27 June 2006 M MO RECElI VER AND METHOD OF RECEPTI ON THEREFOR BACKGROUND OF
THE I NVENTION 5 The present invention relates to a rmulti-input nulti-2U3ynét2006
(MM receiver and a nethod of reception as may be used in a concurrent
transm ssion on a conmon frequency band and which apply an adaptive

equal i zati on processing to received signals received fromN transmtters
(where Nis an integer equal to and greater than io 2) by way of M antennas
(where Mis an integer equal to or greatey. than 2) for purpose of decoding
processing. A task in the nobile station comruni cation business is how to
construct a system capabl e of accommodating for a multitude of users on a
limted frequency band wit Mbl\/fﬁ)gRE(DE[[ME/R ANDIMETHROD 15 mul ti - out put
(MM) systemis known in the art as neans for solving such a task. In this
system a first to an N-th tr@iSREC&EPTEONTHERBRGRequency band to
transmt a first to an N-th synbol sequence signal, respectively, during a
common tine interval. These transmtted signals are received by an M MO
recei ver equipped with a 20 plurality of antennas #1 to #M The received

signal s ar e BAGRGROUDDIOE THID INVENEFIOMhi ch estimates the first to

the NN\th transmitted signal fromthe first to the N-th transmtter and
deliverss them to oufbetpresemitnaivention reiateouo a muptir mpuy niwkti-eatput
transmitter. 25 An arrangenent of a single transmitter in the M MO system
i s shown i n(MBMQ) reeeisrarcand e meethiash of sdcagtion apphaydbe aisechimanat i on
bits in a channel coder 51, and a resulting coded bit 27 June 2006 -2
concurrent transmission on a common frequency band and which
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



sequence is interleaved in an interleaver nmeans (I NTERLE.) 52 before it is
mapped to synbol in a symbol mapping nmeans 53 for transm ssion. Thé7 June 2006
transm ssion takes place after adding a training synbol sequence which is

al ready known to the receiver side and 5 which is specific to each
transmtter and fed froma training synbol generator neans 54 to the synbol
sequence fromthe mappi ng neans 53 at a p05|t|on whi ch precedes the synbol
sequence in a nultiplexer mneans 55. The-s1gnal sequence to be transmtted:
is converted into a high frequency signal to be radiated as a radi o wave
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10 MIMO receiver is disclosed, for example, in European laid

open patent application EP1233565A2 (issued August 21,72002).
The arrangement of a conventional MIMO receiver isAshown in Fig. 2.
Received signals from antennas #1 to #M are converted to baseband
signals, fed as received signal r; to ry to be subject to an equalization
15 processing in an MIMO adaptive equalizer 35, and an output from the
MIMO adaptive equalizer 35which corresponds to each transmitted
sequence is decoded in one of decoders 62, to 62y, respectively. The
arrangement of the MIMO adaptive equalizer is shown in Fig. 3.

Received signals r; to ryy which are sampled from the baseband signal,

o
[}

a priori infermation sequence 2 (4 2; to 4-2y) which is fed back from
an SISO decoder 63 and a channel status (propagation path response)
estimate H are input to the adaptive equalizer 35. A replica of the
undesired received signal is reproduced in a replica generator (REP.
GEN.) 65 using the a priori information sequence 2 and the channel

estimate. A subtractor 66 subtracts the replica from the received

©no
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signal, thus reducing IST (inter-symbol interferences) an MAI

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



|l ogarithm c |ikelihood ratio of each synmbol is calculated by an LLR
generator 68 fromthe result of such processing to deliver a priori27 June 2006
information sequence | (2 11 to 2 IN. In the decoders 62, to 62N in 5 Fig.
2 which corresponds to each user (transmtter), the a priori information
sequence 1 of each synbol which is calculated by the M MO adaptive
equalizer 35 is transfornmed into a bit sequence by a demapping part not
shown in the drawing, and the bit sequeBce is deinterleaved in a

deinterl eaver (DEINTER ) 69, and the io deinterleaved sequence is decoded by

he SISO decpder 63. A soft  deci si | f he SISO
decoder 63 SBICHARIHIIBEIP By TEPIAREAPLABAN MAEREL) (41 CAndTeh ut put. of
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and i nter-channe erences be satisfactorily el'imna
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-4 words, d&feiReVed RYACdéinTerkdvis! (BEYNPERR ) 6% ™EBndhe and synbol
10 deinterleaved sequence is decoded by the SISO decoder 63. A soft
decision output value sequence from the SISO decoder 63 is
interleaved by an interleaver (INTERLE.) 71 and the output of the
interleaver 71 is mapped by a mapping part not shown in the drawing
and to obtain a soft decision symbol sequence which is supplied as a
15 priori information sequence 2 (4 2y to 4 2y) to the MIMO adaptive
equalizer 35. The described processings in the MIMO adaptive
equalizer 35 and the SISO decoders 62, to 62y are repeated a plurality
of times, and an eventual decoding result is delivered as a decided bit
sequence Bgeq; t0 Bsqn.  In the case where a symbol sequence is
20 interieaved in the transmiiting side, the priori information sequences
1 and 2 of the symbol sequence are also subjected to deinterleave and
interleave, respectively, in the SISO decoders.
In order to achieve a satisfactory equalization in the MIMO
adaptive equalizer 35 or to ensure that the inter-symbol interferences
25 and inter-channel interferences be satisfactorily eliminated, it is

important to detect a sampling timing of a received signal, a sync

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



sync. However, this point is not disclosed in the European |aid open patent

application cited above. A conventional adaptive equalizer which RéuWuae Beoeé

used when a single user (transmitter) exclusively uses 5 one channel

(transm ssion path) for transmission is shown in Fig. 4. In order to form

an equalization start timng signal, an equalization duration signal and a

channel status estinmate, a sync channel generator 81 precedes the adaptive

equal i zer 61. Wiile not shown, a transditting side initially transmts a

| ong training synbol sequence 10 (sync word signal), the transmtted synbol

pattern of which is alread known to. a.receiVvi fside durin ach .frame,
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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 signa

ol

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



produced by the sync timng generator 12 changes in a manner as il]lustrated
in Fig. 5A for exanple, and atimng is is detected where the coff dvng 2Q0f
signal Sigc is at its maximum and is used as the sync 5 timng ts. The sync
timng signal which is produced at the timng ts, the digitized received
signal, and the training synbol sequence TSS are input to a start

ti mng/duration candi date signal generator 21 (START/DURA GEN.), which
provi des an equalization start timng -$§ignal and an equalization duration
signal, both of which are input 10 together with a sanpl ed received signa

to a channel estimator, 28 E N, )., iLch then estimates a

transni ssi BHIRE Benﬁégwhggfmngﬁﬁ)aﬂés) Wﬁec%ﬁqﬁﬁp@ds nel status,
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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 syvnc 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



where Cp represents a predeterm ned constant, and sanples equal to or
exceeding THL may be determined as effective paths. Up to the prese®f Jenag006
a sufficient investigation is not nade 5 into the manner of determ ning the
sync timng, the equalization start timng and the equalization duration in
the MMO receiver. It is an object of the present invention to provide an

M MO receiver and an M MO reception nethod which enable efficient

detection of at |east equalization startgtinmng to allow a satisfactory 10
adaptive equalization processing even when there are many signal sequences
(users). SUMVARY OF THE | NVENTI ON Accordi ng to_one aspect of the present

i nvent i on, AMEfed RAKHHUGR %p@';eﬂm%tmnrﬁwgyeagmiéx agmeng theipatheutsamatesnd a
channel 15 estination are nade. On the, basis of the dﬁtecte sync Hining
and the estWﬁ&ﬂ'@ Eﬁéﬁ’ﬁéﬁegisa@ﬁ,ed&teﬂplmé Angant afif @B PhedIc Ma! dR

exists in a received si | corresponding to a transmtted signal from each
transmtterOk §XF6?SA¥£ T%ﬁae%ﬁYCgedfetﬁéBEin\?@daﬁ eafehthye 8t fromat |east
one transmtter oth tha% an intended transgitter,is 20 subtracted fromthe

received signal to PR S AT e @ SUpPFET Bh &Sthgall oD BAt fid4fen
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bandconeurrent Iy, 1 ol BORREA PSRN BRS8N ane
the estimti00;9L, HAQ 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 1s 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



channel status with a good accuracy. BRI EF DESCRI PTI ON OF THE DRAW NGS Fig.
1 is a diagram showi ng an exenpl ary arrangenent of a 5 transmtterl?whheR006
corresponds to a turbo-receiver; Fig. 2 is a diagram show ng an exenpl ary
functional arrangenent of a M MO turbo-receiver; Fig. 3 is a diagram

showi ng an exenplary functional arrangenent of an M MO adaptive equali zer;
10 Fig. 4 is a diagram show ng an functional arrangenent of an adaptive
equal i zer for a single user; Fig. 5A i{lfustrates a conventional manner of
determining a sync timng; Fig. 5B illustrates a conventional manner of

determ ning an .15 equalization duration; Fi.g. 6 s a diagram shaow ng the
ar r angenenttat tHRINE M Fé%&%llmleﬁ ‘érq{é)app?rﬂfi)ég%cﬁsum@fuoiniﬂg%eagram;

showi ng ex | es, of the fyncti on‘glq arrangenment of a sync timng generator;
t
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arrangement of a 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. & shows diagrams iilustrating 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;



sync timng generator shown in Fig. 10; Fig. 12 is a di agram show ng_an
exenpl ary arrangenent of a start timng/duration candi date gener atéf JY1RoAAP6
in Fig. 10; 5 Fig. 13 is a diagram showi ng a functional arrangenent of a
recei ver according to a first enbodi nent of the present invention; Fig. 14
is a diagram show ng an exenplary functional arrangenent of a processing
stage 425 shown in Fig. 13; Fig. 15 is a diagram show ng an exenpl ary
functional 1o arrangenent of a replica- generator 45 shown in Fig. 14; Fig.
16 is a diagram show ng an exenplary functional arrangenent of a processing
stage 425 accordi ng\ht.o a .secon enbod'hrren,t of the present invention; Fig.
17 is a di agram shoil8g ldnlSed sHpEARID BORMINENAN eXCINBIaEn garaRgenred ¢hannel
estimator 28 shown.in Fig. 16; gi %\7 18 s a gl agram showi ng an exenpl ary
functional SYHG AHYEAE HERTAL0T SBOWRANESr H¥hg to a third enbodi nent of the
present invention; észg 9.is di ag}r ai:? show ng an exigghar function 20
arrangement of a redeBvdr KcesHaghgM she Wilg 2R RIBA; AIHNgREe &nt
invention; Fig. .20.is, a diagramshqw ng an exenplary functional arrangenent
of a pr oces??ﬁtgt@ilHb@ﬁ?@t%ﬁb&ﬁnﬁﬁgﬁeg%eﬁ;m%rgghQ% i”%r}“g‘&:li g@x am showi ng an
exenpl ary functional..25 .arrangenent of .a processing.order detector 48.in a
FITUh oifbodi ment — off iBnd Jph o8 dHe B Pb 0NN g UL P&T ATEAET AN iR ng
?Eﬁwie(r)ngf(ar cle?Verzéc‘Jc%rrlginzg (6> a %r'g'tge'm%%(ilirsne%tdcl)fa%grf)]rsegg\rllmt rfﬂv%gtleo)ﬁe;npl ary
Fig. 14 is a diagram showing an exemplary functional
arrangement of a processing stage 425 shown in Fig. 13;
Fig. 15 is a diagram showing an exemplary functional
10 arrangement of a replica generator 45 shown in Fig. 14;
Fig. 16 is a diagram showing an exemplary functional
arrangement of a processing stage 42, according to a second
embodiment of the present invention;
Fig. 17 is a diagram showing an exemplary functional
15 arrangement of a channel estimator 28 shown in Fig. 16;
Fig. 18 is a diagram showing an exemplary functional
arrangement of a receiver according to a third embodiment of the
present invention;
Fig. 19 is a diagram showing an exemplary functional
20 arrangement of a receiver according to a fourth embodiment of the
present invention;
Fig. 20 1s a diagram showing an exemplary functional
arrangement of a processing stage 42, 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;



arrangenment of a processing stage 425 in the fifth enbodinent; Fig. 23 is a
di agram showi ng an exenpl ary functional arrangenent of a receiver Hclediofg
to a sixth enbodi nent of the 5 present invention; Fig. 24 is a diagram
showi ng an exenplary functional arrangenment of a processing order detector
48 in the sixth enbodinment; Fig. 25 is a diagram show ng an exenpl ary
functional to arrangenent of a processing stage 425 in a seventh enbodi nent
of the present invention; Fig. 26 is a @i-agram showi ng an exenpl ary
arrangenment in which the processor is repeatedly used to serve as

i ndi vi dual i ;.15 Fig.,27. di how ng. tial
parts of a functi onkie- a2, AngaeRFaBt SARMPghtR GHFIBR FontLBF HOTA lpr esent

[ tion; Fig. 28 i fl har.t of I ' d [

the met ho FFADREMIESBRE PRETITBE SIREEHT bt GBBdRED CHIHRNERISt 1o the
fourth enbodi nent; %0 Fb .29 j.s a flolylv chart of an e en}pl ary,progessing
procedure in the nethéd gflstﬁéilﬁlgég@n'? PWQ&?B&WBE%JP& to the
fifth enbodi t: Fig. 30 i fl har t _of I '

or ocedur o (1 ERECRSTLAL r1Susa VB asdir i anct SRRUREBIPadimeBiatali 22 (o
the sixth enbodinent; and Fig. 31 is a flow chart of an exenplary processing
procedufe imelsﬁgtﬁgyﬁl}glocﬂ’ the present invention which corresponds 27 June

2006 -10 to the Sev?ri]é.hZQWROQidIﬁgﬁ'am showing an exemplary functional

arrangement of a processing order detector 48 in the sixth
embodiment;

Fig. 25 is a diagram showing an exemplary functional

10 arrangement of a processing stage 425 in a seventh embodiment of the
present invention;

Fig. 26 is a diagram showing an exemplary arrangement in
which the processor is repeatedly used to serve as individual
processing stages;

15 Fig. 27 is a diagram showing essential parts of a functional
arrangement of an eighth embodiment of the present invention;

Fig. 28 is a flow chart of an exemplary processing
procedure in the method of the present invention which corresponds
to the first to the fourth embodiment;

20 Fig. 29 is a flow chart of an exemplary processing
procedure in the method of the present invention which corresponds
to the fifth embodiment;

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



DESCRI PTI ON OF EMBODI MENTS For the ease of understanding the present
invention, an M MO receiver including the detection of the sync ti2f dgne2id6
the 5 estimation of the channel status or including the sync/channel
generator 81 which is proposed in a Japanese Patent Application (not yet
known in the art) will be described first. Fig. 6 shows an exenpl ary
arrangenent of the proposed M MO receiver. 10 For received signals from
input terminals 11 i to 11N which havejpeen received by a plurality of
antennas (or sequences of digital values which are sanpled fromthe
baseband signal), the_sync timng generators (TIMNG GEN.) 12, to 12M
detect a tit‘Pn'tES savpTth emb@imaRtt he start of each frame and a sync timng

signal 15 oni i utilizing a received signal and
a traini ngﬁgg%%&iiwrég mgﬁm%ﬁéed in a receiver for each
antenna. Herei nafteé, ahstart timng of a frame and a synbol timng wll
conpr ehensi vel y be FoF R &R Seo0 h3niedgianding Hae pregeny 18K6Ws10th dkenpl ary
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ot a by nC ol 6 Shophd AP EkEh ot URrhAG M AT BE the prliPoded
MIMO receiver.

10 For received signals from input terminals 11, to 11y which
have been received by a p‘lurality of antennas (or sequences of digital
values which are sampled from the baseband signal), the sync timing
generators (TIMING GEN.) 12, to 12 detect a timing signal
indicating the start of each frame and a sync timing signal

15 synchronized with each symbol, by utilizing a received signal and a
training symbol sequence which is produced in a receiver for each
antenna. Hereinafter, a start timing of a frame and a symbol timing

will comprehensively be referred to as a sync timing.

Fig. 7 shows an exemplary arrangement of a sync timing

[

20 generator 12, which operates upon a received signal ry, from an
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 A, 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



and the correlation output is input to a shift resistor 151 of a energy
i ndex generator 37. Weights W We are nultiplied to the outputsZ27fiuoerR00&
respective shift stages of the shift resistor 15, in nultipliers 5 161, and
are added together in an adder 171. In this manner, a weighted addition of
the correlation outputs is nmade over a given tinme interval to determne a
reception energy index. A detection of a naxinmmvalue of the reception
energy indices is nmade in a maxi num val ye detector (MAX DETECTOR) 181, and
at atimng 1o when the reception energy index assunes a naxi mum val ue, a
sync timng signal .tsl-mwhich is to upon the sighal fromthe user 1
whi ch exi strénsmitthed fgem Ve teangiaitter &%tlﬁ deiesArnacahPy 2 gerrelater 1 4thi s
sync timng Sn t he r?cej ved signal .are then usfed to nmake a _decision over
the equal i 2nfithe soralation AYEPEDIS i_PRORO anshiifidesisfosqla P4 FBATENr at i on
candidates, tel to teN for, the_entire (nput.signal seqyenges (received signal
sequences Wff@ﬁ eEneTat QR Srfi- t t ekHm Whe péﬁ§nmﬂﬁbl@j)eq?ﬁosf greutputs
timng/duration, candi date generator (START. . GEN) 2 t.o 21M.shown in
Fig. 6. Fifom WoesRartiy é%haﬁ?g&sr%ag}é‘?réﬁt&]ﬁge%%rahsltlp HBliessi on
candi dat e ner at.or 20.21 agaj n_choosi t signal . fromthe user 1 by way
of exarpl e?gbz apd a8 %@58&1@&%&/@85 1P ?ggg?c@dl'si SMM MERBHthe antenna
Am (input _term nal A and.,a training symbol, sequence TSSI from f.he
Craining wenaBhed addititln 87968 Sodelihdn bt TS THERE oV rba iyt e
correlator. .141 nd, t.he correl ation output am threshol d.Tha are conpared
35 agai netUBEREb IR G ERIREGhsapaP B RsRe e MG o & SRt IOt der o o1
when the correl atio e eds:the J ue Tha: and delivers
"0 when ¢t REORBTAY SePdh B FER el a IR N sy Bline 2006 - 12
val ue Tha. Aot il af £ BE: GOMRES Rt E REE TORTAY,, b9 Pabliiining
10 when the reception energy index assumes a maximum value, a sync
timing signal ts1-m which is to act upon the signal from the user 1
which exists in the received signal from the antenna A, is delivered.
This sync timing and the received signal are then used to
make a decision over the equalization start timings t0; to tOy and the
15 equalization duration candidates te; to tey for the entire input signal
sequences (received signal sequences which are transmitted from the
transmitters) in start timing/duration candidate generator
(START.DURA.GEN) 21, to 21 shown in Fig. 6. Fig. 8 shows an
exemplary arrangement of a start timing/duration candidate generator
20 21, again choosing the signal from the user 1 by way of example, a
correlation between the received signal r,, from the antenna A, (input
terminal 11,)) and a training symbol sequence TSS; from the training
sequence generator 13, for the user 1 is determined in the correlator
14, and the correlation output and a threshold Tha are compared
25 agaiﬁst 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



resistor 231. The shift resistor 231 is controlled by a shift controller

241 which receives a sync timng signal as an input in a manner sucd Jung=2006
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 duration candidate detector 251 delivers
an equalization start timng signal t0l-mfor the signal fromthe user 1
which is contained in the received si gnglzfrom the antenna Am at the
earliest timng "1" is produced anong 10 (tsl1l-nmNs) synbols which are | ocated
within the.shift resistor 231, and delivers a signal representing the

| engt h fromvaloe-Thao tAa batpst frmlirlrrthfgcbmpa@tplr&ﬂjlcesjllapuamoeiqaglﬁtzati on
duration candidate signal tel -m Al of equalization duration candi date

si gnal s whirelsigios 2bpt ailhed shift esestprahd eihaondrelleddyiagahiftfeantratler
transmtted signals 15 fromall the transmtters are input to an

equal i zat i Aftdwitdehoiecsiiyaala sysadintisg $ipuRATROANGRERUL O a(magneg)sucdnd a

| ar gest one am)ng[ N X Mequalization duration candidate signals is

del i vered dbaa®ulpgiafrem %@ﬁ CRUnRar ¥Prsignal tireestRe adedavittdni Ne durati on
signal, the equalization start 20 timng signal and the received signal are
i nput t® a SYHERALS &mﬂﬁélﬂnnemlmwesmnmgsﬁwiwlﬁng.ars,l téby a
channel status _ .(propagatign path response and inpul.se respanse) H_petween
each tr anéi‘?ﬁt&}@%{) 5A%ISOAE 1 Jnt ofngtars tg@ﬂm&&whﬁagomdgm@naﬁan@ lary
arrangenent, of the %ha el estimator,.28.. In the channel, 25 eﬁti mat.or 28, for

the traini fFL&GHNORIs éﬁ%@%amﬂwal-légésn stegmtimpngHienal 4Rdmm £ef $hehi ch
Start 1 mi RgeBREREIE Hes Ssgr OGN HD (eanEmTRohd) S08G'ece1Ved HoRFoLare for
any offset ;1 dn %n%%cgﬂ EP?h%ie@rT%s?‘?h‘ﬁ’?ﬁg LT produced among
10 (tsl-m=N;) symbols which are located within the shift resistor 23,
and delivers a signal representing the length from t01-m to the latest
timing “1” is produced as an equalization duration candidate signal
tel-m. All of equalization duration candidate signals which are
obtained for every antenna received signal for the transmitted signals
15 from all the transmitters are input to an equalization duration signal
generator (DURATION GEN.) 27 (Fig. 6), and a largest one among N
X M equalization duration candidate signals is delivered as an
equalization duration signal TE.
The equalization duration signal, the equalization start
20 timing signal and the received signal are input to a channel estimator
(CHAN.EST.GEN) 28 shown in Fig. 6, whereby a channel status
(propagation path response and impulse response) H between each
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 tO; to tOy are used



transmtted signals fromthe transmtters in an offset conpensators 29. A
convol ution integrator (CONVO OPE.) 31 perforns a convol ution integvdun®B006
of the channel status H which is supplied froman adaptive 5 algorithm
(ADAP. ALGO) 33 with the training synbol sequence in which any offset in the
reception timng has been conpensated for, thereby formng a replica Re of
the received signal. A subtractor 32 subtracts the replica of the received
signal fromthe received signal to detefgi-ne an error signal. The adaptive
algorithm 33 applies the 10 adaptive algorithmto update the estimate of the
channel status in a sequential manner using the error signal, the

equal i zat i obo c@{smnpenﬁatesf@manlyaQHSﬁhenﬁMEmgpmaadmmlngsgeﬁm@nd@ei ng the
repetitive processing. The adaptive algorithm pay conprise RLS algorithm
for exanpl etraRsmutte dgignathéramsidra pransmigters i ag, O%ﬁ@tmpenaatm 18.
start timng signals fromthe start timng/duration candidate generators
21, to 21M ﬁ@nw&atliozlamt@gramra(CQNM@@PE-S&TI e fougsa coarvadutivur ati on

generator 27, the esti Eﬂ}]ed channel st at.us Mom, t he channel esti r’gator_ 28
and the recHitggaatioghat ¢harchampl stagus i wialbissamnlved dsem preadapive

whereby the yreceived signals._a 20_subject to .M. MO adaptive equali zation
processing, 2VEIERRN (éﬁﬁm&)agé Wi%&%?%@llggfﬁyméeﬂé% We
transmtters arﬁg deliyered. The functi on.al.arranggment of the M&/&ﬁadapti ve
equal i zer BHIfA2BE ldseh MuthedeaEPEKPWH N ENRS BECR HOTBREASREEA VAT e t hi s

25125 101 SRS BT EY SRR Lot B B L BB 0
comensat e Lot ARy ShEehy Rt BB SelVag oA Fa B 300 ved Siahar e

determine an error signal. The adaptive algorithm 33 applies the

10 adaptive algorithm to update the estimate of the channel status in a
sequential manner using the error signal, the equalization duration
signal and the previous channel estimate during the repetitive
processing. The adaptive algorithm may comprise RLS algorithm,
for example. Returning to the description of Fig. 6, the equalization

15  start timing signals from the start timing/duration candidate
generators 21; to 21y, the equalization duration signal from the
equalization duration generator 27, the estimated channel status from
the channel estimator 28 and the received signals are input to the
MIMO adaptive equalizer 35, whereby the received signals are

20  subject to MIMO adaptive equalization processing, whereby
estimated transmitted symbols from the respective transmitters are
delivered.

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 descr}ibed 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



i nformati on sequence to feed the replica generator 65, and the equalization
duration signal TE is supplied to the replica generator 65 and the2f/nNmre 2006
filter 67. Individual received user signals which 5 have been separated by
the equalization in the adaptive equalizer 35 are decoded by the signal
sequence decoder 62 having a functional arrangenent as shown in Fig. 2. The
nmet hod of detecting the synbol sync and determining the equalization
duration which is proposed in the cited éapanese 10 Patent Application
before will now be described. Fig. 10 s% ws an anot her exenplary
arrangenment of the MMO receiver. In this arrangenent, in the event that
the sync tsigmals thmgeqqakil zzition sshertimimgrsipnalndpbhetlesagdiinat i on
duration candidate are sinm|ar between the received signals fromthe

ant ennas AinfarmAdMiorhesguenyche fexxlitiee replith peneoatoont betnderhea he recei ved
signals fromthese antennas, and the signals which are received by the all
ant ennas maygulaéi 2adeon tduratziesagnel Thens sBipglidd tethesraplecargeargratentd Sof
the sync timn ggnerator 12 which operates on the signal fromthe user 1.

Initially, and MaS Eofilteut @it Herdiweduaheeetigredd user tsognals scwiohed by
each 20 antenna which is fed fromthe input termnals 11 | to 11Mand the
traini g shawel beeqysepasatksbbyf tlenegnelization ng thegadapti igeagnaliger 313, for
the user 1 is determned by the correlators 14, to 14M_. respectively, and

t he ener gyaradecagsatbat dres segmak seguanepsiac erméizd‘rﬂ\emgaacﬁpumimona t hese
correlation outputs over a given_tinme 25 interval to generate a energy

i ndex. Sub8EHIEERMENt AsseMOBM tthd'igerer gy i ndi ces which are obtained for the

antenna received sigpal at. the.tine each receivyed signal js sanpled is
determined by an adliBe mathod of deterives-th w&qn@mm&am@mm% or 18

detects the timng.when the sumof,. . . . .
the equalization duration which is proposed in the cited Japanese

10 Patent Application before will now be described. Fig. 10 shows an
another exemplary arrangement of the MIMO receiver. In this
arrangement, in the event that the sync timing, the equalization start
timing and the equalization duration candidate are similar between the
received signals from the antennas A; to Ay, these may be assumed to

15 be common between the received signals from these antennas, and the
signals which are received by the all antennas may be used to
determine them. Fig. 11 shows the arrangement of the sync timing
generator 12 which operates on the signal from the user 1. Initially,
a correlation output between the signal ry to ry received by each

20 antenna which is fed from the input terminals 11; to 11y and the
training symbol sequence TSS; from the training sequence generator
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,



the energy indices is at its maxinmum and delivers a sync timng signal tsl
for the signal fromthe user 1 at this time. Subsequently, the syné7win¢ Ago6
which is obtained in this 5 manner for the signal fromeach user and the
received signal are used to nake a decision over the equalization start
timng and the equalization duration candidates for all the input signal
sequences in a start timng/duration candi date generator (START. DURA. GEN.)
21 (Fig. 10). Fig. 12 shows the arrangigent of a start timng/duration 10
candi dat e generator (START.DURA. GEN.) 21 for the signal fromthe wuser 1.
Correl ations between the received signals rl1 to rMfromthe respective

ant ennas whinghaanexfisthifhromuehdetegtor & deteatsstid timong whenartde semt ofi ni ng
synbol sequence for the user 1 which is fed fromthe training sequence
gener at or 1Be energhoimeéitesni cat sl mpanmum, ans delivers a eypectiinvielgy, and a
sum of correlation outputs fromall the received _antenna signals at

respect i ve ssgnpl il fpoithessigaaddremithedisen hat thdsiérm89. The sum of the
correlation outputs and the threshold value Tha are conpared against each
other in the conparaubsegrenshy theesyromigaing ovhpch ds|gbigized 1n thien t he
correlation output_is greater than 20 the threshold value Tha, and delivers
"0" wheh t Hearoer dpatthersigmapfrom sarbsesemandithe ranaiviel ¢ignalaretused An
output fromthe_ conparator 22 is input_to the shift resistor 23. The shift
resi stor 280imakgnt dsicisidn pyes thgi ¢qualiaation satrarizztumngrﬁmgébﬁves the sync

timng signal as an ipput,in a manner such that, outputs fromthe copparator
22 whi ch 259%@di#atiangdyrnation ﬁ?@ﬁi@aﬂt%?(?%%ﬂo&tﬁ H&@gsr@@ngnwm@ and

o e A B o bRt e BB OB ARSI,
June 2006 ;16 gealizatipn Start himng;signal 103 for {he; s ARGl {5em the
10 candidate generator (START.DURA.GEN.) 21 for the signal from the
user 1. Correlations between the received signals r; to ry from the
respective antennas which are fed from the input terminals 11;to 11y
and the training symbol sequence for the user 1 which is fed from the
training sequence generator 13; are formed in correlators 14; to 14y,
15 respectively, and a sum of correlation outputs from all the received
antenna signals at respective sampling points is determined in an
adder 39. The sum of the correlation outputs and the threshold value
Tha are compared against each other in the comparator 22, and the
comparator 22 delivers “1” when the correlation output is greater than
20 the threshold value Tha, and delivers “0” when the correlation output
is less than the threshold value Tha. An output from the comparator
22 is input to the shift resistor 23. The shift resistor 23 is controlled
by a shift controller 24 which receives the sync timing signal as an
input in a manner such that outputs from the comparator 22 which
25 occur in a time interval corresponding to Ns symbols before and after

the sync timing ts1 are input to the shift resistor 23. The start timing

signal/equalization duration candidate detector 25 delivers the



the earliest timng "1" is produced within the time interval of (tsl N3)
synbol s, and delivers a signal extending fromtd to the |atest tidfihige2006
is produced as the equalization duration candidate 5 signal tel. The

equal i zati on duration candidate signals for the received signals fromall

t he antenna which cover each transmtter are input to the duration
generator 27 (Fig. 10), and the | argest one anong all the equalization
duration candi date signals which are i nﬁ .is delivered as 1o the

equal i zati on duration signal. Subsequen :6; in the simlar manner as the
equalization start timng signal and the equalization duration signal are
det er m ned dquati zadbnrstaet viedirsg ghghal tOinfioreth easiograiafr ohehehaseell at
estimator 28 estimates the channel status between each transmtter and each
ant enna, ushegedtleegaialingat 1 9ns I odluced onithignhe timemnteevdlredt i on
generator 27, the equalization start timng signal fromthe start

ti m ng/ dur dtt$ bir N gnsiy midntods gendrdelov e2y a sigahatl hex teaden geftt osin gOdl to tthe
addition, the equalization start timng signal, the equalization duration
si gnal and labestetstn imgt 88” degmoalucest as uheaeguakedtion theatvoMOcaddpdatee
equalizer 35 to apply an M MO 20 adaptive equalization to the received
signal ,5thusdgeal itehting the transmtted signal fromeach transmitter and
separately deliveri n% them The delivered outputs are decoded in the signal
sequence decoder 67ZheTégupligptiveddusation oéndedatet sigmalbdogytie réegivgdand
25 determ ning the equalization duration which has been considered above is
still suscepghblefromt &ld thiskenianoo voticd gaver caethl tragsmiiten Bee 1gpiic tOi m ng
and the equalization duration. If the egual ization 27 June 2006 -17 duration
becomes unrib€ederation gangyator 2t/ chigebOhnanddheadasgest one among all the

equalization duration candidate signals which are input is delivered as

10 the equalization duration signal. Subsequently, in the similar
manner as the equalization start timing signal and the equalization
duration signal are determined from each received signal from the
antenna, the channel estimator 28 estimates the channel status
between each transmitter and each antenna, using the equalization

15 duration signal from the duration generator 27, the equalization start
timing signal from the start timing/duration candidate generator 27
and the received signal. In addition, the equalization start timing
signal, the equalization duration signal and the estimated channel
status are used in the MIMO adaptive equalizer 35 to apply an MIMO

20 adaptive equalization to the received signal, thus estimating the
transmitted signal from each transmitter and separately delivering
them. The delivered outputs are decoded in the signal sequence
decoder 62.

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



wast eful calculation, and if the equalization duration is too short, a
degradation in the equalization capability results. In particul ar, 27vHe$200f
nunber N of transmitted signal sequences increases, it-is 5 considered that
t he accuracy of establishing synchronization, the accuracy of determ ning
the equalization duration and the accuracy of the channel estimation wll
be greatly degraded due to interferences between the input signal
sequences. For this reason, in the M MD{-system t he nunber of training
synbols which are required to obtain a }o gi ven signal response nust be
increased in conparison to the use of a single transmtted signal sequence
whi ch is reoeptsnh tedoodesemnecasisary komesentit icavsasianinétdaseoin blee
described. First Enbodinent On the transmtting side, Ntransmtters TX to
TXN 15 per fiashetfbhrsricebitoonphnsl gntties equahizadromw wuratprens yo o ahonty ent | y.
In addition, each transmtter transmts a training synbol sequence which is
intrinsi c degeadatiomnnrthetequalidatiomrapabiylithoasutts. t i paedeilang si de.
Fig. 13 shows a first enbodi nent of the present invention. Here, it is
assuned t hathenrtbeenustber hhaf transmntied sigad | 2®queree cormreased, into a
baseband signal, and that a signal in the formof a digital sequence is

i nput to i epwsidered thes the acougacynef establislying spachapnigaiepns thesl, a
repetitive processor _4lmwhich is provided for each antenna An1(nr1,",é?
oper at es t 8cgumacHtel detenining the equalization durptoymad the agensasy ©fan
equal i zati on dyration 25 signal to performa channel estimgtion for
recei ved stpfikanmelastimatipnoui 3@ gyeatlyl @e&ra&‘f? SRueat ARHRIECTERRES

PR S , SR S bRt B PSS B NTERROLS,
stage 4z, rS}e/(s:teéI\rll?sih%snumber of training symbols which are required to obtain a
10 given signal response must be increased in comparison to the use of a
single transmitted signal sequence which is received. Embodiments
of the present invention will now be described.

First Embodiment

On the transmitting side, N transmitters TX1 to TXN

15 perform transmission of signals on a common frequency concurrently.
In addition, each transmitter transmits a training symbol sequence
which is intrinsic to each transmitter and is already known to the
receiving side. Fig. 13 shows a first embodiment of the present
invention. Here, it is assumed that a received signal is demodulated

20 to be converted into a baseband signal and that a signal in the form of
a digital sequence is input to input terminals 11, to 11y. Ina
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 425 (s=1,--*,S) which



inputs a replica of a received signal which is generated by an innediatelg
precedi ng processing stage 42s-1 and an error signal ES which is @dquanegg06
the received signal fromwhich the replica of the 5 received signal is
subtracted, and generates an equalization start timng signal, an
equal i zation duration signal, a channel status and a reception replica for
the received signals fromall the transmtters, delivers the equalization
duration signal, and delivers the generdi&d replica of the received signa
and the error signal E, which is equal to io the received signal from which
the replica of. the received si i subtracted t thguinnedLateu%

I
fol | ow ng prEcEsERsgALE s9ANEssian. diach NTOCESSHIG STABF & AnERCSINES
lizati d ti .b i f f th iived Si Il th
e annas. | SRR FomiE T SR S Y aF A PR Lommen <o
the repetit.ive r.Ofeglssors 41 to 41IM 15 is t%rovi 26d foC{/ each p_ropes?i g stage
425 so t hatTEBERIRTI YRS GRAIDEPEOGRSSING $1ES A4pe Q) 8Ty S QY $iF@] focessor

equal | zat i SRB 48 g ol SRofit FEbedkd Sl BgiRORbh T ik AR .
wni e i & 20 PR ohERRr S AR BT, iy BeBe Tt R AR B O
ar  angenont BRAEE 4h cddalialfor Ui " RIBICR SEER TSGR, 41m
descri pt | of CAERt Ot R ipReltn it B ot SRS TN EheTrabBhiertecel veo
i anal whi QT EEROIE Shpah o Bkl KRR o [ i Bl BB 1
replica forneahicd Be theGeiceHe4S8Enal GRRl theirflr §SaBENEr VRt DY s FYual to
10 the received signal from which the replica of the received signal is
subtracted to the immediately following processing stage 42.;.
Since it is desirable that the equalization duration be uniform for the
received signals from all the antennas, an equalization duration signal
generator 43 which is common to the repetitive processors 41;to 41y
15 is provided for each processing stage 42 so that each processing stage |
42 in the respective repetitive processor 41; to 41y inputs an |
equalization duration candidate signal to the equalization duration
signal generator 43, which in turn determines a longest one among
these candidates to be an equalization duration signal, which is
20 returned to each processing stage 42, in thc respective repetitive
processors 41; to 41y.
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



(s-1)-th processing stage (or previous processing stage) 42s_1 is added

with a received signal replica for the signal fromthe user 1 whi ch7 4une 2006
formed in the previous processing stage 42s ] (which will be referred 5 to
as a received signal replica for the user 1, and this denotation applies
simlarly to other instances) Ref in an adder 441. This addi ti on out put
signal represents an interference suppreiélon (user recei ved signal rlcl
which is equal to the received signal ‘Wwhi ch the recei ved signa
replicas Reg to ReN for other than the user 1 are 10 subtracted, and this

I nt erferenc%ﬂ{ %r@[\ih?”t{{ee?@ééﬁ%dsh%akggl 15 hicHSR éﬁ‘e?at%)ﬂ” télﬁ“ ng

gener at or to generate sync t1mng”si gna e sync

timng Slgnéé 115 Prbg 98NS Atoke (Br Prévgol c.e%@ﬁjn% @5@!2‘°er?s!‘§€ded

suppressi on recel ved signa adder 441 is in 0" a star

tim ng/ durag)ien aKkidRles r?éﬁl'ic&?oﬁﬁfép&g?ﬁ'“f o?ﬁ"t'h}: wder ‘lowgﬁeﬁrlgt e an

equal i zation start timng Ignal” t01 and an ual 1 zation duration candi date

signal tel Forhba igYHee PrieWings *Eb%re%ﬂ’f 332& e U IS}Z’WPnthvE‘H wenerafred 121
and the start timng/dudration andl date gen rator 21 may be constructed in

the singlafommeecés dd8i PRl toplishawr the bser 17 a"i’ftl ¢hidaeaetatiohe sync 20

timng signal tsl-mand the portion shown in Fig. ’8 which detects the

equal i zat i ogp pl@rstsmnhmT}y $d)Wh'erh@%tdﬁfb@s?dRTehQneﬂﬂaddd@{ ign, durhig on
candi date signal tel- he equal i zati on duration candi date signal generated

in the rrana@dltrieﬁto%ﬁﬂ & tepresptits ha Biteefidnceasupprekyian Omseddl) -
generator (DURATION GEN.) 435 toget her with equalization duration candi date

si gnal s obt pgaeddeld omrtdier;st avhidh i aghdlntat flenrecaidiedhs g ngefiermt whicB12 to
21N in response to the interference suppression 27 June 2006 20 received
signal s r1Cthe oectioidd sigmtheeplises R¢2ta Rey) fandthgnahianaticonser 1 are
10 subtracted, and this interference sup_pression received signal rjc; is
used in a sync timing generator (TIMING GEN.) 12, to generate a
sync timing signal. The sync timing signal which is generated in
this manner and the interference suppression received signal from the
adder 44, is input to a start timing/duration candidate generator
15 (START/DURA. GEN.) 21, to generate an equalization start timing
signal t0; and an equalization duration candidate signal te; in the sync
timing generator 12,. The sync timing generator 12 and the start

timing/duration candidate generator 21 may be constructed in the

similar manner as the portion shown in Fig. 7 which detects the sync

[\
[}

timing signal tsl-m and the portion shown in Fig. 8 which detects the
equalization start timing signal t01-m and the equalization duration
candidate signal tel-m.

The equalization duration candidate signal generated in the
manner mentioned above is input to an equalization duration
25 generator (DURATION GEN.) 43, together with equalization duration
candidate signals obtained from the start timing/duration candidate

generators 21, to 21y in response to the interference suppression



duration candi date signals which are simlarly obtained in the s-th
processing stage 425 in response to other antenna received signal s27 JUn@2006
equal i zati on duration generator 435 delivers a | ongest one of all 5 these
equal i zati on duration candidate signals which are input as the equalization
duration signal. This equalization duration signal is input to a channel
estimator 28 together with the equalization start timng and the received
signal in order to estinmate the channel 98t-atus. The construction of the
channel estimator 28 may be simlar to that 210 shown in Fig. 9. The
equalization start timng signal tQ, tEe equal i atim dlératio signal tel,
the esti mafBECEHRABEN&Sakige 1A, T1amdOF WANET A ﬁir?’ngé Ly mhbANEkARBIBAT8H f or
the user | are jinput to.a replica nerator . (REP. GEN. ). 45 where a yeceived
signal repKiEatial CRBAIGRiE SLanals WHACh TP SmUAEY bhidinad & thgas-ths
generated. Fi % 15 shows exenplary ar rag&gment of the.replica Pener at or
45. A chanREPTEPSINE SEARG fretsdl FeSHN R Och PNLERNAFEEF1YR SAENEI5 1 ai ni ng
synbol seguyence TSS' n=1, -, fromthe traini ng sequence neratar .13 are
Fod o o o eabaTgat R dyivatinn edmeve redy deli e TohgedEoR08 b
convolution integration. The equalizatj.qn start tim,ng,signal tOn is applied
Co i ts ut BRESE S ian dfytiGh SRR Tepals i Ht o weandds the
user received signals jn an offset, cogpensator,.29,. t hys ener.at | a
ropl i ca T oPaERIZHeR Ao 9 ERpbm 4 TS & YAl B tionediratlgn Tigpaldsdi ved
signals fromall the, users 1.t0 ( nsm.tters. to 25, TXN) which are
generated TAPRhdo b EPHBgeans et 25AUURREN itk thi SabRlizod s
subt ract ed,f t he i Iy QF nt en A r i gnal
gener at or  eniiR L EREFEYER SR Eh L IF ErbE B RE disofh B ETRE uRanne
status estifpl 83nstaR GRS FAYe ERaREM &Qfihi8for 28 may be similar to that

10 shown in Fig. 9.

The equalization start timing signal t0,, the equalization
duration signal te;, the estimated channel status H, and the training
symbol sequence TSS, for the user 1 are input to a replica generator
(REP.GEN.) 45 where a received signal replica Re; for the user 1 (or

15 from the transmitter TX1) is generated. Fig. 15 shows an exemplary
arrangement of the replica generator 45. A channel status estimate
from the channel estimator 28 and a training symbol sequence TSS,
(n=1,---,N) from the training sequence generator 13 are fed to a
convolution integrator (CONVO.OPE.) 31 to be subject to a-

20 convolution integration. The equalization start timing signal tOn-m
is applied to its output to compensate for an offset in the sync timing
between the user received signals in an offset compensator 29, thus
generating a replica for the received signal from a usern. Replicas
for the received signals from all the users 1 to N (transmitters TX1 to

25 TXN) which are generated in the replica generators 45, to 45y in this
manner are subtracted from the received signal from the antenna A,

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



training synbols in the user signals, and the error signal which is
generated by subtracting replicas Rey to ReN fromreceived signal £édune BeO6
training synbols in the user signals are then fed to a following 5
processi ng stage 425+j. The described processing is repeated also in the
processi ng stage 425+ to update the replica for the training synbol in the
received signal, thus inproving the accuracy of detecting the equalization
start timng and the equalization duratpgn and the accuracy of estinmating

t he channel status estimate. 10 The equalization start timng signal, the

channel status estimate and fhe equalization durati si gnal ghi ch are
generated in the fJirggl &bﬁ‘%%é statyssedyaaios, rehlieas %Bé‘?rif%@ Py dacsi gnal
|1 t.h i [ I ' t int M MO ad [ i 35
(g 13) Uaer BErREnioanam DicHo S, AHBIA s G G 4 QHERF S(ERANSHTICTR ar o 15
ti mated and deli d. the first [ initial .st 421,
The addor s ESRETales! PINSRUHFUTE EFBTICES 1aFe tr PodOTRABCE YL i 58a HHhna
f the | [ i | .1 is . fed to th tim t 12, to 12N
and the ot B¢ (FAHRIAG) BUPRY BTG HHALSSE S BRALY AretaeaTo [d BomIPYiFRe 20
tit] : 4i h i n . brok i while the S-t [
tage 4 (PPRGFoST LSt nd 2t agen HiofErer0a] bEvcetHoe tans 2 ehostire
Si gnal'. ¢ DB RIPCRRSIGE 2008S e pHO MBI eibe fidipis5dbs: g ok ey R s "
S d Enbedi I £ rst ' t.. ¢ ' i | .f h
Socor ETP Rl Yerdhv IS Bl 1ATY A g N SBF SIS AL AREle LT

thi s, 27 99882000167 HaleRntIAF inliife EQLLSSKINS TRAGEIoA hable the vser

received si
accuracy of estimating the channel status estimate.

10 The equalization start timing signal, the channel status
estimate and the equalization duration signal which are generated in
the final processing stage 42, for each user received signal as well as
the received signal are input into an MIMO adaptive equalizer 35 (Fig.
13) where the transmitted symbols for each user (transmitter) are

15 estimated and delivered. |

In the first processing stage (initial stage) 42, the adders
44, to 44y shown in Fig. 14 are omitted, and a received signal from
the input terminal 11,, is fed to the sync timing generators 12; to 12y
and the start timing/duration candidate generators 21; to 21y in the

20 repetitive processor 41, as shown in broken lines while the S-th
processing stage 42 (final processing stage) merely delivers the
equalization start timing signal, the channel status estimate H and the
equalization duration signal. At least two stages are provided for the
processing stage 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



In the second enbodi nent of the present invention, the channel estimator in
t he second processing stage 42e and subsequent stages uses the int&ffeme?20s
suppression received signal rlc which is equal to 5 the received signal from
whi ch received signal replicas for other than the desired user received
signal are subtracted in order to estinmate the channel status for each user
recei ved signal. When the channel status is estimted for each user
received signal, it is possible to redygge-the nunber of paraneters which
nmust be estimated by a factor 10 which is equal to the nunber of user
signals, thus allowing the rate of conve genﬁe of the channe| status

esti mate t dakes paceated apdechaemmaningg tHealsthatisenneoei e segnalsel
status to be conpleted wth reduced nunber of training synbols. Fig. 16
shows a f unit tlemaecandag mept P%ég%lé’&ﬁf&niﬂlbfredﬁé%%i %@e shageed22 and
subsequent processing stages ig t he second enbodiqggt, using simlar
reference reFbBY40T aNJESI seeeRd RIOCESHN S W EH dlor 104 SohEE S L HYE8E8 hown i n
Fig. 14. A distinction over the first enbodiment.is only Ehe f.act that the
channel estWfi B¢ 1BLErSPERM e dURPTEHIAReT C @RIVIEfa b LR 1B c W B SIBNS fegtu adalén
user signal, and i.n 20 .other_.respects, the aryangenent is simlar to,that
Shown i A Fite neeeiVedosi epAICHON WHSTAFs Shgateateiod 1Rl iSparABIObSt ithatior
28" for each yser signal. A.distinction over th hannel estimator, shown
Ch Fig o PR TLT s (G BnA e e AR S Aicth SSTRAL [e1 ne
user signals reside tinrfhe fgct that the guali ati B stﬁ%% hining 25
signal whic %%n?hﬁ UAnd T $° Pﬁ?ﬁ?ﬁ%eEVﬁi Fgggéue ERnith© gnn& ner at ed,
t he channel _statt £ 1t t ecel ved Sij r epk | |y those
1oL B2 (TR Pk S LA 9l SPLL SRR, BO1Y (I
the arrangqneif.«Afifk Hﬁ?nBB?roaf{ﬁQfélﬁng'sr\Vﬁ'ighlrﬂﬁs‘?%e"\@&@mated by a factor
10  which is equal to the number of user signals, thus allowing the rate of
convergence of the channel status estimate to be increased and
permitting the estimation of the channel status to be completed with a
reduced number of training symbols.
Fig. 16 shows a functional arrangement of the second
15 processing stage 42, and subsequent processing stages in the second
embodiment, using similar reference numbers to designate portions
which corresponds to those shown in Fig. 14. A distinction over the
first embodiment is only the fact that the channel estimator is
provided as channel estimators 28; to 28y for each user signal, and in
20 other respects, the arrangement is similar to that shown in Fig. 14.
Fig. 17 shows the arrangement of the channel estimator 28,
for each 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



the estimation of the channel status takes place for all the user received
signal's. Third Enbodinent 5 In the third enbodiment of the present 27 June 2006
invention, the estinmation of the channel status takes place by using the
equalization duration candi date signal which is obtained for each user
signal during the estimation of the channel status in the second

enbodi nent. Fig. 18 shows an arrangenent which serves this purpose. Aio

di stinction over the arrangement of the9gecond enbodi nent resides in the
fact that the equalization duration generator 435 for each processi ng stage
425 is omtted and that the s-th %p si ng st.age 425, is nstructed as
shown i n bF®RBAHCHS; 2T apggment 89 ﬁhﬁopﬁéat@ h‘?lmfélfl|5éﬂl1 r 861 gRen

candi dat e SI nals fromthe start ti dur ation, 15 candi e generators 21,
to 21N forth sEﬁébma&m@g Téleaﬁ%an%ﬂlﬁta?@ Blacsfo e €Tt o 28N,
respecti velé/ qc))t her espects the arrangenent is simlar to the second
enmbodi nent T¢EaLHF ﬁlgﬂ% S-equal i zation duration candidate signals is fed from

only the S: k} L.0Gessi ng tage (final processing stage) 42s to the
equal i zatll&—é@ﬂéﬂ&éﬁ&l—ﬁner ator 43 shown in Fig. 18. Fourth Embodi nment
Cons def 19 & ComTon, Yegr e eLYRS SLANTl L1 b Loty et et 11 w1
o el Lo LSRR 00 SR
LrSaLed 2SRRI, L0ghiEes SRR, U35E SO BIPL SREE DT 2 s
can be pr 08%??1?& 8% & 6n of the channel status in the second embodiment.
| Fig. 18 shows an arrangement which serves this purpose. A
10 distinction over the arrangement of the second embodiment resides in
the fact that the equalization duration generator 43; for each
processing stage 42 is omitted and that the s-th processing stage 42,
is constructed as shown in broken lines in Fig. 16 so that the
equalization duration candidate signals from the start timing/duration
15 candidate generators 21, to 21y for respective users are input to
channel estimators 28; to 28y, respectively. In other respects, the
arrangement is similar to the second embodiment. Each of the
equalization duration candidate signals is fed from only the S-th
processing stage (final processing stage) 425 to the equalization
20 duration generator 43 shown in Fig. 18

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,



repetitive processor 41. Such concept represents a fourth enbodinent of the
present invention, and Fig. 19 shows an exenplary arrangenment ther&dfne 2pa8
distinction over the arrangenent of the 5 first enbodi nent resides in the
fact that the received signals fromall the antennas are collectively
processed in the single repetitive processor 41 rather than the repetitive
processor 41 is provided for each received signal fromthe antenna. Fig. 20
shows an exenplary arrangenent of an s-Zd-processing stage 425. The overall
lo arrangenent is simlar to s-th processing stage 425 shown in the first

T the 11 r shcerisairaree el ff Bhg R EnARS e BE NP ACe oDy ATl [
(ne oo vl SliGmm SIS AgHMALE s T e
&%E‘ﬁ?f’ﬁgt’égi;bﬁ%@ﬁmﬁf‘%%f??gﬁge&%ﬁ%ﬁ?géf%mgﬁﬁi ﬁiﬁézlﬁgiﬁgﬁiéhgéfeféﬁ%%%p? e
iC(rjlnfihceie; ie?.sﬁtﬁt%g?%ﬂ)i?fg rgegff%T a}})}}l rgég lgl_e;:%rﬁgt reggt?lgeg {sr%nt egpeﬁié)fp CﬁSSi ng
ant enna5so .55 ?121 coaaer Igf Fé?flﬁie% al\rg?gﬁnggb Lhcof%ﬁ!.vle\yeg&rjgﬁrggl{sng{%ﬁaﬁl

et imitor 209 DGR ol AP RIRRbBe Rt R BRI T RNRI LS O

second e”bgp?ydt%gsp?rs atierH1fan e 1%3)5%&2\%@35??@958?% is"gé{?ﬁ% Ié%-ﬁ'.bEd

enbodi nent processing sta orns sync on w t hout

Fﬁ?lcﬁlelngg E) gf ﬁgé&rzﬁf}ld E‘%’ﬁ%efnorﬁ%héuﬁﬁtegﬁpe@ -3¢l B0 BhSWghAEEM Pl Ay
gn aving a strong

arrangement of an s-th processing stage 42,. The overall

10 arrangement is similar to s-th processing stage 42 shown in the first
émbodiment, but while only the received signal from one antenna A,
is input in the first embodiment, received signals from antennas A; to
Ay, or all the received signals from input terminals 11; to 11y, are
input in the fourth embodiment. The sync timing generators 12; to

15 12y, and the start timing/duration candidate generators 21, to 21y
which are here used may be constructed in the similar manner as
shown in Figs. 11 and 12, for example, when the action with respect
to the received signal from the user 1 is considered. The replica
generator may be constructed so that the processing in the first

20 embodiment as shown in Fig. 15 may be repeated for each antenna so
as to cover all the antennas. A collective processing of received
signals from all the antenna is also applicable when the channel
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,



recepti on power nmay cause a nalfunctlonlng of the sync detection including
the frame sync of the sync detector 82" for user signals having a2dwune 2006
recepti on power to induce a |large deviation of the sync 5 timng, with
consequence that the accuracy of detecting the equalization start timng
and the equalization duration for other user signals may be degraded. In
particular, when there is a large difference in the reception power between
user (transmtter) signals, it is seen 2fhat the 10 detection of the
equalization start timng and the equalization duration and the channel
estimation, can. be made w ﬁ é.Petter ccuracy wh based on user
(transmi tt 8 yhis grdpacgaihrgndlusnsreof 3 @ésbtsagaaﬁ AR HE it is
expected that when the detection of th ual i zat i start |n1n and the
Squal i zat | BPC G RAVERAEHCE AU A AL RS DREAE GH e SHedP P Qoquent | a

der b t h I h t th
caual i 2at1 BIFIOR4RE Biefiagne Suds b tBqu “x?czip ({555 Foh it %ﬁé“n‘%étéa. ned

with a betier. accu the p ({?eseni |n tionis

based on t A SIEGAL Wyfeoﬁml%w%??}o P idpisrend obge RS RMam SEiBsR: 1 s
20 suosbant sy S st ke 0B B Sk MO DR R e e
A oA AR A L L0 R Bl
e e e
more fhe sauel | g4aniE L ARTRGRL IR I il o oo st on
val ue am”&éé}ﬁléﬂ%b?'be‘%%&yu'sEF"(ﬁ%s‘?lfutttQP) ¥55alS! 908 Sebd that the
10 detection of the equalization start timing and the equalization
duration and the channel estimation can be made with a better
accuracy when based on user (transmitter) signals having a higher
reception power, and thus it is expected that when the detection of the
equalization start timing and the equalization duration and the
15 channel estimation are made in a sequential order beginning with user
signals having a higher reception power, the equalization start timing
and the equalization duration can be obtained with a better accuracy.
A fifth embodiment of the present invention is based on this concept.
The overall arrangement of the fifth embodiment is
20 substantially similar to that shown in Fig. 18, but in each processing
stage 42, the processing for each user takes place in series rather than
in parallel configuration. In order to determine the sequential order
of the series processing, a processing order detector 48 is provided at
least in the first processing stage 42y, 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



detected using the functional arrangenent shown in Fig. 7, for exanple, to
determne the sequential order of the user signals in the descendifgJdredios
of the maxi mum val ue of the reception energy index. 5 As illustrated in Fig.
21A, for exanple, correlators/index detectors 48a,,;,48a,,, each conprising
a correlator 14 as shown in Fig. 7 or Fig. 11, a energy index generator 37
and a section which detects a maxi num val ue of the generated energy index,
are provided to process user 1 trainingggynbol sequence TSS1,, user N
training 10 synbol sequence TSSN and the received signals to detect a

maxi mum val ue of the energy index of each user received signal, and an
sequenti al vahg astopg dbegsception enesgysingliges afsthfetiserisngaalmnig he
descendi ng order of the magnitude of the maxi num val ue, in an ohﬁgy deci si on
unit 48b. 1¢etgstediusing thssiweationad arkangam eninshevdetn éfigt e fdcept i on
energy indices are in {he descending order_ of user. 1, user 2,, user N Fig.
22 shows arf%fRdHget@fietsrmangridceseqnentahgadep sl ﬁjhﬁ pger ﬁﬁ%@ég%ilhéﬁlgtage
425, the ge eraiign of the sync tim.ng signal, thg equal i.zati on st%&§
tining sigrafSeRdIARIOf ARl 84 tas Fai g guY & UoRT the LGP OR N Gig %t HE&Xinc
detection and the estipmation qof the channel status H take, place in the
descendPng Rl et e ok ik Al s ST b GRS AP RESRIOES or i n
t he order beginning_wth the signaL fromthe user 1. Eirst.of all, a
eceived sidRAD TrORwFRHN COMDFEBEAAONALT 14phs shorgh 18I F1and User s

ted by. (s;1)-th 25 i 425-1 | bt ted ly,
A (G R e L I L T R Y b e
which is ener.ated in, the ecedi n r,ocessin tage _42s 1.i,n,3n adder 44].
27 June 2008 25 1" Al f P g Er TP IR A I SR e PIRYAIEddY: essi on

user 1 process user 1 training symbol sequence TSS;, -, user N training

10 symbol sequence TSSy and the received signals to detect a maximum
value of the energy index of each user received signal, and an
sequential order of processing the user signals is determined in the
descending order of the magnitude of the maximum value in an order
decision unit 48b.

15 Here it is assumed that the maximum values of the reception
energy indices are in the descending order of user 1, user 2,-**, user N.
Fig. 22 shows an arrangement of a processing stage 42;. In the
processing stage 42, the generation of the sync timing signal, the
equalization start timing signal t0; and the equalization duration

20 signal te; or the sync detection and the estimation of the channel
status H; take place in the descending order of the maximum value of
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 425, in an adder 44,.



recei ved signal which is equal to the received signal fromwhich freceived
signal replicas Reg to ReN for other than the user 1 are subt r act €0ungneP06
the interference suppression user 1 received signal rice 5is used in a sync
timng generator 121 to generate a sync timng signal. Then, the sync
timng signal and the interference suppression user 1 received signal rlcl
are input to a start timng/duration candidate generator 211 to generate an
equal i zation start timng signal and am7equalization duration candi date
signal. The sync timng generator 10 121 and the start tim ng/duration
candi dat e ,(I‘;gner or, 21, ﬁan be constr.uct in the siml|ar manner as shown
in Figs. 7l8RA®Ied agpatrppErsenissan Rt HaC SYPRICSS IR ST User 1 is
considered. The .equalization.start tjmng signal, the ual i zat.i on durati on
candi dat o TeGegNEA SERA HEDH o 45 1SANCS UinEReetycsh Siganl ITeBBIVER i gnal
from 15 the adder, 441 are input_to the channel. estinmator 281 to determne a
channel SUERSHS VES: § AL TRP) ARG & REMETT STBELIED 88 el 80714 1Ene
equal i zat i or\D st artdti m r}ﬂ s}:éﬂna t01 and the traini nrgls nbol (iequen]ge TSSI
for the usStoifagied,and the HIELHTEOs et LESS 0B gIS§l, déﬁé?‘é? SigNiebiéilved
signal replica CliQef for the user 1. Thte rﬁzei ved signal 20 repli.ca f.or the
user 1 %whiBiI78d dBiePYNEL THIEHECREH Y beell Bt rigd SYBE HRIBEREY ed
frominterferen S ression user,l regeive ignal fromthe adder ;441 in
2 oubt r act bRcRo Rerath FRbTE s ERRL anel T G Te s shiBleh b BegH 1
subtracti t he recei ved. sSi l. replic or .t I i ener at ed
T the s tie ot el RRET G G BrE ubBR b s e Tt Shrad g A alsfardae ot o
ot her than r [ j e [ =)=t he: ' st age
S0l SR EErET | R OSREE LA S R REPSARL 08 5120
processin 20 : Abh I e Ju 5 | ing a
maxi nmum vg?é}?ﬁ%? a?ﬁ% gggg%to ?loﬁalgﬁg%tgé g#gj@ vman%E%C %ﬁn?hg @énéﬁ){élﬂ
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 ihe 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



is the second in magnitude, which is the user 2 received signal replica in
this exanple, is added to the error signal in an adder 442i thus g@#HHQQQQﬁg
an interference suppression user 2 received signal, which 5is fed to the
sync timng generator 122, the start tim ng/duration candi date generator
212 and the channel estimator 282 to repeat a simlar processing, thus
generating a replica of the user 2 received signal in a replica generator
452. This replica is subtracted fromt-hgg -interference suppression user 2
received signal in a subtractor 492 to i 0 generate an error signal, which is
in turn fed, to an adder 443., A simlar signal processing takes place for
user 3 andSigmslkhavmg esmaximym valug afdhsotesenthan ql?ﬁligWelﬂg‘?%tW]ngbessi ng

stage 421, .a processing of the received signhal for_the user 1 having.a
| ar gest i the meegn@elmm@galw@@epwhyﬂm éﬁgﬁéylﬁeﬁd%%eﬁﬁk‘é%d sigpal 59}91dpaect ly

15 supplying the received signal to the sync tim,ng generator 121, the start
ti me/ dur at i%ﬁhb%ﬁﬂﬁﬁb@]&gié de@tozhe) errpres1gRahABI a@@&éﬁt%ﬂz,zﬁxus and the

subtractor 49, in a manner jindicated in broken lines to estimate th
channel st 8EBETAGAZ Ho TNLeH 1eBFGIPRIRESIY) GERBIAT S VisbPIEnR s i, and
for the recei.ved signal for the user 2 havjng,a second 20 rgest maxi mum
val ue of thele éeptheoﬁyaﬁéa@yngr&%wr%tﬁéairfez@gweﬁarfsr@wg}r@m it for the
R L T
timng generator 122 the start timng/duration c i dat e generator 212,
the channef ML RiGHes858 o Ut @erietaLiis f EPIIC 52 1NA Tl EqReRt VB8 ocessi ng
Lpkes Place sy S SRoMEr. abn NGB aoRel 10 SideLc A os g
signal from{Ne.t&d E@f)pression user 2 received signal in a subtractor 49, to
10 generate an error signal, which is in turn fed to an adder 445, 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 214, 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 215, 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



11mis input to a swtch 48c, as shown in Fig. 2la and is delivered to one
of the sync timng generators 121i , 12N which is to undertake the 2@4%W%ﬁ006
processi ng of the user which is determned to be the first in the 5 order of
processi ngs by the order decision unit 48b, which is the sync timng
generator 121 undertaking the signal processing of the user 1 in this
exanple. Qutputs fromthe subtractors 491i,49N are input to a series
connection unit 48d, and are fed to thegync timng generators 121i, 12N so
that the user signals are sequentially processed in the 10 order of
processi ngs which is determ ned b% She order decision unit, 48b. In_this
exanpl e, oRfPLEsSINZoniaeed Lutigcids agqereivedsggnaldrem the tesmingl sync
timng generators 122,, 12N, respectively. The second processing stage 422
and subseqléRt 1pABPEEIP Ry S Wt ely ks Greas ShaBim aRa el bt 886k d@gVﬁé M@ ng to
t he order of 15 processings which is determned in the first pyrocessipng

st age 421.onmQl‘éfh@tsweuwnﬂgeg%n@t@@gﬁ Ag 107 dek2devBratots 48 rirke tgé

Gt ages 1 of Kt PR G THEES ERe S0 BETL hdks MRS A RPSNErBF st (Hen
out put signal fraoman adder 44, ., rather, than the . received.signal, is 20
Cnput o cRERCE B TuIORESEIN By Uik OIHEF degasiorhinit 44D, WHIEHES ThecbERSi ng
Subsequent PR BLb E8fiige thia bRt UM kisly 1hE SRARhOroBPSTRE BLPRAETH 10h ch
R TR RN SO T R Y NN I
oL Lre, ehagl 3l b s B SR SBE e g
deterine jhe .ordel ob (Y, tHO%R9%0 ghdfl BFOSSIMRaNY pINRBE PGB S T
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



magni tude of the reception power. Alternatively, in Fig. 21A, the

correl ators/index detectors 48a,,,48aN may detect correlation out$ufune 2006
nanely, the maxi mum val ue of each output fromthe 5 correlators 141," , 14N
shown in Fig. 7, rather than the maxi nrum value of the energy index to feed
the order decision unit 48b. In this manner, perform ng the processings of
the user signals in a serial manner is also applicable to the collective
processing of all the antenna received ggjgnals shown in Fig. 19 and 20. lo
In such instance, the channel estimator 28 shown in Fig. 20 is provided for
each user, and at |east the first processing stage 42, shown in Fig. 19 is
provi ded \praresspngedesithg veaesigralsciothaglesgendingi eutesdobyher oken 1 nes.
Si xth Enbodi ment 15 The fifth enbodinent illustrates a _serial_ arrangenent of
the repetiegnstydecdsths rosepsonipowerch Adtarmashorly, 16 Bight2 bot thee
received signal replica of the training synbol sequence which is

sequent i al 4QITGEMETS! Bt 6% dmteﬁ@rse%ame'd,giﬁgnanayrdgt@écgmmﬁlaéuonnanner as
an approach which allors n i nprovenent _in the ﬁﬁcurac a{20 of detecting the
sync tim MUtRHS, dqFar] baiicomatimem Val g odrere @ut@ai rogathen duration
and the accuracgy of timting channel _status to be realized.,when there is
a largé o B EIRTS; ﬁitahé:ﬁéd QWA oliee- baeieRn U #e (NSANEXIWER t hi s

approach is enplayed, it foll qws that n interference suppression received
signal (orV &l Uehe el bEeReTgIaln dF B 402k aghine arder dagisian Ml dihact ed) whi ch
is detected in the_ first rocessi ng stage 42, or at.an e%rvalb‘y st%ge IS
processed while redBiVH8 MaNgRL P?@%rir%l&g B¢ TIOsES Sifags ST hRWSEr e

generated at a,later stage are 27 Jyne 20 . not ,subt r.act.ed, gives rise
To 5 pr obl SR e gh SEF RS MABNET Ha 4| b g TiRgRbIe 10 the collBELiTe

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



in the sync timng, the equalization start timng and the equallzatlon
duration . In particular, when a difference between the reception 27pbner§06
having the first and the second | argest magnitude is small, if a 5
relatively large error occurs in the equalization start timng and the
equal i zati on duration which are detected fromthe first user signal, the
received signal replica for this user will be greatly different fromthe
user received signal itself, and this-kgs-a great influence upon the
processi ngs of other user received signals. 10 To solve this problem in the
si xth enbodi nent of the _present invention, this influence is alleviated by
using a sy slebbrecsed, ghves reseatmel pesh liewatthatian paral 1selikedyftiogaeees on
only in the first processing stage 42, while a sync detector and a channel
esti mat or 1nfthrasgamtammgpéh@r%quéleaailﬁnt siars dvoangmvt sbeiaqpaliagion22 and
15 subsequent processing stages as indicated in FI% 23. The processing
means of pHHALIN coiﬁnll:gammu K, Whierha didhetancs betweeahdvnreeepilgn 19
whil e the processing st of serial type may be constructed as hown in
Fig. 21. AQEEradawagpt e dif iﬁgdotfheam@né l@Egesh M gRdRdeds %Eﬂgﬁﬂgl d&s in
the fourth nbod nt shown in Fig 9 and 20 is also 20 p055|ble n the
si xth énbdéf‘ﬁ‘éﬁ? Ség«%rﬁrﬁoEt%(%lirﬁéﬁtt Enc@dHa lﬁaﬂchﬂ St ABIIDIE AR éﬂ?@om ment,
the repetitive, processor . neans, 41, S enpl.oye

subt r act &ql%agé%ﬁ}@é} ug@ﬁpnrwﬁlé&ar% eéeppea&ﬁ @%&H]St%eﬂé@a

recei ved 25 si an intentian that tnfgaccura det e

equal i zat if6R®! ? rStlgfl?1 'R 1 63d rh@léc}h%ﬂrl 3 ﬁ%ﬁ?taé f&henfrﬁeogbg%ﬁ'acy of

timating the ch t uld b d wh 27
Sune 2006 153 THGR BF B8 I BEGM bAoA BLA exiq?eeh%@‘é‘w the Povever

when 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



this approach is enployed, a processing of each user cannot take glace in
paral l el manner, giving rise to a problemthat a delay of the proéédsgng;goos
may increase. 5 To solve this problem a seventh enbodi nent of the present
invention is constructed as a conposite structure affording both the

advant age of the parallel type and the advantage of the serial type. The
overal | arrangenent of the seventh enbodi nent may be simlar to that shown
in Fig. 18. Before generating the equal §2ation start 1o tim ng signal and
the equalization duration signal and performng a channel estinmation, the
processi ng order detector 48 is arrangedq such that by utilizing the energy
i ndex geneiiaf rengeda %W\cqmlﬁngqow,erf tWesIn e d1S€ES me bl RS Vel JENeR t he
reception nerg i ndex .for efch user is detec%ed, t he users are .divided

| nto sever BN R BAFRAGAGH CIBPIGYs daArRf 4GS D! figh Vser N@RNAerKq wher ¢ GL,
X, &3,, GX represen atural nunbers).in the descending order of. the

maxi i oP|R6foTP QA& RGNSy BT KM T iR & BRI dhal dodF addEe a1,
&, &B,", GX. Thi.s grouping takes place as shown in Fig. 24, for exanple.
Speci fi cal PYOC&SHdE W S8t ect or 48f detects a 20 naxi num val ue | ax

arong ! U val ek |0 Lt LBl EL Fyp AL SEERILST, EN Ot Lo of
214 20 280 24R oAl SELRE AR 0! et S L e, Semeting Usnyaber of
X 2Bl B S8 LY B P YRR S, L
Into a groyi Coy e SO e el¥hPEPIRE VelenthAfbotimdft Ay Bé stHi§afR06 - 33
| 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 IgMax among maximum values Igmax 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 Ig;.x, equal to or greater than IgMax X
25 (X-1)/X are bundled into a group G1, users having Igmy.x, €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



performa parallel processing of each group, but the parall el proce55|n%
proceeds in the sequence of group Gl to &, G3, GX. Fig. 25 shows 2dnune 2006
arrangenent of repetitive processor neans 41 mof such conposite type,
nanely, including both parallel type and serial 5 type. In an s-th
processi ng stage 42, an error signal froman (s-1)-th processing stage
42s-1 and a user received signal replica which belongs to the group Gl are
input to a parallel processor 51Gl, and33n- the parallel processor 51Gl for
the group Gl, each user received signal replica of the group GlL is added to
the error signal to formto interference suppression signals ﬂﬁlch are equa
to Not in erm agaralld RERfessing Rl srgharoumeddy ﬂwmai start timng
signal, the equalization guratlon candi dat e_. si gnal and t QSnnel atus
estimate fROCCIHSHRE GTOCELISHA tiepedBeRLeS 8TgMAIG ] viM 1 ng's

group Gl 3{ e ated In this manper, the, processi ng of NGL 6ﬁ§r ? gnals
15 which b I&né & tOPhéS GRS ABRCIARRS OfT5petit %Pﬁ&ﬁﬁﬁﬁ%? TRG3RP OFhese

NG, received,signal re Ilcas are ubtr cted fromthe nal
NG ng s e Sk r Bbaeo NER (hBeepeue DL sl Gfibse Has PuHLs B dee a4 ﬁ%rlﬁ?ev. ous

crror ShgndPPE whiER & tha rcf%ssﬁﬁ%ée S'géé&s, %bggﬁbaés?;é@?éfp@ Frorilishext
group . User received si cas __which, belo to.the group & and
which are PIQCESSHE ﬁia%g Ao a5 bR e g R8Er o lire wﬂ,saﬁ (o the
s SRR AN Sl it
ShIEaC Ay E Ty e W
IR et e R P
10 interference suppression signals which are equal to Ng; in number,
and the sync timing signal, the equalization start timing signal, the
equalization duration candidate signal and the channel status estimate
for these or for the user received signals which belong to the group
G1 are generated. In this manner, the processing of Ng; user signals
15 which belong to the group G1 takes place in a parallel fashion.
These Ng; received signal replicas are subtracted from the signal
formed by adding the generated Ng; received signal replicas
generated at the previous stage and interference suppressed received
signal to provide a signal (an error signal), which is fed to the parallel
20 processor 51g, for the next group G2. User received signal replicas
which belong to the group G2 and which are fed from the (s-1)-th
processing stage 42, are input to the parallel processor 51g,, which
processes these user received signal replicas and the error signal from
the parallel processor 51g; in the similar manner as is performed in
25 the parallel processor 5161, thus performing the detection of the sync

timing signal, the equalization start timing signal and the equalization

duration candidate signal and the generation of the received signal



replicas for the users which belong to the group & in parallel fashion.
Then the received signal replicas generated which belong to & ar g2/ June 2006
subtracted fromthe signal which is formed by adding N& interference
suppressi on received signals which are generated by the parallel 5 processor
51 & to provide an error signal, which is in turn delivered to a parallel
processor 51G3 for the next followng group G3. A simlar processing is
subsequent|ly continued. Each of the par@il-el processors 5151 to 51&x nay be
constructed in the simlar manner as in the first to third enbodi nrent 10
which are res

ti | h in.Fjq. ,14, ig, 16 d.Fig. 18. he. t
oxarl ot HOBERS fOR oot mgdich Balsna o Thadmoln GiF 28 Parable] faihibh: "4
dinth | el 1 R the ipitial. , i
Fhout of | ahhen i€ te CHRE O n e niees egner et d phicte bR g L B e "
A whi fed f th i 5 st , t. t i ved si I
oo nput " ElaRiSd dECm Rt afaP WHicRors, BarRey ARidinkrSe gakerEreRetnrcn
belong to Gl _are subt.ract.edd f.rom,t he, recei ved Si g{l%L tgl&be feij1 i\o fth_e
paral I el prORBESHHOB1(EFCALC tHENAS & &y %ﬁ’r PG A sinilar

to 20 'f%&f&?%és%ﬁriﬁ%%aé%ﬁﬁéaﬁ%a%ﬁiekﬂofféfgse Eﬁ‘%@_ﬁ@&#ﬁbﬁﬁﬁe@?ﬁ?&ﬁfﬁ?éﬁﬁd
brocessi gt arial RS RoRs Eholel Thd Byt AP G ng BT Lser
of the gr Oﬂpogés i% ﬁu$%$§%&é t@&nﬁﬁuﬁﬂpt ractors 491,", 49N which are

input to a‘'seria aralfe ohnection”uni't 48h, those outputs which
corTeopond (o, L1 YSEUF VALRABINEoPcq G K TSELOS iy Ry e e sy
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 515, 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 51g; 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 12y, -+, 125 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 Gl

are directed to one of the sync timing generators 12y, -, 12y which is



determ ned by the processing order detector 48 as corresponding to _each
user belonging to the next group G. Qutputs froma subtractor 4920dHeg:2006
correspond to the users in the group & are fed to the sync timng
generators 12 which correspond to the users in the next 5 follow ng group
&3, respectively. In a simlar manner, the processing of each group takes
pl ace in a sequential manner. In the second processing stage 422 and
subsequent processing stages, where a-@88nmposite processing is desired,
outputs fromthe adders 441,---, 44N rather than the received signals, my
be fed to the correl,ators/index i.o det 48aN. Al ternatively,
goudb ¢e w8r

ctors 48al,.;" !
Che corr ol SOFEMIAGECSEhEdTH ST B8 CE i SECAOBYS RS SULERR PBHIPS
corr ol at or SAMUBRGEELERBILE Aae HeXt ZEARPHRw FHHUELGS B4 ErgiblaE i
Speci 1§ cal P9 SRS GSTROROTR Haahs: Castepth BTe EGRPLAEL BEF HaVAROHEE SY1C. 14
el ector a8gmifig SYRSRAIPEH 12 WHEEO A OB DU RESEIERD HEt8Poed of gnals
o LU meand o ing gl Mo RRETE: o IR hohBen iR ned above i n
he ant enndd oxesS 8 T 2TBRP RSt A SeREShtREr T P08 IbcB S,
L L Y SRR L9, 0Bl hd 406, e BrGRERERY SiaiLghure o
pocces 16 et B8pA Chgf8s PR el s S5, 80 ey 2 amagrent
22 and 25 2ZiHepen£P98e received signals, may be fed to the correlators/index
10 detectors 48a;,"*-, 48ayn. 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 144, -, 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



-36 may be provided in a sync/channel generator 81 as shown in F| . 26, and
may be repetitively used. Except for the arrangenent shown in 7~@Oe2@ﬁ@
processi ng stage 42 can be provided for each repetitive processor 41m A
repetition controller 91 controls an input switch 92 5 to feed an antenna
received signal to sync detectors 82, to 82N in the processing neans 42
(which is only the sync detector 82, in Fig. 24 and is only the parallel
processor 51 Gl in Fig. 25) to process3ghe received signal initially, thus
causing it to operate as the first processing stage 421. A result of the

processi ng or _receive i.gnal 10 replicas Rey to N are fed.t S 44,
to 44N, ré%%ﬁé 9 Pépyl&glﬂrﬁaﬁyn@ﬁ%@& fg@nleﬁmrg iagRhown énﬁ@édd%év error

signal Es t t he adders to 44N (which |f[sq rh y the adder 44, in Fig. 22
and is onap tIﬁJ@y Bsrraqneéltlﬁﬁbxéss§ér 5 cent fargthesranggmesisdioynin to
oper ate ai: second processi ng st ﬁ) In a simlar Cglanner the single
15 proces&ifig a@&mcr:gsuhaoéga% ek eaﬁaomﬁl@@?ogrr@ fePetiive: he

and the 23&5&?3&%%&2 TEGH g TLEGRAIO1 Ehg ToemiTol BT IRk A1 %cﬂ*?@; anal
P ocedti nif 18eHett aH EBTRS AOrd Y RANDRATAS0 I CQEFPLUS B8 e 20 BADK
o e et S R AT PSR A
the channandsisaonly TR THhetIch SiFesses %ﬂgbw 38" 2o ® PRReRsT iR Gelected”
SLEN SO G e S BT
by brokeny|,pessiy Hape 49, 'R RARIY AL Mledsifig GERLYEY A s 2006
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 timiﬁg 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 42;.; may be inputto 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



- 37 training synbol sequence signal for the user n fromthe sync timng
generator 12, (n=1,", N)(or the output fromthe energy index geneRatvenre 2006
shown in Fig. 7) or its correlation signal with the training synbo
sequence for the user n (or the output fromthe 5 correlator 14n shown in
Fig. 7) is conpared against a threshold value Tr froma threshold val ue
storage 76n in a reliability decision unit 75,,, and if it is equal to or

| ess than the threshold value Tr, a de@’dron is rendered that it |acks
reliability, whereupon an output fromthe reliability decision unit 75n is

used to turn.the switch, 77n of f, t.hus eventing.the replica fromthe
Yopli o golGiEE SYBI56) Seuenss SiaBRl Jor BhE G ot thE Ry et BRI by t he

et ect i on SETEREOT ehim(T5de i on OLAF EE SR IaHA TR RECRAMENBRIBE. dur at | on
Goer n. 1SBGRETAHOTTEp F RV ThdHer ahell THEa R UER S aln TP ca 11 om
he et et B AIGFRETEl FEARFacHaRs he rrek basotts, SRRBRER #FHLE 0 o7 16.
P Ll Lt TS BV aeP ) L b BeB T oBhh a SR80 oo
o et 10 BE QPGSR LSRN STk SRDEIEE TR R, 6 SRR R io S U 30
valbe T AR 288U A et YRAF ey R IR 1 Rl T
(1reonol 0 el ol LR D RS A g T [ e svare
channel stalng, @&y gBERIBW bAR 758912058 AR3Pthe 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

the channel estimator 28§,

20 (impulse response) H, which is estimate
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



- 38 by a constant X (0<X<1; because there is a relatively high reliabilit%,
a val ue which equal to or greater than 0.5), or the nmaxi mum val ue % Juner0
energy index or correlation output for the entire synbol sequence nay be
multiplied by a constant X (0<X<1; in this instance, it is 5 preferred to
chose a value equal to or less than 0.5 is desired). Avoiding the delivery
of the replica when the timng has a poor reliability is also applicable to
ot her enbodi ments, and its functional - 3®&+rangenment is shown in broken |ines
in applicable drawi ngs without specifically describing it. io Eighth

Enbodi nent I n an ei ghtl) enbgdi nent of the present invention, when an error
s det ect &y Bré Gns@ddded Uelidadberau e Hhere thAg cdatizedy dn BhsTekabllbbsk ¢ o

the sync detector jn_the sync/channel generator, and a next first capdidate
in predet é M V‘éf}}rﬁb £AMaAdS @%gtﬁ%%@l'it%@ﬁ)eﬁdé)):mrl ¢ WRBX1IBREN VR YERenent
of the ei %Rtﬁh enbodi n&nt is shown .in Fi ? 2%(.h In a sync/ %’gsmgel ener at or
81, which 'REYCTHTEY $REXtQf Al gaHOMaPBIPUY I the TSy P oL 8eq BBCSt age
425 of a sync detector,..82n (n=1, 2, 0 jn.oneg.,of Figs. 13, 18 and 19,
for oxampiBastsie A ALED WhehcoRslaHoRg T adek Tk i Rt REepdhds o an
out put _from the 20 ener i ndex generator 37n shown.in.Fig..7)..0r the
corlroel ati g ederisst to G&%ﬂ%)éhaé'@ﬁ}lég%hﬂstq BrjﬁS%GBBUtoﬁbﬁwﬁgﬁg rrellator 14n
shown in Fg..,7) is l,ocal { mum be detgected.as tsn-m1l, tsn-ng,
Cones | Aoidiblebe JaNE oPaahe SR Ry Lh8CTMiRE BRS bR and
subsequent_tinmi.ngs .are stored as,a, second capdidate, a thjrd gandidat 25
S ATl abilER iRl 2bBfiedBI 88 TR RPA RS oAt ifh DARIAOREE. i s
used to gene et equal i zatien start. timng si.gn he . equal.j;zatj on
dur at i on aonapentt ReBniinb oReAlliokt ThureBlifBls i Syiie Sabis

| 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



-39 are used in the adaptive equalization processing applied to the

recei ved signal in the M MO adaptive equalizer 35, and the signal 27s¥58€Re%
decoder 46 perfornms a repeated decodi ng operation. During the first run, a
deci ded bit sequence for the users 1 to Nis 5 generated, and is then
subject to an error detection by error detectors 841, , 84n,,. If an error
is detected in the decoded bit sequence for the user n, for exanple, during
the error detection, the result output3gs fed back to the sync detector 82"
for the user n signal in the sync/channel generator 81, and a next timng
candi date, which (s ﬁoé%fn-nﬂ in this i.nstance, is taken fromthe candi date
storage 83reared i theadlantiyemrualézaiendrnnessamg aprkiadto the ng si gnal ,

t he equalizatjon  duratjon si | and the channgl status estimate.  Using
these si ghafelVethalgng @}thﬁé\gﬂgﬁ@ agapéla(@amaﬁzsﬁ ondRbersesehed < gnal
is applied to the ,user n, sign in a signal ,sequence n equalizer 69" (see
15 Fig. 3F?QHﬁBCFh@e%Qéﬁ’a'l ﬂ;eﬁegt{ﬂrﬂﬁ airsep_g-:@égdi(quq ns%@ﬁ’&?a%l@cﬁhence n
decoder 6 (.see ,Fig. 2) in the signal .sequence coder 62 t efforma
docodi ng_ SHEHBE Uie TuhsuBercaesidn, bil Sedvaee Jor Dequeate (BN e user n.
This decided bif sequence.is again subject to.the erro detection, and if
an errdr £81§E8 segn‘idéith,entﬁgblfe(ﬂtlt&hl'“ﬂ§rf?ﬁﬁﬁ§e‘?@0@ahﬁi‘Hépé edRCHESi s used

t t im | ing. Th ic. dund heck (CRC t hod
can' bo us8aHi i thaderr off GRIBERT on ACTERIS in 155 SEHRI b GHoSSONGTSeaGY 42 of
the repetitive procgssor 411 Wi { hi.n ttgle %E/Inc/ annel g nerat]glé 81ti -assunmed
to be condif HSEEd AT SXAMPIen FHIGNEMRE BUOT G CHE MmEts TeTed AP own i n

0 25 atin e Rt BTSRRI A P 1o 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



-40 described. Fig. 28 shows a processing procedure according to g&, niq%%
enbodi nent of the nethod which corresponds to the first to the f r{ype 2006
enbodi ment. At step SI, the detection of the equalization start timng to,
the detection of the equalization duration candidate te, 5 the estinmation of
t he channel status H and the generation of the received signal replica Re"
(n=1,2,, N are perforned in parallel fashion for the received signal using
a training synbol sequence which corregponds to the signal from each
transmtter. The received signal replica is subtracted fromthe received
signal to 8enenate an_10 errqr signal Es. At step $2, a run paraneter s is
initializedeseribedar Etgp28zhowscepredaessigigaproepfintafcror dingRONaRi ch ar e
generated during the  (s-1)-th run and the error signal] Es are_saved, and at
step S4, thdithrepihediangat of gdhremeshe dewdr choeriesponsls «r the fargia thes
saved to 15 generate gn interference_suppression, recejved signal rlcl to
ricN, and fsmsr.thge@hqcamﬁla\@ sﬁfbﬂepsSduéﬁfgegm%mwrfjﬂé@p@ﬁaglv@tmh

i nterference suppression received signal, the detection of the _equalization
start tim HGrt slming tetberdaiscEon R tg@u@qu%h@amwdmtw candi¢aicetede and
the estimation aof the chgggel statys Hta pu?ce. 20 At, step. S5, an

exani n&t i o8 §SHE¥RLIPB @ ¢1C§1ai®eﬁqs}am the gengistionoisthey ss, using

to, to and H which .are,generated af s "and respectiv .training symnbol
sequences,rer%élpae%}gﬁaéﬁ&ﬂﬁ%@p 'emaé"‘:@"t'o ﬁlr%rllﬁrg@ é’él,pa&ﬁiilegsi ng

t hese, an grror st&na}l Es iserogeneralted. Subse uentlg}, at steg1 S7, s is

i ncr ement eFASH OB ThEH O FECOR b F g INYSINE & Ealae symbol seadgRGRat step S5
that s is egual to S at , step S8, to, ~to _and ,H whi ch.ihen vail are
derivored PO ChE MirRepSndsae the standt fimaeaciatr gpitdf” O f¥Teaalidd o

used to apﬁlg%aa}nreﬁicjau?se s%%?xﬁacted 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 ry¢; to rien, 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



-41 adaptive equalization of the received signal and at step S 10, ea
signal sequence (transmitter signal) which has been subject to t he27 June 2006
equal i zati on processing is subject to a decodi ng processing. Wen the error
detection of the eighth enbodinment is 5 perforned, a plurality of timng
candi dates tsn-n2, tsn-nB 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 Sl1, -ag]li-ndicated by broken lines. |If an
error is detected, the operation returns to step S4, and the stored timng

candi date_t‘in-gﬂ is to,.us d to t ect Lhe uallza on itarsil(ﬁim'n@ t_O and
the equal i 33#PHY® caralizaran O WheTGeeiyed RlEnal ATtb At SEe RSl pgas plica
whi ch ds to the, detected t | A

setene on S GHRISH THAREENTS: L thidh B ot M o e 1
estimate H or en a decision u the reliability of the detected 15

Ui ng, ascihaliZ2lan BosFEkae fs ﬁﬁ&qqm S0ding PRECERYDE bed

enbodi ment, a deci n.o ow._rel,i Lity rendered if the e ergy i ndex
of the recei ved si o @?e@ﬁgomp Bk Mg SBRBLE RanbatRaB A ch

Crai mi R shRHaasdauTe NS of e BhnBi SRS HIknER: “tp“éoa%é%c%ﬁﬁna

A stop S10BiCRR @E@%@Q"%ﬁé%g SR TR oty Thlarf e Yo e
l'iabili

e cubt r 2ef e PROR TS egiﬁ%eaéeﬁg?%?aff&w SR SR G RGP °

Def ore L1 2931 el fihibg ) o SokbAls Steﬁfggﬁgr%l Bgiefelihabl [Tty of

the detected timn réeplrcas which

21158 (ARPHEBIBLARALIeh 3! ool Al s e st
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
i5 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



-42 to provide Es before transferring to step S7. At steps S 1 and_S$S4, when
the operation takes place according to the first and the fourth edbddnen#ifb,
the estimation of the channel status H takes place collectively, and when
the operation 5 takes place according to the second and the third

enbodi nent, the estimation takes place for each transmtter training synbol
sequence. A conpensation for the timng offset during the adaptive
equal i zation is referenced to the earl42st one of the equalization start
timngs, and the equalization duration TE which is used in the adaptive 10

candi dat estd 81 OYRIR I bETl Bl METE W shm Eooci ment Ref erring to Fig.
emboai mont wil 1 be absirbSd Al SPswlh e LRI A et ng as a
Gl op <o, RECORlirRERGRED Birs ur L hR pLE R o Byl Sy Bls 5PlacidhofBert o
Bnd or i naphaehsFan S BT RIARS AR el AR L AP A= 11
resumod ne R REFCL R PR sl IR e pd fplhLytd 20
cqual To 1SS ARELIRACE ARG PRI Ack g AE Lomho idintg ©
<725 made’ Lo TR TyAThA B R hfipe BH Puring @eoﬁgﬁﬁtiﬁ%ﬁsﬁga?eﬁ??;ﬁéi and

H is esti i ! I Al nd S ence
Fosn and t RaiertAtel1® fic ey RegnBnctof it MitAIfdton (i BTGy, A5

the equalization duration TE which is used in the adaptive

N.

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

PR [P

S P | S Ao b P D o A macorifir 1
20 the descending order of the magnitude thereof. It is assumed here

1j¢]

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 1s, 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



27 June 2006 -43 generate a replica Re, Re" is subtracted fromEs to
update Es while storing Ren. At step S8, an exanination is nade t26 488 20P6n
is equal to N, and if not, n is increnented 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 ifs is equal to S, and if not, s
is incremented by one at step S11 before transferring to step 512. If n=N
at step S8, it follows that the error-gi3ghal Es is an error signal obtained

by subtracting all the repllcas Re, to ReN fromthe received signal. If s
ctep 12, BANETASEA (ISR Rl 1 Sy Bat RERCLd ARV Sl Uidatgane PEhde
transter ?%ﬁérsm?g) Bieilpr ‘é%taar%ggté"é sa{é@aanﬁa'@nffsa&%sqezgxgée i ﬁ?éteeéwé 13,
't orf er eABeNs &Eﬁg“nﬂhéﬁeici%%%‘?éq%y ?&r@ﬁa?g%ezmﬁ% Beterasatuding oo
are used S %‘é“evaft B 17 O SHP SYERA! B s 16 Ctunuaenany

subtracted fromthe

;s;g(ra(raf Pgﬁégfﬁgave e%@%];glpeté’zlf'%égfgﬁénggu?l)%ogéer?eq“gtlgnam ?rlrsor signal Es to
E i 11 510,
L0, to andBFFe 3@%3{%5‘3#613 S nElove s tErting T s I&é‘%&. ¥ S

equal i zer 3: t he ng.recei ved

i b h d
chonal “reft tR%t'eSH 58, JF PRSts thif il?%‘érl'gg s DTS srah e gB A SEE

cqual | zat PORACETRY ?@Pﬁ%@ééﬁf%iﬁﬁ% § RRe R AR ER PR Cce 1
decoded byitfie S 4931 dﬁggggﬂagﬁgef%%{tﬁﬁ%@t 118 8pcFAfronYiethdsBfs eger ati on

is to take pl'ace accor

10 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 r;c,, for which t0 and te

15 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.

20 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 ié generated if n=N. At step S15, the MIMO
adaptive equalizer 35 applies an adaptive equalization to the received

25 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



27 June 2006 -44 enbodinent, the timng candidates tsn-n2, tsn-nB and so_on
are stored at step S13, and when an error is detected during the &t Y\ 2006
detection at step 517, an ordinal nunber nis set up for the transmtter
signal before transferring to step S13. If the sequential order of the 5
transmtter signals which are processed is changed during each processing
run, the operation returns to step S3 after the step 511, as indicated by
broken lines in Fig. 29. The determ nat4bon of the reception power which
takes place at step S3 during s=2 and subsequent runs is perfornmed upon the

error signal ,Es,.and the replicas 1g.Re, to Re ich are obtained during the
o vl ous rembOdneeRh e B eAT dibr s R its B BendRocRadR h
enmbodi nent for ,the negfigda\é\lhfjc corresponds to the fot.h enbodi nrent wil |
now be dedOrElRL SIGP Sildp 280 WRETLAR $IT 04 1S detesded AUHpd HHe SFEY eved 15

oLanal; H 48 S U o0 PR S B 35 QRN RtSd & Slepisey he
sequences g suBafatR s e 8RR Stmgt traecdPERPLIRANR thr e
tcf‘el. "0 e BspBfastdb I8 hfoh ud HRERNSRaTs ideed e 88 v cd i gnai

. N whi " . :
crror o graioessTiR i, dhe"PeiBhdEttht (0% eeh$1 aTidn 48 18P SPA 5 ep
S6, Re" is: .t Goe ' -f er- '
S St DoRBNIES TS SN B SIS oo,
U110, {Mesc GRS G8 SUBDA Lok EPbi e B sibp S TRIHEADYA o7 o0, 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 Reyx 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 53, 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 r;¢, to generate an error



i nterference suppression received signal rlcn to generate an error 27 June
2006 - 45 signal Es, thus updating Es. An exanination is made at &féepnes0q&
see if nis equal to N, and if not, nis increnented by one at step S8
before returning to step S6. If n=N at step S7, an exam nation is nmade at
step S9 to see if s 5is equal to Sand if not, s is increnented by one at
step S10 before returning to step S4. If s is equal to S at step S9, tO, to
and H which then prevail are delivereddfe the M MO adaptive equalizer 35 at
step Sl11. It is to be noted that during s=S-th run, no received signal

replica Re".is nerated at step.S6, and no Es is generated if n=N. 10 At
step 512, %1@%9% QH&%PP@@%&%%-mu on is applied to the received signal,
and at step 513, thge_synhol sgquence i C as n processed by th
qual | 2t on i o decoRetaRiBIG oM B ah el S is oR SSRtwR! {ohRoni s
rstence, 5SS O LRGN AR oy SRRl SAhe AL, HhATHE o
error, the T (@ d 5 : h
Enbodi ment o Ref in [ g.q31 Lft.h enbodi nent . for th whi ch
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error signal ter Gs.ds initLalize I Y 0.« I at step
S2, ch’ pr%c%@@%ggg ﬁﬁngalrflaﬁ@t’e#tlélbg% ?rﬁfe??/%(?ibz}gﬁ%[eoggi?e%ﬁdﬁ;ﬁ eﬁ?g% S3, the
reception - ber. s is i n e e.lraini .y bol
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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 1s made at step S6 to see if s is equal to 1.



step S5, and an exam nation is made at step S6 to see ifs is equal7;@11. %g
June 2006 - 46 If it is, using the training synbol sequences whicH'b 8&8
the group Gx, a parallel processing takes place for the error signal
(received signal)(Es) to detect to and to and to estimate H at step S7. In
addition, they are also used in generating and storing each received 5
signal replica Ren, and each replica Re" generated is subtracted from the
error signal Es, thus updating Es. At-dgitep S8, an exam nation is nmade to see
if xis equal to X and if not, x is |ncrenented by one at step S9 before
returning f x_i.s equal at step.S8, an exag¢gﬁ8|on i s made

it step sﬂéc’iigfeﬁsigi?'tb%éﬁ@l@&u mtbaléewqe@f 5iehSASTAL dReidair, "one
j;, Siﬁ@ S5 Ap S LRER s h R 1 ﬂg? g%ré?fSEfﬁﬁﬂrqc&lﬁsﬁ:aﬁé_ B
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si gnal da?%g@%?sefﬁ%? Ram bt i ¥sBlica Rbn g HerAEeq N WERHAS: BGREL
sequencesﬁmlaﬁ P 'gﬂgltiios ttﬂ &29895%%6\% to detect to and to and to

estimate are’use rating respective received signal

replicas Re,,, thus, %@gt§99aﬁn9xaﬁﬁﬁah% LSBARd ddieif KBl e dietg Wi oh s

thus generated is subtr froma correspon I hg one o urality of

I nt erfere%ﬁ%?g%"[egsﬂs‘ﬁ'ﬁcré t‘é‘%ldb?'&ﬁ‘@a% sk p@@‘ﬂéf‘o‘%eﬁ%tu ﬁ'Hx} %'(5’%% ng Es

at step S ore 25 transferring to step S8. Sis equa S at tep
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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

group Gx to detect t0 and te and to estimate H, and these are used in

[
(e

generating respective 1'eceived 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. TItisto be noted that during the S-th run, no Re, is generated at



514. It is to be noted that during the S-th run, no Re, is generated at 27
June 2006 -47 step S13, and no Es is generated if x=X. The receive%7§?Tﬂ3906
is subject to the adaptive equalization at step S15, and the synbol
sequence whi ch has been subject to the equalization processing is decoded
at step S16. While not shown, the error detection may take 5 place as
required, and if there is an error, timng candi dates are used to determ ne
to and to and H again. Wile not speci-f4¢ally showm in Figs. 29 to 31, in
the process shown, the reliability of the detected tinme may be subject to a

ow el | abtieR o 1o 41 FBESGS BATFFeRoHetoing, 114 AOLGH CLELEAT0N of a
Che equal | RIS GUMSE POREINE TR AR EaT SRR SL8aPPEt iRy R he 1 on. 11
the foregoing descripti,on, i{ is explajned,that a.correlation .15 between a
trai i ng- SRRt Cequaie ascherS SHBARLER thh kR ERUORGPT QGRS ifibniong
Povever . 1devadiicy JEeibRce « SVRIEAGEbndh AR B SrETe AR ey Whcea by
11 mi noPaur Bl aRTRERERL. ARHSReTt 31 Hh SSPnai b ORI 3 Bt o5,
compos t o bt SEsE e 3P B ARG BRI 0n T Socuracy of the channel
e Lot o S AATE s MBI, SO Bl 0% i st o
Suri 1o L repEsatsfaiy e CrorpERUKO Bkt s dpf e iR eyel o
I ndi vi dual 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,,.

As shown in Figs. 22 and 25, in the case where

~

~r Jndnnts
ync aeiediion

DO
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w

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 42;, 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



channel estimation neans as shown in Fig. 17 for each user, the 27 June 2006
-48 received signal to be used contains conponents of signals recef{ddne 2Gdm
the users 2-N. It is considered that since the received signal fromthe

ot her users are cancelled in the received signal to be used for channel
estimation in the second processing stage 422 and subsequent 5 stages, the
use of serial processing stages would not cause serious degradation in
channel estimation. Accordingly, as thggmeans for solving the above
problem it is possible to arrange such that in the first processing stage
421, sync start timngs detected by sync detectors 821-82N for all the
users, trdiegenged\aigarl dedueneed ¢ontrsRs-crasR anIdsvaldsignpalreceavedhavi ng
been processed by cancellation operatjon) are all input tq the channel
estimati orrpat thegigesisd 1M t1d isneensdenradi that gnce)thesrerives:t SR br oken
line in Fig. 22 and all the channel states H are estipated and supplied to
t he replicfgongéhér isgrs-amsncaneelie #ﬁnﬁ]%ﬁ%@eléfﬁél/é%grbﬁﬂcf&bﬁﬁgschfﬂhe
invention, the accyracy of, estimating the channel status, the accuracy of
det ect i ng Chanegesiinyai PBANsthE seeond iy Ofitd S Rg setagm%%aad Y Mg t he
equal i zati on durq%ion in.the, M MO recei ver can be igproved. In .particular,
it is eonsitageadtimatse: Ak sesidl REACSSSHIS ShasehMARId S04t AUSErBERIRA Sdet ect i on

Gur at o THRS S5 HEpaR: SheRRERE A BHEIPB. £ rAREOTH RBD) Ttk CRMIAT cat | on,
o000, UG ARUSHL Shek SERIeED S SRRLSR LR Sy PRSPARL® |\
chernel estl R o0 el ek S e AL Lona il ouang, e qvant 1y of
| detectors 82,-82y for all the users, training symbol sequences
10 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,,.
15 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,
20 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

25 synchronization, allowing the quantity of information transmitted to

be increased by a corresponding amount.



27 June 2006 -49 WHAT IS CLAIMED IS: 1. An M MO receiver conpri si 25;7% MQIX%
adaptive equalizer in which signals received by way of M antennas™(

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) transmtted on a comon
frequency band are subject to an adaptive equalization using an
equalization start timng signal, an equalization duration signal and a
channel status estimate to be dividedqto synbol sequences which
corresponds to N transmtters; 10 a signal sequence decoder for decoding N
out put synbal sequences fromthe M MO adaptive equalizer; a training
sequence ger‘éAQi l)g é&AWaIShg a training synbol sequence having the
same synbol sequence as a tfai ing .synbol sequence in the transmtted

si gnal sequence; 13-a fit M dcgei eet 6°1BPpriIStegei vi ng the training synbol

sequence and a receive ignal as inputs,to generate an equalizatiqn start
timng signal and &R k&ﬁdi‘gﬁipéwedﬁﬂélﬁib?ﬁrsir{g ICNaSIZHHRALICCEdY Phatdor for
AR TR R TN R T P )
trai i R PRSI SOOI A9l BYGRE 1SS, Dh I BLe84T EARE hgodharcatdte ©
equal i zat i gn ration.signal and the estimated channel status as inputs to
ganer at e 383 PLETARERiRenan & SO RImGnSHiASDIE A RAPQoke £ DA THED ABcal ved
o0 SI0E LR AERTLY ahdlo SR TP T ol

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



27 June 2006 -50 replica in the training synbol sequence fromthe rgfeiveﬁ
signal to generate an error signal; an adder for receiving the erd’ UW%%? 8i
and the received signal replica with respect to the training synbol
sequence in at least 5 one intended transmtted signal sequence as inputs
to add themtogether to generate an interference suppression received signal
which acts to suppress the received signals other than the intended
transmtted signal sequence; and a sec .sync detector for receiving the
interference 10 suppression received signal and the training synbol
sequence as inputs to generate the equalization start timng signal and the
equal i zat i oepHerani the siagnahg symbol sekDenecefnoen thecorakiingdt pigiadito 1 i n
which the first sync detector, the replica generator, the adder and the
second 15geyetaideanciroor aigngkparately provided for each transnitted signal
sequence, and the received signal replica for the training synbol _sequence
in the intended tranaddesdositgesivegibacrranisegnik andpthe received adder i s
one: 3. An M MO receiver according to Claim2, further 20 conprising a
reliabilityl gral splacawithwespect dadédrestraineeg siyonboh seqaencel irapi l¢ast of a
detected timng which is detected by the sync detector, and neans for

pr eventd ngoaerigdendgdvinpoAnptiadesigiaisse @uenege tscinpitsttioridd themh has been
decided to be of a lowreliability by the reliabjlity decision unit from
bei ng del i tegeherd®n genpraton ADIREIEETRRCRSEPPIRAG AT e ivindL signalhehich
conprising a processing oyder detggtor f?r determ ning the reception

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



27 June 2006 -51 power per synbol for each of Ntransmtted signal ;ﬁqyences
and for determning a sequential order of the nmagnitude thereof; 27 June 2006
transmtted signal sequence processors each including the first sync
detector, the channel estimator, the replica generator and a 5 subtractor
whi ch subtracts the replica fromthe replica generator fromthe received
signal which is input to the first sync detector before it is fed to the
next second sync detector are in cascadel connection in the detern ned
sequential order; an output signal fromthe subtractor of the |ast

T ot BT R E S P N S RRR S b 7
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1 D« ecet ver aocon gl el Al SR LSOTRLLGLIG 2y L SSSIEAT e o
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bei ng connected i'n Series wth-eac er 1n escendi ng or t he

groups t hr Qugh @ RUPLERGE AT At e rSuUbt ract s

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
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



27 June 2006 - 52 the replica fromthe replica generator froman ip 3t
signal to the first sync detector to be fed to the next parall el %7? .
6. An M MO reception nethod conprising the steps of separating and

equal i zing signals which are received by way 5 of M antennas (where Mis an
integer equal to and greater than 2) from N signal sequences transmtted on
a common frequency band (where Nis an integer equal to and greater than 2)
using an equalization start timing, anb8qualization duration and a channel

status; 10 decodi ng each of the N synbol sequences; a first sync detection

o Setect LR LARSOHAIL MY b 3L )PP RO T b St o
ST DA et SETLNID AR R T e pa
provided for each \¢anom i gce OLioEONSIERa LOBAIRY R LA
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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



27 June 2006 -53 received signals other than the intended transmtted si gnal
sequence; and a second sync detection for detecting the equalizat?%ﬁu%%
timng and the equalization duration using the interference suppression
recei ved signal and the corresponding training synbol 5 sequence. 7. An

M MO reception nethod according to Claim6 in which the first sync
detection and the step of generating the replica are executed in parallel
fashion for the transnitted signal seqdehces; the generated N training
synbol received signal replicas are 10 subtracted fromthe received signa
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interrypti l}é}g:éjse of the replica for the transmtted signal sequence
whi ch correslpon s to the equalization start timng which is decided to be

of a low reliabiliy, % LIROMIMIiRseRHEAM dRCBATdReELolCNgim® Fhai m 6

further conprising the steps rmning the reception power per synbol
for each aihith 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



27 June 2006 - 54 transmtted signal sequences and determ ning a descendin
order of the magnitude of the reception power; executing the sync?/ June 200
detection, the channel estinmation, the generation of the replica and the
generation of the error signal in the 5 determ ned descending order for
each transm tted signal sequence wherein an error signal which is generated
by the processing for each transmtted signal sequence is added with the
received signal which is wused in the-pdocessing of the transmtted signal
sequence to provide a receiving signal which is to be used in the next

o ‘the 1 AEERTEH DfCeS Sipp St S S A A AN e A e CLe B el
detection are execut ed n the error _signal which is generated during the
| ast procéggﬂﬂﬁgFBE”@%éﬂp&F%ﬁ%%ﬁQ?88w%9 At sequence. 10. An M MO reception
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' 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



27 June 2006 -55 received signal in the processing of the next group and the
generation of the interference suppression signal and the second 24ne 2006
detection take place upon the error signal which is obtained fromthe
processing of the last group. 5 10 15 20 25

-55-

received signal in the processing of the next group and the generation
of the interference suppression signal and the second sync detection
take place upon the error signal which is obtained from the processing

of the last group.
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