéﬁhvﬁistﬁgaﬁ"miéﬁgfsﬁu?c%? FOATURlROIAa 6 CLTORG oks GRLesied URREn
ar T angemereoPOR el HETTHEING Sidferufb R AF AR SOUSFAGE G2 P¥ng
di agr ay Sht?rvﬁlrr]l & SR é}%(\f t%ﬁﬁg ‘?EEQI wohlc% is produced at the timing ts,
the digitized received signal, and the training symbol sequence TSS
are input to a start timing/duration candidate signal generator 21
(START/DURA GEN.), which provides an equalization start timing
signal and an equalization duration signal, both of which are input
10 together with a sampled received signal to a channel estimator 28
(CHAN.EST.GEN.), which then estimates a transmission path
response (channel status). The estimated channel status, the sampled
received signal, the equalization start timing signal and the
equalization duration signal are then input to an adaptive equalizer 61
15 where the sampled received signal is subject to an adaptive
equalization processing to deliver a decided symbol sequence.
As shown in Fig. 5B which illustrates the equalization start
timing ts and the equalization duration TE, of paths (or received
signal samples) located across Ns symbols centered about the detected
20 sync timing ts, those paths (samples) having a correlation output Sigc
with the training symbol sequence which exceeds a given threshold
value TH1 are designated as effective paths, the leading effective path
(sample) position is defined as the equalization start timing t0 and the
equalization duration signal TE is delivered as extending from the
25 leading effective path (sample) to the last effective path (sample)

position te. To determine which one of the paths represents an

effective path, the threshold value TH1 may be chosen to be 1/Cp



start timng/duration candi date generator shown in Fig. 10; s Fig. 13 is a
di agram showi ng a functional arrangenent of a receiver according to a first
enbodi ment of the present invention; Fig. 14 is a diagram showi ng an

exenpl ary functional arrangenment of a processing stage 42S shown in Fig.

13; Fig. 15 is a diagram show ng an exenplary functional 1o arrangenent of
a replica generator 45 shown in Fig. 14; Fig. 16 is a diagram show ng an
exenpl ary functional arrangenent of a processing stage 42S according to a
second enbodi nent of the present invention; Fig. 17 is a diagram show ng an
exenpl ary fiured h anakihwmre@ngereon pfwar Vadnied mesitg that patl28 (siopiesn Fig.
16; Fig. 18 is a diagramshowi ng an exenplary functional arrangenent of a
recei ver awherdi@p reprasents @ predetimeimediconfseéanpt, esghsamplestéqml 6 g. 19
Is a diagram show ng an exenplary functional 20 arrangenment of a receiver
accor di ng epeaceoding Tdiboniayebe determenpderseaffeictivnpathrs. Fig. 20 is a

di agram show ng an_exenpl ary functional arrangenent of a processing stage
42S shown in Fig. lfp teithe presens timgi Agswiiiclenhiinycati gakenplianptmadei onal
2s arrangenent of a processjng order detector .48 in ﬁ fifth,é emhodi nent of
the prdsenttpriféniiasinerrpy desemnining thegyaes GAYREhafsiurlizadeangipest

timing and the equalization duration in the MIMO receiver.

It is an object of the present invention to provide an MIMO
receiver and an MIMO reception method which enable efficient
detection of at least equalization start timing to allow a satisfactory

10 adaptive equalization processing even when there are many signal
sequences (users).
SUMMARY OF THE INVENTION

According to one aspect of the present invention, a

detection of a sync timing and an equalization duration and a channel

15 estimation are made. On the basis of the detected sync timing and
the estimated channel status, a replica of a training symbol which
exists in a received signal corresponding to a transmitted signal from
each transmitter is formed. A replica of received training symbol
from at least one transmitter other than an intended transmitter is

20 subtracted from the received signal to form an interference
suppression signal, which is then processed, as required, to be used in
detecting at least the equalization start timing which is used in the
equalization processing of the received signal from the intended
transmitter.

25 With this arrangement, if there exist a plurality of
transmitted signal sequences on a common frequency band

concurrently, it is possible to achieve the detection of the equalization



9 Fig. 22 is a diagram show ng an exenpl ary functional arrangenent of a
processing stage 42S in the fifth enbodinent; Fig. 23 is a diagram show ng
an exenpl ary functional arrangenment of a receiver according to a sixth
enbodi nent of the 5 present invention; Fig. 24 is a diagram show ng an
exenpl ary functional arrangenent of a processing order detector 48 in the
sixth enbodinent; Fig. 25 is a di agramrﬁhovm' ng an exenplary functional to
arrangenment of a processing stage 42S ih a seventh enbodi ment of the
present invention; Fig. 26 is a diagramshow ng an exenplary arrangenent in
whi ch the staoteénamg iasid tpeayed| watsed durasieny endsthenesteirthtadn wriodes si ng
stages; 1~5 Fig. 27 is a diagram show ng essential parts of a functional

ar r angenencthainehs&ityhtwidnb@bokaccotache present invention; Fig. 28 is a

flow chart of an exenpl ar rocessin rocedure in the nethod of the
present inB&{tEErDEB&IB%ﬁ @EdEPﬁ%%RAWIMStO the fourth enbodi nent;
20 Fig. 29 is a flow chart of an exenplary processing procedure in the
met hod of the pres&ng. ilnisentdisgrami showonesp @Xenp bryher mngeinenbediarent ;
Fig. 30 is a a flow cﬁarf) of an exgrrpl ary processing procedure in the

met hod Sof {TRBSPHEKE W hil 6h Grresp oRF 8 ROHIVERPTREE I YE 5t 0 the sixth

embodi ment ; and Fig. 2 is a diagram showing an exemplary functional
arrangement of a MIMO turbo-receiver;
Fig. 3 is a diagram showing an exemplary functional
arrangement of an MIMO adaptive equalizer;
10 Fig. 4 is a diagram showing an functional arrangement of an
adaptive equalizer for a single user;
Fig. 5A illustrates a conventional manner of determining a
sync timing;
Fig. 5B illustrates a conventional manner of determining an
15 equalization duration,;
Fig. 6 is a diagram showing the arrangement of an MIMO
receiver which is now proposed;
Fig. 7 is diagrams showing examples of the functional
arrangement of a sync timing generator;
20 Fig. 8 shows diagrams illustrating examples of the
functional arrangement of a start timing/duration candidate generator,
Fig. 9 is a diagram showing an exemplary functional
arrangement of a channel estimator;
Fig. 10 is a diagram showing a functional arrangement of an
25 MIMO receiver which is now proposed to produce an equalization
start timing signal and an equalization duration candidate signal

which are common between antennas;



Fig. 31 is a flow chart of an exenplary processing procedure in the nethod
of the present invention which corresponds - 10 to the seventh

enbodi ment. DESCRI PTI ON OF EMBODI MENTS For the ease of understanding the
present invention, an M MO receiver including the detection of the sync
timng and the 5 estimation of the channel status or including the

sync/ channel generator 81 which is propgsed in a Japanese Patent
Application (not yet known in the art) will be described first. Fig. 6
shows an exenplary arrangement of the proposed M MO receiver. to For

recei ved signals frioig.ilnpit atdiagrazl showingoan ENemnp kryhasra nigeanen toéiaved
by a plurality of antennas (or sequences of digital values which are

sanpl ed fraymf:Hembagegm@raépgrsmwntlneF@nb 1imng generators (TIM NG GEN.)
121 to 12,i detect a timng signal indicating the stflrt of each fra and a
sync timng signal Fig syhéhpohiagsanysiRWIAEhAR FRSNDIasY dinanigamgnto

d | d whi ch. d
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traini ng synbol sequénc -11 t ansmtted omthe't smtter TX is
deterrﬂmedaiamnagémemlo&tamﬂ)ma @Y tai6r A43r §leootn PN FQPL pUt is input to a
shift resistor 151 of a energy index generator 37. Wi ghts W ~ ~ ~ W are

nul tiplied to the qilghuté i§ aodidgrant shpevinigyensidmpsdmgésnofione shift
resistor 151 in nultipliers 5 161, and are added together in an adder 171.
In this maar@mgemeat @fftzepradelssm@skm‘gethé aocoediatg tm acseqond i s nade over
a given tine interval to determne a reception energy index. A detection of
a maxi num exthedisnenhofrtbecprdsemtdnaegyiamdi ces i s made in a maxi num val ue
detector (MAX. DETECTOR), 181, and at a t| m ng 1o when_ the _reception energy

i ndex assunes a nma I&Jrﬂﬂ/éﬁ@ 192T3{hE PWhnrggagledﬁ%PPi%ﬂy fnetieRals to act

th | f t 1.whi h th d | f
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and the 15 cqual | z4vor ST T B R T nput

signal seq i efromthe
tranar ¢ oDy e apAE BIEFRCC AR A RIMIRERD A1bE Sl daReR R L A v
211 to 21|\/h§@@m iV ditPonb. Fig. 8 shows an exenplary arrangenent of a
start ti g/ duration candi date generator 20 21 m agai n choosing the
signal fromthe usqrigl joyjgvaydefgraxa®Rbsying sﬁrewlﬁm:ﬁ*y beh¥Eenal he

recei ved si gnal rmfromthe antenna Am (input termnal "11 n) and a training
symbol 2 eqaaneg cibet bffd ogedivertacordiogsequdoaetlpentbedoneh8bifthie t he
user 1 is determned in the correlator 141, and the correlation output and
a threshol pré'mmlwmnmmr ed 25 against each other in a conparator 221. The
conparator 221 delivers "1" when the correlation output exceeds the

t hreshol d val ue Thdigad) dehidieggyano'shamang ae exemplamny tmnetiopal is |ess
than the threshold

arrangement of a processing stage 425 shown in Fig. 19;
Fig. 21A is a diagram showing an exemplary functional
25 arrangement of a processing order detector 48 in a fifth embodiment

of the present invention;

Fig. 21B is a diagram showing another example;



- 12 value Tha. An output fromthe conparator 221 is input to a shift
resistor 23 ~. The shift resistor 23 ~ is controlled by a shift controller
241 which receives a sync timng signal as an input in a manner such that
outputs fromthe conparator 221 at tinmes located within NS 5 synbols from
the timng of the sync timng signal tsl-mare input to the shift resistor
231. A start timng/equalization duratign candidate detector 251 delivers
an equalization start timng signal tOl-mfor the signal fromthe user 1
which is contained _in the received signal, fromthe antenna Am at _the
earliest tining "1¥Figs 2 ttactiagaaohghos ingsan aysmplamolenokioss! ar e

| ocated within the shift resistqor 231, and deljvers a signal representing
t he | engt hARSBEeN oL & PHCESRIBE: StRigRi s Tll'dl? §1§ho@@@éﬁﬁ@§e%ﬁi

equal i zati on durati_n ndi daj.e signal] tel-m All of_ equalization duration
candi date signals ﬁagefﬁ’a?%a @&rﬁgﬂshewl"é‘@e@? CXPTRAHA Yy BrasyUeaali gnal for
the transmtted si nali 15 fr.om al | tBe transnitt}gz_]s@ar . ingft ft an

equal i zat | O SBEEREBH Odi GFEHCIYERACHAT L 1P BURATISER §odimerf OT t8e  and a
| ar gest. one armn N X_.Mequalization duration candidate signals is

del i vered BE® g‘tﬁ’t}'a?lqtk%?i on duration signal TE. The equalization duration

TnoUt to a channel 108 tralor qeBirL88NeEE 3Rl BRESERA ePony 2
channel st t re [ se) H between
each trans?nltljt"‘i?j gg&{égﬁ?ggc#gg%?%nﬂggi ‘3@@?%@@8*@?%%@%@2 an exenpl ary
arrangenen : annel estimator 28. In the channel 25 estimtor 28,
for the tr%?lﬁon(gl%ggﬁgol sequences TSS 1, ~ ~ ~, TSSN from all the

transmitters whi ChF’I?? ZSSJPdOhicﬁﬁgfréﬁ{”shB@vihrgahﬂidi&rﬁﬁpeH fgnapapat or 13,
the equalization start timng signals t05 to tON are uSed - 13 to

conpengat eafrah g¥tenf byel ?mcésnﬁngea@ lel $D) i @ s8y ighveibddienénrognhet ed
signals fromthe transmtters in an offset conpensators 29. A convol ution

i nt egr at or pf€3@MQndRMtioB1 perforns a convolution integration of the
channel status H which is supplied froman adaptive 5 al gorithm (ADAP. ALGO
33 with the traini dggsythid aggqgeaneshnwmgcanmmpfw afmangementept i on
timng has been conpensated for, thereby faormng a replica Re of the

recei ved swgmgh.the piggesserds repestedhndseditiveseyis asandividisly ecei ved
signal fromthe received signal to determne an error signal. The adaptive
al gori t hm BEOGHININESIPRESt 0 adaptive al gorithmto update the estimate of

h I i i al ._ US| h ' | .- th
caual i3a1 1 on’ dur i FOR- SGHa CIReT EALS PRSURGE P RS A MM ¢ ne
2 o _ i __ Sakiond
For -exanpl BLoRECI ARG Tl Pl Becifo G4 kAL BEE b ERRRE (8Ee TR, 7 n 15

start timng signalgsof ngmd geﬂéwiﬁhafﬂ 3}*@?/ ?;r{u%l?nltﬂtlﬁgy gggghgg;at generators 21

f
~to 21M the equali %étl on duration signa on duration

gener at or gilocdd@re s KHBLAEHIHRYTHh SHR skl irBrithén SRIEt obsdspmidy 28
and the received signals are input to the M MO adaptive equalizer 35,

wher eby t hig fle€ dinsedositgndsrir emdo diubéect to M MO adaptive equalization
processi ng, whereby estimated transmtted synbols fromthe respective

transmotters are ddligv@%ik aThew uhati ofian exempdereprootssing M MO adapti ve
equal i zer 35 may be constructed as shown in Fig. 3, for exanple. Wile this
25 has notpheeeduesin thednethadmfetdte presdrntthinfiepnti® prledloasksgspasdshown in
broken lines in Fi g 3, a synbol offset conpensator (OFFSET COWPE.) 64 may
conpensat etd dhe difthosmbedismnieen recei ved user

Fig. 30 is a a flow chart of an exemplary processing

procedure in the method of the present invention which corresponds
25 to the sixth embodiment; and
Fig. 31 is a flow chart of an exemplary processing

procedure in the method of the present invention which corresponds



-14 signals using equalization start timng signal upon the a prior

i nformati on sequence to feed the replica generator 65, and the equalization
duration signal TE is supplied to the replica generator 65 and the MVBE
filter 67. Individual received user signals which 5 have been separated by
the equalization in the adaptive equalizer 35 are decoded by the signa
sequence decoder 62 having a functionahparrangenment as shown in Fig. 2. The
nmet hod of detecting the synbol sync and determ ning the equalization
duration which is proposed in the cited Japanese to Patent Application

bef ore wi |10 Hgvsbeedtsembedimeng. 10 shows an anot her exenpl ary
arrangenent _of the M M) receiver. In this arrangenent, in the event that

t he sync tDlES'@RItPHEQHu@E EMBORIIMENT S ng and the equalization

duration candidate_are sim|ar betyween the received signals .fromthe
antennas Al to AM Fidde sase pé tndirseandeng dheoressnbAbentiOun Fhe

recei ved sj |l s fromthes nt enpas, .and the.sjgnals ich are received by
the al1 anvERAGEressiviss inednding 4B dleteRbomaftheiyno mingandibe

arrangenent of

he s tinn enerator. 1 hi ch, oper at on the signal
rom the (efmetign el GRabRe SRS dhinulbhe ThetstChadhel gnai o1 to
rMreceived b ach, 20 ;antenna which,is fed fromthe ipput termnals 11 ~
to 11m anceeReratpL it RgPEhBor daetithid arfipandi Pafen{ Rinli Gablddiice
generator | ; e i« t 1,5 he correlators 141 to |4M
respecti veYe;‘leéﬁgwi E‘gtgéeérrgti v{nﬁ]hg)% %ée%eéfgggﬁgrﬁﬁ to 37M apply a wei ghted
addi tion of these rel atd r i i | | to
generate a energy :P(r{:g'e? g&?}@geﬁgﬁgP@I%\efli%%agggﬁﬁeﬁﬂeﬁgrﬂgg Ijlljral)gﬁzség whi ch
are obtai g MOy réb&vapt enna received signal at the time each received
signal is sanpled is determned by an adder 3 8, -15 and a maxi mum val ue
detectior 18 detect Forhecleitedsiphghs fiamsinpuafterifinafernay tonfli geehich at its
maxi nrum and delivers a sync timng signal 'is 1 for the signal fromthe
user 1 at héwe bicienerec®ibedduent plurality sfaaténmangomBeqehsestfadipdeali n
this 5 15 20 25 manner for the signal fromeach user and the received
si gnal ar evalsed whiehleressatepied dnomvthre basebgodlsiganl hrthet sync timimg and
the equalization duration candidates for all the input signal sequences in
a start tigemepadorafToMINAUGHENe) dandpal 3n ([AStaRTaDURANGENgNa21 (Fig. 10).
Fig. 12 sh,og the arran errer},t of ? start timng/duration capdi date
gener at or (STARRNEURE 8t 01eaghy (raIHE andRasyRe bimime SigBRl 1. Correl ati ons
betvveeg the received,signals r~ to, r t.he reslpect.iv& ant ennas, whi ch

are 184 { rOHHON AR ﬁ?ﬁ%ﬁyr&'ﬂi\@%lmﬁ%a@ RESH Y 8! i BY AL Ao
13 are o R ST SRR GG M P e d B B PG ST ISR ™
cor r el at i ofy @it S BMARL [0S SAASIMEE GPLeAIm SLARAL SyAbELRRRELd Ve

sanpling points is determned in an a e sumo e corre ion

out put s angi i eRERLEY 19! bie rdharrar A ccaraatk agRimg! each other in the

conparator 22, and the conparator 22 delivers™1" when the correlation
output is greater th,a.rr]tsmwmhﬁs@;@éﬂtp\lafyd@rifd}egememdffia\égh%_ tihinghen t he
correlation output is less than the threshold value Tha. 22 is input to the
shi ft 20esigderaZdr 13y, aHiphtopeitet hp@oaparcatived Bignabirf tfro@siast or 23 is

controlled
antenna A, (m=1, -, M). Describing the generation of a sync
timing signal with respect to a transmitted signal from a transmitter
TX1 of a user 1 (hereafter simply referred to as a signal from user 1)
by way of example, a correlation between a received signal r,, which
25 passes from the antenna Ay, through the input terminal 11, and a

training symbol sequence TSS; which is fed from a training sequence

generator 13, and which is the same as the training symbol sequence



by a shift controller 24 which receives the sync timng signal as an input
in a manner such that outputs fromthe conparator 22 which occur in a tine
interval corresponding to Ns synbols before and after the sync timng tsl
are input to the shift resistor 23. The start tim ng signal/equalization
duration candi date detector 25 delivers the - 16 equalization start
timng signal t01 for the signal from?lje_ user 1 at the earliest timng "1"
is produced within the tine interval of (ts 1 NS) synbols, and delivers a
signal extending fromt0Ol to the latest timng "1" is produced as the

equal i zat i bandoriatedofromartdiedanasmisiegnbX It s deternei medidlyi 2 goiroslador dtdion
candi date signals for the received signals fromall the antenna which cover
each transandthe comselatpon quipuid sdapartitona goalr rasapt@71§ Fiog.a ¢DBrg¥nd t he
| argest one anong all the equalization duration candi date signals which are
i nput is delderegeaesatoro3The Weiaht dY i onWauare morltiplyndito thepeBtist 1y, in
the simlar manper as the e u&lization sﬁ?art ,tfjn‘in_g sigi al, and .t he,
equal i zat i GPRUGhETESRES PN HI STage® Of tRes b Fe i Ar leg iy ISR HIS £ r om
t he antennﬁ{) t he,chann zti tor, 28 es (imaizs t he ghannel status between
each tPans tat%‘?déﬁﬁaéﬁiﬁfi Pge ,1%§Prﬂ)‘§ He! étual' Pz S IHABECGuR at i on
signal fromt dur at.ion _gepegrator_27.. t he ual i zation start timng signal
romihe soseniehpAg) GBrdet Bhe cminicsl Buldie: ¥ Badho¥ o ineiudiitul
signal. In; it | | zatl tart tinm Si . alization
du?ati on S*rgggyéfaﬁ%dgkgﬁggﬂéj%afieéc pctﬁ(grﬁ%&%rgyal{@s&gr e‘%?ghe?thgﬁhogq%ﬂ MO
adaptive e ‘] 0 i I I ipn to the
recei ved sﬁlt;é?lilé ) hﬁ%mteesP?Egkirﬁggpwedﬁ)reggﬁ?pgy% g%gll%efl%g%]agach

transmtt -\ gqrE elgVv S Al e
decoded iﬁﬁaﬁ(@ﬂﬁr’éﬁ%ﬁiﬁéé%ﬁ%@q{%é@&@ 2. glz:?(;@l;}go%%ls’gé rrg?'#)ﬁﬂ%@ tet ecting
the symc tivHenotiafe @Htd8he iR gy thddie a88URld Zath 8Ri Mt Al eMal §hdras been
consi dered above is still susceptible to the |ikelihood of significantly
erring thetiging $ighalgsdng Witchoisado aat upondthi@big@nal fforhht@eegised 1 zati on
-17 duration beconmes unnecessarily longer, it causes an increase in the
wast ef ul cedhich atiists irmtbeirkcevee @ gighal itdmrthduantémm s, iodesivered. a
degradation in the equalization capability results. In particular, when the
nunber N of transniliiedyighaninggudndesréerivedssignaltanestheansseérted t hat

t he accuracy _ of establishing synchronization, the accur ac¥ of determ ning
the equal i Békicon gl BATbAVERdherrqualizatien Bart Henoren bl tedPimad she wi | |
be greatly deq%r.aded dye to inter .grences bet V\B?J‘I tgen‘i?}gtggt .signal
sequeri®@es. CHIFIERHON QREHAON; GRARHL AR IS IR temIof Hae & iBpUf srgmahg

nbol s whj ch i red bt ai ' ' I ;
heroased 1ot 8780 Rl 3o0p Stk Mn R RE AR BRRAEA TS M5 ence

descri bed. Canriatiersh T AR i Fip/ b FaflbR A GIREIERTAL | TPV P 1t
TXN 15 per (OrART SORASGEN PR 1!818) § Qb @nGRNFRa. BT COPRNCY SORRUEFON |y.

In additio each transmtter transmts a tralning synbol” sequence which is

intrinsic ¢Qe@pthr %@f@ﬁr?%ém%htaﬂda is$ard! #i AAY/80LYohOc A dags Yeticrat St de.
Fig. 13 shows a first enbodi nent of the preSent invention. Here, it is
assumeg thal,aapaieichedsthgrak signa¢foonl diedsde It bybwagosl exaatplientd a
baseband signal and that a signal in the formof a digital sequence is

i nput to iopueldton betveedd thetrectivdd signal syfeonhthaentgener/t inplt a
repetitive processor 41lmwhich is provided for each antenna Am (nrl, ~ ~ ~
, M oper at egntinaddrigy)aded antraqnan g sxnmbol sequence i 9§, frogmathe tmigemgr at e
an equal i zation duration 25 signal and to performa channel estimation for
recei ved ssegigncevgenhratay 2cdpyébenisea blisdatermined dnttdenaerrekaitr

repetitive_ processor 41 ", conprises a({)l urality of processing stages 42S
(s= |, ~ ~141,,ag)d\mﬁ(gprrelat10n output and a threshold Tha are compared

25 against each other in a comparator 22;. The comparator 22, delivers
“1” when the correlation output exceeds the threshold value Tha, and

delivers “0” when the correlation output is less than the threshold



- 18 5 to 15 20 25 are in cascade connection. Each processing stage 42S
receives as inputs a replica of a received signal which is generated by an
i mredi at el y precedi ng processing stage 42S-~ and an error signal ES which
is equal to the received signal fromwhich the replica of the received
signal is subtracted, and generates an equalization start timng signal, an
equal i zati on duration signal, a channehQ§Iatus and a reception replica for
the received signals fromall the tranSmtters, delivers the equalization
duration signal, and delivers the generated replica of the received signa
and the ervoluesiyaal AS obipht fwmqie compdrator e viedingiutnt afshofh whi ch
the replica of the received signal is subtracted to the immedi ately

fol | owi ng [Bseetessihg stldype shoibuiesigioncd3 i ts centudieddye atHuft eastroller
equal i zati on duration he uniformfor the received signagls fromall the

ant ennas, a1 Bgugh Q%qus?s(:msﬁnpdmr@ngrﬁgn@i@ér%@ RPHSSNVHIRINRE 8B&RADN to
the repetitive processors 41 ~to 41Mis_provided for each processing stage
42S so t hadhadHPW8 898} hhe sroappanater; 2t petimeepdecatrd Maphin Nsve

processor 41 ~ to 41Minputs.an eqyalization.duration candidate sigpal to
the eqdal | SHOPOLS dEPE Hy {UPIRRIOlgtiR P RRE/TRIRE NGk (51 RUREE HWF IR nes a

whione i s r e eS8 P oot Stk Pub e b TAA b Pl ko B dpd T ve
1 Fi q. X g V. cti

orocessors bt AN B 8, UGN AR STEL LTI e ©

operat es anghi? f1RPINETYRLONS Y {UPIR LOR| ANATTIR IR HET R d iimaiongrhpt O

deals with processing of the sSi roma user recei si'ghal from

transmtt T, finexami&at (g «of r iognal which is
f or med by%ﬁb#&c@%gp a?g:lgi vedie;sitgﬂr?étlllﬁg E)119%? Eﬁ??gf?of‘ha ggt he received
user siognadt§1 Wai-CR ) §?fﬁﬁﬂ@IsaMHch)/a1%nld@iéﬂj\ifﬂkﬁh%f@‘hff@ rekpdger 0o,

previ ous processing stage) 42S 1 is added with a received signal replica
for the Slmﬁeﬂfms_teb@i%ﬁﬁf répréd¥eaiting therendth frohet @t avi ushetaeessi ng
stage 42S 1 (which wll be referred to as a received signal replica for the
user 1, angdntihigs“ténstmtoidurceabpsisssegualization toratibarcamdidmeasgndel in an
adder 441. This addition output signal represents an interference

suppr essi die lcuser All)of equialigatsimgdalration camdclatessigpads whichhare ecei ved
signal from whic he received signal,repljcas Re2 to ReN for other {han
the user 10Qfa@ne MR YOt Bternd TeReLYq s&n%&@m@%@xgﬁp}%@gﬁt%ﬁ stgRelsved

genor dfe atrepnall Taf HEPSHBHAETS Fhe 0pHC 1014 AGUSH K O Y B at ed i n
hi d.thed ' i i | f he. add
441 i o 1 ner T SRR T ROR KRN P TE Lt el S FrasE e RSHERS Blra.

GEN) 211 sOnBenanita il eiaHAREA AR BIAdichll 19 Sl Bnaled B 4gnd an
gual i zat i on ‘durati on candi date srgnal tel™Pnthé sync tim ng generator

121. The syhgalizmica ‘g’ﬁf‘?"i%%gﬁé}w-d the start timng/duration candi date

i =z .
generator 211 may be construct inthe simlar manner as the portion shown

in Fig. 7 which detpgd 8qhiBfizayitth d@rhti®nng oHiadNdhe leurali2tdoh ReaMor ti on
shown in Fig. 8 which detects the equalization start timng signal t0l1-m

and thke equalinpagicanldiidthereceideddignsl gralinpeat tha dhenagbebiingdtioen
duration candi date signal generated in the nmanner nentioned above is input

to an equal CHANoBSAUGHEINQ & shoeneiatioig. (QURAEK by GENhan#8E statgst her with
equal i zati on duration candi date signals obtained fromthe start

ti m ng/ dur(@triopagedrmh gatk rgspenaemrsd 2mputlee 2e8ponsepdhdretavaen eheh
interference suppression -20 ) ) )
transmitter and each antenna is estimated. Fig. 9 shows an

exemplary arrangement of the channel estimator 28. In the channel
25  estimator 28, for the training symbol sequences TSS;, -, TSSy from
all the transmitters which are supplied from the training sequence

generator 13, the equalization start timing signals t0; to tOy are used



received signals riCa to rICN for other users (2 to N) and equalization
duration candidate signals which are simlarly obtained in the s-th
processi ng stage 42S in response to other antenna received signals. The
equal i zation duration generator 43S delivers a |ongest one of all 5 these
equal i zation duration candidate signals which are input as the equalization
duration signal. This equalization dutq}g on signal is input to a channel
estimator 28 together with the equalization start timng and the received
signal in order to estimate the channel status. The construction of the
channel esté metopeBateajoibenyi aifket in dhehacepoi ahouning beitg.eeh thithe
equalization start timng signal t0O,, the equalization duration signal tee,
the esti matrechsehidbedsignakusram thedrahentittersi imgas yoffeet sequEsatdss2 X or
the user 1 are input to a replica generator (REP.GEN.) 45 where a received
si gnal repAi @enmeﬁ) ution HHeguawr QC&NVQ GPEr) BHeperiansns areanodytion
generated. ,Fig. 15 shq an exenpl ary arrangenent of the replica generator
4S. A chanﬁéueggaamwém@ﬂne&taémq oﬁ%ﬁt%&m@ 16 8VPRbesH {Toan AfHadaptisieni ng
synbol sequ nce TS omthe.trainin gquence ener at or

13 are ¥ edalgerth %ﬂ{\i’o‘ﬁhcﬁp@g}y‘%‘r&(t@G\W@WFY obSeauenssdit to a
A Wfﬁghﬁéﬁg} et hereCutonr Cay T hadibqan Fhotesniid gy ™ °
omor ot notheiedy FRERINE S RNEA RS B T F e BB, 4. %%éﬁ%wtc“oié%or
h i 5
T ohSdpiagng fie AN brufiE MRE(Ted 51 %1531?‘5@ e I‘%&r@(&ﬁﬁ ignid], 0
Taner ar e sl A aﬂ SHPP SERa1 SCNIEAT Y ol OMEHEII e A 0 an

error signal generator enerati ng an er or 'signal

channe|, st &Hblgn@%t é{]gaéﬁﬁxmrﬁph dage %9 ets‘?lrﬁﬁ% foQTthteh@héﬁﬁéPbﬁguﬂﬁbé" s in

t he user sign t he erro si gnal ch Is generated by subtracting

replicas Re¢ ﬁ@nfi@ﬂ\llﬁéﬁﬁbfQﬁs@thﬂeSéﬁBNs@ﬁél tihe tgahlizadoly dbghtionn the
user signals are then fed to a follow ng processing stage 42S+i. The

descri bed pigredsandghiespreafieatsachalmse éstimme phudagsthegreiaitvé2S+i to
update the replica for the training synbol in the received signal, thus
i mprovi ng phecestingacy Thie adaptve e gomitheounbiy zeomerist RIS taﬂgomgham,d t he
equal i zati gn duration and the, accur acy of esti ITB.tI ng the channel_ st at us
estimate. for thamyplgal i Retnoning bo theidasegiriignar! FigeOc hhaguadization
estimate and the equal.i za&s§ n duratl on sj gnal ch are erat ed in the
final Hrocetdt ﬁgnsegg%g@@ sméﬂlm&g(met%ﬁam el | as the

mddfﬂg PiReE o M&R&"tﬁ%ﬁ‘e@ﬁe 2RUEH pFafd mllsgrai o Bt ot e
ggderg hzeéﬁgakf%tfdr}gdur?ﬁto pégﬁ%f?%é’?ng}:#%t éih aatntgaaCE%cel vetgl%gls gﬁngfh from
the input el eanagdhellesiimhsof 88 419 éddgﬂs re¥Bevéd @Egﬂa%ﬁ&f‘e %Oﬁlétsf\ﬁ%het 0 12N

and the start timng/duration can ate generators inthe 20

repetiti veNPIORTSIRAptive eq B3iAd1oYw, Whéfx‘(eBge ér@@ewedal $i@ i€ apet h
processi ng stage 42 (f| na processing stagé) nerely delivers the

equal iz@at i gabarto MIMQ slaidve elghalizhaine! tpr@b@tsslﬁl gswhepdley H and the

equal i zati on duration signal. At |least two stages are provided for the
processi ngestiagted2transnietah dybitwldi frent the rtelgettivg tramisadittergtaret he

recei ved signal fromthe input term nal 11lmis used in the estimtion of
t he channelekitverad, and this -22 5
The functional arrangement of the MIMO adaptive equalizer
35 may be constructed as shown in Fig. 3, for example. While this
25 has not been described in connection with Fig. 3 previously, as shown
in broken lines in Fig. 3, a symbol offset compensator (OFFSET

COMPE.) 64 may compensate for any offset between received user



to takes place in a collective manner for all the user received signals. In
the second enbodi nent of the present invention, the channel estimator in

t he second processing stage 42e and subsequent stages uses the interference
suppression received signal rl~ which is equal to the received signal from
whi ch received signal replicas for other than the desired user received
signal are subtracted in order to estingte the channel status for each user
recei ved signal. Wien the channel status is estinmated for each user
received signal, it is possible to reduce the nunber of paraneters which
must be essigretlsdidipgacfasliaatiom start sireguglsignal nponutten mfionser si gnal s,
thus allowing the rate of convergence of the channel status estimate to be
i ncreased mnfdrpeationtjeqpanee tstfeadttherragflichgenteanted 681 andsthe be
conpleted with a reduced nunber of training synbols. Fig. 16 shows a

f unct i onal equakiggéresnhtusatiomesigapdnbEls supplieddesthyyreplige geareraar 65
subsequent processing stages in the second enbodi nent, using simlar

ref erence &Ddﬂéﬁkhi%ﬂﬁﬁéﬁgﬁﬁﬁﬁﬁpoJBdUﬁ§Uﬁﬂﬂ@ﬁeéﬁ¢dééﬁﬁﬁﬂgn@ PbSE shown in
Fig. 14. di stinction over the first enmbqdinent. is only the fact that the
channel’ eshAKERFE §epaba/ﬁeaie5yarbec%wé¥a@9ﬁ Hutles adzptive canrlizsr Tach
user signal, and in ot her respects, the arrangenment is.simjlar to that
Shown | n FRiF g8 0dRAIDY ThecHalIa L SIUICE HERRAET OF DABITh Arn CtA8PRhat or

28" 25 for each user, si A dj stiEcti on over the channel estinmator shown

in Fig. 9 fHAREACRRES a‘%‘?‘fﬁtlino ®f“the channel status occurs for all the
which 1o nput -and e praed 3 dSneBbL HE RO GRS LAE A SRl g 3
b ch corr B SaNa Rl G ok LARE R p AR A1 Japne kT ose

channal ot af Aav PP AERIGh TRYOrE A ) DS RN JFemary e 10

Enbodi ment ggothert 8RehiP lndy eifpad b BRIENtOG f tHe MIBSONEedeivVent | PA.thie
estimati on of the channel status takes place by using the equalization

duration candingairgeest,ginathekiventithaobhaisyed fionirggctheusgunakizgtian startng t he
estimation of the channel status in the second enbodinent. Fig. 18 shows an
ar r angenentinwhig hndetheesqualigapiompdseati on leant iskait e cire snmolar betiween the
arrangenment of, the secqnd, enbodi nent resides in the fact that the

equal i zat i raives: sigmadefepm dhe 286enBAS ductp ProcHieinmast hgassaangd to

ook d fnBe Gl e e Whs £aE reReaTL AR [5h R ShaEs GRianar anE Degnal s
fromthe start ,tinmnag/ durati on candi dat e, generators 21~to£%Nfor

respe(r:]t i veSigrals ‘g}“é&? ﬁﬁﬁtretcg%‘ﬁ@rm% eeglligﬂafqﬂ%aszgla)f be3¢d [Rspect i vel y.
EQCEt of " haeRS e It L BNECTE ndsthE At bnkRaidf BPPRE LRTAMIR (.
Gur ot Fon_ cBEhBEARIEE WhIGH otk B A BBR) fhom the Wier A0 AThEGR1IGN 20

common useg crcﬁ%ia\twnsdlﬁp%lttww&@l the §i%ﬁap9fwﬁpltnedetiv%!ﬂ Rgcheen that

if the sync timng signa he equal i zatTon start timng sidgnal and the

equal igzat | gRtehialipic2is Ceddroat theimpal t€anidels Ppislad ,panbeihg
substantially uniform between the antennas, these signals can be treated as

conmon to tragnogmymbebseqaescy eSS framstiretrdain g e qarherngsneedatdr
accordingly, - 24 5
13, for the user 1 is determined by the correlators 14; to 14y,
respectively, and the energy index generators 37, to 37y apply a
weighted addition of these correlation outputs over a given time
25 interval to generate a energy index. Subsequently, a sum of the
energy indices which are obtained for the antenna received signal at

the time each received signal is sampled is determined by an adder 38,




to 15 20 25 the signals received by all the antennas can be processed by a
single repetitive processor 41. Such concept represents a fourth enbodi nent
of the present invention, and Fig. 19 shows an exenpl ary arrangemnent
therefor. The distinction over the arrangenent of the first enbodi nent
resides in the fact that the received signals fromall the antennas are

col l ectively processed in the single rg@plitive processor 41 rather than
the repetitive processor 41 is provided for each received signal fromthe
antenna. Fig. 20 shows an exenplary arrangement of an s-th processing stage
42S. The oseda maximangenvshie idete¢tur b8 dedests thetionasgiwgestthgesuraOEhown
in the first enmbodi ment, but while only the received signal from one

ant enna Anthe enepgy indiee¢reis af sts mromwentand dediverd apynaltsnfingm ant ennas
Al to AM or all the receiyved sjgnal fron1inpuh,terninals 111 to 11M are

i nput in teradusth cernﬁtﬁm&rml.fmmtgwbsetri highghgehengt ors 121 to 12N, and
the start timng/d tion candi date generators, 211 .to 21x whi.ch are here
used may be const r apHRteayERt BV EF Thang e Aswbtamed 48 1§ and 12,
for exanple, when.the actio ith respect to  the received .signal fromthe
User 185 BRI erUth T RETAIO HGREPSEH AT A OEEINEAr UErEd A28 V1R 1 he
processing, in the first .enbodi ngnt as sho in Fig, 15 ma repeated for
each ant entfhRKea @BC’(,S(W%rOVa?gﬁ}enquﬁfl@ﬁ H Sﬁlrégpinéegi dgﬁgcessi ng of

oo o SA0FL GBS A0S 1 AR SR S A
Sepond erbo R b SERMA b inao L bR RIS TR [ RIS (EAE B,
cancel i ng §F%f1a@j.' Cq:-ig,memws th?ezé”rﬂaﬂ\%;g'?hénf BELADGRt tfrﬂF?%JHﬂﬂéﬁ%‘? of a
user signa ving a strong reception power may cause a ma nctioni ng of
the sypc deigeidse Jg@mi:mwgsqmemmmmmm)tznef@ﬁ/ﬂ?:e g8 @81 OorB2hef or

user signals having a | ow reception power to induce a | arge deviation of
the sync tusgng. wCorrelansrgubopecthahet fiwedoedrdgyadd ried agf fivgmt the
equal i zation start timng and the equalization dur ation for other user

si gnal s masespeaege adeennas wilaichi ax8 ded fwbenthdenput seamlimakpel 8 tbellapce in
the reception power between user (transnitter) signals, it is seen that the
to detect i anddhet reiriqgbymdialosegience fonthg used t wehishui fedifrom the ati on
and the channe| estimation can be nade with a better accuracy when based on

user (tranH@iRing PeQUGREELENRIBHY & SniagRdormed phirrplaters lghda hdstit is
canert o DR on a2 She ST A B Tk e S 11
poner t heaBiiae SEhE APt be Rl MR pARLTY RurbANE iR can be
Covent; on 1adgh 3% TheAGih 8 the Bollo et BT BAT TR e @SRl Lvalue, |

embodi ment Thy 2Q éHg %‘%Tdi ?%éﬁhs%ie@c:'}@btﬁé} fm@ﬁe%'aﬂggafertomz &ﬁd thgt 1n

each processing sta e processing for each er takes place in

series ratpsmpdiator 220asabEed “ConiheHr e 8frrel ftiohdehtpin tdegridterehhie
sequential order of the series processing, a processing order detector 48
is prao dethethiedsild valueeThial ahdpdeliesss 9 swvage ¢ coalatiomoutptt oken
lines in Fig. 25 18, and before the sync detection, nanely, the generation
of the synis léss timrsilynahreshod decplald Tani onAst autpui fiory thiegoam prdtohe
equal i zation duration signal and the channel estinmation take place, a

maxi mum  22dsviapug tantheyshifé reesdéptiZn eddregghifdiesiston23 e comérodednal s
is detected using the functional arrangenment shown in Fig. 7, for exanple,
to deternmi bg a kbigeprimoller 2t adrichf redrivasdhessygratigning shgnakasandi ng
order of the maxi mum val ue of the reception energy index. 5 As j|lustrated
in Fig. 21RPYio axaspmer %mﬁwétw@unsd%arméh@cqmﬁamr 22 whidBan, each
conprising a correlator .14 as_shown in Fjg. 7 or Fig 11 ener gy L ndex
gener Ahor “@SCERANA LeBE fiBFERNRl CPTECTRERSINE kAl waﬁmla@fsebgfwmnge%ﬁ%t ed
energy ind

X, are provided to process user.l traini S ol sequence TS S
Sneroy 1 N sPhR fana 50 4% BiRna wit Shid serRuRr i Y e sBatyEE Eegnal s
to detect a maxi numval ye of the ener i ndex, of e user regei ved si gnal
b o Seatiena ey BBt B St S R A IE Bl ol oLy P eyt roat ot he
descendi ng order of the magnitude of the maxi numvalue in an order decision
unit 48b.



15 Here it is assuned that the maxi num val ues of the reception energy
indices are in the descending order of user 1, user 2, ~ ~ ~ , user N Fig.
22 shows an arrangenent of a processing stage 42S. In the processing stage
42S, the generation of the sync timng signal, the equalization start
timng signal t01 and the equalization duration 20 signal tee or the sync
detection and the estimation of the ch el status Hl take place in the
descendi ng order of the maxi mum val ue of the reception energy index, or in
the order beginning with the signal fromthe user 1. First of all, a

recei ved segnalizitiom atdrtiimhegsegonl 0 sfogridie sigmal frofothamsarnk agser s
generated by (s-1)-th 25 processing stage 42S 1 is, subtracted, nanely, an
error signdie esriigshtidengidn ia plét,@i@/%g veithialthe dpnecatrepar 64 the user 1
which is generated in the precedj.ng processing stage 42S in_an adder 441.
-27 The addéd sNghay mbpise sask de Heifﬁtaeﬁlfgé?aérﬁ?@egaﬂ)%gé@ﬂbﬁoﬂnsfé’rt € recei ved

N B s e BN e

interference s pﬂoressi on user 1 received signal rlcl 5 is used in a sync

timng Sgen%‘rgé}agr iz, to generate a sync tinming signal. Then, the sync

are input To a st arkig i AITGH KB AaHur anase SErtiahelf 15y 8% B GRkdat o
Ui zadi b . I Ui . . .  dat

i anal - rraesiils PR ab! DR ErTHERE v BT R P P B B ©

di dat . a
o F go.  7ingupefonpeneRilar 2 7 RS, 1) CHpliHe BrRE S bRk SR afSgRYM

consi der edeqff&ﬁgﬁﬂi‘b@i HaRh{i0R @ditdattbrﬁigﬁaﬁé fkh dieeifanald dativepedwsat i on

candi date signal "and the interference stippression user "1 received signal
from '13)thﬁlea§q9'é1%1i@ﬁ@lirﬁﬁld)gl tpridle chabrehuestlyeh ahe2inflardet erm ne a

channel status estimate Hl, and the channel status estimte HLl, the

equal i zat i prargiar &s theieymaigatadn tRararigh ide sigredlramd thyrdaphaliegtience TSS1
for the user 1 are used 1n a replica generator 45~ to generate a received
si gnal repdicatiBal sigmaltare desterminethtromecsioletecdiyerdlsignal dybncahéor t he
user 1 which is generated in the s-th processing stage 42S is subtracted
from i nt er dRtersma,etheupbeassl @atlm@tror12§@csé1m@ae55tlgawa anpghsta®lsadder 441 in
a subtractor 491, resulting jn an error, signal which is a reiult,of

subt r act i nBEtWECPEAGH HRNSTYHEST RRE| ¢ach pRICRAR UEiBE thekadelizatieher at ed

R S TR R e
42S -he i i oA i I i -1 )-
S BT e o SR ML AR )
vl e O PRQRSCRR TG Dty Bouseoaeh| Suma e,

error si gné‘ﬂ%ﬂeﬂ, fHe lié‘{r‘t%ntcﬁ}&%t%ﬁ‘%‘i%ﬁhpﬂnﬂﬂhienésﬁﬁﬁl%ﬁéﬂccﬂléﬁh@@lr ession

user 2 received signal, which s 1s fed to the sync timng generator 122,

the start §iathBdHrdwisdd on thandillaOeadepeingt equalizeand thapphanireMESIO mat or
282 to repeat a simlar processing, thus generating a replica of the user 2

recei vyl shdaptivienequakphtion getles atoeivia® sidials thaplastamiasisgibheact ed from
the interference suppression user 2 received signal in a subtractor 492 to
t o gener at ramsneitted ssggabfromidadh tarismittenahddaparatelyddetivesing A
simlar signal processing takes place for user 3 and subsequent users. It
is to be nthexd.t h&hei deliverdd osttpptoesedarpdachyetiesignabsequssicag of the
received signal for the user 1 having a |argest naxi mum val ue of the

recepti on épepdyridddex takes place by directly

The proposed method of detecting the sync timing and
25 determining the equalization duration which has been considered
above is still susceptible to the likelihood of significantly erring the

sync timing and the equalization duration. If the equalization



15 supplying the received signal to the sync timng generator 121, the
start tinme/duration candidate generator 211, the channel estimator 281 and
the subtractor 49, in a manner indicated in broken lines to estimate the
channel status for the user 1 signal and to generate a user 1 replica, and
for the received signal for the user 2 having a second 20 | argest maxi num
val ue of the reception energy index, tgz received signal replica for the
user 1 which is generated in the repli generator 451 is subtracted from
the received signal for the user 2 in a subtractor 491 to feed the sync

ti m ng gendnedtdonliZesombke \wimede dsami iyglahget iibeanaesiadairc rgaseriat thre 212,
the channel estimator 282 25 and the subtractor 492. A subsequent

pr ocessi ngwaakefulptalcalationhansi ifi thee equahierati dm duletipnotsetso b oot,der
detector 48 within the first -29 processing stage 42~ (Fig. 18), a

recei ved siggeaddtiominhthe equahzation eapsbilipureswlta. sdint partdigelaras shown
in Fig. 21 a and is delivered to one of the sync timng generators 121, ~ ~
, 12N whi chwihen thengenbak N Oidrangndites HEawd | 166 Usm aesel N8BS BH S| s
determned to be the first in the order of .processings by the order

deci si dn ufPRsUFedhiatr iesaqun@?ﬁshablgslgmﬁeﬁﬁnsgrqmzatm,em%ki ng the
signal processing of the user 1 jn thig,exanple. Qutputs fromthe

Subt r act or SCAFACYLO &Qtﬁgﬁma}%thﬁﬁﬂuaﬁbzaél%rcﬁé@t R8¢ tshagRvtacs@f and

e e LR BRI B Py ra B e
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second progigsdeNgahlaGttedd gand gtenthiBhogesteided! adm BRI igeé /T Ne
t he order of processings anéw. In this instance, an output signal from an

adder 44~ of gh&grekban ihhentieeeiw Ednsivgbaldedcgized.i nput to each
correlator/index detector 48an (n=1, ~ ~ ~, N). In the processing order
det ect or 4Binshiltimbiosliptenti ded i n the second processing stage 42Z and
subsequent processing stages, each user n_channel status estimate H' which
is generated in a Podbsdiragseritigegside] Nrdsarsanitéers d2al tecEXiN on power
cal cul at or 48en, as shown.in F'gg, 2s 21 B, and a sum of squared

coef f 16 enP&riorm fEanyiBrdPNSQ ﬂ%"l%@t‘?ﬁrﬁt%‘%m(m% r§ﬁuﬁ§§ﬁo¢@é‘é‘§rrﬁwl}be
obtained tp deter.m ne the receptjon power.. and the order, decision unit 48b
Ty det er MthadEEOS, dachor NS HBalel BEASE HyE Fain g s HMOLTGHAIET n 1 he
descendi n r.der. of .t.he. nitud f pt.i Qn r. Alterpatively, in
Fro oia pRCRGs RS CRFRAN frablscb e 55005 ARAEY R o n T DR
correlatio . apamgt:y, 1t | f: h the s
correl at orltséc%jbgf}lé-%,lggknﬁil%i;léghm %ﬁ?ﬂg,ogrlgﬁgrofﬁgﬁﬁ&ﬁééﬁg;i mum

val ue of thediiesly IARX 11%s! £ BA Mol rdSaySHA A s Hlinobi AU

manner, perform ng the processings of the user signaPs in a serial manner

s al 90 appl beatdigvénetiiated] basthurdrigaapahaniol 2 iigidleipmenan sgei ved

signals shown in Fig. 19 an 0. 1o In Such instance, The channel estinmator

28 shown i digital 2@ guenveos gasutf o iggahteiseinalandl ato l1egst The first
processi ng stage 42~
sync/channel generator 81, a repetitive processor 41, which is

provided for each antenna A, (m=1,'"-,M) operates to generate an

equalization start timing signal, to generate an equalization duration
25 signal and to perform a channel estimation for received signals which

are received by a plurality of antennas. Each repetitive processor

41,, comprises a plurality of processing stages 42, (s=1,-,S) which



shown in Fig. 19 is provided with a processing order detector 48, as

i ndi cated by broken lines. Sixth Enbodi nent 15 The fifth enbodi nent
illustrates a serial arrangenent of the repetitive processor neans 41 ",
which is intended to subtract the received signal replica of the training
synbol sequence which is sequentially generated fromthe received signal in
a sequential manner as an approach whiclg all ows an i nprovenent in the
accuracy 20 of detecting the sync timng, the equalization start tim ng and
t he equalization duration and.the accuracy of estipmating chanpel status to
be real i zearfv‘/vh%r?atsﬁég@ Ganpestapge gﬁ\af: rRINCESEHIG ﬁéag%é"%ptri%ﬁ%%%@ﬁ bet ween
the users.,Wien this .apprgach is e I.o&eg, it . follows ttga?git an interference
suppr essi oH'PESed F&R1ISIAGRERA (51 4CHHgNFbVRIChE 2EReHASS! BXidh the replica

[ b d [ is d d i he f [ 42+~
carty st aginie el ERaCEHTE Broklrule Hagkar Drepe b vap T uRaAl focre

oot BRSPS ARV
caua 2201 AR\ g SO AR B e el 2

second | ar gggtn MRAMALIGS bauaIBion iRalihPbRINCLYChANAEL SEHAS ALY s 1N

t he equal i zati f timng an e equa I'oh duration

det ect ed f{)%kf@ t'i'@nfrie&)gfceyf@f tﬁé?@@biv%&é%i £LR %@n%lgrﬂﬁé tm}@ém@ﬁemr this

user wll reatly di romt er received signal i1tself, and

I fferent
this has ad@Ii%&*sHhE'étﬁJﬁi@zé‘tﬁ@ﬁ dheathbAGE s AR NS @Td edi ieFs Hﬁ@?eh@ﬁﬂeﬂed
signals. to To solve this problem in the sixth enbodi nent of the present

i nventi on, réplisaidff theeneeeiive dakigndloded thy etsongignsy B wihidcioeqaad te
channel estimator in parallel configuration only in the first processing

st age 4P ~thdirtecwv el pigridt fromorwhinch ahe raphiela eftheatoeivéd aigeal ad t ype
are used in the second processing stage 422 and i s subsequent processing
stages as bndirested torthei gnneadiataly peboreigighproeessangs stogeatLal.
configuration may, be constructed as shown i.n Fig. 19 whil e, the processing
stages of S&mea ﬂ§/ﬁl@swlsé%@éﬁh@rmm@dzaﬁoamatmnFhfg.un2 rop fegithect i ve
processing of .all, the antenna received signals as in the fourth enbodi nent
Shown i n FTeReived signadp framnablothe, ARERaRET.cAn ARl ZAton CifassHanal
Sevent h Enbodi ment the fifth and the sixth enpodinent, the repetjtive
orocessor  BESREEF 4Honiichds: dpRieh o i g EPE st 4 PEdhwed

si gnal . repld i.ni : fro i i l. with
an T rht | B PRl LR R A @ ST ER 2 s Tl FOE PG e S5tk R 1
and the eqyal & [ (=1 ! the Y4 ©f §] j e channel

st at us coulk!gS %lgat?ﬂr?pq%os gg@fv%é;ﬁe?ﬁg’ﬁgéi gﬁ?ﬂ g?ge“)l t_c?%le”?ﬁf})?gsr éﬁce in the

reception eqwsriz@ﬁdwauraﬂ@nuwﬁéidatﬂ@mgﬁm toheRe &digliaptiovrdirdtiognpl oyed,
a processing of each user cannot take place in parallel manner, giving rise

to a probl sipddlageredabayNf whiclpincessidegermynesnar kasgestod® agodbyg this
probl em a seventh enbodi ment of the present invention is constructed as a
conposi t e stesectandiddtiesrtdi bg dmeljubhezaithaduagt oof sigrmlpavisidhels t ype and
the advantage of the serial type. The overall arrangenment of the seventh
enbodi 2fent retayned & enchrproseshing shoge 423 iAi e 1B pRdive eepetiérgt i ng t he
equalization start to timng signal and the equalization duration signal
and per f or Bf@gessors 41 to 41yy.
Fig. 14 shows an exemplary functional arrangement of an
s-th processing stage 42, in the repetitive processor 41, which
operates on the received signal from the antenna A;,. Here, the
25 description deals with the processing of the signal from a user 1
(received signal from transmitter TX1) by way of example. First of

all, an error signal which is formed by subtracting a received signal



channel estimation, the processing order detector 48 is arranged such that
by utilizing the energy index generator 37 as shown in Fig. 7, for exanple,
a maxi mum val ue of the reception energy index for each user is detected,
the users are divided into several groups each 15 including N~1, Nc2,

NG3, "', NGx users (where Gl, &, G3,~~~, GX represent natural nunbers) in
t he descendi ng order of the maxi num of" 196 reception energy index. These
groups are designated as Gl, &, &3, ~ ~ ~, GX. This grouping takes place

as, shown | ReBliga & allof SATLRA SOCLITEAL! Yhien B IRV U8, 45 ector

48f detects maxi num val u max| mum vat ues o | Emaxrr
of the recepti I i : I : s/ i;

o e ¢ SOTBL R BBkl A8l (Br vy igul IABLUSIEOSI ALY 002! 8RN
det er m nes \gyphy fr@@éi&%ﬂ@}gﬁﬁl f ié‘ét“f'@?rth@fsi%h%ll'%oﬁ}’tﬁ% WS B iR s 2

maxi mum val ue | Emaxn equal™to or greater tham | EMax X 25 (X-1)/X are
bundl ed i nifgrg ed¥ PYRhElpreda6nS prave’sid ERbFe emg: (WRieH vaTledeere fichagd | ~Max

X (X-2)/ X and excluding the initial users be bundled into a group & and so
on. Thespr @eessh tgceivadsigral t@phda for-thd neef O mndl deikadéebtati@cessi ng of
each group, but the parallel processing proceeds in the sequence of group G
1 to G, Gppties simil@Xly Ebgpth2? inktwsces) Rey dngeneidesf44 gpetlitisve
processor nmeans 41 m of such conposite type, nanely, including both

paral l el typdditiot eatpat skgrnalpeepresents antimtpr fsressermyppregsid $usan 19r r or
signal froman (s-1)-th processing stage 42S_and a user received sgggal
repl i ca whirebebdbatgnalorichevigidups equal ¢oi thyeureaead vadpsigalal diropr selekdor *
51~~, and in the parallel processor 51~~ for the group Gl, each user

recei ved sitipaeceeyed sagoal repligrsdiego il"semﬁ@re@tkgn@r then dhegises frage t o
formto interference suppression_signals which, are equal tp NG- in nunber,
and t h&0 syﬁé‘gﬁ%‘tﬁé, @mgﬁgbl,s ltl’l%r%fﬁéapﬁz%m}?fﬁs§t%¢tre€ﬁﬁ% SEgdmalici the

equal i zati on duration candj date signal d el .status estinate for
Chose o f gRetng beome Erainsacsratmis VNGO ¥ o2r k8 giadipted ar e
generated. I n this manner,, t rocessi ng of . NG~ user,signals 15 which

el ong Lo SHECHBUPE E HtlkeoT PRASA'S AR caenel YREGH e Chiededid

recei ved si j r.e i ing
the_ gener at 08 R T HeC Dbl s YR Rred REEBFL Bt B
and interf u LeGekV & '%Qﬁj i I an error
signal), wﬁ?gﬁgggﬁfgghﬁgﬁ?ﬁ%aﬁ%%grfg?ﬁi pggggggg?ﬁgggigsggget‘%ﬁnext_group
&2. Useg reSTIART/BIGRA, GIDNL Y23, Wbl géndreitenth equializa@iowRtsx @afnphi ch
are fed fromthe (s-1)-th processing Stage 42S_are input to the parallel
processor §ignaMl chndracegnadi Advane dusetiorecendadntel gigalal rteplinadse sywdc t he
error signal fromthe parallel processor 51 ~1 in the simlar manner as is
performed itimiig tgemeratat [18),. prbeesyorc Gmivlg genesawar 3y mindgthdetatdt ect i on
of the sync.tiniqgtsignal, t he equalization start timng signal and the
equal i zat i trinthg/dtradror satidddate gegaeatoandl t neay deeceansiancoed inedtheecei ved

si gnal - 34 replicas for, the users which belong to %Qe group & in
paral | el f&uhilay mpmaeT aethe partion shgwa 1pdplg. chy detesds whecty el ong

to & ubt ted t h [ | which is f d ddi N~
o B A 8] B B St e S, P e
e oL L PR o e Lol e Bk R P o

simlar prqocessihng [s..subsequently continued. Each of the parall el
processorsgéﬁai&a oégguéﬂ% 'ymbe constructed in the simlar manner as in

the first to third ?@ﬁﬂ@?&a&gnﬁﬁ%i&‘i Candfipge :s}’gﬂtxéﬂ g@ﬁ@@aﬂe@ fil ?}é% 14,

Fig. 16 and Fig. 18. prese exanple, pPOCESSINg s e 52~

s Cons”uﬁﬁ%@lsnﬁélﬂ‘f’?ﬁieﬁ db&ve %-’ingﬁ?té#‘aﬁa%‘m‘fﬁﬂs‘%r@{@%n or 51 @ for

the initial group ereis noin n‘error recei ved

si gnal 25{)3?@? gPa ! @DWANQTI@WGEQU%@B%%{ #ith feggxaflir%{eﬂéx'?%ﬁaﬁ’drpus

st age, e recelved signals are Il nput process user recel ved

signal r epbhﬁﬁ?d&@“ﬁ[?&ﬁ@ YBiGhe B8RO thO sElrtafitnipuREtiON Ea0Mddie
received signals to be fed to the parallel processor 51 ~2 as the received

signal to benpFfEaSSEL, té Hli\mih 2EsPoAS€Isithe Faavistiendlel upgkasiohace in
subsequent parall el processors 512 to



20 51 ~x. The received signal which is input to a swwtch 48c is directed to

one of the sync timng generators 12 ~, ~ ~ ~ , 12N which is determ ned by
the processing order detector 48 shown in Fig. 24 as corresponding to each
user of the group GL. O outputs fromthe 25 subtractors 49 ~, ~ ~ ~ , 49N

which are input to a serial-parallel connection unit 48h, those outputs

whi ch correspond to the users in the gogup G 1 are directed to one of the
sync timng generators 12 ~, ~ ~ ~ | 12N which is -35 determ ned by the
processi ng order detector 48 as correspondi ng to each user bel gnging to the
next groupr&Eivedi§igng!ls fom to §n¢brtﬂ0;§c(t‘§lﬁ1'493€?mi ChtedY} aspaiftnalszeietuser s

to the useRBranonianidete LA e hiEb R i gsBeatiodiat 1R DG SHi I or
manner, the processi g of ach.grou t ake glac in a sequential nner. In
0 sebon@ OB AT I A Srtien i St il oo
(rja{“ﬁer t han DEredvaldZatin dRglot SoRs a%%jﬂéﬁ FRE" R PPetst bre phatk 'to
ey e f by A0 D A B AL RSN D B8R GRS
sy, = - CRGUAHHOR AP SRIGENT: Tle g Rl R BN PR TS ! haex
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be fed to {iheipPxhiUWievd 4dveet & h'l if&rd d@Sti%?ﬂép%}&ebﬁﬁhﬁélﬁ%bus'.n t he

fifth to the seventh embodi ment, the received signals fromthe antennas Al
to AM are Phecessafubtoimhef theetidrineg tPeRIse Zmdedessifdilat @o4hM but in
the simlar manner as nentioned above in connection with the fourth

enmbodi rent showvenin égr Ocei ved signals fromall the antennas are
collectively processed by a single repetitive processor 41, it may be
constructed as a sdiiakquepzationstartdompog sigmtlrtle) the eguaderatadbnt ype and
paral l el type. 25 In addition, the first to the S-th processing stage 421
to 42s needundtioneignelitdedths catimatedeclannehatpssid, andr thextraphngone of
t he processin ans 42 as own in Figs. 14, .16, 20, 22 and 25 -36 may
be provi doaymbol SSARINGfadmer1 fehthevsFr d12ke iBRBHKO i replica Benezatotmy be

o7 ocessi XS%%EE’Z@%I?%SR%@%%?%%@P §§’éﬂtrﬁ§E§q“4"ﬁe3£%%§@§§%?i‘Z% A
s n VP .
iggi? 'xltéd‘)é‘fr;oﬁﬁft EotrEpatstoteonCialan PNbaN"| Ridn LS shabds @%ﬁ?%ﬁ?ﬁgra
el Ve WOTBEN [ hEne”, .
brocessor Brapahen B UE RIRGe BeheHivdr 45 S Tilrlototl BELRESER Pl

causi ng i t fildin GRR! H £hR6l Ebﬁfﬁéﬂo%tzs)@%e@%fmi? $o} sefuichd ngenr ; h341

processing or received signal to replicas Rel eN are fled to ad

to 44N, regpett- V,@nyrdrh theefra¢hRNE88qhiBAcE NRdtie1zitbt AR &% f@dftead an error
signal Es to the adders 441 to 44N (which is only the adder 441 in Fig. 22
and i s onl gohhelproalintbgpatwre@SONVUEDPE. FB84d. t2be, subjest causing it to
operate as the second processing stage 422. In a simlar manner, the single
15 pr aesstogveleijen im2egsatiopeat EHeye queddzatdndstarngming Sigralrifn-mhe
processing stage 42 is caused to operate as the S-th processing stage 42S,
and t he eqlmipphicidoip sisaeutpiiimgosipendatetfior aewdifsetain tre dynattivnng gnal
and the channel status estinmgte which_ are obtained as a result of_ the
processi ngbEEWERNitheresen teeeiy e Mpnads piiare ostiedl ¢ompensatam29p thueh
enbodi nent descri bed above, fhe channel gstinaae which is obtained in the
precedi ng BRBEERANE G ERRIjeades thengeepyed igna érarrbérws(%gbndﬁ@ﬂéﬁaﬁne|

Che. ChannefOi i BECCIVES REAISIAOR A HoSRTbActS Db LB ARHUA TRl $a1 Bot od
25 tim | i abili .it.is desirabl e that lica. whi ch i
gener Abd daNg WRGN pfe s<rohd indheaFIted BANCHRE el afd el ThER cat ed
by broken Har}leﬁser' Qre':élgbtr]a%’teaq?oﬁp?ﬁg¥eégfj\fee)(d gfgx%e;]lefrro?ﬁefh\éegntenh‘yAm

in an error signal generator 46, thus generating an error signal.



trai ning synbol sequence signal for the user n fromthe sync timng
generator 12n (n=l, ~ ~ ~ , N (or the output fromthe energy index
generator 37n shown in Fig. 7) or its correlation signal with the training
synbol sequence for the user n (or the output fromthe s correlator 14n
shown in Fig. 7) is conpared against a threshold value Tr froma threshold
val ue storage 76n in a reliability decisgion unit 75n, and if it is equal to
or less than the threshold value Tr, a decision is rendered that it |acks
reliability, whereupon an output fromthe reliability decision unit 75n is
used to turn the swhewhannaistatunastimateseventicag I{ﬁet@éﬁsﬁw arthem t he
replica generator 45n from bei ng deLiveEed. nthe timn etected by the
sync tim ngagaﬁegasryémbqﬁwméhaébseaédgﬂa Hed tgepfaéprrségnaﬂw ICP. 1% he
detection of the equalization start.timng angd thge equalization duration
and the ch8fRErated Piatutinaghagemicas erlé&pg@w ﬁé’r{lﬁécgi PIERdM Phe

A e T
Lhe et ect b LIRS Lakol S Mk AR LTSRS R MOeR: b LT
s EaTatath Sl 1 SYELATARE i MFLSHEOER S i Do
78n, ; i -

751, 210 WIEPLTBCERERL SRy hApEYRle 10e dechfSs, LR ALTRETOl I
deci si on U@gfla?i@ﬂtidrf‘ 1%:80 t%ﬁﬁgi%}?d Ithé%ﬁ]dﬁqiﬂﬁl@tié’ﬁ dwatish 'elﬁ%ldt}{)é)r the

t hreshol d value Tr. AFternatlv reshol d value Tr may be the square

sum of coefEtar RN pfstimatinPuhé ehhasRIRILIULREGRRNE NY the previous
channel status estimate nmultiplied -38 by a constant X (0<X<1l; because

there i a rel ati vellye Riquiali£ltiaRistattytiningasipmalnithd cdgwdlel tatus gr eat er
than 0.5), or the maxi mum val ue of the energy 1ndex or correlation output
for the entstimatgndod theqpmualezarpnbduration pligrdl byhighcaresganerateduX<l ; in
this instance, it is preferred to chose a value equal to or less than 0.5

i s desiredjhe Adldprocasséngeitagerd? ofornt ¢rech exsler cgcebesd shgnal as vpeHaas a
poor reliability is also applicable to other enbodinents, and its )

funct i onal the resejaieshsignalstiswinpw briekam MIMQ adapiipeicatplizer dn Fys-

wi t hout specifically describing,t. to E.ghth Enbodi pent | n _an ei ghth
enbodi ren 149 YRGS TR NS RIBHN BimbRk AOR A 6ot LrABSRAHED Bea decoded
deci ded bi t tt.rai n, thisd etectjon is fed back to the sync detector in the
sync/ ann&f laﬁ{gfia%%‘fl, ShECE Shext first candidate in predet ermi ned sync

timngs is used in 1.QN, rf:an he. el

enbodi nent is shomzh?ﬁ%:lﬁg.s ‘}%BUP%@%S%H%@% cﬂgﬁﬁgﬁgée%grg b’rﬂgél,ga\%iv%f%h may
be a sync gim r i r SSi : sync
det ect or 8%%W8§241‘?§?ﬁ@%ﬁln,1ﬁ%' &%\?\g dlri;;]}?tt(g%g, gﬁ%F?ég.ge%%g% andﬂjfg,zll for
exanpl e, tfife ihpuDesriiedl 1 NS iQNRIIM tRE S ncMlheih L EHBFAGRES X 0t N 2Qut put
fromthe 20 energy index generator 37n shown in Fig. 7) or the correlation
out put (whagd ther staspondsnghlhaatio pahdidare gbeecaoreldigtier 2 14rninstimwn in
Fig. 7) is a local maxi mum nmay be detected as tsn-m, tsn-n2, tsn-nB in the
descergti ngreypetétivef prdwee ssogrd 1 pds, shansintimebsekendimesl whibs ¢heeSutht i mi ngs
are stored as a second candidate, a third candidate 25 ~ ~ ~in a timng
candi dat e procesmngxtagenti(dinal, prdoessuxg stage Amerelyrdetivers theed to
generate the equalization start timng signal, the equalization duration

si gnal andeghaligationebtart dimsngstignat.cthenphannel sgatugrestumage il and the
adapti ve equaljzatjon processing appljed to the received signal .in the M MO
adapt i ve e@maalIZétlossduaﬁBOph@g@iagnam&&ﬁﬁérﬁé*éo @é@g@%ara@rsm?%@ fordhe
repeat ed decodi ng oper atiz?g. During the first run, a decided bit sequence
for the usBFRCASHPENIAgE 42.

25 Second Embodiment

In the first embodiment, the received signal from the input

terminal 11, is used in the estimation of the channel status, and this



5 generated, and is then subject to an error detection by error detectors
84 ~ ~ ~~, 84N If an error is detected in the decoded bit sequence for
the user n, for exanple, during the error detection, the result output is
fed back to the sync detector 82" for the user n signal in the sync/channel
generator 81, and a next timng candidate, which is to tsn-n2 in this

i nstance, is taken fromthe candidate-?% rage 83" and is used to generate
the equalization start timng signal, e equalization duration signal and
the channel status estimate. Using these signals and value, the adaptive
equal i zat i takespplacaehin recelleetivei graanersfappllithe wsen recaived siggiadnal in a
si gnal sequence n equalizer 69" (see 15 Fig. 3), and the equalized out put

i s used inin kbesiegaad esthadiceent 8édbadprasEnt (igyentian,he phenaeki gnal
sequence decqder 62 tﬁﬁferfor a decodi ng operz;ion tgus determning a
deci ded bi ¢SBEHIERdA SeHRNGIWOCESSNE S1aLe fdeP1K| BUBSEOBABE Sta8&Yai n
subject to the erEO{%aﬁtection, and if an error is detected again, Ehe

fol | oni ng UF&F HaC IBIHRBFHEE SUPPREHB ONTeRRIY oS dic &'3iGh fyequal to
M B A T P e R R
Ponetr uot et des ot P Y OEVER i ln bR Rasted i BRI rbiatits they
Foventi on SIRRARLSPS iR bR REe AT Bl B R RERS LA RERB P20 1
Firor 't oot MRS P gt marp HrRAC b s P RS IHAT LCRY pESBRIRS © the
equal i zat i iy $é@khe tythBer (dh %Mh‘%ngﬁéx%cx‘ivi}ﬁﬂh%ukb%eeé’é{%a%éai%“ aOf @bt on

candi date te, the estimation of the channel status H and the denerati on of

the regei vethighdRadqui£Ptd €Re RRIimbeF bfZuser signalsNth@g alRax{og TRE riafe of
paral l el fashion for the received signal using a training synbol sequence
whi ch corresnobtgetice ifethel givahnél statesadstimans totieincrémgedesedved si gnal
replica is subtracted fromthe received signal to generate an to error
si gnal Es. pétmsttepg $She estimatper afgherclsansel sfatualtbzed coonpletad widpaS3,
recei ved signal replicas Rep to ReN which are generated during the (s-1
)-th run areduec¢ed aumbesiofriapirHagasemdmwled, and at step S4, the replicas
Rep to ReN are each, .added Eo the error signal Es saved to 15 generate an
i nterference supprd8g dif shewsiadugicienalyarranggmerinof 1hg 386 a t r ai ni ng
synbol sequence whi ch cor supgrt ssion received
t

sgo ds .to such interference
ST gnal ¥ (HBF G T e6e Y @Hﬁ}bszemedﬁdg{%qssem%_g%} (RE W on o
Status H RO RRAERE)ARe SR AR ROE R £ REh e P ERUSTE "0
equal’ to SyiaRl ddrrB0hondk B Rb<Psh SNt e 19, AN Hi bk chodr 6y EEpsE at ed
at step S4 and respectPVe trarm ng Synbol  seguences received st gna

replicas Repst @nﬁ?&ﬁﬁ@n%@%&ﬂ%?ﬂgfd& thit B el Sethel2Bs1§h{Rbrisgnal Es is

gener ated. Subsequently, at st s I1s increnented by one before 25

returning %@oﬁidfém 23.cHdnridl dimeuss 2B, 3oeP8 ook alchsuber shpiddl, tahdSin at
step S8, t0, to and H which then prevail are delivered to the M MO adaptive

equal izer dtherAtespierts Sthe hBrarigeraedt Hs aigmilsedo thaephbwmain Figdll adapti ve
equal i zati on of the received signal and at step S 10, each signal sequence
(transmtter signalBignHiZhhbas tleearsuigenent o ft the eljaah ek astiomatprdz®ssi ng
is subject to a decoding processing. Wien the error detection of the eighth
enbodi ment foseach user signal. A distinction over the channel estimator shown

in Fig. 9 in which the estimation of the channel status occurs for all

the user signals resides in the fact that the equalization start timing

25 signal which is input and the training symbol sequence which is
generated, the channel status estimate and the received signal replica

are only those which correspond to a desired user n. In other



5 perfornmed, a plurality of timng candidates tsn-n2, tsn-nB8 and so on
which are detected at step S4 are stored and are used if an error is
detected in the error detection of each decoded signal sequence at step
S11, as indicated by broken lines. If an error is detected, the operation
returns to step S4, and the stored timng candidate tsn-n2 is to used to
detect the equalization start timng t@snd the equalization duration te.
When it is desired not to use the replica which corresponds to the detected
timng of a poor reliability, the detection of t0 and tq for each
transmitterespegisl the arsaegamantandihe aperastamaemamgyinidagasswhedeci si on
upon the reliability of the detected 15 tim ng, as inhdicated by broken
lines in File esgimpHomne! ghe GhasaieletiBbes htlnes phacedpsiashtihe ussw

reliability is rendered if the energy index of the received signal (or the
interferen %9%U6%$§§§? - si gnal ) which corresponds to the transnitter

signal or % correl ation output with the training synbol sequence or a
squar e suw&l@m of 20 the channel status which is estinated
duri h i i s Jbel i | ue. At ,st 1- |
e G T T v R A
{10915 SSALgIoho oL e ALl ks BIES, BMU AR BRI
S2. I nst : : : Lahi b t i b
deci ded at 83_? étp‘?’é_g‘?%fgadnéégﬁsr@a? SRRALL bheBindd fof BaER R B, {2 100
of alowabifll thElestiabioBBRthe AfuflelSiaRustnAnant il eRcbeduhegin t he
recei ved signa -42 to provide Es before transferring to step S7. At

steps S 1 @pg. $4, sSHHGR érb@r%?g@}hieﬁ'ﬁ Wﬁﬂﬁs@f@@@tﬁﬁcﬁﬁ%(ﬁ%.toﬁl he first and
the fourth enbodi nent, the estimation of the channel” status H takes pl ace

col | ecta velystinotlonhenet ke eresage@ent éfakes sptend @abodidnfuntt esidies $gcond
and the third enbodi ment, the estinmation takes place for each transmtter
trai ni ng symbdhct gaetive eqhadmaprors auirati cogenbeatiornd hofef €seh during the
adaptive equalization is referenced to the earliest one of the equalization
start tim pgecessiog stageqdd) ivanistediandt that the stthopracessseg stage He
adaptive to equalization is chosen as the | ongest one of the_equalization
duration cihepastewted asshasm inhsekgneinesdnyt’igreht Koesddiheent Referring
to Fig. 29, a i.enth e%rcr)di.rrent of,. { he rreth?d whi ch corresponds,to the fifth
embodi ment CAPA{1Ze¢1Qduraoq capdidatesigngly from eréf'a%itg‘ﬁéng ULHi9Rg as
a processed _si | paraneter 4.5 jnhtialized to.a received signal Rm and at
2t op <5 ¢ HelP A, BERRIERTS 25 toheinald Bbag ¢ HECLY B BP0 he Theanti on
power per Lyl 1 Hed o tr 1.1 si gna a itters
and ordi naﬁﬁﬁﬁﬁgéregtgﬁé%%p??bgé %(?W’h%g?’?g%é%qh er ég}%}ﬁﬁ%ﬂsﬂftt ’of}%n
sequences | i I h i t o) is
seauences hARAAERSeESeRl AorpIreobalienmRaale thaesalr s T
step S4, apq@XBFatRSA AirhfiofPESndRIA8Sibhalbs i§ fEAURbN Bnly tRRdSidh it s
equal to 1, 'the paraneter n representing the order of magnhitude of the
recepti on peve¢sdig stiatgieaﬂfﬁﬁeﬂpr@césﬁhgsgt@gewzsAto shergdaligtiexam nation
is 25 made to see if s is equal to 1l and if it is, t0O and to are detected
and H 26 edtiratbedgéoeratbe 4% showai gmdligEd &isi ng the training synbol

sequence TSSn, and they are used with the training synbol sequence TSSn to
-43 Fourth Embodiment

Considering a common user received signal in the first
embodiment, it will be seen that if the sync timing signal, the
equalization start timing signal and the equalization duration

25 candidate signal can be regarded as being substantially uniform
between the antennas, these signals can be treated as common to the

common user received signals between the antennas, and accordingly,



generate a replica Re". Re" is subtracted fromEs to update Es while
storing Ren. At step S8, an examnation is nmade to see if nis equal to N,
and if not, nis incremented by one at step S9 before returning to step S6.
If it is found at step S8 that n is equal to N, an examnation 5 is nmade at
step S 10 to see if s is equal to S, and if not, s is increnented by one at
step S 11 before transferring to step.§$412. If n=N at step S8, it follows
that the error signal Es is an error signal obtained by subtracting all the
replicas Rep to ReN fromthe received signal. If s is not equal to 1 at
step S4, tthe signalsiresetveddfensl the aotenrps sande mroseeped byra single
received signal replicas Rel to ReN which are generated during the (s-1)-th
run and t hECREtiGVePIPTRSSEE dre SAEUCPBEBPE rEPEGRITHAG hQuUEth step S5. If s
is not equal to, 1 at step S6, at step § 13, ".is.,added to the Es which is
saved at s@@&oghmemtoogéﬁ@rméeaﬁlnﬁﬁah@@r’@d&ﬁ%apég Wi dkegeaRldygnal
r*, for which t0 and to 15 are detegcted using the, training s nbo% equence
TS5~ to estIAREEMENLHREIATep. ar e CHalinsHOmE eRiths AIRENEFRSHg! $5Rbol

et hor suBEPRE TP dITant HeSIrart Breneet GUphBLr o Foc b Sramapll o
3?:‘??“:33 qe%ﬁé@%ﬁggi‘%&Eﬁ_géc‘i’tév?é’fyg%?ﬁes%s%if%&h%%ﬁﬂé ShepPH :L?Edssj “
ol vered, Lo LI MR i SREUEORRT P pubtel ol 4105 AAPGRLLRY 20710
and 10 Es | 3cHouetAlafsidn Nortnd! SRicfind, e YoM adanid Ksesplizer 35
appl i es an adaptive equafization to the receive signhal, an e

separated gyholerieHt'8 G bsthdﬁﬁ&é’&%iﬁg sttageswsnal THRUYPEFA | decoder 62 at
step S 16. Wherm the operation 1s to take plrace according to the eighth

- 44 enfodi aEAhgdhent (shaikand dah ré@d&sﬁfﬁ% dtafe B adkowd Ntlaé €isgor ed
at step S 13, and when an error is detected during the error detection at
step S 17, embcdichedd, buwnbadiile ondy séile raeefioedtdignial dnsm bherasiegimal AQef ore
transferring to step S 13. If the sequential order of the 5 transmtter

si gnal s whicinpueiptie dssé embodiareged reoeiveyl semialsrivoes signnas A t be
operation returns to step S3 after the step S 11, as indicated by broken
lines in FAg, @oallThe tecaiveidnsignalsdtonhenpet épmomalsoler tatlilehatakes

pl ace at step S3 durinhg s=2 and subsequent runs i.s performed upon the error
signal Es HH¥'t Hethedpis eflgb‘R’ébn?m-Re SYRCALE 518 SPRetALeEs i iy the

L L

et Tt Batdp B A0 SRR 17,
eCepti on BRUGE B BYTESLal UL LRt o T L MeATROR Ut 07
sequences {d‘tlfl@‘i"egéﬁféﬁ‘gi%&galoﬁ‘?ﬁﬁ ttle L 6& mg;ﬂér&@lﬁegé&. | STReSEpEkahere that

the sequential order 1s 1h the 20 sequence of n=l, ~~~, N At step S3, s

is initial pgrerdtdrdnagtbsicomsblucteldess ekgl ved prboBasine tkasife! to ReN
whi ch are obtained dufing the (s-1)-th run and the error signal Es are
saved,2;at shfodimerst as showndhi Bggl 19 nay dredrapesteepfsibeal antenaddasl to
the saved Es to generate an interference suppression received signal, for
which t0 aasit@xdwerazld thet @ctearhasnd W cellestivenpracessing usi necdivesle, a
recei ved signal replica Re" is generated and stored, and this Ren is

subt r act edsfgratstiiteni allettfeasterns apml es sippicarlei whensihgeahanael t o
generate an error

estimator 28 is provided for each user, in the similar manner as in the
second embodiment shown in Fig. 16.

25 Fifth Embodiment

In the described embodiments, the first processing stage

42, performs sync detection without canceling the replica. However,



-4~ signal Es, thus updating Es. An examination is nmade at step S7 to see
if nis equal to N, and if not, nis increnmented by one at step S8 before
returning to step S6. If n=N at step S7, an exami nation is nade at step S9
to see if sis equal to Sand if not, s is increnented by one at step S 10
before returning to step S4. If s is equal to S at step S9, t0, to and H
whi ch then prevail are delivered to thggM MO adaptive equalizer 35 at step
S 11. It is to be noted that during s=S-th run, no received signal replica
Ren is generated at step S6, and no Es is generated if n=N. to At step S
12, the M Wothidaptstesceqtia¢ iinfluemes ef appsdresignslthaving aisteengi gnal , and
at step S 13, the synbol sequence which has, been processed hy the

equal i zat | HF AR 1QRGINET IMEY G usicghanakiaped rringpi tefptns RBIRELIPA t hi s

i nstance, the error detection may_.al so be applied, and if there is an
error, t helnﬁhﬁdﬁggc@ﬁdfr@m%ﬂaﬁeoaZ}eva syac dteater r%equroua%ﬂgna#@m fth

O T e e b RS il AR e,
i [ Es is initializ iV, i

B
S oo RN ASESo RSBl e SSLSIAa B0 1 BB o

sequences ﬁﬁqaq'svﬁlgﬁd%é Q%gggaggps GlL to GX, each including a plurality of
the

si gnal sequences I'n cending 25 order of the magnitude. At step $4,

an exam nation 1s MGt @e s, finh tichieh lnbed aititherlod tn iffe, Lhe aroup

paranmeter x is initialized to at ' s an examnation is nade at

step S6 tor tidbnSHdwePBewdet dser (trafshiitidr)istgntd, N9 ish@ehl it the
synbol sequences ich belong to the group &, "a %arallel processi ng takes

place for HbeedioRrofSilanalublieacioedtat ghalinhgkmd the @efirdizdt@oand to and to
estimate H at step S7. In addition, they are also used in generating and
stori ng eadtratoai med theulgnaielreqilimasi Recanabe neadé wahl a detfRan gener at ed
is subtracted fromthe error signal Es, thus updating Es. At step S8, an
exan nat i oac¢uramtiavhen dasedfox viser dipeai st ter Jasignafl s datving & qigher enent ed
by one at step $S9 before returning to step S6. If x is_equal to X at_step
S8, an exaffdeition pewendendithysdp isrxpested thaé wheg the defiegttiam of thgnd i f
not, s is increnented by one, at stcfp S 11 hefore t ansferriag to step S 12.
If s is notdBauZRtkN §lagt tinang Hn ilﬁ%e&b@h@rt&)@lﬂt ursdr andothy ep S 12. At
step S 12, eg ti) R§N and Es vvhi(itetare enera%téef darigg the.l{s-l)t-th run
are saved GRFBPE! ERLARFEPR HE Mpds Hp A dyqnida] oreet Degiufing Withusgre
S6, each Rg! ' conl: h I i . jch
el ong to TP R FIHERREACE bR Bt 2Bty SEERE ARt
plurality QBd't'_i'xteeécgﬁéﬁ%ﬁo%”&ﬁfﬁgréhgébr{ B%eckl’!&qnéti%gﬂkﬁa Biet Q@cxfi’}#{ﬁ" Ity
SI gha ] el

of interferéence suppression receive S are subject to a para

processi NgAUSiTlY ehhiSo HidieRk T f PlsIRGWRGRSoNRE Whskd OAGHES cbRRed®. group
Gx to detect tO and to and to estinmate H, and these are used in generating

respective recei vedllsé @Varatleptra@ae niem ofhHe fifithaéinid dimdest by i ng t hem
and the replica Re" which is thus generated is subtracted froma

cor r esppndswpstaneidiytdimiphutathay showmieHigr dig;ebsiuppeashi prodessai gy ed
signals to generate Es, thus updating Es at step S 13 before 25

transf erri stpgeo42t ¢he $gockksing forgaah userIakesspresiiDseti@s tavhandh#h whi ch
then prevail are fed to the M MO adaptive equalizer 35 at step S 14. It is
to be not eth phaaallglicionfigheat®nh donorder edetermineithe e daential order

of the series processing, a processing order detector 48 is provided at

least in the first processing stage 42,, as shown in broken lines in Fig.
25 18, and before the sync detection, namely, the generation of the sync

timing signal, the equalization start timing signal and the equalization

duration signal and the channel estimation take place, a maximum



-47 step S 13, and no Es is generated if x=X. The received signal is
subject to the adaptive equalization at step S 15, and the synbol sequence
whi ch has been subject to the equalization processing is decoded at step S
16. While not shown, the error detection may take place as required, and if
there is an error, timng candidates are used to determne t0O and to and H
again. Wiile not specifically shown inp Ié'gs. 29 to 31, in the process
shown, the reliability of the detectedztl me may be subject to a decision so
that only replicas which do not correspond to a timng of a to | ow
reliabilityahee detongrthd.relcepthen Eoeegpiingicas ofichghu st sigrials isf a

equal i zation duration is performed, it is also possible to fix a |length of
t he equal i datéataddisialg dre fndctional arven gem eiesheal inzBig o, daration. In
the foregoing description, it is explained that a correlatjon between a
trai ni ng s9xdoIpleedoatiermsge the grqirntéal pndenoh the wsrr sigralsiim e
generators 12" and the start tim ng/duration candi date generator 21 ~;
however, ifeseending psder Bifeheomaxignya Balie ehihe Fecepiimenshgyriddésed by
the sync tim generator_.12n | tored to be uti]ized by the start

ti i ng/Adur &S dinstant é%é:l@ez’érétgﬂar sxamp o yTshdRRsiindergdetessophd 25,
in the case where 2 nc detection and chanmil esii mation are rfoymed by a
composi te BBBLEss! REnstag COMDHSEREAEPOR IPHORLAASEIOBM thd ihah A

e o T Sl b Bt RS AL A S A 0 BeRC
duri th f ' ' 1 ' t | I
o the Bt dronal oSty STt EEA Ry, Rideohrs kLRI BRG by Ui n
i ndi vi dual ahne [ i [ i g , th
|_n4;3w rggeP\P/(gd m%%@lﬁlltﬂg%ﬂéﬁ%gzﬁﬁr}ta% S conpqic?)ngé:i?s’é%egﬁgﬁg%hpggirved ©
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the other users are cancelled int received signal to be use annel

estimationyhlud bf thecometgyr De@es o aflrasef #éceiv ¢ yhmenuenid anst ages, the
use of serial processing stages would not cause serious degradation in

channel esg¢qmeénaal oddesiodi pugdgessasg the wewansi ghals $9ldeitagmt hed dnotie
problem it is possible to arrange such that in the first processing stage
421, sync descending ngdedeffdbican agyibyde ofahecmaxsnBah- 82ke-if an atdert he
users, training synbol sequences to TSS,-TSSN received signals (not having
been proceé@@tﬁlbp waiicE$h.at i on operation) are all input to the channel
estimation part 28 _(simlar to that_sho in Fig. 9) .as indicated by broken
line i¥ Fig. 22 an %rPllttWea%%bfﬁﬁalthﬁéﬁg@ﬂxémélrﬁs\fqlh‘&ﬁédfd%@ﬁ% 1p8d to

th i : at 451: 45" . 15 As mentioped above, ing to t
| nvent | on, SRAELEARRGRY AT 1R 3he ARRRAIRE VATl DSPallad SeFiio- HactiBLey - of

detect |10 Kl S0l Lee U PN AL AURLATLG RRSAIGRGHERCY o dgtgem T no (he
L LS, onshAsEadibbatbhe sSbIL oot be SRRl (St AASiafR R
caual | 21| sgudHRHCAYSHE L SAERLP ] 40T AL 0 IRl Pocker

possi Blee tgigrdues dithd spatiabctibe dfdithiendstsinaldn sEqbeNERsnMb] ch are
used for the channel estimation and for the 25 synchroni zation, allow ng

the quantigtatof Hptokewmtlaoa ihrthesdeddeadiing bedémorf ehsad aRymaimovdlespendi ng
anmount . -49 WHAT IS CLAIMED | S:
the reception energy index, or in the order beginning with the signal
from the user 1. First of all, a received signal from which the
received signal replica for all the users generated by (s-1)-th
25  processing stage 42,., is subtracted, namely, an error signal E; is
added with a received signal replica Re; for the user 1 which is

generated in the preceding processing stage 42, in an adder 44,.



1. An M MO receiver conprising an M MO adaptive equalizer in which signals
recei ved by way of Mantennas (where Mis an integer equal to and greater
than 2) s for N signal sequences (where N is an integer equal to and
greater than 2) transmtted on a common frequency band are subject to an
adaptive equalization using an equalization start timng signal, an

equal i zati on duration signal and a cha | status estimate to be divided
into synbol sequences which corresponds to N transmtters; to a signal
sequence decoder for decoding N output synbol sequences fromthe M MO
adaptive edbal added sagnehiraphesersquaintrtejéoratiicosuppresdnsriatémy a traini ng
synbol sequence having the sane synhol sequence as a trajning synbol
sequence i FﬁctﬁHé(eldrWltwmchilgr‘?ﬂuﬁé@u@}&éf?cqlé’e&l signal fsf?ﬁ@: veleitcdet or for
receiving the training,symol sequence and a received signal as inputs to
gener at e a4y st replagas ReaitagRen | Oyd %%H@F‘aluisﬁétli #tf duration

signal; a channel esti or. for.receiving the.trai ning synbol, sequence, the
equal i 7at | SHOURGLEds PRATGESIRRICTeNRE BHIRIGSSIAR Sicsd” BRRNFOSIGGRAIC Iand

h ived si I . i h I o | i
Mo el VRS AT o B3\ B SRR S TR PR, el L

channel ot 2050 40% sl EnfHE s RAl BRaSHThBRI SR st i L wo
v eoPerledig 0803 e AR % g 0P BRI At
subtract thenbRe@IVef, 8 PWlerats 3R equalization start timing signal and an
equalization duration candidate signal. The sync timing generator
10 12, and the start timing/duration candidate generator 21, can be
constructed in the similar manner as shown in Figs. 7 and 8§,
respectively, as far as the signal from the user 1 is considered. The
equalization start timing signal, the equalization duration candidate
signal and the interference suppression user 1 received signal from
15 the adder 44, are input to the channel estimator 28, to determine a
channel status estimate H;, and the channel status estimate H;, the
equalization start timing signal t0, and the training symbol sequence
TSS; for the user 1 are used in a replica generator 45; to generate a
received signal replica Re; for the user 1. The received signal
20 replica for the user 1 which is generated in the s-th processing stage
42 is subtracted from interference suppression user 1 received signal
from the adder 44, in a subtractor 49, resulting in an error signal
which is a result of subtracting the received signal replica for the user
1 which is generated in the s-th processing stage 42, and the received
25 signal replicas for other than the user 1 which is generated in the

(s-1)-th processing stage 42;.; from the received signal. A received

signal replica from the (s-1)-th processing stage 42,.; for the received



replica in the training synbol sequence fromthe received signal to
generate an error signal; an adder for receiving the error signal and the
received signal replica with respect to the training synbol sequence in at

| east 5 one intended transmtted signal sequence as inputs to add them
together to generate an interference suppression received signal which acts
to suppress the received signals otheroighan the intended transmtted signal
sequence; and a second sync detector for receiving the interference to
suppression received signal and the training synbol sequence as inputs to
gener at e t$ignadedviing & onazimum niatieg Stlymatceptdonen exngyaindex ivelmicdur at i on
signal. 2. An M MO receiver according to Claim1l in which the first sync
detect or, ishidier eptord igemagaibidet whiabdsrthgnasam? reeeovned sigagheeplicact or
are separately provided for each transmtted signal sequence, and the

recei ved silgHls ¢xpmipde, padded ta thechpsgignal 1veauassien 441,Hdusnt ended
transmtted signal sequence which is input to the adder js.one. 3., An M MO
recei ver oBRRPIRLHYS B8 CHATHSIENCRUFYPRICSSE0B 3HHST i & T egely akFigmal whidkci si on
uni t mhich.rﬁgfers a decision on the reILgbilitg of a detF ted.timng which
s det @ct oif ! {ehs, O QBB BENSRa o kA 115 STEIERIN REIWATSN | ca whi ch

ol i ani 1115 P B Ret A hathF Sl ALl Ag2dd FRsd 2674, an
11D reCel U BF SRR LB AL <GARDE LT G B8 35508108 0

signal in a replica generator 45,. This replica is subtracted from the
interference suppression user 2 received signal in a subtractor 49, to

10 generate an error signal, which is in turn fed to an adder 44; A
similar signal processing takes place for user 3 and subsequent users.

It is to be noted that in the first processing stage 42;, a

processing of the received signal for the user 1 having a largest
maximum value of the reception energy index takes place by directly

15 supplying the received signal to the sync timing generator 12, the
start time/duration candidate generator 21, the channel estimator 28,
and the subtractor 49, in a manner indicated in broken lines to
estimate the channel status for the user 1 signal and to generate a user
1 replica, and for the received signal for the user 2 having a second

20 largest maximum value of the reception energy index, the received
signal replica for the user 1 which is generated in the replica
generator 45; is subtracted from the received signal for the user 2 in a
subtractor 49; to feed the sync timing generator 12,, the start
timing/duration candidate generator 21,, the channel estimator 28,

25 and the subtractor 49,. A subsequent processing takes place in the
similar manner.

In the processing order detector 48 within the first



-51 power per synmbol for each of N transmtted signal sequences and for
determ ning a sequential order of the magnitude thereof; transmtted signal
sequence processors each including the first sync detector, the channel
estimator, the replica generator and a 5 subtractor which subtracts the
replica fromthe replica generator fromthe received signal which is input
to the first sync detector before it i.s)ded to the next second sync
detector ar a in cascade connection in the determ ned sequential order; an
out put signal fromthe subtractor of the last transmtted 1o signal
sequence ppoeessyng stageeddaibage 1 8dnAgeceoyedsigyabhbtamnée ymmar r or
signal fromthe error signal, generator; and the.received sigpal rep]Jica for
the traini AGNYSBBPUS QR M LGS, 188 Shown i1 FiiBo 2d daend Bs e 1 b i ng a
maxi mum r ecept i ower per, synbol. 15 5. An MO receiver accgording,to
Glaim1 fupPRed! BemsynCsimgng %‘?%%’@é@?%jzor'dérl\{lzdet”é% iS40 ERdgEEkEtes
the reception power per. sy | of each. of .N,transmtted,signal. sequences
and divi di BEEAIRRFSHind ot Bee SrgRarnishinActE T et 5 gt Ehe SRt I The
including a plural ity of.transnm,tted,signal .sequenc i n.a descandi ng order
of the taohriehetardardsine SR bE BedEt FORuRE BN ARy, MR BT Ol s0ecor
formed for.. ralli r ' | a WA e {0 one
of the orotipaitd Rttt Ae! AIREAAEHhE U Sle B R CAS R E RN RRET 0 ana
]E Qghir gﬁ' ! fﬁg%%ﬂ&ﬂﬁﬂ%t. Or 0L RpuPEH AN THY st BEaRESREES! NG 1B, B RANElo a
series connection unit 48d, and are fed to the sync timing generators
12,,"',12 so that the user signals are sequentially processed in the
10 order of processings which is determined by the order decision unit
48b. In this example, outputs from the subtractors 49, '*,49y., are
fed to the sync timing generators 12,,-*-,12y, respectively.
The second processing stage 42, and subsequent processing
stages may undertake the processings according to the order of
15 processings which is determined in the first processing stage 42;.
Alternatively, the processing order detector 48 may also be provided
in the second processing stage 42, and subsequent processing stages
to determine the order of processings anew. In this instance, an
output signal from an adder 44,, rather than the received signal, is
20 input to each correlator/index detector 48a, (n=1,"-, N). In the
processing order detector 48 which is provided in the second
processing stage 42, and subsequent processing stages, each user n
channel status estimate H, which is generated in a processing stage
42, may be fed to a reception power calculator 48e,, as shown in Fig.
25 21B, and a sum of squared coefficients of the channel status estimates

(impulse responses) may be obtained to determine the reception

power, and the order decision unit 48b may determine the order of



paral |l el processors being connected in series with each other in the
descendi ng order of the groups through a subtractor which subtracts -52
the replica fromthe replica generator froman input signal to the first
sync detector to be fed to the next parallel processor. 6. An M MO
reception nethod conprising the steps of separating and equalizing signals
whi ch are received by way of M antennagg(where Mis an integer equal to and
greater than 2) from N signal sequences transnmtted on a comon frequency
band (where N is an integer equal to and _greater than 2) using an

equal i zat | prp%wngsifmrﬁgl,e wseesEnalsdn the descendmzpader ohdhgel st at us;

to decodi ng each of t N synmbql sequences; a first sync_detection for
det ecting H’r?egréléﬁaﬁi(ta&f'oﬁe%ﬂ&trl@ntﬁ’%vﬁé an‘&]tﬁﬁ’éatééf%l’ai %Filgnﬁvﬁ:arheon usi ng

a received signal and a training s ol sequence ich is separately
det or i nedoPBie It INdis LT S@TS At sAtRAnERY S516Sk PRERSIAGOR channel
status using,the receiyed,signal., a trajning synbol 6 sequence,separately
provi ded fBﬁtE‘éT(,sh nt%rﬁﬁg)ﬁtlhtee a1 gHEM g%%ﬂ?&,aﬂgu%taﬂi%t' n start
timng and _the,egual j zation,duration;, generati replii ca of. a received
i gna’ §or PRGN &5 sol4grbiv Banbrene B R BiSsiahe wii ch
i s separat r.evi.de 1 it e i l.: u e he
equal i zati g%y]‘g&?;{h& %ln%gyaglg&%y)g%t%?n% eegr%‘gra%& _sgaﬁﬁis:t_;d'%%her ating an
error signal by sulibragtifgnhle, peAfolMiRSWE kot ESSHERTP IRt ep! i ca
fromthe received signal;

signals in a serial manner is also applicable to the collective

processing of all the antenna received signals shown in Fig. 19 and 20.

10 In such instance, the channel estimator 28 shown in Fig. 20 is
provided for each user, and at least the first processing stage 42,
shown in Fig. 19 is provided with a processing order detector 48, as

indicated by broken lines.

Sixth Embodiment

15 The fifth embodiment illustrates a serial arrangement of the
repetitive processor means 41,, which is intended to subtract the
received signal replica of the training symbol sequence which is
sequentially generated from the received signal in a sequential
manner as an approach which allows an improvement in the accuracy

20 of detecting the sync timing, the equalization start timing and the
equalization duration and the accuracy of estimating channel status to
be realized when there is a large difference in the reception power
between the users. When this approach is employed, it follows that
an interference suppression received signal (or a received signal from

25  which the replica is subtracted) which is detected in the first
processing stage 42, or at an early stage is processed while received

signal replicas for other users which are generated at a later stage are



2s adding a received signal replica for at |east one intended transmtted
signal sequence to the error signal to generate an interference suppression
recei ved signal which acts to suppress -53 received signals other than
the intended transmtted signal sequence; and a second sync detection for
detecting the equalization start timng and the equalization duration using
the interference suppression received.gjjgnal and the corresponding training
synbol sequence. 7. An M MO reception néthod according to Caim6 in which
the first sync detection arid the step of generating the replica are

execut ed i hopaudittattedagiven 1fiee to eptobleni thrédns g issBieéndesocede
generated N training synbol received signal replicas are to subtracted from
the recei vEdtRegyaIC timing drepqunligaionsiary timengrand the gamalizatgener at e

the error ai gnal and the step, of generatjng the interference suppression
recei ved sAYRaiORher d1x Rartieplare Vhen acddhCr e e FeEMECANEIR F8EPEPENal
sequence i s added to, the ertor si(g&zlal i S eée uted in parall el fasw or}; 15
and the sePSWEISyRRVIHW Lheifdrstan peran 8t F?éag%ﬁélfdﬁtlédsmia , 114
interfer ence iu ref?si on received sigpals is exagcut e? i g.ggr al | el hashi on.
8. An M NO SSLRIRIYORT 6t OO RS gt B3 1726107 STaM i MiBRATLtHE t he
step of 20 _renderin deci sign.opn the reliabidit f 4he detected
qual i zat 1 SACBTAALEh (RGECh A hiRR e s HE B RE AR SSRE ST EBALr e ¢ e
Lransm t efl, QL9 < REASTUGHH A 61 (AR [ESPANIP o FdAEL P Atk 8AE tROoIRS
user received signal itself, and this has a great influence upon the
processings of other user received signals.
10 To solve this problem, in the sixth embodiment of the
present invention, this influence is alleviated by using a sync detector
and a channel estimator in parallel configuration only in the first
processing stage 42, while a sync detector and a channel estimator of
a serial type are used in the second processing stage 42, and
15 subsequent processing stages as indicated in Fig. 23. The processing
means of parallel configuration may be constructed as shown in Fig.
19 while the processing stages of serial type may be constructed as
shown in Fig. 21. A collective processing of all the antenna received
signals as in the fourth embodiment shown in Figs. 19 and 20 is also

20 possible in the sixth embodiment.

Seventh Embodiment

In the fifth and the sixth embodiment, the repetitive
processor means 41, of a serial type is employed to subtract a
received signal replica of a training symbol sequence from a received
25 signal with an intention that the accuracy of detecting the equalization
start timing and the equalization duration and the accuracy of

estimating the channel status could be improved when there is a large



which is decided to be of alowreliability. 25 9. An M MO reception nethod
according to Claim6, further conprising the steps of determning the
reception power per' synbol for each of N - 54 transmtted signal
sequences and determ ning a descendi ng order of the nagnitude of the
recepti on power; executing the sync detection, the channel estimation, the
generation of the replica and the gener32ion of the error signal in the
determ ned descendi ng order for each transmtted signal sequence wherein an

error signal ich i.s generated by the processing for each transmtted
si gnal seqaéffégen%eaad%@ TG99 Y pié DQVET que@ntg]e WRETh i Qj‘é’ééfefanwh%l
processing,of the transmtted signal sequence t.o provide a receiving signal
Wi h 15 LB ARRERAGIA 17 1520 ERTE Br & PEOCRRGIE Of REChOVETaRERTD LRSI gnal

wh i ion. of the, i f i
Seauene ROl SRR LR 0 T RIS CHRRIAR ) Bl o
i | whi | t i t he | ast i f h t itted
e S ST M e Bt
furtherg oIV <110 S ERYSrAFIETILEOEAIP ARSI O BP4RE el Too

transm “egng%ngﬂg:n REGYABGER teALQ Q"c@éﬁ?@gﬁgﬁ%tw‘&ﬂé@?i A o?%@l%%‘thtt}ﬁggf of

transnitte sequences in the i'ng or gnitu

e 0P 03RO T PRI ar) N 55y081 86 OT e pernel
sequences The overall arrangement of the seventh embodiment may be similar to

that shown in Fig. 18. Before generating the equalization start

10 timing signal and the equalization duration signal and performing a
channel estimation, the processing order detector 48 is arranged such
that by utilizing the energy index generator 37 as shown in Fig. 7, for
example, a maximum value of the reception energy index for each
user is detected, the users are divided into several groups each

15 including Ngi, Ng2, Ngs, ", Ngx users (where G1, G2, G3,-+, GX
represent natural numbers) in the descending order of the maximum
of the reception energy index. These groups are designated as G1,
G2, G3, -, GX. This grouping takes place as shown in Fig. 24, for
example. Specifically, a maximum value detector 48f detects a

20 maximum value I[pMax among maximum values Igpax; 10 Igmaxn Of the
reception energy index of a user n from the correlators/index
detectors 48a; to 48ay shown in Fig. 21A, and a group selector 48g
determines such that denoting the number of groups by X, users
having a maximum value Ign.x, €qual to or greater than [gMax X

25 (X-1)/X are bundled into a group G1, users having Igmnax, €qual to or
greater than IgMax X (X-2)/X and excluding the initial users be
bundled into a group G2 and so on. The processing stages 42, to 425



whi ch belong to one group in parallel fashion for each group and executing
such processing for the groups in the descending order of 25 the reception
power wherein the replica which is generated by the processing for the
group is subtracted fromthe received signal for the group processing to
generate an error signal, which is used as an -55 received signal in the
processi ng of the next group and the gqutation of the interference
suppression signal and the second sync detection take place upon the error
signal which is obtained fromthe processing of the last group. 5 10 15 20
25 perform a parallel processing of each group, but the parallel
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Then the received signal replicas generated which belong to G2 are
subtracted from the signal which is formed by adding Ng, interference
suppression received signals which are generated by the parallel
5 processor 51g, to provide an error signal, which is in turn delivered to
a parallel processor 513 for the next following group G3. A similar
processing is subsequently continued.
Each of the parallel processors 51g; to 515x may be
constructed in the similar manner as in the first to third embodiment
10 which are respectively shown in Fig. 14, Fig. 16 and Fig. 18. In the
present example, the first processing stage 52, is constructed as
shown in Fig. 14, and in the parallel processor 51, for the initial
group G1, there is no input of an error signal and received signal
replicas belonging to the group G1 which are fed from the previous
15 stage, but the received signals are input and processed. The user
received signal replicas generated which belong to G1 are subtracted
from the received signals to be fed to the parallel processor 51¢; as
the received signal to be processed. A similar processing
sequentially takes place in subsequent parallel processors 51g; to
20 Slgx.
The received signal which is input to a switch 48c is
directed to one of the sync timing generators 12,,**-, 12y which is
determined by the processing order detector 48 shown in Fig. 24 as
corresponding to each user of the group G1. Of outputs from the
25 subtractors 49,,''*, 49y which are input to a serial-parallel connection
unit 48h, those outputs which correspond to the users in the group G1

are directed to one of the sync timing generators 12, -, 12y which is
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49 which correspond to the users in the group G2 are fed to the sync
timing generators 12 which correspond to the users in the next

5 following group G3, respectively. In a similar manner, the
processing of each group takes place in a sequential manner. In the
second processing stage 42, and subsequent processing stages, where
a composite processing is desired, outputs from the adders 44,,':-, 44y
rather than the received signals, may be fed to the correlators/index

10 detectors 48a;," -, 48ay. Alternatively, the correlators/index
detectors may be replaced by the reception power calculators 48e),
-+,48ey shown in Fig. 21B. As a further alternative, in the
correlators/index detectors 48a,, -, 48ay shown in Fig. 24, the
maximum value of the energy index may be replaced by the

15 correlation outputs. Specifically, the maximum values of outputs
from the correlators 14, -, 14y shown in Fig. 7 may be fed to the
maximum value detector 48f and the group selector 48,.

In the fifth to the seventh embodiment, the received signals

from the antennas A; to Ay are processed by the repetitive processor

20 means 41, to 41y, but in the similar manner as mentioned above in
connection with the fourth embodiment, when the received signals
from all the antennas are collectively processed by a single repetitive
processor 41, it may be constructed as a serial type or as a composite
structure of serial type and parallel type.

25 In addition, the first to the S-th processing stage 42, to 425
need not be provided as a hardware arrangement. For example, one

of the processing means 42 as shown in Figs. 14, 16, 20, 22 and 25
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and may be repetitively used. Except for the arrangement shown in
Fig. 20, one processing stage 42 can be provided for each repetitive
processor 41,,. A repetition controller 91 controls an input switch 92
5 to feed an antenna received signal to sync detectors 82; to 82y in the
processing means 42 (which is only the sync detector 82, in Fig. 24
and is only the parallel processor 51g; in Fig. 25) to process the
received signal initially, thus causing it to operate as the first
processing stage 42,. A result of the processing or received signal
10 replicas Re; to Rey are fed to adders 44, to 44y, respectively. It then
changes the input switch 92 to feed an error signal Es to the adders
44, to 44y (which is only the adder 44, in Fig. 22 and is only the
parallel processor 51g; in Fig. 25), thus causing it to operate as the
second processing stage 42,. In a similar manner, the single
15 processing stages 42 is repeatedly used and during the S-th run, the
processing stage 42 is caused to operate as the S-th processing stage
42, and the equalization start timing signal, the equalization duration
signal and the channel status estimate which are obtained as a result
of the processing is delivered to the MIMO adaptive equalizer 35. In
20 each embodiment described above, the channel estimate which is
obtained in the preceding processing stage 425.; may be input to a
corresponding channel estimator in the processing stage 42,. This
enables a rapid convergence of the channel status.
In the embodiments described above, when the detected
25 timing has a poor reliability, it is desirable that a replica which is

generated using the timing is not delivered. In such instance, as

indicated by broken lines in Fig. 14, the energy index of the received
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Tr from a threshold value storage 76, in a reliability decision unit 75,

and if it is equal to or less than the threshold value Tr, a decision is
rendered that it lacks reliability, whereupon an output from the
reliability decision unit 75, is used to turn the switch 77, off, thus

10 preventing the replica from the replica generator 45, from being
delivered. When the timing detected by the sync timing generator
12, is decided to be of a poor reliability, the detection of the
equalization start timing and the equalization duration and the
channel estimation are made with respect to the signal from the user n,

15 but no replica is generated, thus preventing the replica from being
delivered.

A decision concerning whether or not the reliability of the

detected timing is low is made as indicated by broken lines in Fig. 16.
Specifically, a square sum of coefficients of the channel status

20 (impulse response) H,, which is estimated by the channel estimator 28,
in the preceding processor 42, is calculated by a reception power
calculator 78,, and when the reception power is equal to or less than
the threshold value Tr, the switch 77, may be turned off by an input
from the reliability decision unit 75,. In any event, a fixed value

25 may be used for the threshold value Tr. Alternatively, the threshold
value Tr may be the square sum of coefficients of the impulse

response representing the previous channel status estimate multiplied
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h& () 5 preferred to chose a value equal to or less than 0.5 is desired).
Avoiding the delivery of the replica when the timing has a poor
reliability is also applicable to other embodiments, and its functional
arrangement is shown in broken lines in applicable drawings without

specifically describing it.
10 Eighth Embodiment

In an eighth embodiment of the present invention, when an
error is detected in a decoded decided bit train, this detection is fed
back to the sync detector in the sync/channel generator, and a next
first candidate in predetermined sync timings is used instead. A

15 functional arrangement of the eighth embodiment is shown in Fig. 27.
In a sync/channel generator 81, which may be a sync timing generator
12, in the last processing stage 42, of a sync detector 82, (n=1,2,",
N) shown in one of Figs. 13, 18 and 19, for example, the timings
when the energy index (which corresponds to an output from the

20 energy index generator 37, shown in Fig. 7) or the correlation output
(which corresponds to an output from the correllator 14, shown in Fig.
7) is a local maximum may be detected as tsn-m1, tsn-m2, tsn-m3-+-
in the descending order of the magnitude, and the second and
subsequent timings are stored as a second candidate, a third candidate

25 ‘-+in a timing candidate storage 83,. Initially, the maximum value
tsn-m1 is used to generate the equalization start timing signal, the

equalization duration signal and the channel status estimate, which
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are used in the adaptive equalization processing applied to the
received signal in the MIMO adaptive equalizer 35, and the signal
sequence decoder 46 performs a repeated decoding operation.
During the first run, a decided bit sequence for the users 1 to N is
5 generated, and is then subject to an error detection by error detectors
84,, -+, 84y. Ifan erroris detected in the decoded bit sequence for
the user n, for example, during the error detection, the result output is
fed back to the sync detector 82, for the user n signal in the
sync/channel generator 81, and a next timing candidate, which is
10 tsn-m2 in this instance, is taken from the candidate storage 83, and is
used to generate the equalization start timing signal, the equalization
duration signal and the channel status estimate. Using these signals
and value, the adaptive equalization upon the received signal is
applied to the user n signal in a signal sequence n equalizer 69, (see
15 Fig. 3), and the equalized output is used in the signal sequence n
decoder 62, (see Fig.2) in the signal sequence decoder 62 to perform a
decoding operation, thus determining a decided bit sequence for the
user n. This decided bit sequence is again subject to the error
detection, and if an error is detected again, the following timing
20 candidate tsn-m3 is used to repeat a similar processing. The cyclic
redundancy check (CRC) method can be used in the error detection.
In Fig. 27, the processing stage 42 of the repetitive processor 41
within the sync/channel generator 81 is assumed to be constructed as
shown in Fig. 13, but may be constructed as shown in Fig. 16, 20, 22
25 or 25.

Ninth Embodiment

A method according to the present invention will now be



igigig! ~1s$109%BxB& ()-!t 1s$109%mBnB& () -! p$ $10% Bj B& () - ! k$ $10%BeB& () -
LU [ <M Ta 10$10% U8 () -!f$10%s#s#& ()-!al#10% U U& ()-y" 10%
U& ()-!y" 109JU& ()-Lf10% U& ()-zI ~P119g10% U& ()- 10UU 10UU
10UUl y. $1008JU& () -s!y. $1008JU& ()-s %#10% U& ()-1y
%t10%JU& () - 02nz[ 97P1! ! p%#t10% Ul U&' () - $40% & () - @\ $10% Ui L&' () - @: $10%
& ()-1fL: $10%UsU& ()-!yg#10%JU& ()-tuviy } 0oaS4! " z10% U& ()- 10 U U 10 U U
10 U U Y7110%
described. Fig. 28 shows a processing procedure according to an
ninth embodiment of the method which corresponds to the first to the
fourth embodiment. At step S1, the detection of the equalization
start timing t0, the detection of the equalization duration candidate te,
5 the estimation of the channel status H and the generation of the
received signal replica Re, (n=1,2,--, N) are performed in parallel
fashion for the received signal using a training symbol sequence
which corresponds to the signal from each transmitter. The received
signal replica is subtracted from the received signal to generate an
10 error signal Es.
At step S2, a run parameter s is initialized to 2. At step S3,
received signal replicas Re; to Rey which are generated during the
(s-1)-th run and the error signal Es are saved, and at step S4, the
replicas Re; to Rey are each added to the error signal Es saved to
15 generate an interference suppression received signal ric; to ricn, and
using a training symbol sequence which corresponds to such
interference suppression received signal, the detection of the
equalization start timing t0, the detection of the equalization duration
candidate de and the estimation of the channel status H take place.
20 At step S5, an examination is made to see if s is equal to S,
and if not, at step S6, using t0, te and H which are generated at step
S4 and respective training symbol sequences, received signal replicas
Re; to Rey are generated, and using these, an error signal Es is
generated. Subsequently, at step S7, s is incremented by one before
25 returning to step S3. Ifitis found at step S5 that s is equal to S, at
step S8, t0, te and H which then prevail are delivered to the MIMO

adaptive equalizer 35. At step S9, t0, te and H are used to apply an
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adaptive equalization of the received signal and at step S10, each
signal sequence (transmitter signal) which has been subject to the
equalization processing is subject to a decoding processing.
When the error detection of the eighth embodiment is
5 performed, a plurality of timing candidates tsn-m2, tsn-m3 and so on
which are detected at step S4 are stored and are used if an error is
detected in the error detection of each decoded signal sequence at step
S11, as indicated by broken lines. If an error is detected, the
operation returns to step S4, and the stored timing candidate tsn-m?2 is
10 used to detect the equalization start timing t0 and the equalization
duration te. When it is desired not to use the replica which
corresponds to the detected timing of a poor reliability, the detection
of t0 and te for each transmitter signal is made at step S1-1 to
estimate H or renders a decision upon the reliability of the detected
15 timing, as indicated by broken lines in Fig. 28. In the described
embodiment, a decision of low reliability is rendered if the energy
index of the received signal (or the interference suppression signal)
which corresponds to the transmitter signal or a correlation output
with the training symbol sequence or a square sum of coefficients of
20 the channel status which is estimated during the previous run is below
a given value. At step S1-2, replicas Re; to Rey except for those for
which the reliability of the detected timing is decided to be low are
generated, and are subtracted from the received signal to provide an
error signal Es before transferring to step S2. Instead of step S6, the
25 reliability of the detected timing may be decided at step S6-1, and
only replicas which are free from the likelihood of a low reliability

may be generated at step S6-2 and subtracted from the received signal
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to provide Es before transferring to step S7.
At steps S1 and S4, when the operation takes place
according to the first and the fourth embodiment, the estimation of the
channel status H takes place collectively, and when the operation
5 takes place according to the second and the third embodiment, the
estimation takes place for each transmitter training symbol sequence.
A compensation for the timing offset during the adaptive equalization
is referenced to the earliest one of the equalization start timings, and
the equalization duration TE which is used in the adaptive
10 equalization is chosen as the longest one of the equalization duration
candidates te, as mentioned previously.

Tenth Embodiment

Referring to Fig. 29, a tenth embodiment of the method

which corresponds to the fifth embodiment will be described. At

15 step S1, an error signal Es acting as a processed signal parameter is
initialized to a received signal Ry, and at step S2, the run parameter s
is initialized to 1. At step S3, the reception power per symbol is
determined for transmitted signals from N transmitters and ordinal
numbers are applied to the transmitter training symbol sequences in

20 the descending order of the magnitude thereof. It is assumed here
that the ordinal sequence is in the order of n=1, 2, -+, N. At step S4,
an examination is made to see if s is equal to 1, and if it is equal to 1,
the parameter n representing the order of magnitude of the reception
power is initialized to 1 at step S5. At step S6, an examination is

25 made to see if s is equal to 1 and if it is, t0 and te are detected and H
is estimated for the error signal Es using the training symbol sequence

TSS,, and they are used with the training symbol sequence TSS,, to
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to N, and if not, n is incremented by one at step S9 before returning to
step S6. If it is found at step S8 that n is equal to N, an examination
is made at step S10 to see if s is equal to S, and if not, s is
incremented by one at step S11 before transferring to step S12. If
n=N at step S8, it follows that the error signal Es is an error signal
obtained by subtracting all the replicas Re; to Rey from the received
signal. Ifsisnotequal to 1 at step S4, the operation transfers to
step S12. At step S12, the received signal replicas Re; to Rey which
are generated during the (s-1)-th run and the error signal Es are saved
before transferring to step S5. If s is not equal to 1 at step S6, at
step S13, Re, is added to the Es which is saved at step S12 to generate
an interference suppression received signal ric,, for which t0 and te
are detected using the training symbol sequence TSS, to estimate H,
and they are used together with the training symbol sequence TSS, to
generate and store the received signal replica Re,, which is then
subtracted from the interference suppression received signal to
generate an error signal Es to update Es before transferring to step S8.

If s is equal to S at step S10, t0, te and H which then prevail
are delivered to the MIMO adaptive equalizer 35. It is to be noted
that during the s=S-th run, no received signal replica Re, is generated
at step S13, and no Es is generated if n=N. At step S15, the MIMO
adaptive equalizer 35 applies an adaptive equalization to the received
signal, and the separated symbol sequence is decoded by the signal
sequence decoder 62 at step S16.

When the operation is to take place according to the eighth
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stored at step S13, and when an error is detected during the error
detection at step S17, an ordinal number n is set up for the transmitter
signal before transferring to step S13. If the sequential order of the
5 transmitter signals which are processed is changed during each
processing run, the operation returns to step S3 after the step S11, as
indicated by broken lines in Fig. 29. The determination of the
reception power which takes place at step S3 during s=2 and
subsequent runs is performed upon the error signal Es and the replicas
10 Re,; to Rey which are obtained during the previous run.

Eleventh Embodiment

Referring to Fig. 30, an eleventh embodiment for the
method which corresponds to the sixth embodiment will now be
described. At step S1, t0 and te are detected from the recieved

15 signal, H is estimated and Re; to Rey and Es are generated.

At step S2, the reception power per symbol is determined
for each of N transmitter signals, and ordinal numbers are applied to
the transmitter training symbol sequences in the descending order of
the magnitude. It is assumed here that the sequential order is in the

20 sequence of n=1, 2, -, N. At step S3, s is initialized to 2, at step
S4, the received signal replicas Re; to Rey which are obtained during
the (s-1)-th run and the error signal Es are saved, at step S5, s is
initialized to 1, and at step S6, Re, is added to the saved Es to
generate an interference suppression received signal, for which t0 and

25 te are detected and H is estimated, and using these, a received signal
replica Re, is generated and stored, and this Re, is subtracted from the

interference suppression received signal ric, to generate an error
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5 is equal to S and if not, s is incremented by one at step S10 before

returning to step S4. Ifsis equal to S at step S9, t0, te and H which

then prevail are delivered to the MIMO adaptive equalizer 35 at step

SI11. [Itisto be noted that during s=S-th run, no received signal

replica Re, is generated at step S6, and no Es is generated if n=N.

10 At step S12, the MIMO adaptive equalization is applied to the

received signal, and at step S13, the symbol sequence which has been

processed by the equalization is decoded into a signal sequence.

While not shown, in this instance, the error detection may also be

applied, and if there is an error, the timing candidates are used to

15 determine te and H.

Twelfth Embodiment

Referring to Fig. 31, a twelfth embodiment for the method
which corresponds to the seventh embodiment will now be described.
At step S1, an error signal parameter Es is initialized by a received
20 signal Rm, at step S2, the processing run parameter s is initialized to
1, and at step S3, the reception power per symbol is determined for
each of the training symbol sequences from N transmitters, and the
transmitted training signal sequences are divided into groups G1 to
GX, each including a plurality of signal sequences in the descending
25 order of the magnitude. At step S4, an examination is made to see if
s is equal to 1, and if it is, the group parameter x is initialized to 1 at

step S5, and an examination is made at step S6 to see if s is equal to 1.
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If it is, using the training symbol sequences which belong to the group
Gx, a parallel processing takes place for the error signal (received
signal)(Es) to detect t0 and te and to estimate H at step S7. In
addition, they are also used in generating and storing each received
5 signal replica Re,, and each replica Re, generated is subtracted from
the error signal Es, thus updating Es.
At step S8, an examination is made to see if x is equal to X
and if not, x is incremented by one at step S9 before returning to step
S6. Ifxis equal to X at step S8, an examination is made at step S10

10 toseeifsisequaltoS, and if not, s is incremented by one at step S11
before transferring to step S12. If s is not equal to 1 at step S4, the
operation transfers to step S12. At step S12, Re, to Rey and Es
which are generated during the (s-1)-th run are saved before
transferring to step S5. If s is not equal to 1 at step S6, each Re,

15 which corresponds to the training symbol sequences which belong to
the group Gx is added to the error signal Es to generate a plurality of
interference suppression received signals, and the plurality of
interference suppression received signals are subject to a parallel
processing using the training symbol sequences which belong to the

20 group Gx to detect t0 and te and to estimate H, and these are used in
generating respective received signal replicas Re,, thus updating and
storing them, and the replica Re, which is thus generated is subtracted
from a corresponding one of the plurality of interference suppression
received signals to generate Es, thus updating Es at step S13 before

25 transferring to step S8. If s is equal to S at step S10, t0, te and H
which then prevail are fed to the MIMO adaptive equalizer 35 at step

S14. Itisto be noted that during the S-th run, no Re, is generated at
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decoded at step S16. While not shown, the error detection may take
5 place as required, and if there is an error, timing candidates are used
to determine t0 and te and H again.
While not specifically shown in Figs. 29 to 31, in the
process shown, the reliability of the detected time may be subject to a
decision so that only replicas which do not correspond to a timing of a
10 low reliability be delivered. In the foregoing, although detection of
a equalization duration is performed, it is also possible to fix a length
of the equalization duration and not to detect the equalization
duration.
In the foregoing description, it is explained that a correlation
15 between a training symbol sequence TSS, is produced in each of the
sync timing generators 12, and the start timing/duration candidate
generator 21,; however, it is also possible to arrange such that a
correlation produced by the sync timing generator 12, is stored to be
utilized by the start timing/duration candidate generator 21,.
20 As shown in Figs. 22 and 25, in the case where sync detection
and channel estimation are performed by a composite processing stage
42, degradation in accuracy of the channel estimation for each user at
the first processing stage 424, in case of using serial processing stages,
may possibly happen. This is because, during the search for the
25 received signal of user 1 (the highest level of the received signal
power), if channel estimation is performed by using individual

channel estimation means as shown in Fig. 17 for each user, the
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channel estimation in the second processing stage 42, and subsequent
stages, the use of serial processing stages would not cause serious
degradation in channel estimation. Accordingly, as the means for
solving the above problem, it is possible to arrange such that in the
first processing stage 42, sync start timings detected by sync
detectors 82,-82y for all the users, training symbol sequences
TSS|-TSSy received signals (not having been processed by
cancellation operation) are all input to the channel estimation part 28
(similar to that shown in Fig. 9) as indicated by broken line in Fig. 22
and all the channel states H are estimated and supplied to the replica
generators 45;-45,.

As mentioned above, according to the invention, the
accuracy of estimating the channel status, the accuracy of detecting
the equalization start timing and the accuracy of determining the
equalization duration in the MIMO receiver can be improved. In
particular, it is considered that the estimation of the channel status,
the detection of the equalization start timing and the determination of
the equalization duration must be repeated from frame to frame in the
packet communication, and when the invention is used in such
application, it is possible to reduce the length of the training symbol
sequences which are used for the channel estimation and for the
synchronization, allowing the quantity of information transmitted to

be increased by a corresponding amount.
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10% 1. n MIMO receiver comprising
an MIMO adaptive equalizer in which signals received by
way of M antennas (where M is an integer equal to and greater than 2)
5 for N signal sequences (where N is an integer equal to and greater
than 2) transmitted on a common frequency band are subject to an
adaptive equalization using an equalization start timing signal, an
equalization duration signal and a channel status estimate to be
divided into symbol sequences which corresponds to N transmitters;
10 a signal sequence decoder for decoding N output symbol
sequences from the MIMO adaptive equalizer;
a training sequence generator for generating a training
symbol sequence having the same symbol sequence as a training
symbol sequence in the transmitted signal sequence;
15 a first sync detector for receiving the training symbol
sequence and a received signal as inputs to generate an equalization
start timing signal and an equalization duration signal;
a channel estimator for receiving the training symbol
sequence, the equalization start timing signal, the equalization
20 duration signal and the received signal as inputs to estimate a channel
status;
a replica generator for receiving the training symbol
sequence, the equalization start timing signal, the equalization
duration signal and the estimated channel status as inputs to generate
25 areplica of the training symbol with respect to the received signal;

an error signal generator for receiving the received signal

and the received replica as inputs to subtract the received signal
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replica in the training symbol sequence from the received signal to
generate an error signal;
an adder for receiving the error signal and the received
signal replica with respect to the training symbol sequence in at least
5 one intended transmitted signal sequence as inputs to add them
together to generate an interference suppression received signal which
acts to suppress the received signals other than the intended
transmitted signal sequence;
and a second sync detector for receiving the interference
10 suppression received signal and the training symbol sequence as
inputs to generate the equalization start timing signal and the
equalization duration signal.
2. An MIMO receiver according to Claim 1 in which the
first sync detector, the replica generator, the adder and the second
15 sync detector are separately provided for each transmitted signal
sequence, and the received signal replica for the training symbol
sequence in the intended transmitted signal sequence which is input to
the adder is one.
3. An MIMO receiver according to Claim 2, further
20 comprising a reliability decision unit which renders a decision on the
reliability of a detected timing which is detected by the sync detector,
and means for preventing a replica which corresponds to a detected
timing which has been decided to be of a low reliability by the
reliability decision unit from being delivered.
25 4. An MIMO receiver according to Claim 1 further
comprising

a processing order detector for determining the reception
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power per symbol for each of N transmitted signal sequences and for
determining a sequential order of the magnitude thereof;

transmitted signal sequence processors each including the
first sync detector, the channel estimator, the replica generator and a
5 subtractor which subtracts the replica from the replica generator from
the received signal which is input to the first sync detector before it is
fed to the next second sync detector are in cascade connection in the
determined sequential order;
an output signal from the subtractor of the last transmitted
10 signal sequence processor in the cascade connection being obtained as
an error signal from the error signal generator;
and the received signal replica for the training symbol
sequence which is input to the adder being one having a maximum
reception power per symbol.
15 5. An MIMO receiver according to Claim 1 further
comprising
a processing order detector which determines the reception
power per symbol of each of N transmitted signal sequences and
dividing the N transmitted signal sequences into groups each
20 including a plurality of transmitted signal sequences in a descending
order of the magnitude of the reception power;
there being a parallel processor formed for a plurality of
transmitted signal sequences which belongs to one of the groups
including the first sync detector, the channel estimator and the replica
25 generator for performing the processing in a parallel fashion, the

parallel processors being connected in series with each other in the

descending order of the groups through a subtractor which subtracts
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sync detector to be fed to the next parallel processor.
6. An MIMO reception method comprising the steps of
separating and equalizing signals which are received by way
5 of M antennas (where M is an integer equal to and greater than 2)
from N signal sequences transmitted on a common frequency band
(where N is an integer equal to and greater than 2) using an
equalization start timing, an equalization duration and a channel
status;

10 decoding each of the N symbol sequences;

a first sync detection for detecting the equalization start
timing and the equalization duration using a received signal and a
training symbol sequence which is separately determined for each
transmitted signal sequence;

15 estimating a channel status using the received signal, a
training symbol sequence separately provided for each transmitted
signal sequence, the equalization start timing and the equalization
duration;

generating a replica of a received signal for the training

20 symbol using the training symbol sequence which is separately
provided for each transmitted signal sequence, the equalization start
timing and the estimated channel status;

generating an error signal by subtracting the training
symbol received signal replica from the received signal;

25 adding a received signal replica for at least one intended

transmitted signal sequence to the error signal to generate an

interference suppression received signal which acts to suppress
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received signals other than the intended transmitted signal sequence;
and a second sync detection for detecting the equalization
start timing and the equalization duration using the interference
suppression received signal and the corresponding training symbol
5 sequence.

7. An MIMO reception method according to Claim 6 in
which the first sync detection and the step of generating the replica
are executed in parallel fashion for the transmitted signal sequences;

the generated N training symbol received signal replicas are

10 subtracted from the received signal in the step of generating the error
signal to generate the error signal and the step of generating the
interference suppression received signal where the replica for each
intended transmitted signal sequence is added to the error signal is
executed in parallel fashion;

15 and the second sync detection which operate upon the
generated N interference suppression received signals is executed in
parallel fashion.

8.  An MIMO reception method according to Claim 6,
further comprising the step of

20 rendering a decision on the reliability of the detected
equalization start timing;

and interrupting the use of the replica for the transmitted
signal sequence which corresponds to the equalization start timing
which is decided to be of a low reliability.

25 9. An MIMO reception method according to Claim 6,
further comprising the steps of

determining the reception power per symbol for each of N
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transmitted signal sequences and determining a descending order of
the magnitude of the reception power;
executing the sync detection, the channel estimation, the
generation of the replica and the generation of the error signal in the
5 determined descending order for each transmitted signal sequence
wherein an error signal which is generated by the processing for each
transmitted signal sequence is added with the received signal which is
used in the processing of the transmitted signal sequence to provide a
receiving signal which is to be used in the next processing of the
10 transmitted signal sequence and wherein the generation of the
interference suppression received signal and the second sync
detection are executed upon the error signal which is generated during
the last processing for each transmitted signal sequence.
10. An MIMO reception method according to Claim 6,
15 further comprising the steps of
determining the reception power per symbol for each of the
N transmitted signal sequences and dividing the N transmitted signal
sequences into groups each including a plurality of transmitted signal
sequences in the descending order of the magnitude of the reception
20 power;
executing the first sync detection, the channel estimation
and the generation of the replica for transmitted signal sequences
which belong to one group in parallel fashion for each group and
executing such processing for the groups in the descending order of
25 the reception power wherein the replica which is generated by the

processing for the group is subtracted from the received signal for the

group processing to generate an error signal, which is used as an
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