;| }~e3ett 6PTs DESCRI PTI ON MULTI - CARRI ER CDVMA TRANSM SSI ON SYSTEM

TRANSM TTI NG APPARATUS AND RECEI VI NG APPARATUS H’@EHHMIHMMWSYSTEM AND
MULTI - CARRI ER CDVA TRANSM SSI ON METHOD 5 Techni pres&RP2-0183-00
invention relates to a nulti-carrier CDVA transm sSicodo:system a
transmtting apparatus and receiving apparatus used in this system and a
multicarrier CDVA transm ssion nethod. and nore particularly 10 relates to
a multi-carrier CDVA transm ssion systemin which the weighting of
respective sub-carriers is control IBEEGRIBITDGN dance with fluctuations in

t he propagation path in order to conpensate for the orthogonality between
spreadi ng cogeR TIhatARRSIEles ODMAed TRANBY ISKE ONF f 8¥STEMS  t FRANIMPEGENG on
path, a transmtting apparatus and receiving apparatus used in this system
and a corr esREEHRFACICDONAD r RECRI $ENGNARBARAGUS BHSKESYr ddhdTHYS FYSTEM,

mul ti-carrier CDVA (code division nultiple 20 access) wreless transni ssion
system was prNmDMEH T OO ER CIMA tTRANSN I SFIQDNIETHOD ndoor wirel ess radi o
networks" (N. Yee et al., 1993 | EEE Personal |ndoor Mobile Radio

Commurf cat i orBgchrsiaecle Bieekd the application of this systemto digital

mobi | e 25 communi cations systens has been studied. This systemis a system
in which informatidhel presPoR- bnBsnbhosy KBRS ear éodlfplm%ﬁ'%hdcii%r%%
direction of the frequency axis, and the respective synbols are nulélplled
by respecti v@%gtea@mpésb@nasgﬁii@@cdl Ay Cedenidiyiad \&RW%W sPP

signals are transmtted in 5 Earallel by neaps of a Iurallt

sub-carri ers 33 GiHF cPBRRT R Bﬁuélﬁ@ides‘-n A’éhlasrégﬁf:? a ﬁmtdhl% Ig‘g}JsHam si nce

mul tiplication by a spreading code js perforned in the directio
frequency axi@Arihgfe (Emﬁ %W’Wgs%lfo% PE Rt (FRAF TS OP?YEH%“P%EL%%I s
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the
characteristiT resu ransm nals arriving at

t he rece! Vi ng%%)art%%(?ﬂlf Lg%ﬁ}q hme% \él 3 at'%' ur@iﬁoééhé)gtéjl fEgFenthe

propagati on pr opagati on paths)
orthogonality between spreading codes that is destroyed

15 by the effects of the propagation path, a transmitting
apparatus and receiving apparatus used in this system,
and a corresponding CDMA transmission method.

Background Art

A multi-carrier CDMA (code division multiple

20 access) wireless transmission system was proposed in
1993 in “Multi-carrier CDMA in indoor wireless radio
networks” (N. Yee et al., 1993 IEEE Personal Indoor

Mobile Radio Communications): since then, the
application of this system to digital mobile

25 communications systems has been studied.

This system is a system in which information

IATRRO

*159159*

M



20 that the signals interfere with each other, which is a problemin nobile
comuni cation environnents. Furthernore, in the case of the abovenentioned
mul ti-path propagation paths, frequency-selective fading occurs i EPGRA+rE6h83-00
the fluctuation in the 25 propagation path varies according to the
frequency, so that the signal transm ssion quality varies according 2
FPO2-0183-00 to the frequency. In the case of multi-carrier CDMA, however,
since the signals are spread in the direction of the frequency axis, the

si gnal transrggsddas quatét y dogn ilkatiedpr aed tlyet heifeequency ofi vetlséty
effect. 5 Meanwhile, as is shown in Figs. 20 (a) and 20 (b), the received
signals in a faddiemnay ri eki€PMVA dndinstrhesi aresysteivar e symbpilpgl i e2t¢n t he
frequency direction by the same code as the spreadi ng code by which the
signal s were mulltiglietl by thespgecrisn ssingle0 chiigs ¢6 thatPrerdiignal s
are subjected to despreading by conbining the received signals of the
respective supdss rdfrer adriosts the sprezdi sigrobe peeibrngritsedhbin in
Fig. 20 (a), in a case where the propagation path fluctuation of the
respeciive suemslrrdlersyi medhscmfstanplurfélspr eddi s sl atvat Whtk
totaled in the respective information channels are orthogonal to each

ot her; accor dinfferernl Forangngéssreaddhga tURSWEitgnals ShitheSYesPBeti ve
information channels can be conpletely restored. However, in the signals
that are 20 r@km¢wemuatipliﬁéthgnp#bbabaﬁEHeéﬁéﬁgtWQQ%ﬁ%ﬁ-B%fﬁoﬁ?%gagation
paths, as is shown in Fig. 20 (b), the respective sub-carri.ers are
subjected to i ffahent dEPEFELOR af phiBE f|TKETETOhs, 3G Srhat CPAS

orthogonal ity between the spreadjn pdes |s,. destroyed 5_and. the_signals
of other inforwetiRkexHhMR saim%%’??@r‘%ya?nlé +%§@¥Iﬁal\{h°?h‘§h§¥lﬁﬁﬁfsc?%| | owi ng

CEoP SR 10, S Beduin re ALE Oy e LB SNRL SRS s
Sombi ni ng. pr cBeS SN TNGH GhoLREST S0R VBN L1 BAG < Lo AR pet | She
sub-carriers §§£Egyltig£5€g b%QMﬂéQEénded by performing parallel
transmission using a plurality of sub-carriers, it is
possible to reduce so-called “multi-path interference”.
15 This multi-path interference refers to a deterioration
in characteristiecs that occurs as a result of
transmitted signals arriving at the receiving part at
different times via a plurality of different
propagation paths (multi-path propagation paths) so
20 that the signals interfere with each other, which is a
problem in mobile communication environments.
Furthermore, in the case of the abovementioned
multi-path propagation paths, frequency-selective
fading occurs in which the fluctuation in the

25 propagation path varies according to the frequency, so

that the signal transmission quality varies according




As is showmn in Fig. 21 (a), ORCis a nethod in which the reciprocals of the
propagation path fluctuation val ues are used as weights. Since the %0
propagation path fluctuations of the signals follow ng nultiplicggp 50593'00
these weights is constant, the orthogonality between the spreading codes is
conpl etely preserved. However, in the case of sub-carriers in which the
anpl i tude val ue of the propagation path 15 fluctuation is small, noise
included in the received signals is anplified as a result of nultiplication
by | arge weiwght shes@rebakntlye silgnatheoneseneifsapdviercaaticr (SR
foll owi ng despreading is small, thus causing a deterioration in_the signal
transmi ssi oy astecé sthessigpals strewsALead gin 24hg pflreFRECTs a

met hod in which the propagation path fluctuation values are useg, )

wei ghts. Heref shb- taegiensywekhsa e |SISNRIarer#RFPIHIT1EY BY2 hﬁYI

wei ghts, and sub-carriers with a large SNR are nul ti Iieggb | ar ge wei ghts,
so 25 that tden SNR improwedgoviethpe ebBeAEeRSY nak VAT $&HY h 9%F; t he

orthogonal ity between the spreadi ng codes 4_, FP02-0183-00.is.,d royed to
a great extent, Seamerilew er$ek &5 b%n@%ﬁ?edggeiﬁgeﬂn?hgoizggfnation

channels. As is shown in Fig. 21 (c), EGC is a nethod in_which EE&AOf t he
sub-carriersthee mecehredd FAEMET 5 Meights F‘&é;&ﬁ-aF&E?SF t hé

propagation path fluctuation. This netho iyes consigﬁ{at' to the

i mprovenent bfanselSKROROl$ By &é?pr@‘dg’ﬁg& 18fd 1% eeserk\?/igﬁggbﬁg

orthogonality between the ggreading codes: h
e

0, er i t 0 ation
path fluct ua@isachhenndbetn®f SEFEMTT %Ié%bdgg%fgp§§%?§§grgh&g Sl

channel s“vary

frominstant to instant in a nobile co ihGaty of), epyir : i.mal
val ues are nBRighwdys ot wﬁrgugHEQ%%ff%d dh Q¥é %ggﬁ@hiﬁgﬁbh

_ _ _ an-environment. I's shown in Fig.

e OfD15 Dot ARBR: (KB Pl 9 GT1 B NG Hoept tBdr oo antot heEr goa £t hat a6
actually traggnjégéghéfhéﬁ'yhgalreégf§ed signals of the respective
sub-carriers across the spreading code period. As 1is
shown in Fig. 20 (a), in a case where the propagation
path fluctuation of the respective sub-carriers is
15 constant, the spreading codes that are totaled in the
respective information channels are orthogonal to each
other; accordingly, following despreading, the signals
of the respective information channels can Dbe
completely restored. However, in the signals that are
20 received after being propagated over the multi-path
propagation paths, as is shown in Fig. 20 (b), the
respective sub-carriers are subjected to different
amplitude and phase fluctuations, so that the
orthogonality between the spreading codes is destroyed,

25 and the signals of other information channels interfere

and remain in the signals following despreading. As a



produci ng optimal values in which inprovenent of the SNR foll ow ng
despreadi ng and conpensation for the orthogonality between the spreading
codes are given 20 consideration in accordance with the propagati BROpadh83-00
conditions that fluctuate frominstant to instant. Accordingly, it is
indicated in Reference A that MMSEC is the nethod that shows the nost
favorabl e transm ssion characteristics. Furthernore, a nethod in 25 which
the optinmal weighting is cal cul ated using values such as the

anpl i t ude/ phasgflltyct uatieon \sdlquesl of trendmisdHRAZ- 0183100 e sA il
sub-carriers, the noise power, the nunber of nultiplexed information
channel s or tdeedrikeadte.i ndicabedingl Ref ar eredehodl (kies cbebed ddmydedis t he
wei ghting control nmethod used in MMSEC. 5 Di sclosure of Invention However,
i n cases wherie te. ciei g | gt & of e MdBEe ( beniveam mado regquidos ertragi)e lconbi ni ng
i s cal culated using values such as the propagation path fluctuation val ues
of the indiviidualedsdeds dny isercomkimd npimm qe@serin Whidie therbmcaifved

mul ti pl exed informati on channels or the |ike, these val ues nust be
appropri at el wiestalmatell thet e spesdiilvegsebdearniergdepreo WeteiiRd t he
optimal weighting. Furthernore, as is shown in Fig. 21 (d), in cases 15
where a net hédy tedtghduccessi vel y updates the wei ghting using an adaptive
algorithmis used, it is necessary to estimate (in the mean square, error
estimating part) tRe ery osh@eRwéan Rite s2yndrs . f RCowi g2 dBSHHELdi Y and
the signals (reference signals) that are actually

which  the reciprocals of the ° propagation path
fluctuation values are used as weights. Since the
10 propagation path fluctuations of the signals following
multiplication by these weights 1s constant, the
orthogonality between the spreading codes is completely
presérved. However, in the case of sub-carriers in
which the amplitude value of the propagation path
15 fluctuation is small, noise included in the received
signals is amplified as a result of multiplication by
large weights, so that the signal power/noise power
ratio (SNR) following despreading 1is small, thus
causing a deterioration in the signal transmission
20 characteristics. As is shown in Fig. 21 (b), MRC is a
method in which the propagation path fluctuation values
are used as weights. Here, sub-carriers with a small
SNR are multiplied by small weights, and sub-carriers
with a large SNR are multiplied by large weights, so
25 that the SNR following despreading 1s maximized;

however, the orthogonality between the spreading codes



20 transmtted. Accordingly, pilot signals in which the anplitude, phase,
pattern and the |ike are known nust be transmtted as reference signals
fromthe transmtting side to the receiving side. Accordingly, itFP82anl83-00
object of the present 25 invention to provide a nethod for appropriately 6
FP02-0183-00 estimating val ues such as the propagation path fluctuation
val ues, noi se power, nunber of multiplexed information channels or the |ike
in order to realize weighting control used in MVBEC, as well as the 5
constructi on ireeglestarbfeat ttdiss quegpnsextann, adcothat piowve e meroosnsi s uct i on
for multiplexing and transmtting, in an information signal interval that
is short in togmmeradfed ihatwWeen itheaokBirnataimsm csaomgl s pi |l ot signal s that
are required for the estimation of 10 error information in an adaptive
algorithm a nulti @ riersDVA tmarsig sskbn (syst &Gl ghacaetbwdcelysi vel y
and efficiently update the weighting using limted pilot signals, a
transmttingwigsdy aals afid thec v TrprpiRrait ase used tinlikds byyst@aml and a
CDVA transmi ssion 15 nethod used in this system The nulti-carrier CDVA
transrf ssi on Wajisthdi cfeqaradlnas et the artargatsien math -Bargt st icoma
transm ssion systemin which information synbols are dupljicated and |ined
up in the di ri&dts getdiod rE e firgrvhdesa sion hafd 2P dillf | EREV DY mat i on
synbols are nultiplied by a spreading code in the direction of the
frequency axicE tHifd SR %@s@ﬁq%@%ﬁ?@aﬁﬂ%oﬂ@ e REFSFRI RN neans
of a plurality of sub-carriers wth different frequencgies, wherein

wei ghti ng coftrtRIo9fiss Hor PSEWESHL 1ol i S§TERELRG ghPi®% of lAtgVer,
sub-carrier on the Easis of th .effectg of th% prqpagati on _path 7

FP02- 0183- 00 S uGRF o R CRAGATPR BY R he LUGTERE 100y | R iﬁ‘g In%o0 that

{randt t ed, "SHd SO nb RRERECIOF - BOARBrong SPoror RPRg 2By SR T yi g
L1, 5,120 VO Vgal 5 o HNe ESRERELYE BT SaE ALt B g 00 Tor
the rECEiVin%éTd¥% are not always obtained in such an environment.
As is shown in Fig. 21 (d), MMSEC is a method
using weights which are such that the mean square error
15 between the signals following despreading and the
signals that are actually transmitted is minimai, thus
producing optimal values in which improvement of the
SNR following despreading and compensation for the
orthogonality between the spreading codes are given
20 consideration in accordance with the propagation path
conditions that fluctuate from instant to instant.
Accordingly, it is indicated in Reference A that MMSEC
is the method that shows the most favorable
transmission characteristics. Furthermore, a method in

25 which the optimal weighting is calculated using values

such as the amplitude/phase fluctuation wvalues of the



Furthernore, the nufti-carrier CDVA transm ssion 10 system of the present
invention is a mufti-carrier CDMA transm ssion systemin which informtion
synbols are duplicated and Iined up in the direction of the frequé€ROZ-axi8S,-00
t hese duplicated informati on synbols are nultiplied by a spreading code in
the direction of 15 the frequency axis, and the respective spread synbols
are transmtted by neans of a plurality of sub-carriers with different
frequenci es, wherein effect estinmating neans for estimating the effects of
t he propagatiigmdpatdudl uoibratdonset, whihe hne hee spgrat s thatnamieef0olct ual |y
transmtted are subjected while these signals travel to the receiving side
fromthe transmitiplexesd deinferphting caitarglelseansr f otheontlriddd i ngst he

wei ghti ng of each sub-carrier on the basis of the effects of the

propagat i on paididdted uathi ok festdred ed by delserdbledct bebowst | A&t | Bheneans
so that the signals follow ng despreadi ng approach the signals that are
actually 8 wWdDZhOilB3-ddhtrahsneéthed, used toMMPEGg neans for perforning
conbining by rmultiplying the received signals of the respective
sub-caériers Vs fﬁ%d¥%§%¥ifﬁhé i&ach subcarrier controlled by the

wei ghtT ng coﬁiféi—ﬁtansr—are—Sig?sposed on the receiving side. Furthernore,
the nmulti-carrier transm ssion systemof the present jnvention is a
nufti-carrier CDVAHQwawed ssiibn GAERenPATRNItIE | HebFhatnen IombdsEar e
duplicated and lined up in the direction of the 10 frequency. axis, these
dupl i cated i nfo¥RERIBN MEAFHOBSIUAEE BT PP | PR TDr &&di ‘ﬁélﬁ‘éﬁj%t?ﬂ t he
direction of the frequency axis, and the respective s reag s¥gboks are
transmtted bySHe@n¥adpes Musanlasythe DFLregations Rth GipPFEF_REOD

frequencies, wherein effect estimati nmeans for gﬁtinating the effects

of the propagé®}ees pat hthe utRehy+ HéP?BuS FRhTtRESsi GGl RO tRGt PAVET act ual Iy
fromthe transht: CRRGSE A2 BT bHPLCrtamer AE RERAEST & MOt n g PRe or ror
ol l'ow ng desptEaei RGSSR AL U5as: 0B BEqibiehedd oy tre SuF Py Pon of
Sub-carrier onPheobaived THEF crfestey the csbiiniie MR oREIaL each

fluctuations I by the effect estinmating neans and the error
esti mat ed by ?%%§£?%§ "9  FP02-0183-00

Furthermore, as is shown in Fig. 21 (d), in cases

15 where a method that successively updates the weighting

using an édaptive algorithm is used, it is necessary to

estimate (in the mean square error estimating part) the

error between the signals following despreading and the

signals (reference signals) that are actually

20 transmitted. Accordingly, pilot signals in which the

amplitude, phase, pattern and the like are known must

be. transmitted as reference signals from the
transmitting side to the receiving side.

Accordingly, it 1is an object of the present

25 invention to provide a method for appropriately



estimati ng neans so that the signals follow ng despreadi ng approach' the
signals that are actually transmtted, and conbi ning neans for performn
conbi ning by multiplying the received signals of the 5 respectiveFP02-0183-00
sub-carriers by the weighting for each subcarrier controlled by the

wei ghting control neans, are disposed on the receiving side. Furthernore,

the nmufti-carrier transm ssion system of the present invention is a
mufti-carrier COMA 10 transm ssion systemin which information synbols are
dupl i cat ed aresimeding i watlhesdi reoth onasf tikefr pqopagptdrins, pPakke
duplicated information synbols are nultiplied by a spreading code in the
direction of flhetfusnuencyalxes, aﬂﬁseh@owggpe@mmhﬁEwﬁ%dwlgwm&ﬁ§645 are
transmitted by neans of a plurality of sub-carriers with different

frequenci es, MhErmiatioyn ochesnekat iayy Beand iker st PREEENG heeakior

between the signals that are actually transmtted and the signals follow ng
despr eadi ng oreidiet g scottsdhnatsediseth f HMIFe 2022st¥orht i oRS of tRAI s

error, weighting control nmeans for controlling the weighting of each
sub-cadirier orpnsteruetsien o edid redy of oBstliligt eBUBPOERe e#dr 2480 i ng

means so that the signals follow ng despreadi ng approach the signals that

are actual |y REQIiIR t t ed, arRPIBFHHAI ng ABANs Yt %hg coBi ni ng

by multiplying the received, signals_of the respectjve sub-carriers. by 10
FP02- 0183- 00 trrnsiet ghtidg Jrre)ra%abfhf%’{fbé"cla?ﬁli%fg% t B EERE yt%{e Wei ghti ng

control neans, are disposed on the,receiving?side. Fur%hernnre

mul ti-carri erSROVA £Pank?esi OfF 568t d@tof TR hE@357ESen r?%@%ﬁ?%%%gfé a
Gupl | cated arRi 0 hetGRELR. HAG aiTas T BRCbE 08 neoF afifency it 8eg ©
i Pecton of A0 The AtealiBneyfad's, Und e ale bieas; 08 SREEAD 00,
froquenci s, SHOETS COMD Fral LYot SYLERIRECE SRapsBbCastEbbLy

mul ti plying the,reg 'i; d?%ef :gﬁmgtbé h%hrees%sﬁggh‘é?ﬁn§“bﬁ§§55i ef Smb¥ed

wei ghting 15 contro ub-carrier. that t he méan square error

bet ween the Isgggf@t{ .Ssgi.gle%@éﬁ, ng, desph 8R0E PR @NApbhRe athgnalid t hake@tengct ual ly

transmitted IS mMmnim are di sposed on the receiving side. Furthernore,

in the mlti-g300iee, COMed0;h #A1E sty i Hfchue pressRlsslyant | on,
it is also desitable that the effect éstimting neans estinate the effects

of prppagati opepabd £t vatEwDs ygspempi | ot signals that are used to
estimate propagation path information for each sub-carrier, or 25

information rel ati nehd anthei reabeteof coMAt ¢ phexetsshénr spsten chanhel s, or
poth- present invention is a multi-carrier CDMA transmission
system in which information symbols are duplicated and
lined up in the direction of the frequency axis, these
20 duplicated information symbols are multiplied by a
spreading code in the direction of the frequency axis,
and the respective spread symbols are transmitted by
means of a plurality of sub-carriers with different
frequencies, wherein weighting control means for

25 controlling the weighting of each sub-carrier on the

basis of the effects of the propagation path



FP02-0183-00 Furthernore, in the nulti-carrier CDVA transm ssion system of
the present invention, it is also desirable that the weighting used in MVSE
conbi ni ng be successively updated on the receiving side 5 by an ad8&p£ir¥é83-00
al gorithmusing at | east one type of signal selected froma set consisting
of pilot signals, the nunmber of nultiplexed information channels, and pil ot
signals utilized as reference signals. Furthernore, in the nulti-carrier
CDMA. 10 transm ssion system of the present invention, it is also desirable
that the effeflitucstdnainngentanstedt bvattehe heffeopagasttiioatpatch fmeawsuati on
val ues, noi se power and nunber of nultiplexed channels as effects of
propagat i on pat htiidtuctbat sdgsadsi Ifiodiloyinige dsisprdasl iy fanprowdely the
despreading and pilot signals used to estimate propagation path information
for each subcairgrials Ebetheamor ectialilye transnitieder aCOMCORRARMESI on
system of the present invention, it is 20 also desirable that the weighting
of the abovemmdnonetbMBECMINMNOg Sesirtessivel ynybdtpbilhy abh@dapti ve
algorithn1utiIizing(gilpt signal s that are used for successive updating of
t he wed ghti ngragsidreh sABEREBINBENEREG, TESPERAL Viehs URsAR i RY rbke bet ween
the 25 signals follow ng despreading and the signals that are actually
transmitted iwekghiaZedfon2 eappo2sybgsaga ipgr t KON 19%h thhe the

mul ti-carrier CDVA transm ssion systemof the present invention, |t is also
desirabl e t hate¥He: 819 e8P BER+ nBEPRF, nBARs BSPOPECe Athe Mt 3Rt TR pat h
fluctuation val ues and 5 noise power as effects of propagation path
fluctuations,5¥%h this estimation being performed utilizing the signals

ol out o dospr ead o AN Bil o BAIOALT 1AL 20 el L SR Bhen
estinP%ing rmgggiem of the present invention is a multi-carrier CDMA
transmission system in which information symbols are
duplicated and 1lined wup in the direction of the
frequency axis, these duplicated information symbols
are multiplied by a spreading code in the direction of
15 the frequency axis, and the respective spread symbols
are transmitted by means of a plurality of sub-carriers
with different frequencies, wherein effect estimating
means for estimating the effects of the propagation
path fluctuations to which the signals that are
20 actually transmitted are subjected while these signals
travel to the receiving side from the transmitting side,
weighting control means for controlling the weighting
of each sub-carrier on the basis of the effects of the
propagation path fluctuations estimated by the effect
25 estimating means so that the signals following

despreading approach the signals that are actually



10 estimate the nunber of nultiplexed informati on channels as an effect of
propagation path fluctuations, with this estimation being perforned
utilizing information relating to the nunber of nultiplexed inforfa®2ofnl83-00
channel s. 15 Furthernore, in the nulti-carrier CDVA transm ssion system of
the present invention, it is also desirable that the propagation path
fluctuation val ues and noi se power be estimted on the receiving side using
information signals and pilot signals that 20 are used to estinate
propagat i on patshsmiftargwgt | oAndt hadorithien murbemeaisi nf Honat imer Tharired s be
estimated using information relating to the nunber of nultiplexed

i nformation chabieling abg whatt iy iwei gtivé ng eked vRNEE tombl hi pg bere
cal cul ated using these estinated values. 25 Furthernore, in the

mul ti-carri err <SPk thinanssutssian isyst ény othehwepgbsény ﬁ@ﬁemQQh1suh‘|s 13
FP02-0183-00 al so desirable that the error estimating neans estinmate the
error using ajadrdast anettglleedfbgi ghal wedbbtted foomrals@eaddnsi®ig ng of
pil ot signals used for the successive updating of the weighting, pilot

si gnalss 5 utidiispedseas areftdreenuecesigmad sSigstd ot signals in which the anount
of fluctuation is averaged in the direction of the frequency axis, and

pi l ot signals in wiwthdmmomeount dfe f| G@%lﬁ‘tﬂﬁfﬁlseraverta@%bsm%ﬁfﬁ@
direction of the tine axis, as signals for estimating the error 10 relative
to the si gnalsyshtsn off felasmsant ng Vel ioferibrae, MY} TRATAFST -G i er
CDVA transm ssion systemof the present invention, it is also.desirable

that the wei ghanfRpiatPT oPYRVER cBhbRiLAY Hé‘%%tsjs‘?%els 8d5t et Usi ng

ilot signals
P J duplicated and lined up in the direction of the

10 frequency axis, these duplicated information symbols
are multiplied by a spreading code in the direction of
the frequency aﬁis, and the respective spread symbols
are transmitted by means of a plurality of sub-carriers
with different frequencies, wherein effect estimating

15 means for estimating the effects of the propagation
path fluctuations to which the signals that are
actually transmitted are subjected while these signals
travel to the receiving side from the transmitting side,
error estimating means for estimating the error between

20 the signals that are actually transmitted and the
signals following despreading on the basis of signals
used for the estimation of this error, weighting
control means for controlling the weighting of each
sub-carrier on the basis of the effects of the

25 propagation path fluctuations estimated by the effect

estimating means and the error estimated by the error



15 in which the amobunt of fluctuation is averaged in the direction of the
frequency axis in cases where the weighting used for the abovenentioned
MVBE conbi ning is successively updated by neans of an adaptive al §BPEtRA#B3-00
Furthernore, in the nmufti-carrier CDMA 20 transm ssion system of the
present invention, it is also desirable that the weighting used for MVSE
conbi ni ng be successively updated using pilot signals in which the anopunt
of fluctuation is averaged in the direction of the tinme axis in cases where
t he wei ghti ng 25 usteichd or mehasMVBo cotrhiami ngthes ssvdgesdisvel folipoleira by
means of an adaptive algorithm 14 FP02-0183-00 Furthernore, in the

nul ti-carri erddPeddiang nggircysittm obithelpr esbat | aventaotyaliyis al so
desirable that the weighting control nmeans successively update the

wei ghti ng forteacdnisttedar riaad 5 bymbeansgof rearadaptfove apgofdérmimgo t hat
the signals follow ng despreadi ng approach the signals that are actually
transmtted. domdieimorby imulthie Iwing - ther irmacedDil t § hgai ssiodn BYet em of
the present invention, it is it 10 is also desirable that the weighting
controd neansresmeEssTe ebyoupant ket hiebieithit iveg dhdingadie s BREarsier by
means of an adaptive algorithmso that the signals prior to the reception
FFT treat nentcappreoactonbeobledaby that weiehidingaldapticdndifaited. 249
Furthermore, in the nulti-carrier CDMA transmission systemof the present

i nvention, itdispesed eesihabtecehaing helgei ghting of the MVBE conbining be
successi vel y updated by neans of an adaptive algorithmutilizin i | ot
signals that are usB&rfhRrRaEEL20 skReesIMVEELPERAET hEE of Fﬁ%ﬂ%ﬁ%%ﬁf?ﬁg used
in MMSE conbining, so that the nmean square eryror betﬁeen the.siggﬁkﬁ pri or
to the receptSHRtEFTOf rEae iRFeS e PECRFLMRI £S5t Aaflar b SR THFT y
transmtted is mnimzed. Furthernpre, .i,n_the |ti-carrier 25

t ransh? ssi on %9%@%%4%§l?%eSéF@§%htl?nV@Hf?bn}nfgr?gth?%oE%@%F’§%I%r?hat t he
wei ghting contro]  nmeans 15 FPP2-0183-00,detgrmne.the injiti v es of
the wei ghti ngd‘f%}l‘é%wlgsu%@%ar Jr%?gonu? he“?)as?k%eof g%ﬁ%ca?}éctgkof %%e
propagal i on LD {LucuaLns eRLLER! DY D8 ChesmeRlomm! Lfogpans, and

that the wei
are multiplied by a spreading code in the direction of
the frequency axis, and the respective spread symbols
15 are transmitted by means of a plurality of sub-carriers
with different frequencies, wherein error estimating
means for estimating the error between the signals that
are actually transmitted and the signals following
despreading on the basis of signals used for the
20 estimation of this error, weighting control means for
controlling the weighting of each sub-carrier on the
basis of the error estimated by the error estimating
means so that the signals following despreading
approach the signals that are actually transmitted, and
25 combining means for performing combining by multiplying

the received signals of the respective sub-carriers by

10




5 successively update the weighting for each sub-carrier by nmeans of an
adaptive algorithmon the basis of the error estimated by the error
estimating nmeans. Furthernore, in the nulti-carrier CDVA transni sEPBA-0183-00
system of the present invention, it is 10 also desirable that the initial
val ues of the weighting used for MVSE conbi ning be determ ned on the basis
of propagation path information estimated frompilot signals used to
estimate propagation path information, and that the weighting be

successi vel y wpdawetghy imgank rlSeatharsvidaptinieral gontrobied tiye blasi s of
pil ot signals used for the successive updating of the weighting.

Furt hernore, vwdidghteinyl ¢ontaot i reat®DMAatreadsdsiposiesh oy stteam péce elng esent
invention, it, is also desirable that weighting information transmtting 20
means for tragisdeiting, separately fromthe signals that are actually
transmtted, at |east one type of signal selected froma set consisting of
pil ot signals used Rurtgstimmte ptbpagaiiténcpath eirnf@Mat ForN$HY S 20eH
sub-carrier, information relating to the nunber of 25 nulti pl exed

i nfornation ciwsinet T pihetpresprl slnvent ke b8 # apelehreastHal SPMB | ot
signals used for 16 FP02-0183-00 the successive updating of the

wei ghting, pitmnsiigsien usestem the phdehyvi Hyfermetior &YE8P2diSng?tRe
amount of fluctuation in the direction of the frequency axis, and pil ot
signal s used dpliratedei antg siwedf oiP aviR aghhg 59tReChYuntObs the
fluctuation in the direction of the tine axis, be di sposed _on irﬁ?
transmtting SYRICTEY t R&kdfor eChpAet HERANFFERSr FREPT Pr aHERPREF on
system of the present,inyent%on, it is also desirabl tngt nmeans foE
transmtting,25eparhtEPy1e98 PYom CRE SRRFEGEMEOSH St gﬁbef S1EECT Rt 0ne type

of 10 the frequency axis, and the respective spread symbols

are transmitted by means of a plurality of sub-carriers

with different frequencies, wherein combining means for

performing MMSE combining by multiplying the received

signals of the respective sub-carriers by weighting

15 controlled for each sub-carrier so that the mean square

error between the signals following despreading and the

signals that are actually transmitted is minimized are
disposed on the receiving side.

Furthermore, in the multi-carrier CDMA

20 transmission system of the present invention, it is

also desirable that the effect estimating means

estimate the effects of propagation path fluctuations

using pilot signals that are used to estimate

propagation path information for each sub-carrier, or

25 information relating to the number of multiplexed

information channels, or both.

11



signal selected froma set consisting of known pilot signals used to
estimate propagation path information for each sub-carrier, the nunber of
mul ti pl exed i nformation channels, and pilot signals utilized as 16P02-0183-00
reference signals, be disposed on the transmtting side, and that means for
controlling by neans of these signals the weighting that is used in MVBE
conbi ni ng be di sposed on the receiving side. The transmtting apparatus of
the present 20 invention is a transmtting apparatus in a nulticarrier CDVA
transmi ssi on syst eMunthahincird,nf or dat i ontignbol Bubtb-daprient ed G@MR | i ned
up in the direction of the frequency axis, these duplicated information
synbol s are rdarigdiisdidly ayspemadihgtbedeprasent 2RvEntddm,onlsf e
frequency axis, and the respective spread synbols are transmtted by neans
of a pluralitalsky dEPDPalDIg3- Gbasf Sute carelehEing t hugrff edént MMS
frequencies, wherein this transmtting apparatus includes wejghtin

i nformati on tocasiming e mmreSoveFanmaatshEn separetR @ v itoni

signals that are actually 5 transmtted, at |east one type of signa

sel ect®ed fromya 8Bt acaRsiiste ngleprbEhBt Usigeal L udedsito Rt i ruPe ©f
propagati on path information for each sub-carrier, informtion re]lrating to
the nunber ofsifinal fehaetehiirimiad otelepntsting 10t Ri4al S M3tSTzed as
10 reference signals, pilot signals used for_ the succesgive dating of the
wei ghting, pithft &HFRErs 88ed Wbt IMeEF L e HERFTGFETY of 3{}8?;8'{ nf e
anount of fluctuation in the direction of_the frequency axis, and pil ot

si gnal s used Hirﬂ-qthes‘r%%i%@d]lsﬁfeéf%? LR ER Y STJE?I?‘%%S anmount  of

fluctuation in the direction of the tinme_axis Furthernore he t mtting
i jperopres cthe togps
appar atus of the prf CIMRRSHt i on s a tP&nsniTYThY &ppardfus v a

mul ti-carrier, COMA transm ssiQn_system,in i 0. gl.1 on.gy | s are
dupl iht ed ard 3HHEL TP nstyﬁgegi r%£ct irpglﬁe oﬁg@%%gn relqﬂl}{ae%{:ﬂﬁadﬁ s,l%t g%e
dupl i cat ed i nf.ornmation. | s .&r i pl] a r: is c in the
di rection of "‘l]hseo f rga%%gﬁ?gxi st?lagtngw[}#é r %gg%§¥i vg%gﬁgg‘?dl@%yangﬁﬂﬂr e

transmtted b%%%e 0{%(_? ﬁ%ﬁ@iéﬁ yp?éh Sfjgj&ﬁgﬂféﬁ y\gigbgj fﬁ@_{@é\t

frequenci es, pose of controlling the weighting 18
FP02'0183’00power and number of multiplexed channels as effects of

propagation path fluctuations utilizing the signals

15 following despreading and pilot signals used to

estimate propagation path information for each sub-
carrier.

Furthermore, in the multi-carrier CDMA

transmission system of the present invention, it is

20 also desirable that the weighting of the abovementioned

MMSE combining be successively updated by an adaptive

algorithm utilizing pilot signals that are used for

successive updating of the weighting used in MMSE

combining, so that the mean square error between the

25 signals following despreading and the signals that are

actually transmitted is minimized.

12



used for MVBE conbining, this transmtting apparatus includes neans for
transmtting, separately fromthe information signals, at |east one type of
signal selected froma set consisting of known pilot signals 5 usEB0200183-00
estimate propagation path information for each sub-carrier, the nunber of
mul ti pl exed i nformati on channels, and pilot signals utilized as reference
signals. The receiving apparatus of the present invention 10 is a receiving
apparatus in a nmulti-carrier CDVA transm ssion systemin which information
synbol s are dupl i cahedthemmhdrianed upni n t hbedi r emtloh-ofrrherf redudfty axis,
these duplicated information synbols are nultiplied by a spreading code in
t he directi ortmnshf adieorf r eyseroy @iki $heanprepent esipetantiomnspr é&d Sy nbol s
are transmtted by neans of a plurality of sub-carriers with different
frequenci es, aitmr ei deshisbteceithiaty dgpar aeiferhcl eéEsS MAEIIGI | RNt r ol
means for controlling the weighting for each sub-carrier so_that 20 the

si gnal s fol | cudtnignades ptbedipnpragrtoearh PREhsi GHatBuahian avalaesuany

transm tted, and conbini ng neans for perform ng conbi ning by multiplying

t he retei ved rsiigralpover %Qaéhf%%btfcé?g iRFoRAga eomar it | g gt ’
sub-carrier controlled by the weighting control neans. 25 Furthermore, the
recei vi ng appértdt ughiss t Retireddnn | REAADI oReF§CRMRECER T hi2 HpParHt®s in a
mul ti 19 FP02-0183-00 carrier CDVA transm ssion system.in icl}%J

i nfor mati on SAERLS afeldepingaiRFRERAIIMEI2RS iRt IPe §FPBELFon- BTt he

frequency axis, these duplicated informati on synb a d_by a

. | .t.i pli
spreadi ng cod&§ nuefRe FOdi FEHRHF o?r??l%g?Fbﬁﬁeﬁéngﬁnrsf%r%#ﬁél E%Iépecti ve

1 Torent 17 GRAnCTRR-CRREFET Thla CPBEer g difs ST IHa Bl B oot
i uctiht | ons S5 HFER CHe RFRER <oF ARt Sre SRt o LT ARa T b
bj ected while th ' | st . I\l [
T anem {11 ng 3 085 veT BHEE nd e oREFBPIREARE. -0t BT ARG °TRe Wl bt i ng of
h sub- 1,6 . ' : £t ; PREASAL] th
[l uct ot ons HEIT nREEATRYTERe M1 YL PRl raeing aare b That T he 2 onal s

fol I'owi ng despreading approagh thensignals thatrgseesss valhyoinansontt ed

and conbi ni ng nmeans Tor perform ng conbining by nultiplying the received

signal s of th&%@ﬁfgpecti ve sub-carriers by the weighting for each
subcarrier controlled by the weighting control neans. Furthernore, the

receiyé ng appar at usp bt fdwenpresent simventihen i smaltecehyirngrappaCoMas in a
mul ticarrier CDVA transm ssion systemin which information 25 synbols are

dupl i cated ange-dhfieds 4o N sylie e r 6€L it ObreBentr efpensyi @i s itt hese

duplicated information 20
also desirable that the propagation path fluctuation
values and noise power be estimated on the receiving
side using ;nformation signals and pilot signals that

20 are used to estimate propagation path information, that

the number of information channels be estimated using
information relating to the number of multiplexed
information channels, and that the weighting for MMSE
combining be calculated using these estimated values.

25 Furthermore, in the multi-carrier CDMA

transmission system of the present invention, it is

13



FP02-0183-00 synbols are nmultiplied by a spreading code in the direction of
the frequency axis, and the respective spread synbols are transmtted by
means of a plurality of sub-carriers with different frequencies, WheZeDh83-00
this receiving apparatus includes effect estinmating neans for estinmating
the effects of the propagation path fluctuations to which the signals that
are actually transmtted are subjected while these signals travel to the
receiving side fromthe transmtting side, 10 error estimating nmeans for
estimating tha Ry rdyseibeertHdte tdgradrot hatt iarse: iaot usddns testniswte ed and
the signals follow ng despreading on the basis of signals used for the
estimati on oftHehi sresronsingi gitt i hgasononel twansofosigoatlr ddliantade

wei ghting of each 15 sub-carrier on the basis of the effects of the
propagati on pfatdm f huctatat comsiesingabdd bilohe sébhedts essedmtiong Heans and
the error estimated by the error estimating neans so that the signals

fol | owi ng despureesdisigreapppdatcingheo§i giied s welghtdng, acpudbty fynals
transmtted, and conbining neans for performng conbining by nmultiplying
the rexei ved wiigrisdesi odist hefeesepeet isigrals capiietd ssbgnﬁgé Wal gitiely for
each subcarrier controlled by the weighting control neans. Furthernore, the
recei vi ng appdreatarsowit thg quptééémni hveriiesndies 4y & Vikge@pt atus in
a multicarrier CDVA transm ssion systemin which information 21

FP02- 0183- 00 ofy nitlet s fapaugnpli exicd and IPheet upionalfeidi MEdiGhontRR the
frequency axis, these duplicated information synbols are nultiplied by a
spreadi ng codddunt h‘éfdifgééfipéﬁlgﬁ e F¥ yiaxiFhe sHFeadtd FPespective 5
spread synbols are transnitted by neans of _a plurality of b-carriers with
different fredienéide, MeFei BT hfiIradsi ving W%élq ngﬁﬁde%r%c?lf or
estimating means for estimating the error between the signals that are

act ualQy trakehatiste & e % TR AT AR Jég% ng on the basis

of signals used for_t estimation of th%ﬁ error lmeight}ngrcont means
for controlling thd Y Hfof edfh subParriBFLbh tRETbREI s o e error

Gospr oad ng. 15 PP HRACE hEVBEGRaI S | WIS aPECSEDhial 15 TrartH (6a, 1 an

despr eadi ng are actua nsrfi tfed,” and

combi ni ng Means. {or. per Lo no-£o! 009 B MY Vinad herdiecanes

signals of t p Tve'sub-carriers b wel ghting for each

sub-carrier conifOllef BY 118 MRIANLING GoR (ol (Bafs. Addrurifgidmse, the

recei ving apparatus o present invention is a receiving apparatus in a

mul tigarrier igp:%x.{%ﬁn%%ssaj gnﬁ?’%f”ﬁiﬁ‘c%&@t‘oﬁ nf or NRlirQyesy P! shar e

dupli'cated an Ined up int rection of the frequency axis, these
duplicated infordmti gn 2% SYAROl SrahferBi) t aRliisedi By @<y eaterg ceile in the

direction of the frequency axis, and the respective 22

weighting used for the abovementioned MMSE combining is
successively updated by means of an adaptive algorithm.

Furthermore, in the multi-carrier CDMA

20 transmission system of the present invention, it 1is
also desirable that the weighting used for MMSE

combining be successively updated using pilot signals

in which the amount of fluctuation is averaged in the

direction of the time axis in cases where the weighting

25 used for the MMSE combining is successively updated by

means of an adaptive algorithm.
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FP02-0183-00 spread synbols are transmtted by neans of a plurality of
sub-carriers with different frequencies, wherein this receiving apparatus

i ncl udes conbi ni ng means for perform ng MVBE conbi ning by nultipl yPAg-thé3-00
received 5 signals of the respective sub-carriers by weighting controlled
for each sub-carrier so that the nean square error between the signals

foll ow ng despreading and the signals that are actually transmtted is

m nim zed. Furthernore, in the receiving apparatus of the 10 present
invention, it is alBotesimedd,e than t hetkef ectmedtiraarnjeneansCieMAi mat e
the effects of propagation path fluctuations using pilot signals that are
used to esti natangwiop=igat | syspatth ¢hHf dheat Poesént dactersulioar riiér , iwr
information relating to the nunber of 15 rnultiplexed information channels,
or both. Furtdlexaoréesinabhe ré&beitvi ntheappaeagbhsing t lnenfredentmeaivent i on,
it is also desirable that the effect estimating neans estinmate the
propagati on patdcddsictalst i wrdate utke Weiigbtpowerfcancanineubofapgier

mul ti pl exed channels as the effects of propagation path fluctuations
utiliZ ng thewineens 08 kow atpriasis e@ﬁ‘i@l@l@wm BP| ¢hagi g ssid@lare used
to estimate propagation path information for each sub-carrier. Furthernore,
in the recei Vidig-apipsr adgspsradiagsappesent iHventsicmalist £Bafhl sare
desirabl e that the propagation path fluctuation val ues, noise power and 23
FP02- 0183- 00 aftffrerl it ANt e8&d i nf or mati on channel s be esti mated
utilizing information signals and pil ot signals that are used to eﬁi mat e
propagation path i ffGTHREERTeand tRat t hBSwei ghtt hy GREEL¢Br t HeP
abovenenti oned MVBE 5 conbi ni ng be c%cul at ed ltlsi.n t hese esti mat ed val ues.
Furt her nore, SHRRHE ST \/*T'Y@t%bp%f'a € BEeBRBLpIEYERCICPRvert oF 1t is

| desirable that th ff timati ti mat h ti
pat h 10 uct uath bn PR ANESHOF Sc oner (B BERGEEA S S0 br opadia0n pat h

fluctuations, with t.h\;e;lﬁgsti mat(ieoF bei ng Egr.%orr;ged ueti lhi zriu (':tapre J:Sei]gnal S
f(r)]:c L?%Pgogeﬁ%ﬁﬁjﬁgs %ﬁ:ﬁ:%? s B‘ﬁgr’? déed fgoeéngtei r?actg pr 0|toaga]f| onngath
i i - .

estimate the %n‘gg Hof 8?5%%111@(%%@%%% %E%?%@Fo%gc%%ﬁgeﬁﬁsé%%$ect of

propagation gpggi%al{' YGI UghioNg.e Wit B LN g stkgggircrﬁgnéei g@&é r el

utilizing in ion relating to the nunber tiplexed 1 nformation

channel s. Furg: i i A of the 20 present
itgﬂﬁ{ Sgchddeifsliatrﬁgla[@&ﬂli$9:?é}?§ﬁ?ﬁﬁ§d p

i nventi on, 1S a e that the propagation path fluctuation

val ugsg and noi se pqvl\ﬁrtl{éernposﬁté,nat eqdnusi ngnknf orgRi t pocsienals angbon | ot
signals that are used to estinmate propagation path information, that the

nunber of i nfgd@ﬂﬁbﬁi@”@gbieﬁe &6t iRt egraSeHsi NthddHtordpt i @8 red ating
to the nunber of nultiplexed informati on channels, and that the weighting
for MVBE also desirable that the weighting of the MMSE combining
be successively . updated by means of an adaptive
algorithm utilizing pilot signals that are used for the
20 successive updating of the weighting wused in MMSE
combining, so that the mean square error between the
signals prior to the reception FFT treatment and the
signals that are actually transmitted is minimized.
Furthermore, in the multi-carrier CDMA

25 transmission system of the present invention, it is

also desirable that the weighting control means

15



24 FP02-0183-00 conbi ni ng be cal cul ated using these estimated val ues.
Furthernore, in the receiving apparatus of the present invention, it is

al so desirable that the error estinmating neans estinmate the error FESRRQ18B-00
| east one 5 type of signal selected froma set consisting of pilot signals
used for the successive updating of the weighting, pilot signals utilized
as reference signals, pilot signals in which the anount of fluctuation is
averaged in the direction of the frequency axis, and 10 pilot signals in
whi ch the anaterefidd ugialaihDniad ayenaged i khichevedigr@dinipresf édenti ne
axis, as signals for estimating the error relative to the signals follow ng
despr eadi ng. duptdwermiye, om ttieer ebesvYsngodppahat us fdfedtde IEE present
invention, it is also desirable that the weighting of the abovenentioned
MVBE conbi ni ngdmageitcicrsspaehy fupdated by sare sidiapdt et lal gatiet hef f¢¢t i zi ng
pilot signals that are used for successive updating of the weighting used
in MMSE conbigitnignatsimg hadaride amdntRatsghar eedghdringetaseetr dlhemeamgmal s
foll ow ng despreading and the signals that are actually transmtted is

m ni M¥zed. Fuudersmiresly updete eteevivagghppapatfios cfadthesyresermtier
invention, it is also desirable that the 25 wei ghting used for MVSE

conbi ni ng be sucwesss vefy anpaatagd ivsi regl g iothrsi gmakbei bawhisclof hehanount
of 25 FP02-0183-00 fluctuation is averaged in the direction of the
frequency axierirar ceddgnatied ey Hdrevedind rep Liseat froy ReRNMVBE conbining i s
successi vely updated by neans of an adaptive algorithm 5 Furthernore, in
the recei vi ng appafatihesianfe pred@nt i Ahenti orUlEi-¢3rEI8H dest¥bl e t hat
t he meightiaﬁiused,fop MVBE conbi ni ng be successively updated using pil ot
signal s i n Wit SHe HrfRfuneYstem Rf uafiConPT8S &Rk A8 Ihe dfrektion of
the tine 10 axis in cases where the wei ghting used for the NNB%lcpnbining .

i s suessi vahpUusRRGRDYL fdits Gie af VR WY tHif welghting

used for MMSE combining be determined on the basis of

propagation path information estimated from pilot

signals used to estimate propagation path information,

and that the weighting be successively updated by means

15 of an adaptive algorithm on the basis of pilot signals
used for the successive updating of the weighting.

Furthermore, in  the multi-carrier CDMA

transmission system of the present invention, it is

also desirable that weighting information transmitting

20 means for transmitting, separately from the signals

that are actually transmitted, at least one type of

signal selected from a set consisting of pilot signals

used to estimate propagation path information for each

sub-carrier, information relating to the number of

25 multiplexed information channels, pilot signals

utilized as reference signals, pilot signals used for
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Furthernore, in the receiving apparatus of the present invention, it is

al so desirable that the 15 weighting control neans successively update the
wei ghting for each sub-carrier by nmeans of an adaptive al gorithmEBOERG183-00
the signals follow ng despreadi ng approach the signals that are actually
transmtted. Furthernore, in the receiving apparatus of the 20 present
invention, it is also desirable that the weighting control neans

successi vely update the weighting for each sub-carrier by neans of an
adapt i ve al gaiHd hincee ddiate tupriat ignal st priorwd g thimg e qeidtd tors FFTla X s eat nent
approach the signals that are actually 25 transmtted. Furthernore, in the
recei vi ng appayedd usn ofhé hee26ivikd02i 0283000 apeesering mhentamonynt tof s al so
desirabl e that the weighting of the MVBE conbi ning be successively updated
by nmeans of alwadapttiiven almgadrtid knnadtion nof piletfsegreadcy tdwis arandised f or
t he successive updating of 5 the weighting used in MVSBE conbi ni ng, so that
the mean squaridl cr roigrieel sveesed hensitgralreceriivingt ¢ itdee faat epte g AT
treatnment and the signals that are actually transmtted is mnimzed.

Furt hed nore, tile tdroureced i Ajuappatrdensiof thee didegptdoantof hbentiEre it is
al so desirable that the weighting control nmeans determne the initial

val ues of thexie ghie rij sprsechon sie daransitghinheskisi s of the effects of
t he propagation path fluctuations estimated by the effect estimating neans,
and that the wei ghtBurfhEsrmesifir ol Adans §hecesstveby-opBRtert he hti ng
for each sub-carrier by nmeans of an_adaptive algorithmon the basis of the
error esti mattethrimigrlasy r 6¥sEeR nf i ddeneBRes eRbr CHBISTr i nithets

recei ving apparatus of the 20 present invention, it is also desiraple that
the initial vaiiesdesiraRloerhAti R§2RSed Fort ISR IR % riFRHRF Het Y mi ned
on the basis of prggagat jon path information estinated from %i | ot signal s

used ¥® esti FHA pFBBagatt I Pt PR nfdeRatiSon, 2 nd S&fht ¥he 2¥PReiYhti ng be
;?fg?szg;ﬁgrggﬁgg%ngg¥egEg§?ég%g?gaag%@jegiéﬂéggﬂéhgkoﬂﬂgw%tg?ﬂéEOf
signals used to estimate propagation path information
for each sub-carrier, the number of multiplexed
information channels, and pilot signals utilized as
15 reference signals, be disposed on the transmitting side,
and that means for controlling by means of these
signals the weighting that is used in MMSE combining be
disposed on the receiving side.
The transmitting apparatus of the present
20 invention is a transmitting apparatus in a multi-
carrier CDMA transmission system in which information
symbols are duplicated and lined up in the direction of
the frequency axis, these duplicated information
symbols are multiplied by a spreading code in the
25 direction of the frequency axis, and the respective

spread symbols are transmitted by means of a plurality
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for the successive updating of the weighting. The nufti-channel CDVA

transm ssion nmethod of the present invention is a nufti-channel CDVA

transm ssion nmethod in which information synbols are duplicated ahBOB-PLB8dC0
up in the direction of the frequency axis, these duplicated information
synbols are nultiplied by a spreading code in the direction of the
frequency axis, and the respective spread synbols are transmtted by neans
of a plurality of sub-carriers with different 10 frequencies, wherein this
met hod conpr icses sabstoeyr riienshi wh thei ghffagesbnt foeanennptedn tHreFekRi vi ng
side control the weighting for each sub-carrier so that the sjignals

fol | owi ng desprieadi ngrapprbathng he sPgaaRSUShat 1@ Ug&sual IWRIFRRSAT t t ed,
and a step in which conbining 15 nmeans on the receiving side perform

conbi ni ng by imAaumsitiiany t K& ansdditid@dsi ghgPeSof EAEh SUERRHIFFE}By the

wei ghting for each sub-carrier controlled by the weighting contro]_ neans.
Furt her nore, Ieranalfaly chdfed COMA t rerA LS| ofhReG nefhBd ACHYRlb¥ esent
invention is a nufti-channel CDMA transm ssion nethod in which ipformation
synbol% are dupnTHideEhnE i headStpOPR thHeedite tiBR lorSURETe% y axis,
these duplicated information synbols are nu|ltiplied by a spreadjng code in
the directior® ofe$5 ?%%5%$Ehﬁﬁnéyfa?F%?tanﬁl?%£i§eéﬁ%¥*i58 §5%éﬁﬁg§?nbols

are transmtted by neans of lurality of sub-carriers 2 .
propggation paé%r)in ormgkion Egr eac s&%—carrler,

information relating to the number of multiplexed

information channels, pilot signals utilized as

10 reference signals, pilot signals used for the

successive updating of the weighting, pilot signals

used on the receiving side for averaging the amount of

fluctuation in the direction of the frequency axis, and

pilot signals used on the receiving side for averaging

15 the amount of fluctuation in the direction of the time
axis

Furthermore, the transmitting apparatus of the

present invention is a transmitting apparatus in a

multi-carrier CDMA transmission system in which

20 information symbols are duplicated and lined up in the

direction of the frequency axis, these duplicated

information symbols are multiplied by a spreading code

in the direction of the frequency axis, and the

respective spread symbols are transmitted by means of a

25 plurality of sub-carriers with different frequencies,

wherein, for the purpose of controlling the weighting
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FP02-0183-00 with different frequencies, wherein this nmethod conprises a
step in which effect estinmating neans on the receiving side estinate the
effects of the propagation path fluctuations to which the signal sFPhat0583-00
are actually transmtted are subjected while these signals travel to the
receiving side fromthe transmtting side, a step in which weighting
control neans on the receiving side control the weighting for each
sub-carrier on the basis of the effects of the 10 propagation path
fluctuations wsdd mived MMSE heorbirihgesttimet | hganemhstsngt regipateetiss gnal s
fol |l ow ng despreadi ng approach the signals that are actually transmtted,
and a step i nnticiescombans nfareahsanamiheéingeeisdpay aiadey pérbor mitoonbi ni ng
by multiplying the 15 received signals of each sub-carrier by the weighting
for each sub-icdfiorimerticont rdldred sy tdie wesagit | mpecortyrd menssignal
Furthernore, the multi-channel CDVA transm ssion nethod of the present
invention is selmdtted chiaomelh GBVA Xhairigrd sef oknaenhed Lok whidals
i nformati on synbols are duplicated and |lined up in the direction of the
frequédncy axissed Heseesluplaeat rEOPAgSE haRi BALByY ABSlsmatd opulfioplsadh by a
spreading code in the direction of the frequency axis, and the respective
spread synbolssip®agrd afrandhia t eRehreds Ul iRiaxad t WrfoRatirier s
with different frequencies, wherein this nethod 29 FP02-0183- 00 conpri ses
a step in whiderertlaot ed niileE mehnads t HE A di *F sitRE MGt e t he
effects of the propagation path fluctuations to which the signals that are
actual 'y trarfdnaléd are subjected while these 5 signals travel to the
receiving side fromthe transmtting side, a s%gg in m@%ﬁp error,_estimating
br th&t

means on the recei Viffy P ERY iR IR R P REEST e G P hat are
o onais 10" L8R Por HORE SSRm A hi e tor T o iR 5 Wi GPMG: ght | ng
cubs carrier G AHRRACE oF YERERer PhclBIBh (HEHOHA | X BRE R GRS mat ed
oot mat g meHR ey FRE S G TG R S Do e e

signal s that Al AU Lk bf ansildd ey, %g;%aacelﬁt ?P?iflerfﬁgi:ﬁQnC%Ml@ means

I
on the receiving Si perfof m conbi nin multiplying the received signals

?Lee\?v(e:ihg?]'ltjib;] sd IR P 1181 WY At 5PBe 281 58" cBREN 1 BURTGAIT I G Tt | ed by

15 the frequency axis, and the respective spread symbols
are transmitted by means of a plurality of sub-carriers
with different frequencies, wherein this receiving
apparatus includes weighting control means for
controlling the weighting for each sub-carrier so that

20 the signals following despreading approach the signals
that are actually transmitted, and combining means for
performing combining by multiplying the received
signals for each sub-carrier by the weighting for each
sub-carrier controlled by the weighting control means.

25 Furthermore, the receiving apparatus of the

present invention is a receiving apparatus in a multi-
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control neans. Furthernore, the nulti-channel CDVA. transm ssion method of
the present invention is a multi-channel CDMA transm ssion nethod in which
i nformation synbols are 25 duplicated and Iined up in the directigpogfotige-00
frequency axis, these duplicated information synbols 30 FP02-0183-00 are
multiplied by a spreading code in the direction of the frequency axis, and
the respective spread synbols are transmtted by neans of a plurality of
sub-carriers with different frequencies, wherein this nethod 5 conprises a
step i n whi chcarfiosr eSDMARtHrah STEARS 00N § Vet decehViwig i denesthaeient he
error between the signals that are actually transmtted and the signals
foll owi ng despmadi 102 10m digel bhastsd ddndi girvdd wseth fitie tdierest iomtdHN  of
this error, a step in which weighting 10 control nmeans on the receiving
side control tthe wErghtiengyf oraxdach stbesar ridep ldrcattleel baknSoxfiat henerr or
estimated by the error estimating neans so that the signals follow ng
despreadi ng apprmaich tare simgddliplikdt hye actaraldaditransoidet edln arlde a st ep
i n which 15 conbi ni ng means on the receiving side perform conbining by

mul ti pbyi ng tderectivedfsi gnal Srefueacty sakisar rdrst bhet heeswéghiveg for
each sub-carrier controlled by the weighting control nmeans. Furthernore, in
the nul ti-chamreadCONoOL s ranentsshsnlktedodyomeens miesermplurakhtyon, it
is also desirable that the effect estimating nmeans estimate the effects of
propagati on pf h subreadatiiedss wiithg giféerspgnafsegnenches, usdereinsti nat e
propagation path information for each sub-carrier, or 25 information
relating to tHeShums&Ee IO PPPREREYSI nLBEHEERSN ShERREI seS¥ et in the
step in which the 32 FP0O2- 0183- 00 abovenentioned effects are estinated.
Furt her nor e, §#tshe TREI tSeHRAMRETI OISR t PARRRTEsiVN FBENRFWAIHEL R esent

the. prbpagat Gt Thar i1 SRA GtEon Al UBBLCho SoepoRdendid N gtre
the s\ gnal's FOTIHATY CEOPTESEIH 8R0 BPPSECErnare (iedd oy coimine -
prOpagationl%%J%éfﬁégwgﬁé(¥Egé¥vf¥gﬁgfﬁg)from the transmitting side,
weighting cantrol means for controlling the weighting
of each sub-carrier on the basis of the effects of the
15 propagation path fluctuations estimated by the effect
estimating means SO that the signals following
despreading approach the signals that are actually
transmitted, and combining means for performing
combining by multiplying the received signals of the
20 respective sub-carriers by the welghting for each sub-
carrier controlled by the weighting control means.
Furthermore, the receiving apparatus of the
present invention is a receiving apparatus in a multi-
carrier CDMA transmission system in which information

25 symbols are duplicated and lined up in the direction of

the frequency axis, these duplicated information

20



10 carrier in the step in which the effects are estimated. Furthernore, in
the multi-channel CDMA transm ssion nethod of the present invention, it is

al so desirable that the effect estimating nmeans estimte the propEgag+ons83-00
path fluctuation values and 15 noi se power as effects of propagation path
fluctuations, wth this estimtion being perforned utilizing the signals
foll ow ng despreading and pilot signals that are used to estinmate

propagation path information for each sub-carrier, and that the effect

estimating NMeapsH A% eslremahalthelaeabepy ofa medrepladxed coier mathi orhehannel s
as an effect of propagation path fluctuations, with this estimtion being
performed utidizZddididmf eEmethe®n frel@icnty taxibe rambethef medpeqt exed

i nformation channels, in the step in which the abovenentioned 25 effects
are esti mat eGspdadd hepises anet beanuht tteabyemeGhEA 3?2 a FRO22D18B- 00
transm ssion nethod of the present invention, it is also desirable that the
error estimatdmg spansredidmat githe difderastngfaeéqheasiesne wygeeid si gnal
selected froma set consisting of pilot signals used for the 5 successive
updat isig of titel sweirgitdinvg ngpi kppasiegual sintihdeed affeef eresicinstgpal s,
pilot signals in which the anmount of fluctuation is averaged in the

di rection of .madres f fequersyimetng ardiepi eéfestgnal ithewwkrradt bemunt of
fluctuation is averaged in the direction of 10 the tinme axis, as signals
for estimatimpithe Bluotualensveteoo whéchi githles fsdldnadisng destpr 2% ng i n
the step in which the error is estimated. Furthernore, in the nulti-channel
CDMA transni ssttore ey hovansni heedr asensupdeshedonnile jhese oF5gnaksirabl e
t hat the weighting control neans successively update the weighting for each
sub-carrier Byraieahstofthe REETVRI a3 5% i FFOR | Fhe Her 2R ep! Fhidhi Hthe

wei ghting is controlled, so that that the sjgnals follown gss r eadi ng
appr odth t he &7kmal &St Heat e BRRRE 1 1RY | 55 HithsiRY t B ‘F’Eﬁ‘?’ﬁ ¥eS1in the

mul ti -channel CDMVA transm ssion net hod of e esent .invention, it is also
desirabl e t hadth® hes M@ i iidadoneré ﬁ&gHéﬁé{c%@Pé@Ffztﬁ dafBd; hEhe

! re SRERE BRI RY ZaRkTRaNY S TR BRSPS e
used for the estimation of this error, weighting
control means for controlling the weighting of each

15 sub-carrier on the basis of the effects of the
propagation path fluctuations estimated by the effect
estimating means and the error estimated by the error
estimating means so that the signals following
despreading approach the signals that are actually

20 transmitted, and combining means for performing
combining by multiplying the received signals of the
respective sub-carriers by the weighting for each sub-
carrier controlled by the weighting control means.

Furthermore, the receiving apparatus of the
25 present invention is a receiving apparatus in a multi-

carrier CDMA transmission system in which information
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FP02-0183-00 prior to the reception FFT treatnent approach the signals that
are actually transmtted. Furthernore, in the nmulti-channel CDVA
transm ssion nmethod of the present invention, it is 5 also desirabpPe2+dag3-00
t he weighting control neans determine the initial values of the weighting
for each sub-carrier on the basis of the effects of the propagation path
fluctuations estinated by the effect estinmating neans, and that the
wei ghting control nmeans 10 successively update the weighting for each
sub-carrier hymans Hfe apidapiise algaridddngn imetlhasiisraftidre efror
estimated by the error estimating neans, in the step in which the weighting
is control | ecchdur thegenhey i axilg mithésehadoell icBMAALS tnZomgwm siemn
nmet hod of the present invention, it is also desirable that the nethod
include a st eprigbMhi elret heudeightiedg bpf oa medreradimansetiei ngnmedss on t he
transmtting side transmts, separately fromthe signals that are actually
transmtted, @ird@aisdn on€ 26hé¢ yfecafuesioynabxsel edretl them zesggcitbmsi sting
of pilot signals used to estimate propagation path information for each
sub-cagrier, dgfaddresymivolel atengransnhetadnber refansulaf @ exkbara hioy mati on
channel's, pilot signals utilized as reference signals, pilot signals 25
used for the sficeedsicssr nipdat | wgtdf théfeeeght i Agedpeneies; gridtesreased on
the receiving side for averagi ng 34 FP02-0183-00 the anmount of |
fluctuation ithishe mheeiting ofPRawafrequiareiudss s, CBFRK pi $DE LRI AP s used
on the receiving side for averaging the amount of fluctuation in_the
direction of mdmns fer «sBinsting sher terFor thrtyeekehie i vt Hnthat
plurality of information channels can be nultiglexed ang trgnifitted by
per forni ng MBE c@fiud g i FEamsed G r 886 vEBesi §haPeidf t1he ?%sPecti ve
sub-carriers are multiplied by a weighting controlled for eafh sup 10

fo

carriEd so t RESRIRAGARM Puardreer PGS Iset Wden StAB2LEgnEFEYs of PHwi NS

despreadi ng and the signals that are actuall mngreq is mnipized.

t

Accordi ngly, $3tEaeomhefe e i?ﬁ‘b‘?%’at?"%ﬁgﬁﬁéﬁagl%g & mitT4 1 eX@d by

I tiplyi th h el tual.ly. orth |, 15 k d in th
(T equonty di redt iRl L1he ePFectatiVite PR G ontl FhRat oY Shetibed
bet th |t pl i nf ti |
or thogonal | t WHbt b8t (e <HF Bahi g teoacsther g Hee sty 5 et W ect s of
th ti th 0 th ! i | ;
(he proasatLon palhogan e 20 teducadytn e prgsoniy | nueihsoleiag vas
respegg! ve su%? 5&&?&%%&&1‘51&%1‘15@ §88 Qﬁt??ﬂ%?oﬁﬁﬂsﬂ@t@@@ ophbat e

val ues™in accordanceé wt propagat i on pat uctuations so that the nean
square error 9@&&@@9néhﬁe§ﬁ9n§$§ ol kowh Dgdeshk eadhydpandul hep8oing
the received signals of the respective sub-carriers by
the weighting for each sub-carrier controlled by the
weighting control means.

20 Furthermore, the receiving apparatus of the
present invention is a receiving apparatus in a multi-
carrier CDMA transmission system in which information
symbols are duplicated and lined up in the direction of
the frequency axis, these duplicated information

25 symbols are multiplied by a spreading code in the

direction of the frequency axis, and the respective
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FP02-0183-00 signals that are actually transmtted is mnimzed in a
multi-carrier CDVA transm ssion nmethod. Accordingly, the destruction of the
orthogonal ity between the spreadi ng codes can be conpensated for WAPEeOLR&-00
noi se 5 anplitude follow ng weighting multiplication is suppressed, so that
an effect hat inproves the signal transm ssion characteristics is obtained.
The present invention wll becone nore fully understood fromthe detail ed
description given 10 herei nbel ow and the acconpanyi ng draw ngs which are

gi ven by way s¥¥rddd uspiiadionapal yraasdithad ayemeanst @ fbhe qohstalkitd as
limting the present invention. Further scope of applicability of the
present inverdf omubi-ldarhdcorse appar edi ffeoenthefdeqa¢hededs deserépri on

gi ven hereinafter. However, it should be understood that the detailed
descri ption aidspeecéiviegamppesatms |ndhiieat cogbpnéher rednsnboell nent s

of the invention, are given by way of illustration only, since various
changes and ot fameEitrion¥MBEt Isiombtimg ngpiky t nuhtipdyseepdhef xeeeiv®@ntion
wi |l becone apparent to those skilled in the art fromthis detail ed

description. BrgreflDesdri pheorrefPTRhgSUR-garrieysa BYadiekdBbieh shows

an exanpl e Ofcotnhteroclolnscg rfu(;:; Iggckgfséglfcég:?fesrm stct> Iplgat?pé)l’?é antlgasn qul?arrrgl t
error between the signals following despreading and the
signals that are actually transmitted is minimized.

Furthermore, in the receiving apparatus of the

10 present invention, it is also desirable that the effect
estimating means estimate the effects of propagation
path fluctuations using pilot signals that are used to
estimate propagation path information for each sub-
carrier, or information relating to the number of

15 multiplexed information channels, or both.

Furthermore, 1in the receiving apparatus of the
present invention, it is also desirable that the effect
estimating means estimate the propagation path
fluctuation values, noise power and number of

20 multiplexed channels as the effects of propagation path
fluctuations utilizing the signals following
despreading and pilot signals that are used to estimate
propagation path information for each sub-carrier.

Furthermore, in the receiving apparatus of the

25 present invention, it 1is also desirable that the

propagation path fluctuation values, noise power and
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25 carrier CDMA transm ssion system constructed according to an enbodi nent
of the present invention; 36 FPO2-0183-00 Fig. 2 is a diagram which shows
an exanple of the construction of the receiving apparatus of a nuFPP2aPiBar00
CDMA transm ssion system constructed according to an enbodi ment of the
present invention; 5 Fig. 3 is a block diagramwhich shows a construction
used to estimate propagation path fluctuation values or the like in the
transmtting apparatus; Fig. 4 is a diagramwhich shows one exanple of 10
the transni ssiumbefroramtmudft i leotedsi igrfal naisierh tahaastd Imtee prapiaeEitdédn pat h
fluctuation values or the like; Fig. 5 is a block diagram which shows a
const ruct i on utsdd #imesinfarvapiopagsitdrenl pachdliP flafkct gdonassvaihats or the
like in the transmtting apparatus; Fig. 6 is a diagramwhich shows one
exanpl e of tlerd navedn ssi estinahat PoPPpUR6Losi gadhs lnfegmad 193t/ ek
propagation path fluctuation values or the 20 like; Fig. 7 is a block

di agr am whi clthstiowsha otaisghiuing otsgsedfep dde nabevprephganren Mhih
fluctuation values or the like in the transmtting apparatus; 25 Fig. 8 is
a di adr am whiasmbsihgweg drfe eadaidlatast uHard ridras & oimatrdmta Biedi | ot

signal s used to 37 .
Furthermore, in the receiving apparatus of the

present invention, it is also desirable that the effect
estimating means estimate the propagation path
fluctuation values and noise power as effects of
10 propagation path fluctuations, with this estimation
being performed utilizing the signals following
despreading and pilot signals used to estimate
propagation path information for each sub-carrier, and
that the effect estimating means estimate the number of
15 multiplexed 4information channels as an effect of
propagation path fluctuations, with this estimation
being performed utilizihq information relating to the

number of multiplexed information channels.
Furthermore, in the receiving apparatus of the
20 present invention, it is also desirable that the
propagation path fluctuation values and ncise power be
estimated using information signals and pilot signals
that are used to estimate propagation path information,
that the number of information channels be estimated
25 using information relating to the number of multiplexed

information channels, and that the weighting for MMSE
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FP02-0183-00 estimate propagation path fluctuation values or the like; Fig.

9 is a block diagramwhich shows a construction used to indicate the nunber
of multiplexed 5 information channels in the transmtting apparatBEB02F0#83-00
10 is a block diagram which shows a construction used for successive

updating of the weighting in the transmtting apparatus; Fig. 11 is a

di agram whi ch shows one exanple of 10 the transm ssion format of pil ot
signals used to update the weighting; Fig. 12 is a block diagram which

shows a constddiidirih¢/'sad dd1 culcasal Wieirey piléde Sd gnalstasethfeesti mat e
propagation path fluctuation values or the 15 like and pilot signals used

to update the wei ghtimtea® s, Muihangruskyceianagi tdmshratudieotr artsani tting
apparatus; Fig. 13 is a diagram which shows one exanple of the transm ssion
format used igresdiaseimheieiqi) oit 20sskgsal seudedbile adtatnetie peapagat i on
path fluctuation values or the |ike and pilot signals used to update the
wei ghti ng ar e imdtaneausdys t eansmate etdheFiegrot4 using letocleak tagraen whi ch
shows a construction used to cal culate the weighting fromthe 25 estinated
val uess of t hecyweopaf)aslgmapasbléttieudtonnavaletescarsitdang kel ipi tdie

recei ving apparatus; 38 FP02-0183-00 Fig. 15 is a block diagram which
shows a constgiuptdlon uszedf ofosuctbssi vacapdativieg ofpdaiidngei ght | ighé n t he
recei ving apparatus; Fig. 16 is a bl ock diagram which shows a 5

const ruct i on wesisghtfiorg s yricests i sdgngpdatithigl bed hes wed igenee B19131 Hig
signals prior to the reception FFT treatnment in the receiving apparatus;
Fig. 17 is amilock diggram wit chhégbwsthe c@ﬁl@ﬂm@ct@%nf&sléautagleant%l t he

wei ghting usin ilot 10 signals used to estimate propagation path
f|ugtuat?on aé£§gged in tﬁ% direction of the frgqugngy aXlSe and

10 pilot signals in which the amount of fluctuation is
averaged in the direction of the time axis, as Signals
for estimating the error relative to the signals
following despreading.

Furthermore, in the receiving apparatus of the

15 present invention, it is also desirable that the
weighting of the abovementioned MMSE combining be
successively updated by an adaptive algorithm utilizing
pilot signals that are used for successive updating of
the weighting used in MMSE combining, so that the mean

20 square error between the signals following despreading
and the signals that are actually transmitted 1is
minimized.

Furthermore, in the receiving apparatus of the
present invention, it is also desirable that the

25 weighting used for MMSE combining be successively

updated using pilot signals in which the amount of

25




values or the |like and pilot signals used for updating of the weighting in
the receiving part; Fig. 18 is a bl ock diagram which shows a construction
used to control the weighting using pilot 15 signals that are aveFagedOip3-00
the frequency direction; Fig. 19 is a block diagram which shows a
construction used to control the weighting using pilot signals that are
averaged in the time direction; Fig. 20a is a diagram which shows the
conditions 20 of despreading of the nulti-carrier CDVA received signals;
Fig. 20b is aidiagramori cis shoveragedcondi ticbes ofi reedposadiafy ofhe he

mul ti-carrier CDVA received signals; 25 Fig. 2la is a di agram which shows
the conditi orxreafuerriyhakhyg iim sedsear wherecdits nvegghBing Bpe2- 0f®3- 00
Fig. 21b is a diagram which shows the conditions of weighting in
sub-carrier condi NM3g, ceinpindhy iis suticagrsimaly alpdsiods hénesrdi ¥ ons of
wei ghting in sub-carrier conmbining; 5 Fig. 21d is a diagram which shows the
copdltlons(ﬁanmﬂqﬁpﬁﬂupiaﬂqnﬁitﬁmrier conbining; Fig. 22 is a diagram

whi ch shows a mufti-channel CDMA transm ssion nethod according to an

errPo_diErrﬁnt o:‘ t he pheddrarmanent inn:the Fpgeiyanps aPRAERFSM ®hi cH®hows a
muf t1 - channe
present invention, it 1is also desirable that the

weighting used for MMSE combining be successively
updated using pilot signals in which the amount of
fluctuation is averaged in the direction of the time
10 axis in cases where the weighting used for the MMSE
combining is successively updated by means of an
adaptive algorithm.
Furthermore, in the receiving apparatus of the
present invention, it 1is also desirable that the
15 weighting control means successively update the
weighting for each sub-carrier by means of an adaptive
algorithm so that the signals following despreading
approach the signals that are actually transmitted.
Furthermore, in the receiving apparatus of the
20 present invention, it is also desirable that the
weighting control means successively update the
weighting for each sub-carrier by means of an adaptive
algorithm so that the signals prior to the reception
FFT treatment approach the signals that are actually
25 transmitted.

Furthermore, in the receiving apparatus of the
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CDVA transm ssion nethod according to an enbodi mrent of the present

I nvention; and Fig. 24 is a diagram which shows a nufti-channel CDVA
transm ssi on met hod according to an enbodi nent of 15 the present FRO8nPL8A-00
Best Mdde for Carrying Qut the Invention Next, enbodinments of the present

i nvention will be described with reference to the attached figures.
Furthernore, in the respective figures referred to in 20 the follow ng
description, parts that are the sane as parts in other figures are | abel ed
with the sanemasdd s.idvedthieorenboidi meid s ofse hedgsosante | nvedit i obhef or
exanpl e, the met hods of ORC (orthogonality restoring 25 conbining), MC
(maxi mum r at ive isyintimg nof |, tHECCINSR) Uedmiyl E ovi 1 FepS akde MVBETIY *Ri mum
mean square error 40 FP02-0183-00 conbi ning) in "Design and Performance
of Multicarriey GRMRSystfemain Edenténey- Sépesithm Ra’ylrgl-@hn@aoﬁhbo

Channel s" (S. Hara et al., |EEE Transactions on Vehicul ar Technol og pp.
1584- 1595, ‘Wﬁlgnﬁﬂshbhas are used for the successive updating ¥

5 the weighting used in MMSE combining, so that the mean

square error between the signals prior to the reception

FFT treatment and the signals that are actually
transmitted is minimized.

Furthermore, in the receiving apparatus of the

10 present invention, it is also desirable that the

weighting control means determine the initial values of

the weighting for each sub-carrier on the basis of the

effects of the propagation path fluctuations estimated

by the effect estimating means, and that the weighting

15 control means successively update the weighting for

each sub-carrier by means of an adaptive algorithm on

the basis of the error estimated by the error

estimating means.

Furthermore, in the receiving apparatus of the

20 present invention, it 1is also desirable that the

initial values of the weighting used for MMSE combining

be determined on the ©basis of propagation path

information estimated from pilot signals wused to

estimate propagation path information, and that the

25 weighting be successively updated by means of an

adaptive algorithm on the basis of pilot signals used
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5 Septenber 1999 (hereafter referred to as "Reference A") are indicated as
control nethods for the weighting by which the received signals of the
respective subcarriers are nultiplied. In past studies, e. g., inFReEePéfAge00
A mentioned 10 above, it has been considered that values such as the
propagation path fluctuation values of the respective sub-carriers, the

noi se power, the nunber of nultiplexed informati on channels and the |ike
are known on the receiving side. Furthernore, in the paper 15 titled "On

t he Perfor mnegs afhdifiatesdiRetigmdd oimd eshintlgeiese fglrt @RDM CDMVA i n Fadi ng
Channel s" (Stefan Kaiser, 1995 | EEE d obal Tel ecommuni cati ons Conference),
standard opti mal valHeesudtiaiarecthrinl reMzadi men dinies siorbere dfodt gt e wit h
the maxi mum nunber of channels 20 that can be nultiplexed or the |ike are
used. Accor dig¥sentt hateettasohesa nomuldvestdhgatniedn GMAret hrotkmission

cal cul ating an optimal weighting by actually estimating these val ues.

Furt her nor e, matdtdeerimewhbdhf anfoontakobhi symbled s25ngeidpnliinptied MVBEC i s
(for exanple) a nethod in which the weighting is successively updated by
neans Hf an 4linedRiR- (M 8Bhe0dadaption alfgdiiet HineIHaNGEs AN /(| €38%€ nean
square), RLS (recursive |east sqééres) or the like, so that the meighting
has an opt i medupdal amstedtorinSams on hisymbe lfes @ricpeBul fiPEeHogBHal

mul ticarrier techniques 5 applied to direct sequence CDVA systens! (A
Chouly et al .spreodinEReod obll thel digemidiotatqodd ot et tFeafter
referred to as "Reference B"). In past studies, e. g., inth Rg{g%ence B,

i nvest i gat i orehhatbebeasRAG HoreredP a8 HmiHFRITi BFEnd PG teg | B% pil ot
signals with a length sufficient, for the %Edating of thg meiggiing 0 be
obt ai ned on tHRaRBCEyi Ag RHUFE L e 8 hallHedt et fiv¥dtPgatt bhbF het hods

o1 1 G161 gnal SEXRURERS $ 1 PRREFGR S thfal ECERICS AT (RoSE S GRAl's on
communt cat | o F 8ol ERR 1on GORREPE PR ooPnal bl FEC S A 8° 0T 1 i ent
vl 0) packit L ahshes MR ERENEngr RorE Ty o OF RRas < ool oel g Bt Rer

R Prasad, DOLERETS 1667 VEEes SR EEAAR g dPRECELE Ehe EMia LS hBE OTe

in 25 additi Lgahgon)
in addi tion_t oegig %f%xr}%%fgge&ﬂ% CEs££@Nt f 04k 86 egbabi 2 @hiyon)

M_SE and technlqua
15 means on the receiving side perform combining by

multiplying the received signals of each sub~-carrier by

the weighting for each sub-carrier controlled by the
weighting control means.

Furthermore, the multi-channel CDMA transmission

20 method of the present invention is a multi-channel CDMA

transmission method in which information symbols are

duplicated and lined up in the direction of the

frequency axis, these duplicated information symbols

are multiplied by a spreading code in the direction of

25 the frequency axis, and the respective spread symbols

are transmitted by means of a plurality of sub-carriers
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FP02-0183-00 respecti ve conbi ni ng nmet hods are described. Furthernore,
references that disclose adaptive algorithmtechni ques include "Adaptive
Filter Theory, Third Edition" (S. Haykin, 1996, PRENTICE HALL); hEP@2-8183-00
addition to typical adaptive algorithms (LMS, RLS), steepest descent
algorithns, |east squares algorithns and the |like are al so described. The
conbi ni ng net hods and adaptive al gorithnms described in the references can
be appropriately used 10 in the present enbodinments. Fig. 1 is a block

di agr am whi cly,i$hows gengceshedi nBrdqénd hes | r andwrirtetinng Appar atnesthad t he

mul ticarrier CDVA transm ssion system of the present invention. As is shown
inthis figur@mnghiedolhowitey 1in twhbshi tefifregtappat atasing mesnsl (@d for
each of the following types of signals: i. e., signals of infornmation
channel s #1 tdHoOUughe#®ivihy Chsate t kestsingriad s that eféetbsbe ofr ansmétt ed,
pil ot signals used for updating of the weighting, and pilot signals used 20
to estimate prapagaition petth filuctuetiomy ataesiiorh tite |9 kanalspehdtcal |y,
the transmtting apparatus is constructed so that this apparatus includes
an i nformat i aresymduagdner ariengmidtiedl- 2reansebiectedr reeilon @RI ng
part 1-2, a data nodulating part 1 25 3, a series-parallel conversion part

| -4, synbol duipjrialati ngrpaels Ito7, bhepr eatesivimal gehee at ifA§Tparthas
FP02-0183-00 1-8, an insertion part 1-5A for pilot signals used to estinmate
propagat i on patdndiidctirag i ehdeal wessbept He | vhich aeil GEEANGorCPRFTO -6 for
pilot signals used to ugdate the weighting, nmultipliers l-a, and g

conbi ning 5 pesansl-q0 the Fiepedivdng thide t RRNFESpeltPv s The i o
channel s. Furthernore, a conbining gart 1-11 fgr he rﬁﬁgectiv% i nf or mat i on
channel s and gidlot sybgRarsies AeqhbfcyPasife € n\%%esi% BaF ¢ °F 1-12
and a guard interval insertion part 1-13 are installed in _commpp.10 for the
si gnal® of tm¥QHﬁQﬁ¢ﬁﬁmoHaEHaﬁﬁ&9¥Wﬁf%99ﬁnﬁﬁF%Wﬁt?%ebﬁﬂﬁﬁes?gﬁ%fg used
to update the wejghting, and the pilot signals used to.esti agation
path fluctuatsoniNalirg ofeeRe IiEE%. E'Iv'/‘l}j‘faé:ove*fr,‘ethglgllj‘t‘_ﬁf}ﬁt £81 FoRIRg

despreading approach the signals that are actually
transmitted, and a step in which combining means on the
receiving side perform combining by multiplying the
15 received signals of each sub-carrier by the weighting
for each sub-carrier controlled by the weighting

control means.
Furthermore, the multi-channel CDMA transmission
method of the present invention is a multi-channel CDMA
20 transmission method in which information symbols are
duplicated and lined wup 1in the direction of the
frequency axis, these duplicated information symbols
are multiplied by a spreading code in the direction of
the frequency axis, and the respective spread symbols
25 are transmitted by means of a plurality of sub-carriers

with different frequencies, wherein this method
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of the guard interval insertion part 1-13 constitutes 15 the transmtted
signal. In such a construction, information synbols that are generated by
the information synbol generating part 1-1 corresponding to the r&speedil8&-00
i nformation channels are subjected to a certain specified error 20
correction encoding such as (for exanple) turbo encoding in the error
correction encoding part 1-2 in order to allow error correction decoding on
the side of the receiving apparatus. Furthernore, in the data nodul ati ng
part 1-3, a spagdfiad dat auepdulat vah cBUKE 2 @set tia exagpheRn@PSkh
(quadrature phase shift keying) nodulation is perfornmed. the information
synbol 44 RRQ2- 0+ 83e DPingquences igstinate t hehdat affiastbeerm oduhat ed are
subjected to a series-parallel conversion in the series-parallel conversion
part 1-4 in gpadocidmnsaii £yt tuat idys ofo syimboh stisé nsd gembopushyt The 5
respective synbols that have been subjected to this series-parallel

conver si on argrglupldtaatldd; a tmamseri tafedt | mee t Babjesteduavhibet hehepe eadi ng
period of the spreading code in a plurality of synbol duplicating parts
1-7. The respendnaks dupkbvated wynbbhs armedkOivimia i psidd byEropy eatsi gnal s
corresponding to the respective information channels in the nultipliers

1-9. These spremussignine aridegenar atted i hnt e 5Pr egdrorgnd t yeaktadi ng
part 1-8. After the signals of the respective information channels have
been nul ti pl exexhs 16nt hhesicgraiyiage sécevastddahp tihe feHRenetveae
conversion part (IFFT) to produce nufti-carrier CDVA si %nal s, and the

spread par al |8he setjugsies sitdiidl s 2dfe BCANSHLYt e8TBYSPAETREspeRE vERe

sub-carrier frequencies. In the nufti-carrier CDVA signals that ar e 20
actual |y transhdnaksl, fghapdingt seppreasiad er £ PGS 1€actt sYhBBR-Fn or der
to reduce the effects of interference hetween synbols in_signals that

arrivkOon t he1sedef®f the PEEAMSTAGlappartdtds SIS 1fei WFERetAyEa 6y t he

effects of nufti-path propagation. 25 In e transm.tting apparatus,of such
a nulticarri éfemﬁé&?gaﬁgﬁitggﬁoﬁ‘%%o%? ggeoﬁgcgr}g&&igrre%%)ncﬂ% £ol

the weighting for each sub-carrier on the basis of the
effects of the propagation path estimated by the effect
estimating means and the error estimated by the error

15 estimating means so that the signals following
despreading approach the signals that are actually
transmitted, and a step in which combining means on the
receiving side perform combining by multiplying the
received signals of each sub-carrier by the welghting

20 for each sub-carrier controlled by the weighting
control means.

Furthermore, the multi-channel CDMA transmission
method of the present invention is a multi-channel CDMA
transmission method in which information symbols are

25 duplicated and 1lined wup in the direction of the

frequency axis, these duplicated information symbols
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FP02-0183-00 the present invention, a construction in which pilot signals
used to estimate propagation path fluctuation values or the like are
inserted into the information signals is shown in Fig. 1 as the FP02-0183-00
construction that is 5 necessary in order to estimate the propagation path
fluctuation values or the like that are utilized to cal cul ate the weighting
for each sub-carrier. The pilot signhals used to estimate propagati on path
fluctuation values or the like are signals in which the 10 anplitude,

phase, patterayeangh i llidde By ea kepnwoad@ing heodedenofthiehel irewei Mm@ £
apparatus. Using these signals, the receiving apparatus can estimate the
val ues of thehy opagalidndy pakhsf | ucidiatheonsespethevei lsprieadns wibd he
transmtted signals are subjected on the propagati on 15 path. Furthernore,
the pilot signal & rsethitrees tdyrateany apagatd lonr giaitty fd uctuatdaor et sies or
the like may have a construction in which individual pilot signals are
inserted intoigdch dhfoermahion Thapmeticios, mayhleanedna cohssr ugte@dmd n whi ch
a comon pilot signal is 20 inserted into all of the information channels.
Thi s énbodi mertmpaiildeshe desg ilvedvhichyresstasr aitiaidting arearRuratheitdre, in
Fig. 1, as one exanple of an enbodinent in the present invention, a
constructi on decadhiicty pilde esghmbseuddd terxprabetvhenwdibghts Fdpake 25
inserted into the information signals is indicated as the construction that
i s necessary tintoradesr aasysdrifwrimasemi tHeEsp-guB 310D shaneelss| el Wyiatd ng of
the wei ghting by neans of an adaptive algorithm The pilot signals used to
updat e the wslestarsii®e $ngn&hs i RaghSchofheSAFPRLfudesePnaker pdtgern and
the |like are knowmn on the side of the 5 receiving,apﬁgna%us. ;ﬁin t hese
signal s, the edd@aliify appardtifs BARCEst idafESPhelTer MBECBet Y9 si gnal s
foll owi ng despreading and the sigpals that .are actyally transmtted, and
can diftcessi VENERAIdat®ae WoR ghtfg FSFeéé{&ﬁgsuﬁ-l%rricé’rﬂﬂif%a €of an

adaptive 10 algorithm Furthernopre, .the pilot signals used to update the
wei ghti ng may'Hdid- % oASEr u%?&gn %%‘m%}‘%lﬁqdﬁ}i dﬁé? 353° ngna Care

' ted int h informati hannel (on i -
bi 1ot oi gnal G0 GmserEEtRTRY oD LE BT THE oo FOY HeEs ofi SRl sothi o
mbodi ment wi |l be, desgcri in. Ll . th
constr uct i on Wi° CTASTEEE Ot S BrCerEatEhve shbdorett f harefs 1

mul ti - car ri erc (VA LLansil 31 00 SUShEm Al ddie BHASERt JURent hon.h seighown 20
1g. "2, t v u

in Fig. 2. In e recetving apparatus Is constructed so that this

apparsat us i ng ; )ﬂg}@ td ey o 21 hgydasdr 5km Soflbtak thd nt er val
rermvlggi part 2- %alq}qsrre- rseqdulgnn%ge iryonversiogﬁ part%gFrFT) %-3, a 25 éspread

si gnal g.enerfﬁyt '?rél]]p@irﬁlf{rfb il tidld BF i 2 Byn A Pt n esip-@dd Nler

propagation path fluctuation val ues 47.
by the weighting for each sub-carrier controlled by the

weighting control means.

Furthermore, in the multi-channel CDMA
20 transmission method of the present invention, it 1is
also desirable that the effect estimating means
estimate the effects of propagation path fluctuations
using pilot signals that are used to estimate
propagation path information for each sub-carrier, br

25 information relating to the number of multiplexed

information channels, or both, in the step in which the
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FP02-0183-00 or the like (effect estimating neans) 2-6, an error estinmating
part (error estimating neans) 2-7, a part for controlling the weighting of
each sub-carrier (weighting control neans) 2-8, nultipliers 2-9, BPB2S9IBBF00
conbining part 2-10, a parallel-series conversion part 2-11, a data

denodul ating part 2-12, an error correction decoding part 2-13, and an

i nformati on synbol restoring part 2-14. On the side of the receiving
apparatus 10 constructed as descri bed above, after the synchroni zation of
the symbol tiHigdag kern estabitishad bsdhetssdbol tim ng synchroni zi ng
part 2-1, the guard intervals are renoved by the guard interval renova

part 2-2, and the sigtdlesmre,sepaiated theo 1lomikspechangesub- CEDMA er
frequency conponents by the tine-frequency conversion part 2-3. Then, in
the same mann&faramiigsildie abevedensf ongd tprasshtt iingreappamst usk sps ead
signals corresponding to the respective information channels are nultiplied
by the multiglisys @9s2rSbda t hdatr eqilencyeffest Thetdrspriegd siepras s are
generated by the spread signal generating part 2-4. Furthernore, a

wei ghtg ng whiegdt iins teontiHeldmspammttiat gaieh ndanc tstptaren eralrehetiveese t he
signals foll ow ng despreading and the signal that are actually 25
transmtted igowdmiandetunisenubfi phileédpbyxede cimanmiedlsi erss L fEctmdet
conbining is performed across the 48 FP02-0183-00 spreading period in the
synbol conbi mrupazartich 1@atdo fhactuhéisingnahsipirdngt otBer edbI®R @r e
restored. The restored signals are subjected to parallel-series conversion
by the paral |fllseriras cdasprepdingar @ngl 1 RiBandsagBalfen IS5 ected to
data denodul ati on by the data denodul ating part 2-12 and error correction
decodi ng by te¢mtimats SscpegeitdendeBalng pRMILHA 4d t RBCRr PN t t ed
information signals are restored jn. the information synbol restoring part
2-14.1000 Fur t(¢riHdER, it HEOWHRR Bt WHEharhe 2Ee0TS 51 % nad FHIA T e
propagation path fluctuation values or the |like agd,the outEut q%mﬁge error
estimating part 27 BFERSARAfed by Ithe wePGhti nBUtbhTFBRPEFt 2- r each

sub-carrier, thus producing the weighting that is 15 multiplied,_in,the
mljl tipli Iers Zt@éjangﬂrqqu?l{m%@tgﬁg a‘lﬁgeﬁ%‘I ’r?pgl BrSFe%ﬁe Jenr?ﬁ%]jrfgrﬁlt gltl tjhéé
resent inventjon, construction. n i ch e i ght.i. Qr. e
gub-carrier isl%l ¢ Fﬁfﬁagﬁﬁ t Fd3kei g ?nge%%ﬁFﬁglqﬁg?@gﬁ%?ﬁb t %ans
ropagation path 20 fluctuation | ue r.the:ll i t art
5seg '?o ;sti ﬁ%?%lrbar%epag ?&#%%?%g’?}rj%%t gjgttltnonfi/% u%%é%éﬂ?tr‘{gqﬁ%e,&gﬁg a

SO DI e S SIS i

and t are actua ran Is estimated In the error 25

estimating pari,, ang the wmeightlng, i %eﬁ%@ceﬁék\f%hﬁleﬁpdﬁﬁggiQYngEaﬂﬁe of an
adaptive algorl%%n1|n t he
signals following despreading and pilot signals that
are used to estimate propagation path information for
each sub-carrier, and that the effect estimating means
20 estimate the number of multiplexed information channels
as an effect of propagation path fluctuations, with
this estimation being performed utilizing information
relating to the number of multiplexed information
channels, in the step in which the abovementioned
25 effects are estimated.

Furthermore, in the multi-channel CDMA
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49 FP02-0183-00 wei ghting control part, are shown in Fig. 2. As one
exanpl e of an enbodinent in the present invention, a portion of a
construction in which pilot signals used to estimate infornati on EBGR-8%83-00
the 5 propagation path fluctuation values or the like for each sub-carrier
are transmtted separately fromthe information signals in order to contro
the weighting used in MVSE conbining utilizing informati on such. as the
esti mated val ues of the propagation path 10 fluctuation or the like is
shown in Fi g.ty3ndnfi ddiich f ngdhed tde thanspréseny appaerdtius:,i sitonssruct ed
so that this apparatus includes an information signal generating part 1-1A
a seriesparaldigo Guuser8i10n et thet, ersyobads dind i ioad ingpparest datle 7, a
spread signal generating part 1-8, an insertion part 1-5A for pilot signals
used to estirme grepagakiony pat hléhstt oaki onypal oés saoneie 3ékecten
insertion part 1-6 for pilot signals used to update the weighting,

mul tipliers l/%m aaf reequencyststeEngomfersi bot 26 igaetl s( | EHEY for2 thed a
guard interval insertion part 1-13. Furthernore, the transmtting apparatus
is comstruct ehiceddiate t upsladppar adbs el wedghd iparnt ittt hatgrrher at es
pilot signals used to estimte propagation path fluctuation values or the
li ke, and a 2&ismizexhi ag defiecentelsigrials i spibetl sé98@lcHhethe@n t he
output of the information signal generating part 1 50 FP02-0183-00 | A and
t he out put oftheheamaunt 1o8Bfiknatugbheratss apigragesi gifal S seHr ¢ ot £3%i mat e
propagation path fluctuation values or the |ike, in order tq .input these
outputsilﬂ()Qmeth@rﬁ§§qyaﬂ§NI@X%ﬁnnﬁﬂ%iBhl%Erﬁlﬂnﬂ;SSlﬂ1éﬂﬁéﬁ:ﬁ%%dinent,
t he dat a-nodul ated i nformation signals and piIot,si%paIs are converted into
nul ti-carri eralGDNIE sP §ndiLsiclhyPathens dife %Y%E%%%@e}ni.n?,d%ﬁFgﬁﬁqQSQ%aralle
conversion by the seriesparallel cqnversio art 1-4, duplication_in the 10
direct? on of & ftA&GueABySaxids b)?lﬁﬁél?yngBF O?qujinbaaftjir}fg 5§Iet Sk

mul tiplication of the spread signals in the direction_of .the f.requency axis
by the nulﬂ|ﬂ¢¥#%&ﬂ§QtSanFheSEFR@isaﬁfﬁh c9?FFﬁ%agbﬁ9eﬁgﬁoﬁh%y t he

frequency-tiqgiégnfsrﬁgfghpggé éf%g% is estimated.

Furthermore, in the multi-channel CDMA

transmission method of the present invention, it 1is
15 also desirable that the weighting control means

successively update the weighting for each sub-carrier

by means of an adaptive algorithm in the step in which

the weighting is controlled, so that that the signals

following despreading approach the signals that are
20 actually transmitted.

Furthermore, in the multi-channel CDMA
transmission method of the present invention, it 1is
also desirable that the weighting control means
successively update the weighting for each sub-carrier

25 by means of an adaptive algorithm in the step in which

the weighting is controlled, so that that the signals
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15 Furthernore, the pilot signals may be transmitted in a different signal
format fromthat of the information signals. As is shown in Fig. 4, the
transmtted signals have a construction in which an informtion siBg@t0P®3-00
section 40 and pilot signal sections 401A and 41B are nultiplexed in terns
of time. However, as is shown in Figs. 5 and 6, a code-nultiplexing
construction in which the information signals and pilot signals are spread
by neans of different spreading codes and 25 nmultiplexed may al so be used.
Speci fical | yprijgrFi §o Sththerétapsibht | PET appesftment s aypsiaalct etheso t hat
this 51 FPO2- 0183- 00 apparatus includes an information signal generating
part 1-1A as3gniaas- paktl hele eotvendiyor mparsniktd.symbol duplicating parts
1-7, a spreading code generating part 1-8 and nultipliers 1-9. Furthernore,
5 a conbi ni ng part rhrthefrabriehe respectivieei nf anuidti-orhaxireeinel s GYER pi | ot
signals, a frequency-tine conversion part (IFFT) 1-12 and a guard interval
i nsertion pattrahkaiafsdonnshathed iaf cohrorpofesenthe isivgndlionef ithe is
i nformati on channels #1 through #n, the pilot signals 10 used to update the
wei ghtsi ng, amdsihe geditalsignatbatisedheo eseiotengr opagatrrdn Faans
fluctuation values or the |ike. Mreover, the output of the guard interval
i nsertion paretkridneonstd tivtiesiahevalaasnpft sbesiwgaghsingn foucteach
construction, the information signals 40 and 15 pilot signals 41 are spread
by neans of aiuFerentiespr eadi ntheodessind ebdethsl t efifecéd a®shdktin Fig.
6. Furthernore, a frequency-nultiplexing construction in which the
pi | ot - si gnal praregaiictm|eXdy WMuftaatérns wdpaEttadbdogubbeargiiget
frequency may al so 20 be used as shown in Figs. 7 and 8. Specifically, in
Fig. 7, the Esdisstitiodgediar A3 FRakokBer Hedegtdadt ﬁé’PtFﬁi(is%bsrat us
includes an information signal generating part 1-1A a serjes-parallel
aQEP&gl} '38‘?1%1%5

convéi®si on pSICCRS 1 V@inh SIPRAA i % i gt ?r §a§ﬁ)’r P S .
(TP, 132" B i et | ARerGaPtere st O FRBePEroR par Tk 13. The
propagat | on FAHRT G TEh 08 S0E G e T7RENE NG TEBTERed™h ThRE
frequency-ti r’g%:e%or}_\élerw%iiocr}l pc%ret wle_i]g%itilnng SiusChcoqﬁtrolled.
Furthermore, in the multi-channel CDMA
15 transmission method of the present invention, it is
also desirable that the method include a step in which
the weighting information transmitting means on the
transmitting side transmits, separately from the
signals that are actually transmitted, at least one
20 type of signal selected from a set consisting of pilot
signals used to estimate propagation path information
for each sub-carrier, information relating to the
number of multiplexed information channels, pilot
signals utilized as reference signals, pilot signals

25 used for the successive updating of the weighting,

pilot signals used on the receiving side for averaging
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5 construction, the pilot signals 41 are nmultiplexed with a certain
specified sub-carrier frequency anong the information signals 40 as shown
in Fig. 8 Furthernore, in the respective exanples descri bed abovepobhe183-00
pil ot signals may be constructed as conmon 10 pilot signals that are

mul tiplied by a coomon spreadi ng code in all of the information channels,
or may be constructed as individual pilot signals that are nultiplied by

i ndi vi dual spreadi ng codes for each information channel. 15 As one exanple
of an enbodi nEd iamdune poésefiluchuenionn,im pird i direkctibe cofisttiueti on of
a transmtting apparatus in which information relating to the nunber of

mul ti pl exed iffeoqumtidcwrxcianreld psletdignals omsdédeot remsniédengisgde to
the receiving side 20 separately fromthe information signals in order to
control the veEidht fng usedragqindVSEheordmaumy by ufliddtzeatgiomf dnmethen such
as the estimated val ues of the propagation path fluctuation or the like is
shown in Fi g.di%xed5idm dhithd igume,atie. transnitting apparatus is
constructed so that this apparatus includes an 53 FP02- 0183-00

i nformation signal gengheaxtngiparthel-presenteinveptiahl ela qohweakiton part
1-4, synbol duplicating parts 1-7, a spread signal generating part 1-8,
multipliers P—g, anfpepachey- t iThawvmer scep pare (mERETEplexedandrmld guard
interval insertion part 1-13. Furthernore, the output of the part 1-1B that
gener at es i nfidranEm gtk AYi RErEermMiadnddthdr etmbiningl éredhighortei on
channel s and the output of the part 1-1C that generates other information
are input inttkEAHFeh SEFBELSN f gridle 16 e§8sEtaiengSBAF EAIT 1A STHREQut put
of the information signal generatjng part 1-1A and the output of the part

1-5B that gemldtiddi§YnBYs s PP ST mat@ e 1sibpdgat i BRCPatTHe-

fluctuation values or the _|ike are switched by the swi tching device 1-14
and iltbput intcc?rf%}et%esgerftgg?pa%?l dteXbnv&Sitén ﬁélrf’rl-]ﬁ‘?t‘gﬁe?hié‘e

nmbodi t, inf ti | ati to the. numb l.tipl h s i
Thsert od | nt 6 G i STHT B10 STgHar S SHIE sabfietred SaRdea THUIT on. The
I nformation ra‘%'tt%%élggit%rtaﬁ%mw&'% [ oL .’Hr'iﬁ%ﬂ%é&d ZOA'CQL‘%P&?R@ n chiannel s
is converted into ti-carrier si'gnal's by t he sane procedlre "as that

used.for the dIVy THAAD SO ruilar Son. BodRLTeSRRTAL Sl Sapens) On

duplication in ITection o requency axi s,

oo oy rrR A Chpect gletle EEINLES aonaral o,
15 spreading codes in the frequency direction, the effects
of the interference that 1is generated between the
multiplexed information channels as a result of the
orthogonality lbetween the spreading codes Dbeing
destroyed by the effects of the propagation path can be
20 reduced.

In the present invention, as was described above,
the weights by which the received signals of the
respective sub-carriers are multiplied can be
controlled to appropriate wvalues in accordance with

25 propagation path fluctuations so that the mean square

error between the signals following despreading and the

35



FP02-0183-00 nunber of nultiplexed information channels may al so be sent to
the receiving side by a separate transm ssion system As one exanple of an
enbodi ment in the present 5 invention, a portion of the constructFpo2tbhag3i-00
is used in the transmtting apparatus when pilot signals that are utilized
as reference signals are transmtted separately fromthe information
signal s used for successive updating of the weighting by neans of an 10
adaptive algorithmis shown in Fig. 10. In this figure, the transmtting
apparatus is sGepstiiueted sad adtddils apparatiusddicl dideis ian 444 aired i on
signal generating part 1-1A a seriesparallel conversion part 1-4, synbol
duplicating pants-Harkikr acBpreadasisgiials igenenathagd. paricdoiangly,
multipliers 1-9. Furthernore, a conbining part 1-11 for the respective

i nformati on ehannelsstanttidot of gnghs, arftheguveadytli mbetomesr sitdme part
(I'FFT) 1-12 and a guard interval insertion part 1-13 are installed 20 in
common for theraagials afddhecamflos mabnpanshasdelfsr# Whtileoudie #oismw t he
pilot signals used to update the wei ghting. Moreover, the output of the
guard 3 nt er vampiliserdd on fudritowli-nk covesitghttiitres t eilttrignisimatiierh si giml s. I n
this enbodi ment, the pilot signals that are 25 used to update the weighting
are convert eguppresadd,i cso r tbat CONA efifiawtl shdy thpreuse phecedignalas t hat
used 55 FP02-0183-00 for the information signals, i. e., i. e., by

seri espar al | elrapemierssicon dhandw eyarstdesPdrsalddiaig@tver si on part 1-4,
duplication in the direction of the frequency axis by the synbol
duplicating parts The bregentpl ieHenrbaosf vhélsppeaamsi greds fitkie
direction of the frequency axis by the nmultipliers 1-9 and the |jke, and
frequency- t i MRIEEREOCSE on TP heté?equ@%?%i% COMRRF SN Part A-VEN
Furthernore, the pilot signals may be transmtted in. a different signal
formidtd 10 fr SpueH@bedow henfnf BRAaEGPRGHANY AL aWd ngRowiR ARFidES 11, the
‘transnmitted signals have a conﬁiruction in i ch tgg 'nfornat%gﬂisi nal s 40
and pilot siGHYeE BY HaY Pt ehdl BRET RbYRR R LY pl 8REd T Sdid e %Cgr eadi ng

codes. However, as i.n . the, 15 constr.ucti,gn shown i.,n Figs., .3 and 4, a
const ruct i on AfayF RS Ed S FPAHIh ttq"rFe RSt B 8 gt s and t he

Fime. Al Lornatfvel St REPEort f GHH Gt oY nOFs gehe 7 IR HT o
ConStrUCtionfE%éntion will become apparent from the detailed
15 description given hereinafter. However, it should be
understood that the detailed description and specific
examples, while indicating preferred embodiments of the
invention, are given by way of illustration only, since
various changes and modifications within the spirit and
20 scope of the invention will become apparent to those

skilled in the art from this detailed description.

Brief Description of Drawings

Fig. 1 is a diagram which shows an example of the
construction of the transmitting apparatus of a multi-
25 carrier CDMA transmission system constructed according

to an embodiment of the present invention;
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20 al so be used in which the signals are frequencynultiplexed. As one
exanpl e of an enbodinent in the present invention, a portion of the
construction that is used in the transnmtting apparatus when variBB82t+9pes-00
of 25 pilot signals are sinmultaneously transmtted separately fromthe
information signals in order to control the 56 FP02-0183- 00 wei ghti ng
used in MMSE conbining is shown in Fig. 12. In this figure, the
transmtting apparatus is constructed so that this apparatus includes an
information signal rgeneratisng pArEygrerlAhixtserticesb grareddmgle oty eilsd on part
1-4, synbol duplicating parts 1-7, a spread signal generating part 1-8 and
mul tipliers kbchstruidtiemooeé, theomeiceiingnparspgatdtisr athear eupetit ve

i nformation channels and pilot signals, a frequency-tinme conversion part

(I FFT) 1-12 yrancdra qoex dtrahemyasionseysiten mams ti-ut3 ear eedamstdingd in
common for the signals of the information channels #1 through #n and the

pi | ot signal scused dnbadiidedre: tdfe thesd gitdgant Furtdretimne, the out put of the
guard interval insertion part 1-13 constitutes the 15 transmitted signals.
The ot put of the prd. 1-3IB that agerdsratles dhdgramt i vhick| aSheys o & he
nunber of multiplexed information channels and the output of the part 1-1C
that gener at e nathmerctiisfor natsiesh ate i npetimate t NerePEdRFheRon Righal
generating part 1-1A The 20 output of the information signal generating
part 1-1 A andElustunftinn orliles part BReB i deneFBfest 3yt stIR®d to
estimate the propagation path fluctuation values or the |like are swtched
by the switclERRpRREIMTe 1-14 and input into the series-parallel conversion

part 25 1-4. In this enbodinent, as is show in Fig. 13, the 5

FP02- 0l 83-00 pil ot Kitynatsis1R aRALRIIE t WAL B eS*E%‘*Z% PBeeéﬁafPé’Z% e
propagation path fluctuation values or the |like and fhe 1nfornq§iog signal s
40 arld mul ti piexedfansRissi R 5w nd hepbf?%t IYNATE 42°0Used o

update the weighting 5 and the .infor iop, signals 40 _are code- i pl exed
by neans of fF§Era %P@%aﬁdo&dgg%l—baﬂl% ,%Jr\%npi‘ﬁaojt%essi gﬁgrg{%ésed to
estimate the propagation path fluctuation values or the |ike may al so be

codenultiplek%ﬁ‘ frequency-nmultiplexed wth the

Fig. 5 is a block diagram which shows a

construction used to estimate propagation path
15 fluctuation values or the like in the transmitting
apparatus;

Fig. 6 is a diagram which shows one example of
the transmission format of pilot signals used to
estimate propagation path fluctuation values or the

20 like;

Fig. 7 is a Dblock diagram which shows a
construction used to estimate propagation path
fluctuation values or the like in the transmitting
apparatus;

25 Fig. 8 1is a diagram which shows one example of

the transmission format of pilot signals used to
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10 information signals. Furthernore, the pilot signals used to update the

wei ghting may al so be codenultipl exed or frequency nultiplexed with the
information signals. As one exanple of an enbodinment in the presef20250183-00
invention, the construction of the receiving apparatus that estinates the
propagation path fluctuation val ues, noi se power and nunber of nultipl exed

i nformati on channels or the like on the side of the receiving apparatus and
cal cul ates the weighting used in MVSE 20 conbining fromthe estimated

val ues in a ¢asenaher eppbhalasignalsatlsed I tesitival evhaepr opagdtieon path
fluctuation values or the Iike are transmtted is shown in Fig. 14. In this
figure, the nagei;ving apparatus is 25 constructed so that this apparatus
includes a time frequency conversion part (FFT) 2-3, a spread signal 58

FP02- 0183- 00 gener a@tiigng Earti2- 4a abdowk tigiagran 2-8haod 2sBowBur teher nor e,
the apparatus al so includes a part 2-6A that estinmates propagati on path
fluctuation ansesuet ilone usdde toa imalism teovidre estribeat iafy mpattipd-6®d an 5

i nformati on channel nunber estinmating part 2-6C, and a part 2-8 for

contral | i ng timef ommiaghifcinngheinedeh isulidar riremsniftte nghiadpadsd usit put s of t he
abovenentioned parts are input. Furthernore, an exanple of the state

foll owi ng the separfdtg.on 16F tie recebyedknufitagcanri ehith CEBWRWS grfal s into
si gnal conponents of the respective sub-carriers by the frequency-tine

conver si on pacnstEEBtion shesed | nffeF g. sgacespi¥achuR@sAser uh orkhe] he
components of the signals of the respective sub-carriers are nmultiplied 15
in the directedighdfinchd ¥ tdgudir@psidtsing aRPaRAt ISl iers 2-5 by the same
spread signals as those by which the signals were nultiplied in the
transmitting appardtigs, Ko thad CHE%EATe WL G %@‘t’?pPP@aﬁX@ﬁ‘Fﬂf tHe spread
signals are elimnated. Then, in the pfart, 2- 6A 20 that estinates
propadat i on pdten FHANETHAS IO ATREE G e b & M it HPIHE
propagation path fluctuation values to which the transmtted signals are
subj ect ed whilhe® YREISMPHFromthe transnitting apparatus to the receiving

apparatus are estinmgted for 25 each b-carrier frequency usj he
.section of the pilft3-si grfal s*Tsed t%‘lﬂ%ggi n'gllggﬁ%lpagdgﬁcén p%{?%ésg @
construction used in a case where pilot signals used to

estimate propagation path fluctuation values or the

15 like and pilot signals used to update the weighting are
simultaneously transmitted in the transmitting
apparatus;

Fig. 13 is a diagram which shows one example of

the transmission format used in a case where pilot

20 signals used to estimate propagation path fluctuation

values or the like and pilot signals used to update the
weighting are simultaneously transmitted;

Fig. 14 is a Dblock diagram which shows a

construction used to calculate the weighting from the

25 estimated values of the propagation path fluctuation

values or the like in the receiving apparatus;
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FP02-0183-00 fluctuation values or the |like. These effects can be estinmated
fromthe anmount of fluctuation of the signals, utilizing the fact that the
pilot signals used to estimate the propagation path fluctuation VERQZRSODE3-00
the 5 |i ke have a known anplitude, phase and pattern. Furthernore, in the
noi se power estimating part 2-6H, the noise power for each sub-carrier is
estimated by estimating the dispersion of the section of the pilot signals
used to estimte propagation path 10 fluctuation values or the |like, which
are signals wth agkgownignpliid ude, whesk atdagather phiEhrt beowsrea in the
i nformati on channel nunber estimating part 2-6C, as is shown in Fig. 4, the
nunber of mukbhekexed ibaf ormid onfehannetsessiest i nptledibhy calfcultite ng the
15 ratio of the received power of the section of the pilot signals used to
esti mat e propagahitangpahh thleuckerativimgv alowas-adust;he | i ke and the received
power of the information signal. section in which the information signals
of the respective Babil e lst atiisons arklocokle @Dagubni pveietl. Bhews i@ t he
wei ghting control part 2-8, the weighting for each sub-carrier (wnm mis
the s@b carr icenstunioéeipn s wsaEdulfared sgcomssiner pNdathngz efa ddieng the
estimated propagation path fluctuation values (hm mis the sub-carrier
nunber), noi seipgbteng( ard)lizs rend andley ©F ioml EPpLiredecobsirat iF3T
channel's (Nn), so that the nean square error of the signals follow ng 60
treatment in the receiving apparatus;

Fig. 17 1is a block diagram which shows a

construction used to control the weighting using pilot

10 signals used to estimate propagation path fluctuation
values or the like and pilot signals used for updating
of the weighting in the receiving part;

Fig. 18 1is a block diagram which shows a
construction used to control the weighting using pilot

15 signals that are averaged in the frequency direction;

Fig. 19 1is a block diagram which shows a
construction used to control the weighting using pilot
signals that are averaged in the time direction;

Fig. 20a is a diagram which shows the conditions

20 of despreading of the multi-carrier CDMA received
signals;

Fig. 20b is a diagram which shows the conditions
of despreading of the multi-carrier CDMA received
signals;

25 Fig. 2la is a diagram which shows the conditions

of weighting in sub-carrier combining;
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FP02-0183-00 conbining is mnimzed. The nmethod used to calculate the
weighting in this case is indicated in the Reference A Accordingly, the
present invention is characterized in that the propagation path fFpotuatiscro0
5 val ues, noi se power and nunmber of nultiplexed information channel s that
are required in order to calculate the weighting can be appropriately
estimated fromthe information signals and pilot signals that are used to
estimate propagation path fluctuation values or 10 the like. It is

desirabl e that the mean Zuaie erddagebmt kéishgmlevs ddHovweamgd Cobbhai ng be
0.1 or less. The reason for this is as follows: nanely, in cases where the
wei ghti ng shaws vwaifdh tcirentic oswergences r tdeneaingguare 15 error i s
ordinarily kept to a value of approximately 0.1 to 0.01. Furthernore, there
are al so cases in \tiich 2he h®aa diegremewhdch shdwdl wre |egsdifidhe
propagation environnent is. good. Furthernore, in the present invention, as
is 20 shown iof Fialgleirsg nice Uie gambierr ofomedimdexed i nf or mati on channel s
is sent fromthe transmtting side, the appropriate nunber of channels can
be obtXi ned on the Higoeidddhgl i dedipdranemwimdicsd, shewswdilght¢ondistensn MVBE
conbining is calculated after the propagation path 25 fluctuation val ues
and noi se power Wehvdh g igstsuhntear Hien heomaieimet hod as that of the
invention described 61 FP02-0183-00 in claim6. Mreover, the present

i nvention may al so l&.used 1% 2adéagnARr whilghoshetisor? didknetehameel are

mul ti pl exed by spreadi ng, codes that are orthogonal to each other using

mut ual di ffer‘-gqli’{A ntF TS 1P PRHRP At PERCEFSREMECakd SHROHIMR te ofe
periods. As one exanple of an enbodinent in the present invention, the
construct i on W tHE S ei i E5Purat us that is used for successive

R IR L s B b T TE Y S Sl
CDMA transmission method according to an embodiment of
the present invention; and
Fig. 24 is a diagram which shows a multi-channel
CDMA transmission method according to an embodiment of
15 the present invention.

Best Mode for Carrying Out the Invention

Next, embodiments of the present invention will
be described with reference to the attached figures.
Furthermore, in the respective figures referred to in

20 the following description, parts that are the same as
parts in other figures are labeled with the same
symbols.

In the embodiments of the present invention, for
example, the methods of ORC (orthogonality restoring

25 combining), MRC (maximum ratio combining), EGC (equal

gain combining) and MMSEC (minimum mean square error
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update the weighting shown in Fig. 10 are transmtted is shown in Fig. 15.
In this figure, the receiving apparatus is constructed so that this
apparatus includes a time 15 frequency conversion part (FFT) 2-3,FR08po&ad-00
signal generating part 2-4, multipliers 2-5 and 2-9 and synbol conbining
parts 2-10. Furthernore, the receiving apparatus also includes a reference
signal generating part 2-15, an error estimating part 2-7 that inputs the
20 output of the reference signal generating part 2-15, and a part 2-8A
that updates dd@waifgit i g Foeseaah &ub- parfbehanasd otthendit ippdrofet hi s

wei ghting control part 2-8 is input into the multipliers 2-9. Furthernore,
in Fig. 15, igpMregayystemn t hen saidqrerndy X5 Idet iprd OtRa} Ignadls UBedling update
the weighting in the received nufti-carrier CDVA signals, an exanple of the
62  FP02- 01&3RhesliAt € (D) | dng separ alli.on GEEFhe THagrsactiianto tdwe si gnal
conponents of the respective sub-carriers by the frequency-tinme conversion
part (FFT) i sreghiomiarTheechnpboent s paf. t hB84+yhabs dlolt.heddespective 5
sub-carriers nmultiplied in the direction of the frequency axis by the sane
spread si gnalspentdusd 398 wiateafiresinnidsrawrizo ma t'15d fecence tAe)
transmtting apparatus, so that the effects of multiplication by the spread
signal s are enear imdecatdfhens chatgiognatestheds 100 nuthiepWed@hfiinchdoy
successi vel y updated weighting for each sub-carrier, and are synthesized
across the smtgadi ngheer redeiiveche ségnbdls coibi bhag pesrechive. Fkerward,
inthe error estimating part 2-7, the error between the synthesized signals
and the pil otcasinjrexts a8 uyeld i igsbat e t he wei ghting, which have a known
anpl i tude, phase and pattern, is estimated. Then, in the weightjng control
part 2-8, the weigHin Mpit SHedbasi vet yJupdite R e rRsass JofMemt gt i ve
algorithmso that the nean square error is nininizegFeZO The recejved

signadl®s of eddPub- tar PREr PEST IRONTARTRA | Bheki GRAICSeSPCHn &t 0

mul tiplied by the updated wejghting in.the section of the pilot signals
used to updati¥ WFateiYht PAGD gﬁﬁcgﬁétﬁ&HﬂYﬂ&P%ﬁgﬂgl§%ﬁ %%ﬁp?%Eﬁ%%tive
sub-carriers are synthesized the 25 synbal conbipjn art SO at the
si gnal s are:ﬁHﬁ?ﬁ%&ﬁPqEF@es diﬁﬁ}sfhg R@W&ﬁfingghﬁgag?%%g%ﬁ 88

multiplexed information channels and the like are known

on the receiving side. Furthermore, 1in the paper

15 titled “On the Performance of Different Detection

Techniques for OFDM-CDMA in Fading Channels” (Stefan

Kaiser, 1995 IEEE Global Telecommunications Conference),

standard optimal values obtained by replacing the

number of channels with the maximum number of channels

20 that can be multiplexed or the like are used.

Accordingly, there has been no investigation of methods

for calculating an optimal weighting by actually
estimating these values.

Furthermore, another method for controlling the

25 weighting in MMSEC is (for example) a method in which

the weighting is successively updated by means of an
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FP02-0183-00 nethod is indicated in the Reference B. Here, furthernore, a
nmet hod was described in which the weighting was successively updated using
the section of the pilot signals used to update the weighting; 5 FBO@veiLg3-00
updati ng of the weighting may al so be perforned by adding the information
signal section. In this case, signals obtained by a judgenent feedback of
the signals synthesized in the synbol conbining parts or the |like are used
as the reference synbols that are 10 necessary in order to estimte the
error. As onedsgsnipie adfgcan Ewbodiaterds iIM3 hel gassemgan re@mion, R
construction of the receiving apparatus as shown in Fig. 10 that
successi vel y (updatest tehe lwaisght $agawss hg athe thect 1 bke of stchetpibottBe gnal s
used 15 to update the weighting so that the mean square error between the
si gnal s pri oweighthieng éeapt aon OPEEmarledatareir - andor hexsinghgl s i@ b e
actually transmtted is mnimzed in a case where pilot signals used to
updat e the welegntdidpdar e ity anSfrthedonglshowalthcargiepo 1B chmiqies
figure, the receiving apparatus is constructed so th%t t hi s apparat us
i ncl udes a tiamflrieguivydeonver spgRepart COMATYSLBMSE sEr-edd @i ghagt
generating part 2-4 and nultipliers 2-5. Furthernore, 25 the apparatus al so
i ncl udes a reéflerend893i ghEliE g&dobatli ngeparempunscagiapsl CRipf§cRTHy parts
2-16, 64 FP02-0183-00 multipliers 2-17, a frequency-time conversion part
(1 FFT) 2-18, dexaaidrersiqifnibied taras 2-Refersnss Bl that updates the
wei ghting for each sub-carrier, and a part 2-20 t@gt nu&éi lies t@;
wei ghting used in NWSEP8SEoniiiRe: The ofit puti™f ffi s Fgﬁ??ﬁs ’
mul tiplying part 2-20.is input into the tine-frequency. conversion part 2-3.
In this enbo&qﬂﬁé%l%ﬁq¥ﬂn§ %¥%n€8e§i8ﬁ§ﬁ§qﬁ%ﬁ(%ﬂﬁyﬁéﬂﬂMF%ﬂﬁﬁ$ﬁ9$%ceiving
si de e fir ubj ected_t 0 a series-parallel _conversian,. e respective
synb&1 are ﬁﬁﬁﬁﬁd%fg iﬁl?ﬁé §ﬁﬁﬁﬁlﬁhﬁﬂ' a?iganﬁggtfqiﬁégﬁggk t6r
the updating of the weighting to be obtained on the
receiving side. There has been no investigation of
methods in which updating is efficiently performed by
multiplexing and transmitting pilot signals with
15 information signals and separating these signals on the
receiving side in cases where the signals are not
continuous and communication is completed in a short
time so that pilot signals sufficient for the updating
of the weighting cannot be obtained, as 1in (for
20 example) packet transmission.
Furthermore, references disclosing other
combining techniques include “Overview of Multicarrier
CDMA” (S. Hara and R. Prasad, December 1997 IEEE
Communications Magazine, pp. 126-133); here, in
25 addition to ORC, EGC, MRC and MMSEC, CE (controlled

equalization), MLSE and techniques that combine
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nunber of tinmes that is equal to the spreading period of the spreading
code, and the respective duplicated synbols are nmultiplied by spread
signals corresponding 15 to the pilot signals used to update the ®WBPghPLAgG-00
Afterward, these signals are converted by the tinme frequency conversion
part 2-18, thus producing reference nmulti-carrier CDVA signals.. Then, in
the error estimating part 2-7, the error 20 between the reference
nmufti-carrier CDVA signals and signals obtained by nmultiplying the received
CDMA si gnal s fasddret wed gidnibnion irsedne thddSEa condé s nipéd. esti mated, and in

t he wei ghting updating part 2-8, the weighting is successively updated so
that the nean 25 squartheamraore,i s refminsrnced Hees, fusthesevradaptieehod was
described in which the weighting was successively 65 FP02-0183- 00 updat ed
usi ng t he sectlguriofhit heephhotusgrialsluded fdappivae e Rild enei Thedny;
however, updating of the weighting could al so be perforned by addi ng the

i nformati on sitgnad Béction’ ($. tHavkitasel 986 gnBRENSIGEt HRREY byher¢udgenent
f eedback of the signals synthesized in the synbol conbinin arts or the

|i ke & e usedimasaddbtief ekentrrsgaboprsiapidivearnd aradddue y(TMe orlief) t o
estimate the error. As an exanple of an enbodinent in the present 10

i nvention, orfteseemt edeFCeRE GGG DON L88att & Perrs ni SIRELERTTe
updating of the weighting using pilot signals for updating of the weighting
fol | owi ng t heanfbtidher hidts rdfatie 495¢THPedal ues of the wei ghting using

pilot signals used to estinmate 15 propagation path f|uctuatjon_val ues or
the like in a case Mier € 3N%t ?“«?Fg“ﬁ S5 @8dd f‘aaBEiLV?rat%i?‘Pﬁél Bpagat i on

Phe wei ght | ngPSHihPT% FigFhls GPECEPARER Frtu 5 SHORPTIE MG S758in this
flgurfb in the present embodiments.

Fig. 1 1is a block diagram which shows one
embodiment of the transmitting apparatus in the multi-
carrier CDMA transmission system of the present
invention. As is shown in this figure, the following

15 transmitting apparatus is installed for each of the
following types of signals: i. e., signals of
information channels #1 through #n, which are the
signals that are to be transmitted, pilot signals used
for updating of the weighting, and pilot signals used

20 to estimate propagation path fluctuation values or the
like. Specifically, the transmitting apparatus 1is
constructed so that this apparatus includes an
information symbol generating part 1-1, an error
correction encoding part 1-2, a data modulating part 1-

25 3, a series-parallel conversion part 1-4, symbol

duplicating parts 1-7, a spread signal generating part
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20 the receiving apparatus is constructed so that this apparatus includes a
ti me-frequency conversion part (FFT) 2-3, a spread signal generating part
2-4, multipliers 2-5 and 2-9, and synbol conbining parts 210. Furfhe2-+~oOr&3-00
t he apparatus al so includes a part 2 25 6A that is used to estinate
propagation path fluctuation values or the |like, a noise power 66
FPO2-0183-00 estimating part 2-6B, an information channel nunber estimating
part 2-6C, a part 2-8B that controls the initial values of the weighting
for each sub-qcarrigf, inséet bhchathe 108rpUEE ofilde abovelenuisededpart s
are 5 input, a reference signal generating part 2-15, an error estimating
part 2-7 inteswingltet herophpatioh tpeth effdneymmtsignalvageser abi nghmart 2- 15
is input, a part 2-8A that updates the weighting for each sub-carrier, and
a switching daweGe ar 2insdaticmi palhes 1bet viken pheotdOsbghplis afsetheca part

2- 8A that updates the weighting for each sub-carrier and the output of the
part 2-8B thajpdeart rmoles Wdisghtnindg al mvatiesiefst heSyweaghit iang dimdrindacch
sub-carrier. The output of this switching device 2-21 is input into the
multipmiers a3t 1510 Fort sdrgmaless varthdmarplee refspdve isteation fopiraguiary t he
separation of the received nufti-carrier CDVA signals into signa

conponent s ofchizmmelespeciunchamoxey r secorpining fpaduehcylt ifee ddrrver si on
part (FFT) is shown in Fig. 17. The conponents of the signals of the 20
respective sufespmatiiges améonmptiphi ehamalfe dndediilof ofighalfreduency
axis by the sane spread signals as those by which the signals were

mul tiplied i fnelesencyTddine e vesFeranuPado (Tt He &t fad @ guard

mul tiplication by the spread signals are elimnated. 25 Then, the
propagati on patiermalctiRsebhionl ®adtorlthd BirRe HEE@st¢datBd GF MU

section of the pilot sjignals 67
10 fog)the sié%als of the information channels #1 through

#n, the pilot signals used to update the weighting, and
the pilot signals used to estimate propagation path
fluctuation wvalues or the like. Moreover, the output
of the guard interval insertion part 1-13 constitutes

15 the transmitted signal.
In such a construction, information symbols that
are generated by the information symbol generating part
1-1 corresponding to the respective information
channels are subjected to a certain specified error
20 correction encoding such as (for example) turbo
encoding in the error correction encoding part 1-2 in
order to allow error correction decoding on the side of
the receiving apparatus. Furthermore, in the data
modulating part 1-3, a specified data modulation such
25 as (for example) QPSK (quadrature phase shift keying)

modulation 1is performed. the information symbol
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FP02-0183-00 used to estimte propagation path fluctuation values or the

| i ke and the information signal section, and the weighting for each
sub-carrier is calculated using these values the resulting wei ght Frg2valaesoo
are taken 5 as the initial values. Afterward, the weighting is successively
updated in the section of the pilot signals used to update the weighting.
Furthernore, the estinmation of the propagation path fluctuation val ues or

the like that are needed in order to determne the 10 initial values of the

wei ghting mayscafuethddd | iae whecseaHeondatat heaPi belersi goahisatead 4 updat e
the weighting in addition to the section of the pilot signals used to
estimate propagatdcaedattv flact pariies-pakaesedr thevirkdoand irhe the
i nformation signal section. 15 Furthernore, the updating of the weighting
may al so be peifieysvedreyl laddi ngohhersechi opaaft t He-4i | bh siogdalrs used to
estimate propagation path fluctuation values or the like, in which the
anpl i tude, phasssanid pat todnrradrie knofn.s vidrdllser abme ]l tanedhel ynf orfed i on
signal section, 20 the updating of the weighting nay be perforned by addi ng
si gnals obt aimeepemytivd udgmbents fEeathablavef béensispmlestadt hesitdeids by t he
synbol conbi ning parts. As one exanple of an enbodinment in the present
i nvention, a sEaritdsorpagfald edonsonversbont hae phidlbiostad suovedsirveoipdati ng
of the weighting utilizing signals obtained by averagi ng the received
signal s of eddmesubtB8t is equal to the spreading period of the
spreading code in a plurality of symbol duplicating
parts 1-7. The respective duplicated symbols are

10 multiplied by spread signals corresponding to the
respective information channels in the multipliers 1-9.

These spread signals are generated in the spread signal
generating part 1-8. After the signals of the
respective information channels have been multiplexed,

15 the signals are converted by the frequency-time
conversion part (IFFT) to produce multi-carrier CDMA
signals, and the spread parallel-sequence signals are
transmitted by the respective sub-carrier frequencies.

In the multi-carrier CDMA signals that are

20 actually transmitted, guard intervals are inserted for
each symbol in order to reduce the effects of
interference between symbols in signals that arrive on
the side of the receiving apparatus after being delayed
by the effects of multi-path propagation.

25 In the transmitting apparatus of such a multi-

carrier CDMA transmission method, as one embodiment in
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FP02-0183-00 carrier in the frequency direction is show in Fig. 18. In

this figure, the receiving apparatus is constructed so that this apparatus

i ncludes a time-frequency conversion part (FFT) 2-3, a spread signab2-0183-00
generating 5 part 2-4, nultipliers 2-5, adders 2-5A, multipliers 2-9, and
synbol conbining parts 2-10. The apparatus also includes a reference signa
generating part 2-15, an error estimating part 2-7 into which the output of
the reference signal generating part 2-15 is input, and a 10 part 2-8A that

updates the wejeghtiagehor ieaehtSwh,Casr icehs tiuicthennoie, wancaxagplet of the
state follow ng the separation of the received nulti-carrier CDVA signals

into signal campenentssed the gsaspecid verspgsaiohepathy fhefuagimncy-tine
conversion part 15 (FFT) is shown in Fig. 18. In such a construction, the
conponent s ofydihesSi @hakseoflihe aespdeisereeslibiges rittes arfomuttiqried in
the direction of the frequency axis by the sane , spread signals as those
by which the sSignrals Wwershd@h mitht Fpgietl b8 the tdomzbmudting apper atsis, so
that the effects of nultiplication by the spread signals are elim nated.
Then, ssignal sietleisaiared by agtiery nmo( nessimabat whed puopegatsognagbstlof the
respective sub-carriers in the frequency direction are nultiplied by the 25
wei ghti ng, arfdudmatgioght vajues updatkd ilnikeetheighiiegubpdaeedg part 2- 8A
so that the nean square 69
calculate the weighting for each sub-carrier. The
pilot signals used to estimate propagation path
fluctuation values or the like are signals in which the
10 amplitude, phase, pattern and the like are known on the
side of the receiving apparatus. Using these signals,
the receiving apparatus can estimate the wvalues of the
propagation path fluctuations or the like to which the
transmitted signals are subjected on the propagation
15 path. Furthermore, the pilot signals used to estimate
propagation path fluctuation values or the like may
have a construction in which individual pilot signals
are inserted into each information channel, or may have
a construction in which a common pilot signal 1is
20 inserted into all of the information channels. This
embodiment will be described in greater detail later.
Furthermore, in Fig. 1, as one example of an
embodiment in the present invention, a construction in
which pilot signals used to update the weighting are

25 inserted into the information signals is indicated as

the construction that is necessary in order to perform
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FP02-0183-00 error between the signals synthesized in the signal conbining
parts 2-10 and the reference signals is mnimzed. Especially in cases
where an adaptive algorithmis used, the anount of calculation thppPo2s0b83-00
required in order to update the weighting increases according to the nunber
of wei ghting val ues; however, by averaging in the frequency direction in
this manner, it is possible to reduce the nunber of weighting val ues used
in MMSE conbi ni ng; accordingly, the anmount of 10 cal cul ation required for
updating can ghedea@uerd. ubgathggnyte, thbe wiidait gy obyt heeaved gbEi ngn may
also utilize the section of the pilot signals used to estinate propagation
path fluctuatdgeptialeiesl @sritiem! i kehangitlle isif@iaed | a8edi gralursdetd on in
addition to 15 the section of the pilot signals used to update the

wei ghti ng. Fuwhehereiohd.inmy earstailgtalen im wihiath tihee ampiherude ofphase,
sub-carriers averaged is equal in all cases is shown in Fig. 18; however,

t he nunber nypefttetnr andarther dikey atso dywappoapriled elsydear o&d.ti20 As one
exanpl e of an enbodiment in the present invention, a portion of a

const rauct i on relvati vierdf or appsuatessi ve upslangng tdfesehe sigghlisng udieng
signals in which the received signals are averaged in the tine direction
for each subreasrdivend spdovmtisn iy, ed®imdhe 26hehies rbirgbedweteme therei vi ng
apparatus is constructed so that this apparatus includes a tinme-frequency
70  FP02- 0183-90@ lcorficelrisiviimpadesgreading 3and tpeead oviedsalthgénerrst i ng
part 2-4, multipliers 2-5 m- 1 delay devices (mis a natural nunber) that
are used to addumalieceivariselgheds PR RN | pRCEPFLEVEDY, URdasrs ThA
multipliers 2-9, 5 and synbol conbining parts 2-10. The apparatus, al so

i ncl udes a r &R&EAYdES| fftal cYEheF WRTRYL PARY DY1Beans &fr 6 &daRfetTehg part
2-7 that inputs the output_of the reference sL%naI generatiq? $§rt 2- 15,
and d%art 22880HE Y pdat BE FIHFIRTYNt iThG f B 18&chSs8BaEar r1ged TiRe

update the weighting may have a construction in which
individual pilot signals are inserted into each
information channel, or a construction in which a
common pilot signal 1is inserted into all of the

15 information channels. This embodiment will Dbe
described in greater detail later.

One example of the construction of the receiving
apparatus in an embodiment of the multi-carrier CDMA
transmission system of the present invention is shown

20 in Fig. 2.

In Fig. 2, the receiving apparatus is constructed
so that this apparatus includes a symbol timing
synchronizing part 2-1, a guard interval removal part
2-2, a time-frequency conversion part (FFT) 2-3, a

25 spread signal generating part 2-4, multipliers 2-5, a

part for estimating propagation path fluctuation values
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10 output of this weighting updating part 2-8A is input into the

multipliers 2-9. Furthernore, the delay tine Ts of the delay device 2-21 is

1 nulti-carrier CDVA synbol |ength. An exanple of the state foll oMP®Z-0h&3-00
separation 15 of the received nulti-carrier CDVA signals into signal
conponents of the respective sub-carriers by the frequency-tinme conversion
part (FFT) is shown in Fig. 18. The conponents of the signals of the
respective sub-carriers are multiplied in the direction of the 20 frequency

axi s by the sanmerseraadesi gaaksces ddrdsatiyngvhineAnthe Signaks werer
multiplied in the transmtting apparatus, so that the effects of

nul tiplicati eztnadtiesppeat Siegnalrs eseimitimpatmednsTheh;7 si gnaarobt ai ned
by adding m(mis a natural nunber) received signals in 25 each sub-carrier
in the tinme digrectdoditrayld ing t igd edvdiygHthimmgweicht ieegsh arshb+mwmmsighting i s
updated in the 71 FP02-0183-00 wei ghti ng updating part so that the nean
square error (hetiwearirnde cirgnalls snaartssi Zed,i n e igi lgiets cdtfini |y parts
and the reference signals is mnimzed. As a result of performng averaging
in the tine Sylibodct | aonbiniies mpear, tIhed GNR &f t e lghtalsaBie’b in t he
updating of the weighting is inproved, and the precision and speed obtai ned
when the wei ghnvey sioupdatte®11d opt idadla \denesh late nagragited ~ For tafer nor e,
the updating of the weighting may also be perfornmed 10 using the utilize
the section efrndre guimcEighaecadiow mrEstd e aﬁ?@)rﬁé@éﬂ%ﬂ“&ﬁa@ﬁ’n
fluctuation values or the |ike and the information signal section in

addi tion to thebsdctiestarinheddit d-A gnal s used to update the weighting.
15 Furthernore, a construction in which the number m of received signals

averaged in the ti@® di t8&t i oAlFg eqffl iRPA11 TREREVIRI shFMPITPRIY. 19;

however, the nunber m of received signals m so be a opriatel,y vari ed.
10 constructed as des%r?ked y g£ove, pQ%téE E%R%

synchronization of the symbol timing has been
established by the symbol timing synchronizing part 2-1,
the guard intervals are removed by the guard interval
removal part 2-2, and the signals are separated into
15 respective sub-carrier frequency components Dby the
time-frequency conversion part 2-3. Then, in the same
manner as in the abovementioned transmitting apparatus,
spread signals corresponding to the respective
information channels are multiplied by the multipliers
20 2-5 on the frequency axis. These spread signals are
generated by the spread signal generating part 2-4.
Furthermore, a weighting which is controlled so that
the mean square error between the signals following
despreading and . the signal that are actually
25 transmitted is  minimized is multiplied by the

multipliers 2-9, and combining is performed across the
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20 The present invention may also adopt the follow ng aspects: (1) A
mufti-channel CDVA transm ssion method in which information synbols are
duplicated and lined up in the direction of the frequency axis, tHeg2z-@583-00
duplicated information synbols are multiplied by a spreading code in the
direction of the frequency axis, 72 FP02-0183-00 and the respective

spread synmbols are transmtted by neans of a plurality of sub-carriers with
di fferent frequencies, wherein the channel construction and construction of

the transm t td3q and Ef&ir&a:eirvi fe 5spAbb Lt kahbahé ngeguirte® 10 orster  t
Sk ¥ ; ! / o
per f orm combi ni ng (Nﬁ% ~conbining) by multiplying the received signals of
the respecti vg sUb-icar£i§isl Hyprebghtongpeenidiold edd aresaatedub-Treerier so
that the mean square error between the signals follow ng despreadi ng and
the signals thaitckbdressghians | yateansubteeteds rioni rpazexdl ele-aeseies n or der
to reduce the effects of interference generated between the nultiplexed
i nformati on wiinetsias Wy rasllgandl tdie-sestesictoronendiaheart ogbhal ity
between the spreading codes by the effects of the propagation path in cases
15 wheg e nul tdrdl extglen parkdpratset byo mid ta plemodpkatel e grial thdydata ual |y
orthogonal spreading codes in the frequency direction in order to nultiplex
and transmt derpdulkdt ing garnforidatanh eneonetsr r¢iamedergdingHaninel
CDMA transmi ssion nethod 20 described in (1), wherein a construction in
which pilot the error correction decoding part 2-13, and the
transmitted information signals are restored in. the
information symbol restoring part 2-14.
10 Furthermore, the output of the part 2-6 for
estimating the propagation path fluctuation values or
the like and the output of the error estimating part 2-
7 are switched by the weighting control part 2-8 for
each sub-carrier, thus producing the weighting that is
15 multiplied in the multipliers 2-9.
Furthermore, as an example of one embodiment of
the present invention, a construction in which the
weighting for each sub-carrier is calculated in the
weighting control part wusing the propagation path
20 fluctuation values or the like estimated by the part
used to estimate propagation path fluctuation values or
the like, and a construction in which the error between
the signals following despreading and the signals that
are actually transmitted is estimated in the error

25 estimating part, and the weighting 1is successively

updated by means of an adaptive algorithm in the
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signals that are known on the receiving side and that are used to estimate
information relating to the propagation path fluctuation values or the |like
for each sub-carrier are transmtted separately fromthe 25 inforgmid-amsg3-qo0
signals in order to control the weighting used in MVSE conbi ni ng by
utilizing information such as 73 FP02-0183-00 the estimated val ues of the
propagation path fluctuation or the like. (3) The nulti-channel CDVA
transm ssion nethod described in (1), wherein a construction in which the 5
nunber of nukkiphexed tohersdt paptchamaekdoivd santifr.om.the transmitting
side to the receiving side separately fromthe information signals in order
to control the weinhtiong useshpe MWWBE axonbimbbagmbytutiid | gh&@gpirekensat i on
such as the estinmated values of the 10 propagation path fluctuation or the
like. (4) Thennehtienhamnedox3A toAnamcesistrumtibed desehibedpinotl),
wherein a construction in which pilot signals used as reference signals are
transmtted segaaasel ysédontbheeshinetat i dnfsikgralisni nsacter asko theperform
successi ve updating of the weighting used in MMBE conbi ni ng by neans of an
adapt bve al goropagatish Hethulflucthathneh CDMA¢s arsni sséorl ket hddr
described in (1), wherein a construction in which the signals described in
(2), (3) andegdh mub-ZERriimH t aneoustanamidiisad t sedasepal gt efgonf r bhet he

i nformation $ignals in order to control the weighting used in MVBE

conbi ni ng. (BpIqheabLPRi sdgasdsl ICDMArdenns$ei sEirdiratet bloel wedoghtbhed in (1),
wherein a receiving part_construction 25 is used in which the propagation
path fluctuadsed val VESSEnsraeipdnsr ahbl hiner laformptiphe @irlyas

the estimated values of the propagation path
10 fluctuation or the like is shown in Fig. 3.

In this figure, the transmitting apparatus is
constructed so that this apparatus includes an
information signal generating part 1-1A, a series-
parallel conversion part 1-4, symbol duplicating parts

15 1-7, a spread signal generating part 1-8, an insertion
part 1-5A for pilot signals used to estimate
propagation path fluctuation values or the like, an
insertion part 1-6 for pilot signals used to update the
weighting, multipliers 1-9, a frequency-time conversion

20 part (IFFT) 1-12, and a guard interval insertion part
1-13. Furthermore, the transmitting apparatus is
constructed so that this apparatus includes a part 1-5B
that generates pilot signals used to estimate
propagation path fluctuation values or the like, and a

25 switching device 1-14 which is used to switch between

the output of the information signal generating part 1-
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FP02-0183-00 i nformati on channels are estimated using information signals
and pilot signals used to estimate information relating to the propagation
path fluctuation values or the Iike, and the weighting used for MUBE2-0183-00
(7) The

wherein a

receiving part construction is used in which the propagation path
fluctuation val ues and noi se power are estinmated using the 10 information
signal s and pid ehsitgralontpsed O wat ipmite I+Soratet aenedatdng ot he
propagation path fluctuation values or the |like described in (2), the

number of i nfargmlionisdannel :stimettid natepagsthont batsi gralstustsidbn o
ascertain the nunber of multiplexed 15 information channels described in

(3), and thevagigl ieg ftore MMSEe codhi mrder s toal tnhat etdhasengutiasess
estimated values. (8) The nmulti-channel CDMA transm ssion nethod descri bed
in (1), wher gt Hreceiad ing rarta ldaristaamcte s &0 partusledt i n which t he

wei ghting of MMSE conbining is successively updated by neans of an adaptive
al gorig hmutilizingnt he phist siembbdimsert,for thecesslat@upniitiaiedf the

wei ghting used in MVSE conbi ning described in (4), so that the nmean square
error bet weenirifo et isimgnaligngdisl ogndg riespt esdionglandarhe I hat are
actually transmtted is mnimzed. 75 FP02-0183-00 (9) The nufti-channel
CDMA t r ansni sisiton mel hiocc afesice T HelMA ns { gpalihbyeithes Se@CeiRAFPEFS
construction is used in which the weighting of MVBE conbi pi ng
successi vel y iupdeted by PexdesoPazald@dpt FORVAF§EPTt MY 5THEI 1T

conbining is 5 cal cul ated using these estimated val ues.
mul ti-channel CDMA transm ssion nethod described in (1),

pil ot signals used for successjve , .
' parallel conversion part 1-4, duplicati

10 direction of the frequency axis by

duplicating parts 1-7, multiplication of

is

E it he

on 1in the

the

the

symbol

spread

15

20

25

signals in the direction of the frequency axis by the
multipliers 1-9 and the 1like, and frequency-time
conversion by the frequency-time conversion part 1-12.
Furthermore, the pilot signals may be transmitted in a
different signal format from that of the information
signals.

As is shown in Fig. 4, -the transmitted signals
have a construction in which an information signal
section 40 and pilot signal sections 40l1A and 41B are
multiplexed in terms of time. However, as is shown in
Figs. 5 and 6, a code-multiplexing construction in
which the information signals and pilot signals are
spread by means of different spreading codes and
multiplexed may also be used. Specifically, in Fig. 5,

the transmitting apparatus is constructed so that this
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updati ng of the weighting used in MMSE conbi ning described in (4), so that
the nmean square error between the signals prior to the reception FFT
treatnent and the signals that are actually transnitted is mni mFed2-@83-00
(10) The nufti-channel CDVA transni ssion nmethod described in (5), wherein a
receiving part construction is used in which the initial values of the

wei ghting for MVBE conbi ning are determ ned propagation path fluctuation
values or the like estimated frompilot 15 signals used to estinate

propagati on paidh e uahicomaeal ugs ointbenbtken ambgnak veEmhtdming s
successivel y updated by means of an adaptive algorithmon the basis of
pi | ot signal $438ed 1f-arm Successinvieedmstatd Nge bf ddrevenmight ipext 201{41j The
muf ti-carrier CDVA transmi ssion method with a receiving part construction
in which the ekt | ngupot cvBEgcomiming s7successkpekpdipdat espdy neans
of an adaptive algorithmas described in ( 8 ) and (10), wherein a
recei ving pardertanstimigtpont i $-asedd mua3 iwhiicirst he- Sei of 1 tee frep r SAVSE
conbining is successively updated using pilot signals in which the anount
of 76 5 FP02-£183mBOnihyctpsatti ob-1% fhicequehey raspsctiver agetpima Eien
direction of the (12) The nulti-carrier CDVA transm ssion nethod
channels and pilot signals, a frequency-time conversion
part (IFFT) 1-12 and a guard interval insertion part 1-
13 are installed in common for the signals. of the
information channels #1 through #n, the pilot signals
10 used to update the weighting, and the pilot signals
used to estimate propagation path fluctuation values or
the like. Moreover, the output of the guard interval
insertion part 1-13 constitutes the transmitted signals.
In such a construction, the information signals 40 and
15 pilot signals 41 are spread by means of different
spreading codes and code-multiplexed as shown in Fig. 6.
Furthermore, a frequency-multiplexing
construction in which the pilot signals are multiplexed
with a certain specified sub-carrier frequency may also
20 be used as shown in Figs. 7 and 8. Specifically, in
Fig. 7, the transmitting apparatus is constructed so
that this apparatus includes an information signal
generating part 1-1A, a series-parallel conversion part
1-4, symbol duplicating parts 1-7, a spread signal

25 generating part 1-8, multipliers 1-9, a frequency-time

conversion part (IFFT) 1-12 and a guard interval
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with a receiving part construction in which the 5 weighting for MVSE
conbining i s successively updated by neans of an adaptive al gorithm as
described in (8), (10) and (11), wherein a receiving part construck02n0183-00
used in which the weighting for MMSE conbining is successively updated

using pilot signals in which the 10 anmount of fluctuation is averaged in

the direction of the frequency axis. Tn nore concrete terns, the

mul ti-channel CDMVA transmi ssion methods shown in Figs. 22 through 24 are

used. In the jfQld QW0 glascriptd on,THe goupitt | bfbehdSpretelr&® tmhdtor
conveni ence along with Figs. 22 through 24. In the nmulti-channel CDVA

transni ssi on ymidied shopnlbd FignaAd tbedr ewei estimagealprdmeidadviory guard
interval renoval are converted into signals for eactl sub-carrier using the

tinme-frequengystEONFEASt @At Paui t vAQueBFOr 2tBe( dtide SD4) muThéppered2-16 t hat
estimates propagation path fluctuation values or the like estimates
propagation path flugtuatiyenimal ueswerdivn | beetf dr-Bach sub- gachi & and
each synbol by means of pilot signals (step S02). 25 The part 2-8 that
contr@ s the omisghtiatg dmor téec tpisidd: ceirgriaslrs okl cuteates! il asGiitHy f or
each sub 77 FP02-0183-00 carrier and each synbol fromthe estinmated
propagati on pat kettathuaspeni fatdeswr-adrr idke freapensy3) anIRg r'de@i ved
signals are nultiplied by this weighting for each sub-carrier and each
synbol (step iSOrme: ikire sshygrisols c@ﬂﬁ&wiﬂ%’gﬂfﬁaﬂt% Big0 &ynt hesi ze the

recei ved signals follow ng weighting multiplication across the spreadi ng
period (sub-carri erBiriieEyansol s (B SOCtHTR KANHRS z%%s‘freﬁé‘?‘ged
signals are sent to the data denodul ati ng part and den%dglated éstgg 10
S06) . In thebane, - thanRaLotDIVA Idifs HE%| BR FePRGgUCted as commo

10 pilot signals that are multiplied by a common spreading
code in all of the information channels, or may be
constructed as individual pilot signals that are
multiplied by individual spreading codes for each
information channel.

15 As one example of an embodiment in the present
invention, a portion of the construction of a
transmitting apparatus in which information relating to
the number of multiplexed information channels is sent
from the transmitting side to the receiving side

20 separately from the information signals in order to
control the weighting used in MMSE combining by
utilizing information such as the estimated values of
the propagation path fluctuation or the like is shown
in Fig. 9.

25 In this figure, the transmitting apparatus is

constructed so that this apparatus includes an
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shown in Fig. 23, the received signals follow ng guard interval renoval are
converted into signals for each sub-carrier using the tine-frequency
conversion part 15 (FFT) 2-3 (step S11). The part 2-6 that esti naFe82-0183-00
propagation path fluctuation values or the |like estinmates propagati on path
fluctuation values or the |like for each sub-carrier and each synbol, and
the part 2-8 that controls the weighting for each sub-carrier 20 determ nes
the initial values of the weighting for each sub-carrier and each synbo
(step S12). Thedwseaiiwd ignalls getemaltlingl i pdrby this, wea ghtémied-or each
sub-carrier and each synbol (step S13). The synbol conbining parts 2-10
synt hesi ze tQ%fgjﬂgyxﬂdﬁﬁgﬁgiﬁﬁu§a£a|nemingywbbghwupjﬂnduﬂqgip&ﬂﬁ@n
across the spreading period (sub-carriers and synbols) 78 FP02- 0183- 00
(step S14). They erjogpeshimatiigiglpagénesi t g eparhe lerormwftimeiers

synt hesi zed signals by neans of pilot signals (step S15) . The error
estimating parto 2-7 wekeseacysddmentcdnwesr tiomhpdher (6FFAOt 1 eandr is
equal to or less than a specified value (step S16). In cases where the
error §s not qguad intervhbsdnskart it papeclfidd vadadhermerenr ofhe
estimating part 2-7 updates the weighting for each sub-carrier and each
synmbol by neanscmit amflOthdaptawe dl-gdy i that(sgepesaBes |imnkmeatiprere the
error is equal to or less than the abovenenti oned specified value, the

synt hesi zed regkitviaty sitgnal thar exwerer t oo f hanwbl &0 Hesrerdiul B Fogdpat e and
denodul ated (step S17). 15 In the nulti-channel CDVA transm ssion net hod
shown in Fig.cismnehe amtetivedsipnal of fore RrFy HUF dthaE IS2ET7EFDval are
converted into signals for each sub-carrier using the tine:frequency
conversi on parthgFAMIrmatierpEre)ingye bake e 1RERTRRt Mt 25929
propagation path fluctuation values or the |ike es%i t es, propagation path
fluctl@tion vaénexaiping hearitke 16 eadhes ey i 8 ebﬁﬁogli}%ﬁb?nby

means of pilot signals (step S22).
P signga genératfng p%rt 1-1A and the output of the part

1-5B that generates signals used to estimate the

propagation path fluctuation values or the like are

switched by the switching device 1-14 and input into
15 the series-parallel conversion part 1-4.

In this embodiment, information relating to the
number of multiplexed channels 1s inserted into the
information signals and subjected to data modulation.
The information relating to the number of multiplexed

20 information channels is converted into multi-carrier
CDMA signals by the same procedure as that used for the
information signals, i. e., by series—-parallel
conversion, duplication in the. direction of the
frequency axis, multiplication of spread signals in the

25 direction of the frequency axis, and frequency-time

conversion. Furthermore, information relating to the
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The part 2-8 that controls the weighting for each 25 sub-carrier calcul ates
the weighting for each sub carrier and each symbol fromthe estimated
propagation 79 FP02-0183-00 path fluctuation values or the |i keF¥82€epl83~00
S23). The received signals are nultiplied by this weighting for each
sub-carrier and each synbol (step S24). The synbol conbining parts 2-10

synt hesi ze the 5 received signals follow ng weighting nmultiplication across
the spreading period (sub-carriers and synbols) (step S25). The error
estimating pafdmber! &St 85l dshed eindornitibe siahhesszedysiagrsal by nmeans

of pilot signals (step S26). The error estimating part 2-7 then 10 makes a
j udgenent as deptWhied heheOretetiving efirdy by equebatrater dmesssnissien
specified value (step S27). In cases where the error is not equal to or
less than thigysapeci fied value, the error estimating part 27 updates the
wei ghting for each sub-carrier and each 15 synbol by means of an adaptive
al gorithm (step S2%s. dme cazampikeref t hp embodimendgquah toeorpdessnt han the
abovenentioned specified value, the synthesized received signals are sent
to the data dervedhiliati,nga pportand dénuthd atens{stepi@28fhat is used
in the transmitting apparatus when pilot signals that
are utilized as reference signals are transmitted
separately from the information signals used for
successive updating of the weighting by means of an
10 adaptive algorithm is shown in Fig. 10.

In this figure, the transmitting apparatus 1is
constructed so that this apparatus includes an
information signal generating part 1-1A, a series-
parallel conversion part 1-4, symbol duplicating parts

15 1-7, a spread signal generating part 1-8 and
multipliers 1-9. Furthermore, a combining part 1-11
for the respective information channels and pilot
signals, a frequency-time conversion part (IFFT) 1-12
and a guard interval insertion part 1-13 are installed

20 in common for the signals of the information channels
#1 through #n and the pilot signals used to update the
weighting. Moreover, the output of the guard interval
insertion part 1-13 constitutes the transmitted signals.

In this embodiment, the pilot signals that are

25 used to update the weighting are converted into multi-

carrier CDMA signals by the same procedure as that used
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20 In the abovenenti oned enbodi nent, the propagation path fluctuation is
estimated and weighting is perfornmed for a certain instant. Howpwer01is3-00
woul d al so be possible to perform conbining for information synbols copied
in two-di nensional formon the frequency 25 axis and tine axis using
duplicating neans (i. e., a copier). If weighting is thus performed using a
80 FPO2-0183-00 plurality of frequencies and tinmes, then received signals
that have a higher precision with resgect to fl ctugtiogg isRrtikg-tine
direction, fbr ehe fHadicmuatian uatTBaRsS: cdn Feobtai ned. 5l n cases where

conbi ning is perfornedbyestimating propagation 1 nversion
f|UCtuatiOpakaaﬂaﬂonnnaWQﬁﬁ#QVHbBVs i e rf%s?%g?%?%%nsfghal f or nont he

frequency axis and tinme axis by duplicatj.n S GOR Efequim@gessi ng in
t he sub- caphirer 1di4r,edﬂ@dﬁf@@ﬂP@qdﬁh&%ﬁ%‘%%ﬁ%&O@%DM syrrbolq direction

(tinme axis)is added (for the estimation, of ti ongpakhf | ustyati on

val ues or tidwdd ikdx{cal§b?atiGﬁ@#&gightgﬁ%l?%%gﬁgﬁingBSpdating),

mul tiplicationofweighting and Onbim'%qf§i§ﬁ§fgvﬁﬁ i@ ad Syedoidre15f | ow
i-c

show i n Fingsltizd idatdgh 24 &8t v Tmf annel CDMA t ransni ssi on

met hod. From the invention thus desgri i1 Mb1Peebviiogs drattiide
enbodinentsxbfthhefﬁﬁ@@ﬁPF@hEﬁﬁV%eéXri?% fﬂﬁnagé ways. Such variations are

not tobe20regarded as a departure fro S SPhi | byanthes copeghieheyt+ nventi on,
and al | suchikedi fndatfit§IeLE Y ouldheo %?ous t0 ohe skilled in the art are

i nt endedforinclusion within the,scopg,of thefeldrowiveg clchienspihdbstri al
ApplicabiIity@%nﬁqqﬁ?ﬁﬁ%§éngmﬁﬁiegt?on, a pluralityof information channels

can be multiplexed and tra ] & inFR0&i@%83eh0 bygpelf 6pANA§ MVSE
conbi ni ng i pLORREH TR P%c§?5%5ﬁ2?5§a|énof the respective sub-carriers are

mul tiplied by a weighting, conprghladibar segablsub-carrier so that the mean.
squaPe erroFrB@tﬁﬁ@ﬂ ?ﬁeggggEng following 5 despreadi ng and the _signals

that are actually tr%@mgﬁgﬁﬁiiﬁ @ﬁgthAgd.twmcbrdhﬁgiypeﬁnSé§§€§5where t he
i nformation channfs *&r & mu tiplexed by multiplying the channels

mut ual 1y orhgo onal,_sRteadiAgncadesminht bl adoemey 1oy &I6S *e effects
of the 10 i &rence that is gener ated between the nmultipl ex

e
i nformation Cgf:mﬁlost a3 qaanesult safe tdperennd mngbmdet‘whﬂé:twetcﬂ@yspreadi ng
codes beingaﬁ' F?oyed by the effects of the propagation EatqncanRF
reduced. different spreading codes. However, @

15 construction shown in Figs. 3 and 4, a construction may

also be used in which the information signals and the

pilot signals used to ‘update the welghting are

nultiplexed in terms of time. Alternatively, as 1in the

i ' ion ma
construction shown 1in Figs. 7 and 8, a constructio %

20 also be used in which the signals are frequency-

nultiplexed.

As one example of an embodiment in the present

invention, a portion of the construction that is used

in the transmitting apparatus when various types of

25 pilot signals are simultaneously transmitted separately

from the information signals in order to control the

56



In the present invention, as was described above, Z5 the weights by which

the received signals of the respective sub-carriers are nultiplied can be
controlled to appropriate values in accordance with propagati on pPR2-0183-00
fluctuations so that the mean square error between the signals follow ng
despreadi ng and the 20 signals that are actually transmtted is mnimzed
ina mlti-carrier CDOMA transm ssion nethod. Accordingly, the destruction

of the orthogonality between the spreading codes can be conpensated for

whil e the noiveel ginpind uceed oln ORISH) emilyinimg hul shevn chr i B i s125
suppressed, so that an effect hat inproves the signal transm ssion
characteristics is Inobt &ahded. £ 8gure FPOhe183apendtdilng 1aPRakraEEp- ch¥ri er

CDVA transm ssion systemin which information synbols are duplicated and
lined up in tdenstimectédn b thehdt eqiibisy adPraratese Fngdpdesat R
information synbols are multiplied by a spreading code in the direction of

t he frequencyirafidmsyataieh t el greslpeaengs adgmend Peyvbolls lAve &r aP@ft¢ted by
means of a plurality of sub-carriers with different frequencies, 10 wherein
there @re provackdeh corversdPRi RS ded weiyga Ingd @t Gt L HE R For
controlling the weighting of each sub-carrier sg that the signals follow ng
despr eadi ng abpfoaci t hePEegRal SHHRL ar €eREFAALRY t (R t ted: af 15
conbi ni ng nmeans_for_perfornmng conbiniqg b¥ mul tiplying the r ceiyfg

signals of tHuYepkkeFse lsdb- cab FFERGTRYL Ehe AneFGRYTRG Y 0P 2% dch

sub-carrier controlled by said weighting control neans, 2._ A.mufti-carrier
CDMA transni s&2%n %@%teﬁ¥$$e%ﬁlﬁﬁichntﬁg%?ﬁh??oncg§ﬂ%%}§ a?%ddu%#%%gted and
lined up in the direction of the fre uency axis thes% du&h} tefl_l
i nformation syHBRALSard MARIYIRAST S SORPFEILPNgPaSde t'He direéction

f the f is, d th ti ool stted b
05 o of AR s aPREydof REaE e, PSR T BHYY oy ah FreqTasEansan Led by
FP02- 0183- 00 wh in th i LV ng: sideg t
cotimat | ng mebheCPBROBe TR TREPEFT ebls I (e prbidi ) fEhafibRs
fluctuations #g ﬁﬁkgggéhgnsbgpakﬁetggﬁiﬂgegiyﬁé@gIdbééaﬁgnﬁ Lg6e atRe

subj ect ed whi ese signal's tra to the recelving side fromthe
transmtting aégghting. Furthermore, the output of the guard
interval insertion part 1-13 constitutes the
15 transmitted signals. The output of the part 1-1B that

generates information relating to the number of
multiplexed information channels and the output of the
part 1-1C that generates other information are input
into the information signal generating part 1-1A. The
20 output of the information signal generating part 1-1A
and the output of the part 1-5B that generates signals
used to estimate the propagation path fluctuation -
values or the like are switched by the switching device
1-14 and input into the series-parallel conversion part

25 1-4.

In this embodiment, as is shown in Fig. 13, the
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wei ghting control neans for controlling the weighting of each sub-carrier
on the basis of the effects of the propagation path fluctuations esti mated
by said effect 10 estinmating neans so that the signals follow ng FP02-0183-00
despreadi ng approach the signals that are actually transmtted and
conbi ni ng neans for perform ng conbining by multiplying the received
signals of the respective sub-carriers by 15 the weighting for each
sub-carrier controlled by said weighting control neans, are disposed on the
receiving sidg1ct AgRdlld -mar rdret ADVAHI NS Ssdah Sy sdemniat evhitod
information synbols are duplicated and lined up 20 in the direction of the
frequency axigsoddtese dipdtiatfdd nforiet ivrlwysrhot sthes el ks tarpd iee by a
spreading code in the direction of the frequency axis, and the respective
spread symbolis) fyendtiais s idred Hyi ovears mfl tai gl axed ity trsubbTarimers with
different 25 frequencies, wherein there are provided on the receiving side:
84  FP02- 01&hd0t1ed f ptloeskiimmiileg 4Eeansed otoespidatiei ridne heeieflieiig of t he
propagation path fluctuations to which the signals that are actually
transrétted arel stiyg ecthfokmbtient begradsghll srer avale-tmol ltthie restssd g si de
fromthe 5 transmtting side: error estimating nmeans for estimating the
error betweemddrss sifyrdil Sfatat sspreading | godeansHawesttandhhesighal s
foll ow ng despreading on the basis of signals used for the estimation of
this error; IDigmdlghti mgedonttol rmestnlsndter cdiner ol Prapagatiari gitdty of
each sub-carrier on the basis of the effects of the propagation path

f1uct uati ons Bstdtimateidby Vediugsef Pact tost | Makengla¥andlafd Rhe &7
estimated by said error estimating neans so that the signals follow ng 15
despr eadi ng’ dppriolavlextart si ghal s TTRAUSHSY TR 1L 1$Ans e t8d; aﬁ'be

conbi ni ng means_for perform ng_conbini ng b¥ mul tiplyin %Lh?. recei ved
signal® of t HeFegdekah e SagBaesrri ef STR)SERETRei dHiS ngl 8t e&crats
sub-carrier controlled by said 20 mei%ht'n control ans, .are diigpsed on
the receivi ng*$§%e.ta. WOHRFEi - ERPri & l@%ﬁ?ﬁxn@r af&¥i sA6P sy et TR whi ch

i nformation synpo] s are. duplicatged and |ined in the.direct,)on t he
frequency axi™ULHIRAFSE Ry | caflé%q‘i“?ﬁ%Y mat1'o tls@r/ljrr%}éﬁ% arvgl%l tipiied by a

spreadi ng codg, n Lh, gireptien, of the frequency axis.

As one example of an embodiment in the present
15 invention, the construction of the receiving apparatus
that estimates the propagation path fluctuation values,
noise power and number of multiplexed information
channels or the like on the side of the receiving
apparatus and calculates the weighting used in MMSE
20 combining from the estimated values in a case where
pilot signals used to estimate the propagation path
fluctuation values or the like are transmitted is shown

in Fig. 14.
In this figure, the receiving apparatus 1is
25 constructed so that this apparatus includes a time-

frequency conversion part (FFT) 2-3, a spread signal
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85 FP02-0183-00 and the respective spread synbols are transmtted by

means of a plurality of sub-carriers with different frequencies, wherein
there are provided on the receiving side: 5 error estimating mearkPdpi0183-00
estimating the error between the signals that are actually transmtted and
the signals follow ng despreading on the basis of signals used fox the
estimation of this error; weighting control neans for controlling the

wei ghting 10 of each sub-carrier on the basis of the error estinated by

sai d error egtheRhiRggMepAstso2that ite singhalsl fatd oWty despr @adi.ng
approach the signals that are actually transmtted; and conbining neans for
perform ng ceubthAkrgoby, mdlid phypbagathst ke scecehubddss gnal sant RhéA
respective sub-carriers by the weighting for each sub-carrier controlled by
sai d wei ghti Rgaeonigt@inamansprapegalt smosedtan fhectneseior ngasuee. oF. The
nmufti-carrier CDVA transm ssion system 20 according to claim2 or claim3,
wherei n sai dthtf ecikest i anthogseegsieast iqmtimatinef frectts @f-6Bropagati on
path fluctuations using at |least either pilot signals that are used to
esti mét e propagatienipat kehiamherlnatindre ! ors Bavht sub-parti 2r6Cor ahdf ér mat i on
relating to the
part 2-8 for controlling the weighting of each sub-
carrier, into which the outputs of the abovementioned
parts are input. Furthermore, an example of the state
following the separation of the received multi-carrier
10 CDMA signals into signal components of the respective
sub-carriers by the frequency-time conversion part
(FFT) is shown in Fig. 14.
In such a construction, the components of the
signals of the respective sub-carriers are multiplied
15 in the direction of the frequency axis in the
multipliers 2-5 by the same spread signals as those by
which the signals were multiplied in the transmitting
apparatus, so that the effects of multiplication by the
spread signals are eliminated. Then, in the part 2-6A
20 that estimates propagation path fluctuation values or
the 1like, the effects of the propagation path
fluctuation values to which the transmitted signals are
subjected while traveling from the transmitting
apparatus to the receiving apparatus are estimated for

25 each sub-carrier frequency using the section of the

pilot signals wused to estimate propagation path
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25 nunber of multiplexed informati on channels. 6. The nufti-carrier CDVA
transm ssion system 86 FP02- 0183-00 according to claim2 or claim 3,
wherein said effect estinmating neans estinate the propagati on patfiP02-0183-00
fluctuation val ues, noise power and number of multiplexed channels as
effects of propagation path 5 fluctuations utilizing the signals follow ng
despreading and pilot signals used to estimte propagation path information
for each sub-carrier. 7. The multi-carrier CDVA transm ssion system

accordi ng tosg|,aih2i8h GlAi8s3, oMheERei Nikai.d affeset dffests mraanngpeneans
estimate the propagation path fluctuation values and noi se power as effects
of propagati ggt+pathefl gebwathenamownthotthifa uestiatrabinon fhéherg spankdsmed
utilizing the signals follow ng despreading and pilot signals that are used
to estinmate }5iphepagatthe peddt i tfertmatthen pototachigublearydast, tend said
effect estimating neans estimate the nunber of nultiplexed information
channel s as agtehbeet tok propagation path fluctuationsvalivels o $he
estimation being perforned utilizing information relating to the 20 nunber
of mulgti pl exed kenhakeati tnoshaamplld tusle, Tibame wndc PEtite@TNCDVA transm ssi on
system according to claim3 or claim4, wherein said error estinmating neans
estimate the error Fusithgrabriegasin obket yod sef rxivigral esbiBet&adf P&HDI | ot
signal s used for the 25 successive updating of the weighting, pilot signals
utilized as rpefom,ente siogsal Powsitl dorsiegirdl $UNTAHITARIBZS SFPIRAGESS- 00 t he
amount of fluctuation is averaged in the direction of the freque axi s,
and pilot sidyal ssthmahivh tHee afdeReTSAon uef udtheon SPSTta08r a%gdqﬁ“/? t he
direction of the time axis, as signals for estinating t he_error STﬂglative
to the signalpslfodl | owiorpHespHEsdi nge estimate propagation  pa

10 fluctuation values or the like, which are signals with
a known amplitude, phase and pattern. Furthermore, in
the information channel number estimating part 2-6C, as
is shown in Fig. 4, the number of multiplexed
information channels 1is estimated by calculating the

15 ratio of the received power of the section of the pilot
signals used to estimate propagation path fluctuation
values or the like and the received power of the
information signal section in which the information
signals of the respective mobile stations are code-

20 multiplexed. Then, in the weighting control part 2-8,
the weighting for each sub-carrier (wp: m is the sub-
carrier number) is calculated as Ws = hn/ (Na [hol® + On?)
using the estimated propagation path fluctuation values
(e m is the sub-carrier number), noise power (G,2)

25 and number of multiplexed information channels (N,), so

that the mean square error of the signals following
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9. The nufti-carrier CDVA transm ssion system according to claim3 or claim
4, wherein said weight control neans successively update the weighting for
each sub-carrier by means of an adaptive algorithmso 10 that thersBdgnals3-00
foll ow ng despreadi ng approach the signals that are actually transmtted.

10. The mufti-carrier CDVA transm ssion systemaccording to claim3 or
claim4, wherein said weighting control neans successively update the

wei ghting for 15 each sub-carrier by neans of an adaptive al gorithm so that

the signal's RLin®nliddt hes rRERPKE 2BAFFT ThieeatdBid appegaeh td ilgtad s t hat
are actually transmtted. 11. The nufti-carrier CDVA transm ssion system

accor di ng t o +gledi Medgitialei nisai ehivwi ghhkag gent neldi2e teeians rdetigrani ne t he
initial values of the weighting for each sub-carrier on the basis of the
effects of thefrepPaREAt hON pAtBotHUAHUR, i Offte eplricrahed byveat ioef fiect

estimating means, and said weighting control means successively update the
wei ghting forcheaeh tsii-zeat rirer 2t byheeprspatyaat oadgpithy ef Jalgordtiom on t he
basis of the error estimted by said error estinmating neans. 88
FPO2- 3183-00values, noise power and number of multiplexed
information channels that are required in order to
calculate the weighting can be appropriately estimated
from the information signals and pilot signals that are
used to estimate propagation path fluctuation values or
10 the like.

It is desirable that the mean square error of the
signals following combining be 0.1 or less. The reason
for this is as follows: namely, in cases where the
weighting shows sufficient convergence, the mean square

15 error is ordinarily kept to a value of approximately
0.1 to 0.01. Furthermore, there are also cases in
which the mean sdquare error is 0.01 or less if the
propagation environment is. good.

Furthermore, in the present invention, as 1is

20 shown in Fig. 9, since the number of multiplexed
information channels is sent from the transmitting side,
the appropriate number of channels can be obtained on
the receiving side. Furthermore, the weighting used in
MMSE combining is calculated after the propagation path

25 fluctuation values and noise power have been estimated

by the same method as that of the invention described
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12. The mufti-carrier CDVA transm ssion system according to claiml,
wherein weighting information transmtting neans are di sposed on the
transmtting side for transmtting, separately fromsaid signals BrPodhadl@aBe00
actually transmtted, at |east one type of signal selected frompil ot
signals used to estimate propagation path information for each sub-carrier,
information relating to the nunber of nultiplexed information channels,
pilot signals utilized as 10 reference signals, pilot signals used for the
successi ve upgatdng ©f 6t hempeieghkirng.thp | ofeségnal svesedonnmalye alexei vi ng
side for averaging the anmount of fluctuation in the direction of the
frequency axise @8l pihotcasicgnakiketis ed ndo rivae iloec edvarmge 5 dehbaor aner agi ng
15 the amount of fluctuation in the direction of the tinme axis. 13. A
transmittingmappamdiesed bR Bukthdeayr icodeGDMhAt ansai ssithogeystlerhid n whi ch
information synbols are duplicated and lined up in the direction of the 20
frequency aXiescH hesghdipl i catiedy | nfrartetli on Giyifedentar e multtii-ptalate by a
spreading code in the direction of the frequency axis, and the respective
spread synbohsdarie tiroansyistttead ndregnrsaaiiny pladealggniagds sub-carriers with
different frequencies, 25 wherein this transmtting apparatus conprises

wei ghti ng i nfor mat fen énansmempileg afbaas fembadiaesti t1p nhegPpresent
FP02-0183-00 separately fromthe signals that are actually transmtted, at

| east one typawemtsiagnal tlsel eensdricbhoni Pt thiegr@ice LySag taPRasia i e
propagation path information for each sub-carrier, information relating 5
to the nunberthsft nis t iprex&Qri FEIGRAT IO chpdaeiag Bl dhesividtRI 1i zed
as reference signals, pilot signals used for the successive updating of the
wei ghting, piusdinaighel seatéanoR it Hé&a el % nglergest aﬁegvetroaw&am
amount of fluctuation in the direction of 10 the frequency axis,. and pil ot
signdl® used e tifd EdAIYi Iy SIS T I eRferdif r%l]t%q%]rﬁﬂ%]ts 594 3'739 uati on
in the direction of the tine axis.§$é. A,receiving appar at us inz% q

mul ti - carri e RCHVIE t FRAISHPL9REATEy N bk EB- | APoATst | P ES0T R 15 are
duplicated and lined up in the 5gi rection of the frequency axis, these

dupl i cat ed i rforFRA RSyl ssre multiplied by a spreading code in the

direction of the frequetrlg%/%ax%g?lll?gd t@ﬁere% %%ti'v\i%gsma%%%h ol s, are
Ty’ i 20 Wt

transmtted by msa_rH‘of_ luratt of “stub-carriers “different
means. or oo T The el g T ngrar SoeprafRtaRinads! Bk e
R ERIR T i R S R R T
generating part 2-4, multipliers 2-5 and 2-9 and symbol
combining parts 2-10. ' Furthermore, the receiving
apparatus also includes a reference signal generating
part 2-15, an error estimating part 2-7 that inputs the
20 output of the reference signal generating part 2-15,
and a part 2-8A that updates the weighting for each
sub-carrier, and the output of this weighting control
part 2-8 is input into the multipliers 2-9.
Furthermore, in Fig. 15, in regard to the section of

25 the pilot signals used to update the weighting in the

received multi-carrier CDMA signals, an example of the
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FP02-0183-00 the received signals for each sub-carrier by the weighting for
each sub-carrier controlled by said weighting control neans. 15. A

receiving apparatus in a nmulti-carrier 5 CDVA transm ssion systermBIR-v#Ii&h-00
i nformation synbols are duplicated and lined up in the direction of the
frequency axis, these duplicated information synbols are multiplied by a
spreading code in the direction of the frequency axis, and the respective
spread synbols 10 are transmtted by nmeans of a plurality of sub-carriers

with differegi,teeqpenthgsng RIRIra i oaCekyends Bgpal at U taonhieses:
effect estimating neans for estimating the effects of the propagation path

fl uct uati ons st gnwhi eBmpBResitgnalts the thapeare vacudHcy ririensmoyt edhear e

subj ected whil é these signals travel to the receiving side fromthe
transnittingrsed@enwei-ghhiengoneetrsdbnmpars f(@FT¢ontsr ahlovag t he wei ghting of
each sub-carrier on the basis of the effects of the 20 propagati on path
fluctuations estinmahed dynpeaichtaf fett thet isimmale nefinsheo relsaedtiaresi gnal s
foll owi ng despreadi ng approach the signals that are actually transmtted
and cgnbi ni ngukeans riiet spemfudripilg e nbini nghley mdxegtidmg 25 t Hder ecei ved
signals of the respective sub-carriers by the weighting for each
sub-carrier ceehuehkcgd dnisdiy the sERE2-QIERDsiwials i ag tbaseolbvheans.
16. A receiving apparatus in a nulti-carrier COMA transm ssion systemin
whi ch i nf or metiich syirebos sgme bs dwelriec atvdd: ianldi dd niel Gpei FEREMiGedd on of
the 5 frequency axis, these duplicated information synbols are nultiplied
by a spreadi agppasdéisn isie tdiate dhicos fffe ative offr aypdddi®f igaitdorahy the
respective spread synbols are transm tted by neans of a plurality of
sub-carri er s spireladd sfanaks freqeéAdiiegted.” Then, the signals ‘are

10 multiplied by the successively updated weighting for
each sub-carrier, and are synthesized across the
spreading period in the symbol combining parts 2-10.
Afterward, in the error estimating part 2-7, the error
between the synthesized signals and the pilot signals

15 used to wupdate the weighting, which have a known
amplitude, phase and pattern, is estimated. Then, in
the weighting control part 2-8, the weighting is
successively updated by means of an adaptive algorithm
so that the mean square error is minimized.

20 The received signals of each sub-carrier in the
information signal section -are multiplied Dby the
updated weighting in the section of the pilot signals
used to update the weighting, and the received signals
of the respective sub-carriers are synthesized by the

25 symbol combining parts, so that the signals are

subjected to despreading. The weighting updating
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10 wherein this receiving apparatus conprises: effect estimting neans for
estimating the effects of the propagation path fluctuations to which the
signals that are actually transmtted are subjected while these sFgha+8183-00
travel to the receiving side fromthe 15 transmtting side error estimating
nmeans for estimating the error between the signals that are actually
transmtted and the signals foll ow ng despreadi ng on the basis of signals
used for the estimation of this error; 20 weighting control neans for
control ling thenwi ghtd ng nefi ceaed suhr caid er RaféhenbasiB.of tHeresffects
of the propagation path fluctuations estimted by said effect estimating
means and t he@rih@rnestd,mted ratwal d wers ordeesstr isd ngimeadisicdo tidled t he
signals foll ow ng 25 despreadi ng approach the signals that are actually
transmtted; waidhi2ng mMRA2-QIRPGA vednbiupdeg evkarsi fprthperdartian abrbi ni ng
by multiplying the received signals of the respective sub-carriers by the
wei ghting fortheachisld: casigralsontsed| etdoby updiadeweitdlet i e ichritingd; neans.
5 17. A receiving apparatus in a nmulti-carrier CDVA transm ssion systemin
whi ch & nf or mitdwavesynbolsdat engupbifcatide armeidhizichaip hayt helgior edd on of
the frequency axis, these duplicated information synbols are nmultiplied by
a spreadi ng et dmedhé ywliadstirido o ﬂmeEWﬁﬁi@@u@h@@abx$%¢th%@-tHgl
respective spread synbols are transmtted by neans of a plurality of

sub- carri er s thiitsh cidd erehgnikeqelkheirsd Rereilnddsmente d@adhdg apdhr at us
includes error estimating nmeans for estimating the error between the 15
signal s that te styealsysVREASALEEEd dhdthiheSEgRAlI SOFOHPRIhPHEsHr eadi ng
on the basis of signals used for the estimation of thi rrar; .weighting
control . neamifﬁhec%hﬁ@o@¥?n@s?ﬁeaﬁeFBﬁtFﬁ§e6ﬁn€§cﬁ¥ﬁﬁ9 ariady t he

basis of the error estimted 20 boy said error,_estimting nmeans so that the
signdﬂ% necessary in order to estimate the error.

As one example of an embodiment in the present
invention, the construction of the receiving apparatus
as shown in Fig. 10 that successively updates the
weighting using the section of the pilot signals used

15 to update the weighting so that the mean square error
between the signals prior to the reception FFT
treatment and the signals that are actually transmitted
is minimized in a case where pilot signals used to
update the weighting are transmitted is shown in Fig.

20 16.

In this figure, the receiving apparatus 1is
constructed so that this apparatus includes a time-
frequency conversion part (FFT) 2-3, a spread signal
generating part 2-4 and multipliers 2-5. Furthermore,

25 the apparatus also includes a reference signal

generating part 2-15, symbol duplicating parts 2-16,
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fol |l ow ng despreadi ng approach the signals that are actually transmtted;

and conbi ni ng neans for perform ng conbining by nmultiplying the received
signals of the respective sub-carriers by 25 the weighting for eaEh02-0183-00
sub-carrier controlled by said weighting control neans. 93 FP02- 0183-00

18. The receiving apparatus according to claim15 or claim 16, wherein said
effect estimating neans estimate the effects of propagation path

fluctuations using at least either pilot signals that are used to 5

estimte pr Oﬂﬁﬂ_actii};ﬁ'leti%t h Jd-nfor mat | arrdtereaeit iswbcagariwrrsiam i rdartmat i on
relating to the nunber of multiplexed information channels. 19. The

recei ving appargailys acrey dingetr@oe! aigtikatamee!@dm 1857 wher giartsad o ef f ect
estimating means 10 estinmate the propagation path fluctuation val ues, noise
power and nunhgyt afpdaddd ptiexede chatbals fas ehehefsibetos rofiepr,opaghta on pat h

fluctuations utilizing the signals follow ng despreading and pil ot signals
that are usegdra estpovt@apr apagatpbiepathei nfedrgietiingn fisedeadsh MAE 15
carrier. 20. The receiving apparatus according to claim15 or claim 16,
wher eim sai d ®fifteiatirest | M@henguans eost itute weé gptépdgarilhiphy g
fluctuation val ues and noi se power as effects of propagation path
fluctuations,pa2: wve+hot hiss ieghitnainon bbend iperflaem@nay | AR YR $ Hen
part 2-3.
In this embodiment, after reference signals that
are known on the receiving side are first subjected to
10 a series-parallel conversion, the respective symbols
are duplicated in the symbol duplicating parts 2-16 a
number of times that is equal to the spreading period
of the spreading code, and the respective duplicated
symbols are multiplied by spread signals corresponding
15 to the pilot signals used to update the weighting.
Afterward, these signals are converted by the time-
frequency conversion part 2-18, thus producing
reference multi-carrier CDMA signals. .
Then, in the error estimating part 2-7, the error
20 between the reference multi-carrier CDMA signals and
signals obtained by multiplying the received CDMA
signals by the weighting used in MMSE combining is
estimated, and in the weighting updating part 2-8, the
weighting 1is successively updated so that the mean

25 square error is minimized. Here, furthermore, a method

was described in which the weighting was successively
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signals follow ng despreading and pilot signals used to estimate

propagation path information for each subcarrier, and the effect estimating
means estimate the nunber of nultiplexed i nformati on channel s as ERO2f0k83-00
25 of propagation path fluctuations, with this estimation being perforned
utilizing information relating to the 94 FP0O2- 0183- 00 nunber of

mul tipl exed i nformati on channels. 21. The receiving apparatus according to
claim16 or claim 17, wherein said error estinmating neans estinmate the

error using abpdaeast wied wWe destgnalob skkeptedtf sdempillotissidyrial s used
for the successive updating of the weighting, pilot signals utilized as

ref erence si@%@b&e pidrad sighghsing; whi chotwdeenamounpdetifibuctodfat itdre i s
averaged in the direction of the frequency axis, and pilot signals in which
the anbunt 1Qeafghitlivet ualduld | salser aged parfbemdir edblyi ordafinche thare axi s,
as signals for estimating the error relative to the signals follow ng
despr eadi ng. i2ZForhhe ilceceikiignglappacaios. accdndi hgiso césem Bawald aim 17,
wherei n said wei ghting control neans 15 successively update the wei ghting
for each sub-ctarariinerd bypyreams didgemedtpt feedabgsri PEm $det haianed Si gnal s
foll owi ng despreadi ng approach the signals that are actually transmtted.
synthesized in the symbol combining parts or the like
are used as the reference symbols that are necessary in
order to estimate the error.
As an example of an embodiment in the present
10 invention, one example of the construction used to
perform successive updating of the welghting using
pilot signals for updating of the weighting following
the determination of the initial values of the
weighting using pilot signals wused to estimate
15 propagation path fluctuation values or the like in a
case where the pilot signals used to estimate the
propagation path fluctuation values or the like and the
pilot signals used to update the weighting shown in Fig.
12 are transmitted is shown in Fig. 17. In this figure,
20 the receiving apparatus is constructed so that this
apparatus includes a time-frequency conversion part
(FFT) 2-3, a spread signal generating part 2-4,
multipliers 2-5 and 2-9, and symbol combining parts 2-
10. Furthermore, the apparatus also includes a part 2-

25 6A that is wused to estimate propagation path

fluctuation values or the like, a noise power
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23. The receiving apparatus according to claim?20 16 or claim 17, wherein
sai d wei ghting control neans successively update the weighting for each
sub-carrier by nmeans of an adaptive algorithmso that the signal SFpo2e0188-00
the reception FFT treatnent approach the signals that are actually
transmtted. 25 24. The receiving apparatus according to claim 16, wherein
said weighting control neans determ ne the 95 FPO2-0183-00 initial values
of the weighting for each sub-carrier on the basis of the effects of the

propagat i on path pfdiuGipaphens esébatad by reakdtebhecéngsté Matingerans,
and said wei ghting control nmeans successively update 5 the weighting for

each sub-car rd8ri it imRANSa 0t @ aadaphi wearad gorBBhrarat t benbasils dfhd he
error estimated by said error estimating neans. 25. A nulti-channel CDVA

transmi ssi on ipgtdicd i #a Wé € hoiEnfreigmaié nghsymdoEsrake ctiupl ulsataad: bad, | i ned
up 10 in the direction of the frequency axis, these duplicated information
synbol s are mytd pitish byh@ spteadingfcete iabovkmetditieiidomanfts here
frequency axis, and the respective spread synbols are transmtted by neans
of a [ urali tinmift,sul- caeréeescei thighdl ergente rEf ifreequenti e3s1@herain this
met hod conprises: a step in which weighting control means on the receiving
si de control dhemedghinaigidorpaach2subtatoi shist tthat ouieudi gfaltthe
fol  owi ng despreadi ng 20 approach the signals that are actually transnmtted
and a step i refdimIncondimaly geresabing hpartcé@iribng ssilgeuser faorgatonbi ni ng
by multiplying the received signals of each sub-carrier by the weighting
for each subcar8A ethabnupdiited Hynesaveil st yhyi Berc ROl SHRFREL D& 26. A
muf ti-channel CDMA transm ssion nethod in which informati on synbols are
dupl i cat ed anuuiimedwmpcggng device 2-21 that switches between the
10 output of the a part 2-8A that updates the weighting
for each sub-carrier and the output of the part 2-8B
that controls the initial values of the weighting for
each sub-carrier. The output of this switching device
2-21 is input into the multipliers 2-9.
15 . Furthermore, an example of the state following
the separation of the received multi-carrier CDMA
signals into signal compdnents of the respective sub-
carriers by the frequency-time conversion part (FFT) 1is
shown in Fig. 17. The components of the signals of the
20 respective sub-carriers are multiplied in the direction
of the frequency axis by the same spread signals as
those by which the signals were multiplied in the
transmitting apparatus, so that the effects of
multiplication by the spread signals are eliminated.

25 Then, the propagation path fluctuation values or the

like are estimated in the section of the pilot signals
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FP02-0183-00 in the direction of the frequency axis, these duplicated
informati on synbols are nmultiplied by a spreading code in the direction of
the frequency axis, and the respective spread synbols are transmgpes bysd-00
nmeans of a plurality of sub-carriers with different frequencies, wherein
this method conprises: a step in which effect estinmating neans on the
receiving side estimate the effects of the propagation 10 path fluctuations
to which the signals that are actually transmtted are subjected while

these signal §bravel (@ ithed §eoiphgad il fhomithe dataremvdlvig de; a
step in which weighting control neans on the 15 receiving side control the

wei ghting forpgach sdbganr it@e OMmibenbesss efighhe efd@cison of ahlie the
propagation path fluctuations estimted by said effect estimating nmeans so

that the.. signahsitel | ¢¥rngedeEpr et 8gr appr oatdh thil Qilgnadd timinare
actually transmtted; and 20 a step in which conbining nmeans on the

recei ving si gedRer anmeagnbitRengebulftihi pleyight ihle viadeeisved esitgnals of
each sub-carrier by the weighting for each subcarrier controlled by said
wei ghts ng confsr othaeans.tizdld. fabuébi - clRfitetwODA tthanswe sghbingetitod in 25
whi ch information synbols are duplicated and lined up in the direction of
t he frequencyuddessitedse UpdatieD2-i01 83HR0 dgulticat ed fi nfdraratgidretsynbol s
are multiplied by a spreading code in the direction of the frequency axis,
and t he respedigned ssprseat txy Myslas cartthe rveanisgh it iregyl. byFurddvegmofrea giheral ity
of sub-carriers with different 5 frequencies, wherein this nethod

conpri ses: aesttdmatrioshich &heedropstdatdidmopatlangloatvréiracaiadiurf si de
estimate the effects of the propagation path fluctuations to which the

si gnal s that car el hitkeiathgtt paes met ate eudfecteddffigraifgedd ssi gnal s

travel to the receiving side fromthe transmtting side; .
10 initial values of the welghting may also utilize the

section of the pilot signals used to update the
weighting in addition to the section of the pilot
signals used to estimate propagation path fluctuation
values or the like and the information signal section.
15 Furthermore, the updating of the weighting may also be
performed by adding the section of the pilot signals
used to estimate propagation path fluctuation values or
the like, in which the amplitude, phase and pattern are
known. Furthermore, in the information signal section,
20 the updating of the weighting may be performed by
adding signals obtained by a judgement feedback of the
signals synthesized by the symbol combining parts.
As one example of an embodiment in the present
invention, a portion of a construction that performs
25 successive updating of the weighting utilizing signals

obtained by averaging the received signals of each sub-
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a step in which error estimating nmeans on the receiving side estimate the
error between the signals that are 15 actually transmtted and the signals
foll owi ng despreadi ng on the basis of signals used for the t estiprOoRe0188-00
this error; a step in which weighting control. neans on the receiving side
control the weighting for each sub20 carrier on the basis of the effects of
the propagation path estimated by said effect estinmating nmeans and the

error estimated by said error estinmating nmeans so that the signals

fol | owi ng despy8ading ARHOFHLdleh &)} Hidsct vl iy esrashuald yrig amsan tt ed;

and 25 a step in which conbining nmeans on the receiving side perform

conbi ni ng by rIldHPd yingutde teeervedisiggabppidatusPi2 HlEtofedach
sub-carrier by the weighting for each subcarrier controlled by the

wei ghting condg ol theansth28. AppHkbtushannelludoNA ta ansimiessimagumidpd in
whi ch information synbols are duplicated and Iined up 5 in the direction of
t he frequencym@xicssitdiesgadupl(Fea) e@-f oa mapreadswityplad ayenemdtipdi ed by
a spreading code in the direction of the frequency axis, and the respective
spread synbolgarar -4, amad ttiped dyys reeehs adder plandl, tinuldfisiiecardters with
different ZO frequencies, wherein this nethod conprises: a step in which
error estimatamy spabhslorccnte miecei pangs si2dé Oest | Tim¢ e appereitigr detwween t he
signals that are actually transmtted and the signals follow ng 15

despr eadi ng dmdlheidmsas reffesiegral ssigeal f gentere tdswi neaion2oflothianerror;
a step in which weighting control neans on the receiving side control the
wei ghti ng foremach eutbioeating oart he-hasnsooihike &heoctdditmfedy said
20 error estimating nmeans so_that the signals follow ng despreading
approach t he rifiprance hatognrk genearlyngr HH t3 e Ahd 1aP¥Eep 304 vhi ch
conmbi ni ng nmeans on the receiving side perforn]conbiniqg by mul tiplying the
receilMed si gt 28-8f eblat RS efhBy WHEIRet Rt iTvF fSF‘CEaC‘E‘J%TJb

carrier. Furthermore, an example of the state

following the separation of the received multi-carrier

CDMA signals into signal components of the respective

sub-carriers by the frequency-time conversion part
15 (FFT) is shown in Fig. 18.

In such a construction, the components of the
signals of the respectivé sub-carriers are multiplied
in the direction of the frequency axis by the same
spread signals as those by which the signals were

20 multiplied in the transmitting apparatus, so that the
effects of multiplication by the spread signals are
eliminated. Then, signhals obtained by adding n (n is a
natural number) signals of the respective sub-carriers
in the frequency direction are multiplied by the

25 weighting, and the weighting 1is wupdated 1in the

weighting updating part 2-8A so that the mean square
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carrier controlled by said weighting control neans. 99 FP02-0183-00 29.

The mul ti-channel CDMA transm ssion nethod according to claim26 or claim

27, wherein, in the step in which said effects are estinated, saidpebfeeti-o0
estimating nmeans estimate the effects of propagation 5 path fluctuations
using at least either pilot signals that are used to estinmate propagation
path information for each sub-carrier, or information relating to the

nunber of multiplexed information channels. 30. The multi-channel CDVA

transm ssi on JEtdodpi@aee0r ehag igreliai NsPRtREsgkaimidy, tweergignain the
step in which said effects are estimated, said effect estimating neans

estimate the prapagatd opaxatd 2-uet uahigontwal uesrepehse poVghaasd npsinber of
mul ti pl exed channel s as ‘ef fects of propagation path 15 fluctuations

utilizing theysigedsafoll g@%@@id@&pr eadi Nngaapd piwhetesi gnal sdasetive o
estimate propagation path information for each sub-carrier. 31. The

nul ti - channela XA ¢H@NSBI S89e@n) NEtdodmaceer d Mgckdcal at toR6 toratcl Bs m 27,
wherein, in the step 20 in which said effects are estimated, said effect
estinegi ng nmeshguesdd mdhe ¢ hdepr apagapdatepadtte f hedhatingn vatuessand noi se
power as effects of propagation path fluctuations, with this estimation
bei ng perforrettatdingi g the sugbals offolWwealghigi kb dekps 2adi mgwawer pi | ot
signals that are used to estimate propagation path information for each
sub-carrier, mnda¥&fagikPon Od8s- Degeénicef dececieson nat i Pyl srepadnest i mat e

t he nunber of nultiplexed informati on channels as an effect of propagation
path fluctuatitonss pws$ilbhe stestéedute ophdahwrpperd brvetolut {19 ZYabues
information relating to the 5 nunber of nultiplexed information channels.
32. The nul tiusddndel MOOMA coawsmiisgiion Aechsdiagdyr dithe t MOMRIEM 2T or
claim28, wherein, in said step in which the error is estimated, said error
estine@ing meeakcwekrtier e ¥PRUEFedr IRF ngukdatbagt e 100t yprIeFedi gna
selected froma set consisting of pilot signals used for the successive
updating of tPErYREEMTPg, Y ofPLeEHAP s Aft i FReed' IR eI eAGY sFHRAI s,
pilot signals in which the ampunt of fluctuation _is averaged in.the
direction of WHel¥3@qudity S8GEOmndt the “pilot *sTgnald®Tuséa’ "o

estimate propagation path fluctuation values or the
like and the information signal section in addition to

15 the section of the pilot signals used to update the
weighting. Furthermore, a construction in which the
number n of sub-carriers averaged is equal in all cases
is shown in Fig. 18; however, the number n of sub-
carriers may also be appropriately varied.

20 As one example of an embodiment in the present
invention, a portion of a construction that performs
successive updating of the weighting using signals in
which the received signals are averaged in the time
direction for each sub-carrier is shown in Fig. 19. 1In

25 this figure, the receiving apparatus is constructed so

that this apparatus includes a time-frequency

70



15 pilot signals in which the anmount of fluctuation is averaged in the
direction of the tinme axis, as signals for estimating the error relative to
the signals follow ng despreading. 33. The nulti-channel CDVA tr ans02s8i®B-00
met hod 20 according to claim27 or claim 28, wherein, in the step in which
the weighting is controlled, said weighting control neans successively
update the weighting for each sub-carrier by nmeans of an adaptive al gorithm
so that that the signals follow ng despreadi ng approach 25 the signals that
are actual | y dgmars@ichetbasd. (Fhe) me-3,- chagpeta €DMAghransydsstani met hod

10l FP02-0183-00 according to claim27 or claim28, wherein, in the step
in which thepagitgti4g msl it fetd ezh5 sand-wWei gbllbngdeoicesl (medrs a
successi vely update the weighting for each sub-carrier by neans of an

adapt i ve al gefdtidralseumpdiat that are wiaghals qoid or texdiheed ecieptalon FFT
treatment approach the signals that are actually transmtted. 35. The

mul ti - channeliCOMe t ramem Gt @nt et hodddecsr di+fp t omalaipl28rswier®i n, in
the step in which 10 said weighting is controlled, said weighting contro
means Sdet er mamgl t frgmbanl t icambialings wpdrtdhe2wdOght | Tige f eppeaeliusutalcrri er on
the basis of the effects of the propagation path fluctuations estinmated by
said effect estdlneldsnga neafercaced saigdnaki ghtiengtdogt rrdrtheands1s an
successi vely update the weighting for each sub-carrier by neans of an

adapt i ve al gemrdrmest ifed ivasipndf Ate tévatorinmsttismdined BicHi P erthe
estimati ng neans. 36. The multi-channel CDVA transm ssion nethod according
to clai m 25, nefensinees & bnmt eneret LresParbo2stap PRI Fr%the? Wi ghti ng
information transmtting neans on the transmtting side transmts
separatel y fridmtsairdaiemabbet wal dytd nget £l | §athassiceed it | one
type of signal selected frompilqt signals used to estjinate. propagation
pathhQWorHBHU&?WQNO%aéﬁlQSWﬁﬁﬁhﬁ%GQePPd?E¥Bgm@ﬁ§H1%é'%t?ﬁg%ﬂﬁﬁﬁe

nunmber of nultiplexed i nfornati on channels, pilot signals 2 ,
Fp02_0183_00in€% the multipliers 5—3. Furt ermore,gt%e dg%ay time

Ts of the delay device 2-21 is 1 multi-carrier CDMA

symbol length.
An example of the state following the separation
15 of the received multi-carrier CDMA signals into signal
components of the respective sub-carriers by the
frequency-time conversion part (FFT) is shown in Fig.
18. The components of the signals of .the respective
sub-carriers are multiplied in the direction of the
20 frequency axis by the same spread signals as those by
which the signals were multiplied in the transmitting
apparatus, so that the effects of multiplication by the
spread signals are eliminated. Then, signals obtained
by adding m (m is a natural number) received signals in
25 each sub-carrier in the time direction are multiplied

by the weighting, and the weighting is updated in the
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utilized as reference signals, pilot signals used for the successive
updating of the weighting, pilot signals used on the receiving side for
averagi ng the amount of fluctuation in the direction of the frequepcg-ax8s8-00
and 5 pilot signals used on the receiving side for averaging the anount of
fluctuation in the direction of the tinme axis. 103
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means of a plurality of sub-carriers with different
frequencies, wherein the channel construction and
construction of the transmitting part and receiving
5 part that are required in order to perform combining
(MMSE combining) by multiplying the received signals of
the respective sub-carriers by weighting controlled for
each sub-carrier so that the mean square error between
the signals following despreading and the signals that
10 are actually transmitted is minimized are used in order
to reduce the effects of interference generated between
the multiplexed information channels as a result of the
destruction of the orthogonality between the spreading
codes by the effects of the propagation path in cases
15 where multiplexing is performed by multiplying the
signals by mutually orthogonal spreading codes in the
frequency direction in order to multiplex and transmit

a plurality of information channels.
(2) The multi-channel CDMA transmission method
20 described in (1), wherein a construction in which pilot
signals that are known on the receiving side and that
are used to estimate information relating to the
propagation path fluctuation values or the 1like for
each sub-carrier are transmitted separately from the
25 information signals in order to control the weighting

used in MMSE combining by utilizing information such as
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described in (1), wherein a construction in which the
5 number of multiplexed information channels is sent from
the transmitting side to the receiving side separately
from the information signals in order to control the
weighting used in MMSE <combining by = utilizing
information such as the estimated values of the
10 propagation path fluctuation or the like.

(4) The multi-channel CDMA transmission method
described in (1), wherein a construction in which pilot
signals used as reference signals are transmitted
separately from the information signals in order to

15 perform successive updating of the weighting used in
MMSE combining by means of an adaptive algorithm.

(5) The multi-channel CDMA transmission method
described in (1), wherein a construction in which the
signals described in {(2), (3) and {4) are

20 simultaneously transmitted separately from the
information signals in order to control the weighting
used in MMSE combining.

(6) The multi-channel CDMA transmission method
described in (1), wherein a receiving part construction

25 is used in which the propagation path fluctuation

values, noise power and number of multiplexed

74



10< 1098 ()-!{ 4#10%&' ()-! 4#109%&' ()-!q#Ll09%& ()- +! {i #109& ()-
+[' ' 1() p) A* L+zX6MB7

10m v #109& ()-!!{f#109& ()-!!f#109%& ()-!!-"10%a& ()-f!"109XKX& (FPOY&L0BE-00
)-L+b,,,,,,,-{\: 10m!"10%z& ()-&10%& ()- 10 10
10< 109%&' () -!f#109& ()-!!f#109& ()-!--./01&2zX6{\:

10m | 96#10% " &' () -! q#10%&' () - @' | #109%&' () - @' | #109%&' () - @' vj #10%
& ()-@"10%& ()-&2(2)2*2+28233. 4~\:

10m ! #10%mM& 1) rHEHLQIAE ChaBhé18%8afd - R&&ELMREd ) usiAgllinformation
10<s10%&' () - 456777777WXNB7 10m 10m 10m

}1([381@%0;/% Osi 0%5& agﬂi%i#dﬂwﬁléha@éqﬁé%&tb) HHE0R (InDAmeyBixe] ' ;
relating to the propagation path fluctuation values or
the like, and the weighting used for MMSE combining is

5 calculated using these estimated values.

(7) The multi-channel CDMA transmission method
described in (1), wherein a receiving part construction
is used in which the propagation path fluctuation
values and noise power are estimated wusing the

10 information signals and pilot signals used to estimate
information relating to the propagation path
fluctuation values or the like described in (2), the
number of information channels is estimated using the
signals used to ascertain the number of multiplexed

15 information channels described in (3), and the
weighting for MMSE combining is calculated using these
estimated values.

(8) The multi-channel CDMA transmission method
described in (1), wherein a receiving part construction

20 is used in which the weighting of MMSE combining is
successively updated by means of an adaptive algorithm
utilizing the pilot signals used for successive
updating of the weighting used in MMSE combining
described in (4), so that the mean square error between

25 the signals following despreading and the signals that

are actually transmitted is minimized.
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(9) The multi-channel CDMA transmission method

FP02-0183-00

described in (1), wherein a receiving part construction
is used in which the weighting of MMSE combining is
successively updated by means of an adaptive algorithm
5 utilizing the pilot signals used for successive
updating of the weighting used in MMSE combining
described in (4), so that the mean square error between
the signals prior to the reception FFT treatment and
the signals that are actually transmitted is minimized.

10 (10) The multi-channel CDMA transmission method
described in (5), wherein a receiving part construction
is used in which the initial values of the welghting
for MMSE combining are determined propagation path
fluctuation values or the like estimated from pilot

15 signals used to estimate propagation path fluctuation
values or the like, and the weighting is successively
updated by means of an adaptive algorithm on the basis
of pilot signals used for Successive updating of the
weighting.

20 (11) The multi-carrier CDMA transmission method
with a receiving part construction in which the
weighting for MMSE combining is successively updated by
means of an adaptive algorithm as described in (8) and
(10), wherein a receiving part construction is used in

25 which the weighting for MMSE combining is successively

updated using pilot signals in which the amount of
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fluctuation is averaged in the direction of the
frequency axis.

(12) The multi-carrier CDMA transmission method
with a receiving part construction in which the

5 weighting for MMSE combining is successively updated by

means of an adaptive algorithm as described in (8),

(10) and (11), wherein a receiving part construction is

used in which the weighting for MMSE combining 1is

successively updated using pilot signals in which the

10 amount of fluctuation is averaged in the direction of
the frequency axis.

ITn more concrete terms, the multi-channel CDMA
transmission methods shown in Figs. 22 through 24 are
used. In the following description, Fig. 2 will be

15 referred to for convenience along with Figs. 22 through
24, In the multi-channel CDMA transmission method
shown in Fig. 22, the reéeived signals following guard
interval removal are converted into 'signals for each
sub-carrier using the time-frequency conversion part

20 (FFT) 2-3 (step SO01). The part 2-6 that estimates
propagation path fluctuation values or the 1like
estimates propagation path fluctuation wvalues or the
1ike for each sub-carrier and each symbol by means of
pilot signals (step 502).

25 The part 2-8 that controls the weighting for each

sub-carrier calculates the weighting for each sub-
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path fluctuation values or the like (step SO03). The
received signals are multiplied by this weighting for
each sub-carrier and each symbol (step S04).

5 The symbol combining parts 2-10 synthesize the
received signals following weighting multiplication
across the spreading period (sub-carriers and symbols)
(step S05). The synthesized received signals are sent
to the data demodulating part and demodulated (step

10 S06) .

In the multi-channel CDMA transmission method
shown in Fig. 23, the received signals following guard
interval removal are converted into signals for each
sub-carrier using the time-frequency conversion part

15 (FFT) 2-3 (step S11). The part 2-6 that estimates
propagation path fluctuation wvalues or the like
estimates propagation pafh fluctuation values or the
1ike for each sub-carrier and each symbol, and the part
2-8 that controls the weighting for each sub-carrier

20 determines the initial values of the weighting for each
sub-carrier and each symbol (step S12).

The received signals are multiplied by this
weighting for each sub-carrier and each symbol (step
S13). The symbol combining parts 2-10 synthesize the

25 received signals following weighting multiplication

across the spreading period (sub-carriers and symbols)
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the synthesized signals by means of pilot signals (step
S$15). The error estimating part 2-7 makes a Jjudgment
5 as to whether or not the error is equal to or less than
a specified value (step S16). In cases where the error
is not equal to or less than this specified value, the
error estimating part 2-7 updates the weighting for
each sub-carrier and each symbol by means of an

10 adaptive algorithm (step S18). In cases where the
error 1s equal to or 1less than the abovementioned
specified value, the synthesized received signals are
sent to the data demodulating part and demodulated
(step S17).

15 In the multi-channel CDMA transmission method
shown in Fig. 24, the received signals following guard
interval removal are conﬁerted into signals for each
sub-carrier using the time-frequency conversion part
(FFT) 2-3 (step 21). The part 2-6 that estimates

20 propagation path fluctuation values or the like
estimates propagation path fluctuation values or the
like for each sub-carrier and each symbol by means of
pilot signals (step S22).

The part 2-8 that controls the weighting for each

25 sub-carrier calculates the weighting for each sub-

carrier and each symbol from the estimated propagation
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each sub-carrier and each symbol (step S524).
The symbol combining parts 2-10 synthesize the
5 received signals following weighting multiplication
across the spreading period (sub-carriers and symbols)
(step S25). The error estimating part 2-7 estimates
the error of the synthesized signals by means of pilot
signals (step S26). The error estimating part 2-7 then

10 makes a judgement as to whether or not the error is
equal to or less than a specified value (step S27).

In cases where the error is not equal to or less
than this specified value, the error estimating part 2-
7 updates the welghting for each sub-carrier and each

15 symbol by means of an adaptive algorithm (step S29).
In cases where the error is equal to or less than the
abovementioned specified value, the synthesized
received signals are sent to the data demodulating part
and demodulated (step S28).

20 Tn the abovementioned embodiment, the propagation
path fluctuation 1is estimated and weighting is
performed for a certain instant. However, it would
also be possible to perform combining for information
symbols copied in two-dimensional form on the frequency

25 axis and time axis using duplicating means (1. e., a

copier). If weighting is thus performed using a
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plurality of frequencies and times, then received

signals that have a higher precision with respect to
fluctuations in the time direction, 1. e., fading
fluctuations, can be obtained.

5 In cases where combining is performed by
estimating propagation path fluctuations for
information symbols copied in two-dimensional form on
the frequency axis and time axis by duplicating means
(a copier), processing in the sub-carrier direction

10 (frequency axis) and OFCDM symbol direction (time axis)
is added (for the estimation of propagation path
fluctuation values or the like, calculation of
welghting (including updating), multiplication of
weighting and combining of received signals) to the

15 flow shown in Figs. 22 through 24 as the multi-channel
CDMA transmission method.

From the invention "thus described, it will be
obvious that the.. embodiments of the invention may be
varied in many ways. such variations are not to be

20 regarded as a departure from the spirit and scope of
the invention, and all such modifications as would be
obvious to one skilled in the art are intended for

inclusion within the scope of the following claims.

Industrial Applicability

25 In the present invention, a plurality of

information channels can be multiplexed and transmitted
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signals of the respective sub-carriers are multiplied
by a weighting controlled for each sub-carrier so that
the mean square error petween the signals following
5 ' despreading and the signals that are actually
transmitted is minimized. Accordingly, in cases where
the information channels are multiplexed by mnultiplying
the channels by mutually orthogonal spreading codes in
the frequency direction, the effects of the
10 interference that is generated between the multiplexed
information channels as a result of the orthogonality
between the spreading codes being destroyed by the
effects of the propagation path can be reduced.
In the present invention, as was described above,
15 the weights Dby which the received signals of the
respective sub-carriers are multiplied can be
controlled to appropriate values in accordance with
propagation path fluctuations SO that the mean square
error between the signals following despreading and the
20 signals that are actually transmitted is minimized in a
multi-carrier CDMA transmission method. Accordingly,
the destruction of the orthogonality petween the
spreading codes can be compensated for while the noise
amplitude following weighting multiplication is

25 suppressed, SO that an effect hat improves the signal

transmission characteristics is obtained.
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1. A multi-carrier CDMA transmission system in
which information symbols are duplicated and lined up
in the direction of the frequency axis, these

5 duplicated information symbols are multiplied by a
spreading code in the direction of the frequency axis,
and the respective spread symbols are transmitted by
means of a plurality of sub-carriers with different
frequencies,

10 wherein there are provided on the receiving side:
weighting control means for controlling the weighting
of each sub-carrier so that the signals following
despreading approach the signals that are actually
transmitted; and

15 combining means for performing combining by multiplying
the received signals of the respective sub-carriers by
the weighting for each sﬁb—carrier controlled by said
weighting control means.

2. A multi-carrier CDMA transmission system in

20 which information symbols are duplicated and lined up
in the direction of the frequency axis, these
duplicated information symbols are multiplied by a
spreading code in the direction of the frequency axis,
and the respective spread symbols are transmitted by

25 means of a plurality of sub-carriers with different

frequencies,
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wherein there are provided on the receiving side:
effect estimating means for estimating the effects of
the propagation path fluctuations to which the signals
that are actually transmitted are subjected while these
5 signals travel to the receiving side from the
transmitting side;
weighting control means for controlling the weighting
of each sub-carrier on the basis of the effects of the
propagation path fluctuations estimated by said effect
10 estimating means so that the signals following
despreading approach the signals that are actually
transmitted; and
combining means for performing combining by multiplying
the received signals of the respective sub-carriers by
15 the weighting for each sub-carrier controlled by said
weighting control means, are disposed on the receiving
side.
3. A nulti-carrier CDMA transmission system in
which information symbols are duplicated and lined up
20 in the direction of the frequency axis, these
duplicated information symbols are multiplied by a
spreading code in the direction of the frequency axis,
and the respective spread symbols are transmitted by
means of a plurality of sub-carriers with different

25 frequencies,

wherein there are provided on the receiving side:
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the propagation path fluctuations to which the signals
that are actually transmitted are subjected while these
signals travel to the receiving side from the

5 transmitting side:;

error estimating means for estimating the error between
the signals that are actually transmitted and the
signals following despreading on the basis of signals
used for the estimation of this error;

10 weighting control means for controlling the weighting
of each sub-carrier on the basis of the effects of the
propagation path fluctuations estimated by said effect
estimating means and the error estimated by said error
estimating means so that the signals following

15 despreading approach the signals that are actually
transmitted; and
combining means for performing combining by multiplying
the received signals of the respective sub-carriers by
the weighting for each sub-carrier controlled by said

20 weighting control means, are disposed on the receiving
side.

4. A multi-carrier CDMA transmission system in
which information symbols are duplicated and lined up
in the direction of the frequency axis, these

25 duplicated information symbols are multiplied by a

spreading code in the direction of the frequency axis,
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means of a plurality of sub-carriers with different
frequencies,
wherein there are provided on the receiving side:

5 error estimating means for estimating the error between
the signals that are actually transmitted and the
signals following despreading on the basis of signals
used for the estimation of this error;
weighting control means for controlling the weighting

10 of each sub-carrier on the basis of the error estimated
by said error estimating means so that the signals
following despreading approach the signals that are
actually transmitted; and
combining means for performing combining by multiplying

15 the received signals of the respective sub-carriers by
the weighting for each sub-carrier controlled by said
weiéhting control means, ére disposed on the receiving
side.-

5. The multi-carrier CDMA transmission system

20 according to claim 2 or claim 3, wherein said effect
estimating means estimate the effects of propagation
path fluctuations using at least either pilot signals
that are used to estimate propagation path information
for each sub-carrier, or information relating to the

25 number of multiplexed information channels.

6. The multi-carrier CDMA transmission system
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according to claim 2 or claim 3, wherein said effect
estimating means estimate the propagation path
fluctuation values, noise power and number of
multiplexed channels as effects of propagation path
5 fluctuations utilizing the signals following
despreading and pilot signals used to estimate
propagation path information for each sub-carrier.

7. The multi-carrier CDMA transmission system
according to claim 2 or claim 3, wherein said effect

10 estimating means estimate the propagation path
fluctuation values and noise power as effects of
propagation path fluctuations, with this estimation
being performed utilizing the signals following
despreading and pilot signals that are used to estimate

15 propagation path information for each sub-carrier, and
said effect estimating means estimate the number of
multiplexed information .channels as an effect of
propagation path fluctuations, with this estimation
being performed utilizing information relating to the

20 number of multiplexed information channels.

8. The multi-carrier CDMA transmission system
according to claim 3 or claim 4, wherein said error
estimating means estimate the error using at least one
type of signal selected from pilot signals used for the

25 successive updating of the weighting, pilot signals

utilized as reference signals, pilot signals in which
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the amount of fluctuation is averaged in the direction

of the frequency axis, and pilot signals in which the

amount of fluctuation is averaged in the direction of

the time axis, as signals for estimating the error
5 relative to the signals following despreading.

9. The multi-carrier CDMA transmission system
according to claim 3 or claim 4, wherein said weight
control means successively update the weighting for
each sub-carrier by means of an adaptive algorithm so

10 that the signals following despreading approach the
signals that are actually transmitted.

10. The multi-carrier CDMA transmission system
according to claim 3 or claim 4, wherein said weighting
control means successively update the weighting for

15 each sub-carrier by means of an adaptive algorithm so
that the signals prior to the reception FEFT treatment
approach the signals that are actually transmitted.

11. The multi-carrier CDMA transmission system
according to claim 3, wherein said weighting control

20 means determine the initial values of the weighting for
each sub-carrier on the basis of the effects of the
propagation path fluctuations estimated by said effect
estimating means, and said weighting control means
successively update the weighting for each sub-carrier

25 by means of an adaptive algorithm on the basis of the

error estimated by said error estimating means.
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transmitting means are disposed on the transmitting
side for transmitting, separately from said signals
5 that are actually transmitted, at least one type of
signal selected from pilot signals used to estimate
propagation path information for each sub-carrier,
information relating to the number of multiplexed
information channels, pilot signals utilized as
10 reference signals, pilot signals used for the
successive updating of the weighting, pilot signals
used on the receiving side for averaging the amount of
fluctuation in the direction of the frequency axis, and
pilot signals used on the receiving side for averaging
15 the amount of fluctuation in the direction of the time
axis.
13. A transmitting apparatus in a multi-carrier
CDMA transmission system in which information symbols
are duplicated and lined up in the direction of the
20 frequency axis, these duplicated information symbols
are multiplied by a spreading code in the direction of
the frequency axis, and the respective spread symbols
are transmitted by means of a plurality of sub-carriers
with different frequencies,

25 wherein this transmitting apparatus comprises weighting

information transmitting means for transmitting,
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pilot signals used to estimate propagation path
information for each sub-carrier, information relating
5 to the number of multiplexed information channels,
pilot signals utilized as reference signals, pilot
signals wused for the successive updating of the
weighting, pilot signals used on the receiving side for
averaging the amount of fluctuation in the direction of
10 the frequency axis, and pilot signals used on the
receiving side for averaging the amount of fluctuation
in the direction of the time axis.
14. A receiving apparatus in a multi-carrier
CDMA transmission system in which information symbols
15 are duplicated and lined up in the direction of the
frequency axis, these duplicated information symbols
are multiplied by a spreading code in the direction of
the frequency axis, and the respective -spread symbols
are transmitted by means of a plurality of sub-carriers
20 with different frequencies,
wherein this receiving apparatus comprises:
weighting control means for controlling the weighting
for each sub-carrier so that the signals following
despreading approach the signals that are actually
25 transmitted; and

combining means for performing combining by multiplying

90



vl #10% & ()- +{sl #109& ()- + #10%& ()- +| #10%'& ()- + I

#109EE& ()- +109& ()-A !111111°0\:0m ! #10%& ()-0%40%@& ()- 10
10;{«;%%&!2;6?\1000/&()- + {1 #10%&'%)- " () OVAOYEE ()= 40 EE%OEB 00
4+ .0 : #10%& () - 0! q#10%&. () - 0! g#10%&. () - 0! { H#¥10%& () - O#1(% -
0!#100/&'()-0&&""'u'(~\:om!$10%|&'()-.!$10%[<(&')()-‘.{&&100/«r&'(%)- 10@10(2@
10@<10%@& ()-! m#10%&' ()-0(()* ,:, =, >, z[<1:0 10mL<

the received signals for each sub-carrier by the
weighting for each sub-carrier controlled by said
weighting control means.
15. A receiving apparatus in a multi-carrier
5 CDMA transmission system in which information symbols
are duplicated and lined up in the direction of the
frequency axis, these duplicated information symbols
are multiplied by a spreading code in the direction of
the frequency axis, and the respective spread symbols
10 are transmitted by means of a plurality of sub-carriers
with different frequencies,
wherein this receiving apparatus comprises:
effect estimating means for estimating the effects of
the propagation path fluctuations to which the signals
15 that are actually transmitted are subjected while these
signals travel to the receiving side from the
transmitting side; |
weighting control means for controlling the weighting
of each sub-carrier on the basis of the effects of the
20 propagation path fluctuations estimated by said effect
estimating means so that the signals following
despreading approach the signals that are actually
transmitted; and
combining means for performing combining by multiplying
25 the received signals of the respective sub-carriers by

the weighting for each sub-carrier controlled by said
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CDMA transmission system in which 1nformatlon symbols
are duplicated and lined up in the direction of the

5 frequency axis, these duplicated information symbols
are multiplied by a spreading code in the direction of
the frequency axis, and the respective spread symbols
are transmitted by means of a plurality of sub-carriers
with different frequencies,

10 wherein this receiving apparatus comprises:
effect estimating means for estimating the effects of
the propagation path fluctuations to which the signals
that are actually transmitted are subjected while these
signals travel to the receiving side from the

15 transmitting side;
error estimating means for estimating the error between
the signals that are aétually transmitted and the
signals following despreading on the basis of signals
used for the estimation of this error;

20 weighting control means for controlling the weighting
of each sub-carrier on the basis of the effects of the
propagation path fluctuations estimated by said effect
estimating means and the error estimated by said error
estimating means so that the signals following

25 despreading approach the signals that are actually

transmitted; and
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combining means for performing combining by multiplying
the received signals of the respective sub-carriers by
the weighting for each sub-carrier controlled by said
weighting control means.

5 17. A receiving apparatus in a multi-carrier
CDMA transmission system in which information symbols
are duplicated and lined up in the direction of the
frequency axis, these duplicated information symbols
are multiplied by a spreading code 1in the direction of

10 the frequency axis, and the respective spread symbols
are transmitted by means of a plurality of sub-carriers
with different frequencies,
wherein this receiving apparatus includes error
estimating means for estimating the error between the

15 signals that are actually transmitted and the signals
following despreading on the basis of signals used for
the estimation of this error;
weighting control means for controlling the weighting
of each sub-carrier on the basis of the error estimated

20 by said error estimating means so that the signals
following despreading approach the signals that are
actually transmitted; and
combining means for performing combining by multiplying
the received signals of the respective sub-carriers by

25 the weighting for each sub-carrier controlled by said

weighting control means.
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using at least either pilot signals that are used to
5 estimate propagation path information for each sub-
carrier, or information relating to the number of
multiplexed information channels.
19. The receiving apparatus according to claim
15 or claim 16, wherein said effect estimating means
10 estimate the propagation path fluctuation values, noise
power and number of multiplexed channels as the effects
of propagation path fluctuations utilizing the signals
following despreading and pilot signals that are used
to estimate propagation path information for each sub-
15 carrier.
20. The receiving apparatus according to claim
15 or claim 16, wherein éaid effect estimating means
estimate the propagation path fluctuation values and
noise power as effects of propagation path fluctuations,
20 with this estimation being performed utilizing the
signals following despreading and pilot signals used to
estimate propagation path information for each sub-
carrier, and the effect estimating means estimate the
number of multiplexed information channels as an effect
25 of propagation path fluctuations, with this estimation

being performed utilizing information relating to the
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number of multiplexed information channels.
21. The receiving apparatus according to claim
16 or claim 17, wherein said error estimating means
estimate the error using at least one type of signal
5 selected from pilot signals used for the successive
updating of the weighting, pilot signals utilized as
reference signals, pilot signals in which the amount of
fluctuation is averaged in the direction of the
frequency axis, and pilot signals in which the amount
10 of fluctuation is averaged in the direction of the time
axis, as signals for estimating the error relative to
the signals following despreading.
22. The receiving apparatus according to claim
16 or claim 17, wherein said weighting control means
15 successively update the weighting for each sub-carrier
by means of an adaptive algorithm so that the signals
following despreading approach the signals that are
actually transmitted.
23. The receiving apparatus according to claim
20 16 or claim 17, wherein said weighting control means
successively update the weighting for each sub-carrier
by means of an adaptive algorithm so that the signals
prior to the reception FFT treatment approach the
signals that are actually transmitted.
25 24, The receiving apparatus according to claim

16, wherein said weighting control means determine the

95



iggﬁg 8 f(@df dBeweedEbCO 10. 10%& ()-Y, z#10%&' () -
() - g#10%&' ()-L! 10%&' ()- Y10%&' ()-effffffff}rg\=0 10y&10%&' ()- 10 10
10<10%&' ()-'vYl 4g#109& ()-! Yl 4g#10%&' ()-210%& () -f g9gghhi aBg\ =0 Fééz_0183 00
10s109%&' () -f#10%&' ()-! @10%& ()- 109%& ()- B
igz/eg ()-,10%& ()-iLiiij7jljaBg\=0

109%&' ()-&10%&' ()-L9%0%& ()-!'19! g#10%& ()-F10%&' ()-f10%& ()-1]j]
a0 1 1y 16 g#10%& () () ()-Tijykkl1hilz

108<10%& () - 111, YAGR10%8 Qs I W AR E i B Qadd "B fdst R &moo} |
F'vY( 109 . %R : 0 0 :
syt e Bl s e e
W Qs ' 4 (]:)y a1 1008 {9 -e s 1 4 1 P SesaTslY: 0
and said weighting control means successively update
5 the weighting for each sub-carrier by means of an
adaptiVe algorithm on the basis of the error estimated
by said error estimating means.
25, A multi-channel CDMA transmission method in
which information symbols are duplicated and lined up
10 in the direction of the frequency axis, these
duplicated information symbols are multiplied by a
spreading code in the direction of the frequency axis,
and the respective spread symbols are transmitted by
means of a plurality of sub-carriers with different
15 frequencies,
wherein this method comprises:
a step 1in which weighfing control means on the
receiving side control the weighting for each sub-
carrier so that the signals following despreading
20 approach the signals that are actually transmitted; and
a step in which combining means on the receiving side
perform combining by multiplying the received signals
of each sub-carrier by the weighting for each sub-
carrier controlled by said weighting control means.
25 26. A multi-channel CDMA transmission method in

which information symbols are duplicated and lined up
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spreading code in the direction of the frequency axis,
and the respective spread symbols are transmitted by
5 means of a plurality of sub-carriers with different
frequencies,
wherein this method comprises:
a step in which effect estimating means oOIn the
receiving side estimate the effects of the propagation
10 path fluctuations to which the signals that are
actually transmitted are subjected while these signals
travel to the receiving side from the transmitting
side;
a step in which weighting control means on the
15 receiving side control the weighting for each sub-
carrier on the basis of the effects of the propagation
path fluctuations estimated by said effect estimating
means so - that the .. signals following despreading
approach the signals that are actually transmitted; and
20 a step in which combining means on the receiving side
perform combining by multiplying the received signals
of each sub-carrier by the weighting for each sub-
carrier controlled by said weighting control means.
27. A multi-channel CDMA transmission method in
25 which information symbols are duplicated and lined up

in the direction of the frequency axis, these
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and the respective spread symbols are transmitted Dby
means of a plurality of sub-carriers with different
frequencies,

wherein this method comprises:

a step in which effect estimating means on the
receiving side estimate the effects of the propagation
path fluctuations to which the signals that are
actually transmitted are subjected while these signals
travel to the receiving side from the transmitting
side;

a step in which error estimating means on the recelving
side estimate the error between the signals that are
actually transmitted and the signals following
despreading on the basis of signals used for the

estimation of this error;

a step in which weighting control means on the

receiving side control the weighting for each sub-
carrier on the basis of the effects of the propagation
path estimated by said effect estimating means and the
error estimated by sald error estimating means so that
the signals following despreading approach the signals
that are actually transmitted; and

a step in which combining means on the receiving side

perform combining by multiplying the received signals
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28. A multi-channel CDMA transmission method in
which information symbols are duplicated and lined up
5 in the direction of the frequency axis, these
duplicated information symbols are multiplied by a
spreading code in the direction of the frequency axis,
and the respective spread symbols are transmitted by
means of a plurality of sub-carriers with different
10 frequencies,
wherein this method comprises:
a step in which error estimating means on the receiving
side estimate the error between the signals that are
actually transmitted and the signals following
15 despreading on the basis of signals used for the
estimation of this error;
a step in which weighting control means on the
receiving side control the weighting for each sub-
carrier on the basis of the error estimated by said
20 error estimating means so that the signals following
despreading approach the signals that are actually
transmitted; and
a step in which combining means on the recelving side
perform combining by multiplying the received signals
25 of each sub-carrier by the weighting for each sub-

carrier controlled by said weighting control means.
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5 path fluctuations using at least either pilot signals
that are used to estimate propagation path information
for each sub-carrier, or information relating to the
number of multiplexed information channels.
30. The multi-channel CDMA transmission method
10 according to claim 26 or claim 27, wherein, in the step
in which said effects are estimated, said effect
estimating means estimate the propagation path
fluctuation values, noise power and number of
multiplexed channels as effects of propagation path
15 fluctuations utilizing the signals following
despreading and pilot signals wused to estimate
propagation path information for each sub-carrier.
31. The multi-channel CDMA transmission method
according to claim 26 or claim 27, wherein, in the step
20 in which said effects are estimated, said effect
estimating means estimate the propagation path
fluctuation values and noise power as effects of
propagation path fluctuations, with this estimation
being performed utilizing the signals following
25 despreading and pilot signals that are used to estimate

propagation path information for each sub-carrier, and
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20 according to claim 27 or claim 28, wherein, in the step

in which the weighting is controlled, said weighting

control means successively update the weighting for

each sub-carrier by means of an adaptive algorithm so

that that the signals following despreading approach
25 the signals that are actually transmitted.

34, The multi-channel CDMA transmission method
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- ATcqz=xHrst uvwxy_zgls}. )The multi-channel CDMA transmission method-
according to claim 25, wherein said method includes a

20 step in which the weighting information transmitting
means on the transmitting side transmits, separately

from said signals that are actually transmitted, at

Jeast one type of signal selected from pilot signals

used to estimate propagation path information for each

25 sub-carrier, information relating to the number of

multiplexed information channels, pilot signals
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used on the receiving side for averaging the amount of
fluctuation in the direction of the frequency axis, and
5 pilot signals used on the receiving side for averaging

the amount of fluctuation in the direction of the time

axis.

103



