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1
RADIO COMMUNICATION SYSTEM

BACKGROUND OF THE INVENTION

2

a Fourier transform circuit for transforming the base band
signal sample-quantized by the sample quantization
means into a frequency-region signal;

1. Field of the Invention a propagation-path-characteristic estimation section to
Th . . . s s which frequency-region signals output from the Fourier
e present invention relates to a radio communication . . .

. . S transform circuit are input to estimate the transfer
system, particularly to a radio communication system functi £ th G thi d ith
capable of reducing deterioration of transmission quality due netion ot the propagation path 1m accordance with

. . reference signal regularly inserted into the data sent
to multipath fading. P . . .
o . om the terminal and a signal corresponding to the
2. Description of the Prior Art 10 reference signal among the frequency-region signals
As for a conventional radio communication system hav- output from the Fourier transform circuit and moreover,
ing at least a terminal and a base station, transmission estimate the propagation path characteristic of the
quality is deteriorated if frequency-selective fading due to a propagation path;
multipath occurs in the propagation path between the ter- a complex divider for computing the inverse characteristic
mlnal {md the ba§e statloq.Therefore, an automatic equalizer 15 of the propagation path characteristic by applying
is set in a terminal serving as a reception side to thereby complex-division to the propagation characteristic esti-
reduce deterioration of transmission quality. mated by the propagation-path-characteristic estima-
In case of an automatic equalizer, however, when the tion section;
multipath fading of a propagation path greatly acts, it is a complex multiplier for multiplying the frequency-region
necessary 1o increase thg size of a circuit in order to conquer 29 signals output from the Fourier transform circuit with
the action of the multipath fading. Therefore, problems the inverse characteristic of the propagation path char-
occur Fhat the size of a 1ermlpa1 to which dow.ns%zmg and acteristic computed by the complex divider;
redu.cll.on (')f'power consumption are requestgd is increased selection means for outputting the multiplication result
and it is difficult to realize a circuit for practical use s computed by the complex multiplier when the base
BRIEF SUMMARY OF THE INVENTION Object station ref:eives d?,ta from the tcrminal‘ and, after the
of the Invention base.statlon receives the data tr.ansmltted from the
terminal, outputting the computation result computed
The present invention is made to solve the above prob- by the complex divider; and
lems and its object is to provide a radio communication ,;  ap inverse Fourier transform circuit for inverse-Fourier-
system capable of reducing deterioration of transmission transforming the multiplication result computed by the
quality due to multipath fading while downsizing a terminal complex multiplier or the computation result computed
and reducing the power consumption. by the complex divider, input through the selection
means.
SUMMARY OF THE INVENTION 35  Furthermore, the predistortion section is characterized by
To attain the above object, the present invention uses a comprising inverse characteristic addition means for adding
radio communication system having at least a terminal and the inverse characteristic of the propagation path computed
a base station connected each other through a propagation by the complex divider and inverse-Fourier-transformed by
path and capable of reducing deterioration of transmission the inverse Fourier transform circuit to the data to be
quality between the terminal and the base station due to 4o transmitied to the terminal at the timing when the base
multipath fading in the propagation path, characterized in station completes the reception of the data transmitted from
that the base station comprises: the terminal. ) o B )
a frequency converter for frequency-converting the data FurtheFmore, the inverse chgracterlstlc addmgn means is
sent from the terminal through the propagation path character}zed by adding the inverse cl?aractenstlc of .the
into a base band signal and outputting the signal; 45 propagation Path to the data to b? transmitted to the terminal
. . by using the inverse characteristic of the propagation path as
sample quantization means for sample-quantizing the . . .
. a tap coefficient and thereby, performing the convolutional
base band signal output from the frequency converter; . . .
. . e . . operation between the inverse characteristic of the propa-
an automatic equalizer for equalizing distortions of the gation path and the data to be transmitted to the terminal.
propagation path about the base band signal sample- . ™ Eyrthermore, the predistortion section is characterized by
quantized by the sample quantization means, estimat- comprising storage means for storing the inverse character-
ing the characteristic of the propagation path in accor- istic of the propagation path as a tap coefficient at the timing
dance with the base band signal sample-quantized by when the base station completes the reception of the data
the sample quantization means, and outputting an esti- transmitted from the terminal, and
mated result; . . 55 the inverse characteristic addition means is characterized
a demodulator for demodulating the base band signal by performing the convolutional operation between the
whose distortions are equalized by the automatic equal- inverse characteristic of the propagation path stored in
1zer, the storage means as a tap coefficient and the data to be
a predistortion section for adding the inverse character- transmitted to the terminal and by adding the inverse
istic of the propagation path to the data to be transmit- 49 characteristic of the propagation path to the data to be
ted to the terminal in accordance with the estimated transmitted to the terminal.
result in the automatic equalizer; and Furthermore, the sample quantization means is character-
a modulator for modulating the data to which the inverse ized by comprising an A/D converter.
characteristic of the propagation path is added by the As for the present invention configured as described
predistortion section. 65 above, the propagation characteristic of a propagation path

Moreover, the automatic equalizer is characterized by
comprising:

is estimated by an automatic equalizer set in a base station,
the inverse characteristic of the propagation path is added to
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the down-transmission data to be transmitted to a terminal in
a predistortion section in accordance with the estimation
result, and the data to which the inverse characteristic of the
propagation path is added is transmitted to the terminal as
transmission data through the propagation path. Therefore,
even if a distortion due to a multipath occurs in the propa-
gation path, a down-link signal transmitted from a base
station is correctly received by a terminal without setting
any function for reducing deterioration of transmission

4

A/D converter 20 into a frequency-region signal and out-
putting the signal; a propagation-path-characteristic estima-
tion section 32 to which frequency-region signals outputted
from the Fourier transform circuit 31 are inputted to estimate
a reference signal for estimating the transfer function of the
propagation path 3 in accordance with a signal correspond-
ing to a reference signal for estimating a known propagation
path characteristic regularly inserted into the up-data sent
from the terminal 2 and a frequency-region signal corre-

quality due to multipath fading to the terminal and therefore, 10 Sponding to the reference signal among the frequency-region
transmission quality is not deteriorated. signals oulputt.ed from the Foune? transform circuit 31 and
moreover, estimate the propagation-path characteristic H
BRIEF DESCRIPTION OF THE DRAWINGS (w) of the propagation path 3; a complex divider 33 for
computing the inverse characteristic 1/H (w) of the
This above-mentioned and other objects, features and | propagation-path characteristic H (w) estimated by the
advantages of this invention will become more apparent by ™ propagation path-characteristic estimation section 32 by
reference to the following detailed description of the inven- applying complex division to the propagation-path charac-
tion taken in conjunction with the accompanying drawings, teristic H (w) estimated by the propagation path-
wherein: characteristic estimation section 32; a complex multiplier 34
FIG. 1 s an illustration showing an embodiment of aradio ,, for multiplying the frequency-region signals outputted from
communication system of the present invention; and the Fourier transform circuit 31 with the inverse character-
FIG. 2 is an illustration showing the configuration of the ~ istic 1/H (w) of the propagation path 3 computed by the
automatic equalizer and predistortion section shown in FIG. complex divider 33 and thereby, equalizing distortions of the
1. propagation path 3; a selector 35 serving as selection means
»s for outputting a signal whose distortions are equalized by the
DETAILED DESCRIPTION OF THE complex multiplier 34 when receiving up-data from the
PREFERRED EMBODIMENTS terminal 2 and outputting the inverse characteristic 1/H (w)
of the propagation path 3 computed by the complex divider
The p'referred embodimeqt of the present inveqtion will 33 aftlf):r Iie%eivingp the up-dpata, iny accordagce with a
be described below by referring to the accompanying draw- 3o (ransmission/reception switching signal inputted from an
ngs. external unit; and an inverse Fourier transform circuit 36 for
FIG. 1is an illustration showing an embodiment of a radio inverse-Fourier-transforming a signal whose distortions are
communication system of the present invention. equalized by the complex multiplier 34 when the signal is
As shown in FIG. 1, this embodiment is configured by a inputted and outputting the signal to the demodulator 40 as
terminal 2 and a base station 1 connected each other through 55 a time-region signal, applying inverse Fourier transform to
a propagation path 3, in which the terminal 2 is provided the inverse characteristic 1/H (w) of the propagation path 3
with a demodulator 70 for demodulating the down-data sent computed by the complex divider 33 when the inverse
from the base station 1 through the propagation path 3 and characteristic 1/H (w) is inputted, thereby computing an
a modulator 80 for modulating the down-data to be trans- impulse response, and outputting the computation result to
mitted to the base station 1 through the propagation path 3 ,, the predistortion section 50.
and the base station 1 is provided with a frequency converter Moreover, as shown in FIG. 2, the predistortion section 50
10 for frequency-converting the up-data sent from the ter- of this embodiment is configured by a tap-coefficient
minal 2 through the propagation path 3 into a base band memory 51 serving as storage means for storing the impulse
signal and outputting the signal, an A/D converter 20 serving response of the inverse characteristic 1/H (w) of the propa-
as sample quantization means for sample-quantizing the ,5 gation path 3 output from the inverse Fourier transform
base band signal outputted from the frequency converter 10, circuit 36 at the timing after receiving the up-data transmit-
an automatic equalizer 30 for equalizing distortions of the ted from the terminal 2, in accordance with a transmission/
propagation path 3 about the base band signal sample- reception switching signal inputted from an external unit and
quantized by the A/D converter 20, estimating the charac- an FIR filter 52 serving as inverse characteristic addition
teristic of the propagation path 3 in accordance with the base 5, means for performing the convolutional operation between
band signal sample-quantized by the A/D converter 20, and ~ down-transmission data to be transmitted to the terminal 2
outputting the estimation result as propagation-path- and the impulse response of the inverse characteristic 1/H
characteristic information, a demodulator 40 for demodu- (w) of the propagation path 3 by using the impulse response
lating the base band signal whose distortions are equalized stored in the tap coefficient memory 51 as a tap coefficient
by the automatic equalizer 30, a predistortion section 50 for 55 and adding the inverse characteristic of the propagation path
adding the inverse characteristic of the propagation path 3 to 3 to the down-transmission data.
down-transmission data in accordance with the propagation- In this case, when a modulation method uses the QPSK
path-characteristic information outputted from the automatic method, the data inputted to the FIR filter 52 has a binary
equalizer 30, and a modulator 60 for modulating the down- value. Therefore, as for the multiplication between the data
transmission data to which the inverse characteristic of the 5 and the tap coefficient, it is actually only necessary to set the
propagation path 3 is added by the predistortion section 50. polarity bit of the tap coefficient to a positive phase or invert
FIG. 2 is an illustration showing the configuration of the the bit in accordance with the value of input data. That is, in
automatic equalizer 30 and the predistortion section 50 case of the QPSK method, it is possible to form the FIR filter
shown in FIG. 1. 52 with a simple circuit without using any multiplier.
As shown in FIG. 2, the automatic equalizer 30 of this 65  The data transmission operation of a radio communication

embodiment is configured by a Fourier transform circuit 31
for transforming a base band signal sample-quantized by the

system having the above configuration will be described
below.
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The up-transmission data supplied from the terminal 2 is
modulated by the modulator 80 in the terminal 2 and
transmitted to the base station 1 through the propagation
path 3.

6
receiving the up-data transmitted from the terminal 2 in
accordance with a transmission/reception switching signal
inputted from an external unit.
Then, in the FIR filter 52, the convolutional operation

In the base station 1, the up-data sent from the terminal 2 5 between the down-transmission data to be transmitted to the
through the propagation path 3 is first frequency-converted terminal 2 and the impulse response of the inverse charac-
into a base band signal by the frequency converter 10 and the teristic 1/H (w) of the propagation path 3 is performed by
base band signal outputted from the frequency converter 10 using the impulse response stored in the tap-coefficient
is sample-quantized by the A/D converter 20. memory 51 as a tap coefficient and thereby, the inverse

Then, in the Fourier transform circuit 31 of the automatic 10 characteristic of the propagation path 3 is added to the
equalizer 30, the base band signal sample-quantized by the down-transmission data and output to the converter 60.
A/D converter 10 is converted into a frequency-region signal Then, down-transmission data to which the inverse char-
and outputted to the propagation-path-characteristic estima- acteristic of the propagation path 3 is added by the predis-
tion section 32 and complex multiplier 34. tortion section 50 is modulated by the modulator 60 and the

Then, in the propagation-path-characteristic estimation 15 modl.llated down-transmission Qata is transmitted to the
section 32, the transfer function of the propagation path 3 is terminal 2 through the propagation path 3.
estimated in accordance with a reference signal for estimat- Thereafter, when the down-data transmitted from the base
ing a known propagation path characteristic regularly station 1 is received by the terminal 2 through the propa-
inserted into the up-data sent from the terminal 2 and a ,  gation path 3, the received down-data is demodulated by the
frequency-region signal corresponding to the reference sig- demodulator 70 in the terminal 2 and outputted as down-
nal among the frequency-region signals outputted from the demodulated data.

Fourier transform circuit 31 and thereby, the propagation As described above, in the case of this embodiment, the
path characteristic H(w) of the propagation path 3 is esti-  propagation characteristic of the propagation path 3 is
mated. o5 estimated !Jy the automatic. equalizer 30 in the ~base slatio.n

Then, in the complex divider 33, the propagation path 1 and the inverse characle.rls.llc of the propagation path 3 is
characteristic H (w) estimated by the propagation-path- addeq to the qlown—lransm1551on.data to be Ir.ansn}med to the
characteristic estimation section 32 is complex-divided and terminal 2 in accordancq Wlt,h lhe estimation result.
thereby, the inverse characteristic 1/H () of the propagation Therefore, even when a distortion is produced due to a
path characteristic H (w) estimated by the propagation-path- 3 multipath in the propagation path 3, the down-data trans-
characteristic estimation section 32 is computed. mitted from the base station 1 is correctly received by the

Th . e . terminal 2 and thereby, transmission quality is not deterio-

en, in the complex multiplier 34, frequency-region rated

signals outputted from the Fourier transform circuit 31 are ’ . . Lo
multiplied with the inverse characteristic 1/H (w) of the As described above, the present invention is configured so
propagation path 3 computed by the complex divider 33 and 35 tha.t the propagation cha.ractenspc of a Vpropaganonlpath 15
thereby, distortions of the propagation path 3 are equalized §st1matcd by an automatic cqualizer setina b?.lse station, the
about the frequency-region signals outputted from the Fou- 1nverse chara.cte_r istic of the p ropagation path is addf.;d to.the
rier transform circuit 31. down-transmission data to be transmitted to a terminal in a

. L. . predistortion section in accordance with the estimation result

The inverse characteristic I/H ((D) of the propagation pth W and the data to which the inverse characteristic of the
3 C.O[Ilpl.lled by the complex d1V}der 33 and the 51gpals n propagation path is added is transmitted to the terminal
which distortions Qf }he propagation path 3 are equalized by through the propagation path as transmission data.
the complex multiplier 34 are inputted to the selector 35. Therefore, even when a distortion is produced in the propa-

In the selector 35, a signal whose distortions are equalized gation path due to a multipath, a down-link signal transmit-
by the complex multiplier 34 is outputted when receiving 45 ted from the base station is correctly received by the terminal
up-data from the terminal 2 and the inverse characteristic ™ without setting any function for reducing deterioration of
1/H () of the propagation path 3 computed by the complex  {ransmission quality due to multipath fading to the terminal
divider 33 is outputted after receiving the up-data, in accor- and thus, it is possible to reduce deterioration of transmis-
dance with a transmissign/reception switching signal input- sion quality.
ted from an external unit. so  Thereby, it is possible to reduce deterioration of trans-

Then, when a signal whose distortions are equalized by = mission quality due to multipath fading while downsizing a
the complex multiplier 34 is inputted to the inverse Fourier terminal and reducing the power consumption.
transform circuit 36, the signal is inverse-Fourier- What is claimed is:
transformed and outputted to the demodulator 40 as a 1. A radio communication system having a terminal and
time-region signal, and the signal outputted from the inverse . a base station connected to each other through a propagation
Fourier transform circuit 36 is demodulated by the demodu- ~ path and capable of reducing deterioration of transmission
lator 40 and outputted as up-demodulated data. quality between the terminal and the base station due to

When the inverse characteristic 1/H (u)) of the propaga- multipath fading in the propagation path, the base station
tion path 3 computed by the complex divider 33 is inputted, comprising:
the inverse characteristic 1/H (w) of the propagation path 3 ¢,  a frequency converter for frequency-converting data sent
is inverse-Fourier-transformed and thereby, an impulse from the terminal through the propagation path into a
response is computed and the computed impulse response is base band signal and outputting the signal;
outputted to the predistortion section 50. a sample quantizer for sample-quantizing the base band

Then, the impulse response of the inverse characteristic signal output from the frequency converter;

1/H (w) of the propagation path 3 outputted from the inverse 65  an automatic equalizer for equalizing distortions of the

Fourier transform circuit 36 is stored in the tap-coefficient
memory 51 of the predistortion section 50 at the timing after

propagation path about the base band signal sample-
quantized by the sample quantizer, estimating a char-
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acteristic of the propagation path in accordance with
the base band signal sample-quantized by the sample
quantizer, and outputting an estimated result;

a demodulator for demodulating the base band signal
whose distortions are equalized by the automatic equal-
izer;

predistortion section for adding the inverse of the
characteristic of the propagation path to data to be
transmitted to the terminal in accordance with the
estimated result from the automatic equalizer; and

a modulator for modulating the data to which the inverse
characteristic of the propagation path is added by the
predistortion section, wherein the automatic equalizer
comprises:

a Fourier transform circuit for transforming the base band
signal sample-quantized by the sample quantizer into a
frequency-region signal;

propagation-path-characteristic estimation section to
which frequency-region signals output from the Fourier
transform circuit are input to estimate a transfer func-
tion of the propagation path in accordance with a
reference signal regularly inserted into data sent from
the terminal and a signal corresponding to the reference
signal among the frequency-region signals output from
the Fourier transform circuit, in order to estimate a
propagation path characteristic of the propagation path;

a complex divider for computing the inverse characteristic
of the propagation path characteristic by applying
complex-division to the propagation path characteristic
estimated by the propagation-path-characteristic esti-
mation section,

a complex multiplier for multiplying the frequency-region

signals output from the Fourier transform circuit with

the inverse characteristic computed by the complex

divider;

selector for outputting the multiplication result com-

puted by the complex multiplier when the base station

receives data from the terminal and, after the base

station receives the data transmitted from the terminal,

outputting the computation result computed by the

complex divider; and

an inverse Fourier transform circuit for inverse-Fourier-
transforming the multiplication result computed by the
complex multiplier or the computation result computed
by the complex divider, input via the selector.

2. The radio communication system according to claim 1,

)

o

o

wherein

the predistortion section has an inverse characteristic
adder for adding the inverse characteristic of the propa-
gation path computed by the complex divider and
inverse-Fourier-transformed by the inverse Fourier
transform circuit to data to be transmitted to the ter-
minal at a time when the base station completes the
reception of the data transmitted from the terminal.

3. The radio communication system according to claim 2,

wherein

the inverse characteristic adder adds the inverse charac-
teristic of the propagation path to data to be transmitted
to the terminal by using the inverse characteristic of the
propagation path as a tap coefficient, thereby perform-
ing a convolutional operation between the inverse
characteristic of the propagation path and the data to be
transmitted to the terminal.

4. The radio communication system according to claim 3,

wherein

10
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8

the predistortion section has a storage part for storing the
inverse characteristic of the propagation path as a tap
coefficient at the timing when the base station com-
pletes the reception of the data transmitted from the
terminal, and the inverse characteristic adder performs
the convolutional operation between the inverse char-
acteristic of the propagation path stored in the storage
part as a tap coefficient and the data to be transmitted
to the terminal, and adds the inverse characteristic of
the propagation path to the data to be transmitted to the
terminal.
5. A radio communication system having a terminal and
a base station connected to each other through a propagation
path and capable of reducing deterioration of transmission
quality between the terminal and the base station due to
multipath fading in the propagation path, the base station
comprising:
an automatic equalizer included in the base station for

equalizing distortions of the propagation path about a
base band signal sample-quantized by a sample
quantizer, estimating the characteristic of the propaga-
tion path in accordance with the base band signal
sample-quantized by the sample quantizer, and output-
ting an estimated result, the equalizer comprising:

a Fourier transform circuit for transforming the base
band signal sample-quantized by the sample quan-
tizer into a frequency-region signal;

a propagation-path-characteristic estimation section to
which frequency-region signals output from the Fou-
rier transform circuit are input in order to estimate a
transfer function of the propagation path in accor-
dance with a reference signal regularly inserted into
data sent from the terminal and a signal correspond-
ing to the reference signal among the frequency-
region signals output from the Fourier transform
circuit, in order to estimate a propagation path char-
acteristic of the propagation path;

a complex divider for computing an inverse character-
istic of the propagation path characteristic by apply-
ing complex-division to the propagation path char-
acteristic estimated by the propagation-path-
characteristic estimation section,
complex multiplier for multiplying the frequency-
region signals output from the Fourier transform
circuit with the inverse characteristic of the propa-
gation path characteristic computed by the complex
divider;

a selector for outputting the multiplication result com-
puted by the complex multiplier when the base
station receives data from the terminal and, after the
base station receives the data transmitted from the
terminal, outputting the computation result com-
puted by the complex divider; and

an inverse Fourier transform circuit for inverse-
Fourier-transforming the multiplication result com-
puted by the complex multiplier or the computation
result computed by the complex divider, input via the
selector.

6. A radio communication system having a terminal and
a base station connected to each other through a propagation
path and capable of reducing deterioration of transmission
quality between the terminal and the base station due to
multipath fading in the propagation path, the base station
comprising:
a predistortion section having an inverse characteristic
adder for adding an inverse characteristic of the propa-
gation path, the inverse characteristic computed by

~
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complex division and by inverse-Fourier-
transformation, to data to be transmitted to the terminal
at a time when the base station completes reception of
the data transmitted from the terminal,

wherein the inverse characteristic adder adds the inverse
characteristic of the propagation path to the data to be
transmitted to the terminal by using the inverse char-
acteristic of the propagation path as a tap coefficient,
thereby performing a convolutional operation between
the inverse characteristic of the propagation path and
the data to be transmitted to the terminal.

7. A radio communication system having a terminal and

a base station connected to each other through a propagation
path and capable of reducing deterioration of transmission
quality between the terminal and the base station due to
multipath fading in the propagation path, the base station
comprising:

a predistortion section having an inverse characteristic
adder for adding an inverse characteristic of the propa-
gation path, the inverse characteristic computed by
complex division and by inverse-Fourier-
transformation, to data to be transmitted to the terminal
at a time when the base station completes reception of
the data transmitted from the terminal,

wherein the predistortion section has a storage part for
storing the inverse characteristic of the propagation
path as a tap coefficient at the time when the base
station completes the reception of the data transmitted
from the terminal, and wherein the inverse character-
istic adder performs the convolutional operation
between the inverse characteristic of the propagation
path stored in the storage part as a tap coefficient and
the data to be transmitted to the terminal and adds the
inverse characteristic of the propagation path to the
data to be transmitted to the terminal.
8. A base station for a radio communication communi-
cating with a terminal having an automatic equalizer for
equalizing distortions of a propagation path about a base
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band signal sample-quantized by a sample quantizer, esti-
mating a characteristic of the propagation path in accordance
with the sample-quantized base band signal, and outputting
an estimated result, the automatic equalizer comprising:

a Fourier transform circuit for transforming the base band
signal sample-quantized by the sample quantizer into a
frequency-region signal;

a propagation-path-characteristic estimation section to
which frequency-region signals output from the Fourier
transform circuit are input to estimate the transfer
function of the propagation path in accordance with a
reference signal regularly inserted into the data sent
from the terminal and a signal corresponding to the
reference signal among the frequency-region signals
output from the Fourier transform circuit, in order to
estimate the propagation path characteristic of the
propagation path;

a complex divider for computing an inverse characteristic
of the propagation path characteristic by applying
complex-division to the propagation path characteristic
estimated by the propagation-path-characteristic esti-
mation section;

a complex multiplier for multiplying the frequency-region
signals output from the Fourier transform circuit with
the inverse characteristic of the propagation path char-
acteristic computed by the complex divider;
selector for outputting the multiplication result com-
puted by the complex multiplier when the base station
receives data from the terminal and, after the base
station receives the data transmitted from the terminal,
outputting the computation result computed by the
complex divider; and

an inverse Fourier transform circuit for inverse-Fourier-
transforming the multiplication result computed by the
complex multiplier or the computation result computed
by the complex divider, input through the selector.
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