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MULTI-CARRIER CDMA RADIO TRANSMITTING METHOD AND 

APPARATUS. AND CHANNEL ESTIMATION METHOD AND APPARATUS FOR 

MULTI-CARRIER CDMA RADIO 'l'RANSMI'l"l'ING SYSTEM 

BAQCGROUND OF THE INVENTION 

1. Fie1d of the Invention 

'l'he present invention reiates to mu1ti-carrier 

CDMA (Code Division Mu1tip1e Access) radio transmitting 

10 method and apparatus. and channei estimation method and 

apparatus for a mu1ti-carrier CDMA radio transi:hitting 

system such as a mu1ti-carrier CDMA radio transmitting 

system. an orthogona1-frequency~division-mul.tip1exing 

(OFDM) radio transmitting system or the 11ke. and. in 

15 particul.ar. to mu1ti-carrier CDMA radio transmitting 

method and apparatus enab1ing transmission of inf o:cmation 

at various transmission rates. and ohanne1 estimation 

method and apparatus for a mu1ti-carrier CDMA radio 

transmitting system by which a channei ~stimation va1ue of 

20 each sub-carrier is adaptive1y contro11ed according to a 

state of the radio ohanne1. 

2. Description of the Re1ated Art 

CUrrent1y. a digita1 mobi1e communication system 

25 (such as a PDC (Persona1 D:Lgita1 Ce11u1ar) , GSM ( G1oba1 

System for Mobi1e communications. and so forth) for 

rendering conanunication service adopts a TDMA (Time 

Division Mu1tip1e Access) fo:cm in which a time s1ot is 

assigned for each user. and thereby communication is 

30 rendered. 'This fo:cm was designed main1y for providing 

voice communication service. and renders voice 

communication service rendering transmission of voice 

info:cmation at a fixed rate. 

·--·--· -
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Further, with regard to application of a multi­

ca.rrier CDMA radio transmitting system to a digital mobile 

conmunication system, studies have been made recently. In 

the studies, discussion has been made mainly for 

5 acconmodating more users (mobile stations) on condition 

that info:cmation is transmitted at a same transmission 

rate. 

When considering transmission of multimedia 

info:cmation including image info:cma.tion (static 

10 images/pictures, dynamic images/pictures) and voice 

inf o:cmation, it is preferable to made the transmission 

rate of info:cmation variable depending on types of 

info:cmation to be transmitted, state of channel between a 

base station and a mobile station, info:cmation 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 

info:cmation symbol is multiplied by a spreading code for 

each user on a frequency axis. An analysis for 

20 info:cmation transmission at different transmission rates 

for the multi-carrier CDMA radio transmitting system 

rendering i.nfo:cmation 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 variation 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 inf o:cmation symbol in a phase modulation form in 

which info:cmation is transmitted at a carrier phase. 

For the above-described requirement, 'Pilot 
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Signal. Inserting Form for Mu1ti-Carrier Modu1ating Form 

emp1oying 16QAM (Yamashita, Hara, Morinaga: Spring Meeting 

of the Institute of E1ectronics, Information and 

Coimnunication Engineers, B-256, pages 2"".356, March, 1994)' 

5 and 'Discussion of Adapting Fo.rm for OFDM by using Pi1ot 

Symbo1 (Yamashita, I<uwabara, Itami., Itoh: General. Meeting 

of the Institute of E1ectronics, Info:cmation and 

Conammication Eng:i..neers, B-5-245, page 609, September, 

1998)' propose a method of estimat:i..ng and compensat:i..ng 

10 fading distortion by using pi1ot symbo1s, the phases of 

which are known, inserted among appropriate p1ural.ity ones 

of al.1 the sub-carriers and al.so among inf o:cmation symbo1s 

at fixed periods. 

By this method, for ezmap1e, as shown in FIG. 1, 

15 by us:i..ng pi1ot symbo1s <•> inserted into a p1ural.ity of 

sub-carriers fl, f2, ••• at fixed periods, amp1itudes and 

phases of received signal.a for respective users are 

measured, and the measured val.ues are obtained through 

interpo1ation rendered two-dimensional.1y in the time-axis 

20 direction and s~b-carrier direction (frequency direction), 

and, thereby, variation.s in tranSmission channe1 for 

information symbo1s are estimated. Then, based on this 

est.:l.mation resu1t, phase rotations of data symbo1s_are 

compensated, and coherent detection is rendered. In this 

25 method, in order to reduce power conswnption due to 

insertion of pi1ot symbo1s, the technique of interpo1ation 

is used without inserting pi1ot symbo1s into al.1 the sub- · 

carriers on the supposition that corre1ation in ohanne1 

variation between respective sub-carriers is very high, 

30 and variations in transm1.ssion ohanne1 for sub-carriers 

into which no pi1ot symbo1 is inserted are estimated 

(ohanne1 estimation). 

However, when the info:cma.tion transmi.ssion rate 
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i.s :Lncreased, and the occupi.ed frequency band i.s wi.dened, 

the correiati.on :Ln variati.on :Ln transmi.ssion channe1 

between respecti.ve sub-carri.ers vary depend:Lng on de1ay 

amounts due to the i.nf1uence of de1ayed wave (echo). 

5 Thereby, the corre1ati.on :Ln vari.ation between sub-carri.ers 

may be decreased. In such a case, it is not possi.b1e to 

estimate channe1 variation preci.se1y by using a pi1ot 

symbo1 of a sub-carrier apart by severai carri.es. 

10 SUMMARY OF THE INVENTION 

An object of the present 1.nventi.on i.s to provi.de 

mul.ti.-carrier CDMA radi.o transmitt:Lng method and apparatus 

enab1:Lng radio i.nf orma.tion transmissi.on at vari.ab1e 

transmission rates for respecti.ve users. 

15 Another object of the present :Lnventi.on i.s to 

provi.de channe1 estimati.on method and apparatus for a 

mul.ti.-carri.er CDMA radi.o transmi.tti.ng system by which 

channe1 estimation with high accuracy can be rendered i.n a 

si.tuati.on :Ln which the state of radio channe1 varies 

20 vari.ous1y. 

A mu1ti.-carri.er CDMA radi.o transmitt:Lng method .. 

accord:Lng to the present :Lnventi.on, of rep1i.cat:Lng each 

i.nforma.ti.on symbo1, disposi.ng thus-obtained a1ong a 

frequency axi.s, mu1ti.p1y:Lng the thus-obtained :lnforma.ti.on 

25 symbo1s by a spreading code aiong the frequency axi.s, thus 

spreading the :Lnf orma.ti.on symbo1s aiong the frequency axi.s 

into components of a p1ura1ity of sub-carriers having 

different frequencies, and thus render:Lng mul.ti.p1ex 

transmission of the i.nforma.ti.on, compris:Lng the step of 

30 enab1:Lng a transmission rate of the i.nformation 

to be changed by contro11ing the amount of :Lnf orma.tion 

transmitted simu1taneous1y by contro11ing the number of 

the :Lnf ormati.on symbo1s to be used· :Ln the spreading :Lnto 
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the p1urality of sub-carrier components for each user to 

whi.ch the info:cmation is to be transmitted. 

In this method, as a resu1t of the number of 

inf o:cmation symbols to be used in the spreading being 

5 controlled, the amount of information simu1taneously 

transmitted to each user is controlled. The control is 

made such that, for a user to which information shou1d be 

transmitted at a high transmission rate, the number of 

info:cmation symbo1s used in the spreading is large, but, 

10 for a user to which information should be transmitted at a 

low transmission rate, the number of info:cmation symbols 

used in the spreading is small. 

When the number of inf o:cmation symbo1s to be 

used in the spreading into the plurality of sub-carrier 

15 comp~nents is contro1led as mentioned above, each 

information symbol is replicated, and thus-obtained 

info:r;ma.tion symbols are mu1tiplied by the spreading code 

along the frequency axis, and, thus, each info:cmation 

Sl'Jllbol is spread into the plurality of different sub-

20 carrier components along the frequency axis. Then, these 

different sub-carrier components are multip1exed, and, 

then, a thus-obtained signal is transmitted as info:cmation 

for the corresponding user. 

The number of information symbols to be used in 

25 the spreading, that is, the transmission rate of 

info:cmation, is detexmined 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 exma.ple. 

In order to reduce influence of the interference 

on other users when info:cmation symbols for respective 

users are obtained through demodulation from inf o:cmation 
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obtained as a result of the information symbols for the 

respecti.ve users being spread by using the spreading codes 

and multiplexed, codes which are orthogonal with each 

other may be used as the spread:i.ng codes used for the 

5 spreading of the information symbols for the respective 

user. 

In order to dete:cmine relationship between the 

number of information symbols and sub-carriers assigned 

for the spreading of the information symbols when the 

10 number of information 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 simul.taneously may be fixed, and the 

number of sub-carriers assigned 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 assi.gned 

for the overall spreading of the number of information 

symbols may be controlled. 

Further, in order to enable spreading and· 

multiplexi.ng 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 
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transmitted simul.taneousl.y may be made same among the 

respective info:cmation symbol.s, and the spreading codes 

used for the respective info:cmation symbol.s may be made 

different. 

A mul.ti-carrier CDMA radio transmitting method, 

according to another aspect of the present invention, of 

repl.icating each information symbol., disposing thus­

obtained al.ong a frequency axis, mul.tipl.ying thus-obtained 

information symbol.s by a spreading code al.ong the 

10 frequency axis, thus spreading the info:cmation symbol.s 

al.ong the frequency axis into components of a pl.ural.ity of 

sub-carriers having different frequencies, and thus 

rendering mul.tipl.ex transmission of the info:cma.tion, 

comprises the step of 

15 enabl.ing a transmission rate of the information 

to be changed by control.l.ing mul.tipl.ex transmission 

interval.s al.ong·a time axis for each user to which the 

info:cmation is to be transmitted. 

In this method, mul.tipl.exed transmission of 

20 info:cmation is rendered intermittentl.y, and, at this time, 

the interval.s of the transmission are control.l.ed so that 

the transmission rate is variabl.e. SUch a control. is made 

that, for a user to which info:cmation is to be transmitted 

at a high transmission rate, each of the interval.s of the 

25 mul.tipl.exed transmission of the info:cmation is short, but, 

for a user to which information is to be transmitted at a 

l.ow transmission rate, each of the interval.s of 

mul.tipl.exed transmission of tlie information is l.ong. 

A mul.ti-carrier CDMA radio transmitting method, 

30 according to another aspect of the present invention, of 

repl.icating each information symbol. and disposing thus­

obtained info:cmation symbol.s al.ong a frequency axis, 

mul.tipl.ying the thus-obtained info:cmation symbol.s by a 
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spreading code along the frequency axis, thus spreading 

the info:cmation symbol.s into components of a plurality of 

sub-carriers having different frequencies, and thus 

rendering multipl.ex: transmission of the info:cmation, 

5 comprising the step of 

enabling a transmission rate of the inf o:cmation 

to be changed by controlling the number of modulation 

l.evel.s used when the inf o:cmation symbols to be spread are 

obtained through data modulation. 

10 In this method, such a control is made that, for 

a user to which info:cmation is to be transmitted at a high 

transmission rate, the number of modulation levels used 

when inf o:cmation symbol.s to be spread are obtained through 

the data modul.ation is large, and, specifically, for 

15 exma.ple, a data modul.ation system in a 16QAM fo:r:m, a 32QAM 

form or the like is used, but, for a user to which 

information is to be transmitted at a low transmission 

rate, the number of modul.ation levels used when 

information symbols to be spread are obtained through the 

20 data modulation is small, and, specifically, for exma.ple, 

a data modulation system in a QPSK form, a BPSK fo:cm, or 

·the like is used. 

Further, in order to make easier for a receiving 

side (user side) to obtain info:cmation bits for each user 
25 through demodulation from info:cmation 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 info:r:mation 

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 inf orma.tion 
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symbol.s may have frequency characteristics such that the 

frequency spectra do not overl.ap between each adjacent 

sub-carriers. 

The respective sub-carriers assigned for the 

5 spreading of each information symbol. may be disposed 

either discretel.y or successivel.y a1ong the frequency axis. 

A mul.ti-carrier CDMA radio transmitting 

apparatus, according to the present invention, repl.icating 

each information symbol. and disposing thus-obtained 
. . 

10 information symbol.a a1ong a frequency axis, mul.tipl.ying 

the thus-obtained information symbol.a by a spreading code 

a1ong the frequency axis, thus spreading the information 

symbol.s into components of a pl.ura1ity of sub-carriers 

having different frequencies, and thus rendering mul.tipl.ex 

15 transmission of the information, comprises 

a transmission-rate control. part control.l.ing the 

amount of information transmitted simul.taneousl.y by 

control.l.ing the number of the information symbol.a to be 

used in the spreading into the pl.ura1ity of sub-carrier 

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

transmitted. 

A mu1ti-carrier CDMA radio transmitting 

apparatus, according to another aspect the present 

invention, of repl.icating each information symbol. and 

25 disposing thus-obtained information symbol.a a1ong a 

frequency axis, mul.tipl.ying the thus-obtained information 

symbol.a by a spreading code a1ong the frequency axis, thus 

spreading the inf or:mation symbols for components of a 

plura1ity of sub-carriers having different frequencies,· 

30 and thus rendering multiplex transmission of the 

information, comprises 

an inte:cmittent transmission control. part 

controlling multipl.ex transmission interva1s a1ong a time 
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axis for each user to which the inf o:cmation is to be 

transmi.tted. 

A mu1ti-carrierCDMA radi.o transm1.tt1.ng 

apparatus, accordi.ng to another aspect the present 

5 invention, of rep1icat1.ng each info:cmation symbo1 and 

disposi.ng thus-obtained infonnation symbo1s a1ong a 

frequency axis, mu1tip1ying the thus-obtained 1.nfo:cmation 

symbo1s by a spreadi.ng code a1ong the frequency axis, thus 

spreading the 1.nfo:cmation symbo1s into components of a 

10 p1ura1ity of sub-carriers having different frequencies, 

and thus renderi.ng mu1tip1ex: transmission of the 

1.nfo:cmation, comprises 

a modu1ation 1eve1 contro1 part contro111.ng the 

number of modu1ation 1eve1s.used when the info:cmation 

15 symbo1s to be spread are obtained through data modu1ation. 

Thereby, accordi.ng to the present invention, 

because the amount of 1.nfo:cmation to be transmitted withi.n 

a predeteJ:ID1.ned time period is contro11ed for each user 1.n 

a mu1ti-carrier CDMA radi.o transmitting system, it is 

20 possib1e to render radi.o transm:l.ssion of 1.nfo:r:mation at 

~arious transm:l.ssion rates for respective users. 

A channe1 estimation method, accordi.ng to the 

present :Lnvention, used for a mu1ti-carrier CDMA radio 

transm1.tt1.ng system renderi.ng radio transmi.ssion using n 

25 sub-carriers, for rendering channe1 estim8.tion for each 

sub-carrier, comprises the steps of: 

a) separati.ng a received signa1 havi.ng a frame 

configuration comprisi.ng the ri sub-carrier components 

1.nc1uding m sub-carrier components into which pi1ot 

30 symbo1s are inserted, 1.nto the respective sub-carrier 

components, where m :s n; 

b) then using the pi1ot symbo1s 1.nc1uded in the 

sub-carrier components obtained t~ugh the separation, 
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and rendering channel estimation so as to obtain 

individual channel estimation results for these sub-

carriers; and 

c) rendering the channel estimation for the 

5 target sub-carrier based on the thus-obtained 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 :s 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 dete:cmined 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 inf orma.tion 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 chanriel estimation results for 

the respective p sub-carriers are weighted by the 

30 weighting information and are combined so as to obtain the 

channel estimation result for the target sub-carrier. 

In order to provide a spec~f ic method of 

obtaining, as mentioned above, the ~elationship between 
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the channel. state for the target sub-carrier and the 

channel. state for each of the p sub-carriers adaptivel.y 

based on the respective channel. states, a configuration 

may be made such that the weighting information is 

5 obtained based on mutual. correl.ation obtained based on the 

individual. channel. estimation resul.t obtained for the 

target sub-carrier and the individual. channel. estimation 

resul.t obtained for each of the p sub-carriers. 

The individual. channel. estimation resul.t for 

10 each sub-carrier indicates the state of transmission 

channel. for the sub-carrier. "lhereby, by obtaining the 

weighting information based on mutual. correl.ation obtained 

based on these respective channel. estimation resul.ts, the 

channel. estimation resul.t obtained for the target sub-

15 carrier using the thus-obtained weighting infozmation 

ref l.ects the states of transmission channel.s for the 

respective sub-carriers. 

A channel. estimation apparatus, according to the 

present invention, used for a mul.ti-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 incl.uding m sub-carrier 

components into which pil.ot symbol.s are inserted, into the 

respective sub-carrier components, where m :S n; 

an individual. channel. estimation part using the 

pil.ot symbol.s incl.uded in the sub-carrier components 

30 obtained by the sub-carrier separating part, and rendering 

channel. estimation so as to obtain individual. channel. 

estimation resul.ts for these sub-carriers; and 

a channel. estimation part rendering the channel. 
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estimation for the target sub-carrier based on the thus­

obtained individua1 channel estimation results for the 

respective p sub-carriers and relationship between a 

channel state for the target sub-carrier and a channel 

5 state for each of the p sub-carriers, where p ::s: m. 

Tb.us, according to the present invention, 

channel estimation for a target sub-carrier is rendered 

based on the individual channel estimation results for 

respective sub-carriers and relationshi~ between the 

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 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 showing a multi-

25 carrier CDMA radio transmitting apparatus in a first 

embodiment of the present invention; 

30 

FIG. 3 is a block diagram showing a specific 

example of a configuration of ·each spreading modulation 

part shown in FIG. 2; 

FIG. 4 is a block diagram showing a first 

ezma.ple of a configuration for transmission-rate control 

in the first embodiment of the present invention; 

. FIGS. SA and SB illustrate relationship between 
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the transmi.ssion rate and the number of sub-carriers 

assigned for spreading of each inf o:cmation symbol. in the 

first exmapl.e shown in FIG. 4; 

FIGS. 6A and 6B i11ustrate possibl.e dispositions 

5 a1ong the frequency a:xis·of sub-carriers used for the 

spreading in the first embodiment of the present 

invention; 

10 

FIG. 7 shows one exampl.e of a technique of 

generating spreading codes having orthogona1 rel.ationship; 

FIG. 8 is a bl.ock. diagram showing a second 

exmapl.e of a configuration for transmi.ssion-rate contro1 

in the second embodiment of the present invention; 

FIGS. 9A and 9B il.l.ustrate re1ationsh1.p between 

the transmission rate and the number of sub-carriers 

15 assigned for spreading of each info:cmation symbol. in the 

second exmapl.e shown in FIG. 8; 

FIG. 10 is· a bl.ook diagram showing a third 

exmapl.e of a configuration for transmission-rate contro1 

in the first embodiment of the present invention; 

20 FIGS. llA and llB i11ustrate rel.ationship 

between the transmission rate and the number of sub­

carriers assigned for spreading of each inf o:cmation symbo1 

in the third exmapl.e shown in FIG. 10; 

FIG. 12 is a b1ook diagram showing a fourth 

25 exmaple of a configuration for transmission-rate contro1 

in the first embodiment of the present invention; 

30 

FIGS. 13A, 13B and 13C i11ustrate an examp1e of 

control. of the transmission rate in the fourth exmapl.e 

shown in FIG. 12; 

FIG.· 14 is a bl.ook diagram showing a fifth 

exmapl.e of a configuration for transmission-rate contro1 

in the first embodiment of the present invention; 

FIG. 15 shows an examp1e of a fo:cm of contro1 of 
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the transmis·sion rate in the fifth exma.ple shown in FIG. 

14; 

FIGS. 16 and 17 show possible examples of 

relationship of respective sub-carriers along the 

5 frequency axis in the first embodiment of the present 

invention; 

FIG. 18 is a block diagram showing a basic 

configuration of a transmitting station in a multi-carrier 

CDMA 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 fo:r.m of 

inserting pilot symbols into respective sub-carrier 

components in the transmitting station shown in FIG. 18; 

15 FIG. 20 illustrates a second example of a fo:r.m 

of inserting pilot symbols into respective sub-carrier 

components in the transmitting station shown in FIG. 18; 

FIG. 21 is a block diagram showing an exma.ple 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 is a block diagram showing another 

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 value 

estimation part used in the channel estimation part in the 

demodulating apparatus shown in FIG. 21. 
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DETAILED DESCRIPTION OF '.l'HE PREFERRED EMBODIMENTS 

Embodiments of the present invention wi11 now be 

described based on the drawings. 

A mu1ti-carrier CDMA radio transmitting 

5 . apparatus in a first embodiment of the present invention 

has a configuration shown in FIG. 2, for examp1e. This 

mu1ti-carrier CDMA radio transmitting apparatus is 

emp1oyed in a base station of a digita1 mobi1e 

conanunication system, for examp1e. 

10 As shown in the figure, this mu1ti-carrier CDMA 

radio transmitting apparatus has signa1 generating 

circuits 100(1) through lOO(n) for respective users 

(mobi1e stations). The signa1 generating circuits 100(1) 

through lOO(n) generate signa1s for the respective users, 

15 each of which inc1udes a transmitting data generating part 

11 generating transmitting data in a predetezmined fo:cm 

from info:cmation (audio, data or the 1ike) to be 

distributed to a respective user, a channe1 encoder 12 

encoding the transmitting data from the transmitting data 

20 generating part 11 in accordance with a predetezmined 

a1gorithm, a seria1-to-para11e1 converting circuit 13 

converting inf o:cmation symbo1s output from the channe1 

encoder 12 in seria1 into para11e1 info:cmation symbo1s, 

and a p1ura1ity of spreading modu1ation parts 14(1) 

25 through 14(m) rendering spreading modu1ation a1ong the 

frequency axis on the inf o:cmation symbo1s output in 

para11e1 from the seria1-to-para11e1 converting circuit 13. 

The seria1-to-para11e1 converting circuit 13, 

based on a transmission-rate instruction contro1 signa1 

30 from a contro1 unit (not shown in the figure), converts a 

series of inf o:cmation symbo1s input from the ohanne1 

encoder 12 into a p1ura1ity of para11e1 series of 

info:cmation symbo1s. By contro11ing the number of series 
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of information symbol.s obtained from thi.s ~onversion. the 

amount of info:cmation transmitted simu1taneousl.y is 

control.l.ed. and. as a resul.t. the transmission rate of 

information is control.l.ed. 

5 To ea.ch of the pl.ura1ity of spreading modul.ation 

parts 14(1) through 14(m). one of the respective series of 

information symbol.s output in paral.l.el. from the serial.-to­

para1l.el. converting circuit 13 is input. and this series 

of information syinbol.s undergoes spreading modul.ation 

10 a1ong the frequency axis by using a spreading code. 

A1though the m spreading inodul.ation parts 14(1) through 

14(m) are shown in FIG. 2. the number of spreading 

modul.ation parts out of the m spreading modul.ation parts 

same as the number of series of information symbol.s output 

15 in para1l.e1 from the seria1-to-para11e1 converting circuit 

13 are actua11y used. 

Each of the spreading modul.ation parts 14(1) 

through 14(m) is configured as shown in FIG. 3. for 

exmap1e. As shown in the figµre, ea.ch of the spreading 

20 modu1ation parts 14 ( 1) through 14 (m) has a rep1icating 

circuit 141 and a mul.tiplier 142. The replicating circuit 

141 rep1icates the input info:cmation symbo1 by the number 

according to a spreading factor, and disposes thus­

obtained information symbol.s a1ong the frequency axis. 

25 The mu1tip1ier 142 mu1tip1ies each of the thus~obtained 

information symbol.s, disposed al.ong the frequency axis, by 

a spreading code Ci assigned for each user (i) a1ong the 

frequency axis. As a resul.t, ·from the mul.tipl.ier 142, 

spread signa1s of components corresponding to sub-carrier 

30 fl, f2, ••• , fk a1ong the frequency axis are output. 

By the above-described configuration. e~ch of 

the signa1 generating circuits 100(1) through lOO(n) 

outputs the spread signa1s a1ong the frequency axis 
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obtained from multiplying the infonnation symbols obtained 

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 lOO(n) are combined for 

each sub-carrier component by a combining part 21. 'The 

combined signal for each sub-carrier component from the 

combining part 21 undergoes frequency-to-time conversion 

by an IDFT (Inverse Discrete Fourier Transfo:cm) unit 22 

10 (or an Inverse Fast Fourier Transfo.z:m unit). By these 

combining part 21 and IDFT unit 22, a multi-carrier CDMA 

signal in which the infonnation for the respective users 

are mixed is generated. 

'The mul.ti..;.carrier CDMA signal in which the 

15 information for the respective users are thus multiplexe4 

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 

info:r:ma.tion is controlled as a result of the number of 

parallel series of inf o:r:ma.tion symbols obtained through 

conversion 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 infonnation symbols are output 

from the serial-to-parallel converting circuit 13, each of 

the spreading modulation parts 14(1) through 14(m), to 
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which a respective one of these m info.:cma.tion symbo1s is 

input, renders a spreading process at a spreading factor 

of n/m (each of n and ni is a natura1 number) on the input 

info.:cma.tion symbo1. That is, the input info::cmation symbo1 

· 5 is rep1icated by the number k ( = n/m) , and, thus a one 

inf o::cmation symbo1 is spread into components corresponding 

to k sub-carriers a1ong the frequency axis. 

The spreading factor n/m varies in each of the 

spreading modu1ation parts 14(1) through 14(m) according 

10 to the number m of info:cmation symbo1s output in para11e1 

from the seria1-to-para11e1 converting circuit 13. In 

such a case, the re1ationship between the transmission 

rate and the number of sub-carriers assigned for spreading 

each info:cmation symbo1 is as shown in FIGS. SA and SB. 

15 Specifica11y, when m = l, that is, one infoJ:mation symbo1 

is transmitted, as shown in FIG. SA, the spreading factor 

of n, and the one info:cmation symbo1 is spread into 

components corresponding to n sub-carriers a1ong the 

frequency axis. A no.J:ma1ized transmission rate in this 

20 case is assumed to be 1. Further, when m info::cmation 

symbo1s are transmitted simul.taneous1y, as shown in FIG. 

SB, the spreading factor is n/m, and each info:cmation 

symbo1 is spread into components corresponding to n/m sub­

carriers a1ong the frequency axis. According1y, the tota1 

25 number of sub-carriers assigned for spreading m 

info::cmation symbo1s is a1ways a fixed va1ue of n. In this 

case, the no.J:ma1ized transmission rate is m times the 

above-mentioned no.J:ma1ized transmission rate, and, thus, 

is m. 

30. In the above-mentioned examp1e, when the 

transmission rate is to be increased, the number of sub­

oarriers used for transmitting each info.:cma.tion symbo1 is 

decreased. Converse1y, when the transmission rate is to 
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be decreased, the number of sub-carriers used for 

transmitting each info:r:mation symbol is increased. Thus, 

the transmission rate is in inverse proportion to the 

number of sub-carriers used for transmitting each 

5 info:cmation symbol. Further, sub-carriers to be assigned 

for spreading each info:cmation symbo1 may be successive 

a1ong the frequency axis as.shown in FIG. 6A, or may be 

discrete a1ong the frequency axis as shown in FIG. 68. 

In the above-mentioned exmaple, because the 

10 spreading factor in each of the spreading modu1ation parts 

14(1) tbroug~ 14(n) varies so as to change the 

transmission rate, the period of the spreading code Ci 

used should be varied according1y. Further, when the 

transmission rate is changed for each set of inf o:cmation 

15 required by a user, it is necessary to change the period 

of the spreading code Ci a1so 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 inf o:cmation symbols for each user on a receiving 

side, it is preferable that the respective spreading codes 

used have ortbogona1 re1ationsbip 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 to satisfy the f o11owing 

conditions. 

When the spreading code Ci having the period of 

n x m is used for spreading inf o:cmation s~bo1s for a user 

30 i into components of n x m sub-carriers. and the spreading 

code Ck having the period of n is used for spreading 

inf o:cmation symbo1s for a user k into components of n sub­

carriers. the respective spreading codes Ci and Ck satisfy 
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the following fonnulas: 

n nxm 

~ Ci(x) x Ck(x) = 0 ~Ci(x)xCk(x) = 0 

Thereby, these spreading codes have orthogonal 

5 relationship with one another. 

A technique for generating the spreading codes 
Ci and Ck is disc1osed in 'Orthogonal forward link using 
orthogona1 multi-sp~eading factor codes for DS-CDMA mobi1e 
radio {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 {2m {m = l, 

2, ••• ) ) generated so as to be disposed hierarchically 
according to a Hadamard's series, spreading codes having 

15 predetermined positional relationship therebetween are 
selected as the spreading codes Ci and Ck having 
orthogonal relationship. 

In a specific tecl:\nique in a second example of 
control of transmi.ssion rate, as shown in FIG. 8, each of 

20 the spreading modulation parts 14' (1) through 14' (m) is 
configured to render a spreading process using a fixed 
spreading factor. 

As shown in FIG. 8, when m ~formation symbols 
are output from the serial-to-paral1el converting circuit 

25 13 in parallel, each of the plurality of spreading 
modulation parts 14 ' { 1) through 14' {m) , to which a 
respec~ive 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 infoJ:ma.tion symbol is rep1icated by the number n, 
and, thus each information symbol is spread into 
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components corresponding to n sub-carriers a1ong the 

frequency axis at any time. 

Thus, the spreading factor n is fixed in each of 

the spreading modulation parts 14'(1) through 14'(m) 

5 regardless of the number m of inf o:cmation symbo1s output 

in para11e1 from the seria1-to-para11e1 converting ciroui.t 

13. In such a case, the re1ationship between the 

transmission rate and the number of sub-carriers assigned 

for spreading each info:cma.tion symbo1 is as shown in FIGS. 

10 9A and 9B. Specifica11y, when m = 1, that is, one 

info:cmation symbo1 is transmitted, as shown in FIG. 9A, 

the spreading factor of n, and the info:cma.tion symbo1 is 

spread into components corresponding to n sub-carriers 

a1ong the frequency axis. A no:cma.1ized transmission rate 

15 .in this case is assumed to be 1. Further, when m 

.:l.nfo:cmation symbo1s are transmitted simu1taneous1y, as 

shown .in FIG. 9B, the spreading factor is n simi1ar1y to 

the above-mentioned case, and each info:cma.tion symbo1 is 

spread into components corresponding to n sub-carriers 

20 a1ong the frequency axis. According1y, the tota1. number 

of sub-carriers assigned for spreading m inf o:cmation 

symbo1s is a va1ue of n x m. In this case, the no:cma1:1zed 

transm:Lss:Lon rate is m times the above-ment:Loned 

no:cma1:1zed transmiss:Lon rate, and, thus, :Ls m. 

. 25 In the above-ment:Loned examp1e, when the 

transm:Lss:Lon rate :Ls to be increased, the number of sub­

carriers used for transmitting each info:cma.tion symbo1 is 

fixed, and the number of sub-carriers used for 

transmitting a11 the info:cma.tion symbo1s is increased. 

30 Converse1y, when the transmission rate is to be decreased, 

the number of sub-carriers used for transmitting each 

inf o:cmation symbo1 is fixed, and the number of sub­

carriers used for transm:Ltting a11 the info:cmat:Lon symbo1s 
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is decreased. Thus. the transmission rate is in 

proportion to the number of sub-carriers used for 

transmitting all the info:cmation symbols. 

Further. simi.larly ~o the case of the above-

5 mentioned first exma.ple. sub-carriers to be assigned for 

spreading each info:cmation symbol may be successive along 

the frequency axis as shown in FIG. 6A, or may be discrete 

along the frequency axis as shown in FIG. 6B. Further, it 

is preferable that the spreading codes assigned for 

10 respective users are orthogonal to each other, as 

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 info:cmation 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 

info:cmation symbol is replicated by n. and. thus. the 

inf o:cmation symbols is spread into components 

corresponding_ ton 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 info:cmati.on 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 
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modu1ation parts 14°(1) through 14°(m). In such a case, 

relationship between the transmission rate, the number of 

sub-carriers assigned for each inf o:cmation symbo1 and the 

spreading codes used is as shown in FIGS. llA and llB. 

5 When m = 1, that is, one symbo1 is transmitted, the 

spreading factor is n, and the symbol is spread into 

components corresponding to one set of n sub-carriers, as 

shown in FIG. llA. In this case, a no:cma1ized 

transmission rate is assumed to be 1. When m symbo1s are 

10 transmitted simu1taneous1y, the spreading factor is n 

simi1ar1y to the above-mentioned case a1ong the frequency 

axis, however, by m spreading codes, m types _of spreading 

forms_ along the frequency axis are rendered. In this case, 

the no:cma1ized transmission rate is m times the above-

15 mentioned one, that is, i~ 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 examp1e, added together) 

20 by the combining circuit 15 (l:) 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 signa1 generating 

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

In the above-mentioned examp1e, when the 

transmission rate is to be increased, the number of 

spreading codes used for spreading each inf o:cmation symbo1 

is increased. Converse1y, when the transmission rate is 

30 to be decreased, the number of spreading codes used for 

spreading each info:cma.tion symbo1 is decreased. 

Further, simi1ar1y to the oases of the above­

mentioned first and second examp1es, sub-carriers to be 
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assigned for spreading each inf o:cmation symbol. may be 

successive a1ong the frequency axis as shown in FIG. 6A, 

or may be discrete a1ong the frequency axis as shown in 

FIG. 6B. Further, it is preferabl.e that the spreading 

5 codes Cil through C:lm assigned for each user (i) are 

orthogona1 to each other, and, a1so, it is preferabl.e that 

these spreading codes are orthogona1 to each other among 

the respective users. 

A fourth exmapl.e of technique of control.l.ing the 

10 transmission rate wil.l. now be described. 

In this exmapl.e, as shown in FIG. 12, an 

inte:cmittent transmission control. part 16 is provided 

before the seria1-to-para1l.el. converting circuit 13 in 

each of the signa1 generating circuit 100(1) through 

15 lOO(n) shown in FIG. 2. The intermittent transmission 

control. part 16, based on the transmission rate control. 

signa1 from the control. unit (not shown in the figure), 

control.a timing of transfer of transmitting data, having 

· undergone the process by the channel. .encoder 12 (see FIG. 

20 2), to the seria1-to-para1l.el. converting circuit 13. When 

the transmission rate is to be increased, as shown in FIG. 

13A, interva1s .of data transmission (interva1 between each 

adjacent data transmission) are shortened. Conversel.y, . 

when the transmission rate is to be decreased, the 

25 interval.s of the data transmission are el.ongated, as shown 

in FIG. 13B or 13C. Thus, the info:cmat:Lon transmission 

rate is control.l.ed by control.l.ing the :l.nterva1s of the 

data transmission. 

When the transmitting data, the interva1s of 

30 transmission of which have been thus control.l.ed by the 

:l.nte:cmittent transmission control. part 16, :ls input to the 

serial.-to-para1l.el. converting part 13, the transmitting 

data is thereby converted into the predete:cmined number m 
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of para1lel info:cmation symbols, and each of the 

information symbols is spread into n sub-carriers by a 

respective one of the spreading modulation parts 14(1) 

through 14 (m) • 

A fifth example of specific technique of 

controlling the transmission rate will now be described. 

In this eXma.ple, as shown in FIG. 14, the number 

of modulation levels of data modulation by the 

transmitting data generating part 11 in each of the sign.a1 

10 generating parts 100(1) through lOO(n) shown in FIG. 2 is 

controlled by a modulation level specifying part 15 based 

on the transmission rate control sign.a1. 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

Jmown 16QAM (the number of modulation levels: 16) or 64QAM 

(64) fo:cm. 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) fo:cm. 

'!'his switching of the fo:cm of modulation can be 

made according to environment of radio channel, as shown 

in FIG. 15. That is, a modulation fo:cm having a large 

number of modulation levels is used for users near to a 

25 base station and having satisfactory reception conditions, 

and a modulation f o:cm 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 a1so possible to change the modulation f o:cm according 

30 to the amount of info:cmation to be transmitted. For 

exmaple, for users who have relatively large amounts of 

information such as images, info:cmation from Internet, and 

so forth, distributed thereto, a modulation fo:cm having a 
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large number of modulation levels is used. For users who 

have relatively small amounts of information such as audio, 

and so forth, distributed thereto, a modulation form 

having a small number of modulation levels is used. 

5 A technique of switching the modulation form 

(the number of modulation levels) according to the 

environment of radio channel or the amount of information 

to be transmitted so as to control the transmission rate 

may be applied to each of the above-described first 

10 through fourth examples of controlling the transmission 

rate. That is, to users having satisfactory reception 

conditions or having large amounts of information 

distributed thereto, information is transmitted at a 

relatively high transmission rate. 'l'o users having not 

15 satisfactory reception conditions or having small amounts 

of information distributed thereto, information is 

transmitted at a relatively low transmission rate. 

In each of the above-described examples, an IFF'l' 

(Inverse Fast Fourier 'l'ransformer) or IDF'l' (Inverse 

20 Discrete Fourier 'l'ransformer) 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. '!'hereby, 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 
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respective techniques of the above-described first exmap1e. 

second exma.p1e. third exmapl.e. fourth exmapl.e and fifth 

eX:amp1e. and control the transmission rate of transmitting 

information to each user using the thus-combined 

5 techniques. 

A channel estimation method according to the 

present invention wi11 now be described based on the 

drawings. 

A transmitting station in a multi-carrier CDMA 

10 radio transmitting system to which the channe.1 estimation 

method 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 pil.ot-symbol. generating part 112. a pil.ot-symbol. inserting 

part 113. a seriil-to-paral.l.el. converting part 114 and a 

mul.ti-carrier modulation part 115. The information-symbol. 

generating part 111 generates a series of information 

symbol.s obtained through channel. coding and interl.eaving 

20 (in a case of OFDM fonn) or a series of information 

s:jmbol.s such as a.spread series obtained through spreading 

using a spreading code faster than the information 

transmitting rate {in a case of MC-CDMA fo:cm). The pil.ot­

symbol. generating part 112 generates predete:cmined pil.ot 

25 symbol.s. the phase of each of which is al.ready known. The 

pil.ot-symbol. inserting part 113 combines the information 

symbol.a from the info:cmation-symbol. generating part 111 

and pil.ot-symbol.s from the pi1ot-symbol. generating part 

112 according to a predete:cmined al.goritbm. 

30 The serial.-to-paral.l.el. converting part 114 

converts the series of symbol.a obtained by the pil.ot­

symbol. inserting part 113 into a paral.l.el. fo:cm thereof by 

dividing the series of symbol.a every predete:cmined number 
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of bits. The multi-carrier modulation part 115 uses IFFT 

{Inverse Fast Fourier Transfo:cm) or IDFT {Inverse Discrete 

Fourier Transfo:cm), and renders multi-carrier modulation 

so that the respective ones of the parallel-output symbol 

5 series from the serial-to-parallel converting part 114 are 

spread into sub-carriers. A signal corresponding to a 

signal output from the multi-carrier modulation part 115 

is transmitted as a transmitting signal by radio. 

A frame {packet frame) configuration of the 

10 signal output from the multi-carrier modulation part 115 

rendering the mu1ti-carrier modulation on the symbol 

series, in which the infoxmation symbols and pilot symbols 

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

thi.s example, a plurality of pilot symbols P {for exnia.ple, 

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

carriers fl f2, ••• at the same timing {the top of the 

frame). 

Alternatively, it is also possible to have a 

frame configuration shown in FIG. 20. In thi.s example, a 

20 plurality of pilot symbols P {for exmaple, two symbols) 

are inserted into each of all the sub-carriers fl 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 fo:cm. 

A demodulating apparatus provided in a receiving 

station of the above-mentioned multi-carrier radio 

transmitting system is confi.gured 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 provi.ded for each sub-carrier component 
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from the sub-carrier separating part 121, a de1ay part 123 

and a compensating part 125, and a channe1 estimation part 

124. The sub-carrier separati.ng part 121 has a function 

of FFT (Fast Fouri.er Transfo:r:m) or DFT (Di.screte Fouri.er 

5 Transfo:cm), and separates a received signa1 received from 

a transmi.tting station havi.ng the confi.guration described 

above wi.th reference FIGs. 18 i.nto respective sub-carrier 

components :fl:l, ••• , :fl:n. Each pi1ot-symbo1 averaging part 

122 extracts a p1ura1ity of pi1ot symbo1s (see FIGS. 19 

10 and 20) i.nc1uded i.n a respective one of the sub-carrier 

components, averages respective channe1 estimation va1ues 

obtai.ned from these pi1ot symbo1s, and thus obtai.ns a 

cbanne1 estimation va1ue for the re1evant sub-carrier 

(thi.s channe1 estimati.on va1ue wi11 be referred to as an 

15 i.ndividua1 cbanne1 estimation va1ue, herei.nafter). 

The channe1 estimation part 124 combines the 

i.ndividua1 channe1 estimation va1ues obtained from the 

pi1ot-symbo1 averagi.ng parts 122 correspondi.ng to a 

p1ura1ity of successive sub-carriers a1ong the frequency 

20 axis i.nc1uding the sub-carrier i, and obtains a fina1 

channe1 estimation va1ue for the re1evant sub-carri.er i. 

A detai1ed configuration of this channe1 estimation part 

124 wi11 be described 1ater. 

Each sub-carrier component output from the sub-

25 carrier separating part 121 is a1so provided to the 

compensati.ng part 125 after de1ayed by the de1ay part 123 

configured in considerati.on of a time required for the 

processes (processes rendered.by the pi1ot-symbo1 

averagi.ng part 122 and channe1 estimation part 124). Th.en, 

30 the compensating part 125 uses the channe1 estimation 

va1ue for the sub-carrier i obtai.ned by the channe1 

estimation part 124 as mentioned above, and compensates a 

channe1 variation for the inf o:cmation symbo1s of the 
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component of the sub-carrier i. The information symbo1s 

thus obtained through the compensation of the channel 

variation by the compensating part 125 are then made to 

undergo a predetermined demodulation process including 

5 absolute synchronizing detection, in the radio 

transmitting system in the OFDM fonn, but are further made 

to undergo an inverse spreading process and then are made 

to undergo the predetermined demodulation process 

including absolute synchronizing detection, in the radio 

10 transmitting system in the MC-CDMA fonn. 

The channe1 estimation part 124 is configured as 

shown in FIG. 22, for exma.p1e. 

This channel est:lmation part 124 inc1udes 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 channe1 est:lmation value for the 

rel.evant sub-carrier i by mul.tipl.ying 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 predetennined weighting values. 

Specificall.y, assuming_ that a weighting coefficient vector 

expressing the weighting values is W, and the individual 

25 channel. estimation values are e. the final channel 

estiina.tion values < e > are caloul.ated using the fol.I.owing 

fozm11l.a: 

30 

There, the weighting vector W is expressed by the 

following matrix: 
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w(O.O) 0 

w(l -1,l -1) w(l,l -1) w(l + 1,l -1) 

W= w(l -1,l) w(l,l) w(l + 1,l) 

w(l -1.l +1) · w(l,l + 1) w(l+1,l+1) 

0 w(n,n) 

and, the individua1 channel estimation values e are 

expressed by the following_ matrix: 

s1 

s = 

Further, the final channel estimation values < e > are 

expressed by the following matrix: 

< s1 > 

< s >= 

< sn > 

The element w(j, i) .of the weighting coefficient 

vector W is dete:cmined 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 weighti.ng value used for estimating the channel estimation 
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va1ue < e i> for the i-th sub-carrier (i) from the 

inclividua1 channel estimation value e j of the j-th sub­
carrier (j) depending on the channel state for this j-th 

sub-carrier (j). Accordingly, in genera1, this element 

5 w(j, i) has a smaller value as the sub-carrier (j) is 

apart farther from the sub-carrier (i) (the mutua1 

correl.ation becomes smaller),, and, it becomes zero as the 

sub-carriers apart from one another by a predetezm:Lned 

number of sub-carriers (for example,, the sub-carrier (j) 

10 is out of the range of p sub-carriers including the sub­

carrier (i) at the center thereof). 

By the channel estimation for each sub~carrier 

in the above-described demodulating apparat~s,, the channel 

estimation va1ue < e i) for each sub-carrier ( i) is 
-15 detezm:Lned in consideration of (taking into account) the 

inclividua1 channel estimation va1ues e of respective sub­
carriers ref l.ecting the states of raclio channel.s for these 

pl.ura1ity of sub-carriers (p sub-carriers). The degree of 

this consideration (taking into account)is expressed as 

20 the weighting va1ue w(j, i). 

Aocorclingly,, the channel. estimation va1ue for 

each sub-carrier is detezmined based on the channel states 

of pl.ura1ity of sub-carriers incl.uding the rel.evant sub­
carrier. As a resu1t, it is possibl.e to render high-

25 accuracy channel estimatio~ even in a situation in which 

the states of raclio channels vary variousl.y. 

In the above-mentioned example,, the weighting 

coefficient vector W used for-ca1culating the channel 

estimation va1ue < e > for each sub-carrier in the channel. 
30 estimation part 124 is detenn:lned fixedly based on the 

mutua1 correlation of the states of raclio channel.a 

expected based on respective sub-carriers. However,, the 

mutua1 correl.ation of respectiye sub-carriers may vary 
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depencling on the states of radio channels whi.ch vary 

variously. Accordingly, it is preferable to change the · 

above-mentioned weighting coefficient vector W adaptively 

based on the states of the radio channels. 

A specific ezma.ple of thus controlling the 

above-mentioned weighting coefficient vector based on the 

states of the raclio channels will now be described. 

The above-mentioned channel estimation part 124 

is configured as shown in FIG. 23. 

As shown in FIG. 23, thi.s channel. estimation 

part 124 incl.odes an adaptive weighting val.ue estimation 

part 241 and a weighting averaging channel estimation part 

242. The adaptive weighting value estimation part 124 

adaptively obtains each weighting val.ue (of the wei:ghting 

15 coefficient vector W) described above using a technique of 

MMSE (Minimum Mean Square Error), for ezma.ple, based on 

the inclividual. channel estimation val.ues 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 val.ue estimation part 241, 

combines the respective individual. channel. estimation 

val.ues from the respective averaging channel. estimation 

25 parts 122(1), 122(2), .... , 122(n), and, thus, renders 

weighting combining according to the frequency response 

characteristics of channels (channel. states). 

Further, it is al.so-possible to configure the 

above-mentioned adaptive weighting val.ue estimation part 

. 30 241 as shown in FIG. 24, for exampl.e. 

As shown in FIG. 24, the adaptive weighting 

val.ue estimation part 241 includes a correl.ation measuring 

part 243 which calcul.ates .the mutuBl. correlation between 



.. 
-35-

the channel states for the respective sub-carriers, from 

the individual channel estimation values corresponding to 

the respective sub-carriers. Tb.en,, the weighting value 

w(j, i) is obtained based on the mutual correlation value 

5 r(j, i) between the channel states for the respective sub­

carriers obtained by this correlation measuri.ng part 243. 

'!'he above-mentioned correlation measuri.ng part 

232 calculates the inner product of the 1.ndividual channel 

estimation values from the averaging channel estimation 

10 parts 122(i) and 122(j) corresponding to the two sub­

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 :L. This mutual 

correlation value r(j,, :L) has the maximum value when the 

individual channel estimation value (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, :L) is zero when the 

difference (phase difference) therebetween :Ls 90 degrees. 

By configuring the weighting value estimation 

part 241 as described above, :Lt 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. Tb.en,, the weighting 

coefficients of the we:Lghting·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 obtai.n the channel estimation value for 

each sub-carrier based on the·cb.anD.el states for the 
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plurality of sub-carriers. 

By using the channel estimation method in each 

of the above-described examples, it is possible to render 

efficiently, high-accuracy channel estimation adaptive to 

5 the channel. states. Then, by rendering the absolute 

synchronizing detection using the thus-obtained channel 

estimation values, it is possibl.e to reduce the ratio of 

signal. power to interference power {SIR) so as to reduce 

the reception error rate and to obtain a desired reception 

10 qual.ity. Thereby, it is possible to increase the 

subscriber capacity of the radio transmitting system. 

In each of the above-mentioned examples of 

channel estimation methods, the pil.ot symbols are incl.uded 

in al.l 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 al.so 

possible to include pilot symbols onl.y into some of the 

sub-carrier components {form sub-carriers {m < n)) 

disposed discretely al.ong the frequency-axis. In such a 

20 case, channel estimation for sub-carrier components 

incl.uding no pilot symbols is rendered based on the 

individual. channel estimation val.ues obtained for other 

plural.ity 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. 
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WHAT IS CLAIMED IS 

I 1111111111111 11111 1111111 1111 · 
* C L M S * 

-~':: . .' 

1. A multi-carrier CDMA radio transmitting 

method replicating each info:cmation symbol, disposing 

thus-obtained info:cmation symbols along a frequency axis, 

multiplying the thus-obtained info:cmation symbols by a 

spreading code along a frequency axis, thus spreading the 

10 info:cmation symbols into components of a plurality of sub-

carriers having different frequencies, and thus rendering 

multiplex transmission of the info:cmation, comprising the 

step of 

enabling a transmission rate of the info:cmation 

15 to be changed by controll.ing the amount of info:cma.tion 

transmitted simul.taneously by control.ling the number of 

the inf o:cmation symbol.s to be used in the spreading into 

the pl.urality of sub-carrier components for each user to 

which the info:cmation is to be transmitted. 

20 

2. The method as cl.aimed in cl.aim 2, wherein 

25 codes which are orthogonal with each other are used as the 

spreading codes used in the spreading of the info:cmation 

symbol.s for respective users. 

30 

3. The method as cl.aimed in cl.aim 1, wherein 

the number of sub-carriers assigned for the spreading of 
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a11 the information symbols to be transmitted 

simu1taneously is fixed, and the number of sub-carriers 

assigned for the spreading of each info:cmation symbol is 

controlled. 

4. The method as claimed in claim 3, wherein 

10 the number of information symbols to be used in the 

spreading into the plurality of sub-carrier components is 

in inverse proportion to the number of sub-carriers 

assigned for the spreading of each information symbol. 

15 

5. The method as claimed in claim l, wherein 

the number of sub-carriers assigned for the spreading of 

20 each information symbol is fixed, and, according to the 

number of information symbols to be used in the spreading 

into the plura1ity of sub-carrier components, the number 

of sub-carriers assigned for the overa11 spreading of the 

number of information symbols is controlled. 

25 

6. The method as claimed in claim 1, wherein a 

30 group of sub-carriers assigned for the spreading of each 

of a11 the information symbols to be transmitted 

simultaneously is made same among the respective 

information symbols, and the spreading codes used· for the 
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spreading of the respective info:cmation symbo1s are made 

different. 

7. A mu1ti-carrier CDMA radio transmitting 

method o~ rep1icating each iiifo:cmation symbo1._ disposing 

thus-obtained a1ong a frequency axis. mu1tip1ying the 

10 thus-obtained infozmation symbo1s by a spreading code 

along the frequency axis. thus spreading the info:cmation 

symbo1s into components of a p1ura1ity of sub-carriers 

having different frequencies. and thus rendering mu1tip1e:x: 

transmission of the info.:cma.tion. comprising the step of 

15 

20 

enab1ing a transmission rate of the inf o:cmation 

to be changed by contro11ing mu1tip1ex transmission 

intervals along a time axis for each user to which the 

info:cmation is to be transmitted. 

8. A mu1ti-carrier CDMA radio transmitting 

method of rep1icating each infozmation symbo1. disposing 

25 thus-obtained along a frequency axis. mu1ti.p1ying the 

thus-obtained info.:cma.tion symbo1s by a spreadiilg code 

along the frequency axis. thus spreading the info:cmation 

symbo1s into components of a p1urality of sub-carriers 

having different frequencies •. and thus rendering mu1tip1ex 

30 transmission of the info:cmation. comprising the step of 

enab1ing a transmission rate of the info:cmation 

to be changed by contro11ing the number of modu1ation 

1eve1s used when the inf o:cmation s"Ymbo1s to be spread are 
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obtained through data modulation. 
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9. The method as claimed in claim 1, wherein 

the respective sub-carriers assigned for the spreading of 

the information symbols are orthogonal along the frequency 

axis. 

10. The method as claimed in claim 7, wherein 

15 the respective sub-carriers assigned for the spreading of 

the information symbols are orthogonal along the frequency 

axis. 

20 

11. The method as claimed in claim 8, wherein 

the respective sub-carriers assigned for the spreading of 

the information symbols are orthogonal along the frequency 

25 axis. 

30 12. The method as claimed in claim 1, wherein 

the respective sub-carriers assigned for the spreading of 

the information symbols have freguenoy characteristics 

such that the freguenoy spectra do· not overlap between 
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13. The method as claimed in claim 7, where.in 

the respective sub-carriers assigned for the spreading of 

the inf o:r.mat.ion symbols have frequency character.ist.ics 

such that the frequency spectra do not overlap ~etween 

10 each adjacent sub-carriers. 

15 

20 

14. The method as claimed in claim 8, wherein 

the respective sub-carriers ass.igned for the spreading of 

the inf orina.tion symbols have frequency characteristics 

such that the frequency spectra do not overlap between 

each adjacent sub-carr.iers. 

15. The method as claimed in claim 1, where.in 

25 the respective sub~carr.iers assigned for the spread.ing of 

each .inf o:r.mation symbol are disposed discretely along the 

frequency ax.is. 

30 

16. The method as claimed in claim 7, wherein 

the respective sub-carriers ass.igned for the spreading of 
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each inf o:cma.tion symbol are disposed discretely along the 

frequency axis. 

17. 'l'he method as claimed in claim 8, wherein 

the respective sub-carriers assigned for the spreading of 

each info:cma.tion symbol are disposed discretely along the 

10 frequency axis. 

15 

20 

18. The method as claimed in claim 1, wherein 

the respective sub-carriers assigned for the spreading of 

each info:cma.tion symbol are disposed successively along 

the frequency axi.s. 

19. 'l'he method as claimed in claim 7, wherein 

the respective sub-carriers assigned for the spreading of 

25 each info:cma.tion symbol are disposed successively along 

the frequency axis. 

30 

20. 'l'he method as claimed in claim 8, wherein 

the respective sub-carriers assigned for spreading each 

inf o:cma.tion Symbol are disposed continuously along the 
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21. A mul.ti-carrier CDMA radio transmitting 

apparatus rep1icating each i.nformation symbo1s, disposing 

thus-obtained a1ong a frequency axis, mul.tip1ying the 

thus-obtained information s:ymbo1s by a spreading code 

10 a1ong the frequency axis, thus spreading the information 

s:ymbo1s into components of a p1ura1ity of sub-carriers 

having different.frequencies, and thus rendering mu1tip1ex 

transmission of the information, comprising 

a transmission-rate contro1 part oontro11ing the 

15 amount of info:cmation transmitted simu1taneous1y by 

oontro111ng the number of the inf o:cmation s:ymbo1s to be 

used in the spreading into the p1ura1ity of sub-carrier 

components for each user to which the information is to be 

transmitted. 

20 

22. The apparatus as c1aimed in o1aim 21, 

25 wherein codes which are ortbogona1 with each other are 

used as the spreading codes used for the spreading of the 

information s:ymbo1s for respective user. 

30 

23. The apparatus as o1aimed in o1a:lm 21, 

wherein said transmission-rate controi part comprises a 



------------------------~~~~~---~·-.~~··----

-44- 111111111111111111111111111111 
C L M S * 

seria1-to-para11e1 converting part converting series data 

which is the info:cmation to be transmitted to each user 

into para11e1 info:cma.tion symbo1s, and contro1s the number 

of the para11e1 inf o:cmation symbo1s obtained by said 

5 seria1-to-para11e1 converting part. 

10 24. The apparatus as c1a1med in c1aim 21, 

wherein the number of sub-carriers assigned for the 

overa11 spreading of the information s1'mbo1s, the number 

of which is contro11ed by said transmission-rate contro1 

part, is fixed, and the number of sub-carriers assigned 

15 for the spreading of each information symbo1 is contro11ed. 

20 

25 

25. The apparatus as c1aimed in c1a1m 24, 

wherein the number of inf o:cma.t.ion symbo1s contro11ed by 

said transmission-rate contro1 part is in inverse 

proportion to the number of sub-carriers assigned for the 

spreading of each info.xmation symbo1. 

26. The apparatus as c1a1med in c1a:lm 21, 

30 wherein the number of sub-carriers assigned for the 

spreading of each info:cmation symbo1 is fixed, and, 

according to the number of inf o:cmation symbo1s contro11ed 

by said transmission-rate contro1 part, the number of sub-
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carriers assigned for the overa11 spreading of the number 

of 1.nfo:cmation symbols is controlled. 

27. The apparatus as claimed in claim 21, 

wherein a group of sub-carriers assigned for the spreading 

of each of all the info:cmation symbols, the number of 

10 which is controlled by sai.d transmission-rate control part, 

is made same among the respective info.xmation symbols. and 

the spreading codes used for the respective infoz:mation 

symbols are made different. 

15 

28. A multi-carrier CDMA radio transmitting 

apparatus replicating each info:cmation symbols, disposing 

20 thus-obtained along a frequency a:xis, multiplying the 

thus-obtained infoz:mation symbols by a spreading code 

along the frequency axis, thus spreading the infoz:mation 

symbols into components of a plura1ity of sub-carriers 

having different frequencies. and thus rendering multiplex 

25 transmission of. the info:cmation, comprising 

30 

an intermittent transmission control part 

controlling multiplex transmission intervals along a time 

axis for each user to which the info:cmation is to be 

transmitted. 
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29. A multi-carrier CDMA radio transmitting 

apparatus replicating each info:cma.tion symbols, disposing 

thus-obtained along a frequency axis, multiplying the 

thus-obtained info:cma.tion symbols by a spreading code 

5 along the frequency axis, thus spreading the info:cma.tion 

symbols into components of a plurality of sub-carriers 

having different frequencies, and thus rendering multiplex 

transmission of the info:i:.mation, comprising 

a modulation level number control part 

10 controlling the number of modulation levels used when the 

inf o:cma.tion symbols to be spread are obtained through data 

modulation. 

15 

30. The apparatus as claimed in claim 21, 

wherein the respective sub-carriers assigned for the 

spreading of the inf o:r:mation symbols are orthogonal. along 

20 the frequency axis. 

25 

30 

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 c18imed in claim 29, 
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wherein the respective sub-carriers assigned for the 

spreading of the infonnation symbols are orthogonal along 

the frequency axi.s. 

33. The apparatus as claimed in claim 21, 

wherein the respective sub-carriers assigned for the 

10 spreading of the 1.nfo:cmation symbols have frequency 

characteristics such that the frequency spectra do not 

overlap between each adjacent sub-carriers. 

15 

34. The apparatus as claimed in claim 28, 

wherein the respective sub-carriers assigned for the 

spreading of the inf o:cmation symbols have frequency 

20 characteristics such that the frequency spectra do not 

overlap between each adjacent sub-carriers. 

25 

35. The apparatus as claimed in claim 29, 

wherein the respective sub-carriers assigned for the 

spreading of the info:cmation symbols have frequency 

characteristics such that the frequency spectra do not 

30 overlap between each adjacent sub-carriers. 
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36. The apparatus as cl.aimed in cl.aim 21, 

wherein the respective sub-carriers assigned for the 

spread1ng of each information symbol. are disposed 

disoretel.y al.ong the frequency ald.s. 

37. The apparatus as cl.aimed in cl.aim 28, 

10 wherein the respective sub-carriers assigned for the 

spreading of each information symbol. are disposed 

disoretel.y al.ong the frequency ald.s. 

15. 

38. The apparatus as cl.aimed in cl.aim 29, 

wherein the respective sub-carriers assigned for the 

spreading of each information symbol. are disposed 

20 disoretel.y al.ong the frequency ald.s. 

25 

30 

39. The apparatus as cl.aimed i:n cl.aim 21, 

wherein the respective sub-carriers assigned for the 

spreading of each information symbol. are disposed 

successively al.ong the frequency axis. 

40. The apparatus as cl.aimed in cl.aim 28, 
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wherein the respective sub-carriers assigned for the 

spread:i..ng of each info.nnation symbol. are disposed 

successivel.y al.ong the frequency axis. 

41. The apparatus as cl.aimed in cl.aim 29, 

wherein the respective sub-carriers assigned for the 

10 spreading of each information symbol. are disposed 

successivel.y al.ong the frequency axis. 

15 

42. A channel. estimation method used f9r a 

mul.ti-carrier CDMA radio transmitting system rendering 

radio transmission using n sub-carriers, for rendering 

channel estimation for each sub-carrier, comprising the 

20 steps of: 

a) separating a received signal having a frame 

configuration comprising the n sub-carrier components 

including m sub-carrier components into which pil.ot 

symbol.s are inserted, into the respective sub-carrier 

25 components, where ~ :s: n; 

· b) using the pil.ot symbol.s incl.uded in the sub­

carrier components obtained through the separation, and 

rendering channel. estimation so as to obtain individual. 

channel. estimation resul.ts for the sub-carriers; and 

30 c) rendering the Channel estimation for each 

target sub-carrier based on the thus-obtained individual 

channel. estimation resul.ts for the respective p sub­

carriers and rel.ationship between a channel. state for the 
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target sub-carrier and a channel state for each of the p 

sub-carriers, where p :S m. 

43. The method as claimed in claim 42; wherein 

the relationship between the channel state for the target 

sub-carrier and the channel state for each of the p sub-

10 carriers is obtained adaptively based on the respective 

channel states. 

15 

44. The method as claimed in claim 42, wherein: 

weighting inf o:cmation 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-

20 carriers; and 

the individual channel estimation results for 

the respective p sub-carriers are weighted by the 

wei.ghting inf o:cmation and are then combined so as to 

obtain the channel estimation result for the target sub-

25 carrier. 

30 45. The method· as claimed in claim 44, wherein 

the weighting.infozma.tion is obtained based on mutua1 

correlation obtained based on the individual channel 

estimation result obtained for the target sub-carrier and 
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the individual channe1 estimation resu1t obtained for each 

of the p sub-carriers. 

46. A channe1 estimation apparatus used for a 

mul.ti-carrier CDMA radio transmitting system rendering 

radio transmission using n sub-carriers, for rendering 

10 channe1 estimation for each sub-carrier, comprising-: 

a sub-carrier separating part separating a 

received signal having a frame configuration comprising 

the n sub-carrier components inc1uding m sub-carrier 

components into which pi1ot symbo1s are inserted, into the 

·15 respective sub-carrier components, where m :si: n; 

an individual channe1 estimation part using the 

pi1ot symbo1s inc1uded in the sub-carrier components 

obtained by the sub-carrier separating part, and rendering 

ohanne1 estimation so as to obtain individual. channe1 

20 estimation resu1ts for the sub-carriers; and 

a channe1 estimation part rendering the channe1 

estimation for the target sub-carrier based on the thus­

obtained individual channe1 estimation resu1ts for the 

respective p sub-carriers and re1ationship between a 

25 channe1 state for the target sub-carrier and a channe1 

state for each of the p sub-carriers, where p :si: m. 

30 

47. The apparatus as c1aimed in o1aim 46, 

wherein said channe1 estimation part comprises a part 

adaptive1y obtaining-the re1ationship between the channe1 
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state for the target sub-carrier and the channe1 state for 

each of the p sub-carriers based on the respective channe1 

states. 

48. The apparatus as c1aimed in c1aim 46, 

wherein said channe1 estimation part comprises: 

10 a weighting info:cmation estimation part 

obtaining weight:Lng info:cmation based on the re1atio~shi.p 

between the cbanne1 state for the target sub-carrier and 

the channe1 state for each of the p sub-carriers; and 

a weighting channe1 estimation part obtaining 

15 the channe1 estimation resu1t for the target sub-carrier 

by weight:Lng the :Lndividua1 channe1 estimation resu1ts for 

the respective p sub-carriers by the weighting :Lnfo:cmation 

and then combining them. 

20 

25 

49. The apparatus as c1aimed in c1aim 48, 

wherein: 

said weighting :Lnf onnatio? estimation part 

comprises a corre1ation measuring part obtaining a mutua1 

corre1ation va1ue based on the individua1 channe1 

estimation resu1t obtained for the target sub-carrier and 

the individua1 channe1 estimation resu1t obtained for each 

30 of the p sub-carriers; and 

obtains the weighting :Lnf o:cmation based on the 

mutua1 corre1ation va1ue obtained by said corre1ation 

measur:Lng part. 


