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Description
TECHNICAL FIELD

[0001] The presentinvention relates to a hybrid distor-
tion compensation method and a hybrid distortion com-
pensation apparatus using both distortion compensation
of a scheme that performs pre-distortion processing on
a digital signal and distortion compensation of a feed for-
ward scheme.

BACKGROUND ART

[0002] In mobile communications of a CDMA scheme
and digital terrestrial television broadcast scheduled to
be implemented in the immediate future in Japan, a so-
called multicarrier communication scheme is used
wherein information is transmitted using a plurality of car-
riers distributed over a wideband.

[0003] Providing the same number of high frequency
power amplifiers as the number of carriers in multicarrier
transmission would be a great burden in terms of the size
and cost of the apparatus.

[0004] Therefore, a multicarrier signal needs to be col-
lectively amplified by one high frequency power ampilifier.
[0005] When a high frequency signal of a wide band
is amplified by one high frequency power amplifier, var-
ious distortions due to the non-linearity of the high fre-
quency power amplifier (non-linear distortions: for exam-
ple, a mutual modulation distortion) easily appear.
[0006] Methods for reducing non-linear distortions are
mainly classified into a pre-distortion scheme and a feed
forward scheme.

[0007] The pre-distortion scheme is a scheme in which
a pseudo-distortion for canceling out distortion expected
to occur in a power amplifier is preliminarily given to a
signal to be input into the power amplifier.

[0008] The feed forward scheme is a scheme that ex-
tracts a distortion component contained in the output sig-
nal of a power amplifier, inverts the phase of the distortion
component, and feeds back the inverted signal to the
output signal of the power amplifier to cancel out the dis-
tortion component.

[0009] In recent years, a scheme has been proposed
that combines these typical distortion compensation
techniques. An analog distortion compensation circuit
having an adaptive pre-distortion circuit and a feed for-
ward power amplifier combined is disclosed in U.S. Pat-
ent Publication No.5,760,646.

[0010] As can be seen from the circuit diagram of FIG.
1 of the above publication, the distortion compensation
circuit disclosed in this U.S. Patent Publication No.
5,760,646 is configured such that a distortion component
signal (an error signal fed back to a main path after in-
verted in phase) that appears in the feed forward loop of
a typical feed forward power amplifier is also input into a
pre-distortion function generator (a circuit generating a
control signal for a pre-distortion characteristic) to control
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an analog pre-distortion circuit to perform adaptive pre-
distortion processing.

[0011] The distortion compensation circuit disclosed
in the above U.S. Patent Publication No.5,760,646 de-
tects distortion contained in the output signal of the power
amplifier when being a high frequency analog signal (a
RF analog signal), and performs RF pre-distortion
processing (pre-distortion processing on the high fre-
quency analog signal) based on the distortion component
signal.

[0012] However, thereisalimittoaccuracyindetecting
the distortion component signal (RF error signal) from
the high frequency analog signal (limit due to processing
of detecting the analog signal).

[0013] Alsothere is alimit to accuracy in pre-distortion
processing using an analog circuit due to analog signal
processing.

[0014] Therefore, the capability of this distortion com-
pensation circuit to compensate for non-linear distortions
is not so high.

[0015] Meanwhile, with respect to multicarrier trans-
mission in mobile communications of the CDMA scheme
and digital terrestrial television broadcast scheduled to
be implemented in the immediate future in Japan, it is
required to satisfy unprecedented strict standards in or-
der to maintain high communication quality.

[0016] Thatis, itis required to compensate for distor-
tion of the transmit signal having an extremely wide band
with high accuracy and stably adapting to the environ-
ment.

[0017] The prior arttechnology cannot meet such strict
requirements.

[0018] Moreover, in the mobile communications field,
much smaller transceivers with reduced power consump-
tion and cost to an extreme extent are required. This
makes it further difficult to realize a great improvement
ofthe capability to reduce non-linear distortions of a wide-
band.

[0019] Other prior art is known from US 5 949 283 and
US 6 266 517.

DISCLOSURE OF INVENTION

[0020] An object of the present invention is to greatly
improve the capability of a distortion compensation circuit
to compensate for wideband non-linear distortion, satis-
fying the demand for smaller and simplified circuits with
reduced power consumption and lowered cost.

[0021] This object is solved by the present invention
as claimedinthe independent claims. Advantageous and
preferred embodiments of the invention are defined by
the dependent claims.

[0022] A hybrid distortion compensation method ac-
cording to the present invention uses both a scheme
where pre-distortion processing (preferably adaptive pre-
distortion processing) is performed on a digital signal and
a feed forward scheme, and comprises the steps of per-
forming distortion compensation according to the two
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schemes, and adjusting feed forward loop characteristics
using digital control to enable highly accurate distortion
compensation of the feed forward scheme.

[0023] Moreover, a hybrid distortion compensation ap-
paratus according to the present invention is a novel dis-
tortion compensation apparatus of a full digital control
scheme having a circuit configuration where a digital sig-
nal processing circuit and a high frequency power analog
circuit are connected via a signal path including a D/A
converter and an A/D converter.

[0024] According to an embodiment of the present in-
vention, there is provided a hybrid distortion compensa-
tion apparatus which comprises an adaptive pre-distor-
tion circuit that gives distortion of an opposite character-
istic to a non-linear characteristic of a power amplifier to
an input digital signal, and a feed forward distortion com-
pensation circuit that, by a feed forward loop, compen-
sates for a distortion component that the adaptive pre-
distortion circuit cannot compensate for, wherein the feed
forward distortion compensation circuit has two signal
input ports so that two signals can be input separately,
wherein a signal after adaptive pre-distortion processing
by the adaptive pre-distortion circuit is input to one signal
input port, and wherein a reference signal corresponding
to the input digital signal before the adaptive pre-distor-
tion processing by the adaptive pre-distortion circuit is
input to the other signal input port.

[0025] According to another embodiment of the
present invention, there is provided a hybrid distortion
compensation method using both pre-distortion process-
ing of a digital signal and distortion canceling processing
of a feed forward scheme, wherein, after the pre-distor-
tion processing and before the distortion canceling
processing of the feed forward scheme, adjustment using
digital sign processing is performed to make character-
istics of two signals separately input into a circuit per-
forming distortion canceling processing of the feed for-
ward scheme coincide.

[0026] According to yet another embodiment of the
present invention, there is provided a hybrid distortion
compensation method using both pre-distortion process-
ing of a digital signal and distortion canceling processing
of a feed forward scheme and controlling digitally, includ-
ing: a first step of performing pre-distortion processing
on an input digital signal by a pre-distortion circuit, con-
verting the pre-distortion processed digital signal into an
analog signal, amplifying the converted analog signal by
a power amplifier, converting the amplified signal into a
digital signal, and adaptively controlling a pre-distortion
characteristic of the pre-distortion circuit based on the
converted digital signal; a second step of converting each
of the output signal of the power amplifier input to a main
path of a circuit that performs the distortion canceling
processing of the feed forward scheme and a reference
signal input to a feed forward loop into a digital signal,
measuring characteristics of each of the converted sig-
nals by using digital signal processing, and adjusting at
leastone of gain, phase, and delay of the reference signal
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based on the measuring results such that the character-
istics of the converted signals are the same; a third step
converting a signal of the feed forward loop in the circuit
that performs the distortion canceling processing of the
feed forward scheme into a digital signal, detecting a cor-
relation between the digital signal and the reference sig-
nal to measure the leakage amount of the reference sig-
nal contained in the signal of the feed forward loop, and
determining the adjusting result of the second step based
on the measuring result; and a fourth step of converting
the output signal of the circuit that performs the distortion
canceling processing of the feed forward scheme into a
digital signal, and monitoring whether a predetermined
characteristic of the converted digital signal is within a
permissible range by using digital signal processing.
[0027] According to an example, there is provided a
hybrid distortion compensation apparatus which com-
prises a circuit performing pre-distortion processing on
a digital signal and a circuit performing distortion cance-
ling processing of a feed forward scheme, and which fur-
ther comprises a control section provided with a digital
signal processing circuit that, after the adaptive pre-dis-
tortion processing and before the distortion compensa-
tion by the feed forward loop, performs adjustment using
digital signal processing to make characteristics of the
two signals separately input into the feed forward distor-
tion compensation circuit coincide;a monitoring section
that monitors whether a characteristic of the output signal
ofthe feed forward distortion compensation circuit is with-
in a permissible range, using digital signal processing;
and a sequencer that gives information for sequential
control to the circuits, the control section, and the moni-
toring section.

[0028] According to yet another embodiment of the
present invention, there is provided a hybrid distortion
compensation apparatus of a digital control scheme
which comprises a high frequency power amplifier; a pre-
distortion section that gives an input digital signal an op-
posite characteristic to a non-linear characteristic of the
high frequency power amplifier; a first signal path includ-
ing a first D/A converter for transmitting the output signal
of the pre-distortion section to the high frequency power
amplifier; and a feed forward distortion compensation cir-
cuit that performs feed forward distortion compensation
onthe output signal of the high frequency power amplifier,
and which comprises an adjuster that adjusts character-
istics of the input digital signal not going through the pre-
distortion section; a second signal path including a sec-
ond D/A converter for transmitting the output signal of
the adjuster as a reference signal of feed forward distor-
tion compensation to the feed forward distortion compen-
sation circuit; a switch circuit that selectively takes out
one of the high frequency power amplifier’s output signal
given to the feed forward distortion compensation circuit,
the reference signal given to the feed forward distortion
compensation circuit via the second signal path, the sig-
nal of the feed forward distortion compensation circuit’s
feed forward loop, and the output signal of the feed for-
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ward distortion compensation circuit; a third signal path
including an A/D converter for feeding back the signal
output from the switch circuit to the pre-distortion section
side; a control section that measures characteristics of
each of the high frequency power amplifier’s output signal
and the reference signal, which are fed back via the third
signal path, adjusts characteristics of the input digital sig-
nal by adaptively changing the adjuster’s characteristics
based on the measuring results such that characteristics
of both the signals become the same, and after that, out-
puts a signal indicating adjustment completion; a moni-
toring section that measures a characteristic of the feed
forward distortion compensation circuit’s output signal
fed back via the third signal path, determines whether
the distortion compensation is good or not based on the
measuring result, and outputs a signal indicating the de-
termining result; and a sequencer thatreceives the signal
indicating adjustment completion output from the control
section and the signal indicating the determining result
output from the monitoring section, switches the switch
circuit based on the received signals, and gives a signal
indicating the switching state of the switch circuit, as a
signal for controlling sequentially operations of the com-
ponents, to the control section and the monitoring sec-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS
[0029]

FIG.1 is a circuit diagram showing the basic config-
uration of a distortion compensation circuitaccording
to embodiment 1 of the present invention;

FIG.2is aview for explaining characteristic operation
(signal current) of the distortion compensation circuit
of FIG.1 in an adaptive pre-distortion processing
stage;

FIG.3is aview for explaining characteristic operation
(signal current) of the distortion compensation circuit
of FIG.1 in a stage of adjusting to match character-
istics of the two input signals of a feed forward dis-
tortion compensation circuit;

FIG.4 is aview for explaining characteristic operation
(signal current) of the distortion compensation circuit
of FIG.1 in a stage of confirming the adjusting result
of FIG.3;

F1G.5is aview for explaining characteristic operation
(signal current) of the distortion compensation circuit
of FIG.1 in a monitoring stage;

FIG.6 is a flow chart showing a major procedure in
a hybrid distortion compensation method of the
presentinvention (a distortion compensation method
using both pre-distortion distortion compensation
and feed forward distortion compensation and con-
trolling full-digitally);

FI1G.7 is a view showing a major operation procedure
in the hybrid distortion compensation method of the
present invention against a time axis;
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FIG.8A is a circuit diagram showing the basic con-
figuration of a distortion compensation circuit ac-
cording to embodiment 2 of the present invention;
FIG.8B is a continuation of FIG.8A;

FIG. 9is a block diagram showing an example of the
specific configuration of a gain phase delay imbal-
ance measuring section in the circuit of FIG.8A and
FIG.8B;

FIG.10 is a view showing the frequency character-
istic and the frequency spectrum of a final output
signal (OUT) in a state 1 (stage 1) and a state 4
(stage 4) of the circuit of FIG.8A and FIG.8B;
FIG.11 is a block diagram showing an example of
the configuration of a multicarrier transmit apparatus
of a W-CDMA scheme that comprises the distortion
compensation apparatus of the present invention;
FIG.12A is a view showing the frequency spectrum
of an input signal in the circuit of FIG.11;

FIG.12B is a view showing the frequency spectrum
of a pre-distortion signal in the circuit of FIG.11;
FIG.12C is a view showing the frequency spectrum
of areference signal for feed forward distortion com-
pensation in the circuit of FIG.11; and

FIG.12D is a view showing the frequency spectrum
of an output signal in the circuit of FIG.11.

Best Mode for Carrying out the Invention

[0030] A preferred embodiment of a hybrid distortion
compensation apparatus of the present invention obtains
the following effects by performing the following process-
es (1) to (6).

(1) Adaptive pre-distortion processing is implement-
ed as digital signal processing.

Since the pre-distortion is realized by the digital sig-
nal processing, more highly accurate processing is
possible compared to analog pre-distortion.

(2) A high frequency analog signal is taken out of a
feed forward distortion compensation circuit; the an-
alog signal taken out is converted into a digital signal;
a desired characteristic of the digital signal is meas-
ured with extremely high accuracy using sophisticat-
ed digital signal processing such as frequency spec-
trum analysis; and the measuring result is used as
a base for the control and monitoring of the entire
circuit.

That is, because the control and monitoring are per-
formed based onincomparably more highly accurate
datathan analog signal processing, the adaptive pre-
distortion processing and feed forward distortion
compensation processing functions each improve
greatly, so that distortion compensation capability
improves greatly.

(3) Distortion compensation processing is divided in-
to a plurality of stages, and the stages are each se-
quentially controlled.

Although the communication environment changes
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with time, it can be considered that the signal’s char-
acteristics do not change in a short period of time.
In view of this point, by executing the plurality of stag-
es sequentially according to a predetermined proce-
dure, the distortion compensation processing can be
performed naturally under digital control.

(4) The plurality of stages includes a first stage that
performs the adaptive pre-distortion processing; a
second stage that adjusts characteristics such as
the amplitudes, phases, and delay amounts of two
signals to be independently input into the feed for-
ward distortion compensation circuit so as to match,
which signals are an input signal to a main path con-
taining non-linear distortion and a reference signal
without non-linear distortion (a signal input to a feed
forward loop); a third stage that confirms the adjust-
ing results of the second stage; and a fourth stage
that monitors the characteristics of the signal after
the feed forward distortion compensation.

Because the characteristics of two independent in-
put signals to the feed forward distortion compensa-
tion circuit are certainly adjusted to match precisely,
adverse effects on the feed forward distortion com-
pensation due to the presence of the pre-distortion
circuit at the preceding stage can be prevented.
Therefore, the respective accuracies in the adaptive
pre-distortion and the feed forward distortion com-
pensation are secured, and the distortion compen-
sation capability can be greatly improved due to the
synergy of the both processes.

That is, the adaptive pre-distortion distortion com-
pensation circuit digitally controlled cannot remove
low levels of high order IM distortion components
(mutual modulation distortion components) spread-
ing outside a sampling frequency band of A/D and
D/A converters.

However, if they are within the sampling frequency
band, low order distortion components of a power
amplifier, which are high levels of distortion compo-
nents, can be removed with high stability. Then, by
effectively removing low levels of residual, high order
IM distortion components by highly accurate feed
forward distortion compensation processing, stable
and highly accurate distortion compensation for the
signal of a wideband can be realized.

Furthermore, because distortions are accurately
suppressed, the gain of an error amplifier provided
in the feed forward loop of the feed forward distortion
compensation circuit can be lowered, thereby help-
ing reduce power consumption.

(5) When the adjustment of the entire distortion com-
pensation circuit through the first to third stages is
completed, a monitoring stage (fourth stage) is tak-
en, but as long as distortion is suppressed to within
a predetermined range, the adaptive adjustment of
a pre-distortion characteristic and the adjustment of
characteristics of the input signal to the feed forward
distortion compensation circuit are not performed,
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so that characteristics of each circuit are fixed in this
period. Therefore, different from an analog circuit
performing adaptive control all the time, power con-
sumption can be reduced by this point as well.

(6) Moreover, because digital signal processing
functions (such as correlation detection and power
measurement) usually provided for recent mobile
communication apparatuses can be used, it is rela-
tively easy toimplement the distortion compensation
method of the present invention, which is high in
practical value.

[0031] Embodiments of the present invention will be
described with reference to the drawings.

(Embodiment 1)

[0032] In recent multicarrier communications of a W-
CDMA scheme, higher linearity has been required of high
frequency power amplifiers compared to mobile commu-
nications of other schemes. Hence, without compensat-
ing for the linearity deviation of the power amplifiers by
using a distortion compensation technology such as
adaptive pre-distortion, power efficiency severely dete-
riorates.

[0033] For example, an input signal to the power am-
plifier has a bandwidth of 15 to 20 MHz. Hence, the band
of a distortion component spreads from 100 to 200 MHz.
[0034] To compensate for this distortion component
through adaptive pre-distortion alone, a digital signal hav-
ing pre-distortion processing performed thereon needs
to be D/A-converted at a sampling frequency of about
100 to 200 MHz, which is at least the same as the band
of the distortion component.

[0035] Furthermore, to perform adaptive pre-distortion
processing, an output signal of the power amplifier needs
to be fed back to the digital signal processing system,
and thus needs to be D/A-converted at a sampling fre-
quency of about 100 to 200 MHz, which is at least the
same as the band of the distortion component, likewise.
[0036] Moreover, according to the standard of the W-
CDMA scheme, a resolution of as many as 12 to 16 bits
is required of D/A and A/D converters.

[0037] Given the present semiconductor technology,
it is very difficult to produce D/A and A/D converters that
operate at 100 to 200 MHz while securing the high res-
olution of 12 to 16 bits.

[0038] Furthermore, even if such D/A and A/D convert-
ers could be produced, the amount of power consumption
during the operation would be enormous, which contra-
dicts with the distortion compensation for improving pow-
er efficiency.

[0039] Therefore, inthe presentembodiment, the band
of abaseband input signal to have adaptive pre-distortion
processing performed thereon is limited to frequency at
which D/A and A/D converters can achieve resolution of
12 to 16 bits.

[0040] And high order distortion occurring in a higher
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frequency band than that is effectively removed by a feed
forward distortion compensation circuit having its char-
acteristics adjusted more precisely by digital signal
processing.

[0041] Thus, extremely accurate distortion compensa-
tion, which has been impossible before, is possible using
the existing LSI technology.

[0042] The features, configuration, and operation of a
distortion compensation circuit of embodiment 1 will be
described below with reference to FIG’s. 1 to 7.

[0043] FIG.1 is a circuit diagram showing the basic
configuration of a hybrid distortion compensation appa-
ratus according to the embodiment 1 of the present in-
vention.

[0044] As illustrated, the hybrid distortion compensa-
tion apparatus comprises, as main components, an
adaptive pre-distortion section (digital signal processing
section) 14; a high frequency power amplifier 32; a feed
forward distortion compensation circuit (high frequency
power analog circuit) 30 having two input ports TA1, TA2;
a high frequency switch circuit (hereinafter, simply called
a switch circuit) SW for selectively taking out one of the
two input signals and output signal of the feed forward
distortion compensation circuit 30 and a signal of a feed
forward loop; a control-monitoring section 60 belonging
to the digital signal processing system; a adjustment sec-
tion 51 for adjusting the amplitude (gain), phase, and
delay of a reference signal given to the input port TA2 of
the feed forward distortion compensation circuit 30 (an
input signal (IN) to the hybrid distortion compensation
circuit itself); and a sequencer 80 that controls switching
the switch circuit SW while giving information (P1, P2)
necessary to make the sections sequentially operate to
the sections.

[0045] Furthermore, D/A converters 20, 56, an A/D
converter 28, and a frequency converting circuit (having
a RF carrier oscillator 24 and mixers 22, 26, 58) are pro-
vided in the signal path for sending and receiving signals
between the digital signal processing system and the an-
alog signal processing system.

[0046] The feed forward distortion compensation cir-
cuit 30, as illustrated, has the input port TA1 for inputting
a signal containing a distortion component (residual non-
linear distortion component that cannot be removed by
the pre-distortion distortion compensation) into a main
path and the input port TA2 for inputting a reference sig-
nal without distortion into a feed forward loop. Note that
the main path is a path joining the input port TA1 and a
coupler 38.

[0047] Furthermore, the feed forward loop is provided
with an attenuator 42 for adjusting a signal amplitude, a
coupler 46 for separating a distortion component from
the signal in the main path, an error amplifier 48 for am-
plifying the distortion component signal, a phase sifter
50 for inverting the phase of the output signal of the error
amplifier 48, and a coupler 38 for feeding back the output
signal of the phase sifter 50 to the main path.

[0048] The hybrid distortion compensation apparatus
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has a hybrid configuration where the adaptive pre-distor-
tion section 14, which performs adaptive pre-distortion
on a base band digital signal, and the feed forward dis-
tortion compensation circuit are integrated.

[0049] Note that it is impossible to simply combine
these.

[0050] Hence, for the circuit of FIG.1, a new configu-
ration is adopted where the two input ports TA1, TA2 are
provided for the feed forward distortion compensation
circuit 30, and the output signal of the high frequency
power amplifier 32 (signal containing a residual linear
distortion component that cannot be removed by the pre-
distortion distortion compensation) and the reference sig-
nal with no distortion are input into them respectively and
independently, thereby enabling integration of the distor-
tion compensation circuits of different types.

[0051] The distortion compensation processing ac-
cording to the hybrid distortion compensation method is
mainly divided into two processes.

[0052] That is, high levels of distortion components
within the sampling frequency band of the D/A converters
20, 56 and A/D converter 28, that is, low order distortion
components of the high frequency power amplifier, are
removed with high stability by adaptive pre-distortion dis-
tortion compensation of full digital control.

[0053] Then, low levels of residual, high order IM dis-
tortion components (mutual modulation distortion com-
ponents outside the sampling frequency band) are re-
moved by feed forward distortion compensation process-
ing, thereby realizing unprecedented, highly accurate,
wideband distortion compensation.

[0054] Here, if the accuracy in the feed forward distor-
tion compensation using the analog circuit is not high,
low levels of high order IM distortion components, which
cannot be removed by the adaptive pre-distortion distor-
tion compensation, will not be removed sufficiently, and
thus the great improvement in the accuracy in removing
distortion that the present invention is aiming at cannot
be achieved.

[0055] Highly accurate distortion removal in the feed
forward distortion compensation circuit 30 is realized on
the premise that the input levels (amplitudes), phases,
and delays of the two signals input to the two input ports
TA1, TA2 completely coincide.

[0056] Hence, the distortion compensation circuit (hy-
brid distortion compensation circuit) of FIG.1 is provided
with an adjustment mechanism for adjusting the ampli-
tudes and the like of the two signals input to the feed
forward distortion compensation circuit 30 to completely
coincide, which is an extremely important feature of the
distortion compensation circuit of the present invention.
[0057] In other words, focusing on a feedback path (a
signal path for returning the signal after the feed forward
distortion compensation processing to the adaptive pre-
distortion section 14) being a must in the adaptive pre-
distortion processing, the distortion compensation circuit
of FIG.1 has the two signals (A1, A2 in FIG.1) input to
the feed forward distortion compensation circuit 30 and
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the feed forward loop’s signal (A3 in FIG.1) returned to
the digital signal processing system by using the feed-
back path.

[0058] And the control-monitoring section 60 accurate-
ly measures the differences in the amplitude (gain), initial
phase, and transmission delay (difference in at least one
of the characteristics) between the two input signals of
the feed forward distortion compensation circuit 30 by
using highly accurate digital signal processing.

[0059] Next, the adjustment section 51 for the ampli-
tude and the like adjusts at least one (preferably all the
characteristics) of the amplitude, phase, and delay of the
reference signal (the input signal (IN) to the distortion
compensation circuit) such that the measured differenc-
es become zero.

[0060] By this means, the characteristics such as the
amplitudes (gains), initial phases, and transmission de-
lays of the two input signals to the feed forward distortion
compensation circuit 30 completely coincide, so that con-
ditions for highly accurate feed forward distortion com-
pensation are in place.

[0061] Moreover, the output signal of the high frequen-
cy power amplifier 32 inputinto the feed forward distortion
compensation circuit 30 is a signal having high level of
distortion removed by the pre-distortion distortion com-
pensation.

[0062] Therefore, a high level of a distortion compo-
nent is not input into the error amplifier 48 present in the
feed forward loop. Thus, the power amplifying rate of the
error amplifier can be set low, which helps reducing pow-
er consumption.

[0063] After the pre-distortion processing and the ad-
justment of the characteristics of the two input signals to
the feed forward distortion compensation circuit 30 are
completed, the switch circuit SW outputs the output sig-
nal (signal A4 in FIG.1) of the feed forward distortion com-
pensation circuit 30 to be fed back to the digital signal
processing system.

[0064] Then, when desired distortion compensation
accuracy is not secured, the control-monitoring section
60 monitors the characteristics of this feedback signal,
and the pre-distortion processing and the adjustment of
the characteristics of the two input signals to the feed
forward distortion compensation circuit 30 are sequen-
tially performed again.

[0065] The sequence of signal processingis controlled
by the sequencer 80.

[0066] The main processing stages of the distortion
compensation processing of the present embodiment
and the circuit operation in each stage will be described
below with reference to FIG’s. 2 to 5.

(Adaptive pre-distortion processing stage)

[0067] FIG.2is a view for explaining the circuit opera-
tion in an adaptive pre-distortion processing stage. In this
figure, a characteristic operation in this stage is indicated
by thick arrows (as in FIG’s.3 to 5 used in later explana-
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tions).

[0068] The switch circuit (SW) is switched to a d-port
side by a control signal (P2) from the sequencer 80.
[0069] The sequencer 80 gives the adaptive pre-dis-
tortion section 14 and the control-monitoring section 60
a signal indicating the state of the switch circuit (SW) (a
switch state signal P1).

[0070] The adaptive pre-distortion section 14 recog-
nizes that the current stage is the adaptive pre-distortion
processing stage from the switch circuit (SW) is switched
to the d-port side.

[0071] The circuit operation will be described below
with tracking signal transmission paths indicated by the
thick arrows in FIG.1.

[0072] After being pre-distortion processed in the
adaptive pre-distortion section 14, the input signal (a sig-
nal to be transmitted by radio) IN is converted into a digital
signal in the D/A converter 20 and up-converted in the
frequency converting circuit (22, 24), and then amplified
in the high frequency power amplifier 32 to be input into
the input port TA1 of the feed forward distortion compen-
sation circuit 30.

[0073] Thisinputsignal has a distortion component su-
perimposed thereon, which has not been removed by the
pre-distortion distortion compensation.

[0074] The switch circuit (SW) is switched to the d-port
side by the control of the sequencer 80. A signal (A1) to
be input into the input port TA1 of the feed forward dis-
tortion compensation circuit 30 is selectively output from
the switch (SW).

[0075] This signal A1 is returned to the digital signal
processing system via a frequency converter (26, 24)
and the A/D converter 28.

[0076] Based on this returned signal (i.e. feedback sig-
nal), the adaptive pre-distortion section 14 adaptively up-
dates the pre-distortion characteristic, the method of
which will be specifically described later with reference
to FIG.8A and FIG.8B.

[0077] Thisfeedback signalis also given to the control-
monitoring section 60. A measuring section 70 of the con-
trol-monitoring section 60 measures the characteristics
such as the signal level (amplitude and gain), phase, and
delay of the feedback signal, and temporarily stores the
measuring results in a memory 71.

[0078] After adaptive control (updating control param-
eters for the pre-distortion) is completed, the adaptive
pre-distortion section 14 sends a stage end signal (SE1)
notifying the end of the adaptive pre-distortion processing
stage to the sequencer 80.

(Stage of matching the characteristics of the two input
signals of the feed forward distortion compensation cir-
cuit)

[0079] FIG.3is a view for explaining the circuit opera-
tion in a stage of adjusting the characteristics of the two
signals.

[0080] In this stage, the switch circuit (SW) is switched
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to an a-port side by the control signal (P2) from the se-
quencer 80.

[0081] Furthermore, the sequencer 80 gives the adap-
tive pre-distortion section 14 and the control-monitoring
section 60 the signal indicating the state of the switch
circuit (SW) (the switch state signal P1).

[0082] The control-monitoring section 60 recognizes
that the current stage is the stage of matching the char-
acteristics of the two input signals of the feed forward
distortion compensation circuit, from the switch circuit
(SW) being switched to the a-port side.

[0083] The input signal (IN) goes through the adjust-
ment section 51, is converted into an analog signal in the
D/A converter 56, and then up-converted in a frequency
converting circuit (26, 58).

[0084] The up-converted signal is input as the refer-
ence signal into the input port TA2 of the feed forward
distortion compensation circuit 30. The reference signal
(A2) is selectively taken out from the switch circuit SW,
and is returned to the digital signal processing system
via the frequency converter (26, 24) and the A/D convert-
er 28.

[0085] The measuring section 70 of the control-moni-
toring section 60 measures the characteristics such as
the signal level (amplitude and gain), phase, and delay
of the returned signal (feedback signal).

[0086] Next, a comparison section 73 compares the
measuring results with the measuring results of the pre-
ceding stage temporarily stored in the memory 71 to ob-
tain the differences.

[0087] Then,the adjustmentsection 51 adjusts the lev-
el, phase, and delay of the input signal (IN) such that the
differences become zero.

[0088] If the adjustment has been accurately per-
formed, the characteristics of the reference signal given
to the input port TA2 of the feed forward distortion com-
pensation circuit 30 will almost completely coincide with
the characteristics of the output signal of the high fre-
quency power amplifier 32.

[0089] After this fine adjustmentis completed, the con-
trol- monitoring section 60 sends the sequencer 80 a
stage end signal (SE2) indicating the end of the stage of
matching the characteristics of the two input signals of
the feed forward distortion compensation circuit.

(Stage of confirming effects of the characteristics adjust-
ment)

[0090] In the preceding stage, the adjustment section
51 adjusted the level, phase, and delay of the input signal
(IN) in order to match the characteristics of the two input
signals of the feed forward distortion compensation cir-
cuit.

[0091] However, itis notcertain thatthe characteristics
of the two input signals actually coincide as a result of
the adjustment, and there is a risk with proceeding to a
final stage, a monitoring stage, without confirming this.
Therefore, this stage confirms the effect of the adjust-
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ment.

[0092] FIG.4is a view for explaining the stage of con-
firming the results of adjusting the characteristics of the
two signals to match.

[0093] In the present stage, the switch circuit (SW) is
switched to a b-port side by the control signal (P2) from
the sequencer 80. Furthermore, the sequencer 80 gives
the adaptive pre-distortion section 14 and the control-
monitoring section 60 the signal indicating the state of
the switch circuit (SW) (the switch state signal P1).
[0094] The control-monitoring section 60 recognizes
that the current stage is the stage of confirming whether
the characteristics of the two input signals of the feed
forward distortion compensation circuit actually coincide,
from the switch circuit (SW) being switched to the b-port
side.

[0095] If the characteristics of the two input signals of
the feed forward distortion compensation circuit actually
coincide, only the distortion component signal will be ob-
tained in the feed forward loop. That is, a signal obtained
by subtracting the reference signal from the main path’s
signal (signal being equivalent to the reference signal
and containing non-linear distortion) in the coupler 46 will
contain only the distortion component without the refer-
ence signal leaking thereinto.

[0096] And the level of the distortion component will
be sufficiently suppressed by the effect of the adaptive
pre-distortion distortion compensation.

[0097] Therefore, the value of the correlation between
the signal obtained by subtracting the reference signal
from the main path’s signal in the coupler 46 and the
reference signal is obtained, and the correlation value’s
power is calculated. If the power value is above a thresh-
old value, the output signal of the coupler 46 of the feed
forward distortion compensation circuit 30 must have the
reference signal componentleaking thereinto to adegree
beyond a permissible value (that is, a substantial amount
of the reference signal component that havs not been
removed by the subtraction is contained therein).
[0098] Inotherwords, due to an error in the adjustment
of the two signals in the preceding stage, the reference
signal leak component beyond a permissible value is
contained as well as the distortion component.

[0099] Unless affirmative checking result is obtained
in the present stage, the sequencer 80 repeatedly exe-
cutes the preceding adjustment stage for matching the
characteristics of the two input signals any number of
times.

[0100] The characteristic operation in the present
stage indicated by the thick arrows in FIG.4 is almost the
same as the operation shown in FIG.3.

[0101] That is, a signal (distortion component signal
A3) obtained by subtracting the reference signal from the
main path’s signal in the coupler 46 of the feed forward
distortion compensation circuit 30 is selectively output
from the switch circuit SW and fed back to the digital
signal processing system.

[0102] Then an end determination section 74 of the
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control-monitoring section 60 obtains the value of the cor-
relation between the feedback signal and the reference
signal, calculates the power of the correlation value, and
determines whether or not the amount of the reference
signal leak component is within a permissible range by
checking whether the power value is above a predeter-
mined threshold value.

[0103] After the completion of the check, the control-
monitoring section 60 sends a signal Q1 indicating the
checking result (OK/NG) to the sequencer 80 and, in par-
allel therewith, sends a stage end signal (SE3) indicating
the end of the present stage to the sequencer 80.
[0104] The sequencer 80 confirms whether the signal
Q1 sent from the control-monitoring section 60 as the
checking result indicates OK or NG, and upon OK, the
switch circuit (SW) is switched to a c-port side so that a
monitoring stage that is a final stage is taken.

[0105] On the other hand, upon NG, the switch circuit
(SW) is not switched, and the adjustment stage of FIG.
3 is executed again. Subsequently, the check of FIG.4
is executed again.

[0106] The reason for this extremely careful adjust-
ment is that the analog feed forward distortion compen-
sation plays an important role to effectively remove a
minute level of high order distortion that the digital dis-
tortion compensation cannot remove due to the sampling
frequency of D/A and A/D conversion.

(Monitoring stage)

[0107] FIG.5isaview for explaining a monitoring stage
(final stage in the distortion compensation processing).
[0108] In this stage, the switch circuit (SW) is switched
to the c-port side by the control signal (P2) from the se-
quencer 80.

[0109] Furthermore, the sequencer 80 gives the adap-
tive pre-distortion section 14 and the control-monitoring
section 60 the signal indicating the state of the switch
circuit (SW) (the switch state signal P1).

[0110] The control-monitoring section 60 recognizes
that the current stage is a stage of monitoring the sup-
pression state of distortion contained in the output signal
of the feed forward distortion compensation circuit 30
(whether the distribution of distortion obtained by fre-
quency spectrum analysis is within a permissible range),
from the switch circuit (SW) being switched to the c-port
side.

[0111] Inthe present stage, the final output signal (A4)
of the distortion compensation circuit of the present em-
bodiment is selectively taken out from the switch circuit
SW and fed back to the digital signal processing system.
[0112] A monitoring section 62 of the control-monitor-
ing section 60 obtains frequency spectrum information
of the feedback signal and monitors whether the frequen-
cy spectrum of the feedback signal is suppressed to with-
in a predetermined emission mask by comparing it with
the predetermined emission mask.

[0113] The control-monitoring section 60 regularly
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monitors, and each time one repetition of the monitoring
finishes, sends a signal Q2 indicating the monitoring re-
sult (OK/NG) to the sequencer 80.

[0114] Aslong as the signal Q2 from the control-mon-
itoring section 60 indicates OK, the sequencer 80 con-
tinues the monitoring.

[0115] In a state where the monitoring continues,
adaptive control of the pre-distortion distortion compen-
sation is suspended. Power consumption is reduced by
an amount corresponding to the fact that the circuits for
the adaptive control is not operating.

[0116] On the other hand, when the signal Q2 from the
control-monitoring section 60 indicates NG, the sequenc-
er 80 makes the adaptive pre-distortion stage shown in
FIG.2 performed again, and then the stages of FIG’s.3,
4 sequentially executed.

[0117] FIG.7 shows the flow of the above stages in
time series.
[0118] First, the adaptive pre-distortion processing is

performed at time t1.

[0119] Next, the adjustment of the feed forward loop
in the feed forward distortion compensation circuit (ad-
justment to match the characteristics of the reference
signal with those of the main path signal) is performed
at time t2, and the determination processing (measure-
ment of the leakage amount of the reference signal) is
performed on the adjustment results at time t3.

[0120] Asaresultofthis determination, if the reference
signal component is contained to a degree beyond a per-
missible value, the feed forward loop is adjusted over
again.

[0121] Then after the completion of the feed forward
loop adjustment, the monitoring step is taken from time
t4. The monitoring step analyzes the frequency spectrum
of the final output signal (transmit signal) of the distortion
compensation circuit.

[0122] Next, the measured frequency spectrum is
compared to a predetermined reference mask pattern
(emission mask pattern) to check the suppression state
of distortion against the frequency axis, and when the
frequency spectrum is suppressed to within a permissible
range, the monitoring continues as it is. During this time,
a lookup table (LUT) for the pre-distortion processing is
not updated adaptively.

[0123] Attime t5, if determined to be NG as a result of
the monitoring, a series of sequential steps (adjustment
steps) from time t1 to time t4 is executed over again.
[0124] FIG.6 shows main processing states and main
operations in the distortion compensation method (hybrid
scheme distortion compensation method having the
adaptive pre-distortion processing and the feed forward
distortion compensation combined) of the present em-
bodiment.

[0125] First, the switch circuit SW is switched to the d-
port side, and the adaptive pre-distortion processing is
performed (stage 1, step 100).

[0126] Next, the switch circuit SW is switched to the a-
port side.
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[0127] Then,imbalance in gain (amplitude), delay, and
phase between the two input signals (the input signal to
the main path and the reference signal) of the feed for-
ward distortion compensation circuit 30 is measured, and
the characteristics of the reference signal are adjusted
so as to resolve the imbalance (stage 2, step 102).
[0128] Next, the switch circuit SW is switched to the b-
port side, and thus the stage 3 is taken, which checks
the adjusting results of the stage 2.

[0129] Inthis stage 3, the power value of the reference
signal component (the leakage amount of the reference
signal) except for the distortion signal in the feed forward
loop is measured (step 104).

[0130] Then it is determined whether the leakage
amount is above a threshold value (step 106), and, upon
NG, the process returns to the stage 2, and upon OK,
proceeds to a stage 4.

[0131] Inthis stage 4, the switch circuit SW is switched
to the c-port side, and then the frequency spectrum of
the final output signal of the distortion compensation cir-
cuit is measured (step 108) and compared to a predeter-
mined reference mask pattern (emission mask pattern)
to determine the suppression state of distortion against
the frequency axis (step 110).

[0132] As a result of the determining, if the frequency
spectrum is suppressed within a predetermined range,
the monitoring is continued, and otherwise the process
returns to the stage 1 to sequentially execute the above
processes.

(Embodiment 2)

[0133] An example of the more specific configuration
of the distortion compensation circuit and characteristic
circuit operation thereof will be described with reference
to FIG’s.8 to 10.

[0134] The basic configuration of the distortion com-
pensation circuitshown in FIG.8Aand FIG.8B isthe same
as the configuration of the distortion compensation circuit
of FIG.1. FIG.8A and FIG.8B show more fragmented
function blocks instead of parts each illustrated as one
function block in FIG.1 and more specifically illustrates
the circuit configurations of the components.

[0135] Note that in the circuit of FIG.8A and FIG.8B,
the same parts as in FIG.1 are indicated by the same
reference codes.

[0136] The adaptive pre-distortion section 14 compris-
es an adaptive algorithm 18, a lookup table (LUT) 16
storing control data, a multiplier 13, and a delay section
12.

[0137] The adaptive algorithm 18 detects a residual
distortion component by obtaining the difference be-
tween the feedback signal fed back from the analog sig-
nal processing system and a delayed signal obtained by
the delay section 12 delaying the input signal (IN) by a
time necessary for the feedback signal to return.

[0138] Then in order to reduce the residual distortion
component, the lookup table (LUT) 16 is updated, and
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the multiplier 13 multiplies the input signal (IN) by control
data output from the LUT 16 to perform the adaptive pre-
distortion processing.

[0139] As a result, distortion having a characteristic
opposite to the frequency characteristic of the high fre-
quency power amplifier 32 is intentionally given to the
input signal (IN).

[0140] Distortion due to the non-linear characteristic
of the high frequency power amplifier 32 is compensated
for to a great degree over a wide frequency band by the
effect of the pre-distortion processing, but non-linearity
in a high frequency domain cannot be compensated for.
[0141] The feed forward distortion compensation cir-
cuit 30 is provided to remove high order distortion, which
cannot be removed by the pre-distortion processing. In
the figure, the reference codes 34, 40, and 44 indicate
wave splitters, and the reference code 36 indicates a
delay line for timing adjustment.

[0142] By removing high order distortion by the feed
forward distortion compensation, the linearity of the out-
put signal (OUT) is ensured over a very wide band.
[0143] The control-monitoring section 60 has as a con-
trolling block a measuring section 70, a control section
72 controlling the adjustment section 51 to adjust the
gain, phase, and delay of the input signal (IN), and an
end determination section 74 determining the adjustment
result of the adjustment section 51.

[0144] The end determination section 74 determines
whether the amount of the leak component of the refer-
ence signal appearing in the feed forward loop is above
a leak threshold value.

[0145] Furthermore, the control-monitoring section 60
has a monitoring section 62 as a block in charge of mon-
itoring, and the monitoring section 62 has an FFT ana-
lyzer 64, a PSD calculation section calculating a power
spectrum density (PSD), and a suppression determining
section 68.

[0146] The suppression determining section 68 deter-
mines whether the distribution of the power spectrum
density is suppressed within various emission mask pat-
terns defined by, for example, the W-CDMA communi-
cations standard.

[0147] The adjustment section 51, which adjusts the
amplitude, phase, and delay of the input signal (IN), has
a variable delay circuit 52 and a circuit 54 that adjusts
the phase and amplitude of the input signal (IN) by mul-
tiplying by a coefficient.

[0148] The characteristics of the variable delay circuit
52 and the phase-amplitude adjustment circuit 54 are
controlled respectively by control signals C1, C2 output
from the control section 72.

[0149] The sequencer 80 has the stage end signals
SE1 to SE3 each indicating the end of one processing
stage and the signals Q1, Q2 indicating the determining
result (OK/NG) input therein.

[0150] The sequencer 80, based on these input sig-
nals, recognizes what processing to perform next, and
sends a switch control signal P2 to the switch circuit (SW)
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to control the switching. Furthermore, the sequencer 80
sends a switch state information P1 to each part to notify
the current switch state of the switch circuit (SW). By this
means each part learns the current processing stage.
[0151] FIG.9 shows an example of the specific internal
configuration of the measurement section 70.

[0152] The gain (amplitude) of the feedback signal is
obtained by calculating the square of the converted out-
put signal (feedback signal) of the A/D converter 28 by
a square calculating section 200 and then integrating the
square by an integrator 208. In FIG.9, the obtained gain
is indicated by a reference code Y1.

[0153] The obtained gain (of the main path signal of
the feed forward distortion compensation circuit 30) Y1
is temporarily stored in the memory 71.

[0154] Then in the next processing stage, at the time
when the gain of the reference signal is obtained, an
adder 272 performs subtraction to obtain the difference
between the previously obtained gain and the gain ob-
tained this time (gain difference).

[0155] The phase of the feedback signal is obtained
as information about a relative phase difference with the
input signal IN (the reference signal).

[0156] Thatis, a correlator 230 obtains a complex cor-
relation between the input signal IN (the reference signal)
and the feedback signal, and a calculation section 210
calculates the arctangent of the ratio of orthogonal and
in-phase components of the correlation value to obtain
the phase Y2.

[0157] The obtained phase (of the main path signal of
the feed forward distortion compensation circuit 30) Y2
is temporarily stored in the memory 71.

[0158] Then in the next processing stage, at the time
when the gain of the reference signal is obtained, an
adder 274 performs subtraction to obtain the difference
between the previously obtained phase and the phase
obtained this time (phase difference).

[0159] Moreover, the delay of the feedback signal can
be measured using a characteristic property of the trans-
mit signal in the CDMA scheme. For example, in the dig-
ital modulated signal of mobile communications of the
W-CDMA scheme, a sine wave component having sym-
bol (chip) timing information existing near close a fre-
quency of half of a symbol rate (chip rate).

[0160] Accordingly, the delay is obtained in the follow-
ing manner: the square calculating section 200 obtains
the square of the feedback signal, the detector 212 ex-
tracts the sine wave component by performing super het-
erodyne detection on the square value, an integrator 214
integrates it, and a calculation section 216 calculates the
arctangent of the ratio of orthogonal and in-phase com-
ponents and obtains the delay.

[0161] The obtained delay (of the main path signal of
the feed forward distortion compensation circuit 30) Y3
is temporarily stored in the memory 71.

[0162] Then in the next processing stage, at the time
when the gain of the reference signal is obtained, an
adder 276 performs subtraction to obtain the difference
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between the previously obtained delay and the delay ob-
tained this time (delay difference).

[0163] Furthermore, in a stage that determines the re-
sults of adjusting the characteristics of the reference sig-
nal, the leakage amount of the reference signal compo-
nent contained in the feedback signal is measured in the
following manner: a square calculation section 202 ob-
tains the square of a correlation value obtained by a cor-
relator 230, and an integrator 204 integrates it.

[0164] Then a suppression determining section 206
determines whether the obtained leakage amount is
above a leakage threshold value.

[0165] FIG.10 shows the frequency characteristic (in-
dicated by (a) in the figure) and the frequency spectrum
(indicated by (b) in the figure) of the final output signal
(OUT) in the stages 1 and 4.

[0166] In the stage 1 (the adaptive pre-distortion
processing stage), high order distortion cannot be com-
pletely removed.

[0167] However, as the process proceeds to the stag-
es 2, 3tothe stage 4 (monitoring stage) in which distortion
compensation in combination with the feed forward dis-
tortion compensation is performed, and distortion can be
almost completely removed over a wideband as shown
in a monitoring state 350.

[0168] A monitoring state 351 shows the case where
the result of the frequency spectrum suppression deter-
mination using the emission mask (M) is good.

[0169] Andwhen part of the frequency spectrum sticks
out of the emission mask (M) as shown in a monitoring
state 352 (the sticking part being indicated by a reference
code ER) and thus the result of the frequency spectrum
suppression determination is NG, the process returns to
the stage 1, and the processes of the stages are sequen-
tially executed over again.

(Embodiment 3)

[0170] FIG.11 is a block diagram showing the config-
uration of a multicarrier transmit apparatus of the W-CD-
MA scheme that comprises the distortion compensation
apparatus of the present invention. In FIG.11, the same
parts as in the previous figures are indicated by the same
reference codes for ease of description.

[0171] As illustrated, the multicarrier transmit appara-
tus comprises a multicarrier baseband processor 300
and a distortion compensation apparatus 400 of the
present invention.

[0172] The multicarrier baseband processor 300 com-
prises FIR low pass filters 301 to 303 and coefficient mul-
tipliers 304, 305, and a compositor 306.

[0173] The distortion compensation apparatus 400
comprises a digital signal processing system 310, a dig-
ital/analog interface system 318, a feed forward distortion
compensation apparatus 30 of the present invention (in-
cluding a feed forward amplifier 320 and a switch circuit
SW as components).

[0174] The digital signal processing system 310 com-
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prises an adaptive pre-distortion section 14, a control-
monitoring section 60, a sequencer 80, frequency con-
verters 311, 314, 315, delay sections 312, 316, and an
FIR low pass filter 313.

[0175] The digital/analog interface system 318 com-
prises D/A converters 20, 56, an A/D converter 28, fre-
quency converters (22, 26, 58, 24), and band pass filters
(BPFs) 27, 29.

[0176] FIG's.12A to 12D indicates frequency spec-
trums of an input signal (the number of carriers being
three), a pre-distortion signal, and a reference signal and
output signal in feed forward distortion compensation.
[0177] Asis clear from these figures, according to the
present invention, highly accurate distortion compensa-
tion can be performed over a wideband.

[0178] Inrecentmulticarrier communications of the W-
CDMA scheme, higher linearity is required of high fre-
quency power amplifiers compared to mobile communi-
cations of other schemes. Hence, without compensating
for the linearity deviation of the power amplifiers by using
distortion compensation technology such as adaptive
pre-distortion, power efficiency severely deteriorates.
[0179] An input signal to the power amplifier has a
bandwidth of 15 to 20 MHz. Hence, the band of a distor-
tion component spreads from 100 to 200 MHz.

[0180] To compensate for this distortion component
through adaptive pre-distortion alone, a digital signalhav-
ing pre-distortion processing performed thereon needs
to be D/A-converted at a sampling frequency of about
100 to 200 MHz, which is at least the same as the band
of the distortion component.

[0181] Furthermore, to perform adaptive pre-distortion
processing, an output signal of the power amplifier needs
to be fed back to the digital signal processing system,
and thus needs to be D/A-converted at a sampling fre-
quency of about 100 to 200 MHz, which is at least the
same as the band of the distortion component, likewise.
[0182] Moreover, according to the standard of the W-
CDMA scheme, a resolution of as many as 12 to 16 bits
is required of D/A and A/D converters.

[0183] Given the present semiconductor technology,
it is very difficult to produce D/A and A/D converters that
can operate at 100 to 200 MHz while securing the high
resolution of 12 to 16 bits.

[0184] Furthermore, evenif such D/A and A/D convert-
ers could be produced, the amount of power consumption
during the operation would be enormous, which contra-
dicts with the distortion compensation for improving pow-
er efficiency.

[0185] Therefore,inthe presentembodiment, the band
of a signal to have adaptive pre-distortion processing per-
formed thereon is limited to frequency at which the D/A
converters 20, 56 and the A/D converter 28 can achieve
resolutions of 12 to 16 bits.

[0186] And high order distortion occurring in a higher
frequency band than that is removed by the feed forward
distortion compensation circuit 30 having its character-
istics adjusted by digital signal processing.
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[0187] Thus, according to the present invention, ex-
tremely highly accurate distortion compensation, which
has beenimpossible before, is possible using the existing
LSI technology.

[0188] As described above, according to the present
invention, while satisfying the demand for smaller and
simplified circuits with reduced power consumption and
lowered cost using the existing LSI technology, the ca-
pability of distortion compensation circuits to compen-
sate for wideband, non-linear distortion can be naturally
and greatly improved.

[0189] The band of an emission mask of category A/B
defined in 3GPP TS 25.104 thatis the W-CDMA standard
is a very wide band that covers up to about 1 GHz above
and below the signal band as the center. It has been
impossible to remove high order distortion components
occurring in this wideband by a usual adaptive pre-dis-
tortion circuit, but the use of the present invention can
meet even such strict requirements.

[0190] The present description is based on Japanese
Patent Application No.2002-139111 filed on May 14,
2002.

INDUSTRIAL APPLICABILITY

[0191] The presentinvention can be applied to a hybrid
distortion compensation method and apparatus using
both distortion compensation of a scheme that performs
pre-distortion processing on a digital signal and distortion
compensation of a feed forward scheme.

Claims

1. A hybrid distortion compensation method of digital
control using both pre-distortion processing of a dig-
ital signal and distortion canceling processing of a
feed forward scheme, said method comprising:

a first step of performing pre-distortion process-
ing on an input digital signal by a pre-distortion
circuit (14), converting the pre-distortion proc-
essed digital signal into an analog signal, am-
plifying the converted analog signal by a power
amplifier (32), converting the amplified signal in-
to a digital signal, and adaptively controlling a
pre-distortion characteristic of said pre-distor-
tion circuit based on the converted digital signal;
a second step of converting each of the output
signal of said power amplifier(32) input to a main
path of a circuit that performs said distortion can-
celing processing of the feed forward scheme
and a reference signal input to a feed forward
loop into a digital signal, measuring character-
istics of each converted signal by using digital
signal processing, and adjusting at least one of
gain, phase, and delay of said reference signal
based on the measuring results such that the
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characteristics of said converted signals are the
same;

a third step of converting a signal of said feed
forward loop in said circuit that performs the dis-
tortion canceling processing of the feed forward
scheme into a digital signal, detecting a corre-
lation between the digital signal and said refer-
ence signal to measure a leakage amount of the
reference signal contained in said signal of the
feed forward loop, and determining the adjusting
result of the second step; and

a fourth step of converting the output signal of
said circuit that performs the distortion canceling
processing of the feed forward scheme into a
digital signal, and monitoring whether a prede-
termined characteristic of the converted digital
signal is within a permissible range by using dig-
ital signal processing.

The hybrid distortion compensation method accord-
ing to claim 1, wherein in the second step, the meas-
uring of the characteristics of each converted signal
using digital signal processing includes at least one
of:

detecting a cross-correlation between each said
converted signal and said reference signal,
measuring an average of amplitudes of the de-
tected cross-correlation values, and obtaining
phase information of each said converted signal
by using the measuring result; and

obtaining a square value of each said converted
signal, and obtaining gain and delay information
of each said signal based on the obtained
square value.

The hybrid distortion compensation method accord-
ing to claim 1, wherein said monitoring in the fourth
step includes measuring a frequency spectrum of
said converted digital signal and determining wheth-
er the frequency spectrum is suppressed within a
predetermined emission mask.

The hybrid distortion compensation method accord-
ing to claim 1, wherein said monitoring in the fourth
step includes discrete Fourier transforming said con-
verted digital signal, calculating a power spectrum
density function from the discrete Fourier transform-
ing result, and comparing the calculated power spec-
trum density function with a predetermined envelope
threshold value and determining whether the distor-
tion compensation is good or poor.

The hybrid distortion compensation method accord-
ing to claim 1, wherein, during said monitoring in the
fourth step, the operation of adaptively controlling
the pre-distortion characteristic in the first step and
the operation of adjusting at least one of gain, phase,
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and delay of said reference signal in the second step
are suspended.

The hybrid distortion compensation method accord-
ing to claim 1, wherein the adaptive controlling of the
pre-distortion characteristic of said pre-distortion cir-
cuit (14) in the first step updates output data of a
lookup table contained in said pre-distortion circuit
(14).

The hybrid distortion compensation method accord-
ing to claim 1, wherein when it is determined that
said adjustment in the second step is not accurately
performed, the adjustment of said reference signal
is continued until itis determined that desired adjust-
ment is achieved.

The hybrid distortion compensation method accord-
ing to claim 1, wherein the determining of the adjust-
ing result of the second step in the third step is per-
formed by obtaining a cross-correlation between the
digital signal into which said signal of the feed for-
ward loop is converted and said reference signal,
calculating power of said cross-correlation value,
and comparing the calculated power value with a
threshold value.

The hybrid distortion compensation method accord-
ing to claim 1, wherein as a result of the monitoring
in the fourth step, when it is determined that said
predetermined characteristic of the converted digital
signal is not within said permissible range, first
through third steps are sequentially performed
again.

A hybrid distortion compensation apparatus of a dig-
ital control scheme, comprising:

a high frequency power amplifier (32);

a pre-distortion section (14) adapted to give a
characteristic opposite to a non-linear charac-
teristic of the high frequency power ampilifier (32)
to an input digital signal;

a first signal path that comprises a first D/A con-
verter (20) for transmitting an output signal of
the pre-distortion section (14) to the high fre-
quency power amplifier (32);

a feed forward distortion compensation circuit
(30) adapted to perform feed forward distortion
compensation on the output signal of the high
frequency power amplifier (32);

an adjuster (51) adapted to adjust a character-
istic of the input digital signal not going through
the pre-distortion section (14);

a second signal path that comprises a second
D/A converter (56) for transmitting an output sig-
nal of the adjuster (51) as a reference signal of
feed forward distortion compensation to the feed
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forward distortion compensation circuit (30);

a switch circuit (SW) adapted to selectively take
out one of the output signal of the high frequency
power amplifier (32) given to the feed forward
distortion compensation circuit (30), the refer-
ence signal given to the feed forward distortion
compensation circuit (30) via the second signal
path, the signal of feed forward loop of the feed
forward distortion compensation circuit (30) and
the output signal of the feed forward distortion
compensation circuit (30);

a third signal path comprising an A/D converter
(28) for feeding back the signal outputted from
the switch circuit (SW) to the pre-distortion sec-
tion side;

a control section adapted to measure a charac-
teristic of each of the output signal of the high
frequency power amplifier (32) and the refer-
ence signal, which are fed back via the third sig-
nal path, adjust a characteristic of the input dig-
ital signal by adaptively changing a characteris-
tic of the adjuster (51) based on the measure-
ment results so that characteristics of both the
signals become the same, and, after the adjust-
ment is completed, output a signal (SE2) indi-
cating adjustment completion;

amonitoring section adapted to measure achar-
acteristic of the output signal of the feed forward
distortion compensation circuit (30) fed back via
the third signal path, determine whether the dis-
tortion compensation is good or not based on
the measurement result, and output a signal
(SE3) indicating the determination result; and
a sequencer (80) adapted to receive the signal
(SE2) indicating adjustment completion output-
ted from the control section and the signal (SE3)
indicating the determination result outputted
from the monitoring section, switch the switch
circuit (SW) based on the received signals, and
give a signal (P1) indicating a switching state of
the switch circuit (SW), as a signal for sequen-
tially controlling operations of the control section
and the monitoring section, to the control section
and the monitoring section.

11. The hybrid distortion compensation apparatus ac-
cording to claim 10, wherein:

said pre-distortion section (14) is an adaptive
pre-distortion section (14) that can adaptively
change a pre-distortion characteristic;

said adaptive pre-distortion section (14) is
adapted to adaptively control the pre-distortion
characteristic based on the output signal (A1) of
the high frequency power amplifier (32) fed back
via the third signal path, and transmit a signal
(SE1) indicating control completion to the se-
quencer (80); and
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said sequencer (80) is adapted to switch the
switch circuit (SW) based on the signal (SE1)
indicating control completion, the signal (SE2)
indicating adjustment completion outputted
from the control section and the signal (SE3)
indicating the determination result outputted
from the monitoring section, and gives a signal
(P1) indicating a switching state of the switch
circuit (SW), as a signal for sequentially control-
ling operations of the control section and the
monitoring section, to the control section and
the monitoring section.

Patentanspriiche

1.

Hybrides Verzerrungskompensationsverfahren digi-
taler Steuerung unter Verwendung sowohl von Vor-
verzerrungs-Verarbeitung eines digitalen Signals
als auch Verzerrungsunterdriickungs-Verarbeitung
eines Mitkopplungssystems (feed forward scheme),
wobei das Verfahren umfasst:

einen ersten Schritt des Durchfiihrens von Vor-
verzerrungs-Verarbeitung eines digitalen Ein-
gangssignals mittels einer Vorverzerrungs-
schaltung (14), des Umwandelns des Vorver-
zerrungs-Verarbeitung unterzogenen digitalen
Signals in ein analoges Signal, des Verstarkens
des umgewandelten analogen Signals mittels
eines Leistungsverstarkers (32), des Umwan-
delns des verstarkten Signals in ein digitales Si-
gnal und des adaptiven Steuerns einer Vorver-
zerrungs-Charakteristik der Vorverzerrungs-
schaltung auf Basis des umgewandelten digita-
len Signals;

einen zweiten Schrittdes Umwandelns des Aus-
gangssignals des Leistungsverstarkers (32),
das in einen Hauptpfad einer Schaltung einge-
geben wird, die die Verzerrungsunterdrik-
kungs-Verarbeitung des Mitkopplungssystems
durchfiihrt, sowie eines Bezugssignals, das in
einen Mitkopplungskreis eingegeben wird, je-
weils in ein digitales Signal, des Messens von
Charakteristiken jedes umgewandelten Signals
unter Verwendung digitaler Signalverarbeitung
und des Anpassens von Verstarkung, Phase
oder/und Verzdégerung des Bezugssignals auf
Basis der Messergebnisse, so dass die Charak-
teristiken der umgewandelten Signale gleich
sind;

einen dritten Schritt des Umwandelns eines Si-
gnals des Mitkopplungskreises in der Schal-
tung, die die Verzerrungsunterdrickungs-Ver-
arbeitung des Mitkopplungssystems durchfihrt,
in ein digitales Signal, des Erfassens einer Kor-
relation zwischen dem digitalen Signal und dem
Bezugssignal, um einen Streuwert des in dem
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Signal des Mitkopplungskreises enthaltenen
Bezugssignals zu messen, und des Bestim-
mens des Anpassungsergebnisses des zweiten
Schritts; und

einen vierten Schritt des Umwandelns des Aus-
gangssignals der Schaltung, die die Verzer-
rungsunterdrickungs-Verarbeitung des Mit-
kopplungssystems durchflhrt, in ein digitales
Signal und des Uberwachens daraufhin, ob eine
vorgegebene Charakteristik des umgewandel-
ten digitalen Signals innerhalb eines zuldssigen
Bereiches liegt, unter Verwendung digitaler Si-
gnalverarbeitung.

Hybrides  Verzerrungs-Kompensationsverfahren
nach Anspruch 1, wobei in dem zweiten Schritt das
Messen der Charakteristik jedes umgewandelten Si-
gnals unter Verwendung digitaler Signalverarbei-
tung einschlief3t:

Erfassen einer Kreuzkorrelation zwischen je-
dem der umgewandelten Signale und dem Be-
zugssignal, Messen eines Durchschnittswertes
von Amplituden der erfassten Kreuzkorrelati-
onswerte und Ermitteln von Phaseninformation
jedes der umgewandelten Signale unter Ver-
wendung des Messergebnisses; oder/und
Ermitteln eines Quadratwertes jedes der umge-
wandelten Signale und Ermitteln von Verstar-
kungs- und Verzégerungsinformationen jedes
der Signale auf Basis des ermittelten Quadrat-
wertes.

Hybrides  Verzerrungs-Kompensationsverfahren
nach Anspruch 1, wobei das Uberwachen in dem
vierten Schritt einschlielft, dass ein Frequenzspek-
trum des umgewandelten digitalen Signals gemes-
sen wird und festgestellt wird, ob das Frequenzspek-
trum innerhalb einer vorgegebenen Emissionsmas-
ke unterdriickt wird.

Hybrides  Verzerrungs-Kompensationsverfahren
nach Anspruch 1, wobei das Uberwachen in dem
vierten Schritt einschlief3t, dass diskrete Fourier-
Transformation des umgewandelten digitalen Si-
gnals durchgefiihrt wird, eine Funktion der spektra-
len Leistungsdichte aus dem Ergebnis der diskreten
Fourier-Transformation berechnet wird und die be-
rechnete Funktion der spektralen Leistungsdichte
mit einem vorgegebenen Hullkurven-Schwellenwert
verglichen wird und festgestellt wird, ob die Verzer-
rungs-Kompensation gut oder schlecht ist.

Hybrides  Verzerrungs-Kompensationsverfahren
nach Anspruch 1, wobei wahrend des Uberwachens
in dem vierten Schritt der Vorgang des adaptiven
Steuerns der Vorverzerrungs-Charakteristik in dem
ersten Schritt und der Vorgang des Anpassens von
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Verstarkung, Phase oder/und Verzdgerung des Be-
zugssignals in dem zweiten Schritt ausgesetzt wer-
den.

Hybrides  Verzerrungs-Kompensationsverfahren
nach Anspruch 1, wobei mit dem adaptiven Steuern
der Vorverzerrungs-Charakteristik der Vorverzer-
rungsschaltung (14) indem ersten Schritt Ausgangs-
daten einerin der Vorverzerrungsschaltung (14) ent-
haltenen Verweistabelle aktualisiert werden.

Hybrides  Verzerrungs-Kompensationsverfahren
nach Anspruch 1, wobei, wenn festgestellt wird, dass
die Anpassung in dem zweiten Schritt nicht genau
durchgefiihrt wird, die Anpassung des Bezugssi-
gnals fortgesetzt wird, bis festgestellt wird, dass ge-
wunschte Anpassung erreicht ist.

Hybrides  Verzerrungs-Kompensationsverfahren
nach Anspruch 1, wobei das Feststellen des Anpas-
sungsergebnisses des zweiten Schrittes in dem drit-
ten Schritt durchgefiihrt wird, indem eine Kreuzkor-
relation zwischen dem digitalen Signal, in das das
Signal des Mitkopplungskreises umgewandelt wird,
und dem Bezugssignal ermittelt wird, Leistung des
Kreuzkorrelationswertes berechnet wird, und der be-
rechnete Leistungswert mit einem Schwellenwert
verglichen wird.

Hybrides  Verzerrungs-Kompensationsverfahren
nach Anspruch 1, wobei als Ergebnis der Uberwa-
chung in dem vierten Schritt, wenn festgestellt wird,
dass die vorgegebene Charakteristik des umgewan-
delten digitalen Signals nicht innerhalb des zul&ssi-
gen Bereiches liegt, der erste bis dritte Schritt se-
quenziell erneut durchgefihrt werden.

Hybride Verzerrungs-Kompensationsvorrichtung ei-
nes digitalen Steuerungssystems, die umfasst:

einen Hochfrequenz-Leistungsverstarker (32);
einen Vorverzerrungsabschnitt (14), der so ein-
gerichtet ist, dass er einem digitalen Eingangs-
signal eine Charakteristik verleiht, die entgegen-
gesetzt zu einer nicht linearen Charakteristik
des Hochfrequenz-Leistungsverstarkers (32)
ist;

einen ersten Signalpfad, der einen ersten D/A-
Wandler (20) umfasst, zum Ubermitteln eines
Ausgangssignals des  Vorverzerrungsab-
schnitts (14) zu dem Hochfrequenz-Leistungs-
verstarker (32);

eine Mitkopplungs-Verzerrungs-Kompensati-
onsschaltung (30), die so eingerichtet ist, dass
sie Mitkopplungs-Verzerrungs-Kompensation
an dem Ausgangssignal des Hochfrequenz-Lei-
stungsverstarkers (32) durchfihrt;

eine Anpassungseinrichtung (51), die so einge-
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richtet ist, dass sie eine Charakteristik des digi-
talen Eingangssignals anpasst, das den Vorver-
zerrungsabschnitt (14) nicht durchlauft;

einen zweiten Signalpfad, der einen zweiten
D/A-Wandler (56) umfasst, zum Ubermitteln ei-
nes Ausgangssignals der Anpassungseinrich-
tung (61) als ein Bezugssignal als Mitkopplungs-
Verzerrungs-Kompensation zu der Mitkopp-
lungs- Verzerrungs- Kompensationsschaltung
(30);

einen Schaltkreis (SW), der so eingerichtet ist,
dass er selektiv das Ausgangssignal des Hoch-
frequenz-Leistungsverstarkers (32), das der
Mitkopplungs- Verzerrungs- Kompensations-
schaltung (30) zugeflhrt wird, das Bezugssi-
gnal, das der Mitkopplungs-Verzerrungs-Kom-
pensationsschaltung (30) lber den zweiten Si-
gnalpfad zugefihrt wird, das Signal des Mit-
kopplungskreises der Mitkopplungs-Verzer-
rungs-Kompensationsschaltung (30) oder das
Ausgangssignal der Mitkopplungs-Verzer-
rungs-Kompensationsschaltung (30) abnimmt;
einen dritten Signalpfad, der einen A/D-Wandler
(28) umfasst, zum Zurickfihren des von dem
Schaltkreis (SW) ausgegebenen Signals zu der
Seite des Vorverzerrungsabschnitts;

einen Steuerabschnitt, der so eingerichtet ist,
dass er jeweils eine Charakteristik des Aus-
gangssignals des Hochfrequenz-Leistungsver-
starkers (32) und des Bezugssignals misst, die
Uber den dritten Signalpfad zuriickgefiihrt wer-
den, eine Charakteristik des digitalen Eingangs-
signals anpasst, indem er eine Charakteristik
der Anpassungseinrichtung (50) auf Basis der
Messergebnisse adaptiv andert, so dass die
Charakteristiken beider Signale gleich werden,
und, wenn die Anpassung abgeschlossen ist,
ein Signal (SE2) ausgibt, das Abschluss der An-
passung anzeigt;

einen Uberwachungsabschnitt, der so einge-
richtet ist, dass er eine Charakteristik des Aus-
gangssignals der Mitkopplungs-Verzerrungs-
Kompensationsschaltung (30) misst, das Uber
den dritten Signalpfad zuriickgefiihrt wird, auf
Basis des Messergebnisses feststellt, ob die
Verzerrungs-Kompensation gut ist oder nicht,
und ein Signal (SE3) ausgibt, das das Ergebnis
der Feststellung anzeigt; und

eine Folgesteuereinrichtung (sequencer) (80),
die so eingerichtet ist, dass sie das von dem
Steuerabschnitt ausgegebene Signal (SE2),
das Abschluss der Anpassung anzeigt, und das
von dem Uberwachungsabschnitt ausgegebe-
ne Signal (SE3), das das Ergebnis der Feststel-
lung anzeigt, empfangt, den Schaltkreis (SW)
auf Basis der empfangenen Signale schaltet
und dem Steuerabschnitt sowie dem Uberwa-
chungsabschnitt ein Signal (P1), das einen
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Schaltzustand des Schaltkreises (SW) anzeigt,
als ein Signal zum sequenziellen Steuern von
Vorgéngen des Steuerabschnitts und des Uber-
wachungsabschnitts zufiihrt.

11. Hybride  Verzerrungs-Kompensationsvorrichtung
nach Anspruch 10, wobei:

der Vorverzerrungsabschnitt (14) ein adaptiver
Vorverzerrungsabschnitt (14) ist, der eine Vor-
verzerrungs-Charakteristik adaptiv.  andern
kann;

der adaptive Vorverzerrungsabschnitt (14) so
eingerichtet ist, dass er die Vorverzerrungs-
Charakteristik auf Basis des Ausgangssignals
(A1) des Hochfrequenz-Leistungsverstarkers
(32), das iber den dritten Signalpfad zurtickge-
fuhrt wird, adaptiv steuert und ein Signal (SE1),
das Abschluss der Steuerung anzeigt, zu der
Folgesteuereinrichtung (80) Ubertragt; und

die Folgesteuereinrichtung (80) so eingerichtet
ist, dass sie den Schaltkreis (SW) auf Basis des
Signals (SE1), das Abschluss der Steuerung an-
zeigt, des von dem Steuerabschnitt ausgegebe-
nen Signals (SE2), das Abschluss der Anpas-
sung anzeigt, und des von dem Uberwachungs-
abschnittausgegebenen Signals (SE3), das das
Ergebnis der Feststellung anzeigt, steuert und
dem Steuerabschnitt sowie dem Uberwa-
chungsabschnitt ein Signal (P1), das einen
Schaltzustand des Schaltkreises (SW) anzeigt,
als ein Signal zum sequenziellen Steuern von
Vorgéngen des Steuerabschnitts und des Uber-
wachungsabschnitts zufiihrt.

Revendications

1. Procédé de contrdle numérique par correction de
distorsion hybride utilisant a la fois un traitement de
prédistorsion d’un signal numérique et un traitement
de suppression de distorsion d’'un schéma de pré-
compensation, ledit procédé comprenant :

une premiére étape de traitement de prédistor-
sion d’un signal numérique d’entrée par un cir-
cuit de prédistorsion (14), de conversion du si-
gnal numeérique traité par prédistorsion en un
signal analogique, d’amplification du signal ana-
logique converti par un amplificateur de puis-
sance (32), de conversion du signal amplifié en
un signal numérique, et de contréle de maniere
adaptative d’'une caractéristique de prédistor-
sion dudit circuit de prédistorsion sur base du
sighal numérique converti ;

une deuxiéme étape de conversion de chaque
signal de sortie dudit amplificateur de puissance
(32) entré dans un chemin principal d’un circuit
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qui effectue ledit traitement de suppression de
distorsion du schéma de précompensation et
de chaque signal de référence entré dans une
boucle de précompensation en un signal numé-
rique, de mesure des caractéristiques de cha-
que signal converti en utilisant un traitement de
signal numérique, et de réglage d’au moins un
paramétre parmi le gain, la phase et le retard
dudit signal de référence sur base des résultats
de mesure de maniére a ce que les caractéris-
tiques desdits signaux convertis soient les
mémes ;

une troisiéme étape de conversion d’un signal
de ladite boucle de précompensation dans ledit
circuit qui effectue le traitement de suppression
de distorsion du schéma de précompensation
en un signal numérique, de détection d’'une cor-
rélation entre le signal numérique et ledit signal
de référence afin de mesurer une quantité de
fuite du signal de référence contenu dans ledit
signal de la boucle de précompensation, et de
détermination du résultat de réglage de la
deuxieéme étape ; et

une quatriéme étape de conversion du signal de
sortie dudit circuit qui effectue le traitement de
suppression de distorsion du schéma de pré-
compensation en un signal numérique, et de
surveillance du fait qu’une caractéristique pré-
déterminée du signal numérique converti est
comprise ou non dans une plage admissible en
utilisant un traitement de signal numérique.

Procédé de correction de distorsion hybride selon la
revendication 1, dans lequel, lors de la deuxiéme
étape, la mesure des caractéristiques de chaque si-
gnal converti en utilisant un traitement de signal nu-
mérique comprend au moins :

la détection d’'une corrélation croisée entre cha-
cun desdits signaux convertis et signaux de ré-
férence, la mesure d’'une moyenne des ampli-
tudes des valeurs de corrélation croisée détec-
tées, et 'acquisition d’'information de phase de
chacun desdits sighaux convertis en utilisant le
résultat de mesure ; et

I'acquisition de la valeur du carré de chacun des-
dits signaux convertis, ainsi que d’'information
de gain et de retard de chacun desdits signaux
sur base de la valeur de carré obtenue.

Procédé de correction de distorsion hybride selon la
revendication 1, dans lequel ladite surveillance lors
de la quatriéme étape comprend la mesure d'un
spectre de fréquence dudit signal numérique con-
verti et la détermination du fait que le spectre de
fréquence est ou non supprimé dans un masque
d’émission prédéterminé.
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4.

Procédé de correction de distorsion hybride selon la
revendication 1, dans lequel ladite surveillance lors
de la quatrieme étape comprend une transformation
de Fourier discrete dudit signal numérique converti,
le calcul d’une fonction de densité du spectre de puis-
sance a partir du résultat de la transformation de
Fourier discréte, la comparaison de la fonction de
densité du spectre de puissance calculée avec une
valeur seuil d’enveloppe prédéterminée, et la déter-
mination du fait que la correction de distorsion est
bonne ou médiocre.

Procédé de correction de distorsion hybride selon la
revendication 1, dans lequel, pendant ladite sur-
veillance lors de la quatrieme étape, I'opération de
contréle de maniéere adaptative de la caractéristique
de prédistorsion lors de la premiére étape et I'opé-
ration de réglage d’au moins une des caractéristi-
ques de gain, de phase ou de retard dudit signal de
référence lors de la deuxiéme étape sont suspen-
dues.

Procédé de correction de distorsion hybride selon la
revendication 1, dans lequel le contréle de maniére
adaptative de la caractéristique de prédistorsion du-
dit circuit de prédistorsion (14) lors de la premiére
étape met a jour des données de sortie d’'une table
de consultation comprise dans ledit circuit de pré-
distorsion (14).

Procédé de correction de distorsion hybride selon la
revendication 1, dans lequel, lorsqu'il est établi que
ledit réglage lors de la deuxieme étape n’est pas
effectué de maniére précise, le réglage dudit signal
de référence est poursuivi jusqu’a ce qu'il soit établi
que le réglage souhaité est atteint.

Procédé de correction de distorsion hybride selon la
revendication 1, dans lequel la détermination du ré-
sultat de réglage de la deuxiéme étape lors de la
troisiéme étape est effectuée en obtenant une cor-
rélation croisée entre le signal numérique, dans le-
quel ledit signal de la boucle de précompensation
est converti, et ledit signal de référence, en calculant
la puissance de ladite valeur de corrélation croisée,
et en comparant la valeur de puissance calculée
avec une valeur seuil.

Procédé de correction de distorsion hybride selon la
revendication 1, dans lequel, comme résultat de la
surveillance lors de la quatrieme étape, lorsqu’il est
déterminé que ladite caractéristique prédéterminée
du signal numérique converti n’est pas comprise
dans ladite plage admissible, les étapes une a trois
sont exécutées de nouveau de maniére séquentiel-
le.

10. Appareil de correction de distorsion hybride d’'un
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schéma de contréle numérique, comprenant :

un amplificateur de puissance a haute fréquen-
ce (32);

une section de prédistorsion (14) congue pour
fournir une caractéristique opposée a une ca-
ractéristique non linéaire de I'amplificateur de
puissance a haute fréquence (32) a un signal
numérique d’entrée ;

un premier chemin de signal qui comprend un
premier convertisseur N/A (20) pour transmettre
un signal de sortie de la section de prédistorsion
(14) a 'amplificateur de puissance a haute fré-
quence (32) ;

un circuit de correction de distorsion a précom-
pensation (30) congu pour effectuer une correc-
tion de distorsion a précompensation sur le si-
gnal de sortie de 'amplificateur de puissance a
haute fréquence (32) ;

un régulateur (51) congu pour réguler une ca-
ractéristique du signal numérique d’entrée ne
passant pas par la section de prédistorsion (14) ;
un deuxiéme chemin de signal qui comprend un
deuxiéme convertisseur N/A (56) pour transmet-
tre un signal de sortie du régulateur (51) comme
signal de référence de correction de distorsion
a précompensation au circuit de correction de
distorsion a précompensation (30) ;

un circuit de commutation (SW) congu pour ex-
traire sélectivement un des signaux de sortie de
'amplificateur de puissance a haute fréquence
(32) fourni au circuit de correction de distorsion
a précompensation (30), le signal de référence
fourni au circuit de correction de distorsion a pré-
compensation (30) via le deuxiéme chemin de
signal, le signal de boucle de précompensation
du circuit de correction de distorsion a précom-
pensation (30), et le signal de sortie du circuit
de correction de distorsion a précompensation
(30);

un troisieme chemin de signal comprenant un
convertisseur A/N (28) pour fournir le signal de
rétroaction sorti a partir du circuit de commuta-
tion (SW) du c6té de la section de prédistorsion ;
une section de contrdle congue pour mesurer
une caractéristique de chaque signal de sortie
de I'amplificateur de puissance a haute fréquen-
ce (32) et de chaque signal de référence, qui
sont fournis en rétroaction via le troisieme che-
min de signal, pour régler une caractéristique
du signal numérique d’entrée en changeant de
maniére adaptative une caractéristique du ré-
gulateur (51) sur base des résultats de mesure
de maniére a ce que des caractéristiques des
deux signaux deviennentidentiques, et, une fois
le réglage effectué, pour sortir un signal (SE2)
indiquant la réalisation du réglage ;

une section de surveillance congue pour mesu-
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rer une caractéristique du signal de sortie du
circuit de correction de distorsion a précompen-
sation (30) envoyé en rétroaction via le troisieme
chemin de signal, pour déterminer si la correc-
tion de distorsion est correcte ou non sur base
du résultat de mesure, et pour sortir un signal
(SE3) indiquant le résultat de détermination ; et
un séquenceur (80) congu pour recevoir le si-
gnal (SE2) indiquant la réalisation du réglage
sorti de la section de contréle et le signal (SE3)
indiquant le résultat de détermination sorti de la
section de surveillance, pour commuter le circuit
de commutation (SW) sur base des signaux re-
¢us, et pour fournir un signal (P1) indiquant un
état de commutation du circuit de commutation
(SW) comme un signal de contrdle séquentiel
des opérations de la section de contrble et de
la section de surveillance a la section de contréle
et a la section de surveillance.

11. Appareil de correction de distorsion hybride selon la
revendication 10, dans lequel :

ladite section de prédistorsion (14) est une sec-
tion de prédistorsion adaptative (14) qui peut
modifier de maniere adaptative une caractéris-
tique de prédistorsion ;

ladite section de prédistorsion adaptative (14)
estcongue pour contréler de maniere adaptative
la caractéristique de prédistorsion sur base du
signal de sortie (A1) de 'amplificateur de puis-
sance a haute fréquence (32) envoyé en ré-
troaction via le troisieme chemin de signal, et
pour transmettre un signal (SE1) indiquant la
réalisation du contréle au séquenceur (80) ; et
ledit séquenceur (80) est adapté pour commuter
le circuit de commutation (SW) sur base du si-
gnal (SE1) indiquant la réalisation du contréle,
le signal (SE2) indiquant la réalisation du régla-
ge sorti de la section de controle et le signal
(SE3) indiquantle résultat de détermination sorti
de la section de surveillance, et fournit un signal
(P1) indiquant un état de commutation du circuit
de commutation (SW) comme un signal de con-
trole séquentiel des opérations de la section de
contrdle et de la section de surveillance a la sec-
tion de contrdle et a la section de surveillance.
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