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Description

Technical Field

[0001] The present invention relates to a wireless com-
munication apparatus and wireless communication
method with the function of performing directional trans-
mission and reception.

Background Art

[0002] In a digital wireless communication, an adaptive
array antenna (hereinafter referred to as "AAA") tech-
nique is used which controls adaptively directivity by add-
ing a weight to an antenna output of each of a plurality
of antenna elements. In the AAA technique, it is possible
to suppress interfering signals by adaptively controlling
the directivity using the fact that the directions of arrival
of signals are mutually different. Therefore, the adaptive
array antenna technique is important as a method of can-
celing interfering signals on the same channel.
[0003] A radio base station apparatus that performs
the AAA processing will be described. In the radio base
station apparatus, signals received via a plurality of an-
tennas are subjected to the predetermined processing
such as radio reception processing and then to hard de-
cision. Then, an error signal is generated based on the
received signal with no hard decision performed thereon
and the received signal (hard decision data) with the hard
decision performed thereon, and based on the generated
error signal, weights are calculated using an adaptive
algorithm such as LMS algorithm and RLS algorithm. The
radio base station apparatus multiplies received signals
from antennas by respective calculated weights to form
directivity, and thereby is capable of suppressing inter-
fering signals and of improving transmission quality.
[0004] Generally, in wireless communications, it some-
times happens that the hard decision on a received signal
fails due to fading and the like, and that erroneous hard
decision data is obtained. A weight calculated based on
the erroneous hard decision data has low accuracy, and
there is a problem that desired directivity is not obtained
based on the erroneous hard decision data. This problem
is solved by performing error correcting processing such
as Viterbi decoding and interleaving on a received signal
to improve the reliability of hard decision data.
[0005] However, improving the reliability of hard deci-
sion data by the error correcting processing increases
the number of processing steps of calculating the hard
decision data by 1, resulting in a problem that processing
delay occurs and thereby the transmission efficiency de-
teriorates. Since, in order to improve the error correcting
effect in the error correcting processing, it is necessary
to increase the constraint length to process increased
data, the above-mentioned problem becomes more re-
markable as the hard decision data with higher reliability
is desired.
[0006] US 5 621 769 discloses that signals are adjust-

ed with a weighting factor before a decision is performed.
[0007] EP 0 896 441 discloses the receiving apparatus
including: antennas spaced a correlation distance apart
from each other; multiply-and-add circuitry for respec-
tively weighting signals from the antennas with weight
coefficients and summing the weighted signals to pro-
duce a weighted sum signal; separation circuitry for sep-
arating the weighted sum signal into multipath compo-
nents which respectively correspond to propagation
paths of a signal transmitted from a user station; a plu-
rality of despreaders for respectively despreading the
separated multipath components with a chip sequence
assigned to the user station to produce a plurality of de-
spread signals at symbol intervals; error detection cir-
cuitry for detecting a plurality of errors between a symbol
output and the despread signals and combining the plu-
rality of errors to produce a combined error signal; and
weight control circuitry for producing the weight coeffi-
cients from the signals detected by the antennas and
updating the weight coefficients according to the com-
bined error signal.
[0008] CA 2269740 relates to a receiver selecting one
of hard decision data outputted from a differential detec-
tion diversity reception circuit and a differentially decoded
result outputted from a least-squares combining diversity
reception circuit based upon a predetermined selection
basis.

Disclosure of the Invention

[0009] It is an object of the present invention to provide
a wireless communication apparatus and wireless com-
munication method capable of forming desired directivity
to perform AAA transmission and reception and of de-
creasing processing delay.
[0010] This object is solved by the invention as claimed
in the independent claims. Preferred embodiments of the
invention are defined by the dependent claims.
[0011] The inventor of the present invention noted that
by measuring the reliability of the hard decision data us-
ing a received signal that does not undergo the hard de-
cision yet, and then determining whether or not to update
a weight in accordance with the measured reliability, or
multiplying a weight by a coefficient in accordance with
the measured reliability, it is possible to control the weight
using the hard decision data with high reliability even with
the error correcting processing omitted, and carried out
the present invention.
[0012] That is, the object of the present invention is
achieved by measuring the reliability of hard decision da-
ta and adaptively controlling weights corresponding to
the measured reliability.

Brief Description of the Drawings

[0013]

FIG.1 is a block diagram illustrating a configuration
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of a radio base station apparatus according to the
present invention;
FIG.2 is a diagram to explain a threshold determina-
tion on likelihood in the radio base station apparatus
according to the present invention, as an example,
in a case where a mobile station apparatus adopts
QPSK modulation;
FIG.3 is a diagram to explain a threshold determina-
tion on likelihood in the radio base station apparatus
according to the present invention, as an example,
in a case where a mobile station apparatus adopts
BPSK modulation;
FIG.4 is a block diagram illustrating a configuration
of a radio base station apparatus according to a first
embodiment not covered by the claims;
FIG.5 is a diagram to explain a threshold determina-
tion on received power in the radio base station ap-
paratus according to the first embodiment not cov-
ered by the claims, as an example, in the case where
a mobile station apparatus adopts QPSK modula-
tion;
FIG.6 is a diagram to explain a threshold determina-
tion on received power in the radio base station ap-
paratus according to the first embodiment not cov-
ered by the claims, as an example, in the case where
a mobile station apparatus adopts BPSK modula-
tion;
FIG.7 is a block diagram illustrating a configuration
of a radio base station apparatus according to a sec-
ond embodiment not covered by the claims;
FIG. 8 is a diagram to explain a calculation of likeli-
hood in the radio base station apparatus according
to the second embodiment not covered by the
claims, as an example, in the case where a mobile
station apparatus adopts QPSK modulation;
FIG.9 is a diagram to explain a calculation of likeli-
hood in the radio base station apparatus according
to the second embodiment not covered by the
claims, as an example, in the case where a mobile
station apparatus adopts BPSK modulation;
FIG.10 is a block diagram illustrating a configuration
of a radio base station apparatus according to a third
embodiment not covered by the claims;
FIG.11 is a diagram to explain power calculation in
the radio base station apparatus according to the
third embodiment not covered by the claims, as an
example, in the case where a mobile station appa-
ratus adopts QPSK modulation; and
FIG.12 is a diagram to explain power calculation in
the radio base station apparatus according to the
third embodiment not covered by the claims, as an
example, in the case where a mobile station appa-
ratus adopts BPSK modulation.

Best Mode for Carrying Out the Invention

[0014] Definition on terminology used in this specifica-
tion will be described below before embodiments of the

present invention. In the embodiments, a received signal
that is not subjected to the hard decision yet is referred
to as "pre-hard decision data" , and a received signal
subjected to the hard decision is referred to as "hard de-
cision data".
[0015] The embodiments of the present invention will
be described below specifically with reference to accom-
panying drawings, as an example, in a case where a
wireless communication apparatus according to the
present invention is a radio base station apparatus.
[0016] FIG.1 is a block diagram illustrating a configu-
ration of a radio base station apparatus according to the
present invention. The radio base station apparatus ac-
cording to the invention determines the reliability of the
hard decision data based on the likelihood for each
processing timing, and by actuating a switch to on or off
corresponding to the determination, determines whether
or not to update a weight. In addition, the likelihood rep-
resents a probability of the hard decision data, and can
be obtained using a received signal that is not subjected
to the hard decision (pre-hard decision data).
[0017] The radio base station apparatus according to
the invention is comprised of antennas 101, radio recep-
tion sections 102, multipliers 103, adder 104, weight con-
trol section 105, channel estimation section 106, multi-
plier 107, adder 108, multiplier 109, demodulation section
110, likelihood determining section 111, switch control
section 112 and switch section 113.
[0018] Each of radio reception sections 102 performs
the predetermined radio reception processing (such as
downconverting) on a signal received from a mobile sta-
tion via respective antenna 101 to generate a baseband
signal, and outputs the generated baseband signal to
respective multiplier 103 and weight control section 105.
[0019] Weight control section 105 calculates a weight
based on the received signal from each of radio reception
sections 102 and an error signal, described below, gen-
erated in adder 108.
[0020] A weight is calculated, for example, by estimat-
ing the direction of arrival of a radio signal and using the
estimation. Further, a method is used in which a weight
is adaptively varied so that an error between a signal
multiplied by the weight and the hard decision data of the
signal is the smallest, without estimating the direction of
arrival. The weight calculated in weight control section
105 is output to multiplier 103. Multiplier 103 multiplies
the received data from respective radio reception section
102 by the respective weight output from weight control
section 105, and outputs the signal multiplied by the
weight to adder 104.
[0021] Adder 104 adds baseband signals multiplied by
respective weights from respective multipliers 103, and
the added baseband signal to channel estimation section
106, multiplier 107 and adder 108. Channel estimation
section 106 performs channel estimation on the received
signal output from adder 104, calculates channel estima-
tion values (phase rotation amount and amplitude varia-
tion amount), and outputs the calculated channel estima-
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tion values to multiplier 107. Further, channel estimation
section 106 outputs the phase rotation amount of the
calculated channel estimation values to multiplier 109.
Multiplier 107 multiplies in complex the received signal
from adder 104 by the channel estimation value from
channel estimation section 106, thereby cancels an effect
of fading in the received signal, and outputs the received
signal with the effect of fading cancelled to demodulation
section 110 and likelihood determining section 111.
[0022] Demodulation section 110 makes the hard de-
cision on the received signal from multiplier 107 to cal-
culate the hard decision data. The calculated hard deci-
sion data is used in the following processing such as
decoding, while being output to multiplier 109 and likeli-
hood determining section 111.
[0023] Multiplier 109 multiplies in complex the hard de-
cision data from demodulation section 110 by the phase
shift amount from channel estimation section 106 to gen-
erate a reference signal, and outputs the generated ref-
erence signal to adder 108. Adder 108 obtains a differ-
ence between the reference signal (hard decision data
multiplied in complex by the phase rotation amount) and
the received signal from adder 104, and outputs the cal-
culated difference as an error signal to switch section
113. Switch section 113 temporarily stores the error sig-
nal from adder 108 until a control timing of switch control
section 112.
[0024] Likelihood determining section 111 obtains the
likelihood based on the received signal (pre-hard deci-
sion data), which is not subjected to the hard decision
yet, from adder 107, and the hard decision data from
demodulation section 110, and compares the obtained
likelihood with a predetermined threshold to make a
threshold determination.
[0025] Switch control section 112 refers to the thresh-
old determination result in likelihood determining section
111 to control switch section 113. Switch section 113
outputs the error signal to weight control section 105 ac-
cording to the control of switch control section 112.
[0026] Based on the error signal output from switch
section 113, weight control section 105 calculates a
weight that minimizes the mean square error between
the reference signal and the received signal. As an algo-
rithm to calculate a weight, adaptive algorithms such as
LMS algorithm and RLS algorithm may be used. In ad-
dition, the present invention is not limited to the above-
mentioned algorithms, and is capable of using various
adaptive algorithms.
[0027] The operation of the radio base station appara-
tus with the above configuration will be described below.
[0028] A received signal, from a mobile station, AAA-
received with the directivity is subjected to the hard de-
cision in demodulation section 110 to be the hard decision
data, and the hard decision data is used in the following
processing such as decoding, while being output to like-
lihood determining section 111. Based on the received
signal (pre-hard decision data) that is not subjected to
the hard decision yet and the hard decision data, likeli-

hood determining section 111 obtains the likelihood, and
makes a threshold determination on the likelihood with
a predetermined threshold 1.
[0029] The threshold determination on the likelihood
in likelihood determining section 111 will be described
below.
[0030] Since the threshold determination in likelihood
determining section 111 varies with modulation method
adopted in a mobile station, cases will be described sep-
arately that a mobile station adopts QPSK modulation,
and that a mobile station adopts BPSK modulation.
[0031] First, the case that a mobile station adopts
QPSK modulation will be described with reference to
FIG.2. FIG. 2 is a diagram to explain the threshold de-
termination on likelihood performed in likelihood deter-
mining section 110 in the radio base station apparatus
according to the invention, as an example, in the case
where a mobile station adopts QPSK modulation. In
FIG.2, the abscissa (I-axis) indicates an in-phase com-
ponent of a received signal, and the ordinate (Q-axis)
indicates a quadrature component of the received signal.
[0032] Oblique line area α illustrated in FIG.2 is an area
where the likelihood is determined as low. The likelihood
becomes lower, as I and Q components of a signal point
are smaller and as the Euclid distance from a decision
point representative of the hard decision data is longer.
Accordingly, oblique line area α is as illustrated in FIG.2
with boundary line A as a boundary. Boundary line A
corresponds to the threshold 1 for which likelihood de-
termining section 111 is set. In addition, a similar oblique
line area is set on each of the second to fourth quadrants,
and since the threshold determination is performed in a
similar manner to the first quadrant, the first quadrant is
only illustrated to simplify the description.
[0033] The signal (pre-hard decision data), which is
not subjected to the hard decision yet, from multiplier 107
is mapped onto the I-Q plane by likelihood determining
section 111. Hereinafter a point onto which the signal
from multiplier 107, which is not subjected to the hard
decision yet, is mapped is referred to as a pre-hard de-
cision signal point. Likelihood determining section 111
makes the threshold determination by determining
whether or not the pre-hard decision signal point belongs
to oblique line area α. In other words, when the pre-hard
decision signal point does not belong to oblique line area
α, the likelihood of the hard decision data of the signal is
determined as high, and a determination signal indicative
of such a determination is output to switch control section
112. On the other hand, when the pre-hard decision sig-
nal point belongs to oblique line area α, the likelihood of
the hard decision data of the signal is determined as low,
and a determination signal indicative of such a determi-
nation is output to switch control section 112.
[0034] Referring to FIG.1 again, the operation of the
radio base station apparatus according to the invention
will be described further.
[0035] According to the determination signal, switch
control section 112 switches on or off switch section 113.
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Specifically, when the determination signal indicative of
the likelihood being low is input from likelihood determin-
ing section 111, the section 112 switches off switch sec-
tion 113. In this case, the error signal generated in adder
108 is not output to weight control section 105, and the
weight is not updated. On the other hand, when the de-
termination signal indicative of the likelihood being high
is input from likelihood determining section 111, the sec-
tion 112 switches on switch section 113, and the error
signal generated in adder 108 is output to weight control
section 105.
[0036] Based on the error signal input from adder 108
via switch section 113, weight control section 105 esti-
mates the direction of arrival of the radio signal, and cal-
culates a new weight using the estimation of the direction
of arrival.
[0037] In this way, only when the likelihood is deter-
mined as high in likelihood determining section 111, the
error signal calculated in adder 108 is output to weight
control section 105, so that the new weight is calculated.
Meanwhile, when the likelihood is determined as low in
likelihood determining section 111, the weight is not up-
dated, and the same weight as used at the last control
timing is used for AAA-reception.
[0038] Thus, in the radio base station apparatus ac-
cording to the invention, likelihood determining section
111 compares the likelihood obtained from the pre-hard
decision data with a threshold to make a threshold de-
termination, and when the section 111 determines that
the likelihood is higher than the threshold, the error signal
is input to weight control section 105. Weight control sec-
tion 105 thereby calculates a weight based on the hard
decision data with high reliability output from switch sec-
tion 113. Accordingly, using the pre-hard decision data
that is not subjected to error correction, the reliability of
the hard decision data is determined, and based on the
hard decision data determined to have high reliability,
the weight is calculated and updated, whereby it is pos-
sible to calculate weights accurately to form desired di-
rectivity without performing the processing such as error
correcting processing after demodulation, and to de-
crease processing delay.
[0039] Next, with reference to FIG.3, the threshold de-
termination on likelihood will be described which is per-
formed in likelihood determining section 111 when a mo-
bile station apparatus adopts BPSK modulation. FIG.3
is a diagram to explain the threshold determination on
likelihood performed in likelihood determining section
111 in the radio base station apparatus according to the
invention, as an example, in the case where a mobile
station apparatus adopts BPSK modulation.
[0040] In BPSK, since the likelihood is lower as the
absolute value of a Q component of a point onto which
a signal is mapped is smaller, in FIG.3 an area where
absolute values of Q components are small is set as ob-
lique line area α with boundary line B as a boundary. In
BPSK modulation, boundary line B corresponds to the
threshold 1 in likelihood determining section 111. Likeli-

hood determining section 111 makes the threshold de-
termination by determining whether or not the pre-hard
decision signal point belongs to thus set oblique line area
α. The determination signal indicative of the threshold
determination result is output to switch control section
112 in the same as in the case of QPSK, and correspond-
ing to the determination signal, switch control section 112
controls switch section 113.
[0041] Thus, also when a mobile station adopts BPSK
modulation, it is possible to calculate weights accurately
to form desired directivity without performing the process-
ing such as error correcting processing after demodula-
tion, and to decrease processing delay.
[0042] In addition, while this embodiment describes
the case where a threshold is set as illustrated in FIGs.2
and 3, the present invention is not limited to the above
case. The threshold may be varied and set as appropriate
corresponding to the distribution of likelihood of received
signal. That is, when the threshold is set at a high level,
it is possible to update a weight using the hard decision
data with high likelihood, but since the number of hard
decision data items for use in updating the weight is de-
creased, a weight update rate becomes low. Meanwhile,
when the threshold is set at a low level, the weight is
updated sometimes with hard decision data with low like-
lihood, but the weight is updated at a high rate. Accord-
ingly, the threshold is varied and set as appropriate taking
into account the accuracy of hard decision data and
weight update rate. Following embodiments do not de-
scribe the claimed invention:

(First embodiment not covered by the claims)

[0043] The radio base station apparatus illustrated in
FIG. 1 determines reliability of hard decision data based
on likelihood, and calculates and updates a weight based
on the hard decision data with high reliability. In this case,
since the processing for calculating the likelihood is need-
ed in addition to general AAA processing, it is considered
that an apparatus scale is expanded.
[0044] In wireless communications, in general, as the
received power is higher, the hard decision becomes less
erroneous and the reliability of the hard decision data is
higher. Therefore, it is possible to determine the reliability
of hard decision data based on the received power. Since
the measurement of received power is such processing
that a radio base station apparatus generally performs,
the processing load is decreased by determining the re-
liability of the hard decision data based on the received
power, thereby providing an advantageous effect of en-
abling a miniaturized radio base station apparatus.
[0045] Then, the radio base station apparatus accord-
ing to this embodiment determines the reliability of hard
decision data based on the received power of a received
signal, calculates a weight based on the hard decision
data with high reliability, and using the calculated weight,
performs AAA transmission and reception.
[0046] FIG.4 is a block diagram illustrating a configu-
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ration of the radio base station apparatus according to
the first embodiment not covered by the claims. As illus-
trated in FIG.4, the radio base station apparatus accord-
ing to this embodiment is provided with power determin-
ing section 401, instead of likelihood determining section
111 in the radio base station apparatus illustrated in
FIG.1. The radio base station apparatus according to this
embodiment determines the reliability of the hard deci-
sion data based on the received power (power of pre-
hard decision data) for each processing timing, and by
actuating a switch to on or off corresponding to the de-
termination, determines whether or not to update a
weight. In addition, in FIG. 4 the same sections as in
FIG.1 are assigned the same reference numerals as in
FIG.1 to omit specific descriptions thereof.
[0047] A received signal is subjected to AAA reception,
and is multiplied in complex by the channel estimation
value in multiplier 107, and the resultant is output to de-
modulation section 110 and power determining section
401. The received signal, multiplied in complex by the
channel estimation value in multiplier 107, is mapped on-
to the I-Q plane in power determining section 401, and
the received power is estimated from the mapped point.
The estimated received power is compared with a pre-
determined threshold 2. When the received power is
smaller than the predetermined threshold 2, a determi-
nation signal indicative of the reliability of the hard deci-
sion data being low is output to switch control section
112. On the other hand, when the received power is
greater than the predetermined threshold 2, a determi-
nation signal indicative of the reliability of the hard deci-
sion data being high is output to switch control section
112. Switch control section 112 controls switch section
113 as in the first embodiment.
[0048] The threshold determination performed in pow-
er determining section 401 will be described specifically
below. Since the threshold determination in power deter-
mining section 401 varies with modulation method adopt-
ed in a mobile station, cases will be described separately
that a mobile station adopts QPSK modulation, and that
mobile station adopts BPSK modulation.
[0049] First, the case that a mobile station adopts
QPSK modulation will be described with reference to
FIG.5. FIG. 5 is a diagram to explain the threshold de-
termination performed in power determining section 401
in the radio base station apparatus according to this em-
bodiment, as an example, in the case where a mobile
station apparatus adopts QPSK modulation. In FIG. 5,
the abscissa (I-axis) indicates an in-phase component of
a received signal, and the ordinate (Q-axis) indicates a
quadrature component of the received signal. Since the
power of a received signal is lower as the distance of the
signal point from the origin is shorter, an area where the
distance from the origin is short is set as oblique line area
α with boundary line C as a boundary. Boundary line C
corresponds to the threshold 2 in power determining sec-
tion 401.
[0050] In power determining section 401, the pre-hard

decision signal (pre-hard decision data) from multiplier
107 is mapped onto the I-Q plane. Then, it is determined
whether or not the mapped point (pre-hard decision sig-
nal point) belongs to oblique line area α. When the pre-
hard decision signal point belongs to oblique line area α,
the reliability of the hard decision data of the signal is
determined as high, and a determination signal indicative
of such a determination is output to switch control section
112. Meanwhile, when the pre-hard decision signal point
does not belong to oblique line area α, the reliability of
the hard decision data of the signal is determined as high,
and a determination signal indicative of such a determi-
nation is output to switch control section 112.
[0051] According to the determination signal from pow-
er determining section 401, switch control section 112
switches on or off switch section 113 as in the first em-
bodiment. Specifically, when the determination signal in-
dicative of the reliability of the hard decision data being
high is input, the section 112 switches on switch section
113, and the error signal generated in adder 108 is output
to weight control section 105. Weight control section 105
calculates a new weight as in the first embodiment.
[0052] Thus, in the radio base station apparatus ac-
cording to this embodiment, the reliability of the hard de-
cision data is determined using the power of a received
signal that is not subjected to error correction, and based
on the hard decision data determined to have high reli-
ability, the weight is calculated and updated, whereby it
is possible to calculate weights accurately to form desired
directivity without performing the processing such as er-
ror correcting processing after demodulation, and to de-
crease processing delay. Further since the reliability of
the hard decision data is determined based on the re-
ceived power, it is possible to reduce the processing load
and to miniaturize the apparatus configuration.
[0053] With reference to FIG.6, the threshold determi-
nation on the hard decision data will be described which
is performed in power determining section 401 when a
mobile station adopts BPSK modulation. FIG.6 is a dia-
gram to explain the threshold determination on the hard
decision data performed in power determining section
401 in the radio base station apparatus according to this
embodiment, as an example, in the case where a mobile
station apparatus adopts BPSK modulation.
[0054] Oblique line area α illustrated in FIG. 6 is an
area where the reliability of the hard decision data is de-
termined as low. In BPSK, since the power of a received
signal is lower as the distance of the signal point from
the I-axis is shorter, an area where the distance from the
I-axis is short is set as oblique line area α with boundary
line D as a boundary. In the case of BPSK modulation,
boundary line D corresponds to the threshold 2 in power
determining section 401. Power determining section 401
makes the threshold determination by determining
whether or not the pre-hard decision signal point belongs
to oblique line area α, and outputs the determination to
switch control section 112. Switch control section 112
controls switch section 113 as in the case of QPSK de-
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scribed previously. In this way only when the reliability
of the hard decision data is high, the error signal is output
to weight control section 105, and the weight is calculated
and updated.
[0055] Thus, also when a mobile station adopts BPSK
modulation, it is possible to calculate weights accurately
to form desired directivity without performing the process-
ing such as error correcting processing after demodula-
tion, and to decrease processing delay.
[0056] In addition, while in this embodiment the re-
ceived power is estimated based on the output of multi-
plier 107, the present invention is not limited to the fore-
going. It may be possible to estimate the received power
based on an output of a section other than multiplier 107
to make the threshold determination. For example, it may
be possible to use the received power estimated in chan-
nel estimation section 106 to make the threshold deter-
mination.

(Second embodiment not covered by the claims)

[0057] The radio base station apparatuses according
to the invention and the first embodiment not covered by
the claims make the threshold determination by compar-
ing, respectively, the likelihood and received power with
a single threshold, update a weight only when the relia-
bility of the hard decision data is determined as high from
the determination, and thereby calculate weights accu-
rately based on the hard decision data with high reliability.
[0058] However, when the reliability of the hard deci-
sion data is determined as low but the pre-hard decision
data has a value similar to a threshold, it is considered
that the hard decision data has the reliability to some
extent. Then, the third and fourth embodiments describe
a case where error signals are weighted corresponding
to the reliability of the hard decision data, and weights
are controlled based on the weighted error signals.
[0059] FIG.7 is a block diagram illustrating a configu-
ration of the radio base station apparatus according to
the second embodiment not covered by the claims. As
illustrated in FIG.7, the radio base station apparatus ac-
cording to this embodiment is provided with likelihood
calculating section 701, weight coefficient determining
section 702, and multiplier 703, respectively, instead of
likelihood determining section 111, switch control section
112, and switch section 113 in the radio base station
apparatus illustrated in FIG.1. The radio base station ap-
paratus according to this embodiment calculates a weight
coefficient corresponding to the likelihood for each
processing timing, and multiplies a weight by the calcu-
lated weight coefficient to adaptively calculate the weight.
In addition, in FIG.7 the same sections as in FIG.1 are
assigned the same reference numerals as in FIG.1 to
omit specific descriptions thereof.
[0060] Likelihood calculating section 701 calculates
the likelihood based on the received data, which is not
subjected to the hard decision yet, from multiplier 107,
and the hard decision data from demodulation section

110, and outputs the calculated likelihood to weight co-
efficient determining section 702. Weight coefficient de-
termining section 702 stores a table associating the like-
lihood with the weight coefficient. The weight coefficient
takes a value ranging from 0.0 to 1.0, and has a greater
value, as the likelihood is higher. Weight coefficient de-
termining section 702 refers to the stored table to deter-
mine a weight coefficient, and outputs the determined
weight coefficient to multiplier 703. Multiplier 703 multi-
plies the error signal from adder 108 by the weight coef-
ficient from weight coefficient determining section 702,
and outputs the error signal multiplied by the weight co-
efficient to weight control section 105. Weight control sec-
tion 105 calculates a weight based on the error signal,
multiplied by the weight coefficient, from multiplier 703.
[0061] The operation of the radio base station appara-
tus with the above configuration will be described next.
A received signal is subjected to AAA reception, and is
multiplied in complex by the channel estimation value in
multiplier 107, and the resultant is output to demodulation
section 110 and likelihood calculating section 701. The
received signal, multiplied in complex by the channel es-
timation value in multiplier 107, is mapped onto the I-Q
plane in likelihood calculating section 701, and the like-
lihood is calculated from the mapped point. The calcu-
lated likelihood is output to weight coefficient determining
section 702. Weight coefficient determining section 702
refers to the beforehand stored table associating the like-
lihood with the weight coefficient, and determines a
weight coefficient corresponding to the likelihood from
likelihood calculating section 701. The weight coefficient
determined in weight coefficient determining section 702
is output to multiplier 703, and multiplier 703 multiplies
the weight coefficient by the error signal from adder 108.
The error signal multiplied by the weight coefficient is
output to weight control section 105. Weight control sec-
tion 105 estimates the direction of arrival of the radio
signal based on the error signal multiplied by the weight
coefficient from multiplier 703, and calculates the weight.
[0062] The likelihood calculation in likelihood calculat-
ing section 701 will be described below.
[0063] Since the likelihood calculation in likelihood cal-
culating section 701 varies with modulation method
adopted in a mobile station, cases will be described sep-
arately that a mobile station adopts QPSK modulation,
and that a mobile station adopts BPSK modulation.
[0064] First, the case that a mobile station adopts
QPSK modulation will be described with reference to
FIG.8. FIG. 8 is a diagram to explain the likelihood cal-
culation performed in likelihood calculating section 701
in the radio base station apparatus according to this em-
bodiment, as an example, in the case where a mobile
station adopts QPSK modulation. In FIG.8, the abscissa
(I-axis) indicates an in-phase component of a received
signal, and the ordinate (Q-axis) indicates a quadrature
component of the received signal. The likelihood of the
hard decision data is higher, as the distance of the point
is longer from the origin and is shorter from the decision
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point. Therefore, the likelihood distribution as illustrated
in FIG.8 is set on the I-Q plane. As illustrated in FIG.8,
the likelihood is set at 1.0 in the vicinity of the decision
point, while being set at a smaller value as the point is
further from the decision point. The likelihood is set at
0.8 in the range from the decision point to the inside of
an arc of a semicircle with the decision point as the center,
while being set at 0.5 in the range from the arc to the
other outer arc.
[0065] It is assumed that the pre-hard decision re-
ceived signal (pre-hard decision data) from multiplier 107
is mapped onto point a on the I-Q plane. The likelihood
of point a is calculated as 0.8 according to the predeter-
mined likelihood distribution illustrated in FIG.8. The cal-
culated likelihood is output to weight coefficient deter-
mining section 702. Weight coefficient determining sec-
tion 702 refers to the table, and determines the weight
coefficient corresponding to the likelihood of 0.8. Multi-
plier 703 multiplies the error signal from adder 108 by
the weight coefficient determined in weight coefficient
determining section 702. The multiplication result is out-
put to weight control section 105, which calculates a
weight.
[0066] Thus, the radio base station apparatus accord-
ing to this embodiment determines a weight coefficient
corresponding to the likelihood obtained using the pre-
hard decision data that is not subjected to error correction
yet, and calculates a weight based on the error signal
multiplied by the determined weight coefficient. Accord-
ingly, it is possible to calculate weights accurately to form
desired directivity without performing the processing
such as error correcting processing after demodulation,
and to decrease processing delay. Further, since the
weight is updated to a greater value as the likelihood of
the hard decision data is higher, it is possible to calculate
weights more accurately than the case described in the
first embodiment to form desired directivity.
[0067] With reference to FIG. 9, the likelihood calcula-
tion will be described next which is performed in likelihood
calculating section 701 when a mobile station apparatus
adopts BPSK modulation. FIG.9 is a diagram to explain
the likelihood calculation performed in likelihood calcu-
lating section 701 in the radio base station apparatus
according to this embodiment, as an example, in the case
where a mobile station apparatus adopts BPSK modu-
lation. In FIG.9, the abscissa (I-axis) indicates an in-
phase component of a received signal, and the ordinate
(Q-axis) indicates a quadrature component of the re-
ceived signal. The likelihood of the hard decision data is
higher, as the distance of the point is longer from the
origin and is shorter from the decision point. Therefore,
the likelihood distribution as illustrated in FIG.9 is set on
the I-Q plane. The likelihood is set at 1.0 in the vicinity
of the decision point, while being set at a smaller value
as the point is further from the decision point.
[0068] It is assumed that the pre-hard decision re-
ceived signal (pre-hard decision data) from multiplier 107
is mapped onto point b on the I-Q plane. The likelihood

of point b is calculated as 0.8 according to the predeter-
mined likelihood distribution illustrated in
[0069] FIG.9. The calculated likelihood is output to
weight coefficient determining section 702. Weight coef-
ficient determining section 702 refers to the table, and
determines the weight coefficient corresponding to the
likelihood of 0.8. Multiplier 703 multiplies the error signal
from adder 108 by the weight coefficient determined in
weight coefficient determining section 702. The multipli-
cation result is output to weight control section 105, which
calculates a weight.
[0070] Thus, also when a mobile station adopts BPSK
modulation, since the weight is updated to a greater value
as the likelihood of the hard decision data is higher, it is
possible to calculate weights more accurately than the
case described in the invention to form desired directivity.
[0071] In addition, this embodiment describes the case
where the table associating the likelihood with the weight
coefficient is stored, and referring to the table, the weight
coefficient is determined corresponding to the likelihood.
However, the present invention is not limited to the above
case, and it may be possible to determine the likelihood
as the weight coefficient.
[0072] Further, while this embodiment describes the
distribution of the likelihood on the I-Q plane using the
distributions illustrated in FIGs. 8 and 9 as examples, the
present invention is not limited to the foregoing. It may
be possible to vary the distribution as appropriate corre-
sponding to the distribution of the likelihood of received
signals. Moreover, it may be possible to update as ap-
propriate the table for use in calculating weight coeffi-
cients, and perform control for varying adaptively weight
coefficients so that the reception error rate is the least.

(Third embodiment not covered by the claims)

[0073] A radio base station apparatus according to this
embodiment multiplies the error signal by a weight coef-
ficient corresponding to the calculated received power,
and performs AAA reception using weights controlled
based on error signals multiplied by respective weight
coefficients.
[0074] FIG.10 is a block diagram illustrating a config-
uration of the radio base station apparatus according to
the third embodiment not covered by the claims. As illus-
trated in FIG.10, the radio base station apparatus accord-
ing to this embodiment is provided with power calculating
section 1001, instead of likelihood calculating section 701
in the radio base station apparatus illustrated in FIG.7.
The radio base station apparatus according to this em-
bodiment multiplies the error signal by a weight coeffi-
cient corresponding to the received power for each
processing timing, and performs AAA transmission and
reception using weights controlled based on error signals
multiplied by respective weight coefficients. In addition,
in FIG.10 the same sections as in FIG.7 are assigned
the same reference numerals as in FIG.7 to omit specific
descriptions thereof.
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[0075] Power calculating section 1001 calculates the
received power based on the pre-hard decision data from
multiplier 107, and outputs the calculated received power
to weight coefficient determining section 702. Weight co-
efficient determining section 702 stores a table associ-
ating the received power with the weight coefficient. The
weight coefficient takes a value raging from 0.0 to 1.0,
and has a greater value, as the received power is higher.
Weight coefficient determining section 702 refers to the
stored table to determine a weight coefficient, and out-
puts the determined weight coefficient to multiplier 703.
[0076] The operation of the radio base station appara-
tus with the above configuration will be described next.
[0077] A received signal is subjected to AAA reception,
and is multiplied in complex by the channel estimation
value in multiplier 107, and the resultant is output to de-
modulation section 110 and power calculating section
1001. The received signal (pre-hard decision data), mul-
tiplied in complex by the channel estimation value in mul-
tiplier 107, is mapped onto the I-Q plane in power calcu-
lating section 1001, and the received power is calculated
from the mapped point. The calculated received power
is output to weight coefficient determining section 702.
Weight coefficient determining section 702 determines a
weight coefficient based on the received power from pow-
er calculating section 1001. The weight coefficient deter-
mined in weight coefficient determining section 702 is
output to multiplier 703, and multiplier 703 multiplies the
weight coefficient by the error signal from adder 108. The
error signal multiplied by the weight coefficient is output
to weight control section 105. Weight control section 105
estimates the direction of arrival of the radio signal based
on the error signal multiplied by the weight coefficient
from multiplier 703, and calculates the weight.
[0078] The received power calculation in power calcu-
lating section 1001 will be described below. Since the
received power calculation in power calculating section
1001 varies with modulation method adopted in a mobile
station, cases will be described separately that a mobile
station adopts QPSK modulation, and that a mobile sta-
tion adopts BPSK modulation.
[0079] First, the case that a mobile station adopts
QPSK modulation will be described with reference to
FIG.11. FIG.11 is a diagram to explain the power calcu-
lation performed in power calculating section 1001 in the
radio base station apparatus according to this embodi-
ment, as an example, in the case where a mobile station
adopts QPSK modulation. As illustrated in FIG.11, the
received power is set so that the power is calculated to
a greater value as the point is further from the origin,
while being calculated to 1.0 in the vicinity of the decision
point.
[0080] It is assumed that the pre-hard decision re-
ceived signal (pre-hard decision data) from multiplier 107
is mapped onto point c on the I-Q plane. The received
power of point c is calculated as 0.8 according to the
predetermined received power distribution illustrated in
FIG.11. The calculated received power is output to weight

coefficient determining section 702. Weight coefficient
determining section 702 refers to the table, and deter-
mines the weight coefficient corresponding to the re-
ceived power of 0.8. Multiplier 703 multiplies the error
signal from adder 108 by the weight coefficient deter-
mined in weight coefficient determining section 702. The
multiplication result is output to weight control section
105, which calculates a weight.
[0081] Thus, the radio base station apparatus accord-
ing to this embodiment determines a weight coefficient
corresponding to the received power of a received signal
that is not subjected to error correction yet, and calculates
a weight based on the error signal multiplied by the de-
termined weight coefficient. Accordingly, it is possible to
calculate weights accurately to form desired directivity
without performing the processing such as error correct-
ing processing after demodulation, and to decrease
processing delay. Further, since the weight is updated
to a greater value as the received power of the received
signal is higher, it is possible to calculate weights more
accurately than the case described in the first embodi-
ment not covered by the claims to form desired directivity.
Furthermore, since the weight coefficient is determined
using the received power, it is possible to reduce the
processing load and to miniaturize the apparatus config-
uration.
[0082] With reference to FIG.12, the received power
calculation will be described next which is performed in
power calculating section 1001 when a mobile station
apparatus adopts BPSK modulation. FIG.12 is a diagram
to explain the received power calculation performed in
power calculating section 1001 in the radio base station
apparatus according to this embodiment, as an example,
in the case where a mobile station adopts BPSK modu-
lation. The received power is set so that the power is
calculated to a greater value as the point is further from
the origin, while being calculated to 1.0 in the vicinity of
the decision point.
[0083] It is assumed that the pre-hard decision re-
ceived signal (pre-hard decision data) from multiplier 107
is mapped onto point d on the I-Q plane. The received
power of point d is calculated as 0.8 according to the
predetermined received power distribution set on the I-
Q plane illustrated in FIG.12. The calculated received
power is output to weight coefficient determining section
702. Weight coefficient determining section 702 refers to
the table, and determines the weight coefficient corre-
sponding to the received power of 0.8. Multiplier 703 mul-
tiplies the error signal from adder 108 by the weight co-
efficient determined in weight coefficient determining
section 702. The multiplication result is output to weight
control section 105, which calculates a weight.
[0084] Thus, also when a mobile station adopts BPSK
modulation, it is possible to calculate weights more ac-
curately than the case described in the first embodiment
not covered by the claims to form desired directivity, to
reduce the processing load, and to miniaturize the appa-
ratus configuration.
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[0085] In addition, this embodiment describes the case
where the table associating the calculated received pow-
er with the weight coefficient is stored, and referring to
the table, the weight coefficient is determined corre-
sponding to the received power. However, the present
invention is not limited to the above case, and it may be
possible to determine the received power as the weight
coefficient.
[0086] Further, while this embodiment describes the
distribution of the received power on the I-Q plane using
the distributions illustrated in FIGs.11 and 12 as exam-
ples, the present invention is not limited to the foregoing.
It may be possible to vary the distribution as appropriate
corresponding to the distribution of the power of received
signals. Moreover, it may be possible to update as ap-
propriate the table for use in calculating weight coeffi-
cients, and perform control for varying adaptively weight
coefficients so that the reception error rate is the least.
[0087] Furthermore, while in the present invention
QPSK modulation and BPSK modulation are described
as examples as a modulation scheme adopted in a mo-
bile station, the present invention is not limited to the
foregoing. It may be possible to another modulation
scheme enabling the radio base station apparatus to de-
termine the reliability of the hard decision data. For ex-
ample, QAM modulation may be adopted.
[0088] In addition, although the operation on a receiv-
ing side of the radio base station apparatus according to
the present invention is described, it is possible to im-
prove transmission quality in transmitting signals by per-
forming directional transmission according to the direc-
tivity formed in weight control section 105.
[0089] Further, although in the present invention an
example of the operation in the radio base station appa-
ratus is only described, it is possible to improve reception
quality and transmission quality in the similar operation
in a mobile station apparatus mounted with an adaptive
array antenna reception apparatus.
[0090] As can be obvious to those skilled in the art, the
present invention may be carried out using a commer-
cially available digital computer and micro processor in-
stalled with a program for operating techniques described
in the above embodiments. Further, as can be obvious
to those skilled in the art, the present invention includes
computer programs created by those skilled in the art
based on the techniques described in the above embod-
iments.
[0091] Further, the scope of the present invention in-
cludes computer program products such as computer
readable storage media storing a program for operating
the techniques described in the above embodiments. The
storage media include disks such as a floppy disk, optical
disk, CD-ROM and magnetic disk, ROM, RAM, EPROM,
EEPROM, optomagnetic card, memory card and DVD,
but are not limited to the above products.
[0092] As described above, according to the present
invention, weights are controlled based on signals with
high reliability of the hard decision data without perform-

ing error correcting processing, and it is thereby possible
to form desired directivity to perform AAA transmission
and reception, and to decrease the processing delay.
[0093] This application is based on the Japanese Pat-
ent Application No.2000-155268 filed on May 25, 2000.

Industrial Applicability

[0094] The present innovation is suitable for being
used in fields of wireless communication apparatus and
wireless communication method having the function of
performing directional transmission and reception.

Claims

1. A wireless communication apparatus comprising:

a plurality of antennas (101) adapted to receive
a plurality of signals;
a weight control section (105) adapted to calcu-
late respective weights based on respective
baseband signals of the plurality of received sig-
nals and an error signal;
a plurality of multipliers (103) adapted to multiply
the respective baseband signals of the plurality
of received signals by the respective weights;
an adder (104) adapted to add the baseband
signals, which have been multiplied by the re-
spective weights from the respective multipliers
(103), to obtain an added signal;
a demodulation section (110) adapted to per-
form a hard decision on a received pre-hard de-
cision data, which is based on the added signal,
to calculate hard decision data;
a likelihood determining section (111) adapted
to obtain a likelihood of the hard decision data
based on the pre-hard decision data and the
hard decision data; and further adapted to com-
pare the obtained likelihood with a predeter-
mined threshold; and
an adder (108) adapted to obtain an error signal
based on a difference between the added signal
and a reference signal generated from the hard
decision data;
a switch control section (112) is adapted to con-
trol a switch section (113) to output the error
signal to the weight control section (105) when
the likelihood of the hard decision data is deter-
mined by the likelihood determining section
(111) to be higher than the predetermined
threshold, and further adapted to control the
switch section (113) not to output the error signal
to the weight control section (105) when the like-
lihood of the hard decision data is determined
to be lower than the predetermined threshold;
and
the weight control section (105) is further adapt-
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ed to update the respective weights based on
the error signal when the error signal is received,
and further adapted not to update the respective
weights when no error signal is received.

2. The wireless communication apparatus of claim 1,
wherein the likelihood determining section (111) is
further adapted to determine a reliability of the hard
decision data based on a result of the comparison
of the likelihood to the predetermined threshold.

3. The wireless communication apparatus of claim 1 or
2, wherein the likelihood determining section (111)
is further adapted to employ different thresholds, de-
pending on the modulation scheme of the received
signal, to perform the comparison.

4. A radio base station apparatus comprising the wire-
less communication apparatus of one of claims 1 to
3.

5. A radio mobile station apparatus comprising the
wireless communication apparatus of one of claims
1 to 3.

6. A wireless communication method comprising the
steps of:

receiving, by a plurality of antennas, a plurality
of signals;
calculating, by a weight control section, respec-
tive weights based on respective baseband sig-
nals of the plurality of received signals and an
error signal;
multiplying, by a plurality of multipliers, the re-
spective baseband signals of the plurality of re-
ceived signals by the respective weights;
adding, by an adder, the baseband signals,
which have been multiplied by the respective
weights from the respective multipliers, to obtain
an added signal;
performing, by a demodulation section, a hard
decision on a received pre-hard decision data,
which is based on the added signal, to calculate
hard decision data;
obtaining, by a likelihood determining section, a
likelihood of the hard decision data based on the
pre-hard decision data and the hard decision da-
ta; and further adapted to compare the obtained
likelihood with a predetermined threshold; and
obtaining, by an adder, an error signal based on
a difference between the added signal and a ref-
erence signal generated from the hard decision
data;
controlling, by a switch control section, a switch
section to output the error signal to the weight
control section when the likelihood of the hard
decision data is determined by the likelihood de-

termining section to be higher than the prede-
termined threshold;
controlling, by the switch control section, the
switch section not to output the error signal to
the weight control section when the likelihood of
the hard decision data is determined to be lower
than the predetermined threshold;
updating, by the weight control section, the re-
spective weights based on the error signal when
the error signal is received; and
not updating the respective weights when no er-
ror signal is received.

Patentansprüche

1. Drahtlose Kommunikationsvorrichtung, umfassend:

eine Vielzahl von Antennen (101), die dazu ein-
gerichtet sind, eine Vielzahl von Signalen zu
empfangen;
einen Gewichtssteuerungsabschnitt (105), der
dazu eingerichtet ist, jeweilige Gewichte basie-
rend auf jeweiligen Basisbandsignalen der Viel-
zahl von empfangenen Signalen und einem
Fehlersignal zu berechnen;
eine Vielzahl von Multiplikatoren (103), die dazu
eingerichtet sind, die jeweiligen Basisbandsig-
nale der Vielzahl von Signalen mit jeweiligen
Gewichten zu multiplizieren;
einen Addierer (104), der dazu eingerichtet ist,
die Basisbandsignale, die mit den jeweiligen
Gewichten von den jeweiligen Multiplikatoren
(103) multipliziert wurden, zu addieren, um ein
addiertes Signal zu erhalten;
einen Demodulationsabschnitt (110), der dazu
eingerichtet ist, eine schwere Entscheidung an
empfangenen Daten vor der schweren Ent-
scheidung durchzuführen, die auf dem addier-
ten Signal basiert, um schwere Entscheidungs-
daten zu berechnen;
einen Wahrscheinlichkeitsbestimmungsab-
schnitt (111), der dazu eingerichtet ist, eine
Wahrscheinlichkeit der schweren Entschei-
dungsdaten basierend auf den Daten vor der
schweren Entscheidung und den schweren Ent-
scheidungsdaten zu erhalten; und der des Wei-
teren dazu eingerichtet ist, die erhaltene Wahr-
scheinlichkeit mit einem vorgegebenen Schwel-
lenwert zu vergleichen; und
einen Addierer (108), der dazu eingerichtet ist,
ein Fehlersignal basierend auf einer Differenz
zwischen dem addierten Signal und einem Re-
ferenzsignal zu erhalten, das aus den schweren
Entscheidungsdaten erzeugt wird;
einen Schaltungssteuerungsabschnitt (112),
der dazu eingerichtet ist, einen Schaltungsab-
schnitt (113) dazu anzusteuern, das Fehlersig-
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nal an den Gewichtssteuerungsabschnitt (105)
auszugeben, wenn von dem Wahrscheinlich-
keitsbestimmungsabschnitt (111) bestimmt
wird, dass die Wahrscheinlichkeit der schweren
Entscheidungsdaten höher als der vorgegebe-
ne Schwellenwert ist, und der des Weiteren da-
zu eingerichtet ist, den Schaltungsabschnitt
(113) dazu anzusteuern, das Fehlersignal nicht
an den Gewichtssteuerungsabschnitt (105)
auszugeben, wenn bestimmt wird, dass die
Wahrscheinlichkeit der schweren Entschei-
dungsdaten niedriger als der vorgegebene
Schwellenwert ist; und
wobei der Gewichtssteuerungsabschnitt (105)
des Weiteren dazu eingerichtet ist, die jeweili-
gen Gewichte basierend auf dem Fehlersignal
zu aktualisieren, wenn das Fehlersignal emp-
fangen wird, und des Weiteren dazu eingerichtet
ist, die jeweiligen Gewichte nicht zu aktualisie-
ren, wenn kein Fehlersignal empfangen wird.

2. Drahtlose Kommunikationsvorrichtung nach An-
spruch 1, wobei der Wahrscheinlichkeitsbestim-
mungsabschnitt (111) des Weiteren dazu eingerich-
tet ist, eine Zuverlässigkeit der schweren Entschei-
dungsdaten basierend auf einem Ergebnis des Ver-
gleichs der Wahrscheinlichkeit mit dem vorgegebe-
nen Schwellenwert zu bestimmen.

3. Drahtlose Kommunikationsvorrichtung nach An-
spruch 1 oder 2, wobei der Wahrscheinlichkeitsbe-
stimmungsabschnitt (111) des Weiteren dazu ein-
gerichtet ist, verschiedene Schwellenwerte in Ab-
hängigkeit von dem Modulationsschema des emp-
fangenen Signals zu verwenden, um den Vergleich
durchzuführen.

4. Funk-Basisstationsvorrichtung, umfassend die
drahtlose Kommunikationsvorrichtung nach einem
der Ansprüche 1 bis 3.

5. Funk-Mobilstationsvorrichtung, umfassend die
drahtlose Kommunikationsvorrichtung nach einem
der Ansprüche 1 bis 3.

6. Drahtloses Kommunikationsverfahren, umfassend
folgende Schritte:

Empfangen, von einer Vielzahl von Antennen,
einer Vielzahl von Signalen;
Berechnen, durch einen Gewichtssteuerungs-
abschnitt, von jeweiligen Gewichten basierend
auf jeweiligen Basisbandsignalen der Vielzahl
von empfangenen Signalen und einem Fehler-
signal;
Multiplizieren, durch eine Vielzahl von Multipli-
katoren, der empfangenen Basisbandsignale
der Vielzahl von empfangenen Signalen mit den

jeweiligen Gewichten;
Addieren, durch einen Addierer, der Basisband-
signale, die mit den jeweiligen Gewichten von
den jeweiligen Multiplikatoren multipliziert wur-
den, um ein addiertes Signal zu erhalten;
Durchführen, durch einen Demodulationsab-
schnitt, einer schweren Entscheidung an emp-
fangenen Daten vor der schweren Entschei-
dung, die auf dem addierten Signal basiert, um
schwere Entscheidungsdaten zu berechnen;
Erhalten, durch einen Wahrscheinlichkeitsbe-
stimmungsabschnitt, einer Wahrscheinlichkeit
der schweren Entscheidungsdaten basierend
auf den Daten vor der schweren Entscheidung
und den schweren Entscheidungsdaten; und
der des Weiteren dazu eingerichtet ist, die er-
haltene Wahrscheinlichkeit mit einem vorgege-
benen Schwellenwert zu vergleichen; und
Erhalten, durch einen Addierer, eines Fehlersi-
gnals basierend auf einer Differenz zwischen
dem addierten Signal und einem Referenzsig-
nal, das aus den schweren Entscheidungsdaten
erzeugt wird;
Ansteuern, durch einen Schaltungssteuerungs-
abschnitt, eines Schaltungsabschnitts dazu,
das Fehlersignal an den Gewichtssteuerungs-
abschnitt auszugeben, wenn von dem
Wahrscheinlichkeitsbestimmungsabschnitt be-
stimmt wird, dass die Wahrscheinlichkeit der
schweren Entscheidungsdaten höher als der
vorgegebene Schwellenwert ist;
Ansteuern, durch den Schaltungssteuerungs-
abschnitt, des Schaltungsabschnitts dazu, das
Fehlersignal an den Gewichtssteuerungsab-
schnitt auszugeben, wenn bestimmt wird, dass
die Wahrscheinlichkeit der schweren Entschei-
dungsdaten niedriger als der vorgegebene
Schwellenwert ist;
Aktualisieren, durch den Gewichtssteuerungs-
abschnitt, der jeweiligen Gewichte basierend
auf dem Fehlersignal, wenn das Fehlersignal
empfangen wird; und
nicht Aktualisieren der jeweiligen Gewichte,
wenn kein Fehlersignal empfangen wird.

Revendications

1. Appareil de communication sans fil comprenant :

une pluralité d’antennes (101) conçues pour re-
cevoir une pluralité de signaux,
une section de commande de pondération (105)
conçue pour calculer des poids respectifs sur la
base de signaux respectifs en bande de base
de la pluralité de signaux reçus et d’un signal
d’erreur,
une pluralité de multiplieurs (103) conçus pour
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multiplier les signaux respectifs en bande de ba-
se de la pluralité de signaux reçus par les poids
respectifs,
un additionneur (104) conçu pour additionner
les signaux en bande de base, qui ont été mul-
tipliés par les poids respectifs dans les multi-
plieurs (103) respectifs pour obtenir un signal
d’addition,
une section de démodulation (110) conçue pour
effectuer une décision binaire sur des données
reçues avant décision binaire, qui est fondée sur
le signal d’addition, afin de calculer des données
de décision binaire,
une section de détermination de probabilité
(100) conçue pour récupérer la probabilité des
données de décision binaire sur la base des
données avant décision binaire et des données
de décision binaire ; et conçue en outre pour
comparer la probabilité obtenue à un seuil pré-
déterminé, et
un additionneur (108) conçu pour récupérer un
signal d’erreur fondé sur la différence entre le
signal d’addition et un signal de référence gé-
néré à partir des données de décision binaire,
une section de commande de commutation
(112), qui est conçue pour commander une sec-
tion de commutation (113) destinée à délivrer
en sortie le signal d’erreur à la section de com-
mande de pondération (105) lorsqu’il est déter-
miné que la probabilité des données de décision
binaire est supérieure au seuil prédéterminé par
la section de détermination de probabilité (100) ;
et qui est en outre conçue pour commander la
section de commutation (113) pour ne pas dé-
livrer en sortie le signal d’erreur à la section de
commande de pondération (105) lorsqu’il est
déterminé que la probabilité des données de dé-
cision binaire est inférieure au seuil prédétermi-
né, et
la section de commande de pondération (105)
est en outre conçue pour mettre à jour les poids
respectifs sur la base du signal d’erreur lorsque
le signal d’erreur est reçu, et elle est conçue de
plus pour ne pas mettre à jour les poids respec-
tifs lorsqu’aucun signal d’erreur n’est reçu.

2. Appareil de communication sans fil selon la reven-
dication 1, dans lequel la section de détermination
de probabilité (111) est en outre conçue pour déter-
miner la fiabilité des données de décision binaire sur
la base du résultat de la comparaison de la proba-
bilité au seuil prédéterminé.

3. Appareil de communication sans fil selon la reven-
dication 1 ou la revendication 2, dans lequel la sec-
tion de détermination de probabilité (111) est en
outre conçue pour utiliser différents seuils en fonc-
tion du principe de modulation du signal reçu pour

effectuer la comparaison.

4. Station de base de radiocommunication comprenant
l’appareil de communication sans fil conforme à l’une
des revendications 1 à 3.

5. Station mobile de radiocommunication comprenant
l’appareil de communication sans fil conforme à l’une
des revendications 1 à 3.

6. Procédé de communication sans fil comprenant les
étapes suivantes :

la réception d’une pluralité de signaux grâce à
une pluralité d’antennes,
le calcul, grâce à une section de commande de
pondération, de poids respectifs fondés sur des
signaux respectifs en bande de base de la plu-
ralité de signaux reçus et sur un signal d’erreur,
la multiplication, grâce à une pluralité de multi-
plieurs, des signaux respectifs en bande de ba-
se de la pluralité de signaux reçus par les poids
respectifs,
l’addition, grâce à un additionneur, des signaux
en bande de base qui ont été multipliés par les
poids respectifs dans les multiplieurs respectifs,
pour obtenir un signal d’addition,
l’exécution, grâce à une section de démodula-
tion, d’une décision binaire sur des données re-
çues avant décision binaire, sur la base du si-
gnal d’addition, pour calculer des données de
décision binaire,
la récupération, grâce à une section de déter-
mination de probabilité, de la probabilité des
données avant décision binaire sur la base des
données avant décision binaire et des données
de décision binaire ; et de plus la comparaison
de la probabilité obtenue à un seuil prédétermi-
né, et
la récupération, grâce à un additionneur, d’un
signal d’erreur fondé sur la différence entre le
signal d’addition et un signal de référence gé-
néré à partir des données de décision binaire,
la commande, grâce à une section de comman-
de de commutation, d’une section de commuta-
tion pour délivrer en sortie le signal d’erreur à la
section de commande de pondération lorsqu’il
est déterminé par la section de détermination
de probabilité que la probabilité des données de
décision binaire est supérieure au seuil prédé-
terminé,
la commande, grâce à la section de commande
de commutation, de la section de commutation
pour qu’elle ne délivre pas en sortie le signal
d’erreur à la section de commande de pondéra-
tion lorsqu’il est déterminé que la probabilité des
données de décision binaire est inférieure au
seuil prédéterminé,
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la mise à jour, grâce à la section de commande
de pondération, des poids respectifs sur la base
du signal d’erreur lorsque le signal d’erreur est
reçu, et
le défaut de mise à jour des poids respectifs lors-
qu’aucun signal d’erreur n’est reçu.
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