
;|}~e3ett6PTs  DESCRIPTION MULTI-CARRIER CDMA TRANSMISSION SYSTEM,
TRANSMITTING APPARATUS AND RECEIVING APPARATUS USED IN THIS SYSTEM, AND
MULTI-CARRIER CDMA TRANSMISSION METHOD 5 Technical Field The present
invention relates to a multi-carrier CDMA transmission system, a
transmitting apparatus and receiving apparatus used in this system, and a
multicarrier CDMA transmission method. and more particularly 10 relates to
a multi-carrier CDMA transmission system in which the weighting of
respective sub-carriers is controlled in accordance with fluctuations in
the propagation path in order to compensate for the orthogonality between
spreading codes that is destroyed 15 by the effects of the propagation
path, a transmitting apparatus and receiving apparatus used in this system,
and a corresponding CDMA transmission method. Background Art A
multi-carrier CDMA (code division multiple 20 access) wireless transmission
system was proposed in 1993 in "Multi-carrier CDMA in indoor wireless radio
networks" (N. Yee et al., 1993 IEEE Personal Indoor Mobile Radio
Communications): since then, the application of this system to digital
mobile 25 communications systems has been studied. This system is a system
in which information 1    FP02-0183-00 symbols are duplicated in the
direction of the frequency axis, and the respective symbols are multiplied
by respective single chips of a spreading code, after which the spread
signals are transmitted in 5 parallel by means of a plurality of
sub-carriers with different frequencies. As a result, in this system, since
multiplication by a spreading code is performed in the direction of the
frequency axis, code multiplexing of a plurality of information channels
can 10 be realized by multiplying an orthogonal spreading code.
Furthermore, since the symbol rate is reduced and the symbol length is
expanded by performing parallel transmission using a plurality of
sub-carriers, it is possible to reduce so-called "multi-path interference".
15 This multi-path interference refers to a deterioration in
characteristics that occurs as a result of transmitted signals arriving at
the receiving part at different times via a plurality of different
propagation paths (multi-path propagation paths) so 



20 that the signals interfere with each other, which is a problem in mobile
communication environments. Furthermore, in the case of the abovementioned
multi-path propagation paths, frequency-selective fading occurs in which
the fluctuation in the 25 propagation path varies according to the
frequency, so that the signal transmission quality varies according 2
FP02-0183-00 to the frequency. In the case of multi-carrier CDMA, however,
since the signals are spread in the direction of the frequency axis, the
signal transmission quality can be improved by the frequency diversity
effect. 5 Meanwhile, as is shown in Figs. 20 (a) and 20 (b), the received
signals in a multi-carrier CDMA transmission system are multiplied in the
frequency direction by the same code as the spreading code by which the
signals were multiplied on the transmission 10 side, so that the signals
are subjected to despreading by combining the received signals of the
respective sub-carriers across the spreading code period. As is shown in
Fig. 20 (a), in a case where the propagation path fluctuation of the
respective sub-carriers is 15 constant, the spreading codes that are
totaled in the respective information channels are orthogonal to each
other; accordingly, following despreading, the signals of the respective
information channels can be completely restored. However, in the signals
that are 20 received after being propagated over the mufti-path propagation
paths, as is shown in Fig. 20 (b), the respective sub-carriers are
subjected to different amplitude and phase fluctuations, so that the
orthogonality between the spreading codes is destroyed, 25 and the signals
of other information channels interfere and remain in the signals following
despreading. As a 3   FP02-0183-00 result, the signal transmission
characteristics deteriorate. Accordingly, a method has been proposed in
which the interference between information channels is reduced by a
combining process in which the received 5 signals of the respective
sub-carriers are multiplied by weight. 



As is shown in Fig. 21 (a), ORC is a method in which the reciprocals of the
propagation path fluctuation values are used as weights. Since the 10
propagation path fluctuations of the signals following multiplication by
these weights is constant, the orthogonality between the spreading codes is
completely preserved. However, in the case of sub-carriers in which the
amplitude value of the propagation path 15 fluctuation is small, noise
included in the received signals is amplified as a result of multiplication
by large weights, so that the signal power/noise power ratio (SNR)
following despreading is small, thus causing a deterioration in the signal
transmission 20 characteristics. As is shown in Fig. 21 (b) , MRC is a
method in which the propagation path fluctuation values are used as
weights. Here, sub-carriers with a small SNR are multiplied by small
weights, and sub-carriers with a large SNR are multiplied by large weights,
so 25 that the SNR following despreading is maximized however, the
orthogonality between the spreading codes 4   FP02-0183-00 is destroyed to
a great extent, so that interference is generated between the information
channels. As is shown in Fig. 21 (c), EGC is a method in which a11 of the
sub-carriers are multiplied by equal 5 weights regardless of the
propagation path fluctuation. This method gives consideration both to the
improvement of the SNR following despreading, and to preserving the
orthogonality between the spreading codes: however, since the propagation
path fluctuation and number of 10 multiplexed information channels vary
from instant to instant in a mobile communication environment, optimal
values are not always obtained in such an environment. As is shown in Fig.
21 (d), MMSEC is a method using weights which are such that the mean square
error 15 between the signals following despreading and the signals that are
actually transmitted is minimal, thus 



producing optimal values in which improvement of the SNR following
despreading and compensation for the orthogonality between the spreading
codes are given 20 consideration in accordance with the propagation path
conditions that fluctuate from instant to instant. Accordingly, it is
indicated in Reference A that MMSEC is the method that shows the most
favorable transmission characteristics. Furthermore, a method in 25 which
the optimal weighting is calculated using values such as the
amplitude/phase fluctuation values of the 5   FP02-0183-00 individual
sub-carriers, the noise power, the number of multiplexed information
channels or the like is indicated in Reference A (described below) as the
weighting control method used in MMSEC. 5 Disclosure of Invention However,
in cases where the weighting for MMSE (minimum mean square error) combining
is calculated using values such as the propagation path fluctuation values
of the individual sub-carriers, the noise power, 10 the number of
multiplexed information channels or the like, these values must be
appropriately estimated on the receiving side in order to determine the
optimal weighting. Furthermore, as is shown in Fig. 21 (d), in cases 15
where a method that successively updates the weighting using an adaptive
algorithm is used, it is necessary to estimate (in the mean square error
estimating part) the error between the signals following despreading and
the signals (reference signals) that are actually 



20 transmitted. Accordingly, pilot signals in which the amplitude, phase,
pattern and the like are known must be transmitted as reference signals
from the transmitting side to the receiving side. Accordingly, it is an
object of the present 25 invention to provide a method for appropriately 6
FP02-0183-00 estimating values such as the propagation path fluctuation
values, noise power, number of multiplexed information channels or the like
in order to realize weighting control used in MMSEC, as well as the 5
construction required for this purpose, and also to provide a construction
for multiplexing and transmitting, in an information signal interval that
is short in terms of time (as in packet transmission), pilot signals that
are required for the estimation of 10 error information in an adaptive
algorithm, a multicarrier CDMA transmission system which can successively
and efficiently update the weighting using limited pilot signals, a
transmitting apparatus and receiving apparatus used in this system, and a
CDMA transmission 15 method used in this system. The multi-carrier CDMA
transmission system of the present invention is a multi-carrier CDMA
transmission system in which information symbols are duplicated and lined
up in the direction of the frequency axis, these 20 duplicated information
symbols are multiplied by a spreading code in the direction of the
frequency axis, and the respective spread symbols are transmitted by means
of a plurality of sub-carriers with different frequencies, wherein
weighting control means for 25 controlling the weighting of each
sub-carrier on the basis of the effects of the propagation path 7
FP02-0183-00 fluctuations estimated by the effect estimating means so that
the signals following despreading approach the signals that are actually
transmitted, and combining means for performing combining by multiplying
the 5 received signals of the respective sub-carriers by the weighting for
each sub-carrier controlled by the weighting control means, are disposed on
the receiving side. 



Furthermore, the mufti-carrier CDMA transmission 10 system of the present
invention is a mufti-carrier CDMA transmission system in which information
symbols are duplicated and lined up in the direction of the frequency axis,
these duplicated information symbols are multiplied by a spreading code in
the direction of 15 the frequency axis, and the respective spread symbols
are transmitted by means of a plurality of sub-carriers with different
frequencies, wherein effect estimating means for estimating the effects of
the propagation path fluctuations to which the signals that are 20 actually
transmitted are subjected while these signals travel to the receiving side
from the transmitting side, weighting control means for controlling the
weighting of each sub-carrier on the basis of the effects of the
propagation path fluctuations estimated by the effect 25 estimating means
so that the signals following despreading approach the signals that are
actually 8   FP02-0183-00 transmitted, and combining means for performing
combining by multiplying the received signals of the respective
sub-carriers by the weighting for each subcarrier controlled by the
weighting control means, are 5 disposed on the receiving side. Furthermore,
the multi-carrier transmission system of the present invention is a
mufti-carrier CDMA transmission system in which information symbols are
duplicated and lined up in the direction of the 10 frequency axis, these
duplicated information symbols are multiplied by a spreading code in the
direction of the frequency axis, and the respective spread symbols are
transmitted by means of a plurality of sub-carriers with different
frequencies, wherein effect estimating 15 means for estimating the effects
of the propagation path fluctuations to which the signals that are actually
transmitted are subjected while these signals travel to the receiving side
from the transmitting side, error estimating means for estimating the error
between 20 the signals that are actually transmitted and the signals
following despreading on the basis of signals used for the estimation of
this error, weighting control means for controlling the weighting of each
sub-carrier on the basis of the effects of the 25 propagation path
fluctuations estimated by the effect estimating means and the error
estimated by the error 9   FP02-0183-00 



estimating means so that the signals following despreading approach' the
signals that are actually transmitted, and combining means for performing
combining by multiplying the received signals of the 5 respective
sub-carriers by the weighting for each subcarrier controlled by the
weighting control means, are disposed on the receiving side. Furthermore,
the mufti-carrier transmission system of the present invention is a
mufti-carrier CDMA 10 transmission system in which information symbols are
duplicated and lined up in the direction of the frequency axis, these
duplicated information symbols are multiplied by a spreading code in the
direction of the frequency axis, and the respective spread symbols 15 are
transmitted by means of a plurality of sub-carriers with different
frequencies, wherein error estimating means for estimating the error
between the signals that are actually transmitted and the signals following
despreading on the basis of signals used for the 20 estimation of this
error, weighting control means for controlling the weighting of each
sub-carrier on the basis of the error estimated by the error estimating
means so that the signals following despreading approach the signals that
are actually transmitted, and 25 combining means for performing combining
by multiplying the received signals of the respective sub-carriers by 10
FP02-0183-00 the weighting for each sub-carrier controlled by the weighting
control means, are disposed on the receiving side. Furthermore, the
multi-carrier CDMA transmission 5 system of the present invention is a
multi-carrier CDMA transmission system in which information symbols are
duplicated and lined up in the direction of the frequency axis, these
duplicated information symbols are multiplied by a spreading code in the
direction of 10 the frequency axis, and the respective spread symbols are
transmitted by means of a plurality of sub-carriers with different
frequencies, wherein combining means for performing MMSE combining by
multiplying the received signals of the respective sub-carriers by
weighting 15 controlled for each sub-carrier.so that the mean square error
between the signals following despreading and the signals that are actually
transmitted is minimized are disposed on the receiving side. Furthermore,
in the multi-carrier CDMA 20 transmission system of the present invention,
it is also desirable that the effect estimating means estimate the effects
of propagation path fluctuations using pilot signals that are used to
estimate propagation path information for each sub-carrier, or 25
information relating to the number of multiplexed information channels, or
both. 11  



FP02-0183-00 Furthermore, in the multi-carrier CDMA transmission system of
the present invention, it is also desirable that the weighting used in MMSE
combining be successively updated on the receiving side 5 by an adaptive
algorithm using at least one type of signal selected from a set consisting
of pilot signals, the number of multiplexed information channels, and pilot
signals utilized as reference signals. Furthermore, in the multi-carrier
CDMA. 10 transmission system of the present invention, it is also desirable
that the effect estimating means estimate the propagation path fluctuation
values, noise power and number of multiplexed channels as effects of
propagation path fluctuations utilizing the signals 15 following
despreading and pilot signals used to estimate propagation path information
for each subcarrier. Furthermore, in the multi-carrier CDMA transmission
system of the present invention, it is 20 also desirable that the weighting
of the abovementioned MMSE combining be successively updated by an adaptive
algorithm utilizing pilot signals that are used for successive updating of
the weighting used in MMSE combining, so that the mean square error between
the 25 signals following despreading and the signals that are actually
transmitted is minimized. 12   FP02-0183-00 Furthermore, in the
multi-carrier CDMA transmission system of the present invention, it is also
desirable that the effect estimating means estimate the propagation path
fluctuation values and 5 noise power as effects of propagation path
fluctuations, with this estimation being performed utilizing the signals
following despreading and pilot signals that are used to estimate
propagation path information for each sub-carrier, and that the effect
estimating means 



10 estimate the number of multiplexed information channels as an effect of
propagation path fluctuations, with this estimation being performed
utilizing information relating to the number of multiplexed information
channels. 15 Furthermore, in the multi-carrier CDMA transmission system of
the present invention, it is also desirable that the propagation path
fluctuation values and noise power be estimated on the receiving side using
information signals and pilot signals that 20 are used to estimate
propagation path information, that the number of information channels be
estimated using information relating to the number of multiplexed
information channels, and that the weighting for MMSE combining be
calculated using these estimated values. 25 Furthermore, in the
multi-carrier CDMA transmission system of the present invention, it is 13
FP02-0183-00 also desirable that the error estimating means estimate the
error using at least one type of signal selected from a set consisting of
pilot signals used for the successive updating of the weighting, pilot
signals 5 utilized as reference signals, pilot signals in which the amount
of fluctuation is averaged in the direction of the frequency axis, and
pilot signals in which the amount of fluctuation is averaged in the
direction of the time axis, as signals for estimating the error 10 relative
to the signals following despreading. Furthermore, in the mufti-carrier
CDMA transmission system of the present invention, it is also desirable
that the weighting used for MMSE combining be successively updated using
pilot signals 



15 in which the amount of fluctuation is averaged in the direction of the
frequency axis in cases where the weighting used for the abovementioned
MMSE combining is successively updated by means of an adaptive algorithm.
Furthermore, in the mufti-carrier CDMA 20 transmission system of the
present invention, it is also desirable that the weighting used for MMSE
combining be successively updated using pilot signals in which the amount
of fluctuation is averaged in the direction of the time axis in cases where
the weighting 25 used for the MMSE combining is successively updated by
means of an adaptive algorithm. 14   FP02-0183-00 Furthermore, in the
multi-carrier CDMA transmission system of the present invention, it is also
desirable that the weighting control means successively update the
weighting for each sub-carrier 5 by means of an adaptive algorithm so that
the signals following despreading approach the signals that are actually
transmitted. Furthermore, in the multi-carrier CDMA transmission system of
the present invention, it is it 10 is also desirable that the weighting
control means successively update the weighting for each sub-carrier by
means of an adaptive algorithm so that the signals prior to the reception
FFT treatment approach the signals that are actually transmitted. 15
Furthermore, in the multi-carrier CDMA transmission system of the present
invention, it is also desirable that the weighting of the MMSE combining be
successively updated by means of an adaptive algorithm utilizing pilot
signals that are used for the 20 successive updating of the weighting used
in MMSE combining, so that the mean square error between the signals prior
to the reception FFT treatment and the signals that are actually
transmitted is minimized. Furthermore, in the multi-carrier CDMA 25
transmission system of the present invention, it is also desirable that the
weighting control means 15   FP02-0183-00 determine the initial values of
the weighting for each sub-carrier on the basis of the effects of the
propagation path fluctuations estimated by the effect estimating means, and
that the weighting control means 



5 successively update the weighting for each sub-carrier by means of an
adaptive algorithm on the basis of the error estimated by the error
estimating means. Furthermore, in the multi-carrier CDMA transmission
system of the present invention, it is 10 also desirable that the initial
values of the weighting used for MMSE combining be determined on the basis
of propagation path information estimated from pilot signals used to
estimate propagation path information, and that the weighting be
successively updated by means 15 of an adaptive algorithm on the basis of
pilot signals used for the successive updating of the weighting.
Furthermore, in the multi-carrier CDMA transmission system of the present
invention, it, is also desirable that weighting information transmitting 20
means for transmitting, separately from the signals that are actually
transmitted, at least one type of signal selected from a set consisting of
pilot signals used to estimate propagation path information for each
sub-carrier, information relating to the number of 25 multiplexed
information channels, pilot signals utilized as reference signals, pilot
signals used for 16   FP02-0183-00 the successive updating of the
weighting, pilot signals used on the receiving side for averaging the
amount of fluctuation in the direction of the frequency axis, and pilot
signals used on the receiving side for averaging 5 the amount of
fluctuation in the direction of the time axis, be disposed on the
transmitting side. Furthermore, in the multi-carrier CDMA transmission
system of the present invention, it is also desirable that means for
transmitting, separately 10 from the information signals, at least one type
of 



signal selected from a set consisting of known pilot signals used to
estimate propagation path information for each sub-carrier, the number of
multiplexed information channels, and pilot signals utilized as 15
reference signals, be disposed on the transmitting side, and that means for
controlling by means of these signals the weighting that is used in MMSE
combining be disposed on the receiving side. The transmitting apparatus of
the present 20 invention is a transmitting apparatus in a multicarrier CDMA
transmission system in which information symbols are duplicated and lined
up in the direction of the frequency axis, these duplicated information
symbols are multiplied by a spreading code in the 25 direction of the
frequency axis, and the respective spread symbols are transmitted by means
of a plurality 17   FP02-0183-00 of sub-carriers with different
frequencies, wherein this transmitting apparatus includes weighting
information transmitting means for transmitting, separately from the
signals that are actually 5 transmitted, at least one type of signal
selected from a set consisting of pilot signals used to estimate
propagation path information for each sub-carrier, information relating to
the number of multiplexed information channels, pilot signals utilized as
10 reference signals, pilot signals used for the successive updating of the
weighting, pilot signals used on the receiving side for averaging the
amount of fluctuation in the direction of the frequency axis, and pilot
signals used on the receiving side for averaging 15 the amount of
fluctuation in the direction of the time axis Furthermore, the transmitting
apparatus of the present invention is a transmitting apparatus in a
multi-carrier CDMA transmission system in which 20 information symbols are
duplicated and lined up in the direction of the frequency axis, these
duplicated information symbols are multiplied by a spreading code in the
direction of the frequency axis, and the respective spread symbols are
transmitted by means of a 25 plurality of sub-carriers with different
frequencies, wherein, for the purpose of controlling the weighting 18
FP02-0183-00 



used for MMSE combining, this transmitting apparatus includes means for
transmitting, separately from the information signals, at least one type of
signal selected from a set consisting of known pilot signals 5 used to
estimate propagation path information for each sub-carrier, the number of
multiplexed information channels, and pilot signals utilized as reference
signals. The receiving apparatus of the present invention 10 is a receiving
apparatus in a multi-carrier CDMA transmission system in which information
symbols are duplicated and lined up in the direction of the frequency axis,
these duplicated information symbols are multiplied by a spreading code in
the direction of 15 the frequency axis, and the respective spread symbols
are transmitted by means of a plurality of sub-carriers with different
frequencies, wherein this receiving apparatus includes weighting control
means for controlling the weighting for each sub-carrier so that 20 the
signals following despreading approach the signals that are actually
transmitted, and combining means for performing combining by multiplying
the received signals for each sub-carrier by the weighting for each
sub-carrier controlled by the weighting control means. 25 Furthermore, the
receiving apparatus of the present invention is a receiving apparatus in a
multi 19   FP02-0183-00 carrier CDMA transmission system in which
information symbols are duplicated and lined up in the direction of the
frequency axis, these duplicated information symbols are multiplied by a
spreading code in the 5 direction of the frequency axis, and the respective
spread symbols are transmitted by means of a plurality of sub-carriers with
different frequencies, wherein this receiving apparatus includes effect
estimating means for estimating the effects of the propagation 10 path
fluctuations to which the signals that are actually transmitted are
subjected while these signals travel to the receiving side from the
transmitting side, weighting control means for controlling the weighting of
each sub-carrier on the basis of the effects of the 15 propagation path
fluctuations estimated by the effect estimating means so that the signals
following despreading approach the signals that are actually transmitted,
and combining means for performing combining by multiplying the received
signals of the 20 respective sub-carriers by the weighting for each
subcarrier controlled by the weighting control means. Furthermore, the
receiving apparatus of the present invention is a receiving apparatus in a
multicarrier CDMA transmission system in which information 25 symbols are
duplicated and lined up in the direction of the frequency axis, these
duplicated information 20  



FP02-0183-00 symbols are multiplied by a spreading code in the direction of
the frequency axis, and the respective spread symbols are transmitted by
means of a plurality of sub-carriers with different frequencies, wherein 5
this receiving apparatus includes effect estimating means for estimating
the effects of the propagation path fluctuations to which the signals that
are actually transmitted are subjected while these signals travel to the
receiving side from the transmitting side, 10 error estimating means for
estimating the error between the signals that are actually transmitted and
the signals following despreading on the basis of signals used for the
estimation of this error, weighting control means for controlling the
weighting of each 15 sub-carrier on the basis of the effects of the
propagation path fluctuations estimated by the effect estimating means and
the error estimated by the error estimating means so that the signals
following despreading approach the signals that are actually 20
transmitted, and combining means for performing combining by multiplying
the received signals of the respective sub-carriers by the weighting for
each subcarrier controlled by the weighting control means. Furthermore, the
receiving apparatus of the 25 present invention is a receiving apparatus in
a multicarrier CDMA transmission system in which information 21
FP02-0183-00 symbols are duplicated and lined up in the direction of the
frequency axis, these duplicated information symbols are multiplied by a
spreading code in the direction of the frequency axis, and the respective 5
spread symbols are transmitted by means of a plurality of sub-carriers with
different frequencies, wherein this receiving apparatus includes error
estimating means for estimating the error between the signals that are
actually transmitted and the signals following 10 despreading on the basis
of signals used for the estimation of this error, weighting control means
for controlling the weighting of each sub-carrier on the basis of the error
estimated by the error estimating means so that the signals following
despreading 15 approach the signals that are actually transmitted, and
combining means for performing combining by multiplying the received
signals of the respective sub-carriers by the weighting for each
sub-carrier controlled by the weighting control means. 20 Furthermore, the
receiving apparatus of the present invention is a receiving apparatus in a
multicarrier CDMA transmission system in which information symbols are
duplicated and lined up in the direction of the frequency axis, these
duplicated information 25 symbols are multiplied by a spreading code in the
direction of the frequency axis, and the respective 22 



FP02-0183-00 spread symbols are transmitted by means of a plurality of
sub-carriers with different frequencies, wherein this receiving apparatus
includes combining means for performing MMSE combining by multiplying the
received 5 signals of the respective sub-carriers by weighting controlled
for each sub-carrier so that the mean square error between the signals
following despreading and the signals that are actually transmitted is
minimized. Furthermore, in the receiving apparatus of the 10 present
invention, it is also desirable that the effect estimating means estimate
the effects of propagation path fluctuations using pilot signals that are
used to estimate propagation path information for each subcarrier, or
information relating to the number of 15 multiplexed information channels,
or both. Furthermore, in the receiving apparatus of the present invention,
it is also desirable that the effect estimating means estimate the
propagation path fluctuation values, noise power and number of 20
multiplexed channels as the effects of propagation path fluctuations
utilizing the signals following despreading and pilot signals that are used
to estimate propagation path information for each sub-carrier. Furthermore,
in the receiving apparatus of the 25 present invention, it is also
desirable that the propagation path fluctuation values, noise power and 23
FP02-0183-00 number of multiplexed information channels be estimated
utilizing information signals and pilot signals that are used to estimate
propagation path information, and that the weighting used for the
abovementioned MMSE 5 combining be calculated using these estimated values.
Furthermore, in the receiving apparatus of the present invention, it is
also desirable that the effect estimating means estimate the propagation
path fluctuation values and noise power as effects of 10 propagation path
fluctuations, with this estimation being performed utilizing the signals
following despreading and pilot signals used to estimate propagation path
information for each sub-carrier, and that the effect estimating means
estimate the number of 15 multiplexed information channels as an effect of
propagation path fluctuations, with this estimation being performed
utilizing information relating to the number of multiplexed information
channels. Furthermore, in the receiving apparatus of the 20 present
invention, it is also desirable that the propagation path fluctuation
values and noise power be estimated using information signals and pilot
signals that are used to estimate propagation path information, that the
number of information channels be estimated 25 using information relating
to the number of multiplexed information channels, and that the weighting
for MMSE 



24   FP02-0183-00 combining be calculated using these estimated values.
Furthermore, in the receiving apparatus of the present invention, it is
also desirable that the error estimating means estimate the error using at
least one 5 type of signal selected from a set consisting of pilot signals
used for the successive updating of the weighting, pilot signals utilized
as reference signals, pilot signals in which the amount of fluctuation is
averaged in the direction of the frequency axis, and 10 pilot signals in
which the amount of fluctuation is averaged in the direction of the time
axis, as signals for estimating the error relative to the signals following
despreading. Furthermore, in the receiving apparatus of the 15 present
invention, it is also desirable that the weighting of the abovementioned
MMSE combining be successively updated by an adaptive algorithm utilizing
pilot signals that are used for successive updating of the weighting used
in MMSE combining, so that the mean 20 square error between the signals
following despreading and the signals that are actually transmitted is
minimized. Furthermore, in the receiving apparatus of the present
invention, it is also desirable that the 25 weighting used for MMSE
combining be successively updated using pilot signals in which the amount
of 25   FP02-0183-00 fluctuation is averaged in the direction of the
frequency axis in cases where the weighting used for the MMSE combining is
successively updated by means of an adaptive algorithm. 5 Furthermore, in
the receiving apparatus of the present invention, it is also desirable that
the weighting used for MMSE combining be successively updated using pilot
signals in which the amount of fluctuation is averaged in the direction of
the time 10 axis in cases where the weighting used for the MMSE combining
is successively updated by means of an adaptive algorithm. 



Furthermore, in the receiving apparatus of the present invention, it is
also desirable that the 15 weighting control means successively update the
weighting for each sub-carrier by means of an adaptive algorithm so that
the signals following despreading approach the signals that are actually
transmitted. Furthermore, in the receiving apparatus of the 20 present
invention, it is also desirable that the weighting control means
successively update the weighting for each sub-carrier by means of an
adaptive algorithm so that the signals prior to the reception FFT treatment
approach the signals that are actually 25 transmitted. Furthermore, in the
receiving apparatus of the 26   FP02-0183-00 present invention, it is also
desirable that the weighting of the MMSE combining be successively updated
by means of an adaptive algorithm utilizing pilot signals that are used for
the successive updating of 5 the weighting used in MMSE combining, so that
the mean square error between the signals prior to the reception FFT
treatment and the signals that are actually transmitted is minimized.
Furthermore, in the receiving apparatus of the 10 present invention, it is
also desirable that the weighting control means determine the initial
values of the weighting for each sub-carrier on the basis of the effects of
the propagation path fluctuations estimated by the effect estimating means,
and that the weighting 15 control means successively update the weighting
for each sub-carrier by means of an adaptive algorithm on the basis of the
error estimated by the error estimating means. Furthermore, in the
receiving apparatus of the 20 present invention, it is also desirable that
the initial values of the weighting used for MMSE combining be determined
on the basis of propagation path information estimated from pilot signals
used to estimate propagation path information, and that the 25 weighting be
successively updated by means of an adaptive algorithm on the basis of
pilot signals used 27   FP02-0183-00 



for the successive updating of the weighting. The mufti-channel CDMA
transmission method of the present invention is a mufti-channel CDMA
transmission method in which information symbols are duplicated and 5 lined
up in the direction of the frequency axis, these duplicated information
symbols are multiplied by a spreading code in the direction of the
frequency axis, and the respective spread symbols are transmitted by means
of a plurality of sub-carriers with different 10 frequencies, wherein this
method comprises a step in which weighting control means on the receiving
side control the weighting for each sub-carrier so that the signals
following despreading approach the signals that are actually transmitted,
and a step in which combining 15 means on the receiving side perform
combining by multiplying the received signals of each sub-carrier by the
weighting for each sub-carrier controlled by the weighting control means.
Furthermore, the mufti-channel CDMA transmission 20 method of the present
invention is a mufti-channel CDMA transmission method in which information
symbols are duplicated and lined up in the direction of the frequency axis,
these duplicated information symbols are multiplied by a spreading code in
the direction of 25 the frequency axis, and the respective spread symbols
are transmitted by means of a plurality of sub-carriers 28 



FP02-0183-00 with different frequencies, wherein this method comprises a
step in which effect estimating means on the receiving side estimate the
effects of the propagation path fluctuations to which the signals that 5
are actually transmitted are subjected while these signals travel to the
receiving side from the transmitting side, a step in which weighting
control means on the receiving side control the weighting for each
sub-carrier on the basis of the effects of the 10 propagation path
fluctuations estimated by the effect estimating means so that the signals
following despreading approach the signals that are actually transmitted,
and a step in which combining means on the receiving side perform combining
by multiplying the 15 received signals of each sub-carrier by the weighting
for each sub-carrier controlled by the weighting control means.
Furthermore, the multi-channel CDMA transmission method of the present
invention is a multi-channel CDMA 20 transmission method in which
information symbols are duplicated and lined up in the direction of the
frequency axis, these duplicated information symbols are multiplied by a
spreading code in the direction of the frequency axis, and the respective
spread symbols 25 are transmitted by means of a plurality of sub-carriers
with different frequencies, wherein this method 29   FP02-0183-00 comprises
a step in which effect estimating means on the receiving side estimate the
effects of the propagation path fluctuations to which the signals that are
actually transmitted are subjected while these 5 signals travel to the
receiving side from the transmitting side, a step in which error estimating
means on the receiving side estimate the error between the signals that are
actually transmitted and the signals following despreading on the basis of
signals 10 used for the estimation of this error, a step in which weighting
control means on the receiving side control the weighting for each
sub-carrier on the basis of the effects of the propagation path estimated
by the effect estimating means and the error estimated by the error 15
estimating means so that the signals following despreading approach the
signals that are actually transmitted, and a step in which combining means
on the receiving side perform combining by multiplying the received signals
of each sub-carrier by the weighting 20 for each sub-carrier controlled by
the weighting 



control means. Furthermore, the multi-channel CDMA. transmission method of
the present invention is a multi-channel CDMA transmission method in which
information symbols are 25 duplicated and lined up in the direction of the
frequency axis, these duplicated information symbols 30   FP02-0183-00 are
multiplied by a spreading code in the direction of the frequency axis, and
the respective spread symbols are transmitted by means of a plurality of
sub-carriers with different frequencies, wherein this method 5 comprises a
step in which error estimating means on the receiving side estimate the
error between the signals that are actually transmitted and the signals
following despreading on the basis of signals used for the estimation of
this error, a step in which weighting 10 control means on the receiving
side control the weighting for each sub-carrier on the basis of the error
estimated by the error estimating means so that the signals following
despreading approach the signals that are actually transmitted, and a step
in which 15 combining means on the receiving side perform combining by
multiplying the received signals of each sub-carrier by the weighting for
each sub-carrier controlled by the weighting control means. Furthermore, in
the multi-channel CDMA 20 transmission method of the present invention, it
is also desirable that the effect estimating means estimate the effects of
propagation path fluctuations using pilot signals that are used to estimate
propagation path information for each sub-carrier, or 25 information
relating to the number of multiplexed information channels, or both, in the
step in which the 32   FP02-0183-00 abovementioned effects are estimated.
Furthermore, in the multi-channel CDMA transmission method of the present
invention, it is also desirable that the effect estimating means 5 estimate
the propagation path fluctuation values, noise power and number of
multiplexed channels as effects of propagation path fluctuations utilizing
the signals following despreading and pilot signals used to estimate
propagation path information for each sub 



10 carrier in the step in which the effects are estimated. Furthermore, in
the multi-channel CDMA transmission method of the present invention, it is
also desirable that the effect estimating means estimate the propagation
path fluctuation values and 15 noise power as effects of propagation path
fluctuations, with this estimation being performed utilizing the signals
following despreading and pilot signals that are used to estimate
propagation path information for each sub-carrier, and that the effect
estimating means 20 estimate the number of multiplexed information channels
as an effect of propagation path fluctuations, with this estimation being
performed utilizing information relating to the number of multiplexed
information channels, in the step in which the abovementioned 25 effects
are estimated. Furthermore, in the multi-channel CDMA 32   FP02-0183-00
transmission method of the present invention, it is also desirable that the
error estimating means estimate the error using at least one type of signal
selected from a set consisting of pilot signals used for the 5 successive
updating of the weighting, pilot signals utilized as reference signals,
pilot signals in which the amount of fluctuation is averaged in the
direction of. the frequency axis, and pilot signals in which the amount of
fluctuation is averaged in the direction of 10 the time axis, as signals
for estimating the error relative to the signals following despreading in
the step in which the error is estimated. Furthermore, in the multi-channel
CDMA transmission method of the present invention, it is 25 also desirable
that the weighting control means successively update the weighting for each
sub-carrier by means of an adaptive algorithm in the step in which the
weighting is controlled, so that that the signals following despreading
approach the signals that are 20 actually transmitted. Furthermore, in the
multi-channel CDMA transmission method of the present invention, it is also
desirable that the weighting control means successively update the
weighting for each sub-carrier 25 by means of an adaptive algorithm in the
step in which the weighting is controlled, so that that the signals 33   



FP02-0183-00 prior to the reception FFT treatment approach the signals that
are actually transmitted. Furthermore, in the multi-channel CDMA
transmission method of the present invention, it is 5 also desirable that
the weighting control means determine the initial values of the weighting
for each sub-carrier on the basis of the effects of the propagation path
fluctuations estimated by the effect estimating means, and that the
weighting control means 10 successively update the weighting for each
sub-carrier by means of an adaptive algorithm on the basis of the error
estimated by the error estimating means, in the step in which the weighting
is controlled. Furthermore, in the multi-channel CDMA 15 transmission
method of the present invention, it is also desirable that the method
include a step in which the weighting information transmitting means on the
transmitting side transmits, separately from the signals that are actually
transmitted, at least one 20 type of signal selected from a set consisting
of pilot signals used to estimate propagation path information for each
sub-carrier, information relating to the number of multiplexed information
channels, pilot signals utilized as reference signals, pilot signals 25
used for the successive updating of the weighting, pilot signals used on
the receiving side for averaging 34   FP02-0183-00 the amount of
fluctuation in the direction of the frequency axis, and pilot signals used
on the receiving side for averaging the amount of fluctuation in the
direction of the time axis. 5 In short, in the present invention, a
plurality of information channels can be multiplexed and transmitted by
performing MMSE combining in which the received signals of the respective
sub-carriers are multiplied by a weighting controlled for each sub 10
carrier so that the mean square error between the signals following
despreading and the signals that are actually transmitted is minimized.
Accordingly, in cases where the information channels are multiplexed by
multiplying the channels by mutually orthogonal 15 spreading codes in the
frequency direction, the effects of the interference that is generated
between the multiplexed information channels as a result of the
orthogonality between the spreading codes being destroyed by the effects of
the propagation path can be 20 reduced. In the present invention, as was
described above, the weights by which the received signals of the
respective sub-carriers are multiplied can be controlled to appropriate
values in accordance with 25 propagation path fluctuations so that the mean
square error between the signals following despreading and the 35 



FP02-0183-00 signals that are actually transmitted is minimized in a
multi-carrier CDMA transmission method. Accordingly, the destruction of the
orthogonality between the spreading codes can be compensated for while the
noise 5 amplitude following weighting multiplication is suppressed, so that
an effect hat improves the signal transmission characteristics is obtained.
The present invention will become more fully understood from the detailed
description given 10 hereinbelow and the accompanying drawings which are
given by way of illustration only, and thus are not to be considered as
limiting the present invention. Further scope of applicability of the
present invention will become apparent from the detailed 15 description
given hereinafter. However, it should be understood that the detailed
description and specific examples, while indicating preferred embodiments
of the invention, are given by way of illustration only, since various
changes and modifications within the spirit and 20 scope of the invention
will become apparent to those skilled in the art from this detailed
description. Brief Description of Drawings Fig. 1 is a diagram which shows
an example of the construction of the transmitting apparatus of a multi 



25 carrier CDMA transmission system constructed according to an embodiment
of the present invention; 36   FP02-0183-00 Fig. 2 is a diagram which shows
an example of the construction of the receiving apparatus of a multicarrier
CDMA transmission system constructed according to an embodiment of the
present invention; 5 Fig. 3 is a block diagram which shows a construction
used to estimate propagation path fluctuation values or the like in the
transmitting apparatus; Fig. 4 is a diagram which shows one example of 10
the transmission format of pilot signals used to estimate propagation path
fluctuation values or the like; Fig. 5 is a block diagram which shows a
construction used to estimate propagation path 15 fluctuation values or the
like in the transmitting apparatus; Fig. 6 is a diagram which shows one
example of the transmission format of pilot signals used to estimate
propagation path fluctuation values or the 20 like; Fig. 7 is a block
diagram which shows a construction used to estimate propagation path
fluctuation values or the like in the transmitting apparatus; 25 Fig. 8 is
a diagram which shows one example of the transmission format of pilot
signals used to 37  



FP02-0183-00 estimate propagation path fluctuation values or the like; Fig.
9 is a block diagram which shows a construction used to indicate the number
of multiplexed 5 information channels in the transmitting apparatus; Fig.
10 is a block diagram which shows a construction used for successive
updating of the weighting in the transmitting apparatus; Fig. 11 is a
diagram which shows one example of 10 the transmission format of pilot
signals used to update the weighting; Fig. 12 is a block diagram which
shows a construction used in a case where pilot signals used to estimate
propagation path fluctuation values or the 15 like and pilot signals used
to update the weighting are simultaneously transmitted in the transmitting
apparatus; Fig. 13 is a diagram which shows one example of the transmission
format used in a case where pilot 20 signals used to estimate propagation
path fluctuation values or the like and pilot signals used to update the
weighting are simultaneously transmitted; Fig. 14 is a block diagram which
shows a construction used to calculate the weighting from the 25 estimated
values of the propagation path fluctuation values or the like in the
receiving apparatus; 38   FP02-0183-00 Fig. 15 is a block diagram which
shows a construction used for successive updating of the weighting in the
receiving apparatus; Fig. 16 is a block diagram which shows a 5
construction used for successive updating of the weighting utilizing
signals prior to the reception FFT treatment in the receiving apparatus;
Fig. 17 is a block diagram which shows a construction used to control the
weighting using pilot 10 signals used to estimate propagation path
fluctuation 



values or the like and pilot signals used for updating of the weighting in
the receiving part; Fig. 18 is a block diagram which shows a construction
used to control the weighting using pilot 15 signals that are averaged in
the frequency direction; Fig. 19 is a block diagram which shows a
construction used to control the weighting using pilot signals that are
averaged in the time direction; Fig. 20a is a diagram which shows the
conditions 20 of despreading of the multi-carrier CDMA received signals;
Fig. 20b is a diagram which shows the conditions of despreading of the
multi-carrier CDMA received signals; 25 Fig. 21a is a diagram which shows
the conditions of weighting in sub-carrier combining; 39   FP02-0l83-00
Fig. 21b is a diagram which shows the conditions of weighting in
sub-carrier combining; Fig. 21c is a diagram which shows the conditions of
weighting in sub-carrier combining; 5 Fig. 21d is a diagram which shows the
conditions of weighting in sub-carrier combining; Fig. 22 is a diagram
which shows a mufti-channel CDMA transmission method according to an
embodiment of the present invention; 10 Fig. 23 is a diagram which shows a
mufti-channel 



CDMA transmission method according to an embodiment of the present
invention; and Fig. 24 is a diagram which shows a mufti-channel CDMA
transmission method according to an embodiment of 15 the present invention.
Best Mode for Carrying Out the Invention Next, embodiments of the present
invention will be described with reference to the attached figures.
Furthermore, in the respective figures referred to in 20 the following
description, parts that are the same as parts in other figures are labeled
with the same symbols. In the embodiments of the present invention, for
example, the methods of ORC (orthogonality restoring 25 combining), MRC
(maximum ratio combining), EGC (equal gain combining) and MMSEC (minimum
mean square error 40   FP02-0183-00 combining) in "Design and Performance
of Multicarrier CDMA System in Frequency-Selective Rayleigh Fading
Channels" (S. Hara et al., IEEE Transactions on Vehicular Technology, pp.
1584-1595, Vol. 48, No. 5, 



5 September 1999 (hereafter referred to as "Reference A") are indicated as
control methods for the weighting by which the received signals of the
respective subcarriers are multiplied. In past studies, e. g., in Reference
A mentioned 10 above, it has been considered that values such as the
propagation path fluctuation values of the respective sub-carriers, the
noise power, the number of multiplexed information channels and the like
are known on the receiving side. Furthermore, in the paper 15 titled "On
the Performance of Different Detection Techniques for OFDM-CDMA in Fading
Channels" (Stefan Kaiser, 1995 IEEE Global Telecommunications Conference),
standard optimal values obtained by replacing the number of channels with
the maximum number of channels 20 that can be multiplexed or the like are
used. Accordingly, there has been no investigation of methods for
calculating an optimal weighting by actually estimating these values.
Furthermore, another method far controlling the 25 weighting in MMSEC is
(for example) a method in which the weighting is successively updated by
means of an 41   FP02-0183-00 adaptive algorithm such as LMS (least mean
square), RLS (recursive least squares) or the like, so that the weighting
has an optimal value. For example, this is described in "Orthogonal
multicarrier techniques 5 applied to direct sequence CDMA systems" (A.
Chouly et al., 1993 IEEE Global Telecommunications Conference) (hereafter
referred to as "Reference B"). In past studies, e. g., in the Reference B,
investigations have been performed assuming conditions 10 that allow pilot
signals with a length sufficient for the updating of the weighting to be
obtained on the receiving side. There has been no investigation of methods
in which updating is efficiently performed by multiplexing and transmitting
pilot signals with 15 information signals and separating these signals on
the receiving side in cases where the signals are not continuous and
communication is completed in a short time so that pilot signals sufficient
for, the updating of the weighting cannot be obtained, as in (for 20
example) packet transmission. Furthermore, references disclosing other
combining techniques include "Overview of Multicarrier CDMA" (S. Hara and
R. Prasad, December 1997 IEEE Communications Magazine, pp. 126-133); here,
in 25 addition to ORC, EGC, MRC and MMSEC, CE (controlled equalization),
MLSE and techniques that combine 42   



FP02-0183-00 respective combining methods are described. Furthermore,
references that disclose adaptive algorithm techniques include "Adaptive
Filter Theory, Third Edition" (S. Haykin, 1996, PRENTICE HALL); here, 5 in
addition to typical adaptive algorithms (LMS, RLS), steepest descent
algorithms, least squares algorithms and the like are also described. The
combining methods and adaptive algorithms described in the references can
be appropriately used 10 in the present embodiments. Fig. 1 is a block
diagram which shows one embodiment of the transmitting apparatus in the
multicarrier CDMA transmission system of the present invention. As is shown
in this figure, the following 15 transmitting apparatus is installed for
each of the following types of signals: i. e., signals of information
channels #1 through #n, which are the signals that are to be transmitted,
pilot signals used for updating of the weighting, and pilot signals used 20
to estimate propagation path fluctuation values or the like. Specifically,
the transmitting apparatus is constructed so that this apparatus includes
an information symbol generating part 1-1, an error correction encoding
part 1-2, a data modulating part 1 25 3, a series-parallel conversion part
I-4, symbol duplicating parts I-7, a spread signal generating part 43
FP02-0183-00 1-8, an insertion part 1-5A for pilot signals used to estimate
propagation path fluctuation values or the like, an insertion part 1-6 for
pilot signals used to update the weighting, multipliers 1-9, and a
combining 5 part 1-10 for signals within the respective information
channels. Furthermore, a combining part 1-11 for the respective information
channels and pilot signals, a frequency-time conversions part (IFFT) 1-12
and a guard interval insertion part 1-13 are installed in common 10 for the
signals of the information channels #1 through #n, the pilot signals used
to update the weighting, and the pilot signals used to estimate propagation
path fluctuation values or the like. Moreover, the output 



of the guard interval insertion part 1-13 constitutes 15 the transmitted
signal. In such a construction, information symbols that are generated by
the information symbol generating part 1-1 corresponding to the respective
information channels are subjected to a certain specified error 20
correction encoding such as (for example) turbo encoding in the error
correction encoding part 1-2 in order to allow error correction decoding on
the side of the receiving apparatus. Furthermore, in the data modulating
part 1-3, a specified data modulation such 25 as (for example) QPSK
(quadrature phase shift keying) modulation is performed. the information
symbol 44   FP02-0l83-00 sequences in which the data has been modulated are
subjected to a series-parallel conversion in the series-parallel conversion
part 1-4 in order to transmit a plurality of symbols simultaneously. The 5
respective symbols that have been subjected to this series-parallel
conversion are duplicated a number of times that is equal to the spreading
period of the spreading code in a plurality of symbol duplicating parts
1-7. The respective duplicated symbols are 10 multiplied by spread signals
corresponding to the respective information channels in the multipliers
1-9. These spread signals are generated in the spread signal generating
part 1-8. After the signals of the respective information channels have
been multiplexed, 15 the signals are converted by the frequency-time
conversion part (IFFT) to produce mufti-carrier CDMA signals, and the
spread parallel-sequence signals are transmitted by the respective
sub-carrier frequencies. In the mufti-carrier CDMA signals that are 20
actually transmitted, guard intervals are inserted for each symbol in order
to reduce the effects of interference between symbols in signals that
arrive on the side of the receiving apparatus after being delayed by the
effects of mufti-path propagation. 25 In the transmitting apparatus of such
a multicarrier CDMA transmission method, as one embodiment in 45   



FP02-0183-00 the present invention, a construction in which pilot signals
used to estimate propagation path fluctuation values or the like are
inserted into the information signals is shown in Fig. 1 as the
construction that is 5 necessary in order to estimate the propagation path
fluctuation values or the like that are utilized to calculate the weighting
for each sub-carrier. The pilot signals used to estimate propagation path
fluctuation values or the like are signals in which the 10 amplitude,
phase, pattern and the like are known on the side of the receiving
apparatus. Using these signals, the receiving apparatus can estimate the
values of the propagation path fluctuations or the like to which the
transmitted signals are subjected on the propagation 15 path. Furthermore,
the pilot signals used to estimate propagation path fluctuation values or
the like may have a construction in which individual pilot signals are
inserted into each information channel, or may have a construction in which
a common pilot signal is 20 inserted into a11 of the information channels.
This embodiment will be described in greater detail later. Furthermore, in
Fig. 1, as one example of an embodiment in the present invention, a
construction in which pilot signals used to update the weighting are 25
inserted into the information signals is indicated as the construction that
is necessary in order to perform 46   FP02-0183-00 successive updating of
the weighting by means of an adaptive algorithm. The pilot signals used to
update the weighting are signals in which the amplitude, phase, pattern and
the like are known on the side of the 5 receiving apparatus. Using these
signals, the receiving apparatus can estimate the error between the signals
following despreading and the signals that are actually transmitted, and
can successively update the weighting for each sub-carrier by means of an
adaptive 10 algorithm. Furthermore, the pilot signals used to update the
weighting may have a construction in which individual pilot signals are
inserted into each information channel, or a construction in which a common
pilot signal is inserted into a11 of the 15 information channels. This
embodiment will be described in greater detail later. One example of the
construction of the receiving apparatus in an embodiment of the
multi-carrier CDMA transmission system of the present invention is shown 20
in Fig. 2. In Fig. 2, the receiving apparatus is constructed so that this
apparatus includes a symbol timing synchronizing part 2-l, a guard interval
removal part 2-2, a time-frequency conversion part (FFT) 2-3, a 25 spread
signal generating part 2-4, multipliers 2-5, a part for estimating
propagation path fluctuation values 47 



FP02-0183-00 or the like (effect estimating means) 2-6, an error estimating
part (error estimating means) 2-7, a part for controlling the weighting of
each sub-carrier (weighting control means) 2-8, multipliers 2-9, a 5 symbol
combining part 2-10, a parallel-series conversion part 2-11, a data
demodulating part 2-12, an error correction decoding part 2-13, and an
information symbol restoring part 2-14. On the side of the receiving
apparatus 10 constructed as described above, after the synchronization of
the symbol timing has been established by the symbol timing synchronizing
part 2-1, the guard intervals are removed by the guard interval removal
part 2-2, and the signals are separated into 15 respective sub-carrier
frequency components by the time-frequency conversion part 2-3. Then, in
the same manner as in the abovementioned transmitting apparatus, spread
signals corresponding to the respective information channels are multiplied
by the multipliers 20 2-5 on the frequency axis. These spread signals are
generated by the spread signal generating part 2-4. Furthermore, a
weighting which is controlled so that the mean square error between the
signals following despreading and the signal that are actually 25
transmitted is minimized is multiplied by the multipliers 2-9, and
combining is performed across the 48   FP02-0183-00 spreading period in the
symbol combining part 2-10, so that the signals prior to spreading are
restored. The restored signals are subjected to parallel-series conversion
by the parallel-series conversion part 2-11, 5 and are then subjected to
data demodulation by the data demodulating part 2-12 and error correction
decoding by the error correction decoding part 2-13, and the transmitted
information signals are restored in. the information symbol restoring part
2-14. 10 Furthermore, the output of the part 2-6 for estimating the
propagation path fluctuation values or the like and the output of the error
estimating part 27 are switched by the weighting control part 2-8 for each
sub-carrier, thus producing the weighting that is 15 multiplied in the
multipliers 2-9. Furthermore, as an example of one embodiment of the
present invention, a construction in which the weighting for each
sub-carrier is calculated in the weighting control part using the
propagation path 20 fluctuation values or the like estimated by the part
used to estimate propagation path fluctuation values or the like, and a
construction in which the error between the signals following despreading
and the signals that are actually transmitted is estimated in the error 25
estimating part, and the weighting is successively updated by means of an
adaptive algorithm in the 



49   FP02-0183-00 weighting control part, are shown in Fig. 2. As one
example of an embodiment in the present invention, a portion of a
construction in which pilot signals used to estimate information such as
the 5 propagation path fluctuation values or the like for each sub-carrier
are transmitted separately from the information signals in order to control
the weighting used in MMSE combining utilizing information such. as the
estimated values of the propagation path 10 fluctuation or the like is
shown in Fig. 3. In this figure, the transmitting apparatus is constructed
so that this apparatus includes an information signal generating part 1-lA,
a seriesparallel conversion part 1-4, symbol duplicating parts 15 1-7, a
spread signal generating part 1-8, an insertion part 1-5A for pilot signals
used to estimate propagation path fluctuation values or the like, an
insertion part 1-6 for pilot signals used to update the weighting,
multipliers 1-9, a frequency-time conversion 20 part (IFFT) 1-12, and a
guard interval insertion part 1-13. Furthermore, the transmitting apparatus
is constructed so that this apparatus includes a part 1-5B that generates
pilot signals used to estimate propagation path fluctuation values or the
like, and a 25 switching device 1-14 which is used to switch between the
output of the information signal generating part 1 50   FP02-0183-00 lA and
the output of the part 1-5B that generates pilot signals used to estimate
propagation path fluctuation values or the like, in order to input these
outputs into the series-parallel conversion part 1-4. 5 In this embodiment,
the data-modulated information signals and pilot signals are converted into
multi-carrier CDMA signals by the same procedure, i. e., by series-parallel
conversion by the seriesparallel conversion part 1-4, duplication in the 10
direction of the frequency axis by the symbol duplicating parts 1-7,
multiplication of the spread signals in the direction of the frequency axis
by the multipliers 1-9 and the like, and frequency-time conversion by the
frequency-time conversion part 1-12. 



15 Furthermore, the pilot signals may be transmitted in a different signal
format from that of the information signals. As is shown in Fig. 4, the
transmitted signals have a construction in which an information signal 20
section 40 and pilot signal sections 401A and 41B are multiplexed in terms
of time. However, as is shown in Figs. 5 and 6, a code-multiplexing
construction in which the information signals and pilot signals are spread
by means of different spreading codes and 25 multiplexed may also be used.
Specifically, in Fig. 5, the transmitting apparatus is constructed so that
this 51   FP02-0183-00 apparatus includes an information signal generating
part 1-lA, a series-parallel conversion part 1-4, symbol duplicating parts
1-7, a spreading code generating part 1-8 and multipliers 1-9. Furthermore,
5 a combining part 1-11 far the respective information channels and pilot
signals, a frequency-time conversion part (IFFT) 1-12 and a guard interval
insertion part 113 are installed in common for the signals of the
information channels #1 through #n, the pilot signals 10 used to update the
weighting, and the pilot signals used to estimate propagation path
fluctuation values or the like. Moreover, the output of the guard interval
insertion part 1-13 constitutes the transmitted signals. In such a
construction, the information signals 40 and 15 pilot signals 41 are spread
by means of different spreading codes and code-multiplexed as shown in Fig.
6. Furthermore, a frequency-multiplexing construction in which the
pilot-signals are multiplexed with a certain specified sub-carrier
frequency may also 20 be used as shown in Figs. 7 and 8. Specifically, in
Fig. 7, the transmitting apparatus is constructed so that this apparatus
includes an information signal generating part 1-lA, a series-parallel
conversion part 1-4, symbol duplicating parts 1-7, a spread signal 25
generating part 1-8, multipliers 1-9, a frequency-time conversion part
(IFFT) 1-12 and a guard interval 52   FP02-0183-00 insertion part 1-13. The
output of the part 1-5B that generates pilot signals used to estimate
propagation path fluctuation values or the like is multiplexed n the
frequency-time conversion part 1-12. In such a 



5 construction, the pilot signals 41 are multiplexed with a certain
specified sub-carrier frequency among the information signals 40 as shown
in Fig. 8. Furthermore, in the respective examples described above, the
pilot signals may be constructed as common 10 pilot signals that are
multiplied by a common spreading code in a11 of the information channels,
or may be constructed as individual pilot signals that are multiplied by
individual spreading codes for each information channel. 15 As one example
of an embodiment in the present invention, a portion of the construction of
a transmitting apparatus in which information relating to the number of
multiplexed information channels is sent ,_ from the transmitting side to
the receiving side 20 separately from the information signals in order to
control the weighting used in MMSE combining by utilizing information such
as the estimated values of the propagation path fluctuation or the like is
shown in Fig. 9. 25 In this figure, the transmitting apparatus is
constructed so that this apparatus includes an 53   FP02-0183-00
information signal generating part 1-lA, a seriesparallel conversion part
1-4, symbol duplicating parts 1-7, a spread signal generating part 1-8,
multipliers 1-9, a frequency-time conversion part (IFFT) 1-12 and 5 guard
interval insertion part 1-13. Furthermore, the output of the part 1-1B that
generates information relating to the number of multiplexed information
channels and the output of the part 1-1C that generates other information
are input into the information signal 10 generating part 1-1A. The output
of the information signal generating part 1-lA and the output of the part
1-5B that generates signals used to estimate the propagation path
fluctuation values or the like are switched by the switching device 1-14
and input into 15 the series-parallel conversion part 1-4. In this
embodiment, information relating to the number of multiplexed channels is
inserted into the information signals and subjected to data modulation. The
information relating to the number of multiplexed 20 information channels
is converted into multi-carrier CDMA signals by the same procedure as that
used for the information signals, i. e., by series-parallel conversion,
duplication in the direction of the frequency axis, multiplication of
spread signals in the 25 direction of the frequency axis, and
frequency-time conversion. Furthermore, information relating to the 54  



FP02-0183-00 number of multiplexed information channels may also be sent to
the receiving side by a separate transmission system. As one example of an
embodiment in the present 5 invention, a portion of the construction that
is used in the transmitting apparatus when pilot signals that are utilized
as reference signals are transmitted separately from the information
signals used for successive updating of the weighting by means of an 10
adaptive algorithm is shown in Fig. 10. In this figure, the transmitting
apparatus is constructed so that this apparatus includes an information
signal generating part 1-lA, a seriesparallel conversion part 1-4, symbol
duplicating parts 15 1-7, a spread signal generating part 1-8 and
multipliers 1-9. Furthermore, a combining part 1-11 for the respective
information channels and pilot signals, a frequency-time conversion part
(IFFT) 1-12 and a guard interval insertion part 1-13 are installed 20 in
common for the signals of the information channels #1 through #n and the
pilot signals used to update the weighting. Moreover, the output of the
guard interval insertion part 1-13 constitutes the transmitted signals. In
this embodiment, the pilot signals that are 25 used to update the weighting
are converted into multicarrier CDMA signals by the same procedure as that
used 55   FP02-0183-00 for the information signals, i. e., i. e., by
seriesparallel conversion by the series-parallel conversion part 1-4,
duplication in the direction of the frequency axis by the symbol
duplicating parts 1-7, 5 multiplication of the spread signals in the
direction of the frequency axis by the multipliers 1-9 and the like, and
frequency-time conversion by the frequencytime conversion part 1-12.
Furthermore, the pilot signals may be transmitted in a different signal
format 10 from that of the information signals. As is shown in Fig. 11, the
transmitted signals have a construction in which the information signals 40
and pilot signals 42 are spread and code-multiplexed by different spreading
codes. However, as in the 15 construction shown in Figs. 3 and 4, a
construction may also be used in which the information signals and the
pilot signals used to update the weighting are multiplexed in terms of
time. Alternatively, as in the construction shown in Figs. 7 and 8, a
construction may 



20 also be used in which the signals are frequencymultiplexed. As one
example of an embodiment in the present invention, a portion of the
construction that is used in the transmitting apparatus when various types
of 25 pilot signals are simultaneously transmitted separately from the
information signals in order to control the 56   FP02-0183-00 weighting
used in MMSE combining is shown in Fig. 12. In this figure, the
transmitting apparatus is constructed so that this apparatus includes an
information signal generating part 1-1A, a series5 parallel conversion part
1-4, symbol duplicating parts 1-7, a spread signal generating part 1-8 and
multipliers 1-9. Furthermore, a combining part 1-11 for the respective
information channels and pilot signals, a frequency-time conversion part
(IFFT) 1-12 10 and a guard interval insertion part 1-13 are installed in
common for the signals of the information channels #1 through #n and the
pilot signals used to update the weighting. Furthermore, the output of the
guard interval insertion part 1-13 constitutes the 15 transmitted signals.
The output of the part 1-1B that generates information relating to the
number of multiplexed information channels and the output of the part 1-1C
that generates other information are input into the information signal
generating part 1-lA. The 20 output of the information signal generating
part 1-lA and the output of the part 1-5B that generates signals used to
estimate the propagation path fluctuation values or the like are switched
by the switching device 1-14 and input into the series-parallel conversion
part 25 1-4. In this embodiment, as is shown in Fig. 13, the 57
FP02-0l83-00 pilot signals 41A and 41B that are used to estimate the
propagation path fluctuation values or the like and the information signals
40 are multiplexed in terms of time, and the pilot signals 42 used to
update the weighting 5 and the information signals 40 are code-multiplexed
by means of different spreading codes. However, the pilot signals used to
estimate the propagation path fluctuation values or the like may also be
codemultiplexed or frequency-multiplexed with the 



10 information signals. Furthermore, the pilot signals used to update the
weighting may also be codemultiplexed or frequency multiplexed with the
information signals. As one example of an embodiment in the present 15
invention, the construction of the receiving apparatus that estimates the
propagation path fluctuation values, noise power and number of multiplexed
information channels or the like on the side of the receiving apparatus and
calculates the weighting used in MMSE 20 combining from the estimated
values in a case where pilot signals used to estimate the propagation path
fluctuation values or the like are transmitted is shown in Fig. 14. In this
figure, the receiving apparatus is 25 constructed so that this apparatus
includes a time frequency conversion part (FFT) 2-3, a spread signal 58
FP02-0183-00 generating part 2-4, and multipliers 2-5 and 2-9. Furthermore,
the apparatus also includes a part 2-6A that estimates propagation path
fluctuation values or the like, a noise power estimating part 2-6B, an 5
information channel number estimating part 2-6C, and a part 2-8 for
controlling the weighting of each subcarrier, into which the outputs of the
abovementioned parts are input. Furthermore, an example of the state
following the separation of the received multi-carrier 10 CDMA signals into
signal components of the respective sub-carriers by the frequency-time
conversion part (FFT) is shown in Fig. 14. In such a construction, the
components of the signals of the respective sub-carriers are multiplied 15
in the direction of the frequency axis in the multipliers 2-5 by the same
spread signals as those by which the signals were multiplied in the
transmitting apparatus, so that the effects of multiplication by the spread
signals are eliminated. Then, in the part 2-6A 20 that estimates
propagation path fluctuation values or the like, the effects of the
propagation path fluctuation values to which the transmitted signals are
subjected while traveling from the transmitting apparatus to the receiving
apparatus are estimated for 25 each sub-carrier frequency using the
.section of the pilot signals used to estimate propagation path 59   



FP02-0183-00 fluctuation values or the like. These effects can be estimated
from the amount of fluctuation of the signals, utilizing the fact that the
pilot signals used to estimate the propagation path fluctuation values or
the 5 like have a known amplitude, phase and pattern. Furthermore, in the
noise power estimating part 2-6H, the noise power for each sub-carrier is
estimated by estimating the dispersion of the section of the pilot signals
used to estimate propagation path 10 fluctuation values or the like, which
are signals with a known amplitude, phase and pattern. Furthermore, in the
information channel number estimating part 2-6C, as is shown in Fig. 4, the
number of multiplexed information channels is estimated by calculating the
15 ratio of the received power of the section of the pilot signals used to
estimate propagation path fluctuation values or the like and the received
power of the information signal. section in which the information signals
of the respective mobile stations are code 20 multiplexed. Then, in the
weighting control part 2-8, the weighting for each sub-carrier (wm: m is
the sub carrier number) is calculated as wm = hm/ (N~ ~hm~z + a using the
estimated propagation path fluctuation values (hm: m is the sub-carrier
number), noise power (a~2) 25 and number of multiplexed information
channels (Nn), so that the mean square error of the signals following 60  



FP02-0183-00 combining is minimized. The method used to calculate the
weighting in this case is indicated in the Reference A. Accordingly, the
present invention is characterized in that the propagation path fluctuation
5 values, noise power and number of multiplexed information channels that
are required in order to calculate the weighting can be appropriately
estimated from the information signals and pilot signals that are used to
estimate propagation path fluctuation values or 10 the like. It is
desirable that the mean square error of the signals following combining be
0.1 or less. The reason for this is as follows: namely, in cases where the
weighting shows sufficient convergence, the mean square 15 error is
ordinarily kept to a value of approximately 0.1 to 0.01. Furthermore, there
are also cases in which the mean square error is 0.01 or less if the
propagation environment is. good. Furthermore, in the present invention, as
is 20 shown in Fig. 9, since the number of multiplexed information channels
is sent from the transmitting side, the appropriate number of channels can
be obtained on the receiving side. Furthermore, the weighting used in MMSE
combining is calculated after the propagation path 25 fluctuation values
and noise power have been estimated by the same method as that of the
invention described 61   FP02-0183-00 in claim 6. Moreover, the present
invention may also be used in cases where information channels that are
multiplexed by spreading codes that are orthogonal to each other using
mutual different mufti-value 5 modulation systems and spreading code
periods. As one example of an embodiment in the present invention, the
construction of the receiving apparatus that is used for successive
updating of the weighting using the section of the pilot signals used to
update 10 the weighting in a case where the pilot signals used to 



update the weighting shown in Fig. 10 are transmitted is shown in Fig. 15.
In this figure, the receiving apparatus is constructed so that this
apparatus includes a time 15 frequency conversion part (FFT) 2-3, a spread
signal generating part 2-4, multipliers 2-5 and 2-9 and symbol combining
parts 2-10. Furthermore, the receiving apparatus also includes a reference
signal generating part 2-15, an error estimating part 2-7 that inputs the
20 output of the reference signal generating part 2-15, and a part 2-8A
that updates the weighting for each sub-carrier, and the output of this
weighting control part 2-8 is input into the multipliers 2-9. Furthermore,
in Fig. 15, in regard to the section of 25 the pilot signals used to update
the weighting in the received mufti-carrier CDMA signals, an example of the
62   FP02-0183-00 state following separation of the signals into the signal
components of the respective sub-carriers by the frequency-time conversion
part (FFT) is shown. The components of the signals of the respective 5
sub-carriers multiplied in the direction of the frequency axis by the same
spread signals as those by which the signals were multiplied in the
transmitting apparatus, so that the effects of multiplication by the spread
signals are eliminated. Then, the signals are 10 multiplied by the
successively updated weighting for each sub-carrier, and are synthesized
across the spreading period in the symbol combining parts 2-10. Afterward,
in the error estimating part 2-7, the error between the synthesized signals
and the pilot signals 15 used to update the weighting, which have a known
amplitude, phase and pattern, is estimated. Then, in the weighting control
part 2-8, the weighting is successively updated by means of an adaptive
algorithm so that the mean square error is minimized. 20 The received
signals of each sub-carrier in the information signal section are
multiplied by the updated weighting in the section of the pilot signals
used to update the weighting, and the received signals of the respective
sub-carriers are synthesized by the 25 symbol combining parts, so that the
signals are subjected to despreading. The weighting updating 63  



FP02-0183-00 method is indicated in the Reference B. Here, furthermore, a
method was described in which the weighting was successively updated using
the section of the pilot signals used to update the weighting; 5 however,
updating of the weighting may also be performed by adding the information
signal section. In this case, signals obtained by a judgement feedback of
the signals synthesized in the symbol combining parts or the like are used
as the reference symbols that are 10 necessary in order to estimate the
error. As one example of an embodiment in the present invention, the
construction of the receiving apparatus as shown in Fig. 10 that
successively updates the weighting using the section of the pilot signals
used 15 to update the weighting so that the mean square error between the
signals prior to the reception FFT treatment and the signals that are
actually transmitted is minimized in a case where pilot signals used to
update the weighting are transmitted is shown in Fig. 20 16. In this
figure, the receiving apparatus is constructed so that this apparatus
includes a timefrequency conversion part (FFT) 2-3, a spread signal
generating part 2-4 and multipliers 2-5. Furthermore, 25 the apparatus also
includes a reference signal generating part 2-15, symbol duplicating parts
2-16, 64   FP02-0183-00 multipliers 2-17, a frequency-time conversion part
(IFFT) 2-18, an error estimating part 2-7, a part 2-8 that updates the
weighting for each sub-carrier, and a part 2-20 that multiplies the
weighting used in MMSE 5 combining. The output of this weighting
multiplying part 2-20 is input into the time-frequency conversion part 2-3.
In this embodiment, after reference signals that are known on the receiving
side are first subjected to 10 a series-parallel conversion, the respective
symbols are duplicated in the symbol duplicating parts 2-16 a 



number of times that is equal to the spreading period of the spreading
code, and the respective duplicated symbols are multiplied by spread
signals corresponding 15 to the pilot signals used to update the weighting.
Afterward, these signals are converted by the time frequency conversion
part 2-18, thus producing reference multi-carrier CDMA signals.. Then, in
the error estimating part 2-7, the error 20 between the reference
mufti-carrier CDMA signals and signals obtained by multiplying the received
CDMA signals by the weighting used in MMSE combining is estimated, and in
the weighting updating part 2-8, the weighting is successively updated so
that the mean 25 square error is minimized. Here, furthermore, a method was
described in which the weighting was successively 65   FP02-0183-00 updated
using the section of the pilot signals used to update the weighting;
however, updating of the weighting could also be performed by adding the
information signal section. In this case, signals 5 obtained by a judgement
feedback of the signals synthesized in the symbol combining parts or the
like are used as the reference symbols that are necessary in order to
estimate the error. As an example of an embodiment in the present 10
invention, one example of the construction used to perform successive
updating of the weighting using pilot signals for updating of the weighting
following the determination of the initial values of the weighting using
pilot signals used to estimate 15 propagation path fluctuation values or
the like in a case where the pilot signals used to estimate the propagation
path fluctuation values or the like and the pilot signals used to update
the weighting shown in Fig) 12 are transmitted is shown in Fig. 17. In this
figure, 



20 the receiving apparatus is constructed so that this apparatus includes a
time-frequency conversion part (FFT) 2-3, a spread signal generating part
2-4, multipliers 2-5 and 2-9, and symbol combining parts 210. Furthermore,
the apparatus also includes a part 2 25 6A that is used to estimate
propagation path fluctuation values or the like, a noise power 66
FP02-0183-00 estimating part 2-6B, an information channel number estimating
part 2-6C, a part 2-8B that controls the initial values of the weighting
for each sub-carrier, into which the outputs of the abovementioned parts
are 5 input, a reference signal generating part 2-15, an error estimating
part 2-7 into which the output of the reference signal generating part 2-15
is input, a part 2-8A that updates the weighting for each sub-carrier, and
a switching device 2-21 that switches between the 10 output of the a part
2-8A that updates the weighting for each sub-carrier and the output of the
part 2-8B that controls the initial values of the weighting for each
sub-carrier. The output of this switching device 2-21 is input into the
multipliers 2-9. 15 . Furthermore, an example of the state following the
separation of the received mufti-carrier CDMA signals into signal
components of the respective sub carriers by the frequency-time conversion
part (FFT) is shown in Fig. 17. The components of the signals of the 20
respective sub-carriers are multiplied in the direction of the frequency
axis by the same spread signals as those by which the signals were
multiplied in the transmitting apparatus, so that the effects of
multiplication by the spread signals are eliminated. 25 Then, the
propagation path fluctuation values or the like are estimated in the
section of the pilot signals 67 



FP02-0183-00 used to estimate propagation path fluctuation values or the
like and the information signal section, and the weighting for each
sub-carrier is calculated using these values the resulting weighting values
are taken 5 as the initial values. Afterward, the weighting is successively
updated in the section of the pilot signals used to update the weighting.
Furthermore, the estimation of the propagation path fluctuation values or
the like that are needed in order to determine the 10 initial values of the
weighting may also utilize the section of the pilot signals used to update
the weighting in addition to the section of the pilot signals used to
estimate propagation path fluctuation values or the like and the
information signal section. 15 Furthermore, the updating of the weighting
may also be performed by adding the section of the pilot signals used to
estimate propagation path fluctuation values or the like, in which the
amplitude, phase and pattern are known. Furthermore, in the information
signal section, 20 the updating of the weighting may be performed by adding
signals obtained by a judgement feedback of the signals synthesized by the
symbol combining parts. As one example of an embodiment in the present
invention, a portion of a construction that performs 25 successive updating
of the weighting utilizing signals obtained by averaging the received
signals of each sub 68 



FP02-0183-00 carrier in the frequency direction is shown in Fig. 18. In
this figure, the receiving apparatus is constructed so that this apparatus
includes a time-frequency conversion part (FFT) 2-3, a spread signal
generating 5 part 2-4, multipliers 2-5, adders 2-5A, multipliers 2-9, and
symbol combining parts 2-10. The apparatus also includes a reference signal
generating part 2-15, an error estimating part 2-7 into which the output of
the reference signal generating part 2-15 is input, and a 10 part 2-8A that
updates the weighting for each sub carrier. Furthermore, an example of the
state following the separation of the received multi-carrier CDMA signals
into signal components of the respective sub-carriers by the frequency-time
conversion part 15 (FFT) is shown in Fig. 18. In such a construction, the
components of the signals of the respective sub-carriers are multiplied in
the direction of the frequency axis by the same , spread signals as those
by which the signals were 20 multiplied in the transmitting apparatus, so
that the effects of multiplication by the spread signals are eliminated.
Then, signals obtained by adding n (n is a natural number) signals of the
respective sub-carriers in the frequency direction are multiplied by the 25
weighting, and the weighting is updated in the weighting updating part 2-8A
so that the mean square 69 



FP02-0183-00 error between the signals synthesized in the signal combining
parts 2-10 and the reference signals is minimized. Especially in cases
where an adaptive algorithm is used, the amount of calculation that is 5
required in order to update the weighting increases according to the number
of weighting values; however, by averaging in the frequency direction in
this manner, it is possible to reduce the number of weighting values used
in MMSE combining; accordingly, the amount of 10 calculation required for
updating can be reduced. Furthermore, the updating of the weighting may
also utilize the section of the pilot signals used to estimate propagation
path fluctuation values or the like and the information signal section in
addition to 15 the section of the pilot signals used to update the
weighting. Furthermore, a construction in which the number n of
sub-carriers averaged is equal in all cases is shown in Fig. 18; however,
the number n of sub- . carriers may also be appropriately varied. 20 As one
example of an embodiment in the present invention, a portion of a
construction that performs successive updating of the weighting using
signals in which the received signals are averaged in the time direction
for each sub-carrier is shown in Fig. 19. In 25 this figure, the receiving
apparatus is constructed so that this apparatus includes a time-frequency
70   FP02-0183-00 conversion part (FFT) 2-3, a spread signal generating
part 2-4, multipliers 2-5, m - 1 delay devices (m is a natural number) that
are used to add m received signals in the time direction, adders 2-5A,
multipliers 2-9, 5 and symbol combining parts 2-10. The apparatus also
includes a reference signal generating part 2-15, an error estimating part
2-7 that inputs the output of the reference signal generating part 2-15,
and a part 2-8A that updates the weighting for each sub-carrier. The 



10 output of this weighting updating part 2-8A is input into the
multipliers 2-9. Furthermore, the delay time Ts of the delay device 2-21 is
1 multi-carrier CDMA symbol length. An example of the state following the
separation 15 of the received multi-carrier CDMA signals into signal
components of the respective sub-carriers by the frequency-time conversion
part (FFT) is shown in Fig. 18. The components of the signals of the
respective sub-carriers are multiplied in the direction of the 20 frequency
axis by the same spread signals as those by which the signals were
multiplied in the transmitting apparatus, so that the effects of
multiplication by the spread signals are eliminated. Then, signals obtained
by adding m (m is a natural number) received signals in 25 each sub-carrier
in the time direction are multiplied by the weighting, and the weighting is
updated in the 71   FP02-0183-00 weighting updating part so that the mean
square error between the signals synthesized in the signal combining parts
and the reference signals is minimized. As a result of performing averaging
in the time 5 direction in this manner, the SNR of the signals used in the
updating of the weighting is improved, and the precision and speed obtained
when the weighting is updated to optimal values are improved. Furthermore,
the updating of the weighting may also be performed 10 using the utilize
the section of the pilot signals used to estimate propagation path
fluctuation values or the like and the information signal section in
addition to the section of the pilot signals used to update the weighting.
15 Furthermore, a construction in which the number m of received signals
averaged in the time direction is equal in a11 cases is shown in Fig. 19;
however, the number m of received signals may also be appropriately varied.



20 The present invention may also adopt the following aspects: (1) A
mufti-channel CDMA transmission method in which information symbols are
duplicated and lined up in the direction of the frequency axis, these 25
duplicated information symbols are multiplied by a spreading code in the
direction of the frequency axis, 72   FP02-0183-00 and the respective
spread symbols are transmitted by means of a plurality of sub-carriers with
different frequencies, wherein the channel construction and construction of
the transmitting part and receiving 5 part that are required in order to
perform combining (MMSE combining) by multiplying the received signals of
the respective sub-carriers by weighting controlled for each sub-carrier so
that the mean square error between the signals following despreading and
the signals that 10 are actually transmitted is minimized are used in order
to reduce the effects of interference generated between the multiplexed
information channels as a result of the destruction of the orthogonality
between the spreading codes by the effects of the propagation path in cases
15 where multiplexing is performed by multiplying the signals by mutually
orthogonal spreading codes in the frequency direction in order to multiplex
and transmit a plurality of information channels. (2) The mufti-channel
CDMA transmission method 20 described in (1), wherein a construction in
which pilot 



signals that are known on the receiving side and that are used to estimate
information relating to the propagation path fluctuation values or the like
for each sub-carrier are transmitted separately from the 25 information
signals in order to control the weighting used in MMSE combining by
utilizing information such as 73   FP02-0183-00 the estimated values of the
propagation path fluctuation or the like. (3) The multi-channel CDMA
transmission method described in (1), wherein a construction in which the 5
number of multiplexed information channels is sent from the transmitting
side to the receiving side separately from the information signals in order
to control the weighting used in MMSE combining by utilizing information
such as the estimated values of the 10 propagation path fluctuation or the
like. (4) The multi-channel CDMA transmission method described in (1),
wherein a construction in which pilot signals used as reference signals are
transmitted separately from the information signals in order to 15 perform
successive updating of the weighting used in MMSE combining by means of an
adaptive algorithm. (5) The multi-channel CDMA transmission method
described in (1), wherein a construction in which the signals described in
(2), (3) and (4) are 20 simultaneously transmitted separately from the
information signals in order to control the weighting used in MMSE
combining. (6) The multi-channel CDMA transmission method described in (1),
wherein a receiving part construction 25 is used in which the propagation
path fluctuation values, noise power and number of multiplexed 74 



FP02-0183-00 information channels are estimated using information signals
and pilot signals used to estimate information relating to the propagation
path fluctuation values or the like, and the weighting used for MMSE
combining is 5 calculated using these estimated values. (7) The
multi-channel CDMA transmission method described in (1), wherein a
receiving part construction is used in which the propagation path
fluctuation values and noise power are estimated using the 10 information
signals and pilot signals used to estimate information relating to the
propagation path fluctuation values or the like described in (2), the
number of information channels is estimated using the signals used to
ascertain the number of multiplexed 15 information channels described in
(3), and the weighting for MMSE combining is calculated using these
estimated values. (8) The multi-channel CDMA transmission method described
in (1), wherein a receiving part construction 20 is used in which the
weighting of MMSE combining is successively updated by means of an adaptive
algorithm utilizing the pilot signals used for successive updating of the
weighting used in MMSE combining described in (4), so that the mean square
error between 25 the signals following despreading and the signals that are
actually transmitted is minimized. 75   FP02-0183-00 (9) The mufti-channel
CDMA transmission method described in (1), wherein a receiving part
construction is used in which the weighting of MMSE combining is
successively updated by means of an adaptive algorithm 5 utilizing the
pilot signals used for successive 



updating of the weighting used in MMSE combining described in (4), so that
the mean square error between the signals prior to the reception FFT
treatment and the signals that are actually transmitted is minimized. ZO
(10) The mufti-channel CDMA transmission method described in (5), wherein a
receiving part construction is used in which the initial values of the
weighting for MMSE combining are determined propagation path fluctuation
values or the like estimated from pilot 15 signals used to estimate
propagation path fluctuation values or the like, and the weighting is
successively updated by means of an adaptive algorithm on the basis of
pilot signals used for successive updating of the: weighting. 20 (11j The
mufti-carrier CDMA transmission method with a receiving part construction
in which the weighting for MMSE combining is successively updated by means
of an adaptive algorithm as described in ( 8 ) and (10), wherein a
receiving part construction is used in 25 which the weighting for MMSE
combining is successively updated using pilot signals in which the amount
of 76   FP02-0183-00 fluctuation is frequency axis. averaged in the
direction of the (12) The multi-carrier CDMA transmission method 



with a receiving part construction in which the 5 weighting for MMSE
combining is successively updated by means of an adaptive algorithm as
described in (8), (10) and (11), wherein a receiving part construction is
used in which the weighting for MMSE combining is successively updated
using pilot signals in which the 10 amount of fluctuation is averaged in
the direction of the frequency axis. Tn more concrete terms, the
multi-channel CDMA transmission methods shown in Figs. 22 through 24 are
used. In the following description, Fig. 2 will be 15 referred to for
convenience along with Figs. 22 through 24. In the multi-channel CDMA
transmission method shown in Fig. 22, the received signals following guard
interval removal are converted into signals for eactl sub-carrier using the
time-frequency conversion part 20 (FFT) 2-3 (step S01). The part 2-6 that
estimates propagation path fluctuation values or the like estimates
propagation path fluctuation values or the like for each sub-carrier and
each symbol by means of pilot signals (step S02). 25 The part 2-8 that
controls the weighting for each sub-carrier calculates the weighting for
each sub 77   FP02-0183-00 carrier and each symbol from the estimated
propagation path fluctuation values or the like (step S03). The received
signals are multiplied by this weighting for each sub-carrier and each
symbol (step S04). 5 The symbol combining parts 2-10 synthesize the
received signals following weighting multiplication across the spreading
period (sub-carriers and symbols) (step S05). The synthesized received
signals are sent to the data demodulating part and demodulated (step 10
S06) . In the multi-channel CDMA transmission method 



shown in Fig. 23, the received signals following guard interval removal are
converted into signals for each sub-carrier using the time-frequency
conversion part 15 (FFT) 2-3 (step S11). The part 2-6 that estimates
propagation path fluctuation values or the like estimates propagation path
fluctuation values or the like for each sub-carrier and each symbol, and
the part 2-8 that controls the weighting for each sub-carrier 20 determines
the initial values of the weighting for each sub-carrier and each symbol
(step S12). The received signals are multiplied by this weighting for each
sub-carrier and each symbol (step S13). The symbol combining parts 2-10
synthesize the 25 received signals following weighting multiplication
across the spreading period (sub-carriers and symbols) 78   FP02-0183-00
(step S14). The error estimating part estimates the error of the
synthesized signals by means of pilot signals (step S15) . The error
estimating part 2-7 makes a judgment 5 as to whether or not the error is
equal to or less than a specified value (step S16). In cases where the
error is not equal to or less than this specified value, the error
estimating part 2-7 updates the weighting for each sub-carrier and each
symbol by means of an 10 adaptive algorithm (step S18). In cases where the
error is equal to or less than the abovementioned specified value, the
synthesized received signals are sent to the data demodulating part and
demodulated (step S17). 15 In the multi-channel CDMA transmission method
shown in Fig. 24, the received signals following guard interval removal are
converted into signals for each sub-carrier using the time-frequency
conversion part (FFT) 2-3 (step 21). The part 2-6 that estimates 20
propagation path fluctuation values or the like estimates propagation path
fluctuation values or the like for each sub-carrier and each symbol by
means of pilot signals (step S22). 



The part 2-8 that controls the weighting for each 25 sub-carrier calculates
the weighting for each sub carrier and each symbol from the estimated
propagation 79   FP02-0183-00 path fluctuation values or the like (step
S23). The received signals are multiplied by this weighting for each
sub-carrier and each symbol (step S24). The symbol combining parts 2-10
synthesize the 5 received signals following weighting multiplication across
the spreading period (sub-carriers and symbols) (step S25). The error
estimating part 2-7 estimates the error of the synthesized signals by means
of pilot signals (step S26). The error estimating part 2-7 then 10 makes a
judgement as to whether or not the error is equal to or less than a
specified value (step S27). In cases where the error is not equal to or
less than this specified value, the error estimating part 27 updates the
weighting for each sub-carrier and each 15 symbol by means of an adaptive
algorithm (step S29). In cases where the error is equal to or less than the
abovementioned specified value, the synthesized received signals are sent
to the data demodulating part and demodulated (step S28). 



20 In the abovementioned embodiment, the propagation path fluctuation is
estimated and weighting is performed for a certain instant. However, it
would also be possible to perform combining for information symbols copied
in two-dimensional form on the frequency 25 axis and time axis using
duplicating means (i. e., a copier). If weighting is thus performed using a
80   FP02-0183-00 plurality of frequencies and times, then received signals
that have a higher precision with respect to fluctuations in the time
direction, i. e., fading fluctuations, can be obtained. 5In cases where
combining is performedbyestimating propagation path
fluctuationsforinformation symbols copied in two-dimensional formonthe
frequency axis and time axis by duplicating means(a copier), processing in
the sub-carrier direction10(frequency axis) and OFCDM symbol direction
(time axis)is added (for the estimation of propagation pathfluctuation
values or the like, calculationofweighting (including updating),
multiplicationofweighting and combining of received signals) tothe15flow
shown in Figs. 22 through 24 as the multi-channelCDMA transmission
method.From the invention thus described, it willbeobvious that the
embodiments of the invention maybevaried in many ways. Such variations are
not tobe20regarded as a departure from the spirit and scopeofthe invention,
and all such modifications as wouldbeobvious to one skilled in the art are
intendedforinclusion within the scope of the following claims.Industrial
Applicability25In the present invention, a pluralityof information channels
can be multiplexed and transmitted 81   FP02-0183-00 by performing MMSE
combining in which the received signals of the respective sub-carriers are
multiplied by a weighting controlled for each sub-carrier so that the mean
square error between the signals following 5 despreading and the signals
that are actually transmitted is minimized. Accordingly, in cases where the
information channels are multiplexed by multiplying the channels by
mutually orthogonal spreading codes in the frequency direction, the effects
of the 10 interference that is generated between the multiplexed
information channels as a result of the orthogonality between the spreading
codes being destroyed by the effects of the propagation path can be
reduced. 



In the present invention, as was described above, Z5 the weights by which
the received signals of the respective sub-carriers are multiplied can be
controlled to appropriate values in accordance with propagation path
fluctuations so that the mean square error between the signals following
despreading and the 20 signals that are actually transmitted is minimized
in a multi-carrier CDMA transmission method. Accordingly, the destruction
of the orthogonality between the spreading codes can be compensated for
while the noise amplitude following weighting multiplication is 25
suppressed, so that an effect hat improves the signal transmission
characteristics is obtained. 82   FP02-0183-00 Claims 1. A mufti-carrier
CDMA transmission system in which information symbols are duplicated and
lined up in the direction of the frequency axis, these 5 duplicated
information symbols are multiplied by a spreading code in the direction of
the frequency axis, and the respective spread symbols are transmitted by
means of a plurality of sub-carriers with different frequencies, 10 wherein
there are provided on the receiving side: weighting control means for
controlling the weighting of each sub-carrier so that the signals following
despreading approach the signals that are actually transmitted; and 15
combining means for performing combining by multiplying the received
signals of the respective sub-carriers by the weighting for each
sub-carrier controlled by said weighting control means. 2. A mufti-carrier
CDMA transmission system in 20 which information symbols are duplicated and
lined up in the direction of the frequency axis, these duplicated
information symbols are multiplied by a ' spreading code in the direction
of the frequency axis, and the respective spread symbols are transmitted by
25 means of a plurality of sub-carriers with different frequencies, 83
FP02-0183-00 wherein there are provided on the receiving side: effect
estimating means for estimating the effects of the propagation path
fluctuations to which the signals that are actually transmitted are
subjected while these 5 signals travel to the receiving side from the
transmitting side 



weighting control means for controlling the weighting of each sub-carrier
on the basis of the effects of the propagation path fluctuations estimated
by said effect 10 estimating means so that the signals following
despreading approach the signals that are actually transmitted and
combining means for performing combining by multiplying the received
signals of the respective sub-carriers by 15 the weighting for each
sub-carrier controlled by said weighting control means, are disposed on the
receiving side. 3. A multi-carrier CDMA transmission system in which
information symbols are duplicated and lined up 20 in the direction of the
frequency axis, these duplicated information symbols are multiplied by a
spreading code in the direction of the frequency axis, and the respective
spread symbols are transmitted by means of a plurality of sub-carriers with
different 25 frequencies, wherein there are provided on the receiving side:
84   FP02-0183-00 effect estimating means for estimating the effects of the
propagation path fluctuations to which the signals that are actually
transmitted are subjected while these signals travel to the receiving side
from the 5 transmitting side: error estimating means for estimating the
error between the signals that are actually transmitted and the signals
following despreading on the basis of signals used for the estimation of
this error; 10 weighting control means for controlling the weighting of
each sub-carrier on the basis of the effects of the propagation path
fluctuations estimated by said effect estimating means and the error
estimated by said error estimating means so that the signals following 15
despreading approach the signals that are actually transmitted; and
combining means for performing combining by multiplying the received
signals of the respective sub-carriers by the weighting for each
sub-carrier controlled by said 20 weighting control means, are disposed on
the receiving side. 4. A multi-carrier CDMA transmission system in which
information symbols are duplicated and lined up in the direction of the
frequency axis, these 25 duplicated information symbols are multiplied by a
spreading code in the direction of the frequency axis, 



85   FP02-0183-00 and the respective spread symbols are transmitted by
means of a plurality of sub-carriers with different frequencies, wherein
there are provided on the receiving side: 5 error estimating means for
estimating the error between the signals that are actually transmitted and
the signals following despreading on the basis of signals used fox the
estimation of this error; weighting control means for controlling the
weighting 10 of each sub-carrier on the basis of the error estimated by
said error estimating means so that the signals following despreading
approach the signals that are actually transmitted; and combining means for
performing combining by multiplying 15 the received signals of the
respective sub-carriers by the weighting for each sub-carrier controlled by
said weighting control means, are disposed on the receiving side. 5. The
mufti-carrier CDMA transmission system 20 according to claim 2 or claim 3,
wherein said effect estimating means estimate the effects of propagation
path fluctuations using at least either pilot signals that are used to
estimate propagation path information for each sub-carrier, or information
relating to the 



25 number of multiplexed information channels. 6. The mufti-carrier CDMA
transmission system 86   FP02-0183-00 according to claim 2 or claim 3,
wherein said effect estimating means estimate the propagation path
fluctuation values, noise power and number of multiplexed channels as
effects of propagation path 5 fluctuations utilizing the signals following
despreading and pilot signals used to estimate propagation path information
for each sub-carrier. 7. The multi-carrier CDMA transmission system
according to claim 2 or claim 3, wherein said effect 10 estimating means
estimate the propagation path fluctuation values and noise power as effects
of propagation path fluctuations, with this estimation being performed
utilizing the signals following despreading and pilot signals that are used
to estimate 15 propagation path information for each sub-carrier, and said
effect estimating means estimate the number of multiplexed information
channels as an effect of propagation path fluctuations, with this
estimation being performed utilizing information relating to the 20 number
of multiplexed information channels. 8. The multi-carrier CDMA transmission
system according to claim 3 or claim 4, wherein said error estimating means
estimate the error using at least one type of signal selected from pilot
signals used for the 25 successive updating of the weighting, pilot signals
utilized as reference signals, pilot signals in which 87   FP02-0183-00 the
amount of fluctuation is averaged in the direction of the frequency axis,
and pilot signals in which the amount of fluctuation is averaged in the
direction of the time axis, as signals for estimating the error 5 relative
to the signals following despreading. 



9. The mufti-carrier CDMA transmission system according to claim 3 or claim
4, wherein said weight control means successively update the weighting for
each sub-carrier by means of an adaptive algorithm so 10 that the signals
following despreading approach the signals that are actually transmitted.
10. The mufti-carrier CDMA transmission system according to claim 3 or
claim 4, wherein said weighting control means successively update the
weighting for 15 each sub-carrier by means of an adaptive algorithm so that
the signals prior to the reception FFT treatment approach the signals that
are actually transmitted. 11. The mufti-carrier CDMA transmission system
according to claim 3, wherein said weighting control 20 means determine the
initial values of the weighting for each sub-carrier on the basis of the
effects of the propagation path fluctuations estimated by said effect
estimating means, and said weighting control means successively update the
weighting for each sub-carrier 25 by means of an adaptive algorithm on the
basis of the error estimated by said error estimating means. 88
FP02-0183-00 



12. The mufti-carrier CDMA transmission system according to claim 1,
wherein weighting information transmitting means are disposed on the
transmitting side for transmitting, separately from said signals 5 that are
actually transmitted, at least one type of signal selected from pilot
signals used to estimate propagation path information for each sub-carrier,
information relating to the number of multiplexed information channels,
pilot signals utilized as 10 reference signals, pilot signals used for the
successive updating of the weighting, pilot signals used on the receiving
side for averaging the amount of fluctuation in the direction of the
frequency axis, and pilot signals used on the receiving side for averaging
15 the amount of fluctuation in the direction of the time axis. 13. A
transmitting apparatus in a mufti-carrier CDMA transmission system in which
information symbols are duplicated and lined up in the direction of the 20
frequency axis, these duplicated information symbols are multiplied by a
spreading code in the direction of the frequency axis, and the respective
spread symbols are transmitted by means of a plurality of sub-carriers with
different frequencies, 25 wherein this transmitting apparatus comprises
weighting information transmitting means for transmitting, 89
FP02-0183-00 separately from the signals that are actually transmitted, at
least one type of signal selected from pilot signals used to estimate
propagation path information for each sub-carrier, information relating 5
to the number of multiplexed information channels, pilot signals utilized
as reference signals, pilot signals used for the successive updating of the
weighting, pilot signals used on the receiving side for averaging the
amount of fluctuation in the direction of 10 the frequency axis, and pilot
signals used on the receiving side for averaging the amount of fluctuation
in the direction of the time axis. 14. A receiving apparatus in a
multi-carrier CDMA transmission system in which information symbols 15 are
duplicated and lined up in the direction of the frequency axis, these
duplicated information symbols are multiplied by a spreading code in the
direction of the frequency axis, and the respective spread symbols are
transmitted by means of a plurality of sub-carriers 20 with different
frequencies, wherein this receiving apparatus comprises: weighting control
means for controlling the weighting for each sub-carrier so that the
signals following despreading approach the signals that are actually 25
transmitted; and combining means for performing combining by multiplying 90



FP02-0183-00 the received signals for each sub-carrier by the weighting for
each sub-carrier controlled by said weighting control means. 15. A
receiving apparatus in a multi-carrier 5 CDMA transmission system in which
information symbols are duplicated and lined up in the direction of the
frequency axis, these duplicated information symbols are multiplied by a
spreading code in the direction of the frequency axis, and the respective
spread symbols 10 are transmitted by means of a plurality of sub-carriers
with different frequencies, wherein this receiving apparatus comprises:
effect estimating means for estimating the effects of the propagation path
fluctuations to which the signals I5 that are actually transmitted are
subjected while these signals travel to the receiving side from the
transmitting side; weighting control means for controlling the weighting of
each sub-carrier on the basis of the effects of the 20 propagation path
fluctuations estimated by said effect estimating means so that the signals
following despreading approach the signals that are actually transmitted
and combining means for performing combining by multiplying 25 the received
signals of the respective sub-carriers by the weighting for each
sub-carrier controlled by said 9I   FP02-0l83-00 weighting control means.
16. A receiving apparatus in a multi-carrier CDMA transmission system in
which information symbols are duplicated and lined up in the direction of
the 5 frequency axis, these duplicated information symbols are multiplied
by a spreading code in the direction of the frequency axis, and the
respective spread symbols are transmitted by means of a plurality of
sub-carriers with different frequencies, 



10 wherein this receiving apparatus comprises: effect estimating means for
estimating the effects of the propagation path fluctuations to which the
signals that are actually transmitted are subjected while these signals
travel to the receiving side from the 15 transmitting side error estimating
means for estimating the error between the signals that are actually
transmitted and the signals following despreading on the basis of signals
used for the estimation of this error; 20 weighting control means for
controlling the weighting of each sub-carrier on the basis of the effects
of the propagation path fluctuations estimated by said effect estimating
means and the error estimated by said error estimating means so that the
signals following 25 despreading approach the signals that are actually
transmitted; and 92   FP02-0183-00 combining means for performing combining
by multiplying the received signals of the respective sub-carriers by the
weighting for each sub-carrier controlled by said weighting control means.
5 17. A receiving apparatus in a multi-carrier CDMA transmission system in
which information symbols are duplicated and lined up in the direction of
the frequency axis, these duplicated information symbols are multiplied by
a spreading code in the direction of 10 the frequency axis, and the
respective spread symbols are transmitted by means of a plurality of
sub-carriers with different frequencies, wherein this receiving apparatus
includes error estimating means for estimating the error between the 15
signals that are actually transmitted and the signals following despreading
on the basis of signals used for the estimation of this error; weighting
control. means for controlling the weighting of each sub-carrier on the
basis of the error estimated 20 by said error estimating means so that the
signals 



following despreading approach the signals that are actually transmitted;
and combining means for performing combining by multiplying the received
signals of the respective sub-carriers by 25 the weighting for each
sub-carrier controlled by said weighting control means. 93   FP02-0183-00
18. The receiving apparatus according to claim 15 or claim 16, wherein said
effect estimating means estimate the effects of propagation path
fluctuations using at least either pilot signals that are used to 5
estimate propagation path information for each subcarrier, or information
relating to the number of multiplexed information channels. 19. The
receiving apparatus according to claim 15 or claim 16, wherein said effect
estimating means 10 estimate the propagation path fluctuation values, noise
power and number of multiplexed channels as the effects of propagation path
fluctuations utilizing the signals following despreading and pilot signals
that are used to estimate propagation path information for each sub 15
carrier. 20. The receiving apparatus according to claim 15 or claim 16,
wherein said effect estimating means estimate the propagation path
fluctuation values and noise power as effects of propagation path
fluctuations, 20 with this estimation being performed utilizing the 



signals following despreading and pilot signals used to estimate
propagation path information for each subcarrier, and the effect estimating
means estimate the number of multiplexed information channels as an effect
25 of propagation path fluctuations, with this estimation being performed
utilizing information relating to the 94   FP02-0183-00 number of
multiplexed information channels. 21. The receiving apparatus according to
claim 16 or claim 17, wherein said error estimating means estimate the
error using at least one type of signal 5 selected from pilot signals used
for the successive updating of the weighting, pilot signals utilized as
reference signals, pilot signals in which the amount of fluctuation is
averaged in the direction of the frequency axis, and pilot signals in which
the amount 10 of fluctuation is averaged in the direction of the time axis,
as signals for estimating the error relative to the signals following
despreading. 22. The receiving apparatus according to claim 16 or claim 17,
wherein said weighting control means 15 successively update the weighting
for each sub-carrier by means of an adaptive algorithm so that the signals
following despreading approach the signals that are actually transmitted. 



23. The receiving apparatus according to claim 20 16 or claim 17, wherein
said weighting control means successively update the weighting for each
sub-carrier by means of an adaptive algorithm so that the signals prior to
the reception FFT treatment approach the signals that are actually
transmitted. 25 24. The receiving apparatus according to claim 16, wherein
said weighting control means determine the 95   FP02-0183-00 initial values
of the weighting for each sub-carrier on the basis of the effects of the
propagation path fluctuations estimated by said effect estimating means,
and said weighting control means successively update 5 the weighting for
each sub-carrier by means of an adaptive algorithm on the basis of the
error estimated by said error estimating means. 25. A multi-channel CDMA
transmission method in which information symbols are duplicated and lined
up 10 in the direction of the frequency axis, these duplicated information
symbols are multiplied by a spreading code in the direction of the
frequency axis, and the respective spread symbols are transmitted by means
of a plurality of sub-carriers with different 15 frequencies, wherein this
method comprises: a step in which weighting control means on the receiving
side control the weighting for each subcarrier so that the signals
following despreading 20 approach the signals that are actually transmitted
and a step in which combining means on the receiving side perform combining
by multiplying the received signals of each sub-carrier by the weighting
for each subcarrier controlled by said weighting control means. 25 26. A
mufti-channel CDMA transmission method in which information symbols are
duplicated and lined up 96 



FP02-0183-00 in the direction of the frequency axis, these duplicated
information symbols are multiplied by a spreading code in the direction of
the frequency axis, and the respective spread symbols are transmitted by 5
means of a plurality of sub-carriers with different frequencies, wherein
this method comprises: a step in which effect estimating means on the
receiving side estimate the effects of the propagation 10 path fluctuations
to which the signals that are actually transmitted are subjected while
these signals travel to the receiving side from the transmitting side; a
step in which weighting control means on the 15 receiving side control the
weighting for each subcarrier on the basis of the effects of the
propagation path fluctuations estimated by said effect estimating means so
that the.. signals following despreading approach the signals that are
actually transmitted; and 20 a step in which combining means on the
receiving side perform combining by multiplying the received signals of
each sub-carrier by the weighting for each subcarrier controlled by said
weighting control means. 27. A multi-channel CDMA transmission method in 25
which information symbols are duplicated and lined up in the direction of
the frequency axis, these 97   FP02-0l83-00 duplicated information symbols
are multiplied by a spreading code in the direction of the frequency axis,
and the respective spread symbols are transmitted by means of a plurality
of sub-carriers with different 5 frequencies, wherein this method
comprises: a step in which effect estimating means on the receiving side
estimate the effects of the propagation path fluctuations to which the
signals that are 10 actually transmitted are subjected while these signals
travel to the receiving side from the transmitting side; 



a step in which error estimating means on the receiving side estimate the
error between the signals that are 15 actually transmitted and the signals
following despreading on the basis of signals used for the t estimation of
this error; a step in which weighting control. means on the receiving side
control the weighting for each sub20 carrier on the basis of the effects of
the propagation path estimated by said effect estimating means and the
error estimated by said error estimating means so that the signals
following despreading approach the signals that are actually transmitted;
and 25 a step in which combining means on the receiving side perform
combining by multiplying the received signals 98   FP02-0183-00 of each
sub-carrier by the weighting for each subcarrier controlled by the
weighting control means. 28. A multi-channel CDMA transmission method in
which information symbols are duplicated and lined up 5 in the direction of
the frequency axis, these duplicated information symbols are multiplied by
a spreading code in the direction of the frequency axis, and the respective
spread symbols are transmitted by means of a plurality of sub-carriers with
different ZO frequencies, wherein this method comprises: a step in which
error estimating means on the receiving side estimate the error between the
signals that are actually transmitted and the signals following 15
despreading on the basis of signals used for the estimation of this error;
a step in which weighting control means on the receiving side control the
weighting for each subcarrier on the basis of the error estimated by said
20 error estimating means so that the signals following despreading
approach the signals that are actually transmitted; and a step in which
combining means on the receiving side perform combining by multiplying the
received signals 25 of each sub-carrier by the weighting for each sub 



carrier controlled by said weighting control means. 99   FP02-0183-00 29.
The multi-channel CDMA transmission method according to claim 26 or claim
27, wherein, in the step in which said effects are estimated, said effect
estimating means estimate the effects of propagation 5 path fluctuations
using at least either pilot signals that are used to estimate propagation
path information for each sub-carrier, or information relating to the
number of multiplexed information channels. 30. The multi-channel CDMA
transmission method 10 according to claim 26 or claim 27, wherein, in the
step in which said effects are estimated, said effect estimating means
estimate the propagation path fluctuation values, noise power and number of
multiplexed channels as effects of propagation path 15 fluctuations
utilizing the signals following despreading and pilot signals used to
estimate propagation path information for each sub-carrier. 31. The
multi-channel CDMA transmission method according to claim 26 or claim 27,
wherein, in the step 20 in which said effects are estimated, said effect
estimating means estimate the propagation path fluctuation values and noise
power as effects of propagation path fluctuations, with this estimation
being performed utilizing the signals following 25 despreading and pilot
signals that are used to estimate propagation path information for each
sub-carrier, and l00   FP02-0183-00 said effect estimating means estimate
the number of multiplexed information channels as an effect of propagation
path fluctuations, with this estimation being performed utilizing
information relating to the 5 number of multiplexed information channels.
32. The multi-channel CDMA transmission method according to claim 27 or
claim 28, wherein, in said step in which the error is estimated, said error
estimating means estimate the error using at least one 10 type of signal
selected from a set consisting of pilot signals used for the successive
updating of the weighting, pilot signals utilized as reference signals,
pilot signals in which the amount of fluctuation is averaged in the
direction of the frequency axis, and 



15 pilot signals in which the amount of fluctuation is averaged in the
direction of the time axis, as signals for estimating the error relative to
the signals following despreading. 33. The multi-channel CDMA transmission
method 20 according to claim 27 or claim 28, wherein, in the step in which
the weighting is controlled, said weighting control means successively
update the weighting for each sub-carrier by means of an adaptive algorithm
so that that the signals following despreading approach 25 the signals that
are actually transmitted. 34. The multi-channel CDMA transmission method
10l   FP02-0183-00 according to claim 27 or claim 28, wherein, in the step
in which the weighting is controlled, said weighting control means
successively update the weighting for each sub-carrier by means of an
adaptive algorithm so 5 that that the signals prior to the reception FFT
treatment approach the signals that are actually transmitted. 35. The
multi-channel CDMA transmission method according to claim 28, wherein, in
the step in which 10 said weighting is controlled, said weighting control
means determine the initial values of the weighting for each sub-carrier on
the basis of the effects of the propagation path fluctuations estimated by
said effect estimating means, and said weighting control means 15
successively update the weighting for each sub-carrier by means of an
adaptive algorithm on the basis of the error estimated by said error
estimating means. 36. The multi-channel CDMA transmission method according
to claim 25, wherein said method includes a 20 step in which the weighting
information transmitting means on the transmitting side transmits,
separately from said signals that are actually transmitted, at least one
type of signal selected from pilot signals used to estimate propagation
path information for each 25 sub-carrier, information relating to the
number of multiplexed information channels, pilot signals 102
FP02-0183-00 



utilized as reference signals, pilot signals used for the successive
updating of the weighting, pilot signals used on the receiving side for
averaging the amount of fluctuation in the direction of the frequency axis,
and 5 pilot signals used on the receiving side for averaging the amount of
fluctuation in the direction of the time axis. 103
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")"*"7"#$%4%dEC 10m#10%&'()- +!{#10%&'()- +!1#10%&'()- +!#10%&'()-
+&10%&'()- 10m 10m4%&&J'w'y'z'{'|'wXMB7 10m 10 10 



10<`10%&'()-!{ 4#10%&'()-! 4#10%&'()-!q#10%&'()- +!{i#10%&'()-
+|'']()p)A*L+zX6MB7
10m!vf#10%&'()-!!{f#10%&'()-!!f#10%&'()-!!-"10%aa&'()-f!"10%XX&'()-fy&10%&'
()-L+b,,,,,,,-{\: 10m!!"10%zz&'()-&&10%&'()- 10 10
10<`10%&'()-!f#10%&'()-!!f#10%&'()-!--./01&2zX6{\:
10m!l96#10%""&'()-!q#10%&'()-@#!l#10%&'()-@#!l#10%&'()-@#!vj#10%
&'()-@#"10%&'()-&2(2)2*2+28233.4~\:
10m!!#10%mm&'()-0!##10%&'()-0!#10%&'()-0&&10%m&'()- 10 10
10<s10%&'()-.456777777wXMB7 10m! 10m 10m
10m`<10%m&'()-!#10%&'()-0!l#10%&'()-0!q#10%&'()-0!#10%&'()-0778y8J9]:';
}[9MB7 10m! ! #10%&'()-+!v 



#10%&'()-+! #10%&'()-+!< #10%&'()-+ 10%m&'()-&&10%m&'()-';U<<<<<<<~={\:
10m! !!`#10%&'()-&10%&'()- 10m 10m 10m`<10%m&'()-!{ #10%&'()-+!
#10%mm&'()-+~=M>??O@[AAwU3{\:
10!lp,#10%&'()-i!qlp,#10%&'()-i!i(10%&'()-!v#10%
&'()-!#10%&'()-!l-#10%&'()-AAAAAAA&BVBbC
10!lp,#1010%&'()-10%&'()-`10%&'()-&10%&'()- 10 10 109<10%&'()-VBBB.CCC
Dz[<bC 10!910%&'()-sf#10%&'()-!qsf#10%&'()-10%&'()-! 



@#10%\\&'()-! @#10%&'()- DrD|DDDDEEdBbC 10!!*y#10%&'()-&
10%&'()-$10%&'()-"#10%&'()-!10%&'()-,10%&'()-EFFFFFFFFaVK@ 10! 10 10 109<
10%&'()-810%&'()-@2#10%&'()-!@2#10%&'()-Y.10%&'()-FFFGHIJ}[9VK@ 10!!vl#10%
&'()-0!l#10%&'()-0!$l#10%&'()-0!l#10%""&'()-0&910%&'()-"L10%&'()-tJK?LBLCLD
LELRLM{\: 10!!!\l#10%&'()-0y&10%&'()- 10 10 10&<
10%&'()-!ll#10%&'()-0!l#10%&'()-0MM-NNOPUQwU3{\:
10!l#10%&'()-0!{l#10%&'()-0!{l#10%&'()-0!vl#10%  



&'()-0!l#10%&'()-0!l#10%&'()-0UQXQYQZQ[QhQQ;RRb@ 10!l!-"10%gg&'()- 10%&'()-
10%&'()-y&&10%&'()- 10 10 109<10%&'()-RS4SoSSFTT^<b@ 10!!vlSz#10%
&'()-y!lSz#10%&'()-y` 10%&'()-llz#10%&'()-10%&'()-!i
10%==&'()-TTUFUVRVVa?b@
10!!!l96#10%&'()-F410%&'()-!{l,z#10%&'()-*10%&'()-(10%&'()-L&10%&'()-VVVVVV
W8XX~\: 10!!{#10%&'()-0!{#10%&'()-0!l#10%&'()-0y&&10%&'()- 10 10
109<10%&'()-XYpZ[\\\\\wXMB7 10! 10 10
10L<10%&'()-!#10%&'()-0!#10%&'()-0!v#10%&'()-0!#10%&'()-0\&\Z\\]^3_}[9MB7
10! 



!{#10%&'()-!h#10%&'()-!l-#10%&'()-!{#10%&'()-10%&'()-&10%&'()-3__`?aBaCaDaE
aRazodY: 10! !f&10%&'()- 10 10
109<10%&'()-!l&y#10%&'()-&!q&y#10%&'()-&!cs&y#10%&'()-&Ra#bb/cd efwU3dY:
10!Yf#10%''&'()-!!Yf#10%''&'()-!!Yf#10%++&'()-!!Yf#10%&'()-!!"10%&'()-y!"10
%&'()-yfffffffdgmh~\: 10!!7Y#10%++&'()--)!Y#10%HH&'()--)y&&10%&'()- 10 10
10&< 10%&'()-!Yf#10%++&'()-!mh}i}jkkkkkwU6+: 10<
10%&'()-!Y@2z#10%++&'()-!Y@2z#10%00&'()-!Y#10%00&'()--)!Y#10%00&'()--)!Y#10
%++&'()--)kkkllmnodB:
10!l,$10%&'()-0!l,$10%""&'()-0!(l,$10%""&'()-0!l,$10%00&'()-0&L10%&'()- 10
10opRqUqVqWqXqeq4r{\:0!#10%&'()-&L10%m&'()- 10 10 



109<10%&'()-!l,$10%&'()-0!{l,$10%''&'()-04r?stCt;
u?vvzX6{\:0!{#y#10%&'()-!q#y#10%&'()-!q#y#10%&'()-9!10%m&'()-!q#10%&'()-!q2
#10%&'()-vvvvvvwlxy~\:0!!#10%&'()-0!#10%&'()-0!q#10%&'()-0&10%&'()- 10m 10m
10mL<10%m&'()-yyzr{ |||||z[PE:0! 10 10 10&<
10%&'()-!#10%&'()-0!v#10%&'()-0!qe#10%&'()-0#10%i&'()-0|
||}~zX6PE:0!l#10%&'()-0!ql#10%&'()-0!vl#10%  &'()-0!v-l#10%
&'()-0!l#10%&'()-0y&10%&'()-z}~~\:0!!,#10%((&'()-)!,#10%`+`+&'()-)&910%&'()
- 10 10 10<
10%&'()-!l#10%&'()-0m#d:wU3~\:0!{f2y#10%&'()-!qjf2y#10%&'()-!l,#10%&'()-)!,
#10%&'()-)!,#10%&'()-)!v,#10%&'()-)hd~\=0!{10%&'()-!-,"10%aa&'()-
!,"10%tt&'()- &910%&'()- 10 



10 109< 10%&'()-dv`wX9.= 109<
10%&'()-`810%&'()-!v#10%&'()-p!v#10%&'()-p!v#10%&'()-p!v#10%&'()-pr-sgE=
109!#10%mm&'()-!#10%&'()-!#10%&'()- 10%m&'()-&10%m&'()- 10 10s UxYNC8 10
10m 10m 10m9< 10%m&'()-!{(y#10%&'()-3!(y#10%mm&'()-3
(y#10%X&'()-3!#10%&'()-2iaBNC8 10 10m10%m&'()-!, "10%mm&'()-
10%m&'()-s10%m&'()-& 10%m&'()-&&10%m&'()-xOaBNC8 10
10m##10%m&'()-!10%m&'()-310%m&'()-!ql#10%&'()-y10%m&'()- 10%m&'()-`yJdENC8 



10 10m`010%m&'()-.10%m&'()-,#10%m&'()-`*10%m&'()-(Y 10%m&'()-$
10%m&'()-J'*+,-:~_= 10 10!,"10%XX&'()- &&10%&'()- 10m 10m
10mL<10%m&'()-!&6y#10%&'()-S210%m&'()-y,xV4~_= 10!&#10%&'()-!&#10%&'()-
&#10%$&'()-!y#10%&'()-L!qy#10%&'()-L!6,"10%NN&'()- ilmno|KN~\:
10!!v-,#10%&'()-Z%!,#10%&'()-Z%&L10%m&'()- 10 10 109<
10%&'()-!{&#10%&'()-NcjL{Y7~\: 10!!{.#10%&'()- !lt.#10%&'()-  .#10% &'()-
,#10%m&'()-Z%!,#10%&'()-Z%!v,#10%&'()-Z%~\:
10!!!Y,#10%++&'()-0!Y,#10%55&'()-0!Y,#10%00&'()-0y&L10%&'()- 10m 



10m 10mL< 10%m&'()-s!zodY: 10!!&`10%&'()- 10 10
10&<10%&'()-!vY,#10%::&'()-0!Y,#10%&'()-0!Y,#10%''&'()-0!GzX6dY:
10!!l#10%&'()-!Vl#10%,,&'()-@#10%&'()-9!{(@#10%&'()-9!V@#10%""&'()-9!@#10%'
R'R&'()-97:;<=JbC 10!!l 10%&'()-&&10%&'()- 10 10
109<10%&'()-LS810%&'()-l#10%&'()-/QGwU3bC
10!\$#10%&'()-!$#10%&'()-!#10%&'()-!{#10%&'()-!{-#10%&'()-!#10%&'()-y|}~@~_
= 10!\![Y#10%::&'()--, 10%&'()-y&910%&'()- 10 10 109<
10%&'()-!$#10%&'()-@EJSwU6+= 



10<10%&'()-!vY#10%&'()--!vY#10%&'()--!Y#10%&'()--!{Y#10%""&'()--!1Y#10%''&'
()--3dB= 10!Yl#10%&'()-!^l#10%&'()-!h;l#10%&'()-!l#10%''&'()-y&910%&'()- 10
103ozodY:0S&&10%&'()- 10 10 10<10%&'()-!vY.g#10%&'()- !{`Y.g#10%""&'()-
!{Y(z#10%&'()-+0Z}^?dY:0&10%&'()-10%&'()-! "10%&'()-! "10%&'()-  10%&'()-
10%&'()-U"aBdY:0$ 10%&'()-lFz#10%&'()-!vVlFz#10%&'()-s 10%&'()-Yz#10%&'()-
10%&'()-"Z5S^?dY:0l96z#10%&'()-!s0 10%&'()-s0 10% &'()-!{Y,z#10%::&'()-(
10%&'()-&10%&'()-!$%&'4_=0! 



"10%tt&'()-!i10%&'()-&910%&'()- 10 10 10&<
10%&'()-,810%&'()-/[xV4_=0!{`3y#10%&'()-M!{3y#10%&'()-M!{`3y#10%&'()-M!y#10
%&'()-g y#10%ttt&'()-g)! "10%&'()-[d+\_`ab{\QF;0!{ 10 10
109<10%&'()-!lY4z#10%&'()- lY4z#10%e&'()-!i. 10%&'()-,10%&'()-bo-<}[:QF;0!{
lsz#10%'K'&'()-Y
!l#10%&'()-S!l-l#10%&'()-S!`l#10%''&'()-S10%&'()-y&910%&'()-<;vHxW5QF;
0!!Y&#10%+=+=&'()- Y&#10%&'()-!Y&#10%&'()- Y&#10%&'()-'!{lsz#10%""&'()-Y
!velsz#10%&'()-Y $a~\;0!! F#10%&'()- 1!8F#10%SS&'()- 1!q`F#10%++&'()-
1@&&10%&'()- 10 10 10&<10%&'()-\gwU3~\;0!F#10%[[&'()- 1!`F#10%RR&'()- 



1!F#10%&'()- 1![F#10%HH&'()- 1!F#10%&'()- 1!F#10%::&'()-
1-^bC0!F#10L10%&'()-M10%&'()-L10%&'()-y&&10%&'()- 10 10 10&<
10%&'()-^G^aBbC0!F#1y:10%&'()- 10%&'()-!n 10%&'()- 10%&'()-"10%&'()-
M10%&'()-^LfdEbC0!F#1l"10%&'()-!10%&'()-9 10%&'()-@10%&'()-L
10%&'()-lYg#10%&'()-fc^?bC0!F`0G10%&'()-!qY*#10%&'()-!Y*#10%&'()-(10%&'()-&
&10%&'()-$10%&'()-<qtuvw}rg\=0!f&&10%&'()- 10 10
10<10%&'()-!{Y34z#10%""&'()-!{Y34z#10%&'()-9@210%&'()-RHTzX6g\=0!!vl#10%
&'()-&-!l#10%&'()-&-!l#10%&'()-&-!l$l#10%&'()-&-!cl#10%&'()-&-
10%&'()-$~\:0!!!{l#10%&'()- 



1!ll#10%&'()- 1f&10%&'()- 10 10
10L<10%&'()-!l#10%&'()-&-$}zX6~\:0!!{l#10%""&'()- 1!`l#10%&'()- 1l#10%
&'()- 1!l#10%&'()- 1!ll#10%&'()- 1!l#10%&'()- 1#O_=0!!!# #10%&'()-/!`
#10%&'()-/10%&'()-&&10%&'()- 10 10 109<10%&'()-O wU6+= 10L<10%&'()-!
#10%&'()-/! 



#10%&'()-/! #10%&'()-/!` #10%&'()-/! #10%&'()-/ V1mN/ 10%&'()-"10%&'()-
10%&'()-  10%&'()-10%&'()-f&910%&'()- 10 104ea?mN/
10!F&#10%MM&'()-&$10%&'()-Y#S10%&'()-&!10%&'()-310%&'()-!qlz#10%++&'()-4
svwxyuj_@ 10!f&&10%&'()- 10 10 10<10%&'()-!hY96g#10%""&'()-.
10%&'()-F&#10%&'()-NR\1cwU3j_@!|Y#10%CC&'()-0!Y#10%&'()-0!Y#10%55&'()-0!Y#1
0%00&'()-0!{(Y#10%""&'()-0!Y#10%00&'()-0~\:!!{Y,#10%""&'()-0!-Y,#10%++&'()-
0!Y,#10%55&'()-0y&L10%&'()- 10 10 109<10%&'()-sRUVWXwXMB7! 



10 10 10<
10%&'()-!Y,#10%++&'()-0!Y,#10%&'()-0!Y,#10%++&'()-0!{Y,#10%""&'()-0Xe9DACzX
6MB7!!Y@#10%&'()-Y%!vY@#10%&'()-Y%!qY@#10%&'()-Y%!l-Y@#10%&'()-Y%!lY@#10%&'
()-Y%f&910%&'()-C_{\:!!!S%10%YY&'()-0&910%&'()- 10 10
10<10%&'()-!qY.z#10%&'()- ![Y.z#10%''&'()- _GQRwU6+:
10&<10%&'()-!S%10%..&'()-0!S%10%AA&'()-0!S%10%33&'()-0!6S%10%&'()-0!(S%10%P
P&'()-0dE: 10&<1,#10%&'()--!,#10%&'()--!#,#10%&'()--!,#10%&'()--&L10%&'()-
10 10'zodY:0,&L10%b&'()- 10 10 109<
10%&'()-!{`6y#10%&'()-!{,#10%&'()--!{s,#10%&'()--'TzX6dY:0!#10%bb&'()-0!x#1
0%bb&'()-0#10%n&'()-0!(#10%bb&'()-0!D#10%bb&'()-0!#10%&'()-0fijklyI{\:0!!,"
10%\\&'()-&910%&'()- 10b 10b 10b<10%b&'()-!#10%bb&'()-0!v#10%bb&'()-0IrAD 



Z(zX6{\:0!q#10%&'()-:'!#10%&'()-:'!v#10%&'()-:'!h#10%&'()-:'!l#10%&'()-:',"
10%&'()-(w ~\:0!!,,#10%&'()-0!,#10%&'()-0&910%m&'()- 10 10 109<
10%&'()-!{#10%&'()-:'-wU6+: 10mL<
10%m&'()-!,#10%EE&'()-0!,#10%&'()-0!,#10%mm&'()-0!,#10%&'()-0!,#10%&'()-0(:
dB: 10mL!\*10%&'()--!*10%``&'()--!~*10%&'()--!p*10%&'()--&910%g&'()- 10m
10m}&)*+,wXMB70m 10g 10g
10g9<10%g&'()-!vl96#10%&'()-!a*10%&'()--!t*10%&'()--!p*10%&'()--,9"Nz[9MB70
m
!vj,#10%&'()-0,#10%m{&'()-0!q,#10%&'()-0!$,#10%&'()-0!{,#10%&'()-0&910%m&'(
)-%{\=0m !10%&'()-&910%&'()- 10m 10m
10mL<10%m&'()-!{,#10%&'()-0!v,#10%&'()-0Mx>A }[9{\=0m 



!vl #10%  &'()- +!{sl #10%&'()- +l #10%p&'()- +!l #10%''&'()- +! l
#10%EE&'()- +10%&'()-A  !!!!!!!"{\:0m !!#10%&'()-0%10%@&'()- 10 10 10&<
10%&'()-!l #10%&'()- +!{l #10%&'()-
+"##$%%&zX6{\:0m!:#10%&'()-0!q#10%&'()-0!q#10%&'()-0!{H#10%&'()-0#10%@&'()-
0!#10%&'()-0&&'''''u'(~\:0m!!$10%II&'()-.!$10%[[&'()-.&&10%m&'()- 10@ 10@
10@L<10%@&'()-!m#10%&'()-0(()* ,:,=,>,z[<1:0 10mL< 



10%m&'()-s810%m&'()-$10%mE&'()-.!v$10%SS&'()-.!{$10%II&'()-.!$10%EE&'()-.>,
?,@,M,,-(...dE:0
10mC9!10%&'()-!q,#10%&'()-!q2,#10%&'()-!{,#10%&'()-&910%&'()- 10m
10m.001O1R1S1T1U1wXMB70 10 10 10
109<10%&'()-!lY4z#10%,,&'()-!lY4z#10%&'()-!l#z#10%&'()-3!l#z#10%&'()-3U1b10
2?33^495zX6MB70
10!{3#10%HH&'()-0!3#10%&'()-0!3#10%[[&'()-0!-3#10%QQ&'()-0!3#10%``&'()-0@&9
10%&'()-95?66666666{\=0 10!{,10%&'()-y&910%&'()- 10 10 10<
10%&'()-!{3#10%HH&'()-0!3#10%QQ&'()-06(7Z77788aB{\=0 10!{f#10%&'()-!x
10%&'()-'10%&'()- 10%&'()-10%&'()- Z10%&'()-899<:q:::dE{\=0
10!{l,@#10%&'()-*10%&'()-(10%&'()-$ 10%&'()-#f#10%&'()-s 



10%&'()-:;;;(<+<,<-<.<aVK@0 10!{ 10 10
109<10%&'()-,810%&'()-!lF4g#10%&'()-`010%,&'()-.10%&'()-.<;<=&>>?@zX6VK@0
10!l@##10%&'()-!ql@##10%&'()-!n10%&'()-!@f#10%&'()-&!c@f#10%&'()-&y&L10%&'(
)-@nAqArAsAtAAAA~_@0 10!  10%&'()-,10%&'()-f&L10%&'()- 10 10
109<10%&'()-!vl@##10%  &'()-A!BBBCRCC}^?~_@0 10!S#10%&'()-
10%&'()-10%&'()-!)"10%&'()-!"10%&'()- 10%&'()-CCC7DoDFEF^<~_@0 10!!vl%z#10%
&'()-@!vl%z#10%  



&'()-@#S#10%&'()-!`F10%&'()-f10%&'()-s 10%&'()-FIFFFFFFFfG~_=0
10!!!F,#10%``&'()-0f&L10%&'()- 10 10
10&<10%&'()-!lL6g#10%&'()-Y410%&'()-fGHIJKLLLwU6+=
10<10%&'()-!{F,#10%MM&'()-0!F,#10%>>&'()-0!F,#10%HH&'()-0!{F,#10%55&'()-0!8
F,#10%kk&'()-0LL L-LLN-NNgE=
10<1!MY#10%++&'()-G%Y#10%&'()-G%!-Y#10%00&'()-G%!Y#10%00&'()-G%y&910%&'()-
10 10NPPAQDQEQFQGQTQ}rg\=0&&10%m&'()- 10 10 10&<10%&'()-!{l.g#10%""&'()-
!{`l.g#10%""&'()- Y#10%&'()-G%TQQ)R_RRRSa?g\=0!iF"10%mm&'()-10%m&'()-
10%m&'()-@"10%m&'()-!@"10%;;&'()-
10%m&'()-SuSSTTTT}^?g\=0(M10%m&'()-&10%m&'()-!Y#f#10%&'()-&!10%m&'()-@
10%m&'()-!qlf#10%&'()-TUAUUVJVVdEg\=08 10%m&'()-&6y#10%m&'()-F410%m&'()-.
10%m&'()-,y#10%m&'()-`*10%m&'()-VVVVVV[WXFX~\=0>10%&'()-!#"10%uu&'()--!"10%
uu&'()--&910%&'()- 10m 10m 10m`<10%m&'()-FXCYVZ^[[[[[[wXMB70 10 



10 10&< 10%&'()-!wl{#10%&'()-!ll{#10%&'()-!vl{#10%
&'()-!{l{#10%&'()-[[\\]]^dBMB70 10!vy#10%  &'()-m y#10%&'()-
10%&'()-"10%&'()-@10%&'()-&`10%&'()-^_P___```aBMB70 10y2
10%&'()-.10%&'()-l,z#10%&'()-(10%&'()-'10%&'()-!{y#10%&'()-m
``3a6a7a8a9aFa~abC0 10@ 10%&'()-y&`10%&'()- 10 10
109<10%&'()-@810%&'()-l`6z#10%&'()-~aabQb%c]ccaBbC0 10
10%&'()-lT#10%&'()-10%&'()-&"10%&'()-!&"10%&'()-3 



10%&'()-cc,dfdBeweedEbC0 10.10%&'()-Y,z#10%&'()- %
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