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NON-LINEAR DISTORTION COMPENSATION CIRCUIT,
TRANSMITTER DEVICE TO BE EMPLOYED IN THE SAME AND
MOBILE COMMUNICATION UNIT

ABSTRACT OF THE DISCLOSURE

A non-linear distortion compensation circuit, a transmission equipment
employing the same and a mobile transmission equipment are disclosed. The non-linear
distortion compensation circuit controls a transmission power depending upon an external
transmission power control information upon transmission of a digital signal. The non-
linear compensation circuit has compensation component generating means (16) for
generating a compensation component for a non-linear distortion depending upon a
transmission power per bit of the digital signal and the transmission power control
information, and compensating means (9) for compensating the non-linear distortion of

the transmission signal by the compensation component.

[R:\LIBM]}40573.doc:wxb




S&F Ref: 531360

AUSTRALIA

PATENTS ACT 1990

COMPLETE SPECIFICATION

FOR A STANDARD PATENT
ORIGINAL

Name and NEC Corporation
Address 7-1, Shiba 5-chome
of Applicant : Minato-ku

Tokyo

Japan
Actual Tetsuya Takaki
Inventor(s):
Address for Spruson & Ferguson
Service: St Martins Tower

31 Market Street

Sydney NSW 2000

Invention Title:

The following statement is a full description of this invention, including the best method of

performing it known to me/us:-

Non-linear Distortion Compensation Circuit, Transmitter
Device to be Employed in the Same and Mobile
Communication Unit

5845¢



10

15

20

25

-1 -

NON-LINEAR DISTORTION COMPENSATION CIRCUIT,
TRANSMITTER DEVICE TO BE EMPLOYED IN THE SAME AND

MOBILE COMMUNICATION UNIT

BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates generally to a non-linear
distortion compensation circuit, a transmitter.device to be
employed in the same and a mobile communication unit. More
particularly, the invention relates to a control system for
a non-linear distortion compensation circuit for compensating
non-linear distortion to be caused by non-linearity of an
amplifier or a frequency converter.
Description of the Related Art

In general, it has been known a linearizer as a non-
linear distortion compensation circuit for compensating
non-linear distortion caused by non-linearity of an amplifier,
a frequency converter or the like forming a transmiﬁter to be
used in a radio communication. As the linearizer, one taking
output only non-linear signal from a transmission signal
transmitted and compensating non-linear distortion by
subtracting the taken out non-linear distortion signal, or one
preliminarily multiplying a signal having distortion
compensating characteristics to a transmission signal before

radio transmission process, such as frequency conversion,
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amplification and so forth with taking a non-linear distortion
to be caused in the transmitter into account, for compensating
distortion.

On the other hand, it has been known that non-linear
distortion caused by non-linearity of the amplifier, frequency
converter and so forth forming the transmitter to be used in
radio communication appears as a leak current in a frequency
band of a channel on transmission and in a frequency band of
an adjacent channel of the channel on transmission and the leak
current increases according of increasing of transmission
power. Particularly, a power leaking to adjacent channel is
known as an adjacent-channel leak power. The adjacent-channel
leak power caused by the transmitter may affect for other radio
equipment communicating using the adjacent channel to cause
degradation of reception characteristics. |

Next, discussion will be given for influence of
adjacent-channel leak power caused by radio equipment
employing a spread spectrum communication system (CDMA system:
Code Division Multiple Access system) performing multiplex
communication by spreading spectra of communication signals
as a communication system employed in a mobile communication,
for other communication system.

In the CDMA system, spreading of spectra of communication
signals is performed employing a spreading code, such as pseudo

noise code (PN code: Pseudo random Noise code), and
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communication signals are identified by the spreading code.
Therefore, the CDMA system is characterized by capability of
simultaneous communication of a plurality of radio equipments
and a plurality of channels at 'the same frequency. The CDMA
system 1is also characterized by the fact that, wupon
demodulating a received signal, demodulation of the received
signal cannot be accomplished unless multiplying the same
spreading code as that used in spreading on transmission side
at the same timing as that in the transmission side, and the
received signal spread by different spreading code or the
received signal spread at different timing, namely the signals
used for communication by other radio equipments or the signals
of other channels are fallen as noise within a reception band
currently on reception.

Here, consideration is given for the case where a base
station of mobile communication is present, where a plurality
of mobile stations are present in distal position and proximal
position of the base station and where communication is
performed by CDMA system. When the mobile stations at distal
position and the proximal position of the base station are
conuﬂunicating with the base station using the same frequency
and the same transmission power, as viewed at a receiving end
of the base station, the transmission power of the mobile
station communicating at the proximal position of the base

station is higher than that of the mobile station communicating
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at the distal position to submerge the tfansmission sicjnal of
the mobile station at the distal position in the transmission
signal of the mobile station at the proximal position. This
has been known as a far-near problem. In view of the
characteristics of the CDMA system, even when the base station
demodulates the signal transmitted from the distal mobile
station, the transmission signal of the distal mobile station
cannot be demodulated correctly since the signal of the
proximal mobile station falls with the reception band as noise.

In the CDMA system, the far-near problem is solved by
performing transmission power control at high precision and
high accuracy relatively frequently. Namely, by performing
transmission power control, a transmission power of the
proximal mobile station is controlled to be lower power and
a transmission power of the distal mobile station is controlled
to be higher power. For transmission at higher power by the
mobile station, the frequency converter and/or the amplifier
forming the transmitter of the mobile station has to be operated
at non-linear region thereof. As a result, non-linear
distortion of the transmission signal increases at higher level
of the transmission power. Namely, the adjacent-channel leak
power transmitted frpm the transmitter is increased.
Influence of the adjacent-channel leak power to other system
will be discussed with reference to Fig. 6.

Fig. 6 illustrates a mobile communication system
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including a mobile station 101, a mobile station 102, a base
station 103, a base station 104, a cell 105 and a cell 106.
Here, consideration is given for the case where the base station
103 and the base station 104 perform communication using the
CDMA system, and carriers of the base station 103 and the base
station 104 are different. The cell 105 represents a service
area of the base station 103 and is extended in the vicinity
of the base station 104. On the other hand, the cell 106 is
the service area of the base station 104.

When the mobile station 102 is in communication with the

base station 104 at proximal position to the base station 104

"and the mobile station 101 is in communication with the base

station 103 with traveling from proximal position to the base
station 103 to distal position thereof, the transmission power
and the adjacent-channel leak power of the mobile station 101
increase according to traveling toward the distal position by
transmission power control of thebase station 103 to the mobile
station 101. When themobile station 101 approaches to the base
station 104, the transmission power and the adjacent-channel
leak power of the mobile station 101 arrive to the base station
104 at higher power.

If the communication frequency used by the base station
103 and the communication frequency used by the base station
104 are adjacent with each other, the transmission power

transmitted from the mobile station 102 may submerge in the
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adjacent-channel leak power transmitted from the mobile
station 101, In such case, a problem is encountered in that
the base station 104 cannot receive the signal of the mobile
station 102 correctly. This is because that the transmission
power of the mobile station 102 is lower power for transmission
power control of the base station 104 in the mobile station
102.

As a solution for this problem, a 1linearizer for
compensating non-linear distortion of the transmitter is
employed. As set forth above, as the linearizer, one taking
output only non-linear signal from a transmission signal
transmitted and compensating non-linear distortion by
subtracting the taken out non-linear distortion signal, or one
preliminarily multiplying a signal having distortion
compensating characteristics to a transmission signal before
radio transmission process, such as frequency conversion,
amplification and so forth with taking a non-linear distortion
to be caused in the transmitter into account, for compensating
distortion. The former is not practical for increasing of
current consumption due to increasing of circuit scale and for
complexity of process. Therefore, the latter is primarily used
as the non-linear distortion compensation circuit.
Particularly, the later linearizer is called as pre-distortion
type linearizer.

Prior art used in such pre-distortion type linearizer
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is shown in Fig. 7. It should be noted that the construction
shown in Fig. 7 has been disclosed in Japanese Unexamined Patent
Publication No. Heisei 10-23095. Referring to Fig. 7, a
transmission signal is consisted with two-system of data, i.e.
digital I data and Q data which are supplied to respective input
terminals 21 and 22. These input data are supplied to a
pre~-distorter 25 via FIR filters 23 and 24 to obtain digital
I data and Q data superimposed an inverted component of the
non-linear distortion caused by a variable power amplifier 29.

To the pre-distorter 25, a transmission power control
signal from a transmission power controller 34 is supplied in
addition to I and Q data. The pre-distorter 25 derives the
inverted component of the non-linear distortion by arithmetic
process on the basis of the transmission power control signal
and I and Q data. The inverted component thus derived is
superimposed on the I and Q data. An output data of the
pre-distorter 25 is converted into an analog signal by a D/A
converter 26 and then is modulated by the modulator 27 with
an output of an oscillator 28. Thus, I and Q signals (data)
are modulated by orthogonal modulation. On the other hand, for
CDMA system, spreading process by the spreading code is
performed by the modulator 27.

Then, the transmission signal thus modulated by
spreading is supplied to a variable power amplifier 29 to be

amplified with an amplifier gain determined by a transmission
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power control signal from a transmission power controller 34.
By this amplifier 29, non-linear distortion can be caused. An
amplified output is mixed with an oscillation frequency from
a frequency synthesizer 31 in a mixer 30 and then is transmitted
as radio signal from an antenna 33 with amplification with a
given gain by an amplifier 32.

It should be noted that the transmission power control
signal output from the transmission power controller 34 is
generated on the basis of a power control information bit input
from a terminal 35 and a reception level information signal
input from a terminal 36. Here, the power control information
bit is a power control information bit data contained in the
signal transmitted to own radio transmitter device from a
counterpart (generally, the base étaticnn to communicate. On
the other hand, a reception level information signal is
information of a reception level of a reception signal
transmitted from the base station.

Thus, occurrence condition of non-linear distortion in
the power amplifier 29 variable of amplifier gain can be
accurately judged by the pre-distorter 25. Then, on the basis
of occurrence condition of the non-linear distortion as judged,
compensation component as inverted component of the non-linear
distortion can be generated. With the compensation component,
even when the amplifier gain is varied by the power amplifier

29, accurate distortion compensation corresponding to the
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amplifier gain can be performed.

Next, discussionwill be given for a relationship between
the conventional transmitter shown in Fig. 7 and a transmission
power control effected for the mobile station (mobile
communication equipment) by the base station. In case of CDMA
system, the base station may discriminate the channel on
reception or the mobile station in communication by the
spreading code. Therefore, the base station may discriminate
a power of a desired wave on reception and power of other
reception signals, from the reception signal and thus can
derive S/N ratio of the channel on reception. Transmission
power control is performed depending upon the S/N ratio of the
channel on reception. Namely, the base station derives a power
of the desired wave and a power of interfering wave for deriving
the S/N ratio of the channel on reception.

When the S/N ratio is 1less than or equal to the
predetermined value, the base station transmits the control
signal for increasing power of the transmission signal of the
mobile station to the mobile station. On the other hand, when
the S/N ratio is greater than the predetermined value, the base
station transmits the information for reducing the
transmission power so that the transmission power of the mobile
station on communication will not interfere communication of
other mobile station in communication. Calculation of S/N

ratio executed by the base station is performed per time slot
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forming the transmission frame transmitted by the base station.
Thus, the transmission control information is updated per time
slot. A relationship between the transmission frame
transmitted by the base station and the transmission power
control information transmitted is shown in Fig. 8. Process
of transmission power control to be executed will be discussed
with reference to Fig. 8.

Referring to Fig. 8, one frame to be transmitted is
consisted of n in number of time slots TS1 to TSn. One slot
is consisted of the control information, transmission power
control information and communication data. The mobile
station on reception of the signal transmitted by the base
station demodulats to extract the transmission power control
information from the demodulated reception signal and performs
transmission power control of the transmitter per time slot.

In this case, the compensation of the non-linear
distortion performed on the basis of detected transmission
power of the signal transmitted in the time slot TSi at a certain
timing may compensate distortion of the transmission signal
transmitted in the next time slot TS(i+1l). However, since the
transmission signal transmitted in the time slot TS(i+l) is
differentiated the transmission power from the transmission
power in the time slot TSi by the transmission power control,
correct non-linear distortion compensation cannot be

performed.
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As set forth above, in the prior art, the non-linear
distortion compensation to be performed on the basis of
detected transmission power transmitted in the time slot TSi
at a certain timing is effected for distortion compensation
of the transmission signal of the transmission in the next time
slot TS(i+l). However, since the transmission power
transmitted in the time slot TS(i+1) is differentiated from
the transmission power of the time slot TSi, corréct non-linear
distortion compensation cannot be performed.

On the other hand, it becomes important to perform the
distortion compensation by the pre-distorter per bit (symbol)
consisting the transmission data in each time slot of the
transmission signal in order to make it accurate. However, in
the construction shown in Fig. 7, compensation per bit (symbol)

is not considered at all.

A need thus exists to provide a non-linear distortion
compensation circuit, a transmission equipment employing the same
and a mobile transmission equipment, in which a mobile station can
accurately compensate distortion caused by non-linearity of a
transmitter per bit (symbol) even while the base station is
performing transmission power control for the transmitter of the
mobile station’.

SUMMARY
According to a first aspect of the present invention, a non-

linear distortion campensation circuit for use in a transmission
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equipment for controlling transmission power dependent upon external transmission
power control information upon transmission of a digital signal;-comprises: |

compensation component generating means for generating a component for
compensating for non-linear distortion dependent upon transmission power per bit of
the digital signal and the transmission power control information; and

compensating means for compensating for the non-linear distortion of the
transmission signal by the compensation component.

According to a second aspect of the present invention, a transmission
equipment comprises:

a transmitter including a component that causes non-linear distortion;

a non-linear distortion compensation circuit for controllipg transmission power
dependent upon external transmission power control information upon transmission of a
digital signal, said compensation circuit including compensation component generating
means for generating a component for compensating for non-linear distortion
dependent upon a transmission power per bit of the digital signal and the transmission
power control information, and compensating means for compensating for the non-
linear distortion of the transmission signal by the compensation component.

According to a third aspect of the present invention, a mobile communication
equipment comprises:

a receiverl- for receiving a signal from a communication counterpart, the signal
containing transmission power control information,;

a transmission equipment comprising a transmitter including a component that
causes non-linear distortion, a non-linear distortion compensation circuit for controlling
transmission power dependent upon the transmission power control information upon

transmission of a digital signal, said compensation circuit including compensation

[R:\LIBQ]02073.doc:mxI
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component generating means for generating a component for compensating for non-
linear distortion dependent upon transmission power per bit of t-he digital signal @d the
transmission power control information, and compensating means for compensating for
the non-linear distortion of the transmission signal by he compensation component.

The compensation component generating means may generate the
compensation component per bit, and the compensation means may perform
compensation of the non-linear distortion according to the compensation component per
bit. The compensation component generating means may calculate the transmission
power per bit on the basis of an instantaneous transmission power value and an average
value of the transmission power, and generate the compensation component per bit

according to the result of calculation and the

[R:\LIBQJ02073.doc:mxI
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transmission power control information.- The compensation
component generating means may comprise storage means for
preliminarily storing compensation data as the compensation
component and address generating means for generating an
address of the storage means on the basis of the transmission
power per bit and the transmission power control information.
The address generating means may be constructed to generate
the address by addition of the transmission power per bit and
the transmission power control information. The address
generating means may derive the transmission power per bit
by addition of an instantaneous transmission power

and an average value of the transmission power. The
transmission signal may be a time slot type, the external
transmission power control information may be set for
controlling the tran.smission power per transmission time slot‘,
the address generating means may derive the transmission power
per bit by addition of an average power value of a transmission
time slot at a certain timing and an instantaneous power value
per each bit of a subsequent transmission time slot. The
transmission power control information may be information for
transmission power control for .a' subsequent transmission time .
slot. The storage means may be a read-only memory.

The transmission power control signal may be
respectively superimposed per time slot of - the signal

transmitted from the base station.
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In emboaiments of the present invention, a ROM address
dependent upon the transmission power per bit of the
transmission signal and the transmission power control
information is generated by the address generating portion
generating the address of the compensation data storage ROM
storing the non-linear distortion data to be used for
performing non-linear distortion by the pre-distortion type
linearizer. Particularly, the transmission power control
information may reflect the time slot as control object.
BRIEF DESCRIPTION OF THE DRAWINGS

The éresent inveﬂtio; will be understood more fully from
the detailed description given héreinafter' and from the
accompanying drawings of the preferred embodiment of the
present invention, which, however, should not be taken to be
limitative to the invention, but are for explanation and
understanding only.

In the drawings:

Fig. 1 is a block diagram of the preferred embodiment
of the present invention;

Fig. 2 1is an illustration showing a particular
construction of a transmitter of Fig. 1;

Fig. 3 is a general flowchart showing operation of the
present invention;

Fig. 4 is an illustration showing an amplitude and phase

characteristics for an output power of a power amplifier;
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Fig. 5 is an illustration showing a relationship between
a reception time slot on reception side and a transmission time
slot on transmission side;

Fig. 6 is an illustration for explaining influence of
an adjacent-channel leak power to other system;

Fig. 7 is a block diagram showing a prior art of the
conventional mobile station; and

Fig. 8 is an illustration showing a relationship between
a transmission frame transmitted by a base station and a
transmission power control information transmitted.

DESCRIPTI F_THE EMB

The present invention will be discussed hereinafter in
detail ih terms of the preferred embodiment of the present
invention with reference to the accompanying drawings. In the
following description, numerous specific details are set forth
in order to provide a thorough understanding of the present
invention. It will be obvious, however, to those skilled in
the art that the present invention may be practiced without
these specific details.

Fig. 1 is a schematic block diagram showing an overall
construction of the preferred embodiment of a mobile station
according to the present invention. Referring to Fig. 1, a
reception signal from the antenna 1 is input to a receiving
portion 3 via an antenna multicoupler 2 for reception process

to be extracted I and Q components of a base band signal.
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Thereafter, the I and Q components thus extracted to are input
to a demodulating portion 4 for demodulation process
(despreading process), and then is output from a speaker 6 as
a audible sound after error correction in an error correcting
portion 5.

On the other hand, a voice signal from a microphone 7
is converted into a digital signal by a transmission signal
generating portion 8 and then subject to a linear modulation
process (generally, QPSK modulation process) to be lead as
signals of I and Q components. Subsequently, compensation of

non-linear distortion is performed by a pre-distortion type

linearizer 9. Then, transmission process is performed by a

transmitting portion 10. Thereaftér, a radio wave signal as
a transmission signal is transmitted through the antenna via
a directional coupler 11 and the antenna multicoupler 2.
The transmission signal branched by the directional
coupler 11 is derived by an average power value per time slot
of the transmission signal input to an average power
calculating portion 12. On the other hand, the I and Q
components as output of the transmission signal generating
porfion 8 is input to an instantaneous power calculating
portion 13. Thus, the instantaneous transmission power is
calculated per bit (symbol). Furthermore, the transmission
power control information is detected from output of the error

correcting portion 5 by a transmission power control
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information detecting portion 15. It should be noted that the
transmission power control information is not supplied to the
speaker 6.

Respective outputs of the average power calculating
portion 12, the instantaneous power calculating portion 13 and
the transmission power control information detecting portion
15 are supplied to an address generating portion 14 for
generating an address for accessing a compensation data storage
ROM 16. By the address thus generated, a compensation data is
read out to be supplied to the pre-distortion type linearizer
9.

A construction of the transmitting portion 10 is shown
in Fig. 2. The transmitting portion 10 is constructed with a
D/A converter 501, an orthogonal modulator 502, a variable gain
amplifier 503, an intermediate band pass filter 504, a
frequency converter (mixer) 505, a first radio frequency band
pass filter 506, an amplifier 507, a second radio frequency
band pass filter 508, a transmission amplifier 509, a first
local oscillator 510 and a second local oscillator 511.

The D/A converter 501 converts the transmission signal
of an intermediate band from digital signal to analog signal.
The orthogonal modulator 502 performs orthogonal modulation
of the transmission signal of the base band and performs
frequency conversion into a transmission signal in the

intermediate frequency band. The variable gain amplifier 503
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is an amplifier for amplifying the transmission signal
according to received transmission power control information.
The intermediate frequency band pass filter 504 is a filter
passing the transmission signal of the intermediate frequency
5and.

The frequency converter 505 performs frequency
conversion of the transmission signal of intermediate
frequency band into the transmission signal of radio frequency
band. The first radio frequency band pass filter 506 and the
second radio frequency band pass filter 508 are filters passing
only signal of a transmission band and suppressing unnecessary
radiation caused in the fréquency amplifier 505 or the
amplifier 507.

The amplifier 507 is an amplifier amplifying the
transmission signal. The transmission amplifier 509 is an
amplifier for amplifying the transmission signal up to a power
for transmission through +the antenna. The first local
oscillator 510 is an oscillator for oscillating a local
oscillation signal to be used upon frequency conversion in the
frequency converter 505. The second local oscillator 511 is
an oscillator oscillating a local oscillation signal to be used
upon frequency oscillation in the orthogonal modulator 502.

I and Q component signal input ends of the D/A converter
501 match with I and Q component signal input ends of the

transmitting portion 10 and an output end of the transmission
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amplifier 509 matchs with an output end of the transmitting
portion 10. The I and Q component signal output ends of the
D/A converter 501 are connected to the I and Q component signal
input ends of the orthogonal modulator 502. An intermediate
frequency band signal output end of the orthogonal modulator
502 is connected to an input end of the variable gain amplifier
503. An output end of the variable gain amplifier 503 is
connected to an input end of the intermediate frequency band
pass filter 504. An output end of the intermediate frequency
band pass filter 504 is connected to an intermediate frequency
band signal input end of the frequency converter 505. A radio
frequency band output end of the frequency converter 505 is
connected to an input end of the first radio frequency band
pass filter 506.

An output end of the first radio frequency band pass
filter 506 is connected to an input end of the amplifier 507.
An output end of the amplifier 507 is connected to an input
end of the second radio frequency band pass filter 508. An
output end of the second radio frequency band pass filter 508
is connected to an input end of the transmission amplifier 509.
On t‘he other hand, an output end of the first local oscillator
510 is connected to a local signal input end of the frequency
converter 505. A radio frequency band output end of the
frequency converter 505 is connected to an input end of the

first radio frequency band pass filter 506.
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An output end of the first radio frequency band pass
filter 506 is connected to an input end of the amplifier 507.
An output end of the amplifier 507 is connected to an input
end of the second radio frequency band pass filter 508. An
output end of the second radio frequency band pass filter 508
is connected to an input end of the transmission amplifier 509.
Also, an output end of the first local oscillator 510 is
connected to a local signal input end of the frequency ;::onverter
505. An output end of the second local oscillator 511 is
connected to a local signal input end of the orthogonal
modulator 502. A gain control signal input end of the variable
gain amplifier 503 is connected to a transmission power control
information output end of a transmission power control
information modulator 401.

Operation of the shown embodiment will be discussed
hereinafter with reference to a flowchart of Fig. 3. 1In a
receiving portion 3, the time slot TSi is received from the
base station (step S11). In the demodulating portion 4,
demodulation process of the time slot TSi is performed (step
S12). Subsequently, in the error correcting portion 5, error
correction process of the time slot TSi is performed in the
error correcting portion 5 (step S13). Then, next time slot
TS(i+l) is received (step S14). After error correction at step
S13, in the transmission power control information detecting

portion 15, the transmission power control information is
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extracted from the received signal of the time slot TSi (step
S31) to be output to the address generating portion 14. It
should be noted that the transmission power control information
is a control information for controlling the transmission power
of the transmission time slot TS(i+1l) on the transmission side.

On reception side, when the time slot TSi is received
at step S11, signal processing for the transmitted data, such
as error correction and so forth, is effected for the
transmission data, such as voice or the 1like for the
transmission time slot TS(i+l) and the transmission frame is
generated according to a transmission frame format.
Thereafter, the transmission signal is spread using the
spreading code. The spread transmission signal is output
separately as I component and Q component signals (step S21).
The transmission signals of I component and Q component output
from the transmission signal generating portion 8 is input to
the pre-distortion type Alinearizer 9. In conjunction
therewith, the transmission signals of I component and Q
component are also input to the instantaneous power calculating
portion 13. Inthe instantaneous power calculatingportion 13,
insfantaneous powers of the input I component signal and Q
component signal (step 32) are derived tooutput to the address
generator 14.

On the other hand, the I component and Q component signals

input to the pre-distortion type linearizer 9 are compensated
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non-linear distortion by the non-linear distortion
compensation data read out from the compensation data storage
ROM 16 (step S36) and are output to the transmitting portion
10. Operation of the transmitting portion 10 will be discussed
with reference to Fig. 2. The I component and Q component
signals input to the transmitting portion 10 are converted from
digital signal into analog signal by the D/A converter 501.

The orthogonal modulator 502 performs orthogonal
modulation for the I component and Q component signals output
from the D/A converter 501 using local oscillation signal
oscillated by the second local oscillator 511, and the
transmission signal of the base band is converted into thé
transmission.signal of the intermediate frequency band. The
transmission signal converted into the transmission signal of
the intermediate frequency band is amplified according to the
transmission power control information by the variable gain
amplifier 503 and then input to the frequency converter 505
via the intermediate frequency band pass filter 504.

The gain of the variable gain amplifier 503 is variable
depending upon transmission power control information output
by the transmission power control information detecting
portion 15. The frequency converter 505 performs frequency
conversion of the input transmission signal of the intermediate
frequency band into the transmission signal of radio frequency

band using the local oscillation frequency oscillated by the
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first local oscillator 510. The transmission signal of the
radio frequency band thus converted passes through the first
radio frequency band pass filter 506, the amplifier 507, the
second radio frequency band pass filter 508, amplified upon
to the power to be transmitted through antenna 1 by the
transmission amplifier 509 and then is output from the
transmitting portion 10.

The transmission signal thus output from the
transmitting portion is input to the directional coupler 11
and is output from an inserting direction output end to be
transmitted through the antenna 1, and inconjunction therewith,
is output from a coupling direction output end to be input to
an average power calculating portion 12. In the average power
calculating portion 12, an average power per unit time slot
of the input transmission signal is derived to output the result
of detection for the address generating portion 14. At this
time, on the transmission side, transmission of the
transmission time slot TSi is transmitted (step S23). Thus,
an average value of the transmission power of the transmission
time slot TSi is derived in the average power calculating
porfion 12 (step S34) to be output to the address generating
portion 14.

In the address generating poftion 14, thel address for
accessing the compensation data storage ROM 16 is generated

using the result of calculation output from the instantaneous
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power calculating portion 13, the result of calculation output
from the average power calculating portion 12 and the
transmission power control information output from the
transmission power control information detecting portion 15
(step S35) to designate the address of ROM 16. ROM 16 outputs
the non-linear distortion compensation data according to the
address designated by the address generating portion 14 to the
pre-distortion type linearizer 9.

In the pre-distortion type linearizer 9, process for
compensating non-linear distortion of the I component and Q
component signals to transmit using the non-linear distortion
compensation data input from the compensation data storage ROM
16 (step S23). Then, preparation for transmission of the next
time slot TS(I+1l) is performed (step S24).

Next, discussion will be given for the compensation data
stored in the compensation data storage ROM 16 and its address.
The signal to be transmitted can be expressed as a function
of amplitude and phase. The characteristics of the power
amplifier in the transmitting portion 10 is expressed as
characteristics of both of amplitude and phase as shown in Figqg.
4. ‘Namely, by increasing of the output power, characteristics
of ampl'itude and phase are degraded to cause non-linear
distortion. Therefore, it can be said that the non-linear
distortion is amplitude distortion for amplitude of the

transmission signal and phase distortion for the phase of the
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transmission signal. Assuming that amplitude distortion

caused in the transmitting portion 10 is AA and phase distortion
is AP, the non-linear distortion to be caused in the transmitter

206 can be caﬁceled by providing components of -AA and -AP
to the transmission signal. Namely, the non-linear
compensation data stored in the compensation data storage ROM
16 has to be data having inverted characteristics of amplitude
distortion and phase distortion to be caused in the
transmitting portion 10.

In other words, when the transmission power can be seen,
amount of amplitude and phase in the known transmission power

can be determined in straightforward manner as shown in Fig.

4. As a result, the amplitude distortion AA and the phase

distortion A P are determined in straightforward manner.
Accordingiy, by preliminarily storing the compensation data
-AA and - AP for the transmission power in ROM 16, the
compensation data may be read out from ROM with taking the
derived transmission power as address.

Therefore, the transmission
power per bit of the transmission time slot TS(i+1l) is derived
using the average transmission power of certain time slot TSi,
instantaneous powers of I component and Q component to be
transmitted in the next time slot TS(i+1) and the transmission

power control information for the time slot TS(i+l). Namely,
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the correct transmission power value per bit to be transmitted
finally is derived by adding the instantaneous power value (per
bit) of the transmission in the time slot TS(i+l) to be
compensated to the average transmission power value of the one
preceding transmission time slot TSi for deriving the
transmission power value per bit, and to the sum thus derived,
adding the transmission power control information for the
transmission time slot TS(i+l).

For example, if the average transmission power value is
"10" and the instantaneous power wvalue per bit is "15", the

transmission power per bit becomes "10" + "15" = "25",
Furthermore, to this value, " * 1" or "0" (the control

inforxﬁation is three kinds of information to set the
transmission power to +1, -1 and keep unchanged) as the
transmission power control information is added. Assuming
that the transmission power control information is set to "+1",
the correct transmission power per bit becomes "26". By
setting this as ROM address, it becomes equivalent to the power
value of the lateral axis of the characteristics shown in Fig.
4 to "26". As set forth above, since respective of amplitude
val\;e and phase value are obtained, the inverted components
of the ﬁon-linear distortion corresponding to the amplitude
value and the phase value can be read out to enable pre-
distortion.

With taking the foregoing in mind, operation of the
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pre-distortion type 1linearizer will be discussed with
reference to Fig. 5. 1In Fig. 5, (1) represents control
information, (2) represents the transmission power control
information, (3) represents the communication data,
respectively. On the other hand, the upper level shows
reception time slots and the lower level shows transmission
time slots.

The transmission power control information received at
the reception time slot TS(i+l) becomes effective in the
transmission time slot TS(i+1l). Assuming that the signal
currently transmitted is the transmission signal of the time
slot TSi, the average power calculated by the average power

calculating portion 12 becomes the average power of the

transmission signal of the transmission time slot TSi. However,

the transmission signal of the transmission time slot TSi is
on transmiséion, and naturally, the transmission signal has
past through the pre-distortion type linearizer 9. In the
linearizer 9 and the instantaneous power calculating portion
13, the transmission signal of the next transmission time slot
TS(i+1l) is input for compensation for distortion.

At this time, ROM address for taking the distortion
compensation data is generated on the basis of the average power
of the transmission signal, the instantaneous power of the
transmission signal and the transmission power control

information (to be added). Accordingly, as a result, the
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average power of the transmission signal is an average power
of the transmission time slot TSi , the instantaneous power
of the transmission signal is the instantaneous power of the
transmission time slot TS(i+l), and for interpolation of this,
the transmission powexr control information for the
transmission time slot TS(i+l) is used.

As set forth above, when the pre-distortion type
linearizer 9 is used for compensation for the non-linear
distortion to be caused in the transmission signal by the
non-linearity of the transmitting portion 10, the non-linear
distortion compensation data of the transmitting portion 10
is derived preliminarily and are corresponded to the
transmission power in one-by-one basis to establish
correspondence between the transmission power and the
compensation data ROM 16. The address of the compensation data'
storage ROM 16 storing the data for compensating the non-linear
distortion is generated using ‘the instantaneous power
calculated from the I component and Q component signals to be
transmitted, the average transmission power per unit slot of
the transmission signal and the transmission power control
infc;rmation. Then the non-linear distortion compensation
data is taken out from the compensation data storage ROM 16
to provide non-linear compensation for the transmission signal
by the pre-distortion type linearizer.

As set forth above,
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non-linear distortion in the transmitting portion of the mobile
communication equipment is compensated using the pre-
distortion type linearizer per bit (symbol) of the transmission
power. Furthermore, since compensation is performed with
taking the transmission power control information from the base
station into account, more accurate compensation operation of
the non-linear distortion can be performed.

Although the present invention has been illustrated and
described with respect to exemplary embodiment thereof, it
should be understood by those skilled in the art that the
foregoing and various other changes, omission and additions

may be made therein and thereto, without departing from the

spirit and scope of the present invention. Therefore, the

present invention should not be understood as limited to the
specific embodiment set out above but to include all possible
embodiments which can be embodied within a scope encompassed
and equivalent thereof with respect to the feature set out in

the appended claims.
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The claims defining the invention are as follows:

1. A non-linear distortion compensation circuit for use in
transmission equipment for controlling transmission power dependent
upon external transmission power control information upon
transmission of a digital signal, said compensation circuit
comprising:

compensating component generating means for generating a
component for compensating for non-linear distortion, said component
dependent upon transmission power per bit of said digital signal and
said transmission power control information; and

compensating means for compensating for said non-linear
distortion of the transmission signal by said compensation

component .

2. A non-linear distortion compensation circuit as set
forth in claim 1, wherein said compensation component
generating means generates said compensation component per bit,
and said compensation means performs compensation of said
non—linear distortion according to the compensation component

per bit.

3. ‘ A non-linear d;stortion compensation circuit as set
forth in claim 2, wherein said compensation component
generating means calculates the transmission power per bit on
the basis of an instantaneous transmission power value and an

average value of the trangsmission power, and generates the
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compensation component per bit according to the result of

calculation and said transmission power control information.

q. A non-linear distortion compensation circuit as set
forth in c¢laim 1, wherein said compensation component
generating means comprises storage means for preliminarily
storing compensation data as said compensation component and
address generating means for generating an address of said
storage means on the basis of the transmission power per bit

and said transmission power control information.

5. A non-linear distortion compensation circuit as set
forth in claim 4, wherein said address generating means is
constructed to generate said address by addition of said
transmission power per bit aﬁd said transmission power control

information.

6. A non-linear distortion compensation circuit as set
forth in claim 5, wherein said address generating means derives
the transmission power per bit by addition of
an instantaneous transmission power and an average valﬁe of

the transmission power.

7. A non-linear distortion compensation circuit as set

forth in claim 6, wherein said transmission signal is a time
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slot type, said external transmission power -<control
information is set for controlling the transmission power per
transmission time slot, said address generating means derives
said transmission power per bit by addition of an average power
value of a transmission time slot at a certain timing and an
instantaneous power value per each bit of a subsequent

transmission time slot.

8. A non-linear distortion compensation circuit as set
forth in claim 7, wherein said transmission power control

information comprises information for transmission power control for

a subsequent transmission time slot.

9. A non-linear distortion compensation circuit as set
forth in claim 4, wherein said storage means is a read-only

memory .

10. A transmission equipment comprising:
a transmitter including a camponent that causes non-

linear distortion;

a non-linear distortion compensation circuit for controlling
transmission power dependent upon external transmission power
control information upon transmission of a digital signal, said
compensation circuit including compensation component generating

means for generating a
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component for compensating for non-linear distortion dependent
upon transmission power per bit of said digital signal and
said transmission power control information, and compensating

means for compensating for said non-linear distortion of the

transmission signal by said compensation component.

11. A transmission equipment as set forthinclaim 10, wherein
said compensation component generating means generates said
compensation component per bit, and said compensation means
performs compensation of said non-linear distortion according

to the compensation component per bit.

12. A transmission equipment as set forth inclaiml1ll, wherein
said compensation component generating means calculates the
transmission power per bit on the basis of an instantaneous
transmission power value and an average value of the
transmission power, aﬁd generates the compensation component
per bit according to the result of calculation and said

transmission power control information.

13. Atransmissionequipment as set forth inclaim 10, wherein

said compensation component generating means comprises storage

means for preliminarily storing compensation data as said
compensation component and address generating means for

generating an address of said storage means on the basis of
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the transmission power per bit and said -transmission power

control information.

14. A transmission equipment as set forthinclaim 13, wherein
said address generating means is constructed to generate said
address by addition of said transmission power per bit and said

transmission power control information.

15. A transmission equipment as set forthinclaim 14, wherein
said address generating means derives the transmission power
per bit by addition of an instantaneous
transmission power and an average value of the transmission

power.

16. A transmission equipment as set forth inclaim15, wherein
said transmission signal is a time slot type, said external
transmission power control information is set for controlling
the transmission power perA transmission time slot, said address
generating -means derives said transmission power per bit by
addition of an average power value of a transmission time slot
at a certain timing and an instantaneous power value per each

bit of a subsequent transmission time slot.

17. A transmission equipment as set forth inclaim16, wherein

said transmission power control information comprises information for
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transmission power control for subsequent transmission time

slot.

18. A mobile communication equipment comprising:

a receiver for receiving a signal from a communication
counterpart, said signal containing transmission power control
information;

a transmission equipment comprising a transmitter including a
component that causes non-linear distortion, a non-linear distortion
compensation circuit for controlling transmission power dependent
upon said transmission power control information upon transmission
of a digital signal, sald compensation circuit including
compensation component generating means for generating a component
for compensating for non-linear distortion dependent upon
transmission power per bit of said digital signal and said
transmission power control information, and compensation means for
compensating for said non-linear distortion of the transmission

signal by said compensation component.

19. A mobile communication equipment as set forth in claim
18, wherein said compensation component generating means
generates said compensation component per bit, and said

compensation means performs compensation of said non-linear

distortion according to the compensation component per bit.
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20. A mobile communication equipment as set forth in claim
19, wherein said compensation component generating means
calculates the transmission power per bit on the basis of an
instantaneous transmission power value and an average value
of the transmission power, and generates the compensation
component per bit according to the result of calculation and

salid transmission power control information.

21. A mobile communication equipment as set forth in claim
18, wherein said compensation component generating means
comprises storage means for preliminarily storing

compensation data as said compensation component and address
generating means for generating an address of said storage
means on the basis of the transmission power per bit and said

transmission power control information.

22. A mobile communication equipment as set forth in claim
21, wherein said address generating means is constructed to
generate said address by addition of said transmission power

per'bit and said transmission power control information.
23. A mobile communication equipment as set forth in claim

22, wherein said address generating means derives the

transmission power per bit by addition of an
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instantaneous transmission power and an average value of the

transmission power.

24. A mobile communication equipment as set forth in claim
23, wherein said transmission signal is a time slot type, said
external transmission power control information. is set for
controlling the transmission power per transmission time slot,
said address generating means derives said transmission power
per bit by addition of an average power value of a transmission
time slot at a certain timing and an instantaneous power value

per each bit of a subsequent transmission time slot.

25. A mobile communication equipment as set forth in claim
24, wherein said transmission power control information comprises
information for transmission power control for subsequent

transmission time slot.

26. A mobile communication equipment as set forth in claim
18, wherein said transmission power control signal is
respectively superimposed per time slot of the signal

traxismitted from the base station.
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217. A non-linear distortion compensation circuit for use in a transmission
equipment, said circuit substantially as hereinbefore disclosed with reference to an

embodiment as shown in Figs. 1 to 3 of the accompanying drawings.

5 28. A transmission equipment substantially as hereinbefore disclosed with

reference to an embodiment as shown in Figs. 1 to 3 of the accompanying drawings.

29. A mobile communication equipment substantially as hereinbefore
disclosed with reference to an embodiment as shown in Figs. 1 to 3 of the

10 accompanying drawings.

DATED this twenty-fourth Day of February, 2004
NEC Corporation
Patent Attorneys for the Applicant
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