-1- TITLE OF THE | NVENTI ON MULTI - CARRI ER CDVA RADI O TRANSM TTI NG METHOD AND
APPARATUS, AND CHANNEL ESTI MATI ON METHOD AND APPARATUS FOR MULTI - CARRI ER
CDVA RADI O TRANSM TTI NG SYSTEM 5 BACKGROUND OF THE | NVENTION 1. Field of the
I nventi on The present invention relates to nulti-carrier CDVA (Code
Division Multiple Access) radio transmtting 10 nethod and apparatus, and
channel estimation nethod and apparatus fet-a nulti-carrier CDVA radio
transmtting system such as a nulti-carrier COVA radio transmtting

system an orthogonal -fre uenc -division-multiplexing (OFDM radio
transmtting sy?ﬁfé"ﬁﬁn‘laf't AN, in 15 particul ar, to mul ti-carrier
CDVA radio transmtting Q:A%ﬁ PesMAL q.ﬁ[m n

informati on at various t@%’i&?ﬂ SsSi gﬁﬂr ates, #&)IS{] nne:f: est1 mati o% met hod
and appar at us f APPARAIUS| MrGHéNNEDI\ESTMﬂOM MEWHOD t AN ARBARAIHELFORNI ch a
channel esti mat a 5 | | fvely controlled
according to a an‘ag u@lﬁﬁe ra |o C méﬁ&&@crggmn of the Rel ated
Art Currently, a digital nobile conmunication system 25 (such as a PDC
(Personal Digital System for Mobil e conmunicati ons,
and so forth) fgﬁcgé L)H&S&p wv....ﬁﬁ{fli)vn service adopts a TDVA (Tine

Division Multiple AcceSS)llc Ommem vii €he ardvdm:iohot is assigned for each
user, and thereby communication is 30 rendered. This formwas designed
mai nl'y for providing voiTRe REARSHTCARVERLLON Fedatesnte raskeh-carsies

conmmuni cati on S@hMaC ech8E AP o' AISFIFHE WbcRissYOk8&io transmitting

10 method and apparatus, and channel estimatien method and

apparatus for a multi-carrier CDMA radio transmitting
system such as a multi-carrier CDMA radio transmitting
system, an orthogonal-frequency-division-multiplexing
(OFDM) radio transmitting system or the like, and, in

15 particular, to milti-carrier CDMA radio transmitting
method and apparatus enabling transmission of information
at various transmission rates, and channel estimation
method and apparatus for a multi-carrier CDMA radio
transmitting system by which a channel estimation value of

20 each sub-carrier is adaptively controlled according to a

state of the radio channel.

2. Description of the Related Art
Currently, a digital mobile communication system
25 (such as a PDC (Personal Digital Cellular), GSM (Global
System for Mobile communications, and so forth) for
rendering communication service adopts a TDMA (Time
Division Multiple Access) form in which a time slot is
assigned for each user, and thereby communication is
30 rendered. This form was designed mainly for providing
voice commmication service, and renders voice
communication service rendering transmission of voice

information at a fixed rate.



information at a fixed rate. -2 Further, with regard to application of a
multi carrier CDVA radio transmtting systemto a digital nobile

comuni cation system studies have been nade recently. In the studies,

di scussi on has been made mainly for 5 accommodati ng nore users (nobile
stations) on condition that information is, transmtted at a sane

transm ssion rate. Wien considering transrission of nultinmedia information
i ncluding image information (static 10 i nages/pictures, dynam c

i mages/ pi ctures) and voi Ce, kREpr rWHkP'i-egiaE:gi fo RIS AR 80t Bfr@gxﬁxﬂlﬁ

transm ssion rate of informatioh vari ablle dependi'ng on types o
i nformati on to beatrisars DMAcdadie atxansinitiing esydtsmvwdon aadipatel sealidiilen and

a nobile station, i rmat.ion ssi,n a [ it f a reception-side
apparatus, and §%m?§Lﬁﬁg%i?ﬁesﬁ%€ |15§Fgﬁé? ﬁfﬁgﬁ%gﬁﬁé‘ Faﬁ§%$? {%g §§%tem
enpl oys a spr eadtlseaiudis; odnEoRsHior0 hasebBen madevmailmignfoirnf or mati on
synbol is nultiplied b spreadi ng code for_. each user, on a frequency axis.
An anal ysi s fsor RFe oﬂf’?‘?a‘%ﬁﬁ%?f’ﬁﬁiﬁ? %Eﬁi@*’é‘r‘t °Prﬁﬂ’§‘?ﬁ_ ™n rates
for the nulti- cagkaeridéidvhatadhois ranaitnittad s¥Sd efame eRdabdgsid or mation

transm ssion for each user by such a nethod has been nade. However, no
concrete nethod ¥8%¥€- t hi s purpose has not been reported clearly. 25 In a

mobi | e communi cati on envi KRRAERbns AERHIHG ¢@an¥f] § #dP B A RBA RimBAES ©
variation in a conmunication channel dde to Rayleigh fading caused due to

change in rel atingoymsdiionoAnclnéding iimage pnbernatdom (#8BLLE station and a
Pgigi \S;tGStL?%OfC%Ea%JJ‘ i%itf&&-%s,i%g&aﬁni’l?%ﬁ&é&)’pi&xﬁ%&)d%ﬁhi {¥18ePhase of a
gna y an sol ut e phase
¢ information, 1t is preferable to made the transmission
rate of information variable depending on types of
information to be transmitted, state of channel between a
base station and a mobile station, information processing

15 capability of a reception-side apparatus, and so forth.

The multi-carrier CDMA radio transmitting system
employs a spread spectrum communication method in which an
information symbol is multiplied by a spreading code for
each user on a frequency axis. An analysis for

20 information transmission at different transmission rates
for the multi-carrier COMA radio transmitting system
rendering information transmission for each user by such a
method has been made. However, no concrete method for
this purpose has not been reported clearly.

25 In a mobile communication environment, amplitude
variation and/or phase fariation in a communication
channel due to Rayleigh fading caused due to change in
relative positional relationship between a mobile station
and a base station occur. Therefore, it is necessary to

30 identify a phase of a received signal by an absolute phase
for each information symbol in a phase modulation form in

which information is transmitted at a carrier phase.

For the above-described requirement, 'Pilot



for each information synbol in a phase nodulation formin which information
Is.transmtted at a carrier phase. For the above-described requirenent,
"Pilot -3- Signal Inserting Formfor Miulti-Carrier Mdulating Form

enpl oyi ng 16QAM ( Yamashita, Hara, Mrinaga: Spring Meeting of the Institute
of -El ectronics, Information and Comuni catjon Engi neers, B-256, pages
2-356, March, 1994)' 5 and ' Di scussion of '&d’apti ng Form for OFDM by using
Pilot Synbol (Yamashi-ta, Kuwabara, Itam, Itoh: General Meeting of the
Institute of Eleg} ' Lafar i ni [ ngi n s, B-5-245,
page 609, Septe %é'?ﬂ %E?f‘taggg%%%@%f@muﬁgg%%% rruzét%t%i“l Eag%ﬁﬁe%%%ensati ng
10 fadi ng di st orémplhoyivng) Ji6QEMP( Yahashitag! Hara heMapdiasses :0Sprivig tleettimgnown,
i nserted anmong appropri_at | yral [ty ones .of all_the sub-carriers and al so
anong i nformati o‘ggs%olllané’ﬁigf’%ﬁ?t Irsiregdcs pylntatdeRo 8t or exnapl e, as
shown in FIG 1, conmuticdtSiondERGL8éesy MBObs6( ) padeeri-adel, NMaran pl el )ty of

sub-carriers fl, f at fixedsgqeriods, anpl itudes and phases of

2, F
recei ved si gral s2R%r 'DePEsirpeotisiiaptdng Ferauf et OFit byhBsiBESUHRT val ues
are obtained thraugho) | (WaaRRh ki ORuMS0, e8LhWP; 0f 1BH1S cafabhY Mdedfify
time-axis 20 direction and sub-carrier direction (frequency direction),
and, thereby, va®fathenngtitutanefiBegiroppgsnelnfermatiionophdt i on synbol s
are estinmated. T, ufsad AN el t igrat hep rﬁé&! teggPhas i ons of
data synbol s ar ee&(%grrpensatoed:ﬁ gnge%ﬁ'erﬂ;%t efection i's reﬁﬁé@%%' In this
25 nmet hod, in orie®s}b prgwse pomethadbrdflestivatine angd dompensabinef pil ot
synbol s, the technigue of .inter ation is,use L t-hout, .in L0 I | ot
synbol s int (;eloal IP?‘?I%‘%U -Stc?gr t:‘LIo{e%?{) o%sjtnr?epg'&ﬁgo%ﬂ%%f'ns't Pl:a g’ﬁr rgé'é‘le' g‘fﬂloon in
Channel which are known, inserted among appropriate plurality ones

=

of all the sub-carriers and also among information symbols
at fixed periods.
By this method, for exmaple, as shown in FIG. 1,
15 by using pilot symbols (@) inserted into a plurality of
sub-carriers £f1, £2, ... at fixed periods, amplitudes and
phases of received signals for respective users are
measured, and the measured values are obtained through
interpolation rendered two-dimensionally in the time-axis
20 direction and sub-carrier direction (frequency direction),
and, thereby, variations in transmission channel for
information symbols are estimated. Then, based on this
estimation result, phase rotations of data symbols are
compensated, and coherent detection is rendered. In this
25 method, in order to reduce power consumption due to
insertion of pilot symbols, the technique of interpolation
is used without inserting pilot symbols into all the sub-
carriers on the supposition that correlation in channel
variation between respective sub-carriers is very high,
30 and variations in transmission channel for sub-carriers
into which no pilot symbel is inserted are estimated
{channel estimation).

However, when the information transmission rate



vari ati on between respective sub-carriers is very high, 30 and variations in
transm ssion channel for sub-carriers into which no pilot synbol is
inserted are estimated (channel estinmation). However, when the information
transm ssion rate -4- is increased, and the occupied frequency band is

wi dened, the correlation in variation in transm ssion channel between
respective sub-carriers vary dependi ng on éélay anounts due to the

i nfluence of del ayed wave (echo). 5 Thereby, the correlation in variation
between sub- car ] o1, AL HC dGET GRS Houbled Fledh ity pahh 1§ MRlefiassi bl e
to estinmate channel vari ation preécisely”by u5|ﬁgla%§iPo syﬁ%o of "a
sub-carrier aparthd\casedatlionain iwsrialloUM/EDarE@EmiEEohNvEAHhEIN An obj ect

of the present invention is t rovi.de __multi-carrier r adi

Cransmi 1ing et PSSR ER5REPELTS SnERrTAGET AR (4PRERALPRoR t Feh S ssi on
at variable traftdirtsy @ue’ &#bethé OInfllpest b¥ edelBiatl whbeAQaERe). obj ect of
the present invention is to grovide channel estimation nethod and appar at us

for a nulticartherctibvAbeagrErelaiian dai KT i3t WIsFwRANCRUb cPFaRTETSs

estimation W th highaFedraake@an he duRMdar88sé N B i¥ hudt pessithaigch the
state of radio channel varies 20 variously. A nulti-carrier CDVA radio
transmtting neteéduimatec chaapad vyaciatdopr pseaisely dn usdngoh PEPE cating

each infornatiqgﬁﬁy di Qé%fgkég1 22Pt gl Ngadrifkequency axis,
mul tiplying the t ugﬁggszhgggin ornat%%n SQgQ%%G%%ﬁb% a s%reading code

al ong the frequency axis, thus spreading the information synbols al ong the

frequency a>&ios gMTB}OQﬁﬁt iN‘QEN’J.aICm urality of sub-carriers having

An object of the present invention 1s to provide

multi-carrier CDMA radio transmitting method and apparatus
enabling radio information transmission at wvariable
transmission rates for respective users.

15 Another object of the present invention is to
provide channel estimation method and apparatus for a
multi-carrier CDMA radio transmitting system by which
channel estimation with high accuracy can be rendered in a
situation in which the state of radio channel varies

20 wvariously.

A multi-carrier CDMA radio transmitting method,
according to the present invention, of replicating each
information symbol, disposing thus-obtained along a
frequency axis, multiplying the thus-obtained information

25 symbols by a spreading code along the frequency axis, thus
spreading the information symbols along the frequency axis
into components of a plurality of sub-carriers having
different frequencies, and thus rendering multiplex
transmission of the information, comprising the step of

30 enabling a transmission rate of the information
to be changed by controlling the amount of information
transmitted simultanecusly by centrolling the number of

the information symbols tc be used in the spreading into



different frequencies, and thus rendering multiplex transm ssion of the

I nformati on, conprising the step of 30 enabling a transm ssion rate of the
information to be changed by controlling the amount of information
transmtted simultaneously by controlling the nunber of the information
synbols to be used in the spreading into -3- the plurality of sub-carrier

conponents for each user to which the information is to be transmtted. In

this method, as a result of the nunber of information synbols to be used in

the spreadi ng bgihagp1ars Pty W %b-hafrﬁgp%mpﬂnem&owﬁtéﬁh Use gneously
transmtted to each user is controlled. The control is made such that, for

a user to whi chvbichr fhei brfermatiionpds te e hnapsmifted.- hi gh transm ssi on
rate, the nunber of inf of ﬁ n@ﬁmﬁls %Sfdrc# ltthgfsgﬁgam@ﬁ%%fl ar ge,
oul te

but, 10 for a user to which rnformatiohn s e transmt | ow

transm ssi on r atimforisethanbeymheils rtbobafausa:m igy rtihel spreadihg rbeuhm spr eadi ng

is small. V\hnthenu 1r:l§}_lnfor nbos sed i th
It

spreadi ng into tcﬁ’éltﬁlo

ment i oned abovetrea@hitiéar tateawh swePolsi Sontaplliledt. edThantbrittned- alat ai ned
i nformation synbols are rrultlplledb t he spreadi code . along the
frequency axis, made sprhsth %Ecrqu'hﬁoiéﬁﬁﬁffh W@ﬁ%oﬁ'?‘fl"?“g @ FHIRG PhRe

plurality of difiememttesl 20 &alighekreASRONIYS ralte)JrhdendkRRIURICY axi s.
Then, these different sub-carrier conponents are nulti pl exed, and, then,

t hus- obt ai ned siigHTPEiPR FWRRA LS Bsgs LR Bhorenrsadipgr 18 nka%gs + 88¥%ondi ng
user. The nygbersgsf 4 ﬁggfn%'vﬂﬁcﬁlyrﬂﬁgb.s.mﬁﬁ)i&? A d Be ZPahdiflSi¥eLad 29

that is, the transmi ssion rate of
low transmission rate, the number of information symbols

used in the spreading 1s small.
When the number of information symbols to be
used in the spreading into the plurality of sub-carrier

15 components is controlled as menticned above, each
information symbol is replicated, and thus-obtained
information symbols are multiplied by the spreading code
along the frequency axis, and, thus, each information
symbol is spread into the plurality of different sub-

20 carrier components along the frequency axis. Then, these
different sub-carrier components are multiplexed, and,
then, a thus-obtained signal is transmitted as information
for the corresponding user.

The number of information symbols to be used in

25 the spreading, that is, the transmission rate of
information, is determined according to the environment of
the radio channels (expressed by transmission/reception
levels, interference, error rates and so forth) and/or the
types of information to be transmitted (static images,

30 dynamic images, voice, and so forth), for exmaple.

In order to reduce influence of the interference
on other users when information symbols for respective

users are obtained through demodulation from information

DI cg r?‘lé 8@%&%%%“7%“5 nt roI | ed as

a



i nformation, is determ ned according to the environnent of the radio
channel s (expressed by transm ssion/reception |evels, interference, error
rates and so forth) and/or the types of infornmation to be transmtted
(static inmages, 30 dynam c i nmages, voice, and so forth), for exanple. In
order to reduce influence of the interference on other users when

i nfformati on synbols for respective users-&e obtained through denodul ation
frominformation -6- obtained as a result of the information synbols for the

respective users _hein read |ng he, spreadi.ng codes. and nul ti pl exed,
codes whi ch are%ﬂ&%ﬂngf’ W’E I‘i’f 5{" ‘?F&SF‘B&' Ofs E¥mBRLE 1% Hhgadi ng

codes used for thapactRi8atdidss Heinde sb ﬂé@&rwlmngy&ﬂeln% di dogapect i ve
user. In order to determ ne relationshlip between the |nfornat|on

synbol s and sub-20k mudtdpiesednsipdesomhigh aps é’é&lhﬁg%ﬁlt“%ﬂil rﬁ&!ﬂhmt i on
synbol s when t h%ﬂ.—l—xh i HEGChe Chsdd fAY '{‘He' SPreadhgy %o’d%sbﬁsé‘%eﬁof e

spreading for are controlled, the nunber carriers

assi gned for5tknsnﬂﬂaéangngfoth%uinﬂﬂﬂmatnﬁnr$Emei$ Fprwbthe respdwtiveansnitted
si mul t aneously e fixed, and the nunber of sub-carriers assigned for

t he spreadi ng of each 15 informati on synbol nmay be controlled. Further, the
nunber of information syniiol erder B daxedmimetﬂﬁi&ﬂﬂuﬂ&dipgbétﬂﬁanlthe

plurality of sub-carrier ent s na e in.inyerse ortlon to the
number of sub- @??faégf%ﬁ@é?#?ﬂ' gﬁr%ﬁﬂi SPrE 2?? $1¢ 5 mt i on
synbol . For the fmhrheuspoaedind coftiee inbbntathicialsynBbts wisén gt for the

spreadi ng of each infornation %an0| na fixed, and, according to .the
nunber of i APor MMbST §fnﬁﬁ QIm. tion symbols to be used in the spreading

! for each user are controlled, the number of sub-carriers
assigned for the spreading of all the information symbols
to be transmitted simultaneously may be fixed, and the
number of sub-carriers assignhed for the spreading of each

15 information symbol may be controlled.

Further, the number of information symbols to be
used in the spreading into the plurality of sub-carrier
components may be in inverse proportion to the number of
sub-carriers assigned for the spreading of each

20 information symbol.

For the same purpose, the number of sub-carriers
assigned for the spreading of each information symbol may
fixed, and, according to the number of information symbols
to be used in the spreading into the plurality of sub-

25 carrier components, the number of sub-carriers assigned
for the overall spreading of the numbexr of information
symbols may be controlled.

Further, in order to enable spreading and
multiplexing of the information symbols, the number of

30 which is in accordance with the transmission rate, even
using the same group of sub-carriers for each of the
respective users, a group of sub-carriers assigned for the

spreading of each of all the information symbols to be



to be used in the spreading into the plurality of sub 25 carrier conponents,
the nunber of sub-carriers assigned for the overall spreading of the nunber
of information synbols may be controlled. Further, in order to enable
spreading and nultiplexing of the information synbols, the nunber of 30
which is in accordance with the transm ssion rate, even using the sane group
of sub-carriers for each of the respective/users, a group of sub-carriers
assigned for the spreading of each of all the information synbols to be -7-
transmtted sinmultaneously may be nade sane anong the respective

i nformation synb&ransphitedhsigyltaneosodey baseade gramehamoagpthei ve

| nfor mat i on Sy”bﬁlag SBYiRe idematli b & 1s5 Sngui é era'd% CEMge & adi 0
transmtting nethod, according to anot aspect o e presént 1nvention,
of replicating vaed fouf drhﬁameapesymu,nﬁmmpbwngsms olyabeenladd ong a
frequency axis, Eukg f |ng t hus-obtained information synbols by a
spreadi ng code a e 10 frequency axis, thus spreading the information
synbol s al orgy the frequenthHXﬁScaﬂfDacannnmeﬂﬁsootranqﬁﬂntahbtmeﬁﬁod,

sub-carriers having different fr uenci es nd.thus rendering.nmultiplex
transni ssi on of Fﬁg"? 309 e 1358, ggﬁoﬂﬂ?‘?%te;f ggesﬁ”é‘bsecﬂt TEVER E'JPPngog

transni ssi on rat eepliédeind (B hOSrmA VLAE s§RBBY S dat¥pdsaig’ @hbing nul ti pl ex
transmssion intervals along a tine axis for each user to which the

information is t@PERIRPARMING &dTTeauenTs A ShoBl Hipkyine RoysrphRaRedi on
of 20 informati oRneShSPHH edmibdh sl By 14 %’Hﬂe‘éﬂiﬁﬂdco@é din%y thee, the

intervals of the transm ssion are controlled SO
10 frequency axis, thus spreading the 1nformation symbols

along the frequency axis into components of a plurality of
sub-carriers having different frequencies, and thus
rendering multiplex transmission of the information,
comprises the step of

15 enabling a transmission rate of the information
to be changed by controlling multiplex transmission
intervals along a time axis for each user to which the
information is to be transmitted.

In this method, multiplexed transmission of

20 information is rendered intermittently, and, at this time,
the intervals of the transmission are controlled so that
the transmission rate is wvariable. Such a control is made
that, for a user to which information is to be transmitted
at a high transmission rate, each of the intervals of the

25 maltiplexed transmission of the information is short, but,
for a user to which information 1s to be transmitted at a
low transmission rate, each of the intervals of
multiplexed transmission of the information is long.

A multi-carrier CDMA radio transmitting method,

30 according to another aspect of the present invention, of
replicating each information symbol and disposing thus-
cbtained information symbols along a frequency axis,

muliiplying the thus-obtained information symbols by a



the transm ssion rate is variable. Such a control is made that, for a user
to-which information is to be transmtted at a high transm ssion rate, each
of the intervals of the 25 nultiplexed transm ssion of the information is
short, but, for a user to which information is to be transmtted at a |ow
transm ssion rate, each of the intervals of nultiplexed transm ssion of the
information is long. Anulti-carrier COMA4gdio transmtting nmethod, 30
according to anot her aspect of the present invention, of replicating each

i nformati on synbol and di sposing thus- obtained information synbols along a
frequency axi s, spmeddiplgyicedet abotdnusheofiragnency rﬁx:irsratt?hus spn@mdlmgby a -8-

spreadi ng code a e frequ t hus din r mat on
synbol's into con#)lb g‘rﬂg;ozmatég ﬁ}"é?‘ﬁ(i/ o EB'BP@}:FH ﬁa? %18
f requenci es, andsﬁmmrﬂmehaﬁmmdiﬂﬁﬂxentt fﬂmmﬁiem ahat ’anus nf or rrat l on,

5 conprising the step of enabling a transm ssion rate of the information to
be changed by coffRYHITIEG MHEIRLEDSTBPME§LPA PHEhe dpEPTmationwhen t he

i nformati on gynbgd ,gg,ib@, $heesdfleglér oObtained through data nodul ation. 10
In this nmethod, such a control is nmade that, for a user to which

information is to be tranﬁﬁpﬂéﬂgaﬂ %F%Sgﬁssﬁ-iaan%ﬁ%sqforthﬁaﬁEmetiﬂmber of
nodul ation | eveI§ L@gqihaﬂbga b ﬁ‘l?ﬁdﬁ'l gﬁglwl ca fs% ﬁﬂa\%&x obt ai ned

t hrough the data nodul ation arge specl exmapl e, a
dat a nodul ati on i§eelnuseda whe@Alhe dimﬁormasi@l\ﬁymlmlm cho bkeespréad israised,

but , f_or a user {’thyl\h 0&11: n%[@ﬁn?él d'il[a%lgff transmtted at a | ow
f%a e

transm ssi on I on vel s used when information
synbols to Qe spread are a:lmt&hmedméthmgh;ubhea control is made that, for

a user to which information is to be transmitted at a high
transmission rate, the number of modulation levels used
when information symbols to be spread are obtained through
the data modulation is large, and, specifically, for

15 exmaple, a data modulation system in a 16QAM form, a 32QAM
form or the like is used, but, for a user to which
information i1s to be transmitted at a low transmission
rate, the number of modulation levels used when
information symbols to be spread are obtained through the

20 data medulation is small, and, specifically, for exmaple,
a data modulation system in a QPSK form, a BPSK form, or
the like is used.

Further, in order to make easier for a receiving

side (user side) to obtain information bits for each user

25 through demodulation from information in which information
symbols for respective users were spread by using
different sub-carriers and multiplexed, the respective
sub-carriers assigned for the'spreading of the information
symbols may be orthogonal with each other along the

30 frequency axis.

In order to enable removal of influence of

interference between sub-carriers, the respective sub-

carriers assigned for the spreading of the information



20 data nodul ation is small, and, specifically, for exmaple, a data

nodul ation systemin a QPSK form a BPSK form or the like is used.

Further, in order to nmake easier for a receiving side (user side) to obtain
information bits for each user 25 through denodul ation frominformation in
whi ch information synbols for respective users were spread by using
different sub-carriers and nultipl exed, theé9+espective sub-carriers
assigned for the spreading of the information synbols may be orthogonal

wi th each other along the 30 frequency axis. In order to enabl e renoval of

i nfl uence of i nfERPRkeMAY BavRebhequan®achprrgterheiass sachi that jthe

car i ers assi gnegh{qieddie AR 89 At hRAALOBEBRIAN ol SUIROLS My have

frequency character such that the freqUency spectra do nof overl ap
bet ween each adjswlerntarmidrscarri ers. The respective sub-carriers assigned

for the 5 spreading of eggh infornption synbol .may be di spogsed . either
di scretely or successivel ?/ﬁ‘zfl r?ﬁp?ﬁ YT eﬁﬁrﬁ?éasﬁ%‘ﬂﬂ% EgﬁrF?%r CDIVA

radi o transmsti spre&diiey aifusachCinféinition EfRbl afontbe Miepbsed,
replicating each jnforpation Sérrbol and di §)oosi ng thus-obtained 10

i nformati on synb®LEheF FRPoFeeddulRcTUcEEISivEIRt RHPRY nfe HReFRTSY of¥ LT ned

information synbols by a $hRAfHNGatPLer MANGahDS {FHHERGnEXI S, thus
spreading the information synbols into conponents of a plurality of

sub-carriers hadPPRFFYS e ASFOTALRGUEN RS Prafant RVedH@Eri REPMFITEX 15
transm ssion of Lheni fAUARIHiR sgRPPL | SRF B <pbasy Saiovtaligegontrol part

controlling the anount of infornation transmtted sinultaneously by
10 information symbols along a frequency axis, multiplying
the thus-obtained information symbols by a spreading code
along the frequency axis, thus spreading the information
symbols into components of a plurality of sub-carriers
having different frequencies, and thus rendering multiplex
15 +transmission of the information, comprises

a transmission-rate control part controlling the
amount of information transmitted simultaneously by
controlling the number of the information symbols to be
used in the spreading into the plurality of sub-carrier

20 components for each user to which the information is to be
transmitted.

A multi-carrier CDMA radio transmitting
apparatus, according to another aspect the present
invention, of replicating each information symbol and

25 disposing thus-obtained information symbols along a
frequency axis, multiplying the thus-obtained information
symbols by a spreading code along the frequency axis, thus
spreading the information symbols for components of a
plurality of sub-carriers having different frequencies,

30 and thus rendering multiplex transmission of the
information, comprises

an intermittent transmission control part

controlling multiplex transmission intervals along a time



controlling the nunber of the information synbols to be wused in the
spreading into the plurality of sub-carrier 20 conponents for each user to
which the information is to be transmtted. A nulti-carrier CDVA radio
transmtting apparatus, according to another aspect the present invention,
of replicating each information synbol and 25 di sposi ng thus-obtai ned

I nformati on synbols along a frequency axisLo4rultiplying the thus-obtained
informati on synbols by a spreadi ng code al ong the frequency axis, thus
spreading the information synbols for conponents of a plurality of
sub-carri ers havaxig diddf ereht userguemniiich, tBé tmibxrationehdetorige nul ti pl ex
transm ssion of the information, conprises an intermttent transm ssion

control part co FHH &d

ul ti pl ex transm ssion intervals along a tinme -10-
axis for each user to whi ahmubeiedoridt COMAI fadio MeranksmaBghgt ed. A
mul ti-carrier CDVA radi o transrn':tir%)p apgaratus, accordi ng to anot her

repls

aspect the presctRPFITNFanACERATIHIT BnRLPRR ASRRH itReoPREFEBR synbol and

di sposi ng t his- optwddtathn, nber #Bbi PeatSiHE ebehal SFmht ibheyRBEY a4 S,
mul tiplying the thus-obtained information synbols by a spreadi ng code al ong
the frequency axdiSPasing thpyscabtaipeddnfarsatien H50R34ONGtD conponent s

of a 10 pluralltyrQfuciitly 356! Shar ayiylaglthl et - dutadeAC s EormAlbd hus

rendering rmultiplex transm ssion o ormati on, conprises a nodul ation
| evel control pasymbais byl ki spreading woder adbngothd firiegueney eixisis dthushen

the information 1o SYiQ $nbOiRE-ARIEAN APl AMET Jolb8HINLIAA a

nodul ati on.
10 plurality of sub-carriers having different frequencies,

and thus rendering multiplex transmission of the
information, comprises

a modulation level control part controlling the
number of modulation levels used when the information

15 symbols to be spread are obtained through data meodulation.

Thereby, according to the present invention,
because the amount of information to be transmitted within
a predetermined time period is controlled for each user in
a multi-carrier CDMA radio transmitting system, it is

20 possible to render radio transmission of information at
various transmission rates for respective users.

A channel estimation method, according to the
present invention, used for a multi-carrier CDMA radio
transmitting system rendering radio transmission using n

25 sub-carriers, for rendering channel estimation for each
sub-carrier, comprises the steps of:

a) separating a received signal having a frame
configuration comprising the n sub-carrier components
including m sub-carrier components into which pilot

30 symbols are inserted, into the respective sub-carrier
components, where m < n;
b) then using the pilot symbols included in the

sub-carrier components cbtained through the separation,



Ther eby, according to the present invention, because the anount of
information to be transmtted within a predetermned tinme period is
controlled for each user in a multi-carrier COVA radio transmtting system
it is 20 possible to render radio transm ssion of information at various
transm ssion rates for respective users. A channel estinmation nethod,
according to the present invention, used-flar a nulti-carrier CDVA radio
transmtting systemrendering radio transm ssion using n 25 sub-carriers,
for rendering channel estimation for each sub-carrier, conprises the steps
of : a) separ ati regpda nepdering cshagnml lestimgttorf rsmmas tonbbyadmt i on conpri sing
the n sub- carrler Q n I.n sub-c¢ C onents I nto which
pil ot 30 synbol s |HserFﬁ%?A#1te§ gtjrp%%p%ecst%\}: ?85 gg$ § FUP ‘conponent s,
where ms n; b) ddmienasi;ngndhe pilot synbols included in the sub-carrier
conponent s obt ai ned throu%? the_separation, -11- and renderi channel

estimation so as to obtai F?\’Eﬁ?ﬁjdﬂal enchariiel astimatinn, |1;(b5e for these

sub- carriers; anfrdet kaBdearAfer MaselaBhetne tHuRbbeRibhes imeivaduanget
sub-carrier based on the thus-obtained individual channel estimation

resul ts for the shanned: eeEipation nesuditer Eonfdhe degPrehiive pP bithween a
channel state fcga_!tll]_%\fﬁt ah8ete PAMOT S egeﬁf@? | Ongﬁgﬂgglsg@g@ef gh of

the p sub-carriers ere ps m 10 The rela p between t ecannel
state for the ttangat sub-carrier anddat phavhehmilatet for €acheetithef P t he p

sub-carriers may_he det rm ned fixedly to be one expected fromfrequency
characteristics %'# ﬁ@srl d%ere ='m.

10 The relationship between the channel state for
the target sub-carrier and the channel state for each of
the p sub-carriers may be determined fixedly to be one
expected from frequency characteristics and/or the like
for the target sub-carrier and the p sub-carriers.

15 However, the relationship between the channel state for
the target sub-~carrier and the channel state for each of
the p sub-carriers may be obtained adaptively based on the
respective channel states, in standpoint that channel
estimation having a higher accuracy can be rendered

20 according to the channel states.

In order to provide a specific method of
rendering channel estimation for the target sub-carrier, a
configuration may be made such that:

weighting information is obtained based on the

25 relationship between the channel state for the target sub-
carrier and the channel state for each of the p sub-
carriers; and

the individual channel estimation results for
the respective p sub-carriers are weighted by the

30 welghting information and are combined so as to obtain the
channel estimation result for the target sub-carrier.

In order to provide a specific method of

obtaining, as mentioned above, the relationship between



for the target sub-carrier and the p sub-carriers. 15 However, the

rel.ati onship between the channel state for the target sub-carrier and the
channel state for each of the p sub-carriers may be obtai ned adaptively
based on the respective channel states, in standpoint that channel
estimation having a higher accuracy can be rendered 20 according to the
channel states. In order to provide a spect¥2c nethod of rendering channel
estimation for the target sub-carrier, a configuration nmay be made such
that: weighting information is obtalned based on the 25 relationship

bet ween t he chantbke channel gtatpefenrihe tangetcaubrearnier and @hﬁnnel state

for each of the pLshRs1 GAAtLESr 8R6h 4 tHdl bﬂﬂaé?il,fxtef“i%e tdﬁgrt%gg |ght| ng

results for the respective p sub-carriers a e wei
i nformati on and laaee@om)lti@d respastive oiitanine 1t Beatemarm@ionés.gumnmm result

for the target SH%{O% o s'u@ho'ﬁﬂgE {Ig pwre mges&)ﬁ%&éc ?hod of

obt ai ni ng, as nen ove €re |on e - Re channel
state for thes t avheaised- meﬂ' en mtluahe:onma.anﬂabns«btattaixfem basel oh the p

sub-carriers adaptive ased on the, respectlve channel tes
configuration n%db%l‘x‘éﬂjﬁ e?hﬁft 05 §RERLG <ff'ﬁi’ﬁ %85 FEeS obt ai ned
based on mutual earget aduwtahiairnasd based idivibtal | Aliotedualstehatieh

estimation result obtained for. the target sub-carrier and the individual

channel esti nmati 8ASUtesePtainsdafRE ek %@Ilileo? FRR- GRS Sarri ers. The
i ndi vi dual channel esti mat#Qn 1K@ udProhathed2elt SHPELH Weulicnghgat es the

state of transm ssion channel for the sub-carrier. Thereby, by obtaining
t he 10 each sub-carrier indicates the state of transmission
channel for the sub-carrier. Thereby, by obtaining the
weighting information based on mutual correlation obtained
based on these respective channel estimation results, the
channel estimation result obtained for the target sub-

15 carrier using the thus-obtained weighting information
reflects the states of transmission channels for the
respective sub-carriers. v

A channel estimation apparatus, according to the
present invention, used for a multi-carrier CDMA radio

20 transmitting system rendering radio transmission using n
sub-carriers, for rendering channel estimation for each
sub-carrier, comprises:

a sub-carrier separating part separating a
received signal having a frame configuration comprising

25 the n sub-carrier components including m sub-carrier
components into which pilot symbols are inserted, into the
respective sub-carrier components, where m = n;

an individual channél estimation part using the
pilot symbols included in the sub-carrier components

30 obtained by the sub-carrier separating part, and rendering
channel estimation so as to obtain individual channel

estimation results for these sub-carriers; and

a channel estimation part rendering the channel



wei ghting informati on based on nutual correlation obtained based on these
respective channel estimation results, the channel estimation result
obtained for the target sub 15 carrier using the thus-obtained weighting
information reflects the states of transm ssion channels for the
respective sub-carriers. A channel estlnatlfg pparatus, according to the
present invention, used for a multi-carrier radio 20 transmtting
system rendering radi o transm ssion using n sub-carriers, for rendering
channel estimatign, Lﬂ&ffél?']sors%hécé& 1su%0§9%£§8§-be?sﬁ%‘%n‘3%@ ffﬁus- .
separating part separating a receive aving a frane conriguration
conprising 25 tbbtaised- mwmaﬁ;oohmlmﬂt sesrtnmhuﬂdnmgremﬂlﬂs- €arr the
conmponents into which | ot_ s ols are | ert i nto, t respective
sub-carri er corrpﬁf"iﬁliﬁ’%@i —gaﬁrf §+° ?ﬂﬁﬁdée tYEEPNBL i on part
using the pil ot cayhel sStanfel ded the tﬂ@wl&uﬁaearﬁeﬁmae&hsnﬁglobt ai ned
by the sub-carrier separatlnglpart and rendering channel estimation so as
to obtain ind vi ghateckrmmach & that P oFHh-e3Hriers orwhere&® suB-carriers; and

a channel estimation part mgpdencgariiitg hpHhe! présdenesidvinition, for the
target sub-carrier based on t he thus- obtained 1 ndividual channél estimation

results for the 0hé§§%%t¢ﬁ&iﬂ?ﬁ§9§-@9?r@&#ﬂ?gﬁﬁdsﬁbf9§¥¥#ﬁﬁnﬁﬁ rendered a
channel state fop,LAg LAVERI $iMva Eéieéh%%laegbﬁﬁga%é relsdgsf phreach of

the p sub-carriers, where p s m according to the present I nvention,
channel esti mati oaspective aﬁwasubecaran@malgtienmmdoetb@sadtbﬂ t he

[ ndividual ofipnnel oS4 TN J ! Ralfle SESRREELLE SHPGR' LhBARLA™

rel ati onshi et ween
state of each of the respective sub-carriers. Accordingly,

it is possible to render high-accuracy channel estimation
in a situation in which the states of radio channels
change variously.

15 Other objects and further features of the
present invention will become more apparent from the
following detailed description when read in conjunction

with the accompanying drawings.

20 BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates an exmaple in which pilot
symbols are inserted, in a multi-carrier CDMA radio
transmitting system in the related art:

FIG. 2 is a block diagram showlng a multi-

25 carrier CDMA radio transmitting apparatus in a first
embodiment of the present invention;

FIG. 3 is a block diagram showing a specific
example of a configuration of -each spreading modulation
part shown in FIG. 2;

30 FIG. 4 is a block diagram showing a first
exmaple of a configuration for transmission-rate control
in the first embodiment of the present invention;

FIGS. 5A and 5B illustrate relationship between



10 channel state of the target sub-carrier and the channel state of each of
the respective sub-carriers. Accordingly, it is possible to render

hi gh-accuracy channel estinmation in a situation in which the states of

radi o channel s change variously. 15 O her objects and further features of
the present invention wll beconme nore apparent fromthe follow ng

detail ed description when read in conj unctidi with the acconpanyi ng

drawi ngs. 20 BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 illustrates an exanpl e
i n which pil ot mhol s are inserted, i mul ti-carrier CDVA radio
transnitting sys%%'ﬁ?”tsﬁ'&sﬁ?ﬂtréﬁt%ra(‘quﬁ?‘& nymber ff[)lsgbﬁcﬂfﬁﬁ?’é% showi ng a
mul ti- 25 carri eiséidded Fdrospréading (df¢adhPiifdtitatiibnd skinbsl ienfadi ment
of the present invention; FIG_ 3 is a_block diagramshowi ng a specific
exanpl e of a configtl AXMGRLE! SR WhFd&di A§ nodul ation part shown in FIG

2; 30 FIG 4 is a block d'rpq@sansﬁf&%&r@ 210 hEEFat & PBHY 1916 adspOBI£BHAL T ON

for transm ssion-rate control in the first enbodi nent of the present
i nvention; FPGS. algng ides EXeAneney a%ls afasnbnedrplana weed £on-thee

transm ssion rat gg%%%ﬁtﬁbe igugﬂgr$£és1_s@nh%g- LEE Sof ASR %Q.g%e;lg'r spreadi ng of

each information In the I rst exanple shown I n~Fl FI GS. 6A and
6B il lustrate posmsventaiati:spositions 5 along the frequency axis of

T B %0 Lo "R Lo b of I MRl of " Precent
generating spreading codes having orthogonal relationship;

10 FIG. 8 is a block diagram showing a second
exmaple of a configuration for transmission-rate control
in the second embodiment of the present invention;

FIGS. %A and 9B illustrate relationship between
the transmission rate and the number of sub-carriers

15 assigned for spreading of each information symbol in the
second exmaple shown in FIG. §;

FIG. 10 is a block diagram showing a third
exmaple of a configuraticon for transmission-rate control
in the first embodiment of the present invention;

20 FIGS. 11A and 11B illustrate relationship
between the transmission rate and the number of sub-
carriers assigned for spreading of each information symbol
in the third exmaple shown in FIG. 10;

FIG. 12 is a bleck diagram showing a fourth

25 exmaple of a configuration for transmission-rate control
in the first embodiment of the present invention:

FIGS. 13A, 13B and 13C jillustrate an example of
control of the transmission rate in the fourth exmaple
shown in FIG. 12;

30 FIG. 14 is a block diagram showing a fifth
exmaple of a configuration for transmission-rate control
in the first embodiment of the present invention;

FIG. 15 shows an example of a form of control of



generating spreadi ng codes having orthogonal relationship; 10 FIG 8 is a
bl ock di agram showi ng a second exmaple of a configuration for

transm ssion-rate control in the second enbodi nent of the present

i nvention; FIGS. 9A and 9B illustrate rel ationship between the transm ssion
rate and the nunber of sub-carriers 15 assi%ned for spreading of each

I nformati on synbol in the second exnaple ™ in FIG 8; FIG 10 is a

bl ock di agram showing-a third exanple of a configuration for

transm ssi on- rate control , in the first enbodi ment of the present_invention;

20 FIGS. 11A and Hﬁ%ﬁ%segeﬁé% ?%Weat%“oﬁ:?ﬁl Eif’f}etmlﬁhﬁhf’?'ﬁn?f‘n%%q'on rate

and the nunber ofasub- carriers assigned for spreading of each information
synbol in the third exmaE_Ie shown in FIG 10; FIG 12 is a block diagram
showing a fourth 25 exnapFdGSt &6 canf ilJusheNoRossibke £¥aRPiSEoRtrate control

in the first enmbodi@Rindafip! BE 9&@&&&«&\4&9%&&&@&@%&35 and 13C

Illustrate an exanpl e of contro of the transmssion raté in the fourth
exmapl e shovin | freEncl? ax3s M he £irstaepbodimetitagfarhehpresenta fifth
exmapl e of a configuration for transmssion-rate control in the first
enbodi nent of the present i nvention; FIG 15 shows an exanple of a form of
control of -15- the transkFISsi b8 ista hlmd{hdi&gfaxin shauiplgeashaste i n FI G

Sub- carri ers. al oRGFABOE PR hErS S PHee v an o Buiht S
present inventiCWMA radio transmitting system to which a channel
10 estimation method in a second embodiment of the present
invention is applied:

FIG. 19 illustrates a first example of a form of
inserting pilot symbols intc respective sub-carrier
components in the transmitting station shown in FIG. 18;

15 FIG. 20 illustrates a second example of a form
of inserting pilot symbols into respective sub-carrier
components in the transmitting station showm in FIG. 18;

FIG. 21 is a block diagram showing an exmaple of

a configuration of a demodulating apparatus in which

20 channel estimation according to the channel estimation
method in the second embodiment of the present invention
is rendered;

FIG. 22 is a block diagram showing a specific
example of a configuration of a channel estimation part

25 shown in FIG. 21;

FIG. 23 1s a block diagram showing ancother
specific example of a configuration of the channel
estimation part shown in FIG. 21; and

FIG. 24 is a block diagram showing a specific

30 example of a configuration of an adaptive weighting wvalue
estimation part used in the channel estimation part in the

demodulating apparatus shown in FIG. 21.



FIG 18 is a block diagram showi ng a basic configuration of a transmtting
station in a nmulti-carrier CDVA radio transmtting systemto which a
channel 10 estimation nmethod in a second enbodi nent of the present

invention is applied; FIG 19 illustrates a first exanple of a form of
inserting pilot synbols into respective sub-carrier conponents in the
transmtting station shown in FIG 18; 15 Hé& 20 illustrates a second

exanple of a form of :‘inserting pilot synbols into respective sub-carrier
conponents in the transmtting station showmn in FIG 18; FIG 21 is a block
di agr am showi ng BRTZ2KaED IRESCRIPEION OF @ﬁE’RBEEEREIa EMBORIMENUENg appar at us

i n which 20 channel esti di to the c annel esti t hod
in the second enbodi mantmaﬁg‘lTl r&éﬂ%ﬁgéen |r‘13v il %ﬁ'}ﬁ’é’r g'ga' r% is a
bl ock di agram shaesagiled fesed on Eherﬂﬂ'r:ﬁvi@fgsa conf | guration of a channel
estimation part 25 shown jn FI G 21, 23 is. a block di agram show ng

anot her specific exanpl e Yt &oﬁ#ﬁ%ﬁ%tq% SRALP ctrandHAtingst i mati on part

shown in Fl Gs 21apgafatidsir?h f3rat bbmdaitiead’ 8 SHO Writkeh tS RARGEA fon 30
exanpl e of a conflgur ation of an adaptive Faghtl ng value estimation part

used in the chanhef &seIEiqBRtAaRt Slil‘PW!Hél rodul 8% rexampdar at TeiShown in
FIG 21 -16- DERMLEREESQR BpN: 0 I HE-RRRTERRED SHBODLMENTS Enbodi ment s
n based on t

of the present invention ow describ rawi ngs. A
mul ti-carrier CDeiplLeyied in andaiset ShgtEram@anadMltml andhiidet enbodi nent of

the present 'nvegahﬁﬂnication system, for example.

10 As shown in the figure, this multi-carrier CDMA

radio transmitting apparatus has signal generating
circuits 100(1) through 100(n) for respective users
{mobile stations). The signal generating circuits 100(1)
through 100(n) generate signals for the respective users,

15 each of which includes a transmitting data generating part
11 generating transmitting data in a predetermined form
from information (audio, data or the like) to be
distributed to a respective user, a channel encoder 12
encoding the transmitting data from the transmitting data

20 generating part 11 in accordance with a predetermined
algorithm, a serial-to-parallel converting circuit 13
converting information symbols output from the channel
encoder 12 in serial into parallel information symbols,
and a plurality of spreading modulation parts 14(1)

25 through 14(m) rendering spreading modulation along the
frequency axis on the information symbols cutput in
parallel from the serial-to-parallel converting circuit 13.

The serial-to-parallel converting circuit 13,
based on a transmission-rate instruction control signal

30 from a control unit (not shown in the figqure), converts a
series of information symbols input from the channel
encoder 12 into a plurality of parallel series of

information symbols. By controlling the number of series



has a configuration shown in FIG 2, for exanple. This nulti-carrier CDVA
radio transmtting apparatus is enployed in a base station of a digital
nobil e comunication system for exanple. 10 As shown in the figure, this
multi-carrier COMA radio transmtting apparatus has signal generating
circuits 100(1) through 100(n) for respective users (nobile stations). The
signal generating circuits 100(1) through léﬁ(n) generate signals for the
respective users, 15 each of which includes a transmtting data generating

part 11 generating.transmijitin ata in a predetermned form from
i nf or mat i on (audl"%, iﬁﬁ?ﬁ“%'lrl?rhg%ﬂg?té? ?Bt%iépeddi PP B LIV 88 pelbPve
user, a channel enega#erof2infieRdiog thendnianted cimiUtadsudrwnsg he

transmtting data 20 generating part 11 in accordance with a predeterm ned
al gorithm a serCRPEFBLYEtaldRd. @SnReFesrtt citheutransnissirne matey of

i nformati on synbgh$oembPidn fiPMBIieothagnel encoder 12 in serial into
paral l el information synbols, and a plurality of spreading nodul ati on parts

14(1) 25 through 14(m renBereamh 9§ 8bdi prRdddivarforpreaditng medulasgorncy
axis on the inf Oga'gﬁ-ttlsoﬁla;?ilﬁbfﬂx% t&uhﬂ? erﬁezro%l (9318 I-é%%éﬂ%? Series of

serial-to-parall & converting circuit serti al -to-paral converting
circuit 13, basdafommatioansyniadisoputpuot imgaradflednfromtthe ssirgadlto30
froma control unjt ﬁﬁ_o& sho‘\,/\én i.n the fi%{fjr v cgnve ts_a str.i es._of.

i nformation synb&PEA AR CPPETRYRY SHERR ESodBP o # TS FFAPFLy of
paral l el series of infibomatidwrsygiolel enddygossispekhdngy thedullydien of series
-17- of information synbolg obtained fromthis conversion, the anmount of

i nf or mat i on t?an ebhe; FEFIUETSTLERYS| &Y WHMS & FBESAGHE R8s result, the
transm ssi on rat a1@hough the m spreading modulation parts 14(1) through

1l4(m) are shown in FIG. 2, the number of spreading
modulation parts out of the m spreading modulation parts
same as the number of series of information symbols output

15 in parallel from the serial-to-parallel converting circuit
13 are actually used.

Each of the spreading modulation parts 14(1)
through 14{m) is configured as shown in FIG. 3, for
exmaple. As shown in the figure, each of the spreading

20 modulation parts 14(1) through 14(m) has a replicating
circuit 141 and a multiplier 142. The replicating circuit
141 replicates the input information symbol by the number
according to a spreading factor, and disposes thus-
obtained information symbols along the frequency axis.

25 The multiplier 142 multiplies each of the thus-obtained
information symbols, disposed along the frequency axis, by
a spreading code Ci assigned for each user (i) along the
frequency axis. As a result, from the multiplier 142,
spread signals of components corresponding to sub-carrier

30 f£1, £2, ..., fk along the frequency axis are output.

By the above-described configuration, each of
the signal generating circuits 100(1) through 100(n)
outputs the spread signals along the frequency axis



information is controlled. 5 To each of the plurality of spreading

nodul ation parts 14(1) through 14(m, one of the respective series of

i nformati on synbols output in parallel fromthe serial-to- parall el
converting circuit 13 is input, and this series of information synbols
under goes spreadi ng nodul ation 10 al ong the frequency axis by using a
spreadi ng code. Although the m spreadi ng #i®dul ati on parts 14(1) through
14(m are shown in FIG 2, the nunber of spreading nodulation parts out of
the m spreadi ng nodul ati on parts sanme as the nunber of series of

i nf or mati on synbeptained fromomihtipkvdinge ther bafernation symbolppbltdiged
converting circuy C J adL pg tion
parts 14(D) ¢ ik, Ea BTy e Hptladdil HHRES LRt B O
As shown in the fogyur ecespechiivé wier spThadspgedd siophdlat conrespdsdingg 1)

t hrough 14(m ha replicatin circuit 14 nd mul tipli 142, The
replicating ci rcﬁ? '?thelffspgﬁ?:f"gﬁtlé%e’f%é”ﬁtﬁﬂ;ﬁtt g:F‘?ﬁ’ %ﬁegﬁeggiﬁ‘als{ﬁf‘aghe
nunber accomrdi Ngerhérating eadcigts aioqrl) &Adodgl POEE® )t Ave ebhBin&l for

i nformati on synbols along the frequency axis. 25 The nultiplier 142

nul tiplies each AR HUIRTRITIET aFPMRRPRENY B n@t PUPPRARGPETt 42 L pose al ong

the frequency axismpihed 3igRaAELR L Gubl caPfi &P &bnipdheBBCEr&mend I ) al ong
the frequency axis. As a result, fromthe nultiplier 142, spread signals

of conponents coPPrzFYRE BFTEo2lipndanddesr £3equency-Lo-time EROEERFHPT he
frequency axis aﬁf M UHEr (BuvbPSe 'e@%sf'ﬁhfi%%? ﬁ%%&)s&%ﬂ?'&'i‘it each of

the signal generating circuits 100(1) throug out puts the spread
si gnal s al oA t heo¥ rayydawveyrsaxFast IBpunilerafnadsfeomuniltdi. pl P¥nthesse

Information symbgl g, 04Al 380+ 21 and IDFT unit 22, a multi-carrier CDMA

signal in which the information for the respective users

are mixed is generated.
The multi-carrier CDMA signal in which the

15 information for the respective users are thus multiplexed
is processed by a guard-interval inserting part 23, a low-
pass Filter 24 and an amplifier 25, in sequence, and the
thus-obtained signal is transmitted from an antenna unit
26.

20 In the above-described multi-carrier CDMA radio
transmitting apparatus, the transmission rate of
information is controlled as a result of the number of
parallel series of information symbols obtained through
cenversion by the serial-to-parallel converting circuit 13

25 being controlled, as described above. Further detailed
methods of this control of transmission rate will now be
described.

In a first example, as shown in FIG. 4, each of
the spreading modulation parts 14(1) through 14(m) is

30 configured so that the spreading factor is variable.

In FIG. 4, when m information symbols are output
from the serial-to-parallel converting circuit 13, each of

the spreading modulation parts 14(1) through 14(m), to



through the replication by the spreading code, as a signal for a respective
user. The spread signals corresponding to the respective users output from
the respective signal 5 generating circuits 100(1) through 100(n) are

conbi ned for each sub-carrier conponent by a conbining part 21. The

conbi ned signal for each sub-carrier conpoqgnt fromthe conbining part 21
under goes frequency-to-tine conversion by-dn |IDFT (Inverse Discrete Fourier
Transfornm) unit 22 10 (or an Inverse Fast Fourier Transformunit). By these

conbining part 21 .and_| DET uni 2.4 L -carr.i CD@A signal, in which

the information Tor er'ragg%%%ﬁi‘re\z/ednt?sé)g!tﬁ%\?% “ﬁil)?gfr& e ﬁgﬂe’?ﬂf%eo S ?‘ﬁe

mul ti-carrier Chvput,grehdens vhisprddddnySprodedsrait anspeoeadiveg risqieet i ve

users are thus nultipl exed %gdﬁrocess d by a guard-interval inserting part
n

23, a low pass ¥ V& (sach afhm dfef BALUL] DURRERE 0D SHhP ipput

t hus- obt ai ned siFYrmatibhasgmbél £d Tha@miad) el afpRtURhEormStidd dymbbie
above-described nulti-carrier COVA radio transmtting apparatus, the

transmi ssi onSr at® FEPLIFAEPHERY othe MEEEEY Bl (2P /8 -a3p8suFhufa (98¢ nunber of
paral l el series Gfrdrit@4BRt LS MOlsprakhal Hes éd?rb%&i&ﬂtsc%‘f‘fés%cgigg.?):’; the

serial-to-parallel converting circuit 13 25 being Controlled, as ri bed
above. Further o & |sa-caporhens affondhitbecbrequdnayf axigasm ssion rate will

e o son o on par PO ARSI LG o8 oEBE L nd e |
spreadi ng fact orspreadimgainbdulatidi Garts Meh) nihinvfaghmat(oh agodmiingar e
o oL S pbBoB 30 0 et e hebile S8l
: from the serial-to-parallel converting circuit 13. 1In
such a case, the relationship between the transmission
rate and the number of sub-carriers assigned for spreading
each information symbol is as shown in FIGS. 5A and 5B.

15 Specifically, when m = 1, that is, one information symbol
is transmitted, as shown in FIG. 5A, the spreading factor
of n, and the one information symbol is spread into
components corresponding to n sub-carriers along the
frequency axis. A normalized transmission rate in this

20 case is assumed to be 1. Further, when m information
symbols are transmitted simultaneously, as shown in FIG.
5B, the spreading factor is n/m, and each information
symbol is spread into components corresponding to n/m sub-
carriers along the frequency axis. Accordingly, the total

25 number of sub-carriers assigned for spreading m
information symbols is always a fixed value of n. In this
case, the normalized transmission rate is m times the
above-mentioned normalized transmission rate, and, thus,
is m.

30 In the above-mentioned example, when the
transmission rate is to be increased, the number of sub-
carriers used for transmitting each information symbol is

decreased. Conversely, when the transmission rate is to



-19- which a respective one of these minformation synbols is input,
renders a spreading process at a spreading factor of n/m (each of n and m
is a natural nunber) on the input information synbol. That is, the input

i nformati on synbol 5 is replicated by the nunber k (= n/m, and, thus a one
I nformati on synbol is spread into conponents corresponding to k
sub-carriers along the frequency axis. The 4$reading factor n/mvaries in
each of the spreading nodulation parts 14(1) through 14(m according 10 to

t he nunber m of |nf rmatlor}%syégbol S out put i n arallel fromthe
serial -t o- paral | B? €8RS PrBYen $* syb-SaERiert 2884 £RT rel ati onshi p

bet ween the transﬂhﬁgmmmgateacnnﬂnfdmnmmesyﬂtoﬁ% Gidldrle@kadasstamed for
spreading each information synbol is as shown in FIGS. 5A and 5B. 15

Speci fical ly, wh&hentransmission; gatenks iy JoNgrFe PLIRATALON ot Eh@isni tt ed,
as shown in FI G pgfinet hor SHiiRdrpdef i f%&' Praféif £iagPRAchNf or mation

synbol is spread into conponents corresponding to n sub-carriers along the
frequency axis. Anfiormaticredymbahsni Baridier,asubrearhierp®ocheecassigmadined to

be 1. Further, SgB%Jf%ge&sr{gea ngﬁ%(ac ts_Lo?ir ﬁﬁgfmj tb%ds§1 S;gpepusly,

as shown in FIG m and each orma i on
synbol is spreadaﬂ_ung ﬂmrmnmmhacgoaxmmm&hbgntmr#msm 0a~rmaferlseal ong

t he frequency axis. or e total 25 nunber ub-

e g oeY S a3nrete Sldt Yne! Prod iy, re1Peds tagm W FIRY 681 ve of n.
in this case, the nornal imedher aas%&mmamﬁeemwlé,; Btanlée the
above-nenti oned normalized. transm ssion rate, th is M 30 In the

us
above- ment i oHtd SRERPEERY Fastomhdn erch &eoﬁpFﬁ?%irf% MoGulatine RARYRI, t he

nunber of sub- 14(1) through 14(n) varies so as to change the

transmission rate, the period of the spreading code Ci
used should be varied accordingly. Further, when the
transmission rate is changed for each set of information

15 regquired by a user, it i1s necessary to change the period
of the spreading code Ci also for each user. Accordingly,
when the transmission rate is controlled by the above-
mentioned method, the spreading codes having various
periods are used in the multi-carrier CDMA radio

20 transmitting apparatus. In considering a process of
decoding information symbols for each user on a receiving
side, it is preferable that the respective spreading codes
used have orthogonal relationship with each other.

Therefore, respective spreading codes used in

25 the multi-carrier CDMA radio transmitting apparatus in
such a case are determined so as teo satisfy the following
conditions.

When the spreading code Ci having the period of

n x m is used for spreading lnformation symbols for a user

30 1 into components of n x m sub-carriers, and the spreading
code Ck having the period of n is used for spreading
information symbols for a user k into components of n sub-

carriers, the respective spreading codes Ci and Ck satisfy



carriers used for transmtting each information synbol is decreased.
Conversely, when the transm ssion rate is to -20- be decreased, the nunber
of sub-carriers used for transmtting each information synbol is increased.
Thus, the transmission rate is in inverse proportion to the nunber of
sub-carriers used for transmtting each 5 information synbol. Further,
sub-carriers to be assigned for spreading‘%%th I nformati on synbol may be
successive along the frequency axis as shown in FIG 6A, or may be

discrete along the freguenc is as_shown in FIG 6B. In the

above- nent i oned gﬁﬁn%?@#“ﬁ%%b%%@“Pﬁsslo spreading factor in each of the
spreadi ng nodul ation parts 14(1) through 14(n) varies so as to change the
transm ssion rate, the ,period of the spregding code C used should be

varied accordingly. Fu;%bg&)xwm@g);be tr AhEfiys Qxfébe I s changed for each
set of information 15 &gquiifed Dy a user, 2t 15 necessary to change the
period of the spreading code C also for each user. Accordingly, when the
transm ssion rate is controlled by the above- nentioned nethod, the

spreadi ng codes rerelyyarhexnes spreadibos erdesudesei artlwgondi i -carri er CDVA

radio 20 transm tting, appas.at In _consi.dering a process of decoding

i nf or mati on ginbﬁ?éagﬁ?ﬁéhﬂﬁ14£§5'°8ﬁ QT ying side, it is preferable
that the respective spreadi ngchddgae B6fydhitatoniyheBe drdaiialg evabsp W th
each other. Therefore, respective spreadi ng codes used in _25 the

mul ti-carrier CDG& Fﬁﬁigkt’%ﬁgﬁF?PPﬁS inp: gopgl Eopyard Jdok ysing
determ ned so asoik@nsgbhai Mmie -sprbaM Ay Factod EbAAS . £ DL -IoPAASRHBRLE NY

code C having the period of n x mis used for spreading infornmation
symbol s for a us&mdio (K. Okawa and F. Adachi: IEICE Trans. Commun., Vol.
10 E81-B, No. 4, pages 777-784, April, 1998', for exmaple.
In such a technique, for exmaple, as shown in FIG. 7, from
spreading codes having respective periods (2" (m = 1,
2, ...) ) generated so as to be disposed hierarchically
according to a Hadamard's series, spreading codes having
15 predetermined positicnal relationship therebetween are
selected as the spreading codes Ci and Ck having
orthogonal relationship.
In a specific technique in a second example of
control of transmission rate, as shown in FIG. 8, each of
20 the spreading modulation parts 14'(1l) through 14°'(m) is
configured to render a spreading process using a fixed
spreading factor.
As shown in FIG. 8, when m information symbols
are output from the serial-to-parallel converting circuit
25 13 in parallel, each of the plurality of spreading
modulation parts 14'(1l) through 14'(m), to which a
respective one of these m information symbols is input,
renders a spreading process using a spreading factor of n
on the input information symbol at any time. That is, the
30 input information symbol is replicated by the number n,

and, thus each information symbol is spread into



30 1 into conponents of n x msub-carriers, and the spreading code Ck
havi ng the period of n is used for spreading information synbols for a user
k into conponents of n sub- carriers, the respective spreadi ng codes C and
Ck satisfy -21- the followi ng formulas: nxm G (x) x Ck(x) 0 G (x) x Ck(x)
= 0 Thereby, these spreadi ng codes have orthogonal 5 rel atlonshl p wth one
anot her. A technl que for generating the spr@e?dl ng codes G and Ck is
disclosed in 'Othogonal forward link using orthogonal nulti-spreading
factor codes for DS-CDVA nobile radjo ( K Ckawa and F. Adachi: |EICE Trans.
Conmmun., Vol . 10 %P%enﬁﬁ cgrrwgﬁ.w? oga Sybqarriegggalong theanpie. In

such a techni que, fﬁézfueeixg@caakgs &6 &ipwimen FIG 7, from spreading codes
havi ng respective periods (2Zm(m= 1, 2, ...) ) generated so as to be
di sposed hierarchically adeBfdi He t%Pr@ﬂﬁéﬂarrﬁ@‘éit%f é’erilsegixé'@r-'éfaoﬁ@@l ®Fdes

having 15 prwaﬂé“s?‘i%aﬁ@ﬁ?d&&lﬁhﬁ{l@nabh?@ hiP' en g]lg ons%a{)"?) sel ected

as the spreadi ng code ort ogona In a
speci fic techhi qu&gwdéegécgﬁdtle«anmmrom Oﬁomftmmacﬁlonr ambelsiartpudt e, as

shown in FIG 8, f 0 [ ‘(1) .t hr.ough
14' (m) is confi gur e olrlggdg%&g %%’E ea%liﬁ% F_TR essll%g'l %gn%8¥%£ré% élsf‘"p?ru %di ng
factor. As shown 13\ FITa s8@chwhesase, rHher mlabnoxsgmﬁ;olb@twaeﬂ thwe put fromthe

serial -to-parallel convertlng C 25 13 in rallel, each of the
Surality of opr CRRRTLRSAGRFREh Tt (e nipinst 6 GHpoRrERyE TPieth o

respective one ofgdhegareadinfosast i MEcHHARILE s¥mbdIPUls, as shown in FIGS.

10 9A and 9B. Specifically, when m = 1, that is, one
information symbol is transmitted, as shown in FIG. 94,
the spreading factor of n, and the information symbol is
spread into components corresponding to n sub-carriers
along the frequency axis. A normalized transmission rate

15 in this case is assumed to be 1. Further, when m
information symbols are transmitted simultaneously, as
shown in FIG. 9B, the spreading factor is n similarly to
the above-mentioned case, and each information symbol is
spread into components corresponding to n sub-carriers

20 along the frequency axis. Accordingly, the toital number
of sub-carriers assigned for spreading m information
symbols is a value of n x m. In this case, the normalized
transmission rate is m times the above-mentioned
normalized transmission rate, and, thus, is m.

25 In the above-mentioned example, when the
transmission rate is to be increased, the number of sub-
carriers used for transmitting each information symbol is
fixed, and the number of sub-carriers used for
transmitting all the information symbols is increased.

30 Conversely, when the transmission rate is to be decreased,
the number of sub-carriers used for transmitting each
information symbol is fixed, and the number of sub-

carriers used for transmitting all the information symbols



renders a spreading process using a spreading factor of n on the input

i nformation synbol at any tinme. That is, the 30 input information synbol is
replicated by the nunber n, and, thus each information synbol is spread
into -22- conponents corresponding to n sub-carriers along the frequency
axis at any tine. Thus, the spreading factor nis fixed in each of the
spreadi ng nodul ation parts 14' (1) through 128{m 5 regardl ess of the nunber
m of information synbols output in parallel fromthe serial-to-parallel

converting circuit _13. In such a case, the relationship between the
transm ssion rat s FRFFGAESFub&Puss Hifp trappriFsion faffeds £Br spreading

each i nformati onpsyHdhad i drS 135 tBROKEMbdY IFGCRub10aR & u28a FBeCi fically,

when m= 1, that is, one information synbol is transmtted, as shown in
FIG 9A, the sprearswmltiaa adlothe infarmagdonnsymbaks.on synbol is spread

I nto conponents correspon@ilﬁg:fggrgstﬁ#%&ei itgréheaéggkgﬁgh%;ggggggy axis. A

normal i zed transm ssion rate case i s assune urther,
when m i nf orarat memt by If5 rate exmapben tstubd carmktanaols pssagnedhfom in
FIG 9B, the spreading. fact%ri1 SN _siml arleﬁél t th% above- nent i on:ﬁd case,
and each i nf or maPPoOIPESAMHS1EPs TREGFIAl 9 88%)‘5‘?% % LSEFESFERAT Y Y o n
sub-carriers 20 ghénfrédirercycqueBCys astickm AGCPIGL NGA Y ort Ayt bealiserdes  of
sub-carriers assifned for spreading minforpation synbals is a value of n X

m In this case, 2LPRI nth equENCY r ax G aSs YRR o1 § X6 m6B- e EuFfier, it

above-nentioned jgoprédtdZatiel HAREMLES | diirdadliflg 86des tdHiigned Fbr25 I N the
above- nenti oned exanple, when the transmssion rate is to be increased, the

nunmber of sulf cEEFPEFLIVR dWPers: are PRhagonad EQcPrThidMedri 88 synbol is

mentioned above.
In a third example of specific technique of
controlling the transmission rate, as shown in FIG. 10,
the spreading modulation parts 14" (1) through 14" {m) use
15 different spreading codes Cil through Cim, respectively.
As shown in FIG. 10, when m information symbols
are output from the serial-to-parallel converting circuit
13 in parallel, each of the spreading modulation parts
14" (1) through 14"(m), to which a respective one thereof
20 is input, renders a spreading process using a spreading
factor of n at any time. Specifically., each input
information symbol is replicated by n, and, thus, the
information symbols is spread into components
corresponding to n sub-carriers along the frequency axis
25 at any time. The spreading processes rendered by the
respective spreading modulation parts 14"(1) through
14" (m) use the spreading codes Cil through Cim different
from each other.
Thus, the m information symbols output in
30 parallel from the serial-to-parallel converting circuit 13
are spread into components corresponding to n sub-carriers
along the frequency axis by using different spreading
codes Cil through Cim by the respective spreading



fixed, and the nunber of sub-carriers used for transmtting all the

i nformati on synbols is increased. 30 Conversely, when the transm ssion rate
is to be decreased, the nunber of sub-carriers used for transmtting each
i nformati on synbol is fixed, and the nunber of sub- carriers used for
transmtting all the information synbols -23- is decreased. Thus, the
transm ssion rate is in proportion to t he 4funber of sub-carriers used for
transmtting all the inforrration synbol s. Furt her, sim'larly to the case of

t he above 5 nentio f.irst £ car S assi gned for
spreadi ng each |'H? %%ﬁ °cr)’np nﬂnfajs) t#gmgag%eé aI fg® Fﬂeaf?%%ﬁrency
axis as shown i nréldtidiAhi@r batyedie iies dfrahemi vty rdte,f thguRGterR XIS as
shown in FIG 6B. Further, it is preferable that the spreadi ng codes

assi gned for 10 ?‘é‘%rf'&‘?’?’x‘?@suéﬁ?%g%?% o kegBnirteratdon s¥merl a3rd thenti oned

above. In a thirgyraaiie c@hegpﬁséélfsta@.caﬁbaﬂel@fndsontlm' kh89118€
transm ssion rate, as shown in 0, the spreading nodulation parts

14" (1) through 1ﬂh‘€m)m Fsd- 15hétf-’}-%r ecme sHmeadi 1y woemigted; htbegh G m
respectively. Q% Whely n fiQn re out put
fromthe serial '-A%‘%J-?paraq 3 Eggﬁvégtlll ng ci g}:‘lﬁ. %ﬁﬁﬁ% g%gPﬁe?n (Zach of the

spr eadi ng nodul acomporEarttss cor¢é$n9nding)ltg'h0ﬁd"$¢ﬂ) oﬁ m mbchaaries@.ecas ve one
thereof 20 is ingg‘gme ]__er?(}%s illipre_ﬁ ing process, us ﬁ‘beadl ng factor

of n at any tine i"¢al’l y,"éach i nput |nforrra is replicated
by n, and, thus, ti-dmsmisﬁmrmhtenlsyaﬂzﬁmdj soSipe ebd mbn mosmnem Sare

correspondi g, {0, 1 SUPLSAL LR, BLONG. e {LSWSNORY FadRofl 18 1M The
‘ similarly to the above-mentioned case along the frequency
axis, however, by m spreading codes, m types of spreading
forms along the frequency axls are rendered. In this case,
the normalized transmission rate is m times the above-
15 mentioned one, that is, is m.

The spread signals corresponding to the n sub-
carriers fl through fn output from the respective
spreading modulation parts 14"(1) through 14"(n) as
mentioned above are combined (for example, added together)

20 by the combining circuit 15 (X) for the components of
respective sub-carriers. Then, the combined spread
signals having combined components corresponding to the n
sub-carriers output from the combining circuit 15 are
output as an output signal of the signal generating

25 circuit 100(i) for the user (i) (see FIG. 2).

In the above-mentioned example, when the
transmission rate is to be increased, the number of
spreading codes used for spreading each information symbol
is increased. Conversely, when the transmission rate is

30 to be decreased, the number of spreading codes used for
spreading each information symbol is decreased.

Further, similarly to the cases of the above-

mentioned first and second examples, sub-carriers to be



respecti ve spreadi ng nodul ation parts 14"(1) through 14"(m use the
spreadi ng codes Ci | through CGmdifferent fromeach other. Thus, the m

i nformati on synbols output in 30 parallel fromthe serial-to-parall el
converting circuit 13 are spread into conponents corresponding to n
sub-carriers along the frequency axis by using different spreading codes
Cil through Gmby the respective spreadi M¢>24- nodul ation parts 14" (1)
through 14"(m. In such a case, relationship between the transni ssion rate,
t he nunber of sub-carrjers assigned for each information synbol_ and the

spreadi ng codes ¥WPMed F9TsABTRATIPG- @Sk 1REopRt iR sYRLO ) a8 1 ¢ hat

is, one synbol igsuddetiiifie! hebngt fife HRIRRHCHIakPS LY showh, iANEIGheasynbol is
spread into conponents corresponding to one set of n sub-carriers, as

shown in FIG 119% may (i§ gisgzete @WPPZEHGWQ% s a8 shewn in assuned
to be 1. Vhen msyabqles amgrifle}! afsnid Ep%féfgyié ARAY LY, ﬁngaéﬂ{L?ead' ng

factor is n simlarly to the above-nentioned case along t reguency

axi s, howeven, bgodesflidadhrgughdetn anssigped H6r gadundisey (Ldrawe al ong the
frequency axis ar e e %rleq_.o LD h&_&e&as%h tgfsgorirEal.i zg)ge%gggg 's&ia nrate
is mtinmes the above nmenti oned one, 't ag'is, s ' Th Spread signal s
correspondi ng t othdee rspueladiogr codes dde bimthagbndh touteah bthartdmong
respective spreading nodyl.ation parts 14"(1) through 14"(n) as nentioned
above are conbin (#%ﬁp 461 BS®4¥ed t oget her) 20 by the combining circuit
15 (E) for the conponent s appfFout€h P&hdpI® S¥Dteahni@ic of keALrblEi kg dtened

spread signals having conbi ned conponents corrgéfonding to the n
sub- car ri er 4%ut PEANFHEFFIORe FAERHY R P Peufesgsibgd
/

In this exmaple, as shown in FIG. 12, an

intermittent transmission control part 16 is provided
before the serial-to-parallel converting circuit 13 in
each of the signal generating circuit 100(1) through

15 100(n) shown in FIG. 2. The intermittent transmission
control part 16, based on the transmission rate control
signal from the control unit (not shown in the figure},
controls timing of transfer of transmitting data, having
undergone the process by the channel encoder 12 (see FIG.

20 2), to the serial-to-parallel converting circuit 13. When
the transmission rate is to be increased, as shown in FIG.
13A, intervals of data transmission {(interval between each
adjacent data transmission) are shortened. Conversely,
when the transmission rate is to be decreased, the

25 intervals of the data transmission are elongated, as shown
in FIG. 13B or 13C. Thus, the information transmission
rate is controlled by controlling the intervals of the
data transmission.

When the transmitting data, the intervals of

30 transmission of which have been thus controlled by the
intermittent transmission control part 16, is input to the
serial -to-parallel converting part 13, the transmitting

data is thereby converted into the predetermined number m



out put as an output signal of the signal generating 25 circuit 100(i) for
the user (i) (see FIG 2). In the above-nentioned exanpl e, when the

transm ssion rate is to be increased, the nunber of spreading codes used
for spreading each information synbol is increased. Conversely, when the
transm ssion rate is 30 to be decreased, the nunber of spreadi ng codes used
for spreading each information synbol is dé€reased. Further, simlarly to
t he cases of the above nentioned first and second exanples sub-carriers to

be -25- assigned for spreadi ng each,information s successi ve

al ong the frequeﬁéy 9&? %s js‘%&ﬂ'a HOR| gymROAs ?ctbé’%l% ete along the
frequency axis agnebembitién dynbol8BisFuptdifd .intb th@le‘éaﬁfﬁ@:% bgah the
spreading 5 codes C | through G m assigned for each user (i) are orthogonal

to each ot her, aﬁGSPﬁPE-'bVelqnq §fp@Per@%%ﬂ°dPﬁé§@%m% A4 (&ddes are
ort hogonal to eagﬂrg the respective users. A fourth exmaple of
techni que of control |ng t 10 transm ssion rate will now be described. In
this exmapl e,5as shown in Klﬁ;ftm,exanplem%rsnemém: t¢dnst¢l-3=si0(fn cont r ol

o 3P R e sEEIBF S0 RSNl St R 13
2. The intermttent transnirssthis emapILel mrslhoi:ﬁ ihaE®E. At it@et hamBat Ssi on
(ae control | ol gl Lo e £oavohellls (RokaShons o bhe 1OUTS)
process by the chaafehietDrgaiath? geaeeaﬂfg pHrt22a1 48 éi@&ﬁ‘.’flbhle b@gharal | el
converting circuit 13. Wien the transnission rate is to be increased, as
shown in FI G0 generating parts 100(1) through 100{(n) shown in FIG. 2 is
controlled by a modulation level specifying part 15 based
on the transmission rate control signal. When the
transmission rate is to be increased, the number of
modulation levels is increased, that is, for example,
15 modulation of transmitting data is performed in a well-
known 16QAM (the number of modulation levels: 16) or 64QAM
{(64) form. When the transmission rate is to be decreased,
the number of modulation levels is decreased, that is, for
example, modulation of transmitting data is performed in a
20 well-known QPSK (4) or BPSK (2) form.
This switching of the form of modulation can be
made according to environment of radio channel, as shouwn
in FIG. 15. That is, a modulation form having a large
number of modulation levels is used for users near to a
25  base statlon and having satisfactory reception conditions,
and a modulation form having a small number of modulation
levels is used for users far from the base station and
having not satisfactory reception conditions. Further, it
is also possible to change the modulation form according
30 to the amount of information to be transmitted. For
exmaple, for users who have relatively large amounts of
information such as images, information from Internet, and

so forth, distributed thereto, a modulation form having a



13A, intervals of data transm ssion (interval between each adjacent data
transm ssion) are shortened. Conversely, when the transmssion rate is to
be decreased, the 25 intervals of the data transm ssion are el ongated, as
shown in FIG 13B or 13C. Thus, the information transm ssion rate is
controlled by controlling the intervals of the data transm ssion. \Wen the
transmtting data, the intervals of 30 trafdm ssion of which have been thus
controlled by the intermttent transm ssion control part 16, is input to
the serial-to-parallel convertingpﬁgrt 13, the transmtting data is

t hereby conver t ed@FAe EPRED, OFq BCBPHRHERP NGTsde #7F-9eedof Fo% ¥SPEF who

i nformation synbghge PafhLAfOmbe ahSHdTRE QRFEVIROLGh | SudhPBAdulRLO N
sub-carriers by a respective one of the spreading nodul ation parts 14(1)

through 14(m . 52apdf petFrRblmsistsibyeeitharetechni Belulationokorsl | ing the
transm ssion rat Pa%hblg%aq_l desphib .modlﬁ_attggﬁatf s FZeqnown in FIG

14, the nunber of nodulation |evels of data no lon by the transmtting
data generatiing part 11 i rA desdhndffuehef s$witathingOthe needutiatg.omafozm100( 1)

t hrough 100(n) s i n Fl i rolle ] ation level
speci fying part ri)%wnaggabelc?r?ttzﬁ'gﬁf"ﬁ'gﬁé?ﬁ?siﬁv%r}%a 8ggggélnjtns%lt°sit Tal . \Wen the
transm ssi on r at envirboméet iof redsiedchitite 1N wah ¢he Oimourd (WA tinFarnateds i S

i ncreased, that is, for exanple,. 15 nodul ati on Rf transmtting data is

performed in a wtPl PekhbRe EChas Nt tEP L nbhe B3Ry AsTaky) or

640AM (64) for Mma\Wes ahs1 idBRDTeathObE Iite® absvhOdbscHivde 3@t the nunber
of nmodul ation levels is decreased, that is, for exanple, nodul ati-on of

transnittinghaatghpguggerﬁqﬁgjqqﬁmgles of controlling the transmission
rate. That is, to users having satisfacteory reception

conditions or hawving large amounts of information
distributed theretc, information is transmitted at a
relatively high transmission rate. To users having not
15 satisfactory reception conditions or having small amounts
of information distributed thexreto, information is
transmitted at a relatively low transmission rate.
In each of the above-described examples, an IFFT
{(Inverse Fast Fourier Transformer) or IDFT (Inverse
20 Discrete Fourier Transformer) unit 22 is adjusted so that
respective sub-carriers used for the spreading process are
orthogonal with each other along the frequency axis as
shown in FIG. 16, for exmaple.
Further, in each of the above-described examples,
25 in order to limit the frequency band for a data component
corresponding to each sub-carrier, the waveform of each
sub-carrier is shaped as shown in FIG. 17, for exmaple,
and, then, is used for data spreading along the frequency
axis. Thereby, the frequency characteristics of
30 respective sub-carriers are prevented from overlapping
with each other, and, thus, influence of interference
between the sub-carriers can be removed.

Further, it is possible to combine any of the



20 wel | -known QPSK (4) or BPSK (2) form This switching of the form of

nodul ati on can be made according to environnent of radio channel, as shown
in FIG 15. That is, a nodulation formhaving a |arge nunber of nodul ation
| evel s is used for users near to a 25 base station and having satisfactory
reception conditions, and a nodulation formhaving a small nunber of

modul ation levels is used for users far fT¥fthe base station and having
not satisfactory reception conditions. Further, it 1is also possible to

change the nodul ation formaccording 30 to the amgunt of information to be
ranemi (1od For FOERMEHE FEPAIGEPE G ita APOVE SEPGEIGE] g tarstpLe o

i nformation suchsasohdbgbsaplie)! @hIPE | Qbndg1¥) EBhPtRbmaANE ata EQELR,
distributed thereto, a nodulation formhaving a -27- |arge nunber of

modul ation | evel S¥a8plRefnd-GONETRL stih I rMgPdspLomtTaks Pis arnsaibbing of
i nfornmation SUCh%g-F?ﬁhQE:Ebn tNdash H9&L h.\si‘iifgSttlﬁébEﬁ@Q—éJgrﬁJigie% t a nodul ation

form having a s nunber of nodulation | évels 1s use echni que of
swi t chi ng t hes notdethnigresorm (the nunber of nodul ation |evels) according

to the environnent of radj e a of . I ion, to be
transmtted so as to Contﬁgﬁm%ﬁggﬁr%ﬁ@%ﬁ%@?@hggﬁﬁéd %%%ﬂ%gmgggPigaeto each
of the above- desprebenit finwntiont widlLghod duer tllesexiigd dsasd omnthel | i ng t he
transm ssi on raég. That is, to users having satisfactory reception
conditions or ha¥fA§ 9 ye amounts of information distributed thereto,
information is transmtted airansmie€tihd vetatilbngint 4 ansntiSsdaairieat epMA0 users
havi ng not 15 satisfactory reception conditions or having small anmounts of

i nf or mat i on ¥ st FRELP sttt ng; AYStemiomich the fhannedy egtimatient vel y

| ow transm ssi ONpegh6d in a second embodiment of the present invention is
applied is configured as shown in FIG. 18.
As shown in FIG. 18, this transmitting station
includes an information-symbol generating part 111, a

15 pilot-symbol generating part 112, a pilot-symbol inserting
part 113, a serial-to-parallel converting part 114 and a
multi-carrier modulation part 115. The information-symbol
generating part 111 generates a series of information
symbols obtained through channel coding and interleaving

20 {(in a case of OFDM form) or a series of information
symbols such as a spread series obtained through spreading
using a spreading code faster than the information
transmitting rate (in a case of MC-CDMA form). The pilot-
symhol generating part 112 generates predetermined pilot

25 symbols, the phase of each of which is already known. The
pilot-symbol inserting part 113 combines the information
symbols from the information-symbol generating part 11l
and pilot-symbols from the pilot-symbol generating part
112 according to a predetermined algorithm.

30 The serial-to-parallel converting part 114
converts the series of symbols obtained by the pilot-
symbol inserting part 113 into a parallel form thereof by
dividing the series of symbols every predetermined number



In each of the above-described exanples, an I FFT (Ilnverse Fast Fourier
Transforner) or IDFT (I nverse 20 Discrete Fourier Transformer) unit 22 is
adj usted so that respective sub-carriers used for the spreadi ng process are
ort hogonal with each other along the frequency axis as shown in FIG 16,
for exmaple. Further, in each of the above-fescribed exanples, 25 in order
tolimt the frequency band for a data conpohent corresponding to each
sub-carrier, the waveform of each sub-carrier is shaped as shown in FIG

L7, for exmapl e, oe ks ! Nl i ¥P0M eIty PREEAL A 21380uL08 FihAUCCY

axis. Thereby, t equency characteristics o ective sub-Carriers
are prevented froImoasyd Z@sitnfounienh Bamisformeror aIRET t{Hnyersaf Dismosteof

i nterference between t sub-carriers can be removed. Further,. if.is

bose! bl e o conbr B Ty 15rinee) s &8 ellepS MEIPNarlet poaticn
above-descri bed §brtiatexarprespestios brmsamgl he t paral Ie3avpkput f SpHtdL
exanple and fifth exanple, and control the transm ssion rate of
transmtting® i nFeFiRs ir%?“t $heaFRTIRETEUPRRG AL ToRETIINY Regtsli4@Rn ques.

A channel esti nmathAfadBidiied sabCehfidrd 0 ahaighs ESeddrddphaatihgntdid! now be
described based on the drawings. A transmitting station in a nulti-carrier
CDMA 10 radi o t8b9R34 tQutiyts fFernthe mHitdhcarelienpeiiiatdopngarbnlliret hod

Shown 1n FI G 160 A e o B e R el na T b " nel udes
an i nformation-synbol gendr &iriamg ppacket] Frame) Sconfigurattion] ofebkeat i ng part
112, a pilOHlﬁyngfgnéiu%ﬂgﬂuﬂgfrom the multi-carrier modulation part 115

rendering the multi-carrier modulation on the symbol

series, in which the information symbols and pilot symbols

are combined, is as shown in FIG. 19, for example. 1In

this example, a plurality of pilot symbols P (for exmaple,

15 two symbols) are inserted into each of all the sub-

carriers fl f£f2, ... at the same timing (the top of the

frame).

Al ternatively, it is also possible to have a
frame configuration shown in FIG. 20. In this example, a

20 plurality of pilot symbols P {for exmaple, twc symbols)
are inserted into each of all the sub-carriers f1 f2, ...
at different timings.

In each of the examples shown in FIGS. 19 and 20,
chips obtained through spreading of actual pilot symbols

25 correspond to the above-mentioned pilot symbols, in the
radio transmitting system in the MC-CDMA form.

A demodulating apparatus provided in a receiving
station of the above-mentioned multi-carrier radio
transmitting system is configured as shown in FIG. 21, for

30 exmaple.

As shown in FIG. 21, the demodulating apparatus

includes a sub-carrier separating part 121, a pilot-symbol

averaging part 122 provided for each sub-carrier component



part 113, a serial-to-parallel converting part 114 and a nulti-carrier

nodul ation part 115. The information-synbol generating part 111 generates a
series of information synbols obtained through channel coding and
interleaving 20 (in a case of OFDM form or a series of information synbols
such as a spread series obtained through spreading using a spreading code
faster than the information transmtting ragge (in a case of MC-CDVA form.
The pilot- synbol generating part 112 generates predeterm ned pilot 25
symbol s, the phase of each of which is already known. The pilot-synbol
inserting part 1lk3oaO#Ben8sblderrithOEBar2Ring WHke 3211 0N dd¥ay part 123

i nformati on-synbol generating part 111 and pilot-synbols fromthe

pi | ot - synbol gendéng EngopaeRsating persr 42hg and 2 phepeebreskimptdogoprrhim 30
The seri al -t o- par el 1 S r nbol s
obt ai ned by the pa%‘iot - Tﬁgn%'g‘? ‘Jl"énl%é"%?lr %Sﬂ’%gﬁﬁﬁ&l]? I nt %Egelﬁéaga eﬁ‘n%;t&?%

t hereof by divi d:mg‘FtrhéFsetlmlmfersifm530mbrqr PERJ éDsoraiad Fumdier - 29-

of bits. The I car r| e | ati Kelai art 115 uses | EFT. I nver Fast
Fourier Transfor # ?%ﬁ‘?/e% cr et%eceFlou?ll MY é ﬁa'“
renders multi - carar Itﬁ.fanmﬁlﬂtﬂlhg ogtaﬂﬂnnt havlm@etueemﬁgufaﬁims cte‘sdriieed
paral | el - out put nbol erlfs from ég r| al -to- gar al nvert i_ng part
114 are spread | e HtBaF e Ericent, éna COte% E55RAFR V‘Ff ~GrEng

out put fromthe rdgnigoneatsi #1, "PAUl i, ONERSH tpiliby - syfibbl 28t dd 8 pard
transmtting signal by radio. A frame (packet_ frame) configuration of the
10 signal out put ¥a2o®EtFacks| @ irpkunalisy addedkat d‘ﬂ“‘%&?—? f3%e FiGftedPng the

mul ti-carrieg ”D(H!{d’?‘tz'o‘)niﬂelﬁ&é‘d SHMOrespEoL B drie W Eﬁetﬁ?oiéﬁx‘}rﬁ@ lon

synbol s and pl|0t synbols are conbined, is as shown in FIG 19, for
exanple. In components, averages respectlve channel estimation values

obtained from these pilot symbols, and thus obtains a

channel estimation wvalue for the relevant sub-carrier

(this channel estimation value will be referred to as an
15 individual channel estimation value, hereinafter).

The channel estimation part 124 combines the
individual channel estimation values obtained from the
pilot-symbol averaging parts 122 corresponding to a
plurality of successive sub-carriers along the frequency

20 axis including the sub-carrier i, and obtains a final
channel estimation value for the relevant sub-carrier i.
A detailed configuration of this channel estimation part
124 will be described later.

Each sub-carrier component output from the sub-

25 carrier separating part 121 is also provided to the
compensating part 125 after delayed by the delay part 123
configured in consideration of a time required for the
processes (processes rendered by the pilot-symbol
averaging part 122 and channel estimation part 124). Then,

30 the compensating part 125 uses the channel estimation
value for the sub-carrier i obtained by the channel
estimation part 124 as mentioned above, and compensates a

channel variation for the informatipn symbols of the



this exanple, a plurality of pilot synbols P (for exmaple, 15 two synbol s)
are inserted into each of all the sub- carriers fl f2, ... at the sane
timng (the top of the frame). Alternatively, it is also possible to have a
frame configuration showmn in FIG 20. In this exanple, a 20 plurality of
pil ot synbols P (for exmaple, two synbols) are inserted into each of all the
sub-carriers fl f2, ... at different timnhgs. In each of the exanples shown
in FIGS. 19 and 20, chips obtained through spreadi ng of actual pil ot
synbols 25 correspond to t above-nmentj oned pjJot, synbols, in the_ radio
transmitting sysF8ﬁP??F?$m? - gfﬁﬁ%ﬁief EEHDEE?af?ﬁéf@ﬁﬁiﬁpaﬁﬁgbﬁ}%vided
in a receiving shaki ebt2inddanabayR- the tdonipetsabl bh - R tiHe Ichaadi®
transmtting systemis configured as shown in FIG 21, for 30 exmaple. As
shown in FIG 21Varhatipdiue FEmBRREALINgs Parhcldvedre: thes madei tp
separating part l2lergo P !pHedetelnlinedVidntiiu9tP8h ! prodedy %Ic%ﬁiﬁgr each
sub-carrier conponent -30- fromthe sub-carrier separating part 121, a delay
part 123 and a ebspitntatsymyhrenizing degeartiophabnethestadiwt i on part 124,
The sub-carrier | 1 | FRE 539 our i er
Transform or W?E%Eﬁ#g%e&%;%ér i@ﬁ%rﬁs@%ﬁ%f&gén 17‘seél|§:aa%r at eshggr@%‘g?ved
signal received ftoommdergs carsnnversg spreadimghavoagss hand difeng arat nade
descri bed above€Mtk1refenﬁpce FIG?. 13 hgto r sge tive sub-carrier
conponent s #1, ...°, u%ﬂ?r%c ip'rgflg. ?/%brfe \?3?"3 n a b%?tprwsextracts a
plurality of pil ahc3uabedsassAritel SpncHfontZingddetectiel udad the @adespective

one of the sub-carrier conponents,  averages respective channel estinmation
val ues 10 tramnsmitting system in the MC-CDMA form.

The channel estimation part 124 is configured as
shown in FIG. 22, for exmaple.

This channel estimation part 124 includes a
channel estimation units 124(1), 124{(2), ..., 124(n)

15 corresponding to the n sub-carriers. The channel
estimation unit 124(i) corresponding to the sub-carrier i
obtains the final channel estimation wvalue for the
relevant sub-carrier i by multiplying the individual
channel estimation values obtained by the pilot-symbol

20 averaging parts 122 corresponding to respective p sub-
carriers successive along the frequency axis including the
sub-carrier i by predetermined weighting wvalues.
Specifically, assuming that a weighting coefficient wvector
expressing the welghting values is W, and the individual

25 channel estimation values are &£, the final channel

estimation values <& )> are calculated using the following

formula:

<€>=w - §
30
There, the weighting vector W is expressed by the
following matrix:



obtai ned fromthese p
val ue for the rel evant
referred to as an 15 i
channel
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i ncl udi ng the sub-carr

for the rel evant sub-carrier
124 will

estimation part
out put fromthe sub- 2
conpensating part 125

consideration of a timnm

the pilot-synbol aver
30 the conpensating;pa
sub-carrier i obtained
above,

and conpensat es

the -31- conponent of 1

obt ai ned t hrough the c
conpensating part 125

estimation part 124 conbines the

| ot synmbols, and thus obtains a channel estimation
sub-carrier (this channel estinmation value will be
ndi vi dual channel estinmation value, hereinafter). The

i ndi vi dual channel estimation
averagi ng parts 122 corresponding to
“the frequency 20 axis

and obtains a final channel estinmation val ue
i. A detailed configuration of this channel

be described later. Each sub-carrier conponent
bwR0) | er separating part 121 is also proyided to the
hf t er del ayed by the delay part 123 configured in

b required for the processes (processes rendered by
ngi ng par w(fl2B/ adyl eklahAd] wdt+ hhtipn part 124). Then,
't 125 use h han est i i val ue fon the

by the chzﬁ%eﬁlfestgﬁéf%on g@ﬁ{ﬂ?&4 as nentijoned

a channe{! v&fird) i .t o) t wE +hi edhati on synbol s of
he sub-carrier i. The information synbols hus
pbnpensati on of the channel variation by the

gré)then made to undergo a predeterm nédrdBodul ati on

he pil ot-synbol

ier i,

process including 5 absol ute synchroni zing detection, in the radio
transmtting systemin the OFDM form but are further nmade to undergo an
i nverse spreading process and then are made to undergo the predeterm ned
degpdul ation proggas +RE!LHRA qeBS LA EY MR THA G &R 1S OBre i N the
radio

expressed by the following matrix:

1]

57

Further, the final channel estimation values < &> are
expressed by the following matrix:

'.< £1>]

< § >=

| < &n > |
10 The element w(j, i) of the weighting coefficient
vector W is determined based on mutual correlation between
channel states for respective sub-carriers (j and i)
expected from a frequency difference between the sub-
carriers (j and i). Then, the element w(j, i) is the

15 weighting value used for estimating the channel estimation



10 transmtting systemin the MC-CDVA form The channel estimation part 124
Is configured as shown in FIG 22, for exmaple. This channel estinmation

part 124 includes a channel estimation units 124(1), 124(2), .. , 124(n)
15 corresponding to the n sub-carriers. The channel estimation unit 124(i)
corresponding to the sub-carrier i obtainssghe final channel estination

value for the relevant sub-carrier i by multiplying the individual channel
estimation val ues obtained by the pilot-synbol 20 averaging parts 122

correspondi ng t o Lg5ReClH M€ fBrSPhe LMK | Kibs cRHEEESSIVE flopn¥nkhe frequency
axis including the sub-carrier 1 by predeterm ned wei ghting val ues.
Specifically, asdmdiingduahtchanpslyestigatbert fMadiuent ¥t dihe dxfhesgbng t he
wei ghti ng val ues J apghyt WpTe [MVA Ehaaqe [ [ val ues are
E, the final cha#ﬁ?ﬂgspsﬁﬁéﬁéﬂwﬁgaﬁh‘%a ar g&cgf:gﬁ%a% %sna Fﬁe
foll owi ng f or nulsab-carwieg0( Yher dccondinglyhtimmgeneredr Wis edepenssed by

1S e 4y e {{delgd el s Beafheiclisld ek

the individual chpafrel fasthentfron wdleusabacrrierpiadsethdymitialf ol | owi ng

matrix: 5 Cl correlation becomes smaller), and, it becomes zero as the
sub-carriers apart from one another by a predetermined
number of sub-carriers (for example, the sub-carrier (3j)

10 is out of the range of p sub-carriers including the sub-
carrier (i) at the center thereof).

By the channel estimaticn for each sub-carrier
in the above-described demodulating apparatus, the channel
estimation value <£ 1> for each sub-caxrrier (i) is

15 determined in consideration of (taking into account) the
individual channel estimation values & of respective sub-
carriers reflecting the states of radio channels for these
plurality of sub-carriers (p sub-carriers). The degree of
this consideration (taking into account)is expressed as

20 the weighting value w(j, i).

Accordingly, the channel estimation wvalue for
each sub-carriler is determined based on the channel states
of plurality of sub-carriers including the relevant sub-
carrier. As a result, it is possible to render high-

25 accuracy chamnel estimation even in a situation in which
the states of radio channels vary variously.

In the above-mentioned example, the weighting
coefficient wvector W used for calculating the channel
estimation value <& > for each sub-carrier in the channel

30 estimation part 124 is determined fixedly based on the
mutual correlaticn of the states of radio channels
expected based on respective sub-carriers. However, the

mutual correlation of respective sub-carriers may vary



~n Further, the final channel estimation values <a > are expressed by the
followng matrix: <Cl> < Cn > 10 The elenent wW(j, i) of the weighting
coefficient vector Wis determ ned based on nutual correl ation between
channel states for respective sub-carriers (j and i) expected froma
frequency difference between the sub- carrlgas (j and i). Then, the el enent
Wj, 1) is the 15 weighting value used for @stimating the channel estimation
-33- value < E1> for the 1-th sub-carrier (i) fromthe individual channel
estimation val ue [ [ I.agﬁ channel
state for this j 3_@?:38&1%806# rtfﬂeér %?E%teﬁ%%oxfé i%g%’?,gﬁlﬁﬁf%ev%%iéq], I s el ement
5 wWj, i) has a wemiibeslyal Wecogrdinglyubitaiy peeferable tcapmangbarthber from

t he sub-carrier t he tu elatio Q and

becones zero as t(a%%vg?ﬂ%? aanre?Aerws? 1§£1 1?%“%%‘33‘%‘?0?%% Iby :f%PE&XFi?m ned
nunber of sub- CarU’aisQﬁSo(;fﬂﬁeEQQaiﬁEISEthbHeS:tHﬂl(babhbﬁheI.s;) 10 is out of the
range of p sub-carriers inclu % the sub- carrier l(’i)"‘ at_the center
thereof). By The channel &&t% pERaRLle iPLs Husa PPREFOLL PG (i

above-descri bed geeRduhahtivhePRdightsngt dserdidneat vestdiaidsdn val ¥Re<C i >
for each sub-carrier (i) is 15 determ ned in consideration of (taking into

account) the i n@tatagabt chthiAdioschapRebh WidiluBSWEPSfdesapidiad-ve sub-
carriers reflecting the stafesapfve ﬂn@h@:.&ﬁ@cf”?ﬁla%mﬁa@r ebPERSeidH W ﬁj& EEJ&Of
n(ta

sub-carriers (p sub-carriers). The degree of this consideratio I ng
into account)is dspcenfidgured ZF tshewnelghfIthg 23al ue W(j, ).

10 As shown in FIG. 23, this channel estimation

part 124 includes an adaptive weighting wvalue estimation
part 241 and a weighting averaging channel estimation part
242. The adaptive welghting value estimation part 124
adaptively obtains each weighting value (of the weighting

15 coefficient vector W) described above using a technique of
MMSE (Minimum Mean Square Error), for exmaple, based on
the individual channel estimation values from the
averaging channel estimation parts 122(1), 122(2), ...,
122{n) corresponding to respective sub-carriers. Then,

20 the weighting averaging channel estimation part 242 uses
the weighting coefficient vector W obtained by the above-
mentioned adaptive weighting value estimation part 241,
combines the respective individual channel estimation
values from the respective averaging chamnel estimation

25 parts 122(1), 122(2), ..., 122(n), and, thus, renders
weighting cembining according to the frequency response
characteristics of channels (channel states).

Further, it is also possible to configure the
above-mentioned adaptive weighting value estimation part

30 241 as shown in FIG. 24, for example.

As shown in FIG. 24, the adaptive weighting
value estimation part 241 includes a correlation measuring

part 243 which calculates the mutual correlation between



Accordi ngly, the channel estimation value for each sub-carrier is

determ ned based on the channel states of plurality of sub-carriers

i ncluding the rel evant sub- carrier. As a result, it is possible to render
hi gh 25 accuracy channel estimation even in a situation in which the states
of radio channels vary variously. In the ab gg-nentioned exanpl e, the

wei ghting coefficient vector Wused for calTulating the channel estimtion
val ue <C > for each sub-carrier in the channel 30 estination part 124 is
determ ned fixed}y, DAsaheln ot os Mt And Yelkpbal LoD Al lNr3bakesegly radio
channel s expected based on respective sub-carrrers. wever, the  mutual
correl ati on of rth@eixdirddal)- channel sgtdwatdonp v8luesiepandispgnding hieo st at es
of radi o channel s_whi ch var variously. Accqrding it 1 referable to
change the abovgbﬁfﬁﬁﬁgﬁé§¥§ﬁeFﬁﬁf??ﬁf%éﬁﬁﬂﬁ @Fgﬂt %ggnWﬁidﬁiégng?gﬁ?y based
on the states ofw{fg ipdi® oditained sbafed dipetel nGtexprgureedbhtibiSvalue

controlling the above-nentioned melghting coefficient vector based on the

states of the ralld: chhrkfdmees Fhenth lugdetesetor hhe AssPechivei Sk
channel estinati ggrPodts iftaineaCopl Ly edrae1aboun rhéhdﬂr@ngzﬁaxéozﬁ._ shown
in FIG 23, this channel estimation part 124 includes an adaptive weighting
val ue estimation part 24Then@bgvechepionedygeraglablem mansiurdsgi paxt on part
242. The adaptiv | | est i ' a 4 lvel i ns
cach wei ght i ng VAT BeC TPt thE, BRRITHGRbE, fied 1-RHATANY nalha
above using a teebsbhimpiiaf vaiNBE fibmithenaveangiygaclarireloestimatiexanyl e,
based on t individ annel Lyt | val from.th ayeragi ng
channel est Plﬁ%at i BA™ par 52 Z(ET?, 1?%&??@&{;5‘90“%‘5‘9 €3 Ene’ two 51ib

carriers, and determines the thus-calculated inner product

as the mutual correlation value r(j, i). This mutual
correlation value r(j, i) indicates a degree of
correlation of the channel state for the sub-carrier j
15 from the channel state for the sub-carrier i. This mutual
correlation value r{(j, i) has the maximum value when the
individual channel estimation wvalue (phase) obtained by
the averaging channel estimation part 122(j) is same as
the individual channel estimation value (phase) obtained
20 by the averaging channel estimation part 122(1), and the
mutual correlation value r(j, i) is zero when the
difference {phase difference) therebetween 1s 90 degrees.
By configuring the weighting value estimation
part 241 as described above, it is possible to control the
25 above-mentioned weighting coefficient vector adaptively
based on the mutual correlation between the channel states
for the respective sub-carriers. Then, the weighting
coefficients of the weighting coefficient vector
adaptively controlled based on the channel states for the
30 respective sub-carriers are provided to each channel
estimation unit 124(i) shown in FIG. 22. As a result, it
is possible to obtain the channel estimation value for

each sub-carrier based on the channel states for the



122(n) corresponding to respective sub-carriers. Then, 20 the wei ghting
averagi ng channel estimation part 242 uses the weighting coefficient vector
W obt ai ned by the above- nentioned adaptive wei ghting value estimtion part
241, conbines the respective individual channel estimation values fromthe
respecti ve averagi ng channel estimation 25 parts 122(1), 122(2), .. ,

122(n), and, thus, renders weighting conbtdéng according to the frequency
response characteristics of channels (channel states). Further, it is also
possi ble to configure the above-nentioned adaptive wei ghting val ue
estimation part pIoraiitynofisRTcRRTRRXS. 24, for exanple. As shown in FIG
24, the adaptive weightin : i Eﬂéﬂ' A 1 i . el ation
measuring part 243 whi ch%c%l?{?l# tggét e nﬁu%ﬁ%ﬁ%ﬁe %?g%%ﬁﬂegﬁéﬁ%- t he
channel states fof the abspeddscribed- exampless, itr bsn padshledite teadechannel

estimation val ues_correspondi to the respective sub-carriers. . The t he
wei ghting val ue eﬁ%]w{‘lp’l}gf%’ %l‘ﬁgﬁ%ﬁ%fi‘%ﬁnﬁheeﬁﬁi’%ﬁm&P?’@PEELVBnP alue 5
r(j, i) between the chamiel statless fTheh oy eepdering tHe-absd1hLiter s obt ai ned
by this correlation neasurjng part 243. The above-nentioned correl ation

measuring part 2SYPERFeUZARE CERAR U SRustRPYHEASH fharnehannel
estimation val uegstifgtidie MIRIAJI 28 £HapuIliras! taRbitel AHRALE1428£1) and
122(j) corresponding to the two sub- carriers, and determ nes the

t hus-cal cul at ed sAgealpperrictto daterEerenetPorerr £5ER) oir Bf ke refluce) . This
mutual correlati | rerrbr RIES LG f I ' t he
channel state fo?:ﬂ'%l hgéé%%éﬂr reillg%o rj E%g&f rom@hgggﬁgﬁnﬁld%tﬁg{ege #r %Ir:é?ﬁ%a&;
sub-carrier 10 Thuelibyual Thesrebyl, attohs \edasdblej toi indrepsehdheaxi num val ue
when t he

subscriber capacity of the radio transmitting system.

In each of the above-mentioned examples of
channel estimation methods, the pilot symbols are included
in all the n sub-carrier components. However, a channel

15 estimation method according to the present invention is
not limited to such a configuration, and it is also
possible to include pilot symbols only into some of the
sub-carrier components (for m sub-carriers (m < n))
disposed discretely along the frequency axis. In such a

20 case, channel estlmation for sub-carrier components
including no pilot symbols is rendered based on the
individual channel estimation wvalues obtained for other
plurality of sub-carriers.

The present invention is not limited to the

25 above-described embodiments, and variations and
modifications may be made without departing from the scope
of the present invention.

The present application is based on Japanese
priority applications Nos. 2000-46624 and 2000-81050,

30 filed on February 23, 2000 and March 22, 2000,
respectively, the entire contents of which are hereby

incorporated by reference.



i ndi vi dual channel estimation value (phase) obtained by the averaging
channel estimation part 122(j) is sane as the individual channel estimation

val ue (phase) obtained 20 by the averagi ng channel

-and the nutual correlation value r(j, i) is zero when the difference
(phase difference) therebetween is 90 d rees. By configuring the weighting

val ue estimation part 241 as descri bed¥above, is possible to control

25 above-nenti oned wei ghting coefficient vector adaptively based on the
mutual correlati on between the channel states for the respective

Then, the weighting coefficients of the weighting coefficient
vector adagtigNeI¥ coNtvieD ggl based on the channel states for the 30

sub-carriers.

respective Sub-carrrers are provided to each channel

shown in FIG 22. As aresult, it is possible to obtain the channel
estimation value for each sub-carrier based on the channel states for the

-36- plurality of sub-carriers. By using the channel estimation nmethod in

each of the above-describ%g exanpl es, oss&%le tor

efficiently,

hi gh- accur acy

Lot 25 ieR fhma, zaaip

‘hannel estlnatlo

estimtion part 122(1),

t he

estimation unit 124(1)

states. Then, 9¥ah%5hciec@ﬁg; fr&%}ﬁ‘:‘%ﬁ@éﬁﬁcéﬁ’ﬂ?@@é‘éﬁ'I&Qf&’%@@ibﬂ“s&'ﬁb@g the

t hus- obtalned channel estinmation val'ues, It Ts possible to reduce the ratio
of signal powatspe siimieerdrarserde: avet iﬁ%&&msblaﬁ $yribediicelobbear eception

error rate and to obtain a desired reception 10 qual

Thereby, it is

possible to |nEF§§§€nﬁﬁéax§&bS@Fﬂﬂé% %%ﬁ@%l?@eo¥h?ﬁé°?%ﬂFBe@ransnltt|ng
system In eag

nmet hods, the plpfggnkﬁgjﬁp%é%l ncI ded %%Pg$¢§§%0£0dgh ca%r?2$lggh%82ents

However, a chapgekuency axis, thus spreading the information symbols

into components of a plurality of sub-carriers having
different freguencies, and thus rendering multiplex
transmission of the information, comprising the step of

enabling a transmission rate of tﬁe
information to be changed by controlling the amount of
information transmitted simultaneously by controlliing
the number of the information symbols to be used in the
spreading into the plurality ¢f sub-carrier components
for each user to which the inférmation is to ke
transmitted,

wherein the number of information symbols to.

be used in the spreading for the plurality of sub-

arrier components is controlled for each user for which

the information is to be transmitted, the information
symbols are converted from a serial state into a
parallel state, the number of the sub-carriers by which
each information symbol is replicated is controlled,
each information svmbol thus converted into parallel
state is spread along the freguency axis, and the amount

of information transmitted simultaneocusly is thus



15 estimation nmethod according to the present inventionis not limted to
such a configuration, and it is also possible to include pilot synbols only
into sone of the sub-carrier conponents (for msub-carriers (m< n))

di sposed discretely along the frequency axis. In such a 20 case, channel
estimation for sub-carrier conponents including no pilot synbols is
rendered based on the individual chanm®- estimation val ues obtained for
other plurality of sub-carriers. The present invention is not limted to
the 25 above-described enbodi nents, and variations and nodifications may
be made wit hout°8&pattFAg fromthe scope of the present invention. The
present application is based on Japanese priority applications Nos.

2000- 46624 and 2000-81050, 30 filed on February 23, 2000 and March 22,

2000, respectively, the entire contents ofTﬁg(HE@H$Ergge@yalm@@01@orated by
reference. -37- WHAT IS CLAIMED IS 1. A nulti-carrier CDMVA radio

transmtting netibao ﬂetheaEungce@@m|wﬁumhnﬁnanonﬂhdgﬁnal(Wsmmsemgl

t hus- obt ai ned |nfornat|on synbol s along a _frequency axis,, multiplying the
t hus- obt ai ned OtRESr AEEI 8 S8y Aol S P SSSHERi GRT o 0 2 oy %lhefrequency

axi's, Chus spregdingthe dintarmation suihal oo hile, somponeniseofyg bl ural ity

of sub-carrier avi n di't ferent requenC|e rlng mul tipl ex
transm ssi on ofiskhe. |nfornat|on, conpri sing the step of enabling a

transm ssion rate of the information to be changed by controlling the
amount of information transmtted sinultaneously by controlling

3. _ The method as eclzimed in claim I,
wherein the number of information symbels to be used in
the spreading into the plurality of sub-carrier
components is in inverse proportlon to the number of
sub-carriers assigned for the spreading of each

information symbol.

4. The method as claimed in claim 1,
wherein the number of sub=-carriers assigned for the
spreading of each information symbol is fixed, and,
according to the number of information symbols to be
used in the spreading into the plurality of sub-carrier
components, the number of sub-carriers assigned for the
overall spreading of the number of information symbols

is controlled.

5 The method as claimed in claim 1,
wherein a group of sub-carriers assigned for the
spreading of each of all the information symbols %o be

transmitted simultaneously is made same among the



t he nunber of the information synbols to be used in the spreading into the
plurality of sub-carrier conmponents for each user to which the information
is to be transmtted, wherein the nunber of information synbols to be
used in the spreading for the plurality of sub- carrier conponents is
controlled for each user for which the information is to be transmtted,
the information synbols are -converted®¥roma serial state into, a
paral l el state, the nunber of the sub-carriers by which each information

Thto parall o TEHBFETES Sp 6AAEROHG CHETFGquENEy R SERRET SRR of
information tr 1 di S) |y, A h ~ 38~ ta 2. The
nmet hod as cIaf%%%y}%éPCTg%gE%%eaﬁgﬁgi%ftgg%s%%ﬁ¥%%25¥§nﬁéﬁé£§hﬁjg%wth each

other are usedkwyscdéhe speeadipgdeddesensed in the spreading of the
i nformation synbols for respective wusers. 3. The nethod as clainmed in claim
], wherein the nunber of information synbols to be used in the spreading

into the plurality of sub-carrier conponents is ,.n inverse ortion to the
nunber of sub-carriers gsSigned for the sﬁ?ggaﬁﬁj%ﬁr%b%ﬁ gﬁﬂgo? 9 on

symbol . 4. The ppl hpd: 8$ngl ALEBEd B £ClaigDibat IWMILTRId thier dEes o0f

sub-carriers assigned for"the spreading of each information synbol is
fixed, and, acwordingdispthéngurbers-oftainedmetlicony synbotgudrocheaxised in
the Spreadingl%£%€&é?§i§é“£ggi% u%to%%%y%ggﬁfﬂformation symbols by a
spreading code along the frequency axis, thus spreading
the infermation symbols into compeonents of a pluraiity
of sub-carriers having different freguencies, and thus
rendering multiplex transmission of the information,
comprising the step of
enabling a transmissicon rate of the
information to be changed by contrelling multiplex
transmission intervals along a time axis for each user
to which the information is to be transmitted,
wherein the information svmbols are converted
from a serial state into a parallel state, the number of
the sub-~carriers by which each information symbel is
replicated is controlled and each information symbol
thus converted into parallel state is spread along the

frequency axis.

7. A A multi-carrier CDMA radio
transmitting method of replicating each infermation
symbol, disposing thus-cbtained along a frequency axis,
multiplying the thus-obtained information symbols by a
spreading code along the frequency axis, thus spreading

the information symbols into components of a plurality



conmponents, the nunber of sub-carriers assigned for the overall spreading
of the nunber of information synbols is controlled. 5. The nethod as
claimed in claiml1l, wherein a group of sub-carriers assigned for the
~spreadi ng of each of all the information synbols to be transmtted

simul taneously is made sane anong the -39- respective information synbols,
and the spreading codes used for the-gidr-eadi ng of the respective
information synbols are nmade different. 6. A nmulti-carrier CDVA radio
transmtting nethod of replicating each information synbol, disposing

t hus- obt ai ned akosgka chrequancyhaxirsy diifdd gl tyi g dibendhws > ohtdi tieds
informati on synbols by a spreading code along the frequency axis, thus
spreadi ng therERAGEABRG dv lhifid®s TrRMeTtdpoierfts Bie alpfefadtign, of
sub-carriers having.di.fferent tgeque cies, and thus rendering multiplex
transm ssi on OFOPﬁglFﬁﬂﬁwﬁiﬁ(ﬁmep’égﬁprising the step of enabling a

transm ssion rate of the odJdfordmtd on-4.0sbes changede byseopheol 1ing mul tipl ex
transm ssion intervals along a tinme axis for each user to which the

informati on i sihdobeattiamsmid ted oftvergEd hheomfor bt rontlsy nivahsear ef
converted froma serial state into aﬁparallel state, the nunber_of the

sub-carriers b?oﬂﬁﬁ@ﬁléﬁbﬁqqﬁ%ﬁrﬁﬁ?QJ @ﬁﬂﬂ).ei%Pf?¥mﬁFt%TeﬁYTE°£6nF?olIed

2long the | frehency oy SR e R e s T et ng

met hod of replicating eacthdrdint nelié¢ 0mformation symbols are converted
from a serial state into a parallel state, the number of
the sub-carriers by which each information symbol is
replicated is controlled and each information symbol

thus converted into parallel state is spread aleong the

fregquency axis.

8.. The method as claimed in claim 1,
wherein the respective sub-carriers assigned for the
spreading of the information symbols are orthogonal

along the fregquency axis.

9. . The method as claimed in claim
6, wherein the respective sub-carriers assigned for the
spreading of the information symbols are orthogonal

along the freguency axis.

10, ) The method as claimed in claim
7, wherein the respective sub-carriers assigned fcr the
spreading of the information symbols are orthogonal

along the freguency axis.

11, The method as claimed in claim



synbol , disposing thus-obtained along a frequency axis, nultiplying the

t hus- obtai ned i nformati on synbols by a spreading code al ong the frequency
axis, thus spreading the information synbols into conmponents of a plurality
-40- of sub-carriers having different frequencies, and thus rendering

mul tiplex transm ssion of the-information, conprising the step of enabling
a transnission rate of the informatioflto be changed by controlling the
nunber of nodul ation | evels used when the information synbols to be spread
are obtained through data nodul ati on wherein the information synbols are
converted from avisereah shat eeisplectd vparsald-elastisies ddweigumdefonfthe he
sub-carriers by which each information synbol is _replicated is controlled
and each i nf orTREF3RIBYNBSl thehid IOFHESAHCEd SYRRY Farf eI TSR3 F5 spread

al ong the freguency,aki s, 8. Theymethod as o alipd,dp &lainnd oo Wisrein the

respective sub-carti érs-assi gné spreadt ng or mati on

synbol s are ordhegpagl retherg thenf eguensit axis-cdrriedde method as cl ai nmed
in claim 6, wherein the respective sub-carriers assigned for the spreading
of the information synbols are orthogonal along the frequency axis. 10.. -

The nethod as clainmed in.glaim 7, mhergﬁg thetre pective.sug-carrLer%
assigned for the spreadifg of the informt B sFHot s“hF B 87t hhgBhat™ al ong

the frequency @xignetdin The mRihREAYLIAIRG M LRI MBsAdned for the
spreading of the information symbols have frequency
characteristics such that the fregquency spectra do not

overlap between each adjacent sub-carriers.

115 The method as claimed in claim
.7, wherein the respeciive sub-carriers assigned for the
spreading of the information symbols have freguency
characteristics such that the frequency spectra do not

overlap between each adjacent sub-carriers.

14, " The method as claimed in clzaim
1, wherein the respective sub-carriers assigned for the
spreading of each information symbol are disposed

discretely along the freguency axis.

15, The method as claimed in ¢laim
6, wherein the respective sub-carriers assigned for the
spreading of each information symbol are disposed

discretely along the frequency axis.

16.‘ The method as claimed in claim
7, wherein the respective sub-carriers assigned for the

spreading of each information symbol are disposed



1, wherein the respective sub-carriers assigned for the spreading of the

i nformati on synbols have frequency characteristics such that the frequency
spectra do not overlap between each adjacent sub-carriers. '12.. The nethod
as claimed in claim 6, wherein the respective sub-carriers assigned for the
spreading of the information synbols have frequency characteristics such
that the frequency spectra do not oveffap between each adjacent
sub-carriers. 13. The method as clained in claim 7, wherein the respective
sub-carriers assigned for the spreading of the information synbols have
frequency chalazteeiellcslenehthkaf releehiceyq@eniéy spectra do not  overl ap
bet ween each adjacent sub-carriers. 14. The nethod as clained in claim 1,
wherein the respective sub-carriers assigned for the spreading of each

information synbol are digposed discretgly @l the Jreguencyn axi Sim 15.
The method as clained in claim 6, wherein the respective sub-carriers

assigned for the whpreadi ngeofeaaeh tiinfeo snat-icarr rsyemsola sariggrii s pose dche
di scretely along the frequency axis. 16. The nethaqd as claimed |n claim 7,
wherei n the re3BEBRAVBISHL- 8aFN did OFESTTE] SHFP P& XS FPERATRF of each

i nformation sygg l.are.dispased - 42+ dischetely Aliang the frequency axis.
17. . The netho Qggggﬁgg%ngﬁnqglgiﬁl f;%%%g%é?ﬁ'fhé respective sub-carriers
assigned for the spreading of each information synbol are disposed
successively along the frequency axis. 18. The nmethod as clainmed in claim
18. The method as claimed in claim
6, wherein the respective sub-carriers assigned for the
spreading of each information sympol are disposed

successively along the frequency axis.

19, , The method as claimed in claim
7, wherein the respective sub-carriers assigned for
spreading each information symbol are disposed

continuously along the freguency axis.

20. A multi—carrier CDMA radic
transmitting apparatus replicating each informaticn
symbols, disposing thus-obtained along a freguency axis,
multiplying the thus-obtained information symbols by a
spreading code along the freguency axis, thus spreading
the information symbols into components bf a plurality
of sub-carriers having different fregquencies, and thus
renderxing multiplex transmission cf the information,
comprising

a transmission-rate control part controlling
the amount of information transmitted simultaneously by
controlling the number of the information symbols to be

used in the spreading into the plurality of sub-carrier



6, wherein the respective sub-carriers assigned for the spreading of each
i.nformati on synbol are disposed successively along the frequency axis. 19.
The nethod as clainmed in claim 7, wherein the respective sub-carriers

-~ assigned for spreading each information synbol are disposed continuously
al ong the frequency axis. 20. Anulti-carrier COVA radio transmtting
apparatus replicating each |nfornat|on4'§ynbols di sposi ng t hus-obt ai ned
along a frequency axis, nultiplying the thus-obtained information synbols
by a spreading code alon t he frequency axis, thus spreadin t he

i nformati on syRPBPSVERLS g@ﬁp&ﬁéﬁt§ﬁﬁra%?ﬂ%ﬁ%ﬂﬁt%ﬁecﬁngﬁﬁm% $PTetd hAving
di fferent frqugn%ke%Smgt% %hus rendering multiplex transm ssion of the
information, <conprrsing a “Cransni ssion-rate control part controlling the
anount of i nformation traneHdited s Uldneosts | yn Byrmeenéhoklhpgitheonunber
of the information synbols to be wused in the spreading into the plurality
of sub- carrlerbe4Bsedonpom@ﬁt§nﬁﬁad%ﬂglﬁmﬁnth&)quxﬂﬂxh% phfovrkmtion is to

be transmtted. wherein the nunber i nf or synbols to ?e used n t he
spreadi ng for ?ﬁérbﬁﬁr5PWP§nﬁPt§uH5(ﬁﬁqﬁﬁﬁl NESCH sURBht 7 OF | BRF

each user for ’&‘ﬂb%nék??‘n sleRfQr mat Iﬁ% 4 %Parpﬁni{@é}?m%_ﬁ d EQ?méBEQﬁ”ﬁ“ on
synbol s are converfe roma serial state into a paral state e nunber

of the sub-carsyapslby awki eldnveacted nfoimed | e syTbotats Iﬂﬁbléated is
controll ed, each information synbol thus converted into parallel state is
spread al ong tRETRLéGAeRdP toxi SheamPHIRE MbuFre sub-carriers by which

each information symbel is replicated 1s controlled,
each information symbol thus converted into parallel
state is spread zlong the frequency axis, and the amount
of information transmitted simultaneously is thus

controlled.

21, The apparatus as claimed in
claim 20, wherein ccdes which are orthogonal with each
other are used as the spreading codes used for the

spreading of the information symbols for respective user.

22. The apparatus as claimed in
claim 20, wherein said transmission-rate control part
comprises a serial-to-parallel converting part
converting series data which is the information to be
transmitted to each user into parallel information
symbols, and controls the number of the parallel
information symbols obtained by said serial-to-parallel

converting part.

23, . The apparatus as claimed in

claim 20, wherein the number of sub-carriers assigned



of information transmtted sinmultaneously is thus controlled. 21. The
apparatus as clained in claim20, wherein codes which are orthogonal wth
each other are used as the spreadi ng codes used for the spreading of the
i nformation synbols for respective user. 22. The apparatus as clainmed in
claim 20, wherein said transm ssion-rate control part conprises a
serial-to-parallel converting part corderting series data which is the
information to be transmtted to each user into parallel information
synbol s, and cagntrols the nunber of the parallel. information synbols
obt ai ned by safﬂrséPPaPyFéﬁﬁérﬁﬂﬁﬁad%ﬂﬂnﬂﬁt?nﬁ)ﬁﬁﬁ??m%ﬁ%oﬁTﬁyﬁﬁh%ﬁaius as

claimed in claj erei 0.t uner. rd.er i -44- for
t he overall sp?gghﬁﬁabg? Fﬁg%ﬁﬁgg}ghtioﬁngiﬁgﬁﬁésﬁyt {?éiﬁﬁéﬁéﬁgg%iﬁ%h is
controll ed by sakéd teamrs@lspadt, riad o f adndats dunddxesf ase-the nunber
of sub- carriers assigned for the spreading of each information synbol is
control | ed. 24caTHéegpparatigsess fdaithed Inv cadidion 2B, eafer & fo ¥t Huhber of
i nformation synbohs controllegﬂgy said transmi ssion-rate control part is in
i nverse proport¥BR%0 th& CAiSer 6t sub-carriers assigned for the spreading
of each information synbol.. 25. The apparatus as clainmed in claim?20,
wherein the nunber of sub-carriers assigned for the spreading of each
information synbol is fix&dd, and, accorthiagepp:tieunuabeclaimedfdnmation
synbols controlled %¥ said transm ssion-rate control part, the

claim ., wherein the number of informaticn symbols

controlled by said transmission-rate control part is in

inverse proportion to the number of suk-carriers

assigned for the spreading of each information symbol.

25. The apparatus as claimed in
claim 20, wherein the number of sub-carriers assigned
for ithe sprezsding of each information symbol is fixed,
and, according to the number of information symbols
contrelled by said transmission-rate control part, the
number of sub-carriers assigned for the overzll
spreaaing of the number of information symbols is

controlled.

6. - The apparatus as claimed in
claim 20, wherein a group of sub-carriers assigned for
the spreading of each of all the information symbols,
the number of which is controlled by said transmission-
rate control part, is made same among the respective
information symbols, and the spreading codes used for

the respective information symbols are made different.

27, A multi-caxrier CDMA radio



nunber of sub-carriers assigned for the overall spreading of the nunber of
information synbols is controlled. 26. The apparatus as clained in claim
20, wherein a group of sub-carriers assigned for the spreading of each of
all the information synbols, the nunber of which is controlled by said
transm ssion- rate control part, is nmade sane anong the respective
information synbols, and the spreadi ng4dodes used for the respective

i nformation synbols are made different. 27. A multi-carrier CDVA radi o -45-
transmtting apparatus replicating each information synbols, disposing

t hus- obt ai ned afFengmattisqueperrativs, rapilidaydiyiqgeiadte ihisrobtadmed
information synbols. by a, spreading code along the frequency axis, thus
spreadi ng theSYH 8?ﬁat96ﬁD§fﬁﬁ&f£% ReGrpte i o %_§¥%¥%$??¥ o

sub-carri ers hgyh g gl fer enl ftrh%qyeabcea%eoa%fmatwﬂd%ﬂglE“ﬂngn9' ex

transm ssi on o the mat i on nprising an intermttent transm ssion
control part epaéaahhgngoﬁul tHlRrex diamm@sd gy ks yatsual spgeadihgnme
axis for each user to which the information is to be transmtted wherein
t he |nfornatloﬁhgyﬁﬁép§maﬁé0@o§Mﬂthﬁ #WQQnQPWRﬂW%@tét%fealﬁ%@rallbhralIe
stater the nunb

% e su% aggler %ﬁ% achuénforgatlon ? ngol i's
replicated is 8 an IF55 and SedctY ¥4 ot %Qﬁ?%yg TR ST RtES cofVer FRESi nt o
paral l el staterkgasphaadn@dhengitdie tfIRGUENGNoRXd 6. tRE_infobMhtiogarrier
COMA radio transmtting apparatus replicating each information
comprising
an intermittent transmission control part
controlling multiplex transmission intervals along a
time axis for each user to which the information is to
be transmitted,
wherein the information symbols are converted
from a serial state into a parallel state, the number of
the sub-carriers by which each information symbol is
replicated is controliled and each information symbol

thus converted into parallel state is spread along the

frequency axis.

’2&. A multi-carrier CDMA radio
transmitting apparatus replicating each information
symbols, disposing thus-cbtained z2long a freguency axis,
multiplying the thus-obtained information symbols by a
spreading code along the freguency axis, thus spreading
the information symbols into components of a plurality
of sub-carriers having different freguencies, and thus
rendering multiplex transmission of the information,
comprising |

& modulation level number contrel part

centrolling the number of modulation levels used when



synbol s, disposing thus-obtained along a frequency axis, nultiplying the

t hus-obt ai ned i nformati on synbols by a spreading code along the frequency
axi s, thus spreading the information synbols into conponents of a plurality
of sub-carriers having different frequencies, and thus rendering multiplex
transm ssion of the information, conprising a nodulation |evel nunber
control part controlling the nunber of46rodul ation | evels used when -46- the
i nformation synbols to be spread are obtained through data nodul ation.
wherein the informati on synbols are converted froma serial state into a

paral l el stategythe yHymhe s 4R SUP-EArdd es5r bya Wk ehopaghnéaf ormation
synbol is replicated is controlled and each information synbol thus

converted int othpaugh datst atedisasprread al ong the frequency axis. 29. The

apparatus as clainmed in c¢laim20, wherein the respective sub-carrierﬁ
assigned for the spreadi*HtE0F2% hEhF ntot PEPE bRORyFBBPEL 8r 8T SoFPR3EERER al ong

the frequency axi s, 3Q. N8 apparatus; as, ﬂyffeinstglc@i M3, nWRABLEI Brt he

respective sub-carriers assigned for the-Spreading of fhe information

synbol s are orthkogenacaling-4 hey fuleneeneyciaxistoBlatiodheyappar asus as
clainmed in claim28, wherein the respective sub-carriers assigned_ for the
spreadi ng of tHKeRlifcertfs iioh aymbotsled eandreaeyohnfoarshgorheYrPeduency

i, 520 The appar alus, s o) alted 0co£181 .20ce WROLELD.LNEILRgPERLI Ve

freqguency axis,

29, The apparatus as claimed in
claim 20, wherein the respective sub-carriers assigned
for the spreading of the information symbols are

orthogonal along the freguency axis,

30. The apparatus as claimed in
claim 27, wherein the respective sub-carriers assigned
for the spreading of the information symbols are

orthogonal along the frequency axis,

31 . The apparatus as claimed in
claim 28, wherein the respective sub-carriers assigned
for the spreading of the information symbols are

orthogonal along the frequency axis.

32, The apparatus as claimed in
claim 20, wherein the‘respective sub-carriers assigned
for the spreading of the informaticn symbols have
freguency characteristics such that the frequency
spectra do not overlap between each adjacent sub-

carriers.



for the spreading of the information synbols have frequency characteristics
such that the frequency spectra do not overlap between each adjacent sub-
carriers. -47- 33. The apparatus as clainmed in claim 27, wherein the
respective sub-carriers assigned for the spreading of the information
synbol s have frequency characteristics such that the frequency spectra do
not overlap between each adjacent sub-“arriers. 34. The apparatus as
claimed in claim28, wherein the respective sub-carriers assigned for the
spreading of the information synbols have frequency characteristics such
that the frequency spect3Ba do not over T batyeenteachs adjl ateet sub-
carriers. 35: The apparatus as clained in claim20, wherein the respective
sub-carriers a§§ﬁ§ﬁe§7rfEPGFW@J%ﬁ#@aﬁQﬁ?Qﬁt¥%ﬁﬂF9?ﬁQﬁ?ﬁ&?Bﬁ BynbBrcar e

di sposed di screfel y,al Q09 LG ff GQUENGY 8 Sn 36 oI NEARPAL AL UG 35 CI ai med
in claim?27, Wheréin the respective sub-carriers ‘assigned or the

spreadi ng of eagBguBheyMhi=0a e tiae sulispased dhscfetehynabong the
frequency axis. 37. The apparatus as clained in claim28, wherein the
respective subspartirer slcasoitgreet:r fagr hedtesspr eaimpdiaeach $whor mati on
synbol are disposed discretely along the frequency axis. 38. The apparatus
as clainmed in $48F*&F&i-m 20, wherein the respective sub-carriers assigned

34, . The apparatus as claimed in
claim 28 , wherein the respective sub-carriers assigned
for the spreading of the information symbols have
frequency characteristics such that the freguency
spectra do not overlap.between each adjacent sub-

carriers.

35 The apparatus as claimed in
claim 20, wherein the respective sub-carriers assigned
for the spreading cof each information symbol are

disposed discretely along the freguency axis,

36. The apparatus as claimed in
claim 27, wherein the respective sub-carriers assigned
for the spreading of each information symbol are

disposed discretely along the freguency axis.

37. The apparatus as claimed in
claim 28, wherein the respective sub-carriers assigned
for the spreading of each information symbol are

disposed discretely along the frequency axis.

38. The apparatus as claimed in



for the spreading of each information synbol are disposed successively

al ong the frequency axis. 39. The apparatus as clainmed in claim27, wherein
the respective sub-carriers assigned for the spreading of each information
synbol are disposed successively along the frequency axis. 40. The
apparatus as clainmed in claim28, wherein the respective sub-carriers
assigned for the spreading of each inf8rmati on synbol are disposed
successively along the frequency axis. 4L A channel estimation nethod used
for a nulti-carrier COVA radio transmtting system rendering radio
transm ssi on usilagmn 29ubsarrdier s;hd arespenter ¢ ngulchannel eest asai goadf or
each sub-carrier, conprising the steps of: a) separating a received signa
havi ng a franefOéOMH%yﬁRHQQﬁiQﬁnﬂﬁi%ﬁ%@ Y HECH R R af YTRP L cBRBonent s

i ncludi ng m sub-carr.ie onponent s, .i nt.o._ whi ch pil ot nbol s_are inserted,
into thegrespegﬁﬁygs§u-%Eggéaﬁlvéiﬁwﬁéhﬁﬁs?h%£%$%9%$§§yn?ng‘using t he
pil ot synbols included in the sub-carrier conponents obtained through the
separation, and rendering channel estimtion so as to obtain individual
channel estimation result¥.for the sub- Eaer&ppsraang &8} reéadeeidndnt he

channel estinmation for,B each -49- target sub-carrier based on the,
t hus- obt ai ned FAGNI o a!”ﬁfﬁﬁﬁﬂéﬁj8%9¥%%ﬁ?%ElY%sﬁ??§c?BFl?ﬁé Paspeefive p
sub- carriers apd relatdonshipdhelmesn: nel-statephns: the target

; 28
sub-carrier and a channel state for eagﬂ %? the p sub-carriers, where p 5
m disposed successively along the frequency axis.

40. The apparatus as claimed in
claim 28, wherein the respective sub-carriers assigned
for the spreading of each information symbel are

disposed successively along the frequency axis.

41 A channel estimation method
used for a multi-carrier CDMA radio transmitting system
rendering radio transmission using n sub-carriers, for
rendering channel estimation for each sub-carrier,
comprising the steps of:

a) separating a received signal having 2 frame
configuration comprising the n sub-carrier components
including m sub-carrier components into which pilot
symbols are inserted, into the respective sub-carrier
components, where m < n;

b) using the pilot symbols included in the
sub-carrier components obtained through the separation,
and rendering channel estimation so as to obtain
individual channel estimation results for the sub-

carriers: and

c) rendering the channel estimation for each



42. The nethod as clainmed in claim 41, wherein the rel ationship between the
channel state for the target sub-carrier and the channel state for each of
the p sub-carriers is obtained adaptively based on the respective channel
states. 43. The method as claimed in claim 41, wherein: weighting
information is obtained based on the relationship between the channel state
for the target sub-carrier and the chdfinel state for each of the p sub-
carriers; and the individual channel estimation results for the respective
p sub-carriers are weighted by the weighting information and are then

conbi ned so as tEFgedbtsainT AT ictanete® st ¢ oMy eseptainedt hedidigeslsub-
carrier. 44. The nethod as clainmed in clai 4 wherein the weighting

i nformation is© ﬁPQFHe& &iQﬂwﬁﬁﬁqﬁﬁs(é%?(ﬁ%ﬁi%ﬁ?%%?%?%%dpbggga on the

i ndi vidual channel; est i i, Jesl dn gbtidd fede £ of thentafgstagubrogarrier
and the individual channel estimation result obtained for each of the p
sub-carriers. Gbe 4zargatchannmelamestiemetndmn appatat Ussused for aach of
multi-carrier COMA radio transmitting system rendering radio transmn ssion
usi ng n sub- caficers sHorca iEfdey i h otarmef Testi mation for each
sub-carrier, conprising: a sub-carrier separating part separating a

recei ved signal having a frame configuration conprising the n sub-carrier
conponents including msufcarrier conpoRentstholozwhtChipikkot nsynmhaks are

inserted, into .
41, wherein the relationship between the channel state
for the target sub-carrier and the channel state for
each of the p sub-carriers is obtained adaptively based

on the respective channel states.

43. The method as claimed in claim
41, wherein:

weighting information is obtained based on the
relationship between the channel state for the target
sub-carrier and the channel state for each of the p sub-
carriers; and

the individual channel estimation results for
the respective p sub-carriers are weighted by the
weighting information and are then combined so as to
obtain the channel estimation reéult for the target sub-

carrier,

44, . The method as claimed in claim
43, wherein the weighting informétion is obtained based
on mutuval correlation obtained based on the individual
channel estimation result obtained for the target sub-
carrier and the individual channel estimation result

obtained for each of the p sub-carriers.



the respective sub-carrier conponents, where m5 n; an individual channel
estimation part using the pilot synbols included in the sub-carrier
conponents obtained by the sub-carrier separating part, and rendering
channel estinmation so as to obtain individual channel estimation results
for the sub-carriers; and a channel estimation part rendering the channel
estimation for the target sub-carrier -38sed on the thus-obtained individual
channel estimation results for the respective p sub-carriers and

rel ati onship between a channel state for the target sub-carrier and a
channel state for each offSthe p sub-carrA eglsaniwheres piBat pn48pPTHRTUS

apparatus as clainmed in claim45, wherein said_ channel es%%gation Qart
conprises a pHFECadapt fvEM ot I (HEW gl tonsHipSBet Wweh the*Channe

state for the E%E%%Ei%%EE%QEEQQHa %J%?éﬁmqgfﬂ Stals-Lor-gaeh ofsthe p

sub-carriers based on theé  Tespective channel siates. -51 ~47. The apparatus
as clainmed in rehdiemidl MERin saiihohadmefoeséddmt s Ob-partieeonpri ses: a
wei ghting information estimation part obtaining weighting information based
on the rel ati eagirssi&ieen the channel state for the target sub-carrier

and the channel state for_ eacgh of the p -_gcarriers, 2l ght i ng
channel estimation part 5%f3§%i%%fr%%% THanhe l%%tﬁ%% i%%g?ggﬁﬁ#gf%r t he

target sub-car kel iviyd WG Nodhey i ndi viflbiadoghagaet teshi BBhpensiegul ts
for the respective p sub-carriers by the weighting
the n sub-carrier components including m sub-carrier
components into which pilot symbpls are inserted, into
the respective sub-carrier components, where m £ n;
an individual channel estimation part using
the pilet symbols included in the sub-carrier components
obtained by the sub-carrier separating part, and
rendering channel estimation so as tc obtain individual
channel estimation results for the sub-carriers; and
a chaﬁnel estimation part rendering the
channel estimation for the targef sub-carrier based on
the thus-cbtained individual channel estimation results
for the respective p sub-carriers and relationship
between a channel state for the target sub-carrier and a
channel state for each of the p sub-carriers, where p =

m.

46. ) The apparatus as claimed in
claim 45, wherein sald channel estimation part comprises
a part adaptively obtaining the relationship between the
channel state for the target sub-carrier and the channel
state for each of the p sub-carriers based on the

respective channel states,



information and then conbining them 4s. The apparatus as clained in claim
47, wherein: said weighting information estinmation part conprises a
correlation neasuring part obtaining a mnutual correlation value based on

t he individual channel estimation result obtained for the target
sub-carrier and the individual channel estimation result obtained for each
of the p sub-carriers; and obtains thefueighting i nformati on based on the
nmutual correlation value obtained by said correlation neasuring part. 49.
The nethod as clainmed in claim1, wherein: the nunber of sub-carriers

assi gned for spreading &7l the |nfornaﬂﬂﬁh5§¥#ﬁ6¥%“%oﬁ%ec%?lm%ﬁnﬁﬁtaneously
transmtted is_fixed,,.and, at l.east. .one t-he nent d nunber of

i nfornation syfbdtE 0/ b&  FFafs Mty d:S|nu]T§ﬁ§§ﬁ§ Y or é%e nunber of
sub-carriers fgrprtepkikcati ng each information synbol is changed based on
at | east one of tﬁe radi o path environnent, the anount of information to be
transmitted, the nndulatEomeﬁqhvﬂnﬂuﬁnﬂﬂ¥m¢tﬂﬁnﬁ%stbmaté@@ pa¥teach user

50. The nethod as clained i.n wher.ei n:. the._nunb of sub-carriers
2ssi gned for  SpLasHiAg. dFE SR %fﬂd}m%ﬁf%mﬁdt%bﬁh i mul t aneous! y
transmtted is n%h?%%n@ paaaét%%n Unade ”P(S‘f'@ﬁ‘@dtélf'@@@r of

i nformati on sy sto transnltt Sl mu taneous y or the nunber

sub-carriers fab- te&&u&aﬂam@(ﬁﬂﬂldHﬁﬂHd&HSKHtéym®@|eashchﬁngmd basmﬂ—
carriers; and
& weighting channel estimation part obtaining
the channel estimation result for the target sub-carrier
by weighting the individual channel estimation results
for the respective p sub-carriers by the weighting

information and then combining them.

48. The apparatus as claimed in
claim 47, wherein:

said weighting information estimation part
comprises a correlation measuring part obtaining =
mutual correlaticon value based on the individual channel
estimation result obtained for the target sub-carrier
and the individual channel estimation result obtained
for each of the p sub-carriers; and

obtains the weighting information based on the
mutual correlation value obtained by said correlation

measuring part,

49. ‘ The methed as claimed in claim 1,
wherein:
the number of sub-carriers assigned for

spreading all the information symbols to be



on at |east one of the radio path environnent, the anount of information to
be transmtted, the nodulation formand the transm ssion rate for each
user. 51. The nethod as claimed in claim?7, wherein: the nunber of
sub-carriers assigned for spreading all the information synbols to be
sinmultaneously transmtted is fixed, and at | east one of the

above- nenti oned nunber of infornation‘§9ﬁbols to be transmtted

si mul t aneously or the nunber of sub-carriers for replicating each
informati on synbol is changed based on at |east one of the radio path

envi ronment, thEMUARBLROVSHLY AFGMRRYGIP ot el Prethsmnd et Y¢S Froefit &2 % on

-53- form and .E}t?g .@Semm%%tq_%r{e%} %ufm rereaocgl i .Sﬁ_rmE.SLZiDI;rh Iﬂ?gfg a{(ysb(-.as

58
claimed in clainy20°° "Wherei i e number of Siub-carriers assignhed for

spreading all {hgnknfereRt iR SWERRIHdIG ke ©h duhineoust Ysthapsrided is
fi xed, and at | east one of the above-nentioned nunber of infornmation

synbol s to be fe¢ranspitired isiandacaneoufsiynari ¢hes ybblerinfcisamgedrrieed  for
replicating each i nformation synbol is chan qubased, on at | east one of the
r%%

radio path en?? oﬂﬁeﬁ??stthé’nearﬁurﬁheofraidrﬁ% B oY F et nshftt ed, the
modul ati on fo{%ﬁﬂg .Ufe ik o J e 1{1?:{]11 ééc??{)‘%h%ixg?dui@ﬁion

apparatus as clainmed in claim27,” whereln: e nu carriers
assigned for spreadndgtald ddwedmifaoringt nsyfdol sad¢lo beer si mul t aneousl y
transmtted is fixed, and at | east one of the above-nentioned nunber of

i nformation synbols to be

30. The method as claimed in claim 6,
wherein:

the number of sub-carriers assigned for
spreading all the information symbols to be
simultaneously transmitted is fixed, and at least one of
the above-mentioned number of information symbels to be
transmitted simultaneously or the number of sub-carriers
for replicating each information symbol is changed based
on at least one of the radio path envircnment, the
amcunt of information te be transmitted, the modulation

ferm and the transmission rate for each user.

51. The method as claimed in claim 7,
wherein: |

the number of sub-carriers assigned for
spreading alil the information symbols to be
simultaneously transmitted is fixed, and at least one of
the above-mentioned number of information symbols to be
transmitted simulifaneously or the number of sub-carriers
for replicating each information symbol is changed based
on at least one of the radio path environment, the

amount of information te be transmitted, the modulation



transm tted sinultaneously or the nunber of sub-carriers for replicating
each information synbol is changed based on at |east one of the radio path
environment, the anount of information to be transmtted, the nodul ation
formand the transm ssion rate for each user. 54. The apparatus as clai ned
in claim?28, wherein: the nunber of sub-carriers assigned for spreading
all the information synbols to be -54:5§rnultaneously transmtted is fixed,
and at | east one of the above-nentioned nunber of information synbols to be
transm tted sinultanequsly or the nunber of sub-carriers for replicating
each i nf or mati BATSYABEI the ERFAGED SFASE T3t dtCY RGN SHeEf the radio path
environment, the anount of information to be transmtted, the nodul ation
formand the transm ssion rate for each user.

52. "The apparatus as claimed in claim 20,

wherein:
the number of sub-carriers assigned for

spreading all the information symbols to be
simultaneously transmitted is fixed, and at least cne of
the above-mentioned number of information symbols to be
transmitted simultaneously or the number of sub-carriers
for replicating each information symbol is changed based
on at least one of the radio path environment, the
amount of information to be transmitted, the modulation

form and the transmissicn rate for ezch user,

53. . The apparatus as claimed in claim 27,
wherein:

the number of sub-carriers assigned for
spreading all the information symbols to be
simultaneously transmitted is fixed, and at least one of
the above-mentioned number of information symbols to be
transmitted simultaneously or the number of sub-carriers
for replicating each infocrmaticn symbel is changed based
.en at least one of the radio path environment, the
ameunt of information to be transmitted, the modulation

form and the transmission rate for each user,

54. The apparatus as claimed in claim 28,

wherein:

the number of sub-carriers assigned for

spreading all the information symbols to be



-54 .

simultaneously transmitted is fixed, and at least one of
the abcove-mentioned number of information symbols to be
transmitted simultaneously or the number of sub-carriers
for replicating each information symbol is changed based
on at least one of the radio path environment, the

amount of infeormation to be transmitted, the modulation

form and the transmission rate for each user.



