- 1 - TITLE OF THE | NVENTI ON A RECEI VI NG APPARATUS, A RECEI VI NG METHCD, AND
A RADI O COVMUNI CATI ONS SYSTEM 5 BACKGROUND OF THE I NVENTION 1. Field of the

I nvention The present invention relates to a receiving apparatus, a
receiving nethod, and a radio communi cati ans system for denodul ati ng
(separating) 10 a signal using two or nore antennas. 2. Description of the
Rel ated Art In the fourth generation nobile conmunications, a radio

comuni cations nethod that is capable of providing a high transm ssion
speed is 15 r eRLFEEJOFLTHE 1 HTVENTL@Noint, a M MO (multiple inputs and

mul tiple oumuts_, i.e., tA\A/]ngEmtﬁGIA];@l»ARMUS' p!zexmgmeglm@d p@tﬁg@@%s
attention, ereiLn e 0 r.tr ssion and reception
transmts a diéﬁfgr én?%l&né’f&%@ﬁ?ggﬁgpgsa@%&am 20 tinme and the sane
frequency using M MO channels. The M MO nultipl exing method is described
wi th referencegiexErounb? diatns heeideonconfi guration of a M MO

communi cat i on systenrusrng two_or_nore amnt ennas. According to this system
the 25 transni ssion speed i Fiakdeadedhien Ipvsivrié®dn to the nunber of

transmtting antennas w tihputpy + HEERASHAG et itdrANSE] $8L9n+Bandwi dt h by
antennas 1011, through 1011|$transm'tti %.res ective gifferent signal s at
the sanme frequBRE§IVaRd ARRANAEU102%, TEAFIUGH ATPAN26 - sPRT Py

receiving all tbemdnfitertentinsi gnatem bar dexeril s t Nog- paeerir Refregence 1) .

Furt her, ST, ( abs. . page - Li i s.one of the technol ogies
generi cal E?Ana%eg§5blaboﬁﬁég%%‘?ﬁg§t oﬁlglf&s%n%ql#a}r ent signals are 35
si mul taneously transm tted dResheiBAARNf PéqUidifcyRelated Art

In the fourth generation mobile

communications, a radio communications method that

is capable of providing a high transmission speed is
15 required. From this viewpoint, a MIMO (multiple

inputs and multiple outputs, i.e., two or more I/0)

multiplexing method attracts attention, wherein each

of antennas (for transmission and reception)

transmits a different signal from others at the same
20 time and the same frequency using MIMO channels.

The MIMO multiplexing method is described
with reference to Fig. 14 that shows the
configuration of a MIMO communication system using
two or more antennas. According to this system, the

25 transmission speed is increased in proportion to the
number of transmitting antennas without increasing a
transmission bandwidth by antennas 1011; through
1011y transmitting respective different signals at
the same frequency, and antennas 1021; through 1021y

30 simultaneously receiving all the different signals
(for example, Non-patent Reference 1).

Further, BLAST (Bell Labs Layered Space -
Time) is one of the technologies generically named
MIMO. According to BLAST, different signals are

35 simultaneously transmitted at the same frequency,
i.e., a parallel transmission, from two or more

transmitting antennas; and, on the receiving side,



i.e., a parallel transmssion, fromtw or nore transmtting antennas; and,
on the receiving side, -2- the signals are separated by diversity reception
that is controlled by interference suppression and by a replicas
subtraction (for exanple, Non-patent Refelerce 1). 5 As described above,
while it is possible to realize a high transm ssion speed by the M MO

mul tipl exi ng nethod, since different data sequences are transmtted from
the transmitting antennas at the sanme frequency and at the same tine slot,
a 10 receivingt gﬁl figaaley i Teds eBasepsraty hie &F yhay sT et to ext ract
t he data sequebnes tll’sal’dﬁdﬂﬂﬁceljle(ﬁrbm eack tiansnté t sogpaetseinn famm t he

received si gngl forr d Iatl ra\c/ r| Qus rthé))({:l(_js aie pli\]oposedcg or 15
separating the {1 Mo m?l t| p exe Si gna F(or exanp "accor rfo a signal
separation al géefemengsi g a |inear fi I ter such a m ni mum rrean square error
(MVBE) nethkod, and a zerqd Q{&é@glﬁéﬁ) afRtod, yh 51 gnak s s keeljed, by

ant ennas, the nunber _of which antennas is equal to or greater than the

nunber of the FPaRSALEESHG Jiﬁ%n?a@néf“éS@dr?dbu?ﬂ%%dsﬁéfhtpﬁaNIb’f%cel vi ng
power from transiitipileyiary enasoat helinctehaﬂL of ¢ o get dhltangmqtddmge@nt enna

IS suppressed i @lrglnzs%d)ttébgc%ghnghto t srpe{pﬂqg 5 arr%usntagf 25

operations on The réféiving Side 9 Ferati vl urt according to
a signal separabhposamg g‘oﬂrquﬂﬁ?@m ﬁgdaal’ﬁamhmrﬁdmfketlLMQod l@éﬁt,e@tl on et hod

(M.D), reply cargandidatlesiPft si gnabguheesl ues séﬁé’?&@@dﬂh%r % %Hatié ng
antenna are generated, and a 30 replica of a received sig ives the
smal | est Eucl +Be8RdGi st%ceex%%%eﬁh@hélarté’ce?%ﬂe%?@ﬁafcréﬁﬁmd-t% of the

replica candi dates ehdhhecrsimgdral 8ting antenna from the received
signal for demodulation.
Various methods are proposed for
15 separating the MIMO multiplexed signals. For example,
according to a signal separation algorithm using a
linear filter such a minimum mean sguare error
(MMSE) method, and a zero forcing (ZF) method,
signals received by antennas, the number of which
20 antennas is equal to or greater than the number of
the transmitting antennas, are compounded such that
receiving power from transmitting antennas other
than a target transmitting antenna is suppressed
(minimized) . According to this method, the amount of
25 operations on the receiving side is relatively small.
Further, according to a signal separation
algorithm using a maximum likelihood detection
method (MLD), replica candidates of signals received
from each transmitting antenna are generated, and a
30 replica of a received signal that gives the smallest
Euclidean distance between the received signal and a
sum of the replica candidates of the signals
received from all the transmitting antennas is
obtained. In this way, the MLD method gives the most
35 probable signal sequence of each transmitting
antenna. The MLD method provides more accurate

signal separation and superior demodulation



received fromall the transmtting antennas is obtained. In this way, the
M.D net hod gi ves the nost 35 probabl e signal sequence of each transmtting
antenna. The M.D nethod provi des nore accurate signal separation and
superior denodul ation - 3 perfornance as Gonpared with the MVSE net hod;
however, the anobunt of operations required of signal separation
exponentially increases as the nunber of the antennas is increased. Then, a

proposal (for 5 g rTFl Non- pat ent fer ence % i s_made wherein the anount
of operations PSTHBEMERSS 35 ‘f‘?fep‘R/EB by L W dt§ YHI4REr BESNRE 't he nunber of
signal point kandivdatesxHeoramahecul ati n@etrlme:mumrxé\e&ud:triedleaff mlicg;mance

using QR fact orl.gathon. 1. By d e wayy oqnyentional .di Lect spnsadigs (D)

CDVA is a conmun ion me érein‘a secondary” nodulation 1s perforned
for spectrum -tkpreadiengas signhhcrhaseds Midul at@drbyresadeniivnal

information dataampil aNdbatspeetespreadND )15 si grak swehrdhattpyo or
hore parties can comru cate wusi n% t he sane fr(ﬂgu{en%aband In the radio
e e

communi cat i ons®T8FRG BS- GHGE 2 5O 16afdG fas n halY t ransmi ssi on
becones great, gnehtﬂgatdlfecn‘mngg(thequen@e:seiﬁchgeaia@rongl)t i S generat ed,

20 and a transgaﬁaaggt%'sgredr'éarsam%gt DRt 40 O TR e R S

(mul tipath) havin I'fferent propagation I'e Teceiving
qual ity can bediﬁﬁﬁﬁ\?:@d qswnqaszmmpmzetrm reception nethod, wherein

two or 23qmore signals tgy ough Lhe, ”Ebhkzl%@iﬂlc%@l cerrpew&deq)réamfﬁéer ence
(mul tipath |ntzrference i's generate bet ween 11%fferent paths. For this

reason, the Rai viFRYAua i yC P BBy SR Ty e e akBer&¢8pE on nmethod i s
of fset by the sutbhpatdy imidrfeteonseis performed for spectrum -

spreading a signal that is modulated by conventional
information data with a high - speed spreading

15 signal such that two or more parties can communicate
using the same frequency band. In the radio
communications using DS-CDMA, as the bandwidth used
for signal transmission becomes great, multipath
fading (frequency selective fading) is generated,

20 and a transmission signal is received through two or
more paths (multipath) having different propagation
delay times.

While receiving quality can be improved in
DS-CDMA with a rake reception method, wherein two or

25 more signals through the multipath are compounded,
interference (multipath interference) is generated
between different paths. For this reason, the
receiving quality improvement by the rake reception
method is offset by the multipath interference.

30 The magnitude of the multipath
interference is proportional to the inverse number
of a spreading rate that is defined by a ratio of a
chip rate (representing a speed of multiplication by
the spreading signal) to a symbol rate of

35 information symbols. For this reason, if the
spreading rate is brought close to 1 in an attempt

to increase an information bit rate, degradation of



30 The magnitude of the nultipath interference is proportional to the

i nverse nunber of a spreading rate that is defined by a ratio of a chip
rate (representing a speed of nmultiplication by the spreading signal) to a
synbol rate of 35 information synbols. For4this reason, if the spreading
rate is brought close to 1 in an attenpt to increase an information bit
rate, degradation of - 4 the receiving quality due to the nmultipath

i nterference beconmes daom nant rather than the inprovenent obtained by the
rake receptionthet REFS1VERSE POREELE FM6LITEM e tRat tERé thecei ving quality 5
i s degraded whenttrdeswndd nge @mas htdghispead.ratiesr thAnarmitenpt to cope

with the proble | tipat | rference canceller _is pro ed. (for
exanpl e, hbn-ba‘gﬁygﬁg éfgﬁg%a%€%gA%§o% Fné-qgatﬂégﬁﬁFEP%atEeﬁﬁy%rference
10 cancel | er aShipsplessd sy Nopl pat ént theftertdreergceiniigly qvalityyrecepti on

under a nulsti pahqeR¥aMBMen | Brafahii2ed Ry £8t4 ”HE%HQs%_ere%ﬁ.eiM?@'n,Si gnal
sequence for every path based on an SL%%a| sequence fhat 'is 15 estimted by
a

a provisi onal t3kelr &Sy TRsaPPealid *ha tariie?P L8 f et (R ex
envel ope of a iptepdgatdnare padmdebi eeadl macapisen padvh, ectaditdid Ng al |

esti mat ed sigﬂﬁé?sgg%%gﬁp§%a§ggg%ggq3 rom paths other than a certain path (a

20 target pat romthe received signal, and repeating the deducting
operation for all the p&{deerdinghts Wae nthet g thpanfieirdteardrerence of

the signal pof eygE¥1RaLN 45 Je4UCEdedTRON NS e b REREIFGRAIS e fPr the
mul ti path interference aof which 25 signals have been reduced, a final rake
reception is Eégpi@&%%ﬂ?y reception under a multipath environment
is realized by
estimating a received signal sequence for
every path based on an signal sequence that is
15 estimated by a provisional rake receiving result and
a channel coefficient (complex envelope of a
propagation path) of each reception path,
deducting all estimated signal sequences
obtained from paths other than a certain path (a
20 target path) from the received signal, and
repeating the deducting operation for all
the paths. In this way, the multipath interference
of the signal of every path is reduced. Then, using
the signals, for the multipath interference of which
25 signals have been reduced, a final rake reception is
carried out.
Further, 2-dimensional MMSE is proposed as
a signal separating method, whereby the multipath
interference in MIMO multiplexing in the radio
30 communications using DS-CDMA is reduced, With the 2-
dimensional MMSE, both interference generated by
received signals from other transmitting antennas
and multipath interference are simultaneously
reduced.
35 [Non-patent Reference 1] G. J. Foschini,
Layered Space-Time Architecture for Wireless

Communication in a Fading Environment When Using



Further, 2-dinensional MVSE is proposed as a signal separating nethod,
whereby the nultipath interference in MMO multiplexing in the radio 30
comuni cations using DS-CDVA is reduced, Wth the 2- dinmensional MVSE, both
interference generated by received signal$ fromother transnmtting antennas
and nmultipath interference are simultaneously reduced. 35 [Non-patent

Reference 1] G J. Foschini, Layered Space-Tinme Architecture for Wreless
Communi cation jin a,Fiidi ng Envi ronmaniilV\hen Using -.5 _Multiple Antenpnas,
Bl | Labs TechMPE&iPIGuAtsiS Aor ¢ Pl INGSES, 328080 Pad, {1 bugh' 50.

[ Non- pat ent ReferBnce 22] aBitubony?9Xaodendl Wingouand5Amaud Doucet ,

"Sanpl i ng- based Near 5 o[q%rgﬁ%ag%ﬁ/?r g\lg%ql-llaélmng% o é%ggr b%%@ I L 0506 42nd

| EEE Conference on Deci sion | n- pat ent
Ref erence 3] Kiappgué@md AmaudPewars, dfd™liSwmhashed Ne@dn+i pat h

Interferenge 4gcCanaeMo f@emblighaSpeed ARagket + Hhansahs $i:ix WidnAdapti ve
Modul ati on and_Cadi ng %cheme in WCDVA Forward Link, "IEEE J., Sel ect. Areas
Conmun. , Vol . 28FEENGCRIHF£HGY hr BEGH S482, rudr 9602 F4iont pat ent

Ref erence 4] Fpederi RORPstre et. 15 al, "Conbi ned Space-Tine Chip

ol Lzaton pes | berel | bl Shense Caeld o og. R RO, ook
| NVENTI ON [ Pr obraa@gy a0 3t bt vedwppashe /| nventt apg thWierk eafit 58 meget he M MO
nul ti pl exiing nekhed11as deseribge-speva fricidereashpgikhe dmfprdmtion  bit
rate of the raglo commui SRl 2845508 B scheme in w-coua
Forward Link, "IEEE J. Select. Areas Commun., Vol.20,
No.2, pp.419 through 432, February 2002.
[Non-patent Reference 4] Frederik Petre et.
15 al, "Combined Space-Time Chip Equalization And
Parallel Interference Cancellation For DS-CDMA
Downlink With Spatial Multiplexing" in Proc. IEEE
PIMRC 2002.

20 SUMMARY OF THE INVENTION
[Problem(s) to be solved by the Invention]

When applying the MIMO multiplexing method
as described above for increasing the information
bit rate of the radio communications using DS-CDMA,

25 the spreading rate should be made small such that
the information bit rate per transmitting antenna
can be increased. In this case, as shown in Fig. 15,
there are generated

mutual interference between the

30 transmitting antennas of the paths of the same
receiving timing (indicated by (a) in Fig. 15), and
the multipath interference (indicated by
(b) and (c) in Fig. 15) from the multiple paths of
all the transmitting antennas of different receiving
35 timings. For this reason, accuracy of the signal
separation on the receiving side is greatly degraded

due to the multipath interference as in the case of



25 the spreading rate should be made small such that the information bit
rate per transmtting antenna can be increased. In this case, as shown in
Fig. 15, there are generated nmutual interference between the 30
transnmtting antennas of the paths of the §ame receiving timng (indicated
by (a) in Fig. 15), and the nultipath interference (indicated by (b) and
(c) in Fig. 15) fromthe nultiple paths of all the transmtting antennas of

di fferent receiving 35 timngs. For this reason, accuracy of the signal
separation on thg égérﬁ%ﬁfgs%&Pl@lQPeSPPya&@ﬁ?&&édtrﬂﬂémﬁésﬂﬁélnultlpath
interference asesarthedcase wof. the rake reception with one antenna

transm ssion described q@gy E$g59&0@8§%q§@@§|£gggr Qgggf rence

cancel | er described above is consi deratron of a signa
transmtted fr@@m@ﬁweénélesamm abPerhnl§ icorefpipy e ee@dt nM MO nul ti pl exi ng,

accurate e%“'%%h@ﬂd@&a%ﬁﬂﬁﬁ&& segugnee Wﬂ&h§ﬂEtté@k§r6ﬁC%&myﬁb§@ﬂnOt be
obt ai ned. Further as e%gd fron1F| % %ﬁ%%o nu¥ th interference
in the case of*RFRPFemul nbs|§P§éﬁ§ at™€d "HatC dRryt Sﬁéjﬁhtenna, but
al so by two oraunneaaatemmmmaﬁm@mrdfnglﬁ;qmahsseqmmessawytmotﬁ&duce t he
mul ti path |nt {%ﬁgeggg ?h%oﬁ‘)é%%$£p£8 @g%@y&gafor hi ghly accurate

reception. wever e si separation o he MVSE net hod
theoretlcally is pooreriﬂ%ﬁih%@ MD ﬁﬁﬂﬁ@@t farrdn oF desi Aéd [Féref or mance

cannot be @bt ahfedi ga thhe ndLeed Vé RGeSk e+ nrUrdes , o Ac@emdi ng to the 2
di nensi onal od,, a filter coeffi.cient controlled in an
attenpt to redﬁgﬁtBBEﬁxﬁﬁg it errerened 68&efﬁﬁéﬁ%%¥ PhE PELENEY signal s
from but also by two or more antennas. Accordingly, it is
necessary to reduce the multipath interference due
to multiple antennas for highly accurate reception.

15 However, the signal separation of the MMSE
method theoretically is poorer than the MLD method,
and a desired performance cannot be obtained on the
receiving side. Further, according to the 2-
dimensional MMSE method, a filter coefficient is

20 controlled in an attempt to reduce both the
interference generated by the received signals from
other transmitting antennas and the multipath
interference. For this reason, signal separation
accuracy is further degraded, posing a problem.

25 The present invention is made in view of
the problems described above, and offers a receiving
apparatus, a receiving method, and a radio
communications system that are capable of realizing
highly accurate signal separation by reducing

30 degradation of the receiving quality due to the
multipath interference.

[Means for solving the Problem]
According to an embodiment of the present
invention, a receiving apparatus is provided for

35 receiving a signal using the CDMA method, wherein
signals are transmitted from M transmitting antennas

(M is a positive integer), and received by N



other transmtting antennas and the nultipath interference. For this
reason, signal separation accuracy is further degraded, posing a problem
25 The present invention is made in view of the problens descri bed above,
and offers a receiving apparatus, a receiVving nethod, and a radio

conmmuni cations systemthat are capable of realizing highly accurate signa
separation by reducing 30 degradation of the receiving quality due to the

mul tipath interference. [Means for sol ving the,ProbIenL Accarding to an
enbodi nent of FRESPrEIEhteRFeRRAFI ON, 18 Fed¥ A myY Gpparslssis Provi ded for
35 receiving arscgiaingsidamwpdhet COMAnEtEE : wherein signals are

transmtted fromIwtrangﬂ&f{gﬁ?gﬂtgg%%%%éﬁé;%%g?ggshg%%%dfg§§%§%é and

received by N - 7 receiving nnas Ive | nteger
recei ving appabBiEs icedlfidesre@ulei path receiving signal denodul ating units

configuredgo 5 denpdul ate (@P&hBBLY a@@NDOGHH 34d OP) dERBaudla@nal s) regei ved by
the receiving antennas,. estimate the transmtted. signals fromthe

transmitting ant ermidd @ 5hdT 8684VE% PecdiTetC SEYNAR YRR Path 10 of the
receiving antennas in a nul tepathatentheotenismaseddon ighe lest f nehi on;

mul ti path interfeqﬁﬂget %QS&EE@QH&“J&%e&E@éiQHBSd to deduct the obtained
of paths

recei ved signals ot her than a targéet path fromthe signals 15
recei ved by the receiving antlehpas eoreistdiied s haingilpaith santerdatlence

cancel | ed 189 gnal ; And:19e deapdukahQr LA QAE ednt @ peNfAA®EL Secondary
demodul ation of the miutlpath |nterferente. cctimation;
multipath interference canceling units
configured to deduct the obtained received signals
of paths other than a target path from the signals
15 received by the receiving antennas to obtain a
multipath interference cancelled signal; and

a demodulator configured to perform a
secondary demodulation of the multipath interference
cancelled signal output by the multipath

20 interference canceling unit.

According to an aspect of the present
invention, the multipath receiving signal
demodulating unit of the receiving apparatus carries
out the primary demodulation using a minimum mean

25 square error (MMSE) method.

According to an aspect of the present
invention, the multipath receiving signal
demodulating unit of the receiving apparatus carries
out the primary demodulation using a maximum

30 likelihood detection (MLD) method.

According to an aspect of the present
invention, the multipath receiving signal
demodulating unit of the receiving apparatus carries
out the primary demodulation of two or more paths in

35 one block using the maximum likelihood detection
method that uses QR factorization.

According to an aspect of the present



cancel l ed signal output by the multipath 20 interference canceling unit.
According to an aspect of the present invention, the nultipath receiving
signal denodulating unit of the receiving apparatus carries out the

pri mary denodul ati on using a m ni nrum nmear 85-square error (MVBE) net hod.
According to an aspect of the present invention, the nultipath receiving
signal denodulating unit of the receiving apparatus carries out the

pri mary denodul ati on _using a maximum 30 |ikelihood detection (M.D) nethod.
According to ah"¥8PédProf Whfe PHEEEREth APSRYGMYI t HeIRELt i pat h recei vi ng
si gnal genngu?ambaglugmhgﬁuﬁh@ éecehﬁhm@dﬁﬂﬁﬂﬁﬁL@ﬁ?&kék@% dﬂﬂﬁ}@@
primary denodu of _t.wo or t hs ck,using .t he maxi mum
| i kel i hood detecflgﬁe rlm%f%ruﬁ %ggg éﬁqﬂnﬁ(nﬁ%g?log tﬂ@cé? ng to an
aspect of the psésgnthe Saximantidheliheodulddpatbieoecerting dilgral

denodul ati kg upitsO %Rtﬁgdggggyg@goapparatus carries out the primry
denodul ati on of each of the paths using the maxi mum|]ikelihood detection

met hod that 5 uses QR fadtHIZRFIntOAER0PERFS |t P AntA8pBEESS Tt he present
i nvention, theifukhicpanh ﬁﬂﬁenwmhglpagnakecdﬁnnﬂuiaéiggamnlt of the

receiving appag ntrols the it aof the re |v d S|gnal based 10
on the correctn%%éaPlégll oodld¥ %ggggns%%ﬁﬁ o %y%% ggquence esti mat ed

usi ng any one @@nthelSnéﬂhbd%ﬂmkstvdbedfabéveJﬁ$@%bvddnglg@aankaspett of the

present ipventjopnet Be MUdipath fegehvhpgsignal 4padempduliali ng unit of
t he receiving apparatus
symbol sequence estimated using any one of the

methods described above.

According to an aspect of the present

invention, the multipath receiving signal

15 demodulating unit of the receilving apparatus
estimates a channel coefficient using a known pilot
signal transmitted from the M transmitting antennas.

According to an aspect of the present
invention, the receiving apparatus includes a

20 predetermined number of multipath receiving signal
demodulating units, and a predetermined number of
multipath interference canceling units connected in
stages (cascaded).

According to an aspect of the present

25 invention, when the receiving apparatus includes the
staged connection of the multipath receiving signal
demodulating units, the estimated channel
coefficient is updated in each stage based on the
known pilot signal transmitted from the M

30 transmitting antennas using the multipath
interference cancelled signal.

Further, according to an aspect of the
present invention, the demodulating unit of the
receiving apparatus carries out the secondary

35 demodulation using the maximum likelihood detection
method.

According to an aspect of the present



estimates a channel coefficient using a known pilot signal transmtted from
the Mtransmtting antennas. According to an aspect of the present

i nvention, the receiving apparatus includes a 20 predeterm ned nunber of

mul ti path receiving signal denodul ating-uli ts, and a predeterm ned nunber

of multipath interference canceling units connected in stages (cascaded).
According to an aspect of the present 25 invention, when the receiving
apparatus includes the staged connectiaon of the nultipath receiving signal
denodul ati ng uRRYSPEERE esth e @O EHARNEMT dPett i ef ehbei Fefsdat e i n each
stage based onapperakmewmrdtDéssbgnakhler anstiddedy f aemodie aMidh of
transmtting a %gngasm%srien Lhe rrukti pat % Oicr];[ elggfrrlen%gec%nc%tlmed si gnal .
Further, according to™an A pec of "t RE present Tnvention, he"'Uenmodul at i ng
unit of the retkevithgoahpgaeaticar meghioguttitdie seeon@&y 35 denodul ati on
usi ng the maxi pypbikelidhoad detection nethod. According to an aspect of
the present - 9 invention, the denodul ating unit of the receiving
apparatus carries out théSRohtRFy teerBd@RGOh of thRoPEreSfite paths in

one bl ock usi ngnt/batiax Mihe | d&kebihoad idef antiono fethed ridhati wises QR 5

factorization. According to an aspect of the present . invention, th
denodul ati ng uﬁPPanﬂt e Gecet VT ngugaﬁglgr asteucsé)ré(g?‘wegeglﬁtd@r?é';lsde%o%gary

denodul ati on otacbacoh dthea heaPas hgsdsiondghehenaridmwumnl kkkélihvgot 10 detection

net hof'_ thaty usgs+tRhiac! Hd @M A OPha tAGGHIIdI £9-89rasReGLOf the present
' nvention, According to an aspect of the present

invention,
when code multiplexed signals are
transmitted from the M transmitting antennas, the
15 multipath receiving signal demodulating unit of the
receiving apparétus carries out the primary
demodulation of a signal received by each receiving
antenna, and the received signal of each path for
every receiving antenna is obtained for every
20 spreading signal,

the multipath interference canceling unit
generates a signal by deducting the obtained signal
corresponding to all the spreading signals of paths
other than a target path from the signals received

25 Dby each of the receiving antennas to obtain a
multipath interference cancelled signal, and

the demodulating unit carries out a
secondary demodulation of the multipath interference
cancelled signal for every spreading signal.

30 [Effect of the Invention]

According to the embodiment of the present
invention, when different data are simultaneously
transmitted from two or more transmitting antennas
using the CDMA method, highly accurate separation of

35 the signals transmitted from different transmitting
antennas, the multipath interference of which

signals is reduced, can be realized. Consequently,



when code multiplexed signals are transmtted fromthe Mtransmtting
antennas, the 15 nultipath receiving signal denodul ating unit of the
receiving apparatus carries out the primary denodul ation of a signal

recei ved by each receiving antenna, and-the +eceived signal of each path
for every receiving antenna is obtained for every 20 spreading signal, the
mul tipath interference canceling unit generates a signal by deducting the
obt ai ned signal_corresponding to all the spreading signals of paths other
than a target PREhTEFEHAVERE T¥mhl 8Yr éBeitiiéd MWIS Hya BAchadfNohe recei vi ng
antennas to obéavDranmentd pad hgteserfedepeedwaancel | ed signal, and the
denodul ating unit carries out a secondary denodul ation of the nmultipath
interference cancelled signal for every spreading signal. 30 [Effect of the
| nvention] AccBREEH( HE BHEQDRH f®sent invention, when
different data are sinul traneouslys Lrgaswixt (e JF oM LWO,0L00E transmitting
antennas using the CDVA nethod, highly accurate separation of 35 the

si gnal s transnf PPBHEFEHIATT et ehitePr ARSHITITH 2 ahteRfh¥49%t he nul tipath
interference odpphirahussiagadisdisgreduaed entatbeeneabrzetle Gansesuent!ly, -
10 the receivingﬁg%%lity in the nultipath fading environnent is greatly

i nproved. BRI EF* PPTI ON OF THE DRAW NGS 5 Fig. 1 is a block diagramof a
radio conmuni cations systi@em ihcladanglackeckiagmam appar dtirstaccording to
an embodi ARt ofLEReMRMESIY & IMYEPLHARN Fekteid 48y asbhagk diagram of a

first 10 enbodi ment of a nultipath receiving signal
demodulator.

Fig. 3 is a block diagram of a second
embodiment of the multipath receiving signal
demodulator.

15 Fig. 4 is a block diagram of a third
embodiment of the multipath receiving signal
demodulator.

Fig. 5 is a block diagram of a fourth
embodiment of the multipath receiving signal

20 demodulator.

Fig. 6 is a block diagram of a channel
coefficient estimating unit.

Fig. 7A is a data map showing an example
of a frame structure of a signal transmitted from a

25 transmitting apparatus.

Fig. 7B is a data map showing another
example of the frame structure of the signal
transmitted from the transmitting apparatus.

Fig. 8 is a block diagram of a second

30 embodiment of the receiving apparatus according to
the present invention.

Fig. 9 is a block diagram of a first
embodiment of a demodulator according to the present
invention.

35 Fig. 10 is a block diagram of a second
embodiment of the demodulator according to the

present invention.



denodul ator. Fig. 3 is a block diagramof a second enbodinent of the
mul tipath receiving signal denodulator. 15 Fig. 4 is a block diagramof a
third enbodinment of the multipath receiving signal denodulator. Fig. 5is
a block diagramof a fourth enbodinment oflthe nultipath receiving signal 20
denodul ator. Fig. 6 is a block diagramof a channel coefficient estimating
unit. Fig. 7Ais a data map showi ng an exanple of a franme structure of a
signal transmitted froma 25 transmtting apparatus. Fig. 7B is a data map
showi ng anot her exanpl e B9t hklfiamd $Awdt He2dFarhefsifgidlirdransnitt ed
fromthe transsinbbdighedppasfttise Hefodd liasar d©ckrdiagr am afhét second 30
enbodi nent of tgesr%%eii\gvn @Pgﬁrat us according to the present invention.
Fig. 9is a bl Bck Sdi agramof a first enbodiment of a denodul ator according
to the present inventiofi®5 Fgisle s cekldikgdamgrdmeofthe second
embodi ment 50f Lhg Ao alorRECPLALAG ity thSha PLESENE MR PN - 11
Fig. 11 is a block diagramof a third enbodinent of the denodul at or
according to thB® PrESEMT iTWERRFSAR-Fig. 12 is a block diagramof a third 5
enbodi ment of the recei vimgy appar asua acedidigow dngt Respnesendit iavention.
Fig. 13 1s a 9&%%%u%@¥“§1 Jfgy{gﬁ gko%t the present invention.
, Fig. 14 is a block diagram of a MIMO
10 communication system using two or more antennas.
Fig. 15 is a schematic diagram showing

that accuracy of demodulation (signal separation)

deteriorates due to multipath interference in the

case of MIMO multiplexing of DS-CDMA.

15
DESCRIPTION OF THE PREFERRED EMBODIMENTS

[Description of Notations]

1 Radio Communications System
10 1010 Transmitting apparatus
20 11, through 11,, 1011l; through 1011,
Transmitting antenna
20, 200, 600, 1020 Receiving apparatus
21, through 21,, 1021, through 1021,
Receiving antenna
25 22, 30 through 50, 70, 211 through 213,
611 through 614 Multipath receiving signal
demodulator
23, 221,, 221y, 222:1, 222,, 22331, 223, 615
through 618 Multipath interference canceling unit
30 24, 300, 400, 500, 621, 622 Demodulator
31, 41, 51, 71, 100, 311, 411, 511 Channel
coefficient estimating unit
32 Linear filter coefficient Calculating
unit
35 33 Linear filter
34, through 34,, 42 through 45, 52 through
55, 72 through 75, 312 through 315, 412 through 415,



conmput er sinul ation about the present invention. Fig. 14 is a block diagram
of a M MO 10 comruni cation systemusing two or nore antennas. Fig. 15is a
schemati ¢ di agram showi ng that accuracy of denodul ati on (signal separation)
deteriorates due to nultipath interferencelin-the case of M MO nmultiplexing
of DS-CDVA. 15 DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS [ Descri ption of

Not ati ons] 1 Radi o Conmuni cati ons System 10 1010 Transm tting apparatus 20
11, through I'l,n, 1011, throusqh 1011, Transnitting antenna 20, 200, 600,
1020 Recei vi ng® hpphPacush FIL5 thevagRe2 SR CEOUNd tWRdligh 1021n  Recei vi ng
antenna 25 22, 30 througls5H0,th@ugll3shrotghsKkissioblkidbo®ugh 614

Mul tipath receé‘\a/i ng_si gnal j.ngaemrgm at or 23, 2211, 2212, 2221, 2222, 2231,
2232, 615 throu%H BIS Ml |pa1f3ﬁ ?nFerFerence canceling unit 30 24, 300,
400, 500, 621, 622 Denpddat a¢hr3ugt136461,5F1, tHo00ugB130rn4162:511 Channel
coefficients estypBLiyRY e¥Ni t 837 kihReAGH 'é4merMLPP@%éEhe%c€%|vCMg3‘t' ng unit
35 33 Linear filter 341 through 34m 42 through , 52 through = 55, 72
through 75, 31218RpOUGR™PEELHADT t hr ough 415, - 12 512 through 515 Reverse
spreadi ng unit 351 throughs 358 TransnBssi, o lsynt®?0 seqHende s8sdd mati ng unit

361 through 36g}mg8% %@%&%Hhégkge§g%ating unit
47, 317 Received signal replica generating
10 unit
48, 60, 82, 318, 420, 522 Likelihood
calculating unit
49; through 49,, 61; through 61,, 83:

through 83, Transmission symbol segquence estimating

15 unit
56, 76, 77, 416, 516, 517 QR factorizing
unit
57, 78, 79, 417, 518, 519 Q" operating
unit
20 59, 81, 419, 521 Conversion signal replica

generating unit

101 through 104 Correlation detecting unit

111 through 114 Replicas signal generating
unit

25 319, 421, 523 Transmitting sequence
estimating unit

631 through 634, 641 through 644 Adder

[Best Mode of Carrying Out the Invention]

Hereafter, embodiments of the present

30 invention are described with reference to the
attached drawings.

Fig. 1 is a block diagram of a radio
communications system 1 including a receiving
apparatus 20 according to the embodiment of the

35 present invention. The radio communications system 1
according to the present invention uses one of a
MIMO channel and a MISO (Multi Input Single Output,



5 through 62m 841 through 84m Mul ti path receiving signal denodul ator 46,
58, 80, 316, 418, 520 Transm ssion synbol candi date generating unit 47, 317
Recei ved signal replica generating 10 unit 48, 60, 82, 318, 420, 522

Li kel i hood calculating unit 491 through-4BIn-61, through 61m 831 through
83m Transm ssi on synbol sequence estimating 15 unit 56, 76, 77, 416, 516,
517 R factorizing wunit 57, 78, 79, 417, 518, 519 (H operating wunit 20 59,
81, 419, 521 Conversion signal replica generating unit 101 through 104
Correl ation deteBtirnG"iar MA1et hRBUGR FP4 Repiit@sesPyi®tgertsdt¥ng unit
25 319, 421, 5231yr ansrddd &gy Segueneennast idrminmgl unht D63t pMI ough 634, 641
t hrough 644 Adger f%&gﬁ Mode of Carrﬁi ng t the Inventi ﬁfn]. Hereafter,
embodi ments of “the St B0 FRVEREIBA Card dest? i Bed WP r'éference to the
attached draw hgsnshiig.teld iwss bl ackI¥Oaghamrofl ai s adee crddrduni cati ons

system 1 inrcluding a recejying,,/pparatys 30 ageordigg to the embodi ment of
the 35 present invention. The radio co ni cations system1l according to

the present in9eRPIHACESELTHeSHELEM M MDA Rl 2 ahB2BSHESOIMWI ti | nput
Singl e Qutput, appi2atiuse.10 tavod Ot hBDEE clenpiilrsy e arst gl @ coutHput , a ©8i ng

connected through radioc communications. The
transmitting apparatus 10 carries out serial to

10 parallel conversion of a data bit sequence that is
input for transmission into M transmitting sequences,
modulates the transmitting sequences (data
modulation) using the same frequency band and the
same spreading signal, and simultaneously transmits

15 the modulated sequences from M transmitting antennas
11; through 11, as transmission signals. Each of the
transmission signals is propagated through L paths
(multipath), and is received by N receiving antennas
21; through 21, that are connected to the receiving

20 apparatus 20. The receiving apparatus 20 includes a
multipath receiving signal demodulator 22, N
multipath interference canceling units 23; through
23., and a demodulator 24.

Here, a transmission signal from a

25 transmitting antenna 1ll, connected to the
transmitting apparatus 10 is expressed by Sn(t), and
a received signal received by a receiving antenna
21, connected to the receiving apparatus 20 is
expressed by rn(t). Then, r,(t) can be described as

30 follows.

[Expression 1]

M L
rn(t) = ZZ hm.n.l (t). Sm (t - Tl)
m=1l =1
Here, hp,n,¢(t) is a channel coefficient of
a reception path { when receiving a transmission

35 signal from the transmitting antenna 11, by the



only one receiving antenna) channel in DS-CDVA. In the follow ng, an
exanpl e wherein a signal is transmtted using a M MO channel is described.
5 As shown in Fig. 1, the radio comunications system 1l includes a
transmtting apparatus 10 and the receivilng -apparatus 20 that are
connected through radi o communi cations. The transmtting apparatus 10
carries out serial to 10 parallel conversion of a data bit sequence that is
input for transmission into Mtransmtting sequences, nodul ates the
transnitting seguehtesg( dattenmoddl at iamd Tsiiwy & hersameattiequealrdapand and

the sane spreggdhfgosi gnal ,r@@bgi@ylbaegousl y transmts 15 the nodul at ed
sequences from M transmitfi ant enn rough Il mas transm ssion

signals. Each of the tr "ss?%%rgfbﬂﬁfss tﬁ}eop%%%?éﬁlflﬂr ough L paths
(nultipath), cappasateseialecdyoNiiegetuvi mgaeam:tremmst 2dyethriougha24n that
are connected ({ié’ &pg Laceiving 20 apparatus 20. The receiving apparatus 20

i ncl udes a ti pat recei ving signal denodulator 22, N multipath

i nterference cancel i ng uMiitts etﬁ?@agﬁln%ﬁpw'@U@le%ﬁdulsagélralz&l Here, a

transnmi ssion signal FfeeaLged2pt rtarrtsrﬂé&éﬂﬁla@t anfdd 48 conneet edugp t he
transmtting af aratus 10 |§ ﬁg res ed ‘%/l [Té )t and a received gnal

recei ved by a VT gt BNEEN LEERA o I terﬁfjr‘éjcré‘?vf’ﬁgnégpar atus 20
is expressed dgmod(lartokhe? . rTﬁQé)mnanlbatdae&(Hdémdiﬂg s3@nkdl | ows. _
[EXpreSSIQB 1] é&&dﬁ%gk% jyncar££%ssgth rd§)515ggl g%ﬁggﬁe hmn, F(t) IS

a channel coef Icren a reception path PR When Téecei transm ssi on
separation (a primary demodulatlon) based on the

signals received by the N receiving antennas 21;
through 21, such that received signal sequences as
described by the following Expression 2 for the

15 reception paths between the transmitting antennas
11, through 11, and the receiving antennas 21,
through 21, are estimated and output.

[Expression 2]

]m,n,l (t)

20 An algorithm for carrying out the primary
demodulation is described below.

Next, the signals received by the
receiving antennas 21; through 21,, and the received
signal sequences of every reception path from the

25 transmitting antennas 11; through 11, are provided to
the corresponding multipath interference canceling
units 23; through 23,. The multipath interference
canceling units 23; through 23, (that number N, the
same number as the receiving antennas 21; through

30 21,) obtain received signals after the multipath
interference cancellation r,,¢(t) by deducting all
the received signals of other paths than a target
path from the received signal according to the
following expression, and output the multipath

35 interference cancelled signals rn ¢(t).

[Expression 3]



35 signal fromthe transmtting antenna |l mby the 14 receiving antenna
21,,, and Tt is a propagation delay tinme of the reception path f. Next,
operations of the receiving apparatus 20 according to the present invention
are 5 described. Wth the receiving apparasus 20, signals r"(t) received
by the receiving antennas 21, through 21" are provided to the nultipath
recei ving signal denodulator 22. The nmultipath receiving signal 10

denodul ator 22 carries out provisional signal separation (a primary
denodul ati on) based on the signals receMediby.the N receiving antennas 21,
t hrough 21" such that rec?i(gg;&i (gg.segéen eg'as(g?escribed by the
fol | owi ng Expression 2 formt 15 »reCept Lpat rebet'ween the transmitting
antennas 11, through 11, and the recei VIAd dnt ennas 21, through 21" are
estimated and ﬁUt put . [Exng@sméﬁlada]lat/egﬂ ;gzxn.r,éc_;%\i-aesA:Nxal glﬁriﬁhm:&ar - anal
carrying out the_priimar enodu ian i.s cribed, bel ow. Next, the signals
recei ved by théntﬁﬁﬁgaﬁ%ﬁfaﬁ?%ﬁﬁzgefifﬁqﬂ htpt (L &ﬁ?%#&?ée%gived

si gnal sequencébeoimdverpa tlecepteo epaintcd romcdeiy tndnsnia3i ng ant ennas
11, through || r { de i E?y{ i pa it rence
cancel i ng thiFgégg%ﬁ{%¥%Ugﬁn%%,?%ﬂﬁﬂggéﬁﬁ??%ggﬁﬂ?t er%e?e%gﬁkﬂggﬁ%gling
units 231 throdgmoZdtlyttien nesbét Nhatthels sankikeibbroags Mihe thecei vi ng
antennas 21, thieedh n¥dbR21L4iNgt ahe acei vietk s1 gpaba aft @nd he nul tipath

i nterference cincellathn r,éy%ggi by deducthgdalIli&giirec%ﬁygg glgnals of

ot her paths th&h3& S Ergeten sequence and a hoo
bit transmitted by the transmission symbol sequence.

10 The secondary demodulation result is provided to an
error correction (channel) decoder, such as a
Viterbi decoder and a turbo decoder, for decoding.

As described above, according to the
present embodiment, the multipath receiving signal

15 demodulator 22 carries out the primary demodulation,
and the transmission signals are estimated. Then,
the received signal for every path is estimated by
multiplying the estimated received signal and the
channel fluctuation values (channel coefficients).

20 Then, the multipath interference canceling units 23
subtract estimated received signals other than the
signal received through the target path. In this way,
the demodulator 24 is able to demodulate the
received signal after removing multipath

25 interference, and signal separation can be performed
with high accuracy.

That is, even if the DS-CDMA method is
applied to an uplink, and the MIMO multiplexing
method is used, degradation of the signal separation

30 accuracy resulting from the multipath interference
can be avoided.

Fig. 2 is a block diagram showing a
multipath receiving signal demodulator 30 according
to a first embodiment of the multipath receiving

35 signal demodulator 20 shown in Fig. 1. According to



path fromthe received signal according to the follow ng expression, and
output the nultipath 35 interference cancelled signals r,,,e(t).

[ Expression 3] - 15 { ML {\1 r 1(') =r W- Y tZn,n,|I'"( ) M1l 1 =1.1=1
The denodul ator 24 receives NxL nmultipath lénterference cancelled signals
r,,,1(t) provided by the multipath interference canceling units 231 5
through 23,,. The denpdul ator 24 outputs a secondary denpdul ation result
that is a |Ike|lh00d k , the _|ikelihood being one of a |ikelihood of the
transmi ssion syfBof 1EEquEHRe LAt i kBFi HBdd ‘g2l BPECtraRsniti®P by the
transm ssi on S&@fﬁ@ﬁuﬁeﬁt.ldﬁi‘l(l’ﬂ] d.@ea'hehsemmmraﬂ@lefmduﬂnahsomhreesul t is
provided to an error orre ]IT n. 1;;hl%nnglo)d decoder, such as a Viterbi
decoder and a Rur®te" eco e008| ng. 'As descri bed above, according to
the present enbodi nent, AtSheShnWltilpatﬁllgec&,vmfge shghalipath denodul ator 22

carries oug t hfv‘e@é kpany, denpdid a§ieBquddd dhes ¢ ransmgsson %'h%’??r{él are

estimated. The the received signal for every path is estimted by
nul ti plyi ng th%o%gtfilﬁ‘éteé‘d: reclel Vb1 BEgHAR tarkd t e L thafRel ket uat i on

val ues (channetoegeettiienantsylcw@DaThes, utnhe; B4l 1 i pat bneaterfiarencesgancel i ng
units 23 subtyract estl mat ed I cel ved, g%a4ls QL her o t si gnal

recei ved thr oul\é;h the tar gségtr nthl tqneg tor 24 is able
t o denodul at e thensmeeseiived S&urrgbml afaq@enrc@nmﬂmﬂgnmingpanht% dnterference,

and si gnah psepapabi;gR &30 b%nl@erlvf Qﬁ&?@lﬁoé{\‘chhr@c@lﬂ r%‘é@{nafh?t is, even if
the DS-CDVA nethod s applied to an uplink, and the mul ti pl exi ng
demodulators 36, throug

According to the multlpath receiving
signal demodulator 30 of the first embodiment,
signals r,(t) received by N receiving antennas 21,

15 through 21, are provided to the channel coefficient
estimating unit 31, and channel coefficients hp,n,g
of paths between the receiving antennas 21; through
21, and the transmitting antennas 11; through 11,
(Fig. 1) are estimated.

20 Then, the linear filter coefficient
calculating unit 32 calculates a coefficient for the
linear filter 33, which carries out a filtering
process for equalization using the linear filter
coefficient. The process described above can be

25 realized by signal processing in one of the time
domain and the frequency domain; in the following,
descriptions are presented about an example wherein
signal processing is carried out in the frequency
domain.

30 The linear filter coefficient calculating
unit 32 calculates the linear filter coefficient
that simultaneously minimizes delay path components
of signals from a desired transmitting antenna and

receiving signal components from other transmitting

A

35 antennas using the estimated channel coefficient HAmmu

as described by Expression 4.



met hod i s used, degradation of the signal separation 30 accuracy resulting
fromthe nmultipath interference can be avoided. Fig. 2 is a block diagram
showing a multipath receiving signal denodul ator 30 according to a first
enbodi ment of the nmultipath receiving 35 signal denodul ator 20 shown in Fig.
1. According to - 16 the first enbodinment, the nultipath receiving signal
denodul ator 30 uses the MMVSE al gorithmas the primary denodul ati on net hod.
As shown in Fig. 2, the multipath 5 receiving signal denodul ator 30 includes
a channel coefficient estixmrepgiani 2131, a linear filter coefficient
calculating unit 32, a linear filter 33, Mreverse spreading units 341
through 34m M transm sspon symbol sequence estimating units 35, 10 through
35m and Mnultipath recelving signal denodul ators 361 through 36m
According to the nultipatdpeeceiwangy,sSiagnalmplerddulatpon3@ off the first

enbodi nment sggggh%lr n((ct argggfi ﬁg%@ge!\lrreescpe%r\lsl%%’ngmﬁgtﬁggg%s 4L, 15 t hr ough

21n are provided to the channé i Cci ent uni t , and channel
coef ficient>s hhransmgftgathsabeenead flle técovghd lantarhashe1, through 21n

and the transnittiRg iy elWesndds bhrodghoddm AFi d.s Daps€r £stihmated. 20
Then, the linear filter coefficient _calculati ng unit 32 calculates a

coefficient forSthE Hihextt+Tetef SBammmilciPeariiesenlt a8 [9%eringd

process for equalization using the linear filter coefficient. The process
descri bed aboveycamphe 25 seabi 2ed bytimgnald procegsangiilotorthainéhe tine
dormai n and the frequency domain; in the follow ng, descriptions are
present ed abouinamhexdripie dpeaénn and a delay time of each

10 reception path 7 as described by Expression 6.

[Expression 5]

B

[Expression 6]

A

T

15. Next, FFT for Nf points is carried out on
the channel impulse response obtained as described
above. Here, Nf is a number that 1s equal to a
product of

the number of chips egquivalent to a block
20 size that are linear-filtered, and the number of

times of over-sampling. In this way, the frequency
components Ef as described by Expression 7 of the

channel coefficients of the transmission signals
from the transmitting antennas 11; through 11, to
25 the receiving antennas 21; through 21, are estimated.

[Expression 7]
hY’
Using this, an estimated value of a

channel matrix having N rows x M columns as

30 described by Expression 9 is obtained as described



signal processing is carried out in the frequency domain. 30 The |inear
filter coefficient calculating unit 32 calculates the linear filter
coefficient that simultaneously mnimzes delay path conponents of signals
froma desired transmtting antenna and —regekving signal conponents from
other transmtting 35 antennas using the estimted channel coefficient as
descri bed by Expression 4. - 17 - [Expression 4] h mn Specifically, an

i mpul se response of a channel (channel inpul se response) between the 5
transnmtting abhveRaagsebbiarhr®ugh 11R, and the receiving antennas 21

t hrough 21n is calculatqubg§}@gsggg ggti mated channel coefficient as

descri bed by Expression hm ., estimated using a pilot channel in the

time domain, and a del ay fjpure_ §fvdach cept k ath Ti as described by
Expressi on 6. [Expressid§'51 ﬁ%@ﬂ?”‘fé§g€g§épéﬁ P Ti 15 Next, FFT for Nf

points is carried out on e nnel oi.npul se response obtai ned as descri bed
above. Here, Nf is a num&éihﬂggggggeg al to a product of the nunber of

chips equivalent to a blogk 20 size that are linear-filtered, and the

number of 3ines of over-é%npling. In this way, the frequency conponents
h"' as described by Expression 7 of the channel coefficients of the
transm ssion signals frohthe E¥RASFSEO™Md bntehradr1fi L% owfh I Imto 25

the receiving aptefnas etls tdwroughl2in sl edd nek€dy frequency
component after FFT.

[Expression 10]

10 F"[g)

The linear filter coefficients can be
determined in accordance with one of ZF criterion
and MMSE criterion.

For example, the linear filter

15 coefficients by the ZF criterion are obtained
according to the following expression.

[Expression 11]
WY = (}}([))H {[%(”(]-}(f’)” }"

Further, the linear filter coefficients by
20 the MMSE criterion are obtained according to the
following expression.
[Expression 12]
WY = (ﬁ(f))ﬂ {I-?“’(I—}'W)” +N(f)l}‘l
Here, the last term of Expression 12 that
25 is described by Expression 13 represents a noise
component.

[Expression 13]
g) ) UINT
N =(n",...n")

Next, the linear filter 33 converts each
30 of N sequence received signals into a received

signal Y®) in the frequency domain by carrying out



[ Expression 7] hv) Using this, an estimated value of a channel matrix
having N rows x M columms as 30 described by Expression 9 is obtained as
described - 18 - by Expression 8. [Expression 8] H-'=[h ](1<_n<Nl<rn<M

[ Expression 9] 5 H Using Expression 10,-lipear filtering coefficients are
cal cul ated for every frequency conponent after FFT. [Expression 10] 10 H"
The linear filter coefficients can be determned in accordance with one of
ZF criterion and MVBE criterion. For exanple, the linear filter 15
coefficients byFThe&ZF e tB¥r inrimtre. obhamed “actordirhgipd itete Hwl | owi ng
expr essi on. [ﬁXpr%%%(%béélnYWg %EﬂDﬂaﬁ@&FWaibEEU%%hﬁ%séJEbéansgr filter

coefficients bé 20 the MVBE criterion are optained according to t
fol | owi ng expr B&ST&GTS Y B pt esefol IFPT WL SFIPR) fEIpadly ' reNdin e, the
last term of ExppessiQinonl2l$hawhe2? ivvtdescri bed by Expression 13 represents

a noi se cafponent . [Expr ession 13 N e |linear
filter 33 converts each fiapse kf the érthégonallty getween cog

channels due to channel fluctuation in the frequency
domain (MPII (Multi-Path Interference) in the time
domain), and

interference between the transmitting

10 antennas
are simultaneously equalized (reduced).

[Expression 14]
~u)_ ~u) ~q>r
SO =(89,..,89)

[Expression 15]

peip) o) ) ) O »

M Wi Wi, Wi, W, Y,
a) ) ) o) o) )

- S, W, W,, W, W,, yzf

o) _W(f)Y(/) _ . 8 . R
15 ST =2 = =

) ) ) o) ) o)

S35 Wi, Wi, Wy, Wi, [ Vs
g (] ) o) ) o)

S4 _w4,1 w4,z W4,3 W4,4 y4

In addition

[Expression 16]

Q) _ () QgUNT

SV =(s,....89)

is reconverted into every provisional

20 demodulating signal (primary demodulation signal) §m

as described by Expression 17 in the time domain by
carrying out parallel-to-serial conversion after
IFFT for the Nf points.

[Expression 17]

25 S
The acquired provisional demodulating
sequences (primary demodulation sequences) for the

transmitting antennas are provided to the

corresponding reverse spreading units 34; through



30 of N sequence received signals into a received signal Y(f) in the
frequency domain by carrying out - 19 FFT for the Nf points. Then, Y(f) is
multiplied by Wf) for obtaining estimted val ues as descri bed by
Expression 14 of Mtransm ssion signals acezor€ding to Expression 15, where
both 5 coll apse of the orthogonality between code channels due to channel
fluctuation in the frequency domain (MPII (Miulti-Path Interference) in the
time donmain), and interference between the transmtting 10 antennas are
si nmul t aneousl y3éguaFheedefeathcet) reaf Erpr anditen 314] thyidExpreséion 151 (f]

U (f) (f) v) €8x %u\ff\!(re(vé/%s sér\é\'é'dl\ﬂg "'LEhé/) ¥2>v(1fs)lolA]a1(f) 15 §(f)
S3 = 147V) -V) W, 1 (f ~/' f) (f) (f) (f) S3
VB1] V8. 2 W3 @eROdvéat(lfl)g(??q%??CFF (f10)r §h%tﬁawml 3ng AP HeRnasg

addi tion [ ExpresshonhkS|sar®y<sp{&dding sidBM1 /dsisseacanveteed iméo every

provi si onal. 20_denndyl at.i |£Sglgﬁ ghfil( %g%?%_%e%ggggaggggﬁgisg[}gl Ly as

descri bed by EXpr essi Sn ot ] carr
paral | el -t o- sephébudorhpergioncaf resPoRFRNY dgrramhamig sponntsymExpr essi on 17]

Sm sequence estimating units 35; through 35,. The
transmission symbol sequence estimating units 35;
.through 35y carry out one of a hard decision and a
10 soft decision of the corresponding reverse-spread
signals z, such that transmission symbol sequences
as described by Expression 18 are estimated and
output.

[Expression 18]

~

15 d

m

The transmission symbol sequence
estimating units 35; through 35, may carry out the
hard decision as follows.

Here, a transmission symbol is expressed

20 by dmn,i, where “i” is a symbol candidate number
satisfying Expression 19 (I<i<(C), and C expresses
the number of transmission symbol points, that is, 4
for QPSK and 16 for 16QAM.

[Expression 19]

25 1<i<C)

A symbol candidate number “i” that makes
the transmission symbol dnp,;i closest to zp (refer to
Expression 20) is determined.

[Expression 20]

d 2

mai

30

Using the “i” determined as above, a
determination of Expression 21 is made.

[Expression 21]

d =d_



25 The acquired provisional denodul ating sequences (primary denodul ation
sequences) for the transmtting antennas are provided to the corresponding
reverse spreading units 341 through - 20 34m The reverse spreading units
341 through 34m carry out reverse spreading of the provisiona

denodul ati ng sequences for the transmtting antennas wth the sane
spreadi ng signal as used at the tinme 5 of transm ssion, and reverse-spread
signals zmare output to the corresponding transm ssion synbol sequence
estimating units 351 thrdugle35atiTheéy ,t rdres s omi symbol syeguehce
estimting unidsqgahedl Walah, 8oy CaREY 0Ws 0nG 0, dh N5 d lepl shopyand a 10

soft decision of 'the correspondi ng reverse-sprea si gnal s zm such”t hat
transni ssi on s9WbolFNgefedricedechsiaBséri k&d Y37 Expressi on 18 are esti nat ed
and output. [Expression fli8}st 15adbitheclguaisdd ssépntB¥Neelr tsequence
estimating units 351 thr.ou 35m may _carry..out the_ hard decisjpn as
Fol I ove. | Fir o, S8CTRARE s KR SURBE! 2FCCaPHPEL St EBERY S Jaher e *i* is
a synbol candi date nunber(Egatéssyong2Bipression 19 (1l<-i<_C), and C
expresses the nunber of transm ssion synbol points, that is, 4 for QPSK and
16 for 16QAM [ Expression, 19 Bg(}<i<-€) A synbol candi date nunmber "i"

i
that makes the transm sdf-on dmj closest to zm(refer to Expression
20) is determ ned. [Expression 0?

Here, the expression AM shown by
Expression 23 is a logarithmic likelihood ratio of a
10 bit “i” of the signal from the transmitting antenna
llm.
[Expression 23]

A

A

m.i

A~

The logarithmic likelihood ratio A, can

15 be described by Expression 24.
[Expression 24]
A <in P, =+1z)
" P, =-1z)
1
207 (n)

~

{(zm S e A )’}

Here, Spin,v expresses a symbol candidate
having the smallest Euclidean distance from the
20 transmission signal point z, out of a set of symbols
whose i-th bit is "V", and 6’ is noise power.
Then, a soft decision symbol

[Expression 25]

~

d

25 is estimated as shown by Expression 27
using the expression of Expression 26.

[Expression 26]



30 mnlz. - dm, 12 Using the "i" determ ned as above, a determ nation of
Expression 21 is made. |[Expression 21] d=d - 21 Alternatively, the
transm ssi on synbol sequence estinmating units 351 through 35m nay carry
out the soft decision as follows. First,-a2bit+ sequence for the soft 5
decision is obtained according to Expression 22. [Expression 22] u = tanh~
2' Here, the expression A" shown by Expression 23 is a logarithmc

| i kelihood ratio of a 10 bit "i" of the signal fromthe transmtting
antenna |Im [Expressior;23] A The logarithmc |ikelihood ratio can 15
be descri bed by Expression‘24. [Expression 24] n In P(b., =+11z")

P(bm=-11z, ) 2ul(n){(zmsue. )Z-(Z - 0.y | Here, Smn,v expresses a
synbol candi date havi ng?ﬁf@%ﬁ%ﬂé’é‘t 2§TC| i dean di stance fromthe 20

transm ssion signal poi ntplgg;dmgt:;ofzg ;ﬁt.)pf synbols whose i-th bit is "W,
and 62 is noise power. Then, a soft dBcisi’dh synbol [Expression 25] d 25 is
estimated as shown by Expyessi 0S5y, t he expressi on of Expression 26.
[ Expressi on 261 pﬂlcaseo?rbpzs% 5 =i

m = Ym2

~ ’l ~ ~
Xy = Eum,l (2 - um,z)
In case of 16QAM :

~ /1 ~ ~
Ym = Eumﬁ (2 - um.4)

Finally, the multipath receiving signal
5 demodulators 36; through 36, receive the

transmission symbol sequences as described by

Expression 28 d, that are estimated as described

above.

[Expression 28]

~

10 d

m

Then, the input transmission symbol

sequences as described by Expression 29 d, are

multiplied by the spreading signal and the channel

coefficients such that a received signal sequence

15 {as shown by Expression 30} {f )} for every

mun.l

reception path from the transmitting antennas to the
receiving antennas is estimated as shown by
Expression 31, and output.

[Expression 29]
20 d,

[Expression 30]

A

I @

m.nl

[Expression 31]



22 - Un [Expression 27] Providing : dm- X +J "Ym In case of QPSK xm -
U.lY. =Un21 Xm2.SUn]J(2 -Un2) In case of 16QAM Ym = 2S Un 3(2
-Um) Finally, the nultipath receiving signal 5 denodul ators 361 through
36,n receive the transm ssion synbol segquepnces as described by Expression
28 d" that are estimated as described above. [Expression 281 10 dm Then,
the input transm ssion synbol sequences as descri bed by Expression 29 dm
are nultiplied by the spreading signal and the channel coefficients such

that a received signal e A5 {.as;sho Expression 30} {1,,(t)} for
every reception path froﬂa Qg J?aﬁbnﬁ%iBnEQ% ¥3nnas to the receiving
antennas is estimated as shown by Expression 31, and output._ [EXxpression

29] 20 dn1[ExpreSS|on1ﬂﬂean1aFPFhFEXﬁﬂQSQ%%e@E]Oisthqrﬁ%%ﬁ—ﬂatP t) dm
(0" c(t-z) Nextecenetihgey ehiodl meatmodfltdte md $i pasbribeeri vi ng si gna

denodul ator is described.Ff%g.33iEsaag%a%¥<éﬁg@£gﬁ1gﬁgwf1

5 multipath receiving signal demodulator 40 that is a
second embodiment of the multipath receiving signal
demodulator of the present invention. According to
the second embodiment, an MLD algorithm is used for
the multipath receiving signal demodulator 40 as the

10 method of the primary demodulation.

The multipath receiving signal demodulator

40 includes a channel coefficient estimating unit 41,
NxL reverse spreading units 42 through 45, a
transmission symbol candidate generating unit 46, a

15 received signal replica generating unit 47, a
likelihood calculating unit 48, M transmission
symbol seqguence estimating units 49; through 49,,
and M multipath receiving signal demodulators 50;
through 504

20 According to the multipath receiving
signal demodulator 40 of the second embodiment,
signals r,(t) received by the receiving antennas 21,
through 21, are provided to the channel coefficient
estimating unit 41, and the channel coefficients

25 hp,n,¢e of the paths between the receiving antennas 21;
through 21, and the transmitting antennas 11,
through 11, are estimated.

Next, the reverse spreading units 42

through 45, which number NxL, perform reverse

30 spreading of the received signals rp(t) with the
same spreading signal as the spreading signal used
at the time of transmission at the receiving timing
of each path, and NxL reverse-spread signals z,,¢ for
the paths of the receiving antennas are obtained.

35 The transmission symbol candidate

generating unit 46 generates and outputs



5 nmultipath receiving signal denodul ator 40 that is a second enbodi nent of
the multipath receiving signal denodul ator of the present invention.
According to the second enbodi ment, an M.D algorithmis used for the
mul ti path receiving signal denodulator 40 a8 the 10 nethod of the primary
denodul ati on. The multipath receiving signal denodul ator 40 includes a
channel coefficient estimating unit 41, NxL reverse spreading units 42

t hrough 45, a transm ssion synbol candi date generating unit 46, a 15

recei ved si gnatrepaphiics iganeswtbadsudint: £0rzespoReinbodd ca@ul ating unit

48, Mtransm sgirgRsmSWHA g SEAHENES  eshidral gy upits 49hfirough 49m  and M
mul tipath receiving signal denndugators 501 through 50m 20 According to

h
the nultipath FRREIFRTE HReF HBAGASdICSD b7t hdPEessiPenbodi nent ,
signals rn(t) received by Bhereesébwi 3¢ Jant ennas 21, through 21n are
provided tq the channel cqefifdgjent estimating unit 41, and the channel
coefficients 25 hmn, P of the paths between the receiving antennas 21,
through 21n and the transmietreng aat éhsasiunber thf obghnisini sarieow®st i nat ed

Next, the reversgnsnr @aimgs Unkbs 42amiieoughe #5¢,whpeBrnunber Mxie perform

reverse 30 spreading of the received Signals rn(t) with the sanme spreadi ng
signal as the §BFeéégﬁﬁdsignal used at the tinme of transm ssion at the
receiving timng of eachrpathecandebixlsiigear seespieadgeingiraltsizdg, P for the

pat hs of e receivi,ng _ant ennas btai ned._35 Th ransm ssi on synbol
candidateHQben%PéFi#g|ﬁu%eﬁ% %eﬁégagégiiﬂf%ﬁl%%t%gmgﬁjs E%ahsnission
synbol s dm | coenespdedi iy toheathansmdssiian i sigmbaat enpadiveere "i" is a

synbol generating unit 46, and the channel coefficients
estimated by the channel coefficient estimating unit
41 such that received signal replicas as described
15 by Expression 33 are generated according to

Expression 34 and output.

[Expression 33]

A

Pl D e A
[Expression 34]

20 z = hI,n.l. dl.il + h2,n,1. dz,,-z t+...+ hM,n.l. dM.M

LR B v

The likelihood calculating unit 48
receives the reverse-spread signals z,,¢; and the
received signal replicas as described by Expression
35.

25 [Expression 35]

A

1oL 582 5o pf

Then, the likelihood calculating unit 48

calculates errors according to Expression 36.

[Expression 36]

N L 2
30 eﬂ.iz..u.iM - : :z : Zn,) - Zn,l.f] 12 seeilf
nel 4

The transmission symbol sequence
estimating units 49; through 49, receive the

generated transmission symbols corresponding to the



candi dat e nunber that suffices for Expression 32. [Expression 32] 5
(1<-i< C) where Cis the nunber of transm ssion synbol points, for exanple,
C=4 for QPSK, and C=16 for 16QAM The received signal replica generating
10 unit 47 receives the transm ssion symbds dmi generated by the
transm ssi on synbol candidate generating unit 46, and the channel
coefficients estimated by the channel coefficient estimating unit 41 such
t hat received signal replicas as described 15 by Expression 33 are generated
according to EXpRessitéansY HHeLHYUE put FEFRAPFesdiD@BFESROAAINT 1,i2,...,i M
[ Expression 344r20rzBiddBas d,detdZmide @Retmirmimum,odMbe et®dd kelihood
cal cul ating unit r.ecc—;ci vetzrthe reverse-spread signals z,,,t and the

s de

48
recei ved si gnat"fepfieds LT hed By Sssi N1 38°€558 Pexpressi on 35]
Zn, l,rl,i2,...dedkrThend, biyhé&Exdpkes s hood3¢al elliath nyi wai th48 mdaliculrat es
errors accardipg, . tp Expression 36. [Expression 36] NL 2 30 e4.12..JM -
| Zn.1 - Zn.Lry ax....aM nd (=1 The transm ssion synbol sequence estinmating
units 491 through 49m r ed&*RFehelcBenddat ed transm ssion synbol s
corresponding to the - 25%

m
In the case where the transmission symbol
sequence estimating units 49; through 49, carry out
10 hard decisions, Expression 38 is used.

[Expression 38]

d,=d,,, wherei,i,,...i, giveminimume, .

..... Y

When the transmission symbol sequence
estimating units 49; through 49, carry out soft
15 decisions, the following process can be used.
First, a bit sequence for soft decision is
obtained according to the following expression.

[Expression 39]

0 = tanh[A” J
mi 2

20 Here,
[Expression 40]

A~

A

m.i

is a logarithmic likelihood ratio of a bit
“i” of a transmitting antenna 1l,, and is expressed
25 as follows.
[Expression 41]

A =In P, =+)z,,,2,,)
" P(bm.i =_1lzl.1""’ZN.L)

1
20 (n)

~

(emin,-l - emin,l )

Here, epin,v 1s the minimum value of



transmtting antennas,

37]

[ Expression 38] dm = dm

When the transm ssion synbo

carry out soft

bit sequence for soft decision is

expr essi on.

is alogarithmc likelihood r

IIlm and is expressed 2%masrdphl oms. if-Exprgssion 4t AsARPeBIny+1l Z,

P(bm =- weZN._ ). ~ '(n) (eci, em.
sfotess mels el

demodulators 36; through 36y,

recei ve the correspondi ng
the m ninum of the errors,

10 hard deci sions, Expr

on 42)
The soft decision symbol

[Expression 43]

~

d

is estimated as shown by
expression of Expression

[Expression 44]

~

mJ

[Expression 45]

Providing: d_ =%, +j * 7,

X, =U

~

m,1

In the case of QPSK -
ym = um.Z

In the case of 16QAM

~

Ym

Finally,

and estimate transm ssion synbol

descri bed by Expression 37, which give the mininum 5 errors.
a In the case where the transm ssi on 3ol
491 through 49m carry out

determ ne
sequences, as

[ EXpressi on
sequence estimating units
ession 38 is used.

error signals,

,mwhere i" 12,..., iMgive mninume 1,.13. ..IM
sequence estimating units 491 through 49m
15 deci si driisspxdesiohl dwilng process can be used. First, a
obt ai ned according to the foll ow ng
[ Expression &9] um= tanh~A } 2 20 Here, [Expression 40] A
atio of a bit "i" of a transmtting antenna

) Here, emn,Vis the

Expression 45
44 .

V25 @ tes)
| -
—-ﬂz;g“ma(z"umA)

the multipath receiving signal
(50, through 50y)

receive the transmission symbol sequences described

by Expression 46 that are estimated as described

zN,)
m ni nrum val ue o
5
using the
10
15
above.
20
sequences,

[Expression 46]

~

d

Then,

Expression 47,

the received transmission symbol

are multiplied by the

spreading signal and the channel coefficients.

25

[Expression 47]

~

d



e. 1112,....iMwherein the i-th bit is "V and 62(n) expresses noi se power.
5 The soft decision synbol [Expression 43] d is estinmated as shown by
Expression 45 wusing the expression of Expression 44. 10 [ Expression 44] U.
[ Expression 45] Providing : dm=xm+] -~ XYm-In the case of QPSK xm- .",
Y. =um2 V21 xmumt(Z -unR) In the case of 16QAM Ym - .ZIs um3 (Z -un4)
Finally, the nmultipath receiving signal 15 denodul ators 361 through 36m
(501 through 50m) receive the transm ssion synbol sequences described by
Expression 46 that are eskinbhéd #sydeddrd betceabhodes ipbapr esziwend6fF 20 d,

Then, the recepued LA PSELPra¥Bheh FLQUSNCESe r FXRERIHOb A padh®
nultlplled by the spreading, signal and the channel coeff|C|ents

[ Expression 479% % @erec%WVl?ﬂ ERICETWAP, HHI" r BRE| $Ea St L REquences
descri bed by EXﬁteﬁMaﬂ1d&bf@ﬁtﬁmetﬁdr@mﬂﬁﬂdﬂh@atb Ea rdws f@ced 9| ng
ant ennas prn1ggg qp@}ting antennas are estimted according to

Expressi on 49,
[Expression 48]

I L@
[Expression 49]

i.@0=h, @ d0rct-7)

mad m.nd

10 Fig. 4 is a block diagram of a multipath
receiving signal demodulator 50 that is a third
embodiment of the multipath receiving signal
demodulator. According to the third embodiment, the
MLD algorithm is used, where the multipath receiving

15 signal demodulator 50 carries out the primary
demodulation of the paths in one block.

As shown in Fig. 4, the multipath
receiving signal demodulator 50 includes a channel
coefficient estimating unit 51, NxL reverse

20 spreading units 52 through 55, a QR factorizing unit
56, a QF operating unit 57, a transmission symbol
candidate generating unit 58, a conversion signal
replica generating unit 59, a likelihood calculating
unit 60, M transmission symbol seqguence estimating

25 units 61; through 61,, and M multipath receiving
signal demodulators 62; through 624.

According to the multipath receiving
signal demodulator 50 of the third embodiment, the
channel coefficient estimating unit 51 receives the

30 signals rp(t) received by the receiving antennas 21,
through 21,, and the channel coefficients hg,n,¢ Of
the paths between the receiving antennas 21; through
21, and the transmitting antennas 11; through 11, are
estimated.

35 Next, the reverse spreading units 52



5 and output. [Expression 48] L..." (t) [Expression 49] i-,(r) =h-,(r) d.
W c(r-z) 10 Fig. 4 is a block diagramof a nultipath receiving signal -
denodul ator 50 that is a third enbodinent of the nmultipath receiving signal
denodul ator. According to the third enbodinent, the MD algorithmis used,
where the multipath receiving 15 signal denodul ator 50 carries out the
primary denodul ation of the paths in one block. As shown in Fig. 4, the
mul ti path receiving signal denodul ator 50 includes a channel coefficient
estimating uni EhEQUAkK (S T eVl s@h20uBpeEadiig WEIE0ER TRVEUEe 55, a QR
factorizing ungpred@indy Qf OpgsatibBaivald Hignasrapss) sehen syol _
candi dat e generati n% uni t 58, a,conyersion ‘%Jngnal I’e%LI ca gfener ating unit
59, a likeli hod@MEaFOfSRI Y BAPP2602SMUSSthst sERBn t4{ifb AL sequence
estimating 25 upehsmik,s idu caghtbdényeard Winul tipahlh béceiadmgashgnal

denodul ators 621 .t hrough 62n,. According to the nultipath receivin si gnal
denodul at or5$50‘—“8fi @ﬁ‘@ ?fh f’redréé%bgafﬁg t,° tgr?ealsi:h%’hﬁei)fcziﬁef ipcqﬁh? %gti mat i ng
unit 51 recei vebet hec3d KinhadBLEAPBP Baceiokih byedhe recei ving antennas 21,

through 21n, and the chanpelt coehti greta tb vz £nQf untihe sEaths, beiveen the
receiving antennas 21, throu h 21" S%?)d the transmtti ngﬁg}ntennas 11,

through Il n ar@ C88°MFdt &4 FBEX NBRt K& M R EPPET my urite 52 - 28
t hrough 55, whtbhhnawiberathxix peciodingevereaaeme speeadifigiemthe recei ved

signal's r(f) W R o SAMeySPr e8ding ¥ WA ufRss USEE 3L A fte Jd me of
factorization of the channel matrix, and a Q matrix
and an R matrix are output.
[Expression 50]
hl.l.l h2.l,1 h3,1,l h4,1.1
h1.2,1 h2.2.1 h3.2.1 h4.2,1
h1,3.l h2,3.1 h3,3,l h4.3.l

Channel Matrix H =

( Example where M ;4, N=41L =2)
H = OR
15 The Q matrix output from the QR
factorizing unit 56 1s a unitary matrix having (NxL)
rows X M columns, and suffices for Qfo=1I.
Here, H expresses conjugate complex
transposition, and “I” expresses a unit matrix.
20 Further, the R matrix turns into an upper triangular
matrix having M rows x M columns.
The Q" operating unit 57 performs
operations according to the following expression.

[Expression 51]



transm ssion at the receiving timng of each path, 5 and NxL reverse-spread

signals z,,,Q of the paths of

the receiving antennas are obtai ned.

Next ,

the QR factorizing unit 56 generates a channel matrix as shown by
Expression 50, the channel matrix includizg <€hannel coefficients 10
expressed in NXL rows x M colums, perforns QR factorization of the channel

matri X,

h41 31 1
h4, 1,2

h2,4,2 h3,4,2 h 4,4,2 Exanpl
matri x output fromthe QR

(NxL)
conpl ex

matrix turns into an upper
(H operating unit 57 perforns

express

41.1,2 41x.2 91,3,2 4142 Z3,1 X= X2
42,1,2 92,2,2 92,3,2 92,42 74,1

and a Q matrix
h2,1,1 h3.1,1 h4.1,1 hl, 2,,
Channel
hi,2 ,2 h 2,2,2 h3,2,2 h4, 2,2

and an R matrix are output. [Expression 50]
h 2,2,1 h3,2,1 h4,2,, h, 3,, h23,,
Matrix H=hl"4,1 h2,4,1 h3,4,1 h4,41 hl,1,2 h2,1,
h, .3,2 h2,3,2 h3,3,2 h4, 3,
| wherge M=4, N= 4 L .= 2% H=QRJ41
ddt ori zi|Ay' ufirt 56 i §4a G t ey fatr e

rows x M colums, ang¥: gbﬁh__ﬁyioﬂy(}@pi.%kbr@+zFﬁexp%ess@pa
transposition, and|#l|" ‘exprlesses.a @hi tomRtGix. ;20 Hurt bes

i on.

10

15

20

fijangul ag:  maLri g hayi ngg:M raws . M gol

operations according to the follown
[Expression 51] 29 21,1 22,1 X 41.1.1 91,21 91,3,1

@3Z = 42,1,1 92,2,1 42,3.1 4

hi,,,

h31 31 ’

zlh

i My hs hald n
0 d '
Q"(HD+N)=Q"(QRD+N)=RD+Q N =| = "2 ™ Tu || 7
0 0 ry nylfds ny
0 0 0 Tay d4 n;

Example where M =4, N =4,L =2

The transmission symbol candidate
generating unit 58 generates the transmission

symbols du,; for the M transmitting antennas 11, and
the conversion signal replica
59.

59 receives

outputs them to
generating unit The conversion signal replica
generating unit

the transmission symbols generated by the
transmission symbol candidate generating unit 58,
and

the R matrix provided by the QR
factorizing unit 56

for generating conversion signal replicas
as described by Expression 52.

[Expression 52]

xAM o

The conversion signal replicas are
generated according the following expression, and
output.

[Expression 53]

d

M i

A

Xrs

> L]
,i_rMM

The likelihood calculating unit 60

calculates errors using xy and X,; (Expression 54)



X3 43,1.1 93,2,1 93,3,1 83,4,1 83,1,2 83.2.2 83,3,2 93,4,2 Z1,2 X4 44,1,1
44,2,1 94,3,1 44,4,1 44.1,2 94,2,2 94.3,2 94,4,2 72,2 73,2 24,2 rll rl2
ri3 r14 di nl n Q(HD+N)=QH(QRD+N)=RD+Q@N= 0 O r O rr3 rr4 d2 +' 34 d3 n3
0 0O0Tr44 d4 n4 Exanple where M= 4, N=329p £ = 2 The transm ssi on synbol
candi date generating unit 58 generates the transm ssion 5 synbols dmi for
the Mtransmtting antennas 11, and outputs themto the conversion signal
replica generating unit 59. The conversion signal replica generating unit
59 receives thectpaddmossiorExynbaksogerdérated by the 10 transm ssion
synbol candi date generatingpritsd8n sand the R matrix provided by the QR
factorizing unit 56 for generating conversion signal replicas 15 as

descri bed by Expression %, [ Expressi on 52] XMa The conversi on signal
replicas are generated according the follow ng expression, and 20 output.

[ Expression 53] d,., Xl\/la[ﬁ-— i kel,i hood cal cul ating unit 60

cal cul ates errors using X Xé%\%e%?o E)%'g)r]essi on 54) - 30 - according to
Expr essi on 555. e = 2

A
M. |xM ~Xp

After performing the error calculations,
the likelihood calculating unit 60 receives the
generated transmission symbol sequence corresponding
to the transmitting antenna 1ly, receives

10 corresponding error signals, holds Sy transmission
symbols having smaller numbers of errors
corresponding to the transmitting antenna 1lly as
described by Expression 56, and holds the
corresponding errors as expressed by Expression 57.

15 [Expression 56]

d, .~d

m.i(l) M.i(Sp)

[Expression 57]

~~
eMﬂU eMAap

Then, the transmission symbol candidate
20 generating unit 58 generates a transmission symbol
as described by Expression 58 for the transmitting
antenna 1lly-1, and outputs.

[Expression 58]

d

M-Li

25 The conversion signal replica generating
unit 59 receives
the R matrix,
the Sy transmission symbol seQuences
corresponding to the transmitting antenna 1ly, and
30 the transmission symbol corresponding to
the transmitting antenna 11ly-:

for generating conversion signal replicas



[ ExXpression 54] XMi [Expression 55] 5 eM, =1kM- XMI| | After
performng the error calculations, the |ikelihood calculating unit 60
receives the generated transm ssion synbol sequence corresponding to the
transmtting antenna 11M receives 10 corrgsponding error signals, holds SM
transm ssion synbols having smaller nunbers of errors corresponding to the
transmtting antenna 11M as descri bed by Expression 56, and holds the
correspondi ng errors as expressed by Expression 57. 15 [Expression 56] mi G
Mi(SM) [Expressidesc3i?oed ibeMitn¥eebiionSM9 Hemordhadt tansm ssi on synbol

candidate 20 gepeealiing Wi ! 284960epAleS thd ranshtssion el as

descri bed by Expression 58 for the transmtting antenna "Ni,” _and outputs.
[ Expr essi on 58FSPARFESi- 25 The conversion signal replica generating unit 59
receives the R matrix, the5Mésansn ssijon synbol sequences correspondi ng
to the transmtting antenna 11M and 30 the transm ssion synbol
correspondizng to the traﬁsn}‘i,tti ng antenna ''Ni -for generating conversion
signal replicas - 31 as désefriHed by Expression 59 according to Expression

60, and outputs the conversion.skg8al 601

X =7 °d +7 . *d
M-Lig.1dy MXM-D) M-Lipg 1 W -1)M M iy

Subsequently, the likelihood calculating
unit 60 performs error calculations according to the
10 following expression.

[Expression 61]

2

A
eM_l_M_W = Xya xM_lW_I_M +eMW

The likelihood calculating unit 60 holds
Su-1 combinations of the transmission symbol
15 sequences having smaller numbers of errors
corresponding to the transmitting antenna 1ly and
the transmitting antenna 1ly-; as described by
Expression 62.

[Expression 62]

20 {dM-l.w_un,dM,wn }N {dM‘lv'M-l(SM_l).de'M(SM-I) }

The likelihood calculating unit 60 holds
errors at that time as described by Expression 63.

[Expression 63]

N
eM—l,iM_l Wuipg (1) eM—l.iM_l (Sp—1ipg (Sapr-1)

25 Similarly, the transmission symbol
candidate generating unit 58 generates and outputs
the transmission symbols dn,; corresponding to the
transmitting antenna 11,. The conversion signal
replica generating unit 59 receives

30 the R matrix,

the transmission symbol corresponding to

the transmitting antenna 11l,, and



replicas. [Exp

ression 59] 5 xM"'MI| JM[Expression 60]]J] zMI,iM1 M

r(M1)(M1) " M1 M1 +Y(M1)Mdu', Subsequently, the |ikelihood cal cul ating

unit 60 perfor

nms error cal culations according to the 10 foll ow ng

expression. [Expression 61] 2 eM1IM1IMLIXpp1-XM1iJ-1+M +eM M The
culating unit 60 holds SM1 conbinations of the transm ssion
ences having smaller nunbers of errors corresponding to the

|'i kel i hood cal
synbol 15 sequ

transmtting antenna 11M and

Expressi on 62.
[ dM T IM 1( SM |
errors at that
e.-],iMI(1),i
transm ssion s
transnissiqp S
The conver si on

- 32 Snwi trapg

ant ennas from

10

15

20

25

30

[ Expr essi 0fn+62F r20 sirdMtsli,arvislymilio l deeMub)nded ~

Eo?M@éﬂ&é@iﬁ%_%oTQﬁelE@QHJME%Efg%cgh%%wﬁﬁé”gfoﬁolFﬂhds

tinme as descri bed by Expression . [ Expression 63] ti

W(ilveM 1. tMI (SM1),iM(SM1) 25 Sinilarly, the

ynbol candisat gegeraranigngdiid r S8ogereiaiLas Bl gk put s
e transmtting antenna |Im

d

the transmtting antenna 11M 1 as descri bed by

t he

nbol s dm.l rrespondi ng to
e A Tk AL L
the transm ssi BRpggmsolorosry espoddoudgpuas ttiee t cangeirstiiong sigmaha | I m and

[Expression 64]

/5 W N IO | ¥ ¢

[Expression 65]

A

A A
el L] L] L]
| TS S e V4 rmm dm.i,,, + rm(m+1) dm.i,,,+1 +...t rm.M dm,iM

The likelihood calculating unit 60
performs error calculations according to the
following expression.

[Expression 66]

2

=lx —X

Mgy reeipf —120Mf m M iy gl ee-ipf MALip 41 iy 42 vemipgf

The likelihood calculating unit 60 holds
Sm combinations of the transmission symbol sequences
corresponding to the transmitting antennas from 11,
to 1lly as described by Expression 67, the

combinations having smaller numbers of errors.

[Expression 67]

\d

~
Moim(1), W+ Limy1(1) e M"M(l)} { Mim(Sp ) MHLimal(Sp) e M"'M(Sm)}

Further, the likelihood calculating unit
60 holds the errors at that time as described by
Expression 68.

[Expression 68]

e .. -~
Maigy (Dsipg 1 (Dyeripg (1) iy (S D41 (Spy Dorvripg (Spp)

By repeating the operations described
above, CxS,; combinations as described by Expression

69 of the transmission symbol seqguences

pi1S%ian synbol sequences corresponding to the transmtting
k|



to 11M for generating conversion signal replicas 5 as described by
Expression 64 according to Expression 65; and outputs the conversion signal
replicas. [Expression 641 X mdmaiml ....,'"M10 [Expression 65] 'xmim
dmel L MmdmimT n(m1l Unimt] +.-.33mkr d The |ikelihood cal cul ating
unit 60 perfornms error calculations according to the follow ng expression.
15 [Expression 661 2 emim....iM1L.M=IXm-"xmimimH..... iMI1 emtl.imHl
Sime2. .. i M The |ikelihood calculating unit 60 holds Sm conbinati ons of
the transm ssi onrgsysipoinsisyieheesllcdhee Sp@mHMYE t bnghe ntteamsyd taiag
antennas from Jdm, ;2@4 0 11M as descri bed by Expression 67, the conbinations
havi ng smal |l er nunbers of errors., [Expression 67] dMiM (1) minmSm).

Al dme (Sm ), . ... ~M M SR*2EeE8-PReP? lthe 1i kel i hood cal culating unit 60
hol ds the errors at that {clz,rre asy descri bgd by | Expressi on 68. [ Expression
68] e e min(1l).iml(1l). “LM)6Lromdm S ,imyl (Sm. .. .. | MSm) 30 By

repeating the operations described above, CxS2 conbinations as described by
Expressi on> 69 of the trdnsnikerohysysipsla tsaientesopredstioms esponding to

all the transnybtbibRg i &IHAse ar eheObt@d1e@d.a+ that time as
described by Expression 70 are obtained.

[Expression 70]

e;AULQU) ----- iMG)

10 Here, j is an integer equal to 1 or
greater up to CxS;.

The transmission symbol sequence
estimating units 61; through 61, receive surviving
transmission symbols of the corresponding

15 transmitting antennas, receive corresponding error
signals, determine minimum errors, and estimate
transmission symbol sequences that give the
determined minimum errors.

When the transmission symbol seqguence

20 estimating units 61; through 61, carry out hard
decisions, they are performed as follows.

[Expression 71]

-~

d,=d,, ;, wherei(j),i,(j).....j,, () provide

m

nunnnunlofemﬁuxhg) ..... i ()

When the transmission symbol seguence
25 estimating units 61; through 61, carry out soft
decisions, they are performed as follows.
First, a bit sequence of soft decision is
obtained according to the following expression.

[Expression 72]

A
7 =tanh] ™.
30 umj ( 2 )

Here,



[ Expression 69] tdt v)Id2.V2,(j),...,dMM(;)} 5 Further by repeating the
operations described above, the errors at that tine as described by
Expression 70 are obtained. [Expression 70] enRU).i2 (j )..... "MO ) 10
Here, j is an integer equal to 1 or greatgr "p to CxS2. The transm ssion
synbol sequence estimating units 61, through 61m receive surviving

transm ssion synbols of the corresponding 15 transmtting antennas, receive
corresponding error signals, determine mninmmerrors, and estimte

transm ssi on synbol sequehEeBreRatogi ve3the determined mininmumerrors. Wen
the transm ssion synbol sequence 20 estimating units 61, through 61, E carry
out hard decisions, theyAgre performed as follows. [Expression 71] d m=d

mi" (|)vvhere| (j ), i2 () ),..., ii (j) provide mninmmof em;, (. )",
(. )....,;,, (J) Wen thEl$ ran$n‘gamlmhr@wrbbiksbdqhende ra2bi esét nat bag units
61, through 61,“|§,,ca&rfryt %ggmq«?ﬁl % gy qre peLfqrred as fol | ows.
First, a bit sequence o eci si o tai ned’ accor |ng to the

fol | owi ng expr egpirgeseq B@ré@éﬂ-@wsn] 30 u =tank( 2"1 Here, | JJ - 34 -
[ Expression 73] A is a |91§J§§!:EB§11%11| i&gl i hood ratio of a bit "i" of the
transmtting antenna |Im and is

A In P(b —+1|Z“, N.L)

™ P(bm.i 1|Zl 1°°° NL)

1
~ T
20°(n) ™

Here, epin,v 1s the smallest of
[Expression 75]

10 emﬂULQU) ..... ire G)

where the i-th bit is "v", and o%(n) is
noise power.
The soft decision symbol

[Expression 76]

-~

15 d,
is estimated as shown by Expression 78,
using Expression 77.

[Expression 77]

-~

u

m.i

20 [Expression 78]
Providing: d, =%, +j * 7,

~

ml

x
In the case of QPSK {J" I

- 1 ~ ~
X, = 1’—2—314,"'1 2-u,,)
;m —‘\(25~m3(2 Z‘;m,“)

Finally, the multipath receiving signal

In the case of 16QAM



5 expressed as follows. [Expression 74] A =inP(bm=+liz,.,,...,zry) m
yevrs---,ZN) P(b 11z 1 2Q (n) (e, , -em,) Here, emn,v is the smallest of
[ ExXpression 75] 10 P-i (i ),i2 (J ),...,"MO) where the i-th bit is "v",
and a2(n) is noise power. The soft decisi®h synbol [Expression 76] 15 dm
is estimated as shown by Expression 78, using Expression 77. [Expression
77] U 20 [Expression 78] Providing: dm=XmJ -Y 1In the case of QPSK xmY.
=Un2 Smuml (2 -um2) F25 In the case of 16QAM Ym = 215UnB(2-um 4)
Final ly, the n@iempgathatcetei 8dndghsigpalh 62353 eqehvedukheorts agBmishy bagh 62m

receive the trapspbssis@yueyddol tpggugnees diidta L §5t herled sy descri bed
above, the transm ssion synbol sequences b%;qg descri bed by Expression 79.
above, the transmission symbol” sequences being
described by Expression 79.

5 [Expression 79]

~

d

Then, the multipath receiving signal
demodulators 62; through 62, multiply the received
transmission symbol sequence as described by

10 Expression 80, the spreading signal, and the channel
coefficients as shown by Expression 82 such that
received signal sequences, as described by
Expression 81, for every reception path between the
transmitting antennas and the receiving antennas are

15 estimated and output.

[Expression 80]

~

d

[Expression 81]

®

A

m.n.l

20 [Expression 82]
I.0=h_© drct-1)

According to the multipath receiving

signal demodulator 50, the number of times of error
calculations is greatly reduced to (?+§:CSMI as
m=l

25 described by Expression 83 in comparison with cC"
times required of the multipath receiving signal
demodulator 40 that is shown by Fig. 3, although
some degradation in demodulating the received signal
sequence has to be tolerated.

30 [Expression 83]

M=l
C+Y.CS,,

m=l



5 [Expression 79] d Then, the nmultipath receiving signal denodulators 621
through 62m multiply the received transm ssion synbol sequence as descri bed
by 10 Expression 80, the spreading signal, and the channel coefficients as
shown by Expression 82 such that received3gignal sequences, as described by
Expression 81, for every reception path between the transmtting antennas
and the receiving antennas are 15 estimted and output. [Expression 801 d
[ Expression 81] I _,,(t) 20 [Expression 82] | (t)=h,,,,,(t) d"(t) c(t-2)
According to the nulti patAreeceinghy . siogwelextderpdafatbe 3@ cdaieimunber of

times of error, gakgulalians,is,gieatbyseduced to CHGS,,, as .-1 25
described by Expression 83 in conparison with CM tines required of the

nul ti path receiving signdiiddebodfl &t B o4k theaIFTIMsEBRW MY A g. 3, al t hough
sonme degr adatigiliRpdendd &tingngheigaca \whed@natorsequance: has 40 be

{olerated. 30 LEpLeoo o Bilea Loy My oyeAERLiNgL Y, SompLEXt (Y of
showi ng a nmnuldepathledgces vikgecsirghab denudid afour7d thbbdisnent 5 tharth
enmbodi ment  of ﬁnftggggﬂx¥ghéf§§£¥iQggﬁéyuﬁemodulator uses the MLD
algorithm as the primary demodulation method,
wherein each path is individually processed.

10 The multipath receiving signal demodulator
70 includes a channel coefficient estimating unit 71,
NxL reverse spreading units 72 through 75, L sets of
OR factorizing units 76 and 77, L sets of QY
operating units 78 and 79, a transmission symbol

15 candidate generating unit 80, a conversion signal
replica generating unit 81, a likelihood calculating
unit 82, M transmission symbol sequence estimating
units 83; through 835, and M multipath receiving
signal demodulators 84; through 84,.

20 According to the multipath receiving
signal demodulator 70 of the fourth embodiment, the
channel coefficient estimating unit 71 receives a
signal rnp(t) received by the N receiving antennas
21; through 21,, and estimates the channel

25 coefficients hp,n,t 0f each path between the receiving
antennas 21; through 21, and the transmitting
antennas 11; through 11,.

Next, the reverse spreading units 72
through 75, which number NxL, perform reverse

30 spreading of the received signal r,(t) with the same
spreading signal as used at the time of transmission
at the receiving timing of each path, and NxL
reverse-spread signals z,,: one for each path of the
receiving antennas are obtained.

35 Next, an ¢{-th QR factorizing unit
generates channel matrices that include channel
coefficients of the {-th path, the number of the
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A Qy matrix output from the QR factorizing

unit is a unitary matrix having N rows x M columns,

10 and suffices for QﬁQ¢=I Further, a Ry matrix is an
upper triangular matrix having M rows x M columns.
Accordingly, an operation carried out by
the f¢-th Q" operating unit can be described by
Expression 85.
15 [Expression 85]
X q;u q;.zj ql‘.B.I q;,u 2 |
X, X2 —Ql z, = qzu q%,z,z Q%,u q%u Z2)
X3 %11 D20 D330 D3e0 | 232
X4 Q4,1J q;,z.l q;,u q;,u Z4)
Fru,/ M2y Mag Mg || d m,
0 ryy ray nmuld n;
H H H 22, 23) 24 2 2.]
H,D+N)=Q,"(QR,D+N)=R,D+Q,'N = +
QI 1 QI QI 1 1 QI 0 0 r33_, r34_, d3 n3',
L0 0 0 rgjd |my
whereM =4, N=4
The transmission symbol candidate
generating unit 80 generates the transmission
20 symbols dy,; corresponding to the transmitting

antenna 11y,

signal replica generating unit 81.

and outputs them to the conversion

The conversion

signal replica generating unit 81 receives the

trans

mission symbols dy,i,

receives the R; matrix,



is perfornmed such that a Qmatrix and a R matrix are output. 5 [Expression
84] hl,u h2,tJ h3,u h4.,.1 121,2,1 122,211 h3,2,1 h4,2,1 Channel Matrix H, =
h, v, (where M= 4, N=4) ,3] 122,3,1 123,3) /24,3 A4,1 h2,4,1 123,4,1
h4,41 H = QRL A Q nmatrix output fromthe €R factorizing unit is a
unitary matrix having Nrows x Mcolums, 10 and suffices for QHQ=I.
Further, a RL matrix is an upper triangular matrix having Mrows x M
colums. Accordingly, an operation carried out by the f-th QH operating
unit can be deatfli bedenptEpreRELoA 185, simfakprenssionsss]s x1 91,1,, 91, 2,,
91.3J 91, 4] 21aes&z_qtae%2%,9@xggegg,l& 32, zgoccz@&m? Fo=@kphk 031 83, 1. .
93, 2J 93, 3J 93i Z3J .. 94,33 94,4 740 r JrlzJ ri3.1 rl14.11
di 1+ nl' D2RN) 4R ﬁRtli’)em)’nyeﬁSBOP SRl oTrP21ca93) r,al d2 n2J
Q 00O r33J r34,, d3 n3.,[ExPr&sstdndden; where M= 4, N = 4 The
transm ssi on synbol candl date generating unit 80 generat es the transm ssion
20 synbol s dm i corresponﬁl ng to the transmtting antenna 11M and outputs
themto the conversion si gnal replica generating unit 81. The conversion
signal replica generatingmnhte8dibgceives the transm ssion synbols dm,
receives the Rt matri x,

x  =r *d

Ml MM ML
The likelihood calculating unit 82

calculates errors according to Expression 89 using

10 Xm,¢ and fM (Expression 88).

JJ
[Expression 88]
xMJ.I‘

[Expression 89]

L
A 2
- m.l xMJJ
=

15 After performing the error calculation,

the likelihood calculating unit 82 receives the
generated transmission symbol sequences
corresponding to the transmitting antenna 11y, and
the corresponding error signals. Then, the

20 likelihood calculating unit 82 holds Sy transmission
symbols as described by Expression 90 having smaller
numbers of errors corresponding to the transmitting
antenna 1lly.

[Expression 90]

25 dyy0™~d

M.i(1) M.i(Spr)
Further, the likelihood calculating unit
82 holds errors at that time as described by
Expression 91.
[Expression 91]

30 e ~e

M ,i(1) M.i(Spr)



- 38 and generates conversion signal replicas as described by Expression
86 according to Expression 87, and output the conversion signal replicas.
[ Expression 86] 5 'xMJ [Expression 87] A 'xMl.; - rMM M.; The |ikelihood
calculating unit 82 calculates errors accepding to Expression 89 using 10
xMf and XM, (Expression 88) . [Expression 88] xM/4 [Expression 89] L
eM; 12 15 After performng the error calculation, the |ikelihood
calculating unit 82 receives the generated transm ssion synbol sequences
correspondi ng to the trambextti hfeamtremsanilsid oandymbhe cormrdspandi ng error

signals. Then, jthe 24 idkelihpodocalsdaiidng MnitaB82nhelsds, SM $r8p$M Ssion
synbol s as descri bed by, q;i?nressmn 90 having snaller nunbers of errors

correspondi ng 86 CFS AT HRRN BYi AFPT&SCRTa AAMOFERPPESSI AT d8} th8 d M 1)
ti M SM Furtherantshe 414 ked i doedneal aulyat iagd upitpu82 holds errors at that
tinme as desbcri Q%%n%islzsx%r?sgglggogl. [ ExXpression 91] 30 eMI(1) ~eM (sm -
39 :

[Expression 92]

M-l

The conversion signal replica generating
unit 81 receives
10 the R matrix,
the Sy transmission symbol sequences
corresponding to the transmitting antenna 1ly, and
the transmission symbol corresponding to
the transmitting antenna 11lm-1 for generating
15 conversion signal replicas as described by
Expression 93, according to Expression 94, and
outputs the conversion signal replicas.
[Expression 93]

A

xﬁ4LWAw
20 [Expression 94]
A ~ A
— o L]
xM-l.I.iM_l M r(M =DM =D dM ~Lips-1 + r(M-l)M o dM M

Subsequently, the likelihood calculating
unit 82 performs error calculations by the following
expression.

25 [Expression 95]

L
eM—l"M-l-'M - Z
1=1

Then, the likelihood calculating unit 82

holds Sw-1 combinations as described by Expression 96

x, ., —X +e

M -Lirg _1.ipg M .ipg

of the transmission symbol sequences corresponding

30 to the transmitting antenna 1ly and the transmitting
antenna l1lly-i1, the combinations having smaller
numbers of errors.

[Expression 96]



Next, the transm ssion synbol candidate generating unit 80 generates a
transm ssion synbol as described by Expression 92 corresponding to the
transmtting antenna 11M 1 and outputs the 5 transm ssion symnbol .

[ Expression 921 dM .i The conversion signab feplica generating unit 81
receives 10 the R matrix, the SMtransm ssion synbol sequences
corresponding to the transmtting antenna 11M and the transm ssion synbol
corresponding to the transmtting antenna 11M 1 for generating 15
conversion signal replicag;as degcri by Expjessiop 93, according to
Expression 94, and out put¥the: C‘Gﬁ\/ Wsmg’na’l*M‘fMe' icas [Expr ession 931
xM1,f,iM1. M20 [ Expression 941 le 7 iM214M -t~

dm1,, M1+ (M1)M1 dM 4hﬁ‘SﬁB§3ﬁueﬁpleyljtl‘f‘?§13rl??<%ﬂjl ﬁéé&uééitdﬂ%t%bt unit 82
per f or ns error 8Qa|h©L]Jd£§ltﬂ1ﬂ§ byrbvhe fal ltOwithgt iexpaessiecr.rizied Bxpr essi on 95]

2 eM1i{y _ MLIM-1.iM+QM M 1=1 Then, the I|ikelihood
cal cul ating un%p§ %I\él%lsg?s(l\/tl conbi nations as descri bed by Expression 96

of the trarsnission synbolExeyaeaées &drlresponding 30 to the transmitting
antenna 11M and the transmtting antenna 11M 1, the conbi nations having

smal |l er nunbers of error gM—[,zﬁ&Rﬁ,%?@j’bTeAﬁﬁ]iM_l(SM_I),iM (Sy 1)

Similarly, the transmission symbol
candidate generating unit 80 generates and outputs
the transmission symbols dp,; to the transmitting

10 antenna 1l,. The conversion signal replica
generating unit 81 receives

the R matrix,

the transmission symbol corresponding to
the transmitting antenna 11,, and

15 Sm+1 transmission symbol segquences
corresponding to the transmitting antennas from 11ln4:
to 1ly.

Then, the conversion signal replica
generating unit 81 generates conversion signal

20 replicas as described by Expression 98 according to
Expression 99.
[Expression 98]
Pk 1 il
[Expression 99]

~

cd AP d, AetF, o d

25 xm.im s vl g m(m+1)J Mgl mag

The likelihood calculating unit 82
performs error calculations according to the
following expression.

[Expression 100]

. . e . .
30 "Um M 1M "‘J-‘m-'m+lv~--w MLy 41 a2 i

1=1
The likelihood calculating unit 82 holds
Sn. combinations as described by Formula 101 of the



40 \ MI ~Af-I1I11. ~MJIMI) / \ MIMI(SM 11. dM,y(S,y_1) / Further, the

| i keli hood calculating unit 82 holds the errors at that tinme as descri bed
by Expression 97. 5 [Expression 97] em1l1, iM | (1),iM (1), eM1l,iM_I (SM
1), iM(SM_, ) Simlarly, the transm sgion synbol candi date generating
unit 80 generates and outputs the transm ssion synbols dm; to the
transmtting 10 antenna |l R . The conversion signal replica generating unit
81 receives the Rmatrix, the transm ssion synbol corresponding to the
transmitting ahrensaikbbmorantymbo Sk auearsa ssd onesyabdlingeduentes

correspondi ng {p,hhe;transm 44+ 88na8t erdgs fromd lim 4l +4o 11M Then, the
conversion signal replica enerati gggunlt Sf%ener ates conversion signal 20

replicas as deSePPBEE Y B pra%sP8nS88 LdEToriTLTd CExFréSShion 99.

[ Expression 98] z m +m IBdpressibh[ BEoarnession 99] 25 xmimmmf d M", +

mmtl)J ,.+rmM] ~my The ]ikelihood calculating unit 82 perforns error

cal cul ati oss accordi ng tO{d.,b,l,(,_dmijmq,l,)l,,%g,é“e gressd.on, . }[M'B,g,glr(sqs}si on 100] L 12
[ 2 holds™ 0

30 + The likelihood cal culating unit Sm conbi nat’i'ons as descri bed
by Formula 101 of the Further, the likelihood calculating unit

82 holds the errors at that time as described by
Expression 102.

[Expression 102]

10 €, Dy (Do 1Ne :
mipy (Wi a1 (Dreesipg (D iy (S Yiog 1 (S Yoeribg (S

By repeating the calculations described
above, CxS,; combinations as described by Expression
103 of the transmission symbol sequences
corresponding to all the transmitting antennas are
15 obtained.
[Expression 103]

{dl.n G)? d d }

2,i0,(5) " " M Mg )

Further, by repeating the calculations
described above, the errors at that time as
20 described by Expressing 104 are obtained.
[Expression 104]

e

m,i (7 1512 (G )eensipg )
where j is an integer equal to or greater
than 1 up to CxS,.

25 The transmission symbol sequence
estimating units 83; through 83, receive surviving
transmission symbols and the corresponding error
signals corresponding to each transmitting antenna,
determine minimum errors, and estimate transmission

30 symbol sequences that give the minimum errors.

When the transmission symbol sequence
estimating units 83; through 83, carry out hard

decisions, they are made as follows.



- 41 transm ssion synbol sequences corresponding to the transmtting
antennas fromlImto 11M the conbinations having snaller nunbers of

errors. [Expression 1011 !! 5 J { J Further, the likelihood cal cul ating
unit 82 holds the errors at that tinme as-descri bed by Expression 102.
[ Expression 102] 10 Pmi (D.Im+](D....aM(DemfmSm.im](Sm .... 4M Sm

By repeating the cal cul ati ons descri bed above, CxS2 conbi nations as
descri bed by Expression 103 of the transm ssion synbol sequences
corresponding to all the fEe@EasttPAgldntennas are 15 obtai ned. [ Expression

103] Idl,n,v) , 2,,2,0) 9..., dm ). Further, by repeating the

cal cul ati ons descri bed ézoﬁé%myimm%‘\gljf’o‘rggdp Jt at’m(i/r)r\??‘égldﬁo descri bed by
Expressing 104 are obtai RgdimumE%Pr essi on 104] e where j is an integer equal
to or greater than 1 up to CxS2.™¥%fhewPansmi ssi on synbol sequence

estimating units 831 thrgygh, 8?&%”?9%%‘311% rivdnvi%bg%altg%a'u%sﬂcpen_ synbol s and

the corresponding error 'signals corresponding to eac smtting antenna,
det er mi ne ni ni YR BRSNS, HWhidt 2s8 B natler ¥ ERsfPesFaf 30 WbyPfEequences t hat

gi ve the nmisni nyareEhens., Wepn ihe hhaesEisST AN sysbokisequence,;€sti mating
units 831 throggguggggC%hgxygyé Qgggsion is obtained according to
the following expression.

[Expression 106]

10 Here,
[Expression 107]

A

A

m.i

is a logarithmic likelihood ratio of the
bit “i” of the transmitting antenna 11,, and is
15 described as follows.

[Expression 108]

A =+1iz ,...,
A ln P(bm.i + lzl.l ZN.L)

" P(bm =_1'21,1"“’ZN.L)
1
207 (n)

(emjn.—l ~ Criaa )

~
~

where epin,v 15 the minimum of Expression
109,
20 [Expression 109]

%mqmu)wq), .....

and ©?(n) expresses noise power.
The soft decision symbol as described by
Expression 110 is estimated as described by
25 Expression 112 using Expression 111.
[Expression 110]

d

m



decisions, they are made as follows. - 42 - [Expression 105] dm= dm, nm(J)
where i) (j ), i2(j ),..., iM(j ) provide mnimmemi, (J)Ih(i)--.iM
(J) When the transmi ssion synbol sequence estimating units 831 through 83m
carry out soft 5 decisions, they are made as follows. First, a bit sequence
of soft decision is obtained according to the foll ow ng expression.

[ Expression 106] um = tanh(2 | 10 Here, | [Expression 107] is a

|l ogarithmc likelihood ratio of the bit "i" of the transmtting antenna

llm and is 15 descri bed BExpbebewen 1lExpressi on 1081 A In P(bm
=+llz........ z,,) m P(bm=-1z,.r...,2ZYL) 2vi(n) (em. , enp., ) where
emn,v is the mninumof Expression 109, 20 [Expression 109] P mh(j ).i20
). iM(J) and a2(n) expresses nhoi se power. The soft decision synbol as

descri bed by Expression [Hfpirssesbnmatler) as descri bed by 25 Expression 112
usi ng Expression 111. [Expr%ssmm 110] d = 43 - [Expression 111] um

[ Expressi on 112] Providing :d,, =x, +j * y,
X, =1
In the case of QPSK{J o
m = m,2
;m = ‘\{2—51‘;”1,1(2_;%2)
In the case of 16QAM )
~ fl ~
5 Finally, the multipath receiving signal

demodulators 84; through 84, receive the
transmission symbol sequences as described by
Expression 113, the transmission symbol sequences
being estimated as described above.

10 [Expression 113]

~

d

The transmission symbol seguences as
described by Expression 114 are multiplied by the
spreading signal and the channel coefficients so

15 that received signal seqguences as described by
Expression 115 are obtained for every reception path
from each transmitting antenna to every receiving
antenna are obtained as described by Expression 116,
and the received signal segquences are output.

20 [Expression 114]

~

d

m

[Expression 115]

I @

m,n,l

[Expression 116]

25 I = h (¢t d(t) clt-1)

m.an.d



Providing: dm=.Cmtj - YmIn the case of QPSK 'xm = uml| Y. = um2 Sm
umi(2-u 2.5 In the case of 16QAM Ym = .Lis 1[m3\2-und~ 5 Finally, the
mul ti path receiving signal denodul ators 841 through 84mreceive the
transm ssi on synbol sequences as descri bedspy- Expression 113, the
transm ssi on synbol sequences being estinmated as descri bed above. 10

[ Expression 113] d The transm ssion synbol sequences as described by
Expression 114 are multiplied by the spreading signal and the channel
coefficients so 15 that rrecedwedngi gralthsequelntesatb deserivbed by

Expression 115sape,qblained, { 9fo8VehY 8eeptdon: pathe LW §ach, tyapsnitting
antenna to every_receiving antenna are qbtalned as descri bed Expr essi on

116, and the PBEELPEFIsitfifa®lcehdended adr A patOr20 0 B W sPBnFi84] d
[ Expression 1181 themMnumbd®d §Expiessi of Eh6jo25caMtojbtisis nidt) ' dm(t)’
c(t-2Z) - 44 According to the multipath receiving signal denodul ator 70,

simlar t05theggggeyytﬂédJ&édnybtKpa§ﬁCS§pe§yiags@&gmﬁkinp@ulator 50 shown
by Fig. 4, the nunber of times of error calculations is 5 greatly reduced

to G+ CS@, agxdessiiiRed Dy7 EXPEERSLIN sbl o Nt k0PI FO8 WelfhiGed i MBS
required of the multipath receiving signal demodulator 40
that is shown by Fig. 3, although some degradation
in demodulating the received signal sequence has to
10 be tolerated.
[Expression 117]

(?+§iCSN

Fig. 6 1s a block diagram of the channel
coefficient estimating unit according to an
15 embodiment of the present invention. Figs. 7A and 7B
show frame structure examples of the signal
transmitted from the transmitting apparatus when the
channel coefficient estimating unit is used.
First, the signal transmitted from the
20 transmitting apparatus is described referring to
Figs. 7A and 7B. According to the present embodiment,
pilot symbols (indicated by hashed lines), each
being 4 symbols long, and each being different, are
periodically inserted into data symbols of the
25 signals transmitted from the transmitting antennas
(e.g., transmitting antennas 1 and 2). In the
example shown by Fig. 7A, pilot symbol patterns for
the transmitting antennas are orthogonally arranged.
Further, in the example shown by Fig. 7B,
30 spreading signals (Cl, C2) used for spreading the
pilot symbols for the transmitting antennas are
orthogonally arranged.
By orthogonally arranging the pilot
signals between the transmitting antennas using one
35 of the methods shown by Figs. 7A and 7B, highly



of the multipath receiving signal denodulator 40 that is shown by Fig. 3,

al t hough sone degradation in denodul ating the received signal sequence has
to 10 be tolerated. [Expression 1171 NI C+ CS, 4 Fig. 6 is a block

di agram of the channel coefficient estimté4bg-unit according to an 15

enbodi nent of the present invention. Figs. 7A and 7B show franme structure
exanples of the signal transmtted fromthe transmtting apparatus when the
channel coefficient estimating unit is used. First, the signal transmtted
fromthe 20 tp&aFsMHATES r@l%zprpeiaea§lm§tdé§brwoe@tﬁeﬂeeﬁ| ndto Figs. 7A and

7B. According b@th'@%oﬁfaﬂs miefPoghiRRlrns i@t tBY¥MBRkS ogoMdicat ed by hashed
lines), each Dbein S gon d each bej g glfferent
periodically i ﬁgeﬁg@&q%t%l%? gﬁﬁ %f cﬁer}%a%% gndifs S ef’n?’pﬁ‘%?gd from
t he transmttlagqaemEﬁnaﬁ?thﬁgsamEraeﬂguhAr@paneeamasel amjﬁhe In the
exanpl e shawn | I tier t

lx:)eQ“ q“trpé 19&1835 g b%al§ D5af Phe GHGE éﬂ_ﬂ

ant ennas are ort Rogonal 1y arrange urther’, Tn the exanpl e %y Fig.
7B, 30 spreadih§ Sibgifa 1?%]SlQQ?lﬁsé@ﬁ(ﬁh%uﬁehaFn§YWh§lﬁmI%ﬂ §hfbol s for

the transmitti pglahamasiasriptt bagonrald iy & rangedl B)éq@retrf'&g%lﬁ| hy
arrangi ng the |Iot .Si.gnal s_bet ween the transnlttln antgnnas ESI one 35

of the nethods §ﬁ8®W fs2n 3P8ﬁdm7éslﬁfﬁﬁ?sseﬁ5 YaleldPar

estimation is attiai recthifhenumbéhogonal synbol patterns and the orthogonal
spreadi ng ;g gnal s can be gener ated. by \Wsing @&yejgb the
configuration of a channel coefficient estimating
unit 100 according to the present embodiment is
described. The channel coefficient estimating unit
100 is for estimating a channel coefficient of each
15 path between the transmitting antenna m and a
receiving antenna n. Here, an example is shown
wherein the channel coefficient estimating unit 100
is for 3 transmitting antennas and 4 receiving
antennas. That is, the channel coefficient
20 estimating unit 100 includes 3x4 correlation
detecting units 101 through 104, and pilot signal
replica generating units 111 through 114. In
addition, in this example, each of the correlation
detecting units and the pilot signal replica
25 generating units includes two or more components,
which may be identified by a suffixed serial number
when necessary.

First, operations of estimating a channel
coefficient h;,;,; between the transmitting antenna 1

30 and the receiving antenna 1 are described with
reference to Fig. 6.

A signal rl is received by the receiving
antenna 1, and is provided to the correlation
detecting unit 101. Further, the pilot signal

35 replica generating unit 111 generates a pilot symbol
sequence pl corresponding to the transmitting

antenna 1, which pl is provided to the correlation



sequence of the same length, for exanple, as the 5 nunber of the pil ot
synbol s, and the sane length as the spreading signals for the pilot

synbols. In the follow ng description, a pilot signal sequence of a
transmtting antenna mis expressed by pm49y - where n is a chip nunber. 10
Wth reference to Fig. 6, the configuration of a channel coefficient
estimating wunit 100 according to the present enbodinent is described. The
channel coefficient estimating unit 100 is for estimating a channel
coefficient ofdeaehtiBgpattitet@®keen the transmtting antenna mand a

recei ving antenna n. Herenhan-&XaOPLeibs SRQW:+ wher g; 0+t hgchannel
coefficient estinatin%ﬁunit 100 is_for 3 transmtling antennas and 4

receiving ant@hha®atffatthis, chaenehaffel fdGerdeilane 2@t ¥at FR§ unit 100
i ncl udes 3x4 cor&pkatitaingdeirecénng Unbhs ok theoaghidf4anarci | Dt si gnal

replica geperatin nits . 11 [ 1 I n ddition, in this exanple,
each of thg co%?% atio t%%#%%?f%ggg%%tglgndWﬁ%ﬁ%ﬂ?ot signal replica 25
generating units includeshawreorehvee sogperientls,iswhithipay ese bylentified

by a suffixed sghpakxDheugihen,eGessar Yndigstot 0PehBLI0RS ffefSLi Mati ng
a channel coefficient hl1,1,1 between the transmitting antenna . 30 and the
recei ving ant éthatt 4P€ dESHIBEUEWREhaPérdrénce I® FPES 18R IGha?Erl is
recei ved by theheeeeceiing nand aitag 1o faad pasproviged to the correl ation

detecting,unit 101. Further, the pilot _signal. 35 replica generati unit 111
generateslg piIot_synbolqﬁg%dﬂ%%%gnﬁﬁ oP%@?ﬁ@ﬁd%ﬁgV?gﬁ?ﬁ PWEH%ﬁ?@%ing
antenna 1, whi¢hpploits syrmpdlderexvodhe correl ation - 46 - A

[Expression 118]
s
h, = %;r,(n +7)p,(n)
Here, ri;(n) represents the received signal
15 r; when a pilot symbol n is received. An
implementation is possible wherein h; ;,; is
estimated by weight-averaging channel coefficients
obtained in two or more pilot symbol periods.
Similarly, a second step correlation
20 detecting unit 102 receives the signal rl, and a
pilot symbol sequence p3; of the transmitting antenna
3 generated by a second step pilot symbol replica
generating unit 112, and a channel coefficient hi, s,
is estimated and output.
25 Further, a received signal r4 and the
pilot symbol sequence p; of the transmitting antenna
1 generated by the pilot symbol replica generating
unit 113 are provided to the correlation detecting
unit 103, and correlation is obtained such that a
30 channel coefficient hg,1,1 is estimated and output.
By repeating the above operation, the
channel coefficient of all the paths between the 3
transmitting antenna and the 4 receiving antennas
are estimated. According to the example described
35 above, the pilot symbol is multiplexed by the data

symbol in the time domain; nevertheless, the channel



detecting unit 101. The correlation detecting unit 101 estinmates the
channel coefficient hl,1,1 between the transmtting antenna 1 and the
receiving antenna 1 5 according to Expression 118, wherein the received
signal rl is nmultiplied by a conplex-conjuwgate value of the pilot synbol
sequence pl of the transmtting antenna 1 in consideration of the
receiving timng of a path @ and 10 the obtained product is averaged over
the 4 pilot synbol periods. [Expression 118] 1 .,=4~r,(n+r,}p,(nY Here,
ri (n) representoetfifd dlerei veditsingalon mny benentaipedotbysynbol samegs
received. An ipgphemRntal ionei sapeseinklre Whedeifubiidildinigessimated by

wei ght - averagin hannel coefficients obtained in tw or nore pilot synbol
periods. Siml ﬁgpg,oyf%econd step correlation 20 detecting unit 102
receives the signal rl, andga 8pikotn i Segyeanme o3 cofrddwitiagsm tting
antenna 3 gen o st.ep _.pid o 2pljca gepnerating unit
112, and a%haghg%%%&gﬁ %?gn?ﬂglt é!,%ea igse e%lf%%&éaggﬁﬁngcutopﬁt%‘%S Furt her,
a received sighgcerdd i amparpichst ody il megmenteipivesftidre. t2ansnmitting
antenna 1 genghaled shy the. psl otthgyrﬂé@eir@jm%cgpgggg&%@ Dpo unit 113 are
provided to the cirrel ation detecting .unit 103, and correl ation |§ %btal ned
such that a 301BRAMTES dUet FiRAEAt TRECLVETS 5T fat 86T Rt pEe. <1y
repeating the aheveigdperial i ohatt hee channell goebfihecerid athmadhgh he pat hs

bet ween the 3 mhg;acrr%rgt%ﬁ it%gtgp%gg?glc ngccatli%eegilﬁgcﬁh‘ﬂt@g Antennas  are

estimat ed.” ‘Accor exanp escri
2221, 222,, 223:, and 223, (i.e., this example is a
3-stage configuration), and a demodulator 231 that

is arranged at the last stage. To the multipath
receiving signal demodulator 211, serving as the
15 first stage, any one of the multipath receiving
signal demodulators described with reference to Figs.
2 through 5 can be applied.
Further, any one of the multipath
receiving signal demodulators described with
20 reference to Figs. 2 through 5 can be applied to the
multipath receiving signal demodulators 212, 213,
and so on, as applicable. Here, signals that are
input to the p-th multipath receiving signal
demodulator (p is an integer equal to 2 or greater)
25 are described by Expression 119.
[Expression 119]

r(p) (t)

n.l

This can be described as Expression 121,
using the received signals, and output signals
30 (Expression 120) of the (p-1)-th multipath receiving
signal demodulator.

[Expression 120]

T177()

m.n.l

Specifically, the signals that are input
35 to the p-th multipath receiving signal demodulator



35 above, the pilot synbol is nultiplexed by the data synbol in the tinme
domai n; neverthel ess, the channel - 47 coefficient estimation can be
obtained by the same nmethod in the case where code nultiplexing is
enployed. Fig. 8 is a block diagramof a-regeiving 5 apparatus 200 that is
a second enbodi nent of the receiving apparatus of the present invention. As
shown in Fig. 8, the receiving apparatus 200 includes multipath receiving
signal denodul ators 211 through 213 that are serially connected through 10
mul ti pat h int e2fer greeréaictl bngthni psezzfin@aypl tipagh 2222, 2231, and

2232 (i.e., thigtexaeRledds @andestage ueQtfd A+ @Dhg abd éﬂermdul ator 231
that 1is arrangeféat .the | ast stage. To the nultipath receiving signal

denodul at or 8FINYg HPTFR518 i rst stage, any one of the multipath
receiving signal denodul[@:ssesesoni Bb@dwith reference to Figs. 2 through
5 can be applied. Further, any one of the nultipath recei ving signal
denodul at ors descri bed mnpp feréEﬁSLigm gs. 2 through 5 can be applied
to the nuldtipath rece|V|mg 595 212, 213, and so on, as
applicable. Here, signals that are ["ApUt to the p- th nultlpath recei vi ng
signal denodulator (p i n integ5 ual to 2 reater) are descri bed

by Expression 119. [Exp i ohcg fd ﬁgﬂﬁﬁﬁ §”§5ﬁ pBY 5&5?1 d as
Expr essi on 121intasﬁegdﬂu£remmteéda$u@mmdhtammb®uapubrmumqﬂBo30

(Bxpression 1284000 she: i) -4 PeMUbbichathd §4P1 ¥k 8es8Lg0al ApTodul ator.

[Expression 122]

10 re (1)

The NxL received signals are provided to a
reverse spreading unit (not illustrated)
corresponding to the receiving antenna 21, and the
path ¢.

15 Further, according to the configuration
shown by Fig. 8, a channel coefficient estimating
unit (not illustrated) of the p-th stage multipath
receiving signal demodulator may use a received
signal after multipath interference cancellation as

20 described by Expression 123 instead of the received
signal r,(t) when estimating the coefficient h; .1,
which results in a more accurate channel coefficient
estimation.

[Expression 123]
25 r (@)

(It is possible to use the channel
coefficient of the (p-1)-th multipath receiving
signal demodulator for simplification of the
configuration.)

30 As described above, by preparing two or
more stages of the multipath receiving signal
demodulators according to the present embodiment,

the latter stage multipath receiving signal



Specifically, the signals that are input 35 to the p-th nmultipath receiving
signal denodul ator - 48 are generated by the preceding nultipath
interference canceling units according to the follow ng expression.

[ Expression 121] ML 5 7r;'0=rOQ-~1Im (t)4A=t ('=1.1"'=I NxL received
signals after nmultipath interference cancellation obtained according to
Expression 121 are described by Expression 122. [Expression 122] 10 p ~t
The NxL recei ved signals are provided to a reverse spreading unit (not

i |l ustrat ed) R HY EOTt HESr 648t Vi PG ANBEnSA9PE L dhtitehe path P. 15
Furt her, aCCOrdmmlﬂpbﬁm61£ﬁ€fEgﬁ@@béﬂtaﬁﬁEWMabyoEIngicEi@ﬁ@BMQE
coefficient esthl t| ngi un| t ng ainlnleLiSt r at ed 91:) thego th st agg nmul tipath
recei ving si gnal rodtf &t of may 88 et |ve8 |§‘ﬁ1 PR Per Pat h

interference caryoé:ldlats opuercg0edadodtberh byAExpr essiudit 123h¢ nst ead of the
received s gnalJde'ifda WEgn £t 's%%'ﬁ'e@ﬂ:é hes coebbirehent Hil B res%'o?lh

results in a nmore accurate channel” coefficient estimti'on. |Expression 123]
25 r, " (t) (It12|4s lpgos%?%ﬂléaFﬁléfs@SttH@ac%ng‘Pr EHEF P d%eé?ﬁp*o%oflhéa(tﬁ 1)-th
nul ti path recebeithgersi gnal t defeaultatiorg foft shnpki bheattiron ©écéheing
configuration. )an enAr\lsasdescrl bed above, by preparing two or

[Expression 124]

10 I? ()

m.ndd

Fig. 9 is a block diagram of a demodulator
300 that is a first embodiment of the demodulator
applicable to the receiving apparatus according to
the embodiments of the present invention. The

15 present embodiment uses MLD for the demodulator as
the demodulating algorithm.

The demodulator 300 includes a channel
coefficient estimating unit 311, NxL reverse
spreading units 312 through 315, a transmission

20 symbol candidate generating unit 316, received
signal replica generating unit 317, a likelihood
calculating unit 318, and a transmitting sequence
estimating unit 319. Where a certain unit includes
two or more components, they are identified with a

25 suffixed serial number.

An operation of the demodulator 300 is
described.

The demodulator 300 is provided with NxL
received signals after multipath interference

30 cancellation as described by Expression 125.

[Expression 125]
A0
The channel coefficient estimating unit

311 estimates the channel coefficients hp,n,¢ 0f each

35 path between the receiving antennas and the



nore stages of the multipath receiving signal denodul ators according to the
present enbodi nent, the |latter stage nmultipath receiving signal - 49
denodul ators can use the received signal after nmultipath interference
cancel l ati on, which enables highly accuwat@ channel estinmation and

transm ssion synbol sequence estimation. As a result, the 5 received signal
sequence as described by Expression 124 is accurately estinmated for every
reception path between the transmtting antennas and the receiving
antennas. [ Exptesssontil4lg diftéenhas(ttheRieg. 9Ot issaabbockodisagriaan 06 a

denodul at or 399etQarch'a%naefléééffﬁég%@@fOJIspscgasmgumtl ip&PR!licable

to the receiving apparatus according to th nbod| nent present

i nvention. Ther$5eprédents ot AeRPdides M I ors Rl dérsdiictrohs  the
denodul ati ng atg@rbbhmlgﬂﬁaﬁﬁm@ﬂulator 300 includes a channel coefficient
estimating_unit 311, hkLgr rse ﬁgie%gégive ts. 3121thr§%%p 315, a
transniSS|gn 20 synbol ndi dat e’ gener ating un tsﬁﬁ% Peé si gna

repli ca gener aniihgipaitth 3mﬁezﬁérketehaa@ca%ﬂaxn@m|ag deistc r318;d apd a

transmtting Sﬁgg%%‘%lo‘%st:ﬂi@atéf‘& Hobl 13k el era,cectais ihgcl udes

e
two or nore conponents hey are identified wth a 25 suf?ﬂxedise i al
nunber. An opebRitofOST atROMEHDAUFat 8r T30F i6IngeaBERPBEE. 2The Sdéhndul at or

300 is prOVIdeghﬁﬂbEtNMh Jieaei VedtsirgRalrs AfdoFe sl ki gakh & nterference 30
cancellatl%n as des%taln ch Expression 125. [ Expression 125]

[Expression 126]

r?(t)

The transmission symbol candidate
generating unit 316 generates and outputs the
15 transmission symbols dn,; corresponding to each
antenna. The received signal replica generating unit
317 receives the transmission symbols and the
channel coefficients, and generates received signal
replicas as described by Expression 127 according to
20 Expression 128, and outputs the received signal
replicas to the likelihood calculating unit 318.
[Expression 127]

12 i g

[Expression 128]

2 5 21:./.1'1 12 veeespf = hl.n.l. d }22 2 ) + + hAl Ll M Sip

The likelihood calculating unit 318
receives the reverse-spread signals z', ¢ from the
reverse spreading units 312 through 315, and the
received signal replicas as described by Expression

30 129.
[Expression 129]

L1412 eenipg

Then, the likelihood calculating unit 318



(P) (t) The channel coefficient estimating unit 311 estinmates the channel
coefficients hmn,p of each 35 path between the receiving antennas and the -
50 transmtting antennas (here, it is also possible to wuse a channel
coefficient of a preceding nultipath recegying signal denodul ator for
simplification of the configuration). 5 Further, NxL received signals after
multipath interference cancellation as described by Expression 126 are
provided to a reverse spreading unit corresponding to a receiving antenna
21, and the pathforsiclethat cevendetspreachscgndlisgz'to, Q€0 are obt ai ned.

[ Expression 12§Lélkgﬁm§q g¥$?é§§gggission synbol candidate generating unit
s the

316 generates and out pu ‘transm ssion synbols d,,i corresponding to
each antenna. The recei vetE%PHRAF1PEPIL3Pd generating unit 317 receives the
transm ssion synbols and the ¢ |, coefficients, and generates received
signal replicas as descrébhegd B £599,.a1n..127 according to 20 Expression

128, and outputs the received signdl replicas to the |ikelihood calculating
unit 318. { Expression 1Ze Zgefhe¥ait2d .trandh] Epoessiyowcl28] 25 z.,.n.

ooy M= = d’cor?é%?oﬁﬁ%ﬁgﬁfO'eaéhK@rékgmig@§ éigﬁkk%QEQ g?ﬁ&ukﬁéing ynit
318 receives the reverse-spread signals z',,,, 7 omthe reverse spreading
units 312 throGERTSEP MY hRr TPECELPRF 5T gha® PEPViLERS &9 deseri bed by

Expr essi on transmitting sequence estimating unit 319 that
outputs a likelihood A; of a bit transmitted by the
10 transmission symbol sequence. Here, the bit
likelihood based on the error signal may be
calculated by any available method.

The bit likelihood described above is
provided to a channel decoder (for example, a turbo

15 decoder), etc., so that an information bit sequence
is finally obtained.

Fig. 10 is a block diagram of a
demodulator 400 that is a second embodiment of the
demodulator of the present invention. The second

20 embodiment uses MLD as the demodulating algorithm,
wherein paths are grouped into a block for
processing.

The demodulator 400 includes a channel
coefficient estimating unit 411, NxL reverse

25 spreading units 412 through 415, a QR factorizing
unit 416, a Q" operating unit 417, a transmission
symbol candidate generating unit 418, a conversion
signal replica generating unit 419, a likelihood
calculating unit 420, and a transmitting sequence

30 estimating unit 421. Where a certain unit includes
two or more components, they are identified with a
suffixed serial number.

Operations of the demodulator 400 are
described below.

35 The demodulator 400 receives NxL signals

as described by Expression 131 after multipath



30 129. [Expression 129] Z nA.il.2..."M Then, the likelihood cal cul ating
unit 318 - 51 perfornms error calculations according to the follow ng
expression. [Expression 130] NL 2 ell.$....IM=2Z2 21 - Znbp.g ....{~{ nd
Id 5 The generated transm ssion synbols -c®zresponding to each transmtting
antenna, and the corresponding error signals are provided to the
transmtting sequence estimating unit 319 that outputs a likelihood k of a
bit transmtted by the 10 transm ssion synbol sequence. Here, the bit

| i kel i hood basédten fererare orasighahtimay -be cal cul ated by any avail abl e
method. The bit |ikelihooddesesibed abave is provided to a channel decoder
(for exanple, a turbo 15 decoder), etc., so that an infornmation bit
sequence is finally obta}h@ t)Fig. 10 is a block diagramof a denodul ator
400 that is a second enbodi'nent of the denodul ator of the present

i nvention. The second 20 odi nent cu D..as_the denodulating algorithm
wherei n paths are groupe |nt%ﬁggg%%cE%%gggiﬁgﬁgéisFﬁ@:’T%% %%ﬁ%dulator 400
i ncl udes a>chamagh ododfetivteemt thet KAaLilvg neniangnnapxendevidrse 25

spreadi ng uni t 8,442 AU AdBenAa RaFACYY Zhdie qUBYT tAL6.cron QL Oper ati ng
unit 417, a transm _ssi.on synbol candi date generatlggeunLt 418, f.conver3|on

|
signal replicatg8hératisTy: (iF 1838 " PR ihobg (HeTe, 1t is also

possible similarly to use a channel coefficient in a
preceding multipath receiving signal demodulator for
10 simplification of the configuration).
Furthermore, the NxL received signals
after multipath interference cancellation

[Expression 132]

r(p)(t)

n.l

15 are provided to the reverse spreading unit
corresponding to the receiving antenna 21, and path
{, and reverse-spread signals z'y,,, are obtained.

Next, the QR factorizing unit 416

generates the following channel matrix (Expression

20 133) containing channel coefficients, performs QR
factorization of the channel matrix, and outputs a Q
matrix and a R matrix to the QF operating unit 417.

[Expression 133]

hay My B hagg
h

P2y h2,2,1 521 Paga
M3, sy Pssy hass
h h h h
Channel Matrix g =| ! 2,4,1 3,4,1 4,4,1
iz Moo h3,1,2 Pasa
Man hana Moy hann

_hl,4.2 h2,4,2 h3,4,2 h4,4,2 i
(In thisexample,M =4,N =4,L = 2)
H=0R

25 The Q matrix output from the QR



calculating unit 420, and a transmtting sequence 30 estimating unit 421.
Where a certain unit includes two or nore conponents, they are identified
with a suffixed serial nunber. Operations of the denodul ator 400 are

descri bed bel ow. 35 The denodul ator 400 regeives NxL signals as described
by Expression 131 after multipath - 52 - interference cancell ation.

[ Expression 131] r~ (t) n,( The channel coefficients hm,,1 of each 5 path
of between the receiving antennas and the transmtting antennas are
estimated by thectbanmrding coefti éiiéntisest iurdattiagy unatrdkl hag\Hexe, it is al so
possible sim | afky)tQHse .2 §NagnehnCoCtiLIaNtel o8 oPheeedihg dpdd fpath
recei ving signal em)é)ul ator for 10 sinplification of the configuration),
Furt hernore, tRBENRLMAEdEl X etis sRBn#PE e Taftldra Mt t # palh titdte rifast ¥ue e

cancelj! ation [ExpeessioredBainst RetbriEndyg, provi dpdrtagzitdiﬁ %@Nﬁiﬁ@ . g
spreadi ng uynit orresponding to the receivyi nt.enna an a , an
rever se- sp;éeadogﬁg??éll :t%ze %Q%é)reerao %%‘?nga}%Ngg‘fl THe %Séfgrlibgei#]gasuni t 416
generates the followsng channel matrix (Expression 20 133) containing
channel coefficients, perfprgs.Ribacharization of the channel matrix, and
outputs a Q matrix and a R'matrix to the QH operating unit 417.

[Expression 133] hi,I,, h2,1,1 h3,1,, h4,1,1 4,2,1 h2,2,1 h3,2, {24} 2,1
Z3)
X _qr,l,l q;,z,l q;,3,1 q;,4,1 q:,1,2 q;,z,z q;,3,2 q;,4,2— Z3)
¥ = X, - Q"Z = q%,l,l 9%,2,1 q%’” q%’“ q%,l,Z ‘I%m q%m q%m Zy4,
X, 9311 9321 D331 D341 D312 G322 D332 G342 || 212
X, _q:,l,l q:,2,1 qz.3,1 q;,4,1 q‘:,l,z q;,z,z q;,s,z q;,4,2_ Z22
Z32
_24’2_.
By Ky K N d n{
Q"(HD + N)= Q™ (QRD+ N)=RD+ Q"N =| 0 ™2 ™ Tu| | |2

0 0 ny ny|d; n,
0 0 O r,|d, n,

(In this example, M =4,N =4,L =2)
The transmission symbol candidate

10 generating unit 418 generates and outputs the
transmission symbols dy,; corresponding to the
transmitting antenna 1lly. The conversion signal
replica generating unit 419 receives the
transmission symbols dy,; and the R matrix. Then, the

15 conversion signal replica generating unit 419
generates conversion signal replicas as described by
Expression 135 according to Expression 136, and
outputs the conversion signal replicas to the
likelihood calculating unit 420.

20 [Expression 135]

A
xM.j

[Expression 136]



hi,3,1 h2,3,1 h3,3,1 h4,3,1 Channel Matrix Hh1,4,1 h2,4,1 h3,4,1 h4,4,1 =
hi,1,2 h2,1,2 h3,1,2 h4,1,2 hl,2,2 h2,2,2 h3,2,2 h4,2,2 hl1,3,2 h2,3,2
h3,3,2 h4,3,2 "1,4,2 x2,4,2 h3,4,2 h4,4,2 (In this exanple, M4, N=4,L=2)
HEQR 25 The Q matrix output fromthe QR -5583- factorizing unit 417 is a
unitary matrix having (NxL) rows x M columms, and suffices Q Ql. Further,
the Rmatrix is an upper triangular matrix having M rows x M col ums.
Accordingly, an operation carried 5 out by the Q H operating unit 417 can be
described as follows. [Expressipn 134] zI,1 Z2,1 XI 91,1,1 81,2,1 81,3,1
914181128122913&25@4‘?12231x_x2= 82,1,1 92,2,1 82,3, 1
92,4,1 82,1,2 82,2,2 82,3,2 9 3,2,,1 83,3,183,4,1
93,1,2 g3,2.2 83,3, 2 93, 4“292%% éef %OQ@ fa%‘%%laztingﬂ*élf F2%. 1 94,1, 2
g4,2,2 94,3,2 94,4,2 72,2 73,2 Z4 2 rnr12r13r14d1n1HHHOr22r23
r24 d2 n2 Q (HBER @W%@R&W@e@ P33 P34 3.+ (FBPTEeSEieY 44 d4 n,

(I'n this exanple, M= 4, N =4, L = 2) The transm ssion synbol candidate 10
gener ati ng uni t 3418 agerrerdit s ‘aﬁdEégﬁ}?@tSsiqmeU&ransm ssion synbols dM |
correspondisng to the transmptiisgoanuenna 1M The conversion signal

A
Xp s

[Expression 138]

2

— ' —
Cui = .xM X

The generated transmission symbol
10 sequences corresponding to the transmitting antenna
1ly and corresponding error signals are provided to
the likelihood calculating unit 420 for generating
Sy transmission symbols as described by Expression
139 having smaller numbers of errors corresponding
15 to the transmitting antenna 1ly.
[Expression 139]

d, .~d

M,i(1) M,i(Spp)

The likelihood calculating unit 420
further calculates errors at that time as shown by
20 Expression 140.
[Expression 140]

N~
eM (1) eM.i(SM)

The transmission symbol candidate
generating unit 418 generates the transmission
25 symbols as described by Expression 141 corresponding
to the transmitting antenna 1lly-i1, and outputs the
transmission symbols.

[Expression 141]

d

M-Li

30 The conversion signal replica generating



replica generating unit 419 receives the transm ssion synbols dMj and the R
matri x. Then, the 15 conversion signal replica generating unit 419
generates conversion signal replicas as described by Expression 135
according to Expression 136, and outputs the-conversion signal replicas to
the |likelihood calculating unit 420. 20 [Expression 135] XM [Expression

136] 54 - '~M - f,, d,, The likelihood cal culating unit 420 calcul ates
errors between x'mand (Expression 137) according to Expression 138. 5
[ Expressi on 13¥pitSMH 9 [Expeevspon 138] / Z eMi -1XM- XMil The generated

transm ssion synbol 10 segugngess¢Qiiesponding to the transmtting antenna
11M and correspondi ng error signals are provided to. the |ikelihood
calculating unit 420 for gehePat FhgSBVMEELATS ¥ oh S§ANEISSS descri bed by

Expression 1398ochadsieprsdihd etontyhierts0fsel t of Sgcanrespendi ng ardd, to the
transnittiqg ant enna 11AA?%gkgression 13%1 M
it 4

. . . angmissio dm' E’”gl) resisp(oSI\@'Thet .
| i kel i hood Tal cul ating un b2 PPl tier caﬁ%u?% &s “ErrorE Ut thét “Ci me as
shown by 20 Expeedsiagrsmi0tip@Expnessinen 140} fem genemMifEM
conversion signal replicas as described by
Expression 142 using Expression 143, and the
conversion signal replicas are output.
10 [Expression 142]

A

X

M-Yig1.ipg

[Expression 143]

=r d +7 . +d

*
xM+w+M MM FMtig g M Py

Subsequently, the likelihood calculating
15 unit 420 performs error calculations according to
the following expression.
[Expression 144]
R 2

X +e

€ =X EEYREY M i

M-Lag 1 M

The likelihood calculating unit 420 holds
20 Sy-1 combinations of the transmission symbol
sequences corresponding the transmitting antenna 1ly
and the transmitting antenna 1llmy-1, the combinations
having smaller numbers of errors.

[Expression 145]

25 {dM—l-W-l(l),dM-w 8Y) }N {dM-l-M-uSM_I),dMW (Spr-1) }

Further, the likelihood calculating unit
420 holds the errors at that time as described by
Expression 146.

[Expression 146]

~~
30 i1 g O Mg 1 (Shrog (Shg )

Similarly, the transmission symbol

candidate generating unit 418 generates and outputs



The transm ssion synbol candi date generating unit 418 generates the

transm ssion 25 synbols as described by Expression 141 corresponding to the
transmtting antenna 11M 1, and outputs the transm ssion synbols.

[ Expression 141] dM,.i 30 The conversienseignal replica generating - 55 -
unit 419 receives the Rmatrix, the SMtransm ssion synbol sequences
corresponding to the transmtting antenna 11M and, 5 the transm ssion
synbol s corresponding to the transmtting antenna 11M 1 for generating
conversi on si ghlk repinsgess a5odesymPbed Hn, i EXpFessPondiqy us? nghExpr essi on

143, and the e¢envwensian & ohatehgal 1GaS @R %Mrsﬂ-@n[@i@rn%sls' on 142]
XMi,iM1 "A [Expressmn 1431 xM 1, M1 M=" %XMl)S U1, Ml +1(M1)M

""M i M SubsequéfPly.C& 1§ RRF i+ Rgoddd Al AtFfige118Sunit 420 performs error
cal cul ati ons accordi ng tothé he,.folthrawisig expsessiabol] Byaesston 1441 2 el\/ny

| W=IxC " he |1 I|hodcal ulating unit 420 ho
SM 1 conbi )r%./!t-l Sﬁgrofsljtﬂ%{\é/%/ %ng?n s&sglgon sq1 ojrtgseguenggs NEoY r%spon%l Ay the
transmtting anvedda,11M and the transmitting antenna 11M 1, the

conbi nations having snaldes pUEheRs safi & rﬁﬁboiEéB&%%'p%dlﬂéé 23
Jdm' , M 1(1), dr‘r&1 Mp dM1. M1(SM1).dM M S
transmitting antenna llm, and
the R matrix for generating conversion
10 signal replicas as described by Expression 147
according to Expression 148, and output the
conversion signal replicas.

[Expression 147]

15 [Expression 148]

A

cd, +Focd, P d

[0 . S JM m(m+1) Moyl mivg

The likelihood calculating unit 420
performs error calculations according to the
following expression.

20 [Expression 149]

A

=x'-x = | +e

M iy e pg =1 oiMf m M iy vigy 4] s ipf M+ 41 sl 42 oo ipf

The likelihood calculating unit 420 holds
Sm combinations as described by Expression 150 of
the transmission symbol sequences corresponding to
25 the transmitting antennas from 11, to 1lym, the
combinations having smaller numbers of errors.

[Expression 150]

Further, the likelihood calculating unit
30 420 holds the errors at that time as described by
Expression 151.
[Expression 151]



Further, the likelihood calculating unit 420 holds the errors at that tine
as described by Expression 146. [Expression 146] 30 ~M|I.M 1 (1 )dM
o)~eM1.M1(SMO0.g, (SM1) Simlarly, the transm ssion synbol candi date
generating unit 418 generates and outputs 5756 the transm ssion synbols
dmi corresponding to the transmtting antenna |Il,n. The conversion signal
replica generating unit 419 receives the Smtl transm ssi on synbol sequences
5 corresponding to the transmtting antennas fromlIlmi to 11M the
transm ssion synbol corregponding to ~the transnmtting antenna |Im and the
R matrix for generating conwétmiOnmMM0 Simgiisd)immépb-i-&a%> as descri bed by

Expression 147 according to Exgr%ssi on.148, and out gut t he ., conversion
signal replicas. [Expressibn® %7 S 1RIMUR I9RIT 2 EHPRE A0TSR dn 148] z =r
d +r d +...+r dbpwiem iQrSk. .cam¥ ma i o s mpmttthemtmtismivemiion Fhyenda kel i hood
cal cul ati ng unj r r; l,cul at4 o a I he

fol |l ow ng expr%%gi{%gl.ce%g K{ %?% élﬁgﬁn%ig]% Zﬂ%.?ﬁ? 9&85@&?#1(’:1& - Ixm
-xmiiml, 5. fpEereds amdesair2bed HyMEpRr ¢sRéPRhdod caieuPatrAgeghit 420
hol ds Sm conbi nati ons as|glgseesbednby sBxpression 150 of

d  .d d

L) ? 20,47 M,iM,m}
Further, the errors as described by

Expression 153 at that time are obtained.

10 [Expression 153]

e;ﬂULQULJMU)

The transmitting sequence estimating unit
421 receives the surviving transmission symbols
corresponding to each transmitting antenna and the

15 corresponding error signals, and outputs a
likelihood A; of a bit transmitted by the
transmission symbol sequence. Here, the bit
likelihood based on the error signal can be
calculated using any available method.

20 The bit likelihood described is provided
to a channel decoder (for example, a turbo decoder)
etc., and an information bit sequence is finally
obtained.

According to the demodulator 400, the

25 number of times of error calculations is greatly

reduced to (7+§:CE%4 as described by Expression 154

in comparison with C" times required of the
demodulator 300 that is shown by Fig. 9, although
some degradation in the bit likelihood estimation
30 has to be tolerated.
[Expression 154]

C+ Mz CS.,

m=1



the transm ssion synbol sequences corresponding to 25 the transmtting
antennas from 11, to 11M the conbinations having snaller nunbers of
errors. |[Expression 150] ~~ ~mtl fmd t- ~d dmtl.(mH (Sm). ., ~-M1 min(q.
+1(11...~ MaMu) AAAA mIn(Sm). M Sm) Furthesg the |ikelihood cal culating unit
30 420 holds the errors at that tine as described by Expression 151.

[ Expression 151] - 57 - emin(')JdmH (1)..... iM(1) emimSM+mtl(SM),....Ii M
(Sm By repeating the operations described above, CxS2 conbinations of the
transm ssi on synbol sequencesisovegspdbdi npriwle@kityheft rdresmitting 5

antennas as de ' ,en 2 | he ssion 152] 1l
ldl,v ) I d2, 1%8%%?)%‘13@’3%38%%%9 cgguﬁh%[lgjr% 1ei;]e(?(r_:‘Srr[selé)z%gd;'escri bed by

' () !
Expression 153 at that tifd ar&lobhaFfed IRFqEKb?ESE 60015312t ebs . a(] ), i 2.
), iML ) Thn;kaaMddimI?nseQﬁemﬁe aﬁéx@dmtimouniﬁtf th2l greceives the
surviving transm ssiqn _synbols_.corresponding to.each tr mtti ant enna
2nd the 15 cor T REBBAGIAY Grror™ S BHarS, At SR EAE CoaoH PRY i Hool % of a bi t
transmtted bythhed trmdrrshirssibn sgrbolbagdyuencerotieseedt by Ht |i kel i hood
based on the egLQk $ihidnal,sam ber; calcyhate j apypavail abl e met hod. 20
The bit |ikel iﬂ%o dglesgfr%irb(fed ]l' ;r)%ov}nded tgerg?icﬁgﬁng Ddecoder (for exanple,
a turbo decoder) etc., amtkaferafBlAactitor W tixehuéaced sHEly

obt ai ned. coefficient estimating unit 511, NxL reverse

10 spreading units 512 through 515, L QR factorizing
units 516 and 517, L Q" operating units 518 and 519,
a transmission symbol candidate generating unit 520,
a conversion signal replica generating units 521, a
likelihood calculating units 522, and a transmitting

15 sequence estimating unit 523. Where a certain unit
includes two or more components, they are identified
with a suffixed serial number.

Operations of the demodulator 500 are
described below.

20 The demodulator 500 receives NxL input
signals that are the received signals after
multipath interference cancellation as described by
Expressed 155.

[Expression 155]

25 ., (®)

The channel coefficient estimating unit
511 estimates the channel coefficients hp,n,y 0f each
path between the receiving antennas and the
transmitting antennas. (Here, it is possible to use

30 a channel coefficient of a preceding multipath
receiving signal demodulator for simplification of
the configuration).

Furthermore, the NxL received signals
after multipath interference cancellation as

35 described by Expression 156 are provided to the

reverse spreading unit corresponding to the



According to the denodul ator 400, the 25 nunber of tinmes of error
calculations is greatly reduced to C+j:CS.,, as described by Expression 154
ud in conparison with Cmtines required of the denodulator 300 that is
shown by Fig. 9, although sonme degradat+ohoin the bit likelihood estimation
30 has to be tolerated. [Expression 154] C+CSm' - 58 1In this way, the
conplexity of the receiving apparatus can be greatly decreased. Fig. 11
shows a denodul ator 500 that is a_ third enbodi nent of the denodul ator of
the present 5Tremgdmingh.anNEeBRdi Agnrt aREhéhgemydult at ofo50badf thre third
embodi ment, eachRatde :Péé’&%%%@la@)é az'de{mgyleatoimgaﬁ{@@rithmthat enpl oys
MLD. The denodul at or 50 C u es.a c e coefficient estimating unit

511, NxL reverse 10 spreaE?ﬁ LERSESTs hrough 515, L QR factorizing units
516 and 517, L H operatlngﬂx?)ts 518 and 519, a transm ssion synbol

candi date generating unit Fa2 a conversion signal replica generating units
521, a Ilikelihood calculating units 522, and a transmtting 15 sequence
estlnatlngfhnlt 523. Werleateerhai f—Uni tOR | fre Less ZEmg o or e component s,

they are ident 8feh%@aﬂ’ésl htl@eSE'EfL'lX)QIQn%erd}?Anrﬂélﬂbﬁétr@%ercﬁiﬂt%@nﬁfl t he
denodul ator 500 _are _descr ed bel OM/§?0 The denndulghor 500 receives NxL

i nput  si gnal s “PRACS €35 ?8&§P$§d gl st afRePa thuf 3R nPéFPer ence
cancel | ati on agpeddgsombeapR byacExpriessadrilsh {ikxpreassned hbbirix so

that the Q matrix and the R matrix are output.

10 [Expression 157]
h’l,l,l h’l,l,l h3,1,1 h4,1,1
h

Channel Matrix H, = Mo Paar My Pua
h1,3,1 h?.S,I h3.3,1 h4,3,l
hl,4,1 h2,4.l h3,4,1 h4,4,1

(Example where M =4, N =4)

HﬁzgR,

A Q¢ matrix output by the QR factorizing
unit is a unitary matrix having N rows x M columns,
and suffices Q;'Q(=I. Here, H expresses a conjugate

15 complex transposition, and “I” expresses a unit
matrix. Further, a R, matrix turns into an upper
triangular matrix having M rows x M columns.

Accordingly, the operation carried out by
the f-th Q" operating unit can be described as

20 follows.
[Expression 158]



W25 r n, The channel coefficient estimating unit 511 estimates the
channel coefficients hmi,,Q of each path between the receiving antennas
and the transmtting antennas. (Here, it is possible to use 30 a channel
coefficient of a preceding nultipath receiying signal denodul ator for
sinmplification of the configuration). Furthernore, the NxL received signals
after nultipath interference cancellation as 35 descri bed by Expression 156
are provided to the reverse spreading unit _corresponding to the - 59

recei ving antennalzIn and t q“patﬂ; fq$39 tgat[ 4e reverse-spread signals
z'n,g are obtaineg,, [Ex regsi on *156 5 Igext the -th QR factori zing
uni t generates, & e2 f-oQ " @N=n g 1ehdithe i3r’ratﬁ1” &ont ai ni ng channel
coefficients of th&t-th paf #.f ofs.eadks. pdbh,| “sperforms QR factorization of
the channel matrixxiso that |ghe Q bf'J‘IX gand 4he R matrix are output. 10

[ Expression 157] k.41 hz.ia h3,i.1 h4,1, Channel Matrix H = 4_'2']_ha' z'e
h3, za h4zeh131h2 31 h3,3,1 h4,3,1 4,4,1 Hai 4%k HB; 4154 W4, (4] hy
(Exanpl e where = = R gmatr0x eyt put By, {td) ‘
factorizing ufi t(HIQ eN)LmQt éQanPath'liﬂq %rg NNFIr gws M coyul ,+ gﬁ
suffices Q"Qe=l. Here, H expresses a conjugat e ?}2 conpl’ex *triargpost'ti on,
and "I" expresses a unit matrix. Further, a Re trd x Pur fs 41 %] upper

(Example where M =4, N =4)

The transmission symbol candidate
generating unit 520 generates the transmission
symbols dyg,; corresponding to the transmitting

5 antenna 1lly, and outputs the transmission symbols
dy,; to the conversion signal replica generating unit
521. The conversion signal replica generating unit
521 receives the transmission symbols dy,; and the R,
matrix so that the conversion signal replicas as

10 described by Expression 159 are generated according
to Expression 160, and output.

[Expression 159]

[Expression 160]

15 xMLi::nmﬂ.Ci

Ml

The likelihood calculating unit 522
performs error calculations using x'm,¢ and the
conversion signal replicas as described by
Expression 161 according to Expression 162.

20 [Expression 161]

~

X

M.l

[Expression 162]

L
=2

1=1

, 2
Xt " Xrg

After the error calculations, the



triangular matrix having Mrows x M colums. Accordingly, the operation
carried out by the f-th Qe operating unit can be described as 20 fol | ows.
[ Expression 158] 60 - X, 91,1,, 41,2,, 91,31 4r,4.r Z11 Xz a 42,1.1

92,2.1 42,3,1 9z.a Zx,, Xr X3 Q Zr 93,15yre#321 93,3,, 43.4, Z3., X4 94,1,,
94,2,, 94,3,, 94,4,r z4,1 r, 1,, r12,r r13,, ri4,, d7 nl,r a a RD+N) =RD+Qe
N=0rzz, rx3,t rx4,, d2 + nx,r Q(HD+ N =@ (Q r 00 r33,, r34,t d3
n3.1 0 0 0 r44,r d4 nd4da (Exanple where M= 4, N = 4) The transni ssion
synbol candi dal ékegeheorat iqryl cni&t52Q gericr dies theetvassmiegsiontedynbol s

dM 1 corr eSpO“‘ékQQsh@ssﬂ%ﬁ r@y”xﬁﬁbit 's%glu%r?crgsen@@r}é%oﬁQQn%Utwt%éhe

t ransm ssi on S% to the conversion si gna repl I ca gener at | ng uni t
521. The conve §ﬁ8ﬁﬂ§|td:r+a1g r@pt fRR2gdrer afPhlg T tCOBDASPRBELTSES t he

transm ssion sypbels sdMnaang. theeRe i k@atiH oS 0cd hat 1k he neonMersi ®n2 si gnal
replicas as 10 d;ﬁcrl begr Y, Expr ession 1%§éare ener at ed according to

Expr essi on "1607C&Rg &t Hresi on ' 159] CNGEXpPRYsPon 160] 15
XM1,l =P, dMEmR 1 The Ind(@ieh@odfcalrcr@lr@t|q@mp05@2ngp¢r0f arlms error

cal cul at i ons us-0g k1M AN £ PERnGORVET 8isom SOl d Op) | £33 2% €3¢ i bed by
Expression 161 :ét%cordl ng to Expression 162. 20 [Expression 161] 2MI4

[Expression 163]

10 d .~d

M (1) M.i(Sy)

Further, the likelihood calculating unit
522 holds the errors at that time as described by
Expression 164.

[Expression 164]
15 eMJ(l)NeM.i(SM)

Next, the transmission symbol candidate
generating unit 520 generates and outputs
transmission symbols dum-1,35 corresponding to the
transmitting antenna 1lly-3.

20 The conversion signal replica generating
unit 521 receives

the R matrix,

the Sy transmission symbol sequences
corresponding to the transmitting antenna 11y and

25 the transmission symbol corresponding to
the transmitting antenna 1luw-; for generating
conversion signal replicas as described by
Expression 165 according to Expression 166, and

outputting the conversion signal replicas.

30 [Expression 165]
IYRYTVETY

[Expression 166]

X . =p d  +r - d

M -LlLipg _1oipg W =DM - M -Liys 1 W -M .1 M iy



[ Expression 162] 2 e" =1XmM XM! After the error calculations, the - 61

| i keli hood cal culating unit 522 receives generated transm ssion synbol
sequences corresponding to the transmtting antenna 11M and the
corresponding error signals. The |ikelihoeg cal culating unit 522 5 holds SM
transm ssi on synbol sequences having snaller nunbers of errors
corresponding to the transmtting antenna 11M as descri bed by Expression
163. [Expression 163] 10 dM () Mi(SM Further, the |ikelihood cal cul ati ng
unit 522 holds the errorsilateghantiynghas lddselibeddbyalExpraission 164.

[ Expression 164} i +158MA( g0 £V £Sr&lr )oNeX1at DERET @RIY,SEi 0N sy Dol

candi date generating _unit 520 generates and outputs transm sSion synbols
dM |, i correspbhfi AQ @Y €¥BRSFASELCPNg antenna 11M 1 20 The conversion
signal replica generati ngExptésb2dnrecgilves the R matrix, the SM

transm ssi on synbol sequences coyresponding 40 the transmtting antenna 11M
and 25 the transm ssion é,Yl,Ub‘?' =?ﬁ{gsppndi ng te, the transmtting antenna

11M 1 for generating conversidn nal repr'*Cas ‘&6 described by Expression

165I according to Expressi®fe 166k 208 oceUtqtdd NGt HE caRverssi oM §i goal
repiicas. Su-1 combinations as described by Expression 168 of

the transmission symbol sequences corresponding the
transmitting antenna 1lly and the transmitting
10 antenna lly-; having smaller numbers of errors.

[Expression 168]

{dM-l,IM-m).dMW M }N {dM-l-W—l(SM_l).dM»W(SM—I) }

Further, the likelihood calculating unit
522 holds the errors at that time as described by
15 Expression 169.
[Expression 169]

e .. R .
M ~Lipg 1(Whipg (1) M -Lipg 1(Spr—1)ipg (Spg-1)

Similarly, the transmission symbol
candidate generating unit 520 generates and outputs
20 the transmission symbols dp,; corresponding to the
transmitting antenna 11l,. The conversion signal
replica generating unit 521 receives
the R matrix,
Sp+1 transmission symbol sequences
25 corresponding to the transmitting antennas m+l to M,
and
the transmission symbol corresponding to
the transmitting antenna 11, for generating
conversion signal replicas as described by
30 Expression 170 according to Expression 171, and
output.
[Expression 170]

~

Mo i1 b



30 [Expression 165] xM1'1'M,|IM][Expression 166] '~MI,l.iM _|.iM=
rtMi)w-1 ), -"M1. ,MI +TUL -I)M! dM M- 62 Subsequently the Iikelihood
calculating wunit 522 performs error calculations according to the

foll owi ng expression. [Expression 167) 5 @dr-iyr.(y -'X 1 xM{yr"M +2M or
id The likelihood cal culating unit 522 holds SM 1 conbinations as descri bed
by Expression 168 of the transm ssion synbol sequences correspondi ng the
transmtting antenna 11M and the transmtting 10 antenna 11M 1 havi ng

smal | er nunbers of errorslEXPERpFeSEi dfll68) 1, MI,iM1(1).dMiMI)
dM1.iM1I(SMI).dMIMSML) t Further, ﬂ{;he |J kel i hood cal cul ating unit 522
holds the errors at that ¥ipe.as Tésor Paed By L Expresst bn, 169,,

[ ExXpression 169] em1l.el,d 1n).tg (1) eha.iMI(SM,).IM(SM1) Sinmlarly,

t he transm ssion synbol Tandl dheéigewer atdlng lmting20ngendraid es and out puts
20 the transmssie8.sumhols, AMm L) ea1EeSRAING4LqthE LeARSH LTI ng ant enna

Il m The conversion signal replica generating unit 1 recelves the R
matrix, SmPl tfahdRMISiDE*NhBdF18Bquences 25 corresponding to the
transmtting antennas mtl[H:0pMssasd thetransm ssion synbol corresponding
tO L 2

em‘i,,,...,.w_].w - : :

I=1
The likelihood calculating unit 522 holds

Sn combinations of the transmission symbol sequences

! ~
X ,— X

m,l Mgy gy i ] eemipg | em+l.i,,,+| 42 eemipg

10 corresponding to the transmitting antennas 11, to
11y having smaller numbers of errors as described by
Expression 173.

[Expression 173]

~~
{ Meim(1), " M+l sl (1) e M-iM(l)} { Mg ( Sy ) M+Liims1(Sp ) v M-"M(S,,,)}

15 Further, the likelihood calculating unit
522 holds the errors at that time as described by
Expression 174.

[Expression 174]

r‘\/e
gy (Dsipy 1 (Dl (1) Py (S Yipg 41 (Spy Doeensitg (Spy)

20 By repeating the above operations, CxS;
combinations of the transmission symbol sequences
corresponding to all the transmitting antennas, and
the errors at that time are obtained as described by

Expressions 175 and 176, respectively.

25 [Expression 175]
{dl,n,g )? dz,q Gyt dM.iM () }

[Expression 176]

em,il G2 G dnsipg )

The transmitting sequence estimating unit
30 523 receives the surviving transmission symbols

corresponding to each transmitting antenna obtained



the transmtting antenna 11m for generating conversion signal replicas as
descri bed by 30 Expression 170 according to Expression 171, and output.
[ Expression 170 X mJmAmH . ..iM- 63 - [Expression 171] xmJmimti...., M
m) denim+ nm(m+l)Jo dmiml + +YnmM) dm-M6khe |i kel i hood cal cul ating unit
522 perfornms error calculations according to the 5 follow ng expression.
[ Expression 172] L Z emIm..JMI"MX, - "CnLtm.ten+l ..... iM+ emt The
i kel i hood cal cul ati ng uni.t 522 holds. Sm conbi nations of the transmn ssion
o]

synbol sequenc®® T8O LorrdSHorntitg FolfHé At A%sMttthg aRtfeti&s IImto 11M

havi ng smal | ercounbepsndfi ngy rerso aSs flggaatishedy olxpuesseaon 173.

Ex i 17 [~..d " 1.). dmtl. i ). . ... dM M (1 i -" S )
o o R Y AV R S L S R TP kL ERS Sy N

522 hol ds the ®e@eerscat belvad t9metias descrithdd yroExpiessilen Hrke,
[ Expressiog 17de Pomn{likdiMtlodd)pase 6h eMd S ri BHE6EMs -caMism 20

By repeating the above operations, CxS2, K _conbinations of 'the transm ssion
symbol sequenced1CBORFESpATHIHY FY afV 2t héPea§§? e ng ant ennas, and the
errors at that tinme are abicaibietd hSkdeshbblhed dyer Bxpteabbers ik/5 and 176,

respectively. géongéBr%%§kaﬂ%g§Ae% decoder (for example, turbo
decoder), etc., and, the information bit sequence is
10 finally obtained.
According to the demodulator 500 (Fig. 11),

the number of times of error calculations is greatly
M-l

reduced to (T+EECSM, as described by Expression 177
m=1

in comparison with C" times required of the

15 demodulator 300 that is shown by Fig. 9, although
some degradation in the bit likelihood estimation
has to be tolerated.

[Expression 177]

M

C+ Z CS,,

20 In this way, the complexity of the
receiving apparatus is greatly reduced.

Fig. 12 is a block diagram of a receiving
apparatus 600 that is a third embodiment of the
recelving apparatus according to the present

25 invention. The receiving apparatus 600 constitutes a
radio communications system wherein a transmitting
apparatus (not illustrated) performs serial parallel
conversion of a transmitting data bit sequence into
M transmitting sequences, which sequences are

30 modulated with the same frequency and the same
spreading code group, and are simultaneously
transmitted by Neoqe multicode channels from M
transmitting antennas.

The receiving apparatus 600 includes

35 multipath receiving signal demodulators 611 through



d,.n.(j), d2.n(J) ..., dM,M (1)1 [Expression 176] em 1(l ).i2 U)..... iM
(j) The transmitting sequence estimating unit 30 523 receives the surviving
transm ssion synbols corresponding to each transmtting antenna obtai ned -
64 by the L |ikelihood calculating units,®and the corresponding error
signals; and outputs a |ikelihood ?i transnitted by the transm ssion synbol
sequence based on the sumof L error si gnal Ss. Here, 5 the bit |ikelihood
based on the e'% or Si %nal S can be cal cy any aval I abl e thod

ch

The bit Iikelihood qESEFed abovE® |(§acpr OV|dgeed§% n};l% é ﬁel decoder© (for

exanpl e, turbochaeseder)l, aatd.? andthike exafrlealt | BArbit sequence is 10

finally obtainedeqA¢cerdinng tr%rﬁl@@rdgﬁoglﬁla@te@' W F8atdbs sdhespymber of
times of error _calculations is greatly ~ reduced to C+ZCSm, as descri bed

by Expression 477 CPﬁr@&ﬂ%}qu%% Wtﬁaéﬁl GO5s TR eed B8FR% he 15
denodul at o5 30Bulbapaitsh Shover byr&Ehge aanaleuheu;ghmsaﬁ%degrtaﬂaiugm in the
bit |ikelihood fgtl tion,,has_ to bgFtoIf%r%ted é gr§55|on l?tg 61%+ Csm,

T-, 20 In thi s way, emélolt eX|]i1 recei Vi ng ap ngrat us 1s greatly

reduced. Fi g. tikroygh lﬁll@cl@ltﬁ agmaﬁrbf%dableéc@an r@neappdr angsg00 ehat is a

third embodi Weeﬁeoﬁm&t&%partqpefé/wgv@ﬁgag%%1aca:@ﬁ@la99attertsh% resent 25
invention. The receivi an appar atus 60 constitutes a _radi o communi cati ons

systen1mhere|nt%rPP8Hsﬁ %qr&f between one of the multipath
10 receiving signal demodulators 611 through 614 and

one of the demodulators 621 and 622, as applicable.
According to the present embodiment, the
multipath receiving signal demodulators 611 and 612
that represent the first stage of each code channel
15 receive signals rp(t) that are received by
corresponding N receiving antennas (N=2 in this
example), and output demodulated signal sequences as
described by Expression 178 for each reception path
from the transmitting antennas corresponding to the
20 code channels.

[Expression 178]
I, 0=h,,, d°0 ¢t-1)

mand (1)
where k represents a code number that is
limited by Expression 179.
25 [Expression 179]

1<k<N_.c(t)

The multipath interference canceling units
615 and 616 (note that N=2 in this example) receive
the signals rp(t), and demodulated signal sequences
30 of all the code channels as described by Expression
180 through corresponding adders 631 through 634.
[Expression 180]

I(p) (t)

m.n.l.k

The multipath interference canceling units



apparatus (not illustrated) perforns serial parallel conversion of a
transmtting data bit sequence into Mtransmtting sequences, which
sequences are 30 nodul ated with the sanme frequency and the sane spreading
code group, and are simultaneously transnggted by Noode nulticode channels
fromM transmtting antennas. The receiving apparatus 600 includes 35

mul tipath receiving signal denodul ators 611 through - 65 614 correspondi ng
to each code channel (each of code channels 1 and 2 in this exanple) for a
pr edet er mi ned Aufbendoft st agesn demsdaltat crescsiedndige2d scaxrfesponding to

each code chanpgh:igadp MM dipatBnicht efRrence: cancgki G 4 {15 18yt hrough
618. The nultlgath interference cancellnqﬁﬂnlts 615, thro%ﬂg 618 are

i nserted bet weBKPERE SHRP ahot hdFC8F 1t GfultFpaeRs -8Rl si gna
denodul ators 611 through[®ddrestibet wsan one of the nultipath 10 receiving
signal denodul ators 611 through 614 and one of the denodul ators 621 and
622, as applicable. Accor&?ﬁg to the present enbodi nent, the multipath
recei ving signal denmpdul atrs 611 and 612 that represent the first stage of
each code channel 15 recgiysrskgnahs 13(t) that are received by
corresponding N receiving antennas (N=2 in this exanple), and output
denodul at ed signal sequences as desgti y Expression 178 for each
reception path fromthe t"ff’étw)snvnt(t)ﬂ&age nh;jé"j‘,,’,pébreSpondi ng to the 20 code
channel s. [Expression 178] Ip6k (t) =tyf=/wk(t-27) '"UnP)(t) C where k
represents a code nunber that is

The multipath receiving signal

demodulators 613 and 614 that are the second stage
10 of the corresponding code channels receive the

received signals after multipath interference

cancellation as described by Expression 183.

[Expression 183]

2 (1)

nl

15 The operations described are repeated for
subsequent stages as applicable, and final received
signals after multipath interference cancellation as
described by Expression 184 are generated.

[Expression 184]
20 ’”n(f)(t)

The final received signals after multipath
interference cancellation generated as above are
provided to the corresponding demodulators 621 and
622 of each code channel, and the demodulators 621

25 and 622 output the likelihood of a bit being
transmitted by the transmission symbol segquence in
each code channel.

Next, computer simulations of the
embodiments of the present invention are described

30 with reference to Fig. 13. Fig. 13 shows computer
simulation results of throughput property (vertical

axis) over average receiving Eb/N, per receiving



limted by Expression 179. 25 [Expression 179] 1<k< Ncode ck(t) The
multipath interference canceling units 615 and 616 (note that N=2 in this
exanple) receive the signals r"(t), and denodul ated si gnal sequences 30 of
all the code channels as described by Expregsion 180 through corresponding
adders 631 through 634. [Expression 180] Imnd.k WThe nultipath
interference canceling units - 66 615 and 616 then generate received
signals after nmultipath interference cancell ation as descri bed by

Expressi on 18laatceqmdi ngston&kprasgion t82th¢ Expiessipowvel8ldensityp /t)

[ Expr essi on 18%1—:*1:" 1 @1‘&t3f(§}1f6?maacrl%rﬁd H‘Torgzangg mlitd )paéf‘ receiving

signal denodulators 613 and that are the second stage 10 of the
cor r espondi ng EéﬁéQHﬁnﬁﬁW%dFéééﬂPQ1Wﬁ¥q%%%|9%ﬁdspénﬁm$zﬁ?%ﬁlﬁﬁpglpath
interference aapeeldtald pmaseldgscrinkeddiyw &ExpiesailomMibB83.thd Expressi on 183]

r.p  6) The o Jeration escribed are r ted f.or . subsequent _stages as
applicable%?an RE qt%%ﬁ%fvgdalgﬁaﬁaQ§%at@ﬁgnnl? Safﬁﬁlﬁ%ﬁﬁ 5 ﬁge

cancel | ati on ashedeswadidied byveErRprhiessi on 184 are generated. [Expression 184]
(p) 20 ~'nf WThe final fegelyed:i%iignalsp i EuiubbibRatdy to the

computer simulation includes two stages of the

multipath receiving signal demodulators, where the

10 configuration of Fig. 2 is used for the first stage,
and the configuration of Fig. 4 is used for the
second. Further, as for the multipath, a two-path
model is used where both paths provide the same
average received power.

15 The spreading rate is 16, and 15 code
channels are code-multiplexed (effective spreading
rate is 15/16). In Fig. 13, a coding rate of channel
coding using turbo coding is indicated by “R”, solid
lines represent properties according to the present

20 invention (QR-MLD with two-stage MPIC), dotted lines
represent properties of the conventional MMSE, and X
marks represent properties of the conventional MLD.
Further, ® and O marks represent the average
receiving Eb/No per receiving antenna in the case of

25 MIMO multiplexing (4 transmitting antenna, 4
receiving antennas) using QPSK modulation; B and O
marks represent the average receiving Eb/No per
receiving antenna in the case of MIMO multiplexing
using 16QAM modulation.

30 As shown by Fig. 13, average received
power Eb/No required for obtaining a certain level
of the throughput is greatly reduced by using the
configuration of the receiving apparatus according
to the embodiments of the present invention as

35 compared with the case where the conventional signal
separating method is used. That is, the receiving

apparatus of the present invention requires less



interference cancellation generated as above are provided to the
correspondi ng denodul ators 621 and 622 of each code channel, and the
denodul ators 621 25 and 622 output the likelihood of a bit being
transmitted by the transm ssion synbol segfiénce in each code channel. Next,
conputer simulations of the enbodinents of the present invention are
described 30 with reference to Fig. 13. Fig. 13 shows conputer sinulation

results of throughput pro erté évertical axis% over average receiving Eb/No
per receiving YFTE7STHrt PRV GRaltCe Rt IRt ot R ReSABRs & FRWF RIehsREy  per 1
bit of i nfornmtbarentharizbndpbaaxitaseaf. Marsdusrdesady atitg sehbods used

by the receivinp S, t. conv L onal e :
conventi onal 2F3Fﬁ%ﬁ§ﬁ3%%.INW§§EEE%8VPE§*he H%gé%?e%tﬁgkg%ggg%¥éi%§gﬁtion.
The receiving appars&assiappli edpesathie aprprdengsiaultits embedingasst wo

stages of tfie spuktidPP edecei vhpgnsiighal denodul ators, where the 10
configuration of Fig. 2 is qgggﬁggg the first stage, ., and the configuration
S

of Fig. 4 is used for thes 1DEG ARAVE s FOPTEAEIMIG itdi h, a two-path
nodel is used pheseniotinpathsopr, owhede titee ATMO Auera@a oeices ved power. 15

The spreading rate is 16,. an ode, channels.are code-ultiple
(effective sprgggﬁng%ﬁ%ﬁ%ﬁﬁgt%gfﬁgg.Hﬁ$3ﬁ%ﬁ3§§?naogo%ﬁﬁ?%gi%&o?ggﬁanne
codi ng usi ng tdrbo dodi myr isoradisansm iyt 1R, agbbhdasl iimes rd&pr esent

properties @cconding 40 4he; PESSRAL 12 idmention (RMcBw th, Iwozstage
MPIC), dotted lines represent properties of the conventional” MVSE, and X
mar ks repr esent 1gRdperaG @I ¥t ReI8G v RRIIAFIREDIS PRHEHE®d 0 and 0 narks

represent the avemnagég the multipath interference. Consequently,
the receiving bit error rate and receiving packet
error rate in a multipath fading environment are

15 greatly reduced, and the throughput (information bit
transmission rate that provides no errors) is
greatly raised.

Although the multipath receiving signal
demodulator has been described as using algorithms

20 (for example, a program that describes the
algorithm) such as MMSE and MLD, other algorithms
such as QR-MLD algorithm can be more desirable for
obtaining accurate signal separation by a realistic
amount of calculations.

25 Further, although the receiving apparatus
has been described as being used in a radio
communications system, the receiving apparatus can
be applied to a base station of a mobile
communications system. Further, the algorithm of the

30 present invention can be applied to a so-called
software radio base station, to which the algorithm
is selectively downloaded to a radio apparatus
through a radio circuit or a wire circuit for
changing properties of the radio apparatus.

35 [Availability to industry]

The present invention is applicable to a

radio communications system that demodulates signals



recei ving Eb/ No per receiving antenna in the case of 25 M MO nulti pl exing
(4 transmtting antenna, 4 receiving antennas) using QPSK nodul ation; ~ and
N marks represent the average receiving Eb/No per receiving antenna in the
case of M MO nultiplexing using 16QAM made$ ation. 30 As shown by Fig. 13,
average received power Eb/No required for obtaining a certain |level of the
t hroughput is greatly reduced by using the configuration of the receiving
apparatus according to the enbodi nents of the present invention as 35
conpared with whéngaseonmest enehe @dhgameisonal signal separating nethod is

used. That is, the recelwﬂg;pﬁgggﬁ@tg@gﬁlggga§ﬁe§§nga5@@pqhion requires
|l ess - 68 transm ssion

appar at uses. | n2BERES l%ﬂﬁr%%% g id the i Eéﬁaeg%éﬁégf Shed Spég?gf

t hr oughput wi tbn Mbecmeém\ﬂw@4appahatus wapﬂmbm@ Patthe @ﬁﬁmhmﬁnts 5 of
the presentg d_ab ,~1ACL. I

|nvegt|on mhe%ﬁg %%Iﬁ€$cgﬁf€é+g§iﬁg ?ﬁﬁlﬁgéa %g¢@g?£ Iégﬁéb S f?g%sn155|on
of different davarefes®nafo or more transmtting antennas in order to 10
increase an information bit rate in a CDVA system highly accurate signal
separation is obtained, reducing the nmultipath interference. Consequently,
the receiving bit error rate and receiving packet error rate in a nmultipath
fadi ng environnment are 15 greatly reduced, and the throughput (information
bit transmission rate that provides no errors) is greatly raised. Al though
the nultipath receiving signal denodul ator has been described as using
algorithns 20 (for exanple, a programthat describes the



al gorithm such as MMSE and M.LD, other algorithnms such as QrR-M.D al gorithm
can be nore desirable for obtaining accurate signal separation by a
realistic anmount of calculations. 25 Further, although the receiving
apparatus has been described as being usetbi+ a radio conmunications
system the receiving apparatus can be applied to a base station of a
nmobi |l e communi cations system Further, the algorithmof the 30 present

i nvention can be applied to a so- called software radio base station, to

whi ch the al gdfi S| ELAIMED i b3y downl oaded to a radio apparatus through
aradio circuit or a wre circuit for changing properties of the radio
apparatus. 35 [Availability to industry] The present invention is applicable
to a radio comuni cations systemthat denodul ates signals - 69 - using two
or nore antennas. The present application is based on Japanese Priority
Application No. 2004-063197 filed on March 5, 2004 with the Japanese Patent
Ofice, 5 the entire contents of which are hereby incorporated by
reference. - 70 - WHAT | § CIAAINVEER 181801 apRacel vi wglappar 4004~ usi ng a CDVA

met hod for recgivhag %Iognajescéwvbh@eg%vllaq& afm eﬂ‘ﬂnﬁéceﬁb‘l'n%g aPOShhh¥e
integer), the sjgnals bein transnltteg nsnlttln% antennas (Mis a

10 positive i nfBgéf) 2@ E&Hris gt hEPEF atﬁjV%d%+@Pﬁ §5sP§A&A9 denodul ati ng
units for primryndemdiddatiwmM ot rahemditgrials aneeensxed (By itshea r ecei vi ng

antennas, 4f,0r 882&%@5@”%nteger), comprising:

multipath receiving signal demodulating

units for primary demodulation of the signals
received by the receiving antennas, for estimating
the signals transmitted from the transmitting
15 antennas, and for obtaining a received signal of
each path of the receiving antennas in a multipath
environment based on the estimated signals;
multipath interference canceling units for
deducting the obtained signals received through the
20 paths other than a target path from the signals
received by the receiving antennas to obtain
multipath interference cancelled signals; and
a demodulating unit for secondary
demodulation of the multipath interference cancelled
25 signals.

30 2. The receiving apparatus as claimed in
claim 1, wherein
the multipath receiving signal
demodulating units carry out the primary
demodulation using a minimum mean square error

35 (MMSE) method.



the signals transmitted fromthe transmtting 15 antennas, and for obtaining
a received signal of each path of the receiving antennas in a nultipath
envi ronnment based on the estimated signals; multipath interference canceling
units for deducting the obtained signals Teceived through the 20 paths
other than a target path fromthe signals received by the receiving antennas
to obtain nultipath interference cancelled signals; and a denodul ating
unit for secondary denodul ation of the multipath interference cancelled 25
signals. 30 2. The receiving apparatus as clained in claim1l, wherein the
nmul ti path receiving signal denodulating units carry out the primary

denodul ati on using a m ni mean squar.e error_ 35 (MVSE) t.hod, - 71 3.
The receiving apparat us égygha?nﬁﬁc ﬁVl&%n%ﬁﬁfr%ﬁéFePﬁ 5 il {7 pat h

receiving signalaisedpdwlatieignunits carry out the primary denodul ation

using a na%jnun1likeIihoq%rgg£§§£Egﬁtgwkgmfgf%ﬂﬁgh%?égaﬁ. The receiving

apparatus as clainmed in aim erein [ Ti'path receiving signa
denodul at i ng uAfRededirti sutur hes pfRrEEYy O Udertiil RY EBATYSI ng a maxi mum

l'i kel i hood detgehbamn 1EEiNad wWsinNg QRmbaGHRIN zeik&NiRBoa Bladcfod

plurality of t?ﬁLB?t%%tﬁ§é5' The receiving apparatus as clained in

10

4. The receiving apparatus as claimed in

claim 1, wherein

15 the multipath receiving signal
demodulating units carry out the primary
demodulation using a maximum likelihood detection
method using QR factorization on a block of a
plurality of the paths.

20

5. The receiving apparatus as claimed in
25 claim 1, wherein
the multipath receiving signal
demodulating units carry out the primary
demodulation using a maximum likelihood detection
method using QR factorization on each of the paths.
30

6. The receiving apparatus as claimed in
35 claim 2, wherein
the multipath receiving signal

demodulating units control an amplitude of the



25 claim1l, wherein the multipath receiving signal denodulating units carry
out the primary denodul ation using a maxi nrum i kel ihood detection nethod
using QR factorization on each of the paths. 30 6. The receiving apparatus
as claimed in 35 claim?2, wherein the muli2path receiving signal

denodul ating units control an anplitude of the - 72 signal received, based
on a probability of correctness of a transm ssion synbol sequence

estimated using the method as clained in claim2. 5 7. The receiving

appar atus as cFapred inecsheedn 2bagRdr eirn alPiNeahdl tityaf recei vi ng si gnal

denpdul ating uBbk$ RSB & A §h§93ﬁlsm(_3_%%fjfdr§isﬁﬁhboﬂ!Sis@gu%d@lQm pi | ot

si gnal transnitt%d fromthe M %ﬁansnié:kp%ﬁgntennas. 15 8.. The receiving
appar at us as cFaFABGHSY B 2 CwWRErSP the2 PP p&t K 3EdRi<i ng si gnal
denodul ating units and the nultipath interference canceling units are
arranged in stages. 25 9. The receiving apparatus as clainmed in claims§8,
wherein when the nmultipath receiving signal 30 denodul ating units are
connected in the stages, each of the stages other than the first stage

updates a channel coefficient estimted based on a known pilot signal

ransm fromthe Mtransmttin nt.enn -
transmtted om the t %{SThétrege%vE%g'%%paratus as claimed in

claim 2, wherein

10 the multipath receiving signal
demodulating units estimate a channel coefficient
using a known pilot signal transmitted from the M

transmitting antennas.

15
8. The receiving apparatus as claimed in
claim 2, wherein
20 the multipath receiving signal
demodulating units and the multipath interference
canceling units are arranged in stages.
25

9. The receiving apparatus as claimed in
claim 8, wherein
when the multipath receiving signal
30 demodulating units are connected in the stages, each
of the stages other than the first stage updates a
channel coefficient estimated based on a known pilot
signal transmitted from the M transmitting antennas
using the multipath interference cancelled signal
35 provided by the multipath interference canceling

unit.



using the nmultipath interference cancelled signal

35 provided by the

multipath interference canceling wunit. 73 10. The receiving apparatus as
claimed in

denodul ati on using a maxi num | i kel i hood - de&t ecti on net hod.
receiving apparatus as clained in
perfornms the

5 claim1l, wherein the denodul ating unit perforns the

secondary

10 11. The
claim1l1, wherein 15 the denodul ating unit

secondary denodul ati on using a maxi mum | i kelihood detection

met hod using QR factorization on a block of a plurality of the pat
12. The receiving-apparatus as clained in claim1l, wherein 25 the
denodul ating unit perforns the secondary denodul ati on using a maxi

| i kel i hood detection nethod using QR factorization on each of
30 13. The receiving apparatus as clainmed in

hs. 20

mum

t he paths.
claim1l, wherein 35 when the

signals transmtted fromltthe WMe t¥anshvinigngradmnas asecdederarulin pl exed

si gnal s,

the ok ijpat hheceiw ng signal - 74 denpdul ating units perform

the primary denodul ation _of the signaLs recei ved by the correspondi ng

recei ving antennas, and &BtGaidFEeEr

al |

t he recei viagoagbegnaerdwratl bnspeeadi RY i piahd, 1ikelihood

10

15

20

25

30

35

detection method.

PHREPs UBL & RET EOFPEsHHRdi ng paths for

11. The receiving apparatus as claimed in

claim 1, wherein

the demodulating unit performs the
secondary demodulation using a maximum likelihood
detection method using QR factorization on a block

of a plurality of the paths.

12. The receiving apparatus as claimed in

claim 1, wherein

the demodulating unit performs the
secondary demodulation using a maximum likelihood
detection method using QR factorization on each of
the paths.

13. The receiving apparatus as claimed in

claim 1, wherein
when the signals transmitted from the M
transmitting antennas are code-multiplexed signals

the multipath receiving signal

14



the nultipath interference canceling units deduct the obtained signals

corresponding to all the spreading signals received through the paths other

than a target path fromthe signals received by the 10 receiving antennas to

obtain multipath interference cancelled-sivgnals, and the denodul ati ng unit

perfornms the secondary denodul ation of the multipath interference

cancel l ed signals for each of the spreading signals. 15 14. A receiving

nmet hod of a receivi ngl 20 apparatus for receiving a plurality of signals

using a CDVA Aemesdlatiengi gpaks P&itie 1t ansai Prégafryodawodwhasabnt i ng

antennas (Misc& RO td Mgnintegerkiardi Hecehyedoby eNpRGeivgng antennas (N

is a positive _integer), coggri si ng: 25r¥ﬁésm‘§ 0{1 receivin tge }s{i gnal

recei ved by edENS3f 1HE FREBMIRAg A erids? T ank Estsillgﬁtailrfg het"§i gnal

transmtted fropreacpoidine prahsnifictd rgll anhennaselisiingy aptedeter m ned

al gorithm step %fllmgﬁié’éé{-ﬁaﬂg tsl1§n§ﬁt§' mated 30 transmtted signal and a
t ase

channel coetfficiéent “estinate . on & known pilot signal, and obtaining
the received signal of eakehepabhtiee tdachnioir faeepeeeicdinis btennastisn a

mul tipath enviegnmaNtshaS5Btat 8RO idatcd | Agribepeblaimed- s eseivede
signals of the paths. other. than a taquet at.h frogn Elhe st gnal received by
each of the ref8FFATY I 751 INGhfedFas VAl B EPRB of Ne StPhgethe

signals that ahenolt aiawegebypthe Strem ofhaedlghang. reckhvdd riadi @he
ConnunicaHkpnsrgggfang antennas to obtain multipath interference
cancelled signals, and
the demodulating unit performs the
secondary demodulation of the multipath interference
cancelled signals for each of the spreading signals.
15

14. A receiving method of a receiving

20 apparatus for receiving a plurality of signals using
a CDMA method, the signals being transmitted from M
transmitting antennas (M is a positive integer) and
received by N receiving antennas (N is a positive
integer), comprising:

25 a step of receiving the signal received by
each of the receiving antennas, and estimating the
signal transmitted from each of the transmitting
antennas using a predetermined algorithm;

a step of multiplying the estimated

30 transmitted signal and a channel coefficient
estimated based on a known pilot signal, and
obtaining the received signal of each path for each
of the receiving antennas in a multipath
environment;

35 a step of deducting the obtained received
signals of the paths other than a target path from

the signal received by each of the receiving



conprising: 10 the receiving apparatus as clained in claiml; and a
transmtting apparatus including the M transmtting antennas (Mis a

positive integer) for
transmtting antennas.

antennas;

transmtting a CDVA signal fromeach of the 15
_75_

and

a step of demodulating the signals that

are obtained by the step of deducting.

15. A radio communications system,

comprising:

10

claim 1;

the receiving apparatus as claimed in
and

a transmitting apparatus including the M

transmitting antennas (M is a positive integer) for

transmitting a CDMA signal from each of the

15 +transmitting antennas.





