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RECEIVER

(57) A communication-line-quality estimating appa-
ratus capable of accurately carrying out communication
line quality estimation by using simple processing is pro-
vided. Provided is a communication-line-quality estimat-
ing apparatus of which a receiver receives from a trans-
mitter a signal including known signals whose phase re-
lation is known between the transmitter and the receiver.
The communication-line-quality estimating apparatus in-
cludes a pilot adding unit 40 that cumulatively adds up
and averages a power value of a noise component cal-

culated by addition or subtraction in a specified combi-
nation of the known signals, a first power calculating unit
41, a first averaging processing unit 42, a second power
calculating unit 43 that cumulatively adds up and aver-
ages a power value of the known signals, a second av-
eraging processing unit 44, and a power-ratio calculating
unit 45 that estimates communication line quality using
a noise signal power value input from the first averaging
processing unit 42 and a reception signal power value
input from the second averaging processing unit 44.
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Description

Field

[0001] The present invention relates to a communication-line-quality estimating apparatus that estimates communi-
cation line quality in digital radio communication.

Background

[0002] For use in transmission power control, control of a transmission mode such as adaptive modulation, and
demodulation processing in a receiver, a digital radio communication apparatus typically includes a means for measuring
communication line quality such as the SNR (Signal to Noise power Ratio).
[0003] As a conventional communication-line-quality estimating technology, for example, a technology regarding
OFDM (Orthogonal Frequency Division Multiplexing) is disclosed in Patent Literature 1 described below. Patent Literature
1 describes that known signals are mapped onto subcarriers and an OFDM receiver receives the known signals trans-
mitted between a transmitter and the receiver. Then in the receiver, after modulation components of the known signals
are removed, the value of the difference in power between adjacent known signals is established as a noise power
estimation value. Subsequently, the estimated noise power estimation value is subtracted from the total reception signal
power so as to obtain a desired signal power estimation value. Finally, the ratio of the desired signal power estimation
value and the noise power estimation value is calculated to establish the estimated SNR.

Citation List

Patent Literature

[0004] Patent Literature 1: Japanese Patent No. 4129004

Summary

Technical Problem

[0005] However, with the conventional technology mentioned above, it is necessary to remove the modulation com-
ponents of the known signals in the receiver. Therefore, there is a problem in that the amount of processing related to
estimating the communication line quality increases. The desired signal power estimation value is calculated according
to the difference between the total reception signal power and the noise power estimation value. Therefore, there is also
a problem in that it is difficult to always obtain the communication line quality estimation with high accuracy regardless
of the communication environment.
[0006] The present invention has been devised in view of the above and it is an objective of the present invention to
obtain a communication-line-quality estimating apparatus capable of using simple processing to accurately estimate
communication line quality.

Solution to Problem

[0007] In order to solve the problem above and achieve the objective, the present invention relates to a communication-
line-quality estimating apparatus of a receiver that receives, from a transmitter, a signal including known signals whose
phase relation is known between the transmitter and the receiver. The communication-line-quality estimating apparatus
includes: a first power-value calculating unit that cumulatively adds up and averages a power value of a noise component
calculated from a specified combination of the known signals; a second power-value calculating unit that cumulatively
adds up and averages a power value of the known signals; and a power-ratio calculating unit that estimates communication
line quality using a noise signal power value input from the first power-value calculating unit and a reception signal power
value input from the second power-value calculating unit.

Advantageous Effects of Invention

[0008] The communication-line-quality estimating apparatus according to the present invention attains an effect where-
by it is possible to use simple processing to accurately estimate communication line quality.
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Brief Description of Drawings

[0009]

FIG. 1 is a diagram illustrating a configuration example of a transmitter in a first embodiment.
FIG. 2 is a diagram illustrating a configuration example of a receiver in the first embodiment.
FIG. 3 is a diagram illustrating a frame format of a transmission frame in the first embodiment.
FIG. 4 is a diagram illustrating a configuration example of a communication-line-quality estimating unit in the first
embodiment.
FIG. 5 is a diagram illustrating a frame format of a transmission frame in a second embodiment.
FIG. 6 is a diagram illustrating a configuration example of a communication-line-quality estimating unit in the second
embodiment.
FIG. 7 is a diagram illustrating an example of a configuration of a receiver in a third embodiment.
FIG. 8 is a diagram illustrating an example of a configuration of a communication-line-quality estimating unit in the
third embodiment.
FIG. 9 is a diagram illustrating a frame configuration and a transmission method of a signal in a fourth embodiment.
FIG. 10 is a diagram illustrating a configuration example of a receiver in the fourth embodiment.
FIG. 11 is a diagram illustrating a configuration example of a communication-line-quality estimating unit in the fourth
embodiment.
FIG. 12 is a diagram illustrating a symbol in a time domain when a subcarrier number 1 is used.
FIG. 13 is a diagram illustrating the symbol in the time domain when a subcarrier number 3 is used.
FIG. 14 is a diagram illustrating the symbol in the time domain when a subcarrier number 5 is used.
FIG. 15 is a diagram illustrating the symbols in the time domain when a subcarrier number 7 is used.
FIG. 16 is a diagram illustrating a configuration example of a data demodulating unit in a fifth embodiment.
FIG. 17 is a diagram illustrating a configuration example of a second communication-line-quality estimating unit in
the fifth embodiment.

Description of Embodiments

[0010] Exemplary embodiments of the present invention are explained in detail below with reference to the drawings.
Note that the present invention is not limited to the embodiments.

First Embodiment

[0011] Orthogonal Frequency Division Multiplexing transmission is explained with an example below. FIG. 1 is a
diagram illustrating an example of a configuration of a transmitter in this embodiment. The transmitter includes a data
modulating unit 10, a known-signal generating unit 11, a frequency mapping unit 12, an IDFT (Inverse Discrete Fourier
Transform) unit 13, a CP (Cyclic Prefix) adding unit 14, a frame generating unit 15, a D/A-conversion processing unit
16, a high-frequency processing unit 17, and a transmission antenna 18.
[0012] The overall operation of the transmitter is explained with reference to FIG. 1. The transmitter performs, by using
the data modulating unit 10, modulation processing to an information bit desired to be transmitted. Any system can be
used for the modulation processing. For example, BPSK (Binary Phase Shift Keying) can be used. The known-signal
generating unit 11 generates known signals to be used for communication line quality estimation. The frequency mapping
unit 12 performs processing in order to allocate data signals input from the data modulating unit 10 and the known signals
input from the known-signal generating unit 11 to predetermined subcarriers. The IDFT unit 13 applies IDFT to the
signals subjected to the subcarrier allocation by the frequency mapping unit 12 and converts the signals into a signal in
a time domain. The CP adding unit 14 performs processing for copying a predetermined number of samples at the end
of the signal in the time domain generated by the IDFT unit 13 and adding the predetermined number of copies to the
top of the time domain signal. According to a series of processes performed by units up to the CP adding unit 14, an
OFDM symbol is generated. The frame generating unit 15 groups, according to a predetermined format, a plurality of
OFDM symbols into units called frames. The D/A-conversion processing unit 16 performs processing for converting a
digital signal into an analog signal. The high-frequency processing unit 17 carries out predetermined high-frequency
signal processing such as up-convert on the analog signal that is converted by the D/A-conversion processing unit 16.
Thereafter, the analog signal subjected to the high-frequency signal processing is transmitted from the transmission
antenna 18.
[0013] FIG. 2 is a diagram illustrating a configuration example of a receiver in this embodiment. The receiver includes
a reception antenna 20, a high-frequency processing unit 21, an A/D-conversion processing unit 22, a CP removing unit
23, a DFT (Discrete Fourier Transform) unit 24, a data demodulating unit 25, and a communication-line-quality estimating
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unit 26.
[0014] The overall operation of the receiver is explained with reference to FIG. 2. After predetermined high-frequency
signal processing such as a down-convert is carried out on a high-frequency radio signal received by the reception
antenna 20 in the high-frequency processing unit 21, the A/D-conversion processing unit 22 converts the high-frequency
radio signal into a digital signal. The CP removing unit 23 removes the CP added to the top position of an OFDM symbol.
The DFT unit 24 applies DFT to the OFDM symbol from which the CP is removed and converts the OFDM symbol into
a reception signal in a frequency domain. The communication-line-quality estimating unit 26 estimates an SNR from the
reception signal in the frequency domain. The data demodulating unit 25 demodulates transmission data by using the
reception signal in the frequency domain and the SNR estimated by the communication-line-quality estimating unit 26.
[0015] Communication line quality estimation, which is a characteristic part of this embodiment, is explained in detail
below. FIG. 3 is a diagram illustrating a frame format of a transmission frame in this embodiment generated by the frame
generating unit 15. In FIG. 3, signals for two frames are shown. A frame 30 corresponds to a first frame. A frame 31
corresponds to a second frame. One frame is configured from four subcarriers in a frequency axis direction and seven
OFDM symbols in a time axis direction. Concerning the signals in the frames, x0 to x3 and y0 to y3 respectively indicate
the known signals generated by the known-signal generating unit 11. Any signal can be used as a known signal as long
as the signal satisfies a relation of x0=-y0, x1=-y1, x2=-y2, and x3=-y3. Signals indicated by "d" in the frames are the
transmission data generated by the data modulating unit 10.
[0016] FIG. 4 is a diagram illustrating a configuration example of the communication-line-quality estimating unit 26 in
this embodiment in the receiver. The communication-line-quality estimating unit 26 includes a pilot adding unit 40, a first
power calculating unit 41, a first averaging processing unit 42, a second power calculating unit 43, a second averaging
processing unit 44, and a power-ratio calculating unit 45. The reception signal in the frequency domain, which is the
output of the DFT unit 24, is input to the pilot adding unit 40 and the second power calculating unit 43. Note that the pilot
adding unit 40, the first power calculating unit 41, and the first averaging processing unit 42 are configured as a first
power-value calculating unit. The second power calculating unit 43 and the second averaging processing unit 44 are
configured as a second power-value calculating unit.
[0017] The operation of the communication-line-quality estimating unit 26 is explained using, as an example, trans-
mission and reception of the signals of the frame format illustrated in FIG. 3. Note that, for convenience of explanation,
OFDM symbols onto which x0 to x3 and y0 to y3 are mapped are respectively referred to as a leading pilot OFDM symbol
and a second pilot OFDM symbol. The communication-line-quality estimating unit 26 in this embodiment operates only
with the pilot OFDM symbols and does not operate with OFDM symbols onto which transmission data is mapped.
[0018] Upon receiving the reception signal in the frequency domain, the pilot adding unit 40 performs processing for,
when the leading pilot OFDM symbol is received, directly accumulating the signal; and when the second pilot OFDM
symbol is received, it performs processing for adding, for each subcarrier, the second pilot OFDM symbol to the accu-
mulated leading pilot OFDM symbol. As explained above, the known signals transmitted in the pilot OFDM symbols are
related thus x0=-y0, x1=-y1, x2=-y2, and x3=-y3. Therefore, known signal components are cancelled by the processing
of the pilot adding unit 40. As a result, only noise components other than a desired signal remain. The pilot adding unit
40 outputs a processing result to the first power calculating unit 41.
[0019] After calculating, for each subcarrier, a power value of a signal input from the pilot adding unit 40, the first power
calculating unit 41 cumulatively adds up power values for one OFDM symbol. The first power calculating unit 41 outputs
the calculated power value to the first averaging processing unit 42.
[0020] The first averaging processing unit 42 averages, over a plurality of frames, the power value input from the first
power calculating unit 41. The averaging method used is not limited to any particular method. There is, for example, a
method of calculating an arithmetic mean that uses a predetermined number of averaging frames. The first averaging
processing unit 42 outputs the averaged power value to the power-ratio calculating unit 45.
[0021] The second power calculating unit 43 calculates a power value for each pilot OFDM symbol with respect to the
reception signal in the frequency domain. The second power calculating unit 43 outputs the calculated power value to
the second averaging processing unit 44.
[0022] The second averaging processing unit 44 carries out, over a plurality of OFDM symbols and a plurality of frames,
averaging processing on the power value of the pilot OFDM symbol input from the second power calculating unit 43. As
in the first averaging processing unit 42, any method can be applied as the averaging method. The second averaging
processing unit 44 outputs the averaged power value of the pilot OFDM symbol to the power-ratio calculating unit 45.
[0023] The power-ratio calculating unit 45 calculates, as indicated by Expression (1) described below, a ratio (here-
inafter represented as z) of the power value of the noise signal (hereinafter represented as α) input from the first averaging
processing unit 42 to the power value of the reception signal (hereinafter represented as β) input from the second
averaging processing unit 44.
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[0024] In the expression, the coefficient 0.5 multiplied by α is introduced to cancel out noise components because the
noise components are doubled by the processing that adds up the pilot OFDM symbols in the pilot adding unit 40. The
SNR is calculated using Expression (1). The power-ratio calculating unit 45 outputs the calculated SNR to the data
demodulating unit 25. The SNR is used for predetermined demodulation processing in the data demodulating unit 25.
[0025] In this embodiment, the transmitter includes a transmitting unit that transmits a signal including known signals
to the receiver when the receiver, which receives the known signals whose phase relation is known between the transmitter
and the receiver, estimates communication line quality using power values of noise components calculated by addition
or subtraction of a combination of the known signals. The communication-line-quality estimating unit 26, which is a
communication-line-quality estimating device of the receiver that receives the signal from the transmitter, cumulatively
adds up and averages power values of noise components calculated from a specified combination of known signals;
cumulatively adds up and averages power values of the known signals; and estimates communication line quality using
the averaged two power values. At this point, in the receiver, it is unnecessary to perform a process of multiplying a
reception signal with an inverse modulation component of a known pilot signal in order to remove a pilot component.
[0026] As explained above, in this embodiment, the transmitter is configured to generate the pilot OFDM symbol using
the known signals whose phase relation is an anti-phase such as x0=-y0, x1=-y1, x2=-y2, and x3=-y3. The receiver is
configured to add up the anti-phase known signals to remove known signal components and carry out noise power
estimation. Consequently, it is possible to realize communication line quality estimation with simple processing without
performing processing for removing modulation components of the known signals in the receiver.
[0027] Note that, in this embodiment, the anti-phase signals are used as the known signals configuring the pilot OFDM
symbol. However, the known signals are not limited to the anti-phase signals as long as the phase relation is known.
For example, the same effects can be realized if the subtraction of the pilot OFDM symbols is performed in the pilot
adding unit 40.
[0028] In this embodiment, each of x0 to x3 and y0 to y3 is allocated to one pilot OFDM symbol. However, this
combination can be any configuration. For example, x0, y0, x1, and y1 can be allocated to the leading pilot OFDM symbol
and x2, y2, x3, and y3 can be allocated to the second pilot OFDM symbol. In this case, when the leading pilot OFDM
symbol is processed, the pilot adding unit 40 executes addition processing in a subcarrier direction in the leading pilot
OFDM symbol such that x0+y0 and x1+y1 are calculated. Similarly, at the time when the second pilot OFDM symbol is
processed, the pilot adding unit 40 executes the addition processing in the subcarrier direction such that x2+y2 and
x3+y3 are calculated. With such a configuration, it is possible to obtain an effect that a processing delay due to signal
accumulation, which occurs when the leading pilot OFDM symbol is processed, does not occur. Further, an arrangement
pattern of signals whose phase relation is known does not always need to be allocated to adjacent subcarriers and
adjacent OFDM symbols and can be set in any place. In this case, the pilot adding unit 40 only has to appropriately
select signals whose phase relation is known and perform the addition processing.
[0029] In this embodiment, a frame configuration is adopted such that a pilot OFDM symbol, in which one OFDM
symbol is configured only from known signals, and an OFDM symbol, which is configured only from transmission data,
are time-multiplexed. However, a configuration can be adopted in which the known signals and the transmission data
are allocated to different subcarriers of the same OFDM symbol. In this case, the communication-line-quality estimating
unit 26 executes its processing only on subcarriers onto which the known signals are mapped. When such a configuration
is used, the pilot OFDM symbols are not intermittently inserted as illustrated in FIG. 3, but the known signals can be
temporally continuously inserted. Therefore, it is possible to obtain an effect whereby it is easy to follow the fluctuations
in the communication environment.
[0030] In this embodiment, the pilot adding unit 40 is configured to perform an addition for each subcarrier between
the leading pilot OFDM symbol and the second pilot OFDM symbol in the same frame. However, the present invention
is not limited to this. For example, the pilot adding unit 40 can be configured to perform addition between a second pilot
OFDM symbol of a leading frame and a leading pilot OFDM symbol of a second frame. In this case, because the number
of symbols for calculating noise signal power increases, it is possible to accurately estimate communication line quality.
[0031] In this embodiment, the SNR with respect to the total bandwidth occupied by the OFDM symbols is calculated
as the communication line quality. However, the SNR per subcarrier, for example, can also be calculated. In this case,
α and β used in Expression (1) only have to be changed from the power values per one OFDM symbol to power values
per subcarrier.
[0032] In this embodiment, the communication-line-quality estimating unit 26 is configured to perform the communi-
cation line quality estimation by using the reception signal in the frequency domain input from the DFT unit 24. However,
the communication-line-quality estimating unit 26 is not limited to this configuration. For example, the communication-
line-quality estimating unit 26 can be configured to use time domain signals before processing using a DFT is performed.
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In this case, the known signals only have to be designed such that portions in which signals to be added up by the pilot
adding unit 40 are in anti-phase to each other are included in the time domain signals. The communication-line-quality
estimating unit 26 can be configured to execute the processing of the second power calculating unit 43 by using the
time domain signals and execute the processing done by the pilot adding unit 40 and the first power calculating unit 41
by using the frequency domain signals. The communication-line-quality estimating unit 26 can also be configured such
that its configuration is the opposite of the above.
[0033] In this embodiment, in order to estimate the desired signal power, the estimated noise power value is subtracted
from the total power value of the pilot OFDM symbol. However, the estimated noise power value can be subtracted from
the total power value of the OFDM symbols onto which the transmission data is mapped. In this case, when a transmission
power ratio of the pilot OFDM symbols and the OFDM symbols onto which the transmission data is mapped are known
in advance, the communication-line-quality estimating unit 26 only has to perform the averaging operation by taking the
power ratio into account. With such a configuration, it is possible to estimate the desired signal power by also using the
OFDM symbols onto which the transmission data is mapped, and therefore an improvement can be expected in the
estimation accuracy of communication line quality.

Second Embodiment

[0034] A plurality of OFDM symbols is arranged in one frame to determine whether it is necessary to carry out com-
munication line quality estimation as appropriate. Differences from the first embodiment are explained.
[0035] FIG. 5 is a diagram illustrating a frame format of a transmission frame in this embodiment generated by the
frame generating unit 15. In FIG. 5, a frame 50 indicates one frame in this embodiment. In this embodiment, a leading
OFDM symbol, a second OFDM symbol, a sixth OFDM symbol, and a tenth OFDM symbol in the frame are pilot OFDM
symbols. The other part of the frame is configured from transmission data. Known signals are generated by the known-
signal generating unit 11 such that a relation holds in which x00=-y00=x10=-y10, x01=-y01=x11=-y11, x02=-y02=x12=-
y12, and x03=-y03=x13=-y13. An OFDM symbol to which x00 to x03 are allocated is referred to as a leading pilot OFDM
symbol; an OFDM symbol to which y00 to y03 are allocated is referred to as a second pilot OFDM symbol; an OFDM
symbol to which x10 to x13 are allocated is referred to as a third pilot OFDM symbol; and an OFDM symbol to which
y10 to y13 are allocated is referred to as a fourth pilot OFDM symbol, respectively.
[0036] FIG. 6 is a diagram illustrating a configuration example of the communication-line-quality estimating unit 26 in
this embodiment in a receiver. Note that, in FIG. 6, components having functions that are the same as the functions of
the components illustrated in FIG. 4 are denoted by the same reference numerals and an explanation of these components
is omitted. The communication-line-quality estimating unit 26 includes the pilot adding unit 40, the first power calculating
unit 41, the first averaging processing unit 42, the second power calculating unit 43, the second averaging processing
unit 44, the power-ratio calculating unit 45, a control unit 60, and a threshold determining unit 61. A reception signal in
a frequency domain, which is an output of the DFT unit 24, is input to the pilot adding unit 40 and the second power
calculating unit 43 via the control unit 60.
[0037] The control unit 60 and the threshold determining unit 61 carry out processing for comparing an estimated SNR
value with a predetermined condition so as to determine whether communication line quality estimation is carried out.
The following explanation focuses on the operations of the control unit 60 and the threshold determining unit 61.
[0038] When the leading pilot OFDM symbol and the second pilot OFDM symbol are processed, the control unit 60
directly outputs the input reception signal in the frequency domain to the pilot adding unit 40 and the second power
calculating unit 43 and then it performs the communication line quality estimation using the method explained in the first
embodiment. The power-ratio calculating unit 45 outputs a calculated SNR to the data demodulating unit 25 and the
threshold determining unit 61.
[0039] The threshold determining unit 61 compares the input SNR with a determination threshold in order to determine
whether the communication line quality estimation is to be ended or continued. When the SNR is larger than the deter-
mination threshold, the threshold determining unit 61 determines that communication line quality is satisfactory and
outputs a signal notifying the control unit 60 of the ending of the communication line quality estimation. When the SNR
is smaller than the determination threshold, the threshold determining unit 61 determines that the communication line
quality is poor and outputs a signal notifying the control unit 60 of the continuation of the communication line quality
estimation.
[0040] When the third pilot OFDM symbol is being processed, and when the control unit 60 receives the signal notifying
the threshold determining unit 61 of the ending of the communication line quality estimation, the control unit 60 does not
output the reception signal in the frequency domain to the pilot adding unit 40 and the second power calculating unit 43,
but it does control the communication-line-quality estimating unit such that it does not perform SNR estimation. In contrast,
when the control unit 60 receives the signal notifying it of the continuation of the communication line quality estimation
from the threshold determining unit 61, the control unit 60 outputs the reception signal in the frequency domain to the
pilot adding unit 40 and the second power calculating unit 43 and it carries out the communication line quality estimation.
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At this point, the pilot adding unit 40 adds up the second pilot OFDM symbol and the third pilot OFDM symbol and
continues the processing.
[0041] In this way, when the pilot adding unit 40 calculates power values of noise components using a first combination
of the pilot OFDM symbols whose phase relation is known (the leading pilot OFDM symbol and the second pilot OFDM
symbol), and when the threshold determining unit 61 determines whether to end or continue the communication line
quality estimation, the control unit 60 controls the output of the pilot OFDM symbols whose phase relation is known of
second and subsequent combinations (the third and subsequent pilot OFDM symbols).
[0042] As explained above, in this embodiment, on the basis of the communication line quality estimated using the
leading pilot OFDM symbol and the second pilot OFDM symbol, it is determined whether the communication line quality
estimation is carried out on the following pilot OFDM symbols in the frame. This is because, under a condition in which
the communication line quality is satisfactory, it can be expected that the communication line quality is estimated at high
accuracy even if the number of pilot OFDM symbols used for the communication line quality estimation is relatively small,
and, under conditions in which the communication line quality is poor, a large number of pilot OFDM symbols are
considered to be necessary to improve the communication line quality estimation accuracy. Consequently, it is possible
to control, according to actual communication line quality, the number of pilot OFDM symbols used for the communication
line quality estimation. As a result, it is possible to expect a processing amount reduction effect of the receiver while
suppressing deterioration in estimation accuracy.
[0043] Note that, in this embodiment, the threshold determining unit 61 is configured to establish the determination
threshold with respect to the SNR. However, a parameter for determining the operation of the threshold determining unit
61 is not limited to this. For example, the threshold determining unit 61 can be configured to also take into account a
residual frequency offset amount remaining in the reception signal in the frequency domain, and, when the frequency
offset is large and the SNR is high, not use the third and fourth pilot OFDM symbols. In the frame configuration illustrated
in FIG. 5, because an interval among the second to fourth pilot OFDM symbols is wide, in a situation in which frequency
offset is present, known signal components cannot be completely removed by processing performed by the pilot adding
unit 40 and it is likely that the estimation accuracy deteriorates. This effect appears more conspicuously as the commu-
nication line quality becomes more satisfactory. Therefore, it is possible to avoid the communication line quality estimation
accuracy deterioration by configuring the threshold determining unit 61 to switch the operation by taking into account
the SNR and the frequency offset.
[0044] In this embodiment, the frame configuration illustrated in FIG. 5 is applied. However, just like in the first em-
bodiment, the frame configuration is not limited. For example, a larger number of pilot OFDM symbols can be arranged
at the frame top and the pilot OFDM symbols can be arranged at a wider interval on the inside of the frame.

Third Embodiment

[0045] In this embodiment, communication line quality is estimated using a transmission line estimation result. Differ-
ences from the first embodiment are explained.
[0046] FIG. 7 is a diagram illustrating a configuration example of a receiver in this embodiment. Note that, in FIG. 7,
components having functions that are the same as the functions of the components illustrated in FIG. 2 are denoted by
the same reference numeral and explanations of these components are omitted. The receiver includes the reception
antenna 20, the high-frequency processing unit 21, the A/D-conversion processing unit 22, the CP removing unit 23,
the DFT unit 24, the data demodulating unit 25, a transmission-line estimating unit 70, and a communication-line-quality
estimating unit 71. A reception signal in a frequency domain that is a processing result of the DFT unit 24 is input to the
data demodulating unit 25, the transmission-line estimating unit 70, and the communication-line-quality estimating unit 71.
[0047] The transmission-line estimating unit 70 estimates a response of a radio transmission line between a transmitter
and the receiver necessary for demodulation processing in the data demodulating unit 25. As an estimation method for
a radio transmission line response applied by the transmission-line estimating unit 70, for example, a method is widely
known of comparing a known signal received for each subcarrier in a pilot OFDM symbol to a replica of the known signal
retained in advance in the receiver to estimate waveform distortion received in the radio transmission line. Such a general
method is applicable to the embodiment. In the following explanation, it is assumed that a frequency transfer function
for each subcarrier is estimated as the transmission line estimation result in the transmission-line estimating unit 70.
The transmission-line estimating unit 70 outputs the transmission line estimation result to the data demodulating unit 25
and the communication-line-quality estimating unit 71. The transmission line estimation result is used for data demod-
ulation processing in the data demodulating unit 25 and used for communication line quality estimation in the commu-
nication-line-quality estimating unit 71.
[0048] FIG. 8 is a diagram illustrating a configuration example of the communication-line-quality estimating unit 71 in
this embodiment in the receiver. Note that, in FIG. 8, components having functions that are the same as the functions
of the components illustrated in FIG. 4 are denoted by the same reference numerals and explanations of these components
are omitted. The communication-line-quality estimating unit 71 includes the pilot adding unit 40, the first power calculating



EP 2 961 090 A1

8

5

10

15

20

25

30

35

40

45

50

55

unit 41, the first averaging processing unit 42, the second power calculating unit 43, the second averaging processing
unit 44, the (first) power-ratio calculating unit 45, a third power calculating unit 80, a third averaging processing unit 81,
a second power-ratio calculating unit 82, and a communication-line-quality-estimation-result output unit 83. The trans-
mission line estimation result, which is an output of the transmission-line estimating unit 70, is input to the third power
calculating unit 80. The reception signal in the frequency domain, which is an output of the DFT unit 24, is input to the
pilot adding unit 40 and the second power calculating unit 43. Note that the third power calculating unit 80 and the third
averaging processing unit 81 are configured as a third power-value calculating unit.
[0049] The third power calculating unit 80 calculates a power value for each subcarrier with respect to an input frequency
transfer function for each subcarrier and, after cumulatively adding up power values for one OFDM symbol, it outputs
the calculated power value to the third averaging processing unit 81.
[0050] The third averaging processing unit 81 averages the input power value. Any method such as an arithmetic
mean can be used as an averaging method. An averaged result is output to the second power-ratio calculating unit 82.
[0051] Further, the units from the pilot adding unit 40 to the (first) power-ratio calculating unit 45 execute processing
the same as the processing in the first embodiment and calculate an SNR. The first averaging processing unit 42 outputs
a processing result to the second power-ratio calculating unit 82 in addition to the (first) power-ratio calculating unit 45.
The (first) power-ratio calculating unit 45 outputs the processing result to the communication-line-quality-estimation-
result output unit 83.
[0052] The second power-ratio calculating unit 82 calculates, as indicated by Expression (2) described below, a ratio
(hereinafter represented as y) of a power value (hereinafter represented as γ) of the transmission line estimation result
that is input from the third averaging processing unit 81 to a power value α of a noise signal that is input from the first
averaging processing unit 42.

[0053] The second power-ratio calculating unit 82 outputs the calculated power ratio y to the communication-line-
quality-estimation-result output unit 83.
[0054] The communication-line-quality-estimation-result output unit 83 compares the power ratio y input from the
second power-ratio calculating unit 82 with a predetermined selection threshold. When the power ratio y is smaller than
the selection threshold, the communication-line-quality-estimation-result output unit 83 outputs the power ratio y. When
the power ratio y is larger than the selection threshold, the communication-line-quality-estimation-result output unit 83
outputs the power ratio z that is input from the (first) power-ratio calculating unit 45. That is, the communication-line-
quality-estimation-result output unit 83 controls, according to a calculation result of the power value y, the communication
line quality estimation value that is output from the communication-line-quality estimating unit 71 and that is switched
according to the power ratio y and the power ratio z.
[0055] The communication-line-quality estimating unit 71 outputs the communication line quality estimation value to
the data demodulating unit 25. The communication line quality estimation value output from the communication-line-
quality estimating unit 71 is used for data demodulation processing in the data demodulating unit 25.
[0056] As explained above, in this embodiment, compared with the first embodiment already explained, the commu-
nication-line-quality estimating unit is configured to be capable of calculating the power ratio y using the power value of
the transmission line estimation result estimated by the transmission-line estimating unit 70. Further, the communication-
line-quality estimating unit is configured to be capable of switching the power ratio y and the power ratio z as the output
of the communication-line-quality estimating unit according to the result of the comparison of the power ratio y and the
predetermined selection threshold. In general, in a communication environment in which the SNR is extremely low, by
using the power-ratio calculating method of Expression (1) expressed in the first embodiment, the SNR sometimes
cannot be calculated to a satisfactory accuracy. By using the configuration of this embodiment, the SNR can be calculated
using two different criteria. Therefore, it is possible to provide a satisfactory communication-line-quality estimating means
with respect to a wide range of SNRs regardless of the actual communication environment.
[0057] In this embodiment, the communication-line-quality-estimation-result output unit 83 is configured to compare
the power ratio y with the selection threshold. However, the communication-line-quality-estimation-result output unit 83
can be configured to compare the power ratio z with the selection threshold. The configuration illustrated in the second
embodiment and the configuration illustrated in the third embodiment can be combined.
[0058] The communication-line-quality-estimation-result output unit 83 can be further configured to multiply the power
ratio y and the power ratio z respectively calculated by the power-ratio calculating unit 45 and the second power-ratio
calculating unit 82 with a correction coefficient. With such a configuration, for example, when a fixed error occurs in the
power value of the transmission line estimation result estimated by the transmission-line estimating unit 70, it is possible
to remove an error amount from the communication line quality estimation result and maintain satisfactory estimation
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accuracy.
[0059] In this embodiment, the communication-line-quality-estimation-result output unit 83 is configured to switch the
power ratio y and the power ratio z according to conditions. However, for example, the power ratio y and the power ratio
z can be weighted and combined according to a result of the threshold determination so as to use it as the communication
line quality estimation result. Further, a plurality of selection thresholds can be prepared to provide conditional branches
such as an output of the power ratio y, a weighted combination of the power ratio y and the power ratio z to be output,
and an output of the power ratio z.
[0060] The communication-line-quality-estimation-result output unit 83 can use any method as a weighted combination
method. For example, simple averaging such as (y+z)/2 can be used. By adopting the weighted combination, it is possible
to realize highly accurate communication line quality estimation with the use of the estimation results of both the power
ratio y and the power ratio z. Further, it can be configured such that the communication line quality estimation uses only
the power ratio y without calculating the power ratio z. With such a configuration, when communication is performed
only in an extremely low SNR environment in which sufficient estimation accuracy cannot be ensured at the power ratio
z, it is possible to expect an effect whereby satisfactory estimation accuracy can be realized with a simple configuration.
[0061] The details of the present invention are illustrated above. However, the scope of the present invention is not
limited to the embodiments explained above. All conceivable configurations are included in the scope.

Fourth Embodiment

[0062] In this embodiment, a transmitter transmits a signal in which, with regard to a symbol in a time domain, a sample
in a predetermined sample position in the symbol holds a fixed phase for each symbol. A receiver calculates a difference
in the sample between the symbols in order to carry out noise power estimation. Differences from the first embodiment
are explained below.
[0063] FIG. 9 is a diagram illustrating a frame configuration and a transmission method of a signal in this embodiment.
A frame format of a transmission frame transmitted from the transmitter is illustrated in FIG. 9, and signals for one frame
are shown. The transmission frame is configured from pilot symbols 90 in a two-symbol arrangement and data symbols
91 in a four-symbol arrangement. In FIG. 9, each symbol includes eight subcarriers.
[0064] In this embodiment, a plurality of transmittable subcarriers is established from all the subcarriers. These sub-
carriers are defined as a subcarrier set. In FIG. 9, the subcarriers indicated by hatching (first, third, fifth, and seventh
subcarriers) are the subcarrier set. The subcarriers configuring the subcarrier set are selected so as to be arranged at
equal intervals to each other.
[0065] The transmitter selects, in a pilot symbol, a subcarrier selected in advance from the subcarrier set and transmits
the subcarrier; and then it selects a subcarrier out of the subcarrier set in a data symbol according to an information bit
and transmits the subcarrier. In FIG. 9, the subcarrier selected in each symbol is represented by "1". Note that the same
subcarrier is selected for the pilot symbols of two symbols.
[0066] FIG. 10 is a diagram illustrating a configuration example of the receiver in this embodiment. The receiver
includes the reception antenna 20, the high-frequency processing unit 21, the A/D-conversion processing unit 22, the
CP removing unit 23, the DFT unit 24, the data demodulating unit 25, and a communication-line-quality estimating unit
100. In this embodiment, the communication-line-quality estimating unit 100 performs processing of communication line
quality estimation using the symbol in the time domain input from the CP removing unit 23 and outputs a processing
result to the data demodulating unit 25.
[0067] The operation of the communication-line-quality estimating unit 100 is explained here. FIG. 11 is a diagram
illustrating a configuration example of the communication-line-quality estimating unit 100 in this embodiment. The com-
munication-line-quality estimating unit 100 includes the first power calculating unit 41, the first averaging processing unit
42, the second power calculating unit 43, the second averaging processing unit 44, the power-ratio calculating unit 45,
selectors 110 and 111, a pilot subtracting unit 112, a sample subtracting unit 113, and a sample-power calculating unit
114. Note that the selector 110, the pilot subtracting unit 112, the first power calculating unit 41, the sample subtracting
unit 113, the sample-power calculating unit 114, the selector 111 and the first averaging processing unit 42 are configured
as a first power-value calculating unit. The second power-calculating unit 43 and the second averaging processing unit
44 are configured as a second power-value calculating unit.
[0068] The selector 110 performs a process to switch a signal route through which the symbol in the time domain
received from the CP removing unit 23 is output. Specifically, the selector 110 outputs the symbol in the time domain to
the pilot subtracting unit 112 when the pilot symbol is processed, and it outputs the symbol in the time domain to the
sample subtracting unit 113 when the data symbol is processed.
[0069] The pilot subtracting unit 112 performs a process to directly accumulate a signal when a leading pilot symbol
is processed and of subtracting when a second pilot symbol is processed; and it then performs a process of subtracting
the second pilot symbol from the accumulated leading pilot symbol between the same sample times. The pilot subtracting
unit 112 outputs a calculation result of the subtraction to the first power calculating unit 41.
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[0070] After calculating a power value for each sample with respect to the subtraction result for each sample input
from the pilot subtracting unit 112, the first power calculating unit 41 cumulatively adds the power values for one symbol
and outputs the calculated power value to the selector 111.
[0071] The sample subtracting unit 113 extracts only a specific sample in the symbol determined by the subcarrier
set. Details of an extracting method of a sample are explained below. In this embodiment, first, third, fifth, and seventh
subcarriers are defined as the subcarrier set selected out of the eight subcarriers. In each symbol, a signal component
is present only in one subcarrier. Therefore, a time domain waveform is a sine wave, the frequency of which is determined
by the number of subcarriers in use. This state is illustrated in FIG. 12 to FIG. 15. FIG. 12 is a diagram illustrating a
symbol in the time domain when a subcarrier number 1 is used. FIG. 13 is a diagram illustrating the symbol in the time
domain when a subcarrier number 3 is used. FIG. 14 is a diagram illustrating the symbol in the time domain when a
subcarrier number 5 is used. FIG. 15 is a diagram illustrating the symbols in the time domain when a subcarrier number
7 is used. In FIGS. 12 to 15, the abscissa indicates a sample number in the symbol. It is seen from FIGS. 12 to 15 that
a zero-th sample and a fourth sample take the same phase irrespective of the selected subcarrier number. In this way,
the sample subtracting unit 113 extracts only samples (the zero-th sample and the fourth sample), which take a common
phase irrespective of the subcarrier number.
[0072] After performing the extraction of the samples that hold the common phase irrespective of the subcarrier number
explained above, the sample subtracting unit 113 directly accumulates a signal when an initial data symbol in the frame
is processed. When a second data symbol is processed, the sample subtracting unit 113 extracts a sample in the same
sample position as the initial data symbol; calculates a difference in the same sample position between the sample and
the sample extracted from the accumulated initial data symbol; and outputs the result of the calculation to the sample-
power calculating unit 114. As explained above, only the samples that hold the same phase between the symbols are
extracted and the difference calculation then performed. Therefore, only noise components remain in a differential result.
When processing the second and subsequent data symbols, the sample subtracting unit 113 accumulates extracted
samples such that the difference calculation can be continuously performed when the next data symbol is processed.
[0073] After calculating a power value for each sample with respect to a signal input from the sample subtracting unit
113, the sample-power calculating unit 114 calculates a sum for the symbol. The sample subtracting unit 113 extracts
only the samples that satisfy the condition explained above. Therefore, the calculation of the sum of power values in the
sample-power calculating unit 114 is also processing for adding up power values for the number of extracted samples.
Finally, the sample-power calculating unit 114 performs a correction such that the result of the calculation of the sum of
power values is a value equivalent to power values of all the samples. Specifically, the sample-power calculating unit
114 performs processing for, after multiplying the result of the calculation of the sum of power values by the number of
all the samples in the symbol, dividing the multiplied number by the number of extracted samples.
[0074] The selector 111 is configured to be capable of receiving signals from the first power calculating unit 41 and
the sample-power calculating unit 114. The selector 111 switches a signal route to output an input from the first power
calculating unit 41 to the first averaging processing unit 42 when the pilot symbol is processed; and then it outputs the
input from the sample-power calculating unit 114 to the first averaging processing unit 42 when the data symbol is
processed.
[0075] After averaging the signal input from the selector 111 between the symbols, the first averaging processing unit
42 outputs the signal to the power-ratio calculating unit 45.
[0076] The second power calculating unit 43 and the second averaging processing unit 44 perform processing equiv-
alent to the processing in the first embodiment (see FIG. 4). Note that an input to the second power calculating unit 43
is a symbol in the time domain unlike the first embodiment. However, the second power calculating unit 43 can perform
the same calculation by, after calculating a power value for each sample, calculating a sum for one symbol. Further, in
this embodiment, unlike the first embodiment, a data symbol is also input to the second power calculating unit 43.
However, there is no particular difference in processing content between the pilot symbol and the data symbol. The
second averaging processing unit 44 outputs an averaged power value per one symbol to the power-ratio calculating
unit 45.
[0077] The power-ratio calculating unit 45 performs processing that is the same as the processing in the first embod-
iment to calculate an SNR and outputs the SNR to the data demodulating unit 25.
[0078] As explained above, in this embodiment, the subcarriers that can be used for the signal transmission are defined
as the subcarrier set. The transmitter is configured to transmit a signal using one subcarrier out of the subcarrier set
such that samples that take the same phase between different symbols appear. Further, in the receiver, the communi-
cation-line-quality estimating unit 100 is configured to extract samples that take the same phase and perform the difference
calculation between the extracted samples to estimate noise components. Consequently, it is possible to obtain an effect
whereby the communication line quality estimation can be carried out in a data symbol section in addition to the known
pilot symbol section and the communication line quality estimation accuracy is improved.
[0079] Note that, in this embodiment, the subcarrier set is defined to transmit a signal in which samples that take the
same phase between symbols appear. In each sample, one subcarrier is selected out of the subcarrier set and transmitted.
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However, not only this, but any transmission method can be applied as long as the same phase appears in the same
sample position between transmission symbols.
[0080] In this embodiment, the same phase appears in the same sample position between the transmission symbols.
However, the samples do not always need to take the same phase. A signal in which a known fixed phase difference
appears between the transmission symbols can be transmitted. In this case, the communication-line-quality estimating
unit 100 multiplies one sample by a phase rotation that can cancel out the fixed phase difference and then subtracts the
sample from the other sample rather than calculating a difference for the samples between the transmission symbols.
Consequently, it is possible to obtain the communication line quality estimation. The same effect can be obtained by
multiplying one sample by a phase rotation that changes phases of the samples to opposite phases and then adding
up the samples.
[0081] In this embodiment, the signal is transmitted in the same subcarrier in the pilot symbols. However, the subcarriers
for transmission can be changed among the pilot symbols. In that case, the communication-line-quality estimating unit
100 only has to be configured to always estimate noise power using the sample subtracting unit 113 and the sample-
power calculating unit 114, irrespective of symbol timing. The change of the subcarriers between the pilot symbols is
considered to be effective as, for example, a frequency selectivity fading measure and can be applied to such a system.
The number of pilot symbols is not limited to two and can be any number equal to or larger than two. In this case, it is
desirable that the pilot subtracting unit 112 is configured to be capable of accumulating, in processing the second and
subsequent pilot symbols, signals as in the case of the first pilot symbol and performing the difference calculation between
the pilot symbols and the next pilot symbols, in addition to the subtraction processing between the pilot symbols.
[0082] In this embodiment, the same subcarrier set is defined by taking into consideration both the pilot symbol and
the data symbol. However, the subcarrier set can be defined using different subcarriers in the pilot symbol and the data
symbol; or the pilot symbol can use all the subcarriers as in the first to third embodiments, and the subcarrier set can
be defined only for the data symbol as in this embodiment. With such a configuration, it is possible to increase resistance
to the frequency selectivity fading or the like and realize communication quality improvement.
[0083] Further, in this embodiment, the sample-power calculating unit 114 performs the processing of converting the
power value of the extracted sample into the power value of all the samples. However, the sample-power calculating
unit 114 can be configured to perform averaging of the power value of the extracted sample, and the power-ratio
calculating unit 45 can be configured to finally convert the power value of the extracted sample into the power value of
all the samples and then calculate the SNR. In this case, correction is performed only once for a power estimation value
for which the averaging is completed. Therefore, it is possible to obtain an accurate communication line quality estimation
result with variation of an estimation value reduced.

Fifth Embodiment

[0084] In this embodiment, communication line quality estimation is carried out using a signal obtained by removing
waveform distortion from a reception signal. Parts that are different from the third and fourth embodiments are explained.
[0085] The frame format in this embodiment is the frame format illustrated in FIG. 9 and is used as in the fourth
embodiment. The overall configuration of a receiver is the same as the overall configuration illustrated in FIG. 7 in the
third embodiment. However, the receiver includes a second communication-line-quality estimating unit on the inside of
the data demodulating unit 25. FIG. 16 is a diagram illustrating a configuration example of the data demodulating unit
25 in this embodiment. In this embodiment, the data demodulating unit 25 includes an equalization processing unit 160,
an equalization-coefficient calculating unit 161, a symbol determining unit 162, and a second communication-line-quality
estimating unit 163.
[0086] The operation of the data demodulating unit 25 in this embodiment is explained here. In the data demodulating
unit 25 illustrated in FIG. 16, a reception signal in a frequency domain is input to the equalization processing unit 160
from the DFT unit 24 illustrated in FIG. 7. A transmission line estimation result is input to the equalization-coefficient
calculating unit 161 from the transmission-line estimating unit 70. A communication line quality estimation value is input
to the equalization-coefficient calculating unit 161 from the communication-line-quality estimating unit 71. A communi-
cation line quality estimation value is input to the second communication-line-quality estimating unit 163 from the com-
munication-line-quality estimating unit 71.
[0087] When a data symbol is processed, the equalization processing unit 160 multiplies the reception signal in the
frequency domain by an equalization coefficient input from the equalization-coefficient calculating unit 161 for each
subcarrier and compensates for signal distortion. The equalization processing unit 160 outputs the data symbol with the
signal distortion compensated, which is a processing result, to the symbol determining unit 162 and the second com-
munication-line-quality estimating unit 163.
[0088] The symbol determining unit 162 performs, using the data symbol with the signal distortion compensated input
from the equalization processing unit 160, determination of an information signal transmitted by the transmitter.
[0089] When a pilot symbol is processed, the equalization-coefficient calculating unit 161 calculates, using the trans-
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mission line estimation result input from the transmission-line estimating unit 70 and the communication line quality
estimation value input from the communication-line-quality estimating unit 71, for each subcarrier, an equalization co-
efficient for compensating for signal distortion received by the reception signal. Any method can be used as a calculation
method of the equalization coefficient. For example, an algorithm based on an MMSE (Minimum Mean Square Error)
standard is widely used by those skilled in the art. Note that the equalization-coefficient calculating unit 161 is configured
to receive the communication line quality estimation value from the second communication-line-quality estimating unit
163 as well. However, when the pilot symbol is processed, the equalization-coefficient calculating unit 161 does not use
the communication line quality estimation value. When the data symbol is processed, the equalization-coefficient cal-
culating unit 161 calculates an equalization coefficient for each subcarrier using the transmission line estimation result
that is input from the transmission-line estimating unit 70 and the communication line quality estimation value that is
estimated by the second communication-line-quality estimating unit 163 according to processing explained below; and
the equalization-coefficient calculating unit 161 then outputs the equalization coefficients to the equalization processing
unit 160.
[0090] FIG. 17 is a diagram illustrating a configuration example of the second communication-line-quality estimating
unit 163 in this embodiment. The second communication-line-quality estimating unit 163 includes the second power
calculating unit 43, the second averaging processing unit 44, the power-ratio calculating unit 45, the sample subtracting
unit 113, the sample-power calculating unit 114, a fourth averaging processing unit 170, and an IDFT unit 171. In the
second communication-line-quality estimating unit 163, the selector 110, the pilot subtracting unit 112, the first power
calculating unit 41, and the selector 111 are removed from the communication-line-quality estimating unit 100 in the
fourth embodiment illustrated in FIG. 11. The second communication-line-quality estimating unit 163 includes the fourth
averaging processing unit 170, the first averaging processing unit 42 being replaced, and it further includes the IDFT
unit 171. Note that the sample subtracting unit 113, the sample-power calculating unit 114, and the fourth averaging
processing unit 170 are configured as a first power-value calculating unit. The second power calculating unit 43 and the
second averaging processing unit 44 are configured as a second power-value calculating unit.
[0091] The IDFT unit 171 is a converting unit that applies an inverse discrete Fourier transform to the data symbol
with the signal distortion compensated that is transferred from the equalization processing unit 160, and it converts the
data symbol into a time domain signal.
[0092] As in the fourth embodiment, the sample subtracting unit 113 extracts, from the time domain signal transferred
from the IDFT unit 171, only a specific sample in a symbol determined from a subcarrier set. The sample subtracting
unit 113 directly accumulates a signal when the initial data symbol in a frame is processed; extracts a sample in the
same sample position as the initial data symbol when the second and subsequent data symbols are processed; calculates
the difference in the sample positions between the sample and the sample extracted from the initial data symbol; and
outputs the difference to the sample-power calculating unit 114. The sample subtracting unit 113 accumulates the
extracted samples such that the differential calculation can be continuously performed when the next data symbol is
processed.
[0093] The sample-power calculating unit 114 calculates a power value according to the processing that is the same
as the processing in the fourth embodiment, and it outputs the power value to the fourth averaging processing unit 170.
[0094] The fourth averaging processing unit 170 performs a process to average the power value input from the sample-
power calculating unit 114 using, as an initial value, the communication line quality estimation value input from the
communication-line-quality estimating unit 71. For example, the averaging processing performed by using an IIR (Infinite
Impulse Response) filter can be applied to this averaging processing. The fourth averaging processing unit 170 outputs
an averaging result to the power-ratio calculating unit 45.
[0095] The second power calculating unit 43, the second averaging processing unit 44, and the power-ratio calculating
unit 45 perform processing that is the same as the processing explained above. Finally the power-ratio calculating unit
45 outputs the communication line quality estimation result to the equalization-coefficient calculating unit 161.
[0096] As explained above, in this embodiment as in the fourth embodiment, the subcarriers that can be used for the
signal transmission are defined as the subcarrier set. The communication line quality estimation can be configured to
carry out in a data symbol section as well. In addition, the communication line quality estimation performed using the
data symbol can be performed using the signal that has been compensated for the signal distortion included in the
reception signal. Consequently, it is possible to obtain an effect that, even in an environment in which signal distortion
is present, an accurate communication line quality estimation value is obtained and communication quality is improved.
Because an update of the communication line quality estimation value can be performed in a data symbol section, the
ability to follow on from fluctuation in the communication line quality is improved, and thus it is possible to maintain
satisfactory communication regardless of the environment.
[0097] Note that, in this embodiment, the processing result in the second communication-line-quality estimating unit
163 is output only to the equalization-coefficient calculating unit 161. However, the present invention is not limited to
this. For example, although not clearly indicated in this embodiment, it is known that, when error correction coding is
applied, decoding performance is improved by performing a soft decision in a demodulating unit. The estimated com-



EP 2 961 090 A1

13

5

10

15

20

25

30

35

40

45

50

55

munication line quality estimation value can be used for the calculation of the soft decision. To use the estimated
communication line quality estimation value in the control of adaptive modulation or the like, the estimated communication
line quality estimation value can be output to a circuit that controls modulation and demodulation.

Industrial Applicability

[0098] As explained above, the communication line quality estimating apparatus according to the present invention is
useful for radio communication and, in particular, suitable for digital radio communication.

Reference Signs List

[0099]

10 Data modulating unit
11 Known-signal generating unit
12 Frequency mapping unit
13, 171 IDFT units
14 CP adding unit
15 Frame generating unit
16 D/A-conversion processing unit
17 High-frequency processing unit
18 Transmission antenna
20 Reception antenna
21 High-frequency processing unit
22 A/D-conversion processing unit
23 CP removing unit
24 DFT unit
25 Data demodulating unit
26, 100 Communication-line-quality estimating units
40 Pilot adding unit
41 First power calculating unit
42 First averaging processing unit
43 Second power calculating unit
44 Second averaging processing unit
45 (First) Power-ratio calculating unit
60 Control unit
61 Threshold determining unit
70 Transmission-line estimating unit
71 Communication-line-quality estimating unit
80 Third power calculating unit
81 Third averaging processing unit
82 Second power-ratio calculating unit
83 Communication-line-quality-estimation-result output unit
110, 111 Selectors
112 Pilot subtracting unit
113 Sample subtracting unit
114 Sample-power calculating unit
160 Equalization processing unit
161 Equalization-coefficient calculating unit
162 Symbol determining unit
163 Second communication-line-quality estimating unit
170 Fourth averaging processing unit

Claims

1. A communication-line-quality estimating apparatus of a receiver that receives, from a transmitter, a signal including
known signals whose phase relation is known between the transmitter and the receiver, the communication-line-
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quality estimating apparatus comprising:

a first power-value calculating unit that cumulatively adds up and averages a power value of a noise component
calculated from a specified combination of the known signals;
a second power-value calculating unit that cumulatively adds up and averages a power value of the known
signals; and
a power-ratio calculating unit that estimates communication line quality using a noise signal power value input
from the first power-value calculating unit and a reception signal power value input from the second power-
value calculating unit.

2. The communication-line-quality estimating apparatus according to claim 1, wherein
the power-ratio calculating unit
subtracts the noise signal power value from the reception signal power value so as to calculate a desired signal
power value and
estimates the communication line quality from a ratio of the desired signal power value to the noise signal power value.

3. The communication-line-quality estimating apparatus according to claim 1, wherein,
when the combination of the known signals is the other known signal in anti-phase with one known signal, the first
power-value calculating unit adds up the known signals in the combination of the known signals so as to calculate
the power value of the noise component.

4. The communication-line-quality estimating apparatus according to claim 1, wherein,
when the combination of the known signals is one known signal and the other known signal that are the same, the
first power-value calculating unit subtracts the known signals in the combination of the known signals so as to
calculate the power value of the noise component.

5. The communication-line-quality estimating apparatus according to claim 1, wherein,
when the first power-value calculating unit calculates the power value of the noise component using a first combination
of the known signals, the communication-line-quality estimating apparatus further comprises:

a threshold determining unit that compares a communication line quality estimation result of the power-ratio
calculating unit with a determination threshold and then determines whether to end or continue an operation of
the communication line quality estimation; and
a control unit that controls, on the basis of the determination of the threshold determining unit, whether the
known signals of second and subsequent combinations are to be output to the first power-value calculating unit
and the second power-value calculating unit.

6. The communication-line-quality estimating apparatus according to claim 1, wherein,
when the power-ratio calculating unit is a first power-ratio calculating unit, the communication-line-quality estimating
apparatus further comprises:

a transmission-line estimating unit that estimates a response of a radio transmission line between the transmitter
and the receiver necessary for data demodulation processing;
a third power-value calculating unit that cumulatively adds and averages a power value of a transmission line
estimation result input from the transmission-line estimating unit;
a second power-ratio calculating unit that calculates a ratio of a reception signal power value input from the first
power-value calculating unit to a transmission line estimation result power value input from the third power-
value estimating unit; and
a communication-line-quality-estimation-result output unit that receives, as an input, an output value from the
first power-ratio calculating unit and an output value from the second power-ratio calculating unit; estimates the
communication line quality; and outputs a communication line quality estimation result.

7. The communication-line-quality estimating apparatus according to claim 6, wherein
the communication-line-quality-estimation-result output unit
compares either the output values from the first power-ratio calculating unit or the output value from the second
power-ratio calculating unit with a selection threshold; and
outputs one of the output values as the communication line quality estimation result on the basis of the comparison
result.
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8. The communication-line-quality estimating apparatus according to claim 6, wherein
the communication-line-quality-estimation-result output unit outputs, as the communication line quality estimation
result, a value obtained by combining the output value from the first power-ratio calculating unit and the output value
from the second power-ratio calculating unit.

9. A transmitter comprising a transmitting unit that transmits a signal including known signals to a receiver when the
receiver, which receives the known signals whose phase relation is known between the transmitter and the receiver,
estimates communication line quality using a power value of a noise component calculated by addition or subtraction
of a specified combination of the known signals.

10. The transmitter according to claim 9, wherein,
the combination of the known signals is the other known signal that is in anti-phase with one known signal.

11. The transmitter according to claim 9, wherein,
the combination of the known signals is one known signal and the other known signal that are the same.

12. A communication-line-quality estimating apparatus of a receiver that receives a signal from a transmitter including
samples whose phase relation between symbols is known between the transmitter and the receiver, the communi-
cation-line-quality estimating apparatus comprising:

a first power-value calculating unit that averages a power value of a noise component calculated by using
samples between different symbols;
a second power-value calculating unit that cumulatively adds up and averages a power value of the signal; and
a power-ratio calculating unit that estimates communication line quality by using a noise signal power value
input from the first power-value calculating unit and a reception signal power value input from the second power-
value calculating unit.

13. The communication-line-quality estimating apparatus according to claim 12, wherein,
when the known phase relation is in phase, the first power-value calculating unit subtracts the samples between
the different symbols so as to calculate the noise component.

14. The communication-line-quality estimating apparatus according to claim 12, wherein,
when the known phase relation is anti-phase, the first power-value calculating unit adds up the samples between
the different symbols so as to calculate the noise component.

15. The communication-line-quality estimating apparatus according to claim 12, wherein,
when samples are not in a relation of being in phase nor anti-phase between two symbols, the first power-value
calculating unit
corrects a value of one sample so as to be in phase with the other sample and subtracts the value, or
corrects the value of one sample so as to be anti-phase with the other sample and adds the value so as to calculate
the noise component.

16. A receiver that receives a signal from a transmitter including samples whose phase relation between symbols is
known between the transmitter and the receiver, the receiver comprising:

an equalization processing unit that multiplies a signal in a frequency domain with an equalization coefficient
to compensate for signal distortion;
a communication-line-quality estimating unit that
receives
an input of a first communication line quality estimation result estimated on the basis of the signal in the frequency
domain and a transmission line estimation result and
the signal subjected to the signal distortion compensation and
performs quality estimation of a communication line of the signal subjected to the signal distortion compensation;
and
an equalization-coefficient calculating unit that
receives an input of a second communication line quality estimation result in the communication-line-quality
estimating unit, the first communication line quality estimation result, and the transmission line estimation result,
and
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calculates the equalization coefficient, wherein
the communication-line-quality estimating unit includes:

a converting unit that converts the signal in the frequency domain, which is the signal subjected to the signal
distortion compensation, into a signal in a time domain;
a first power-value calculating unit that calculates and averages, for the signal in the time domain, a power
value of a noise component by using the first communication line quality estimation result as an initial value;
a second power-value calculating unit that cumulatively adds up and averages a power value of the signal
in the time domain; and
a power-ratio calculating unit that
estimates communication line quality by using a noise signal power value input from the first power-value
calculating unit and a reception signal power value input from the second power-value calculating unit and
outputs the second communication line quality estimation result.

17. A transmitter comprising a transmitting unit that transmits a signal, including samples whose phase relation between
symbols is known between the transmitter and a receiver, to the receiver when the receiver, which receives the
signal, estimates communication line quality using a power value of a noise component calculated from a plurality
of samples.

18. The transmitter according to claim 17, wherein
the transmitting unit establishes subcarriers transmittable of the signal, selects one subcarrier out of the subcarriers,
and transmits the subcarrier.

19. The transmitter according to claim 18, wherein
the transmitting unit establishes the subcarriers transmittable of the signal at an equal interval on a frequency.
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