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(57) Abstract: A linearised radio transmitter comprises a fixed digital signal processor (1), an output element (2), and a pro-
grammable digital signal processor (3). The fixed digital signal processor (1) includes a pre-distorter (5) which is controlled by
the programmable digital signal processor (3) in dependence upon signals received by the programmable digital signal processor
from the output element (2). The transmitter further comprises a digital amplitude control (15) and an analogue amplitude control
(16) positioned between the pre-distorter (5) and the output element (2). Control means (14) are provided for simultaneously control-
ling the setting of the digital amplitude control (15) and the setting of the analogue amplitude control (16) such that their combined

gain is constant.
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LINEARISED RADIO TRANSMITTER

This invention relates to a linearised radio transmitter, and in particular to a linearised
radio transmitter which incorporates adaptive pre-distortion linearisation. Such a

transmitter would be suitable for use in a third generation mobile phone base station.

Linearised radio transmitters employing adaptive pre-distortion are known. A typical
known transmitter is shown in the block circuit diagram of Figure 1, which shows a
dedicated digital signal processor (DSP) 1, an output sampling block 2, and a
programmable DSP 3. The dedicated DSP 1 includes a coding and power control
block 4 , a digital pre-distorter 5, a digital frequency up-converter 6, and an IQ and DC
error corrector 7. Input data signals (indicated by the reference D) are processed by the
block 4 which performs channel coding, power control and filtering functions for a
multiplicity of channels. The digital pre-distorter 5 typically produces distortion of the
signal amplitude and phase, and is controlled by a set of coefficients provided by the
programmable DSP3. The up-converter and error corrector blocks 6 and 7 provide
frequency conversion and correction for hardware inaccuracies in the analogue
processing and are optional. The output of the dedicated DSP 1 is fed to a
digital-to-analogue (DAC) converter 8, whose output is fed to an RF up-converter 9.
The output of the RF up-converter 9 is fed to the output sampling block 2 via a high
power 'output amplifier 10. A feedback line 11 from the output sampling block 2 leads
to the programmable DSP 3 via an RF down-converter 12, and an analogue-to-digitalv
converter 13. The programmable DSP 3 is connected to the digital pre-distorter 5 and
the error corrector 7 of the dedicated DSP 1, thereby to provide error estimation and
adaptation. A feedback link F is also provided so that the programmable DSP 3 can
compare the signal from the analogue-to-digital converter 13 with the ideal signal.

The purpose of using pre-distortion is to reduce the power consumption requirements of
the transmitter. The majority of the power consumption is within the amplifier 10,
and is determined mainly by the bias current and voltage of the amplifier transistors.

The bias levels are typically chosen to ensure that the amplifier 10 is able to deliver the



10

15

20

25

30

WO 03/019772 PCT/GB02/03824

required peak envelope power (PEP) into the load. If the bias levels are reduced, then
signals at the peak power level will be distorted, resulting in a loss of system data
transmission capacity. Distortion of the output signal peaks can be eliminated by
pre-distorting the baseband digital signal in such a way that subsequent non-linearity in
the RF processing and the amplifier 10 results in a signal free from distortion. To
achieve optimum reduction of the output distortion, the parameters of the pre-distorter
5 must be accurately matched to that of the amplifier 10 and the RF processing
characteristics. ’ In practice, the system characteristics will change. The RF
down-converter 12 and the analogue-to-digital converter 13 provide means for
measuring the output signal. The programmable DSP 3 compares the measured output
signal with the desired optimum output signal to estimate the required pre—diétortion
parameters to obtain perfect cancellation. The calculated optimum distortion
parameters are then fed back to the pre-distorter 5. This distortion adaptation loop,

tracks changes in the system with time, temperature and output load.

The transmitter of Figure 1, as with many practical transmitters, requires means for
controlling the output power , this being accomplished by the coding and power control
block 4. For the system to operate without distortion, however, the digital-to-analogue
converter 8, the RF up-converter 9, the amplifier 10 and the output sampling block 2
must accommodate the total signal dynamic range, which will be the sum of the
required output signal-to-noise ratio (SNR), the power control dynamic range, and a
head ro0m allowance for the pre-distortion. It is normal practice when designing such
systems to ensure that the dominant source of non-linearity is within the amplifier 10,
and hence the digital-to-analogue converter 8 and the RF up-converter 9 are relatively
linear. Thus, to achieve the dynamic range and linearity requirements within these two
elements, requires a high level of power supply consumption, which reduces the overall

efficiency gains resulting from the use of pre-distortion to linearise the amplifier 10.

The aim of the invention is to improve power consumption within a linearised radio

transmitter using adaptive pre-distortion linearisation.
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The present invention provides a linearised radio transmitter comprising digital signal
processor means, and an output sampling means, the digital signal processor means
including a digital pre-distorter which is controlled by the digital signal processor
means in dependence upon signals received from the output sampling means, the
transmitter further comprising a digital-to-analogue converter at the output of the digital
pre-distorter, an amplifier positioned between the digital-to-analogue converter and the
output sampling means, a digital amplitude control positioned between the digital
pre-distorter and the digital-to-analogue converter, an analogue‘ amplitudg control
positioned between the digital-to-analogue converter and the amplifier, and an
analogue-to-digital converter positioned between the output sampling means and the
digital signal processor means, wherein control means are provided for simultaneously
controlling the setting of the digital amplitude control and the setting of the analogue

amplitude control such that their combined gain is constant.

Advantageously, the transmitter further comprises an RF up-converter positioned
between the analogue-to-digital converter and the analogue gain control, and an RF

down-converter positioned between the output sampling means and the amplifier.

Preferably, the digital signal processor means is constituted by first and second digital
signal processors, the first digital signal processor including the digital pre-distorter, the
second digital signal processor controlling the digital pre-distorter in dependence upon
signals; received by the second digital signal processor from the output sampling means,
the digital-to-analogue converter being positioned at the output of the first digital signal
processor, and the analogue-to-digital converter being positioned between the output

sampling means and the second digital signal processor.

In a preferred embodiment, the first digital signal processor includes a coding and
power control element for modifying incoming signals to the first digital signal
Processor. Preferably, the control means is a power detection and range control
element which receives output signals from the coding and power control element, and
feeds output signals to the digital amplitude control, the analogue amplitude control and

the second digital signal processor.
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Advantageously, the arrangement is such that distortion coefficients applied to the
digital pre-distorter are adapted in accordance with the signals received by the second

digital signal processor from the output sampling means.

In a preferred embodiment, the control means operates in accordance with an algorithm
such that:

a) 1f P1 is greater than or equal to P2, the analogue amplitude control is
adjusted for maximﬁm amplitude, and the second digital signal processor is controlled
such that the adaptation process is enabled to apply optimised distortion coefficients to
the digital pre-distorter in response to measurement of the output sampling means;

b) if Pl is less than P2 but greater than or equal to P3, the analogue
amplitude control is adjusted for maximum amplitude, and the second digital signal
processor is controlled so that the adaptation process is disabled so that new distortion
coefficients are not applied to the digital pre-distorter; and

c) if P1 is less than P3, the analogue amplitude control is adjusted to
provide a level less than the maximum amplitude, and the second digital signal
processor is controlled such that the adaptation process is disabled so that new
distortion coefficients are not applied to the digital pre-distorter;

where P1 is the power measured by the control means, P2 is a first reference
level, and P3 is a second reference level and less than P2.

Advan’tageously, step ¢) is such that the pre-distorter is forced to a linear state by

modifying the distortion coefficients.

Preferably, P1 is the sum of the individual power settings within the transmit coding
and power control element. Alternatively, P1 is the peak power at the output of the

transmit coding and power control element measured over a predetermined period of

time.
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Conveniently, the control means operates in accordance with a modified form of said
algorithm, where P2 and P3 are each replaced by two parameters P2uigh, P2iow, and P3pign,
P3iow, and the modified algorithm is such that:

a) if P1 is increasing P2pgn and P3p are used; and

b) if P1 is decreasing, P2, and P31, are used;
P2pgn being greater than P2y, P3uen being greater than P3,,,, and P2y, being greater
than P3pg.

A linearised radio transmitter constructed in accordance with the invention will now be
described in greater detail, by way of example, with reference to Figure 2 of the

drawings which is a block circuit diagram of the transmitter.

The transmitter of Figure 2 is a modified version of the transmitter of Figure 1, so like
reference numerals will be used for like parts, and only the modifications will be
described in detail. Thus, the transmitter of Figure 2 includes a power detection and
range control block 14 associated with the coding and power control block 4 within the

dedicated DSP 1, a digital amplitudecontrol block 15 positioned at the output of the
digital pre-distorter 5, and an analogue amplitude control block (typically an analogue
attenuator) 16 between the RF up-converter 9, and the amplifier 10.

The power detection and range control block 14 controls the digital amplitudecontrol
block }5 and the analogue amplitude controll6 simultaneously and in tandem. This
control is such that the amplitude setting of the digital control block 15 is matched by
the amplitude settingof the analogue amplitude control 16, such that the combined gain

of the two blocks is constant regardless of individual settings.

The power detection and range control block 14 measures the total output power level
of the coding and power control block 4, and adjusts the digital amplitudecontrol block
15, the analogue amplitude control16, and the programmable DSP 3 with respect to the

measured power and in accordance with the algorithm described below.

. In this algorithm, P1 is the power measured by the power detection and range control

block 14, P2 and P3 are reference levels where P2 is greater than or equal to P3. The
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value of P1 may be found by summing the individual channel power settings present
within the block 4, or from the peak power at the output of the block 4 measured over a
period. Typically, P2 is set to a level at which the amplifier 10 is operating relatively
linearly compared to at the maximum output power. For a given maximum level of
output distortion, the values of the parameters of the pre-distorter 5 become less critical
as the degree of correction is significantly lower. Below the level P2, the adaptation
process is consequently no longer useful and is disabled. The level P3 is chosen such
that the characteristics of the amplifier 10 are sufficiently linear that the pre-distortion
can be disabled entirely,' or such that the gain mismatches introduced due to
imperfections of the analogue attenuator 16 will not cause unacceptable output
distortion due to the resulting mismatch of the pre-distortion and amplifier
characteristics. ~ The parameters P2 and P3 will be dependent on the specific
implementation, and must be determined by simulation or empirically for any given

system.

Where P1 is greater than or equal to P2, the analogue amplitude control 16 is adjusted
for a maximum amplitude, and the programmable DSP 3 is controlled such that the
adaptation process is enabled to apply optimised distortion coefficients to the digital

pre-distorter 5 in response to measurements of the output 2.

Where P1 is less than P2 but greater than or equal to P3, the analogue amplitude control
16 is adjusted for a maximum amplitude, and the programmable DSP 3 is controlled
such that the adaptation process is disabled so that new distortion coefficients are not

applied to the digital pre-distorter 5.

Where P1 is less than P3, the analogue amplitude control 16 is adjusted to provide a
level less than the maximum amplitude, and the programmable DSP 3 is controlled
such that the adaptation process is disabled so that new distortion coefficients are not
applied to the digital pre-distorter 5. This lesser setting of amplitude may be fixed or
variable. Where a variable amplitude setting is used, the setting will also be adjusted in
accordance with P1, such that the level of power at the output of the RF up-converter 9

is maintained at a nominal operating level. This nominal level is chosen such that the
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RF up-conversion linearity and the SNR are optimised for a given level of power supply
consumption. In the case where a fixed level of amplitude reduction is used, this is
chosen such that the level of power at the output of the RF up-converter 9 is maintained
within a minimal deviation of the nominal operating level. ~An option within this
operating range is that the digital pre-distorter 5 is forced to a linear state, either by
by-passing the element entirely, or by appropriately modifying the parameters. In this
case, the digital gain control block 15 may be logically implemented within the transmit
coding and power control block 4, by simultaneously modifying the level control of all

the multiplicity of channels by the equivalent amount.

In a modified version of the algorithm, each of the levels P2 and P3 is replaced by two
parameters P2ug and P2y, and P3ygn and P3i,. The algorithm is such that, if P1 is
increasing P2ug and P3 . are used; and, if P1 is decreasing, then P2,y and P3 y,, are
used. Thus, by setting P2p to be larger than P2, and P3uig to be greater than P3jo,
hysteresis is achieved. In this case, the value of P2, must be greater than the value of
P3uigh, to ensure that the adaptation process is disabled when the amplitude control 16 is

not set to provide a maximum amplitude.

The invention has a number of advantages. Firstly, the dynamic range requirements of
the DAC converter 8 and the up-converter 9 are reduced, so that the power supply
consumption of the transmitter is reduced. Moreover, by reducing the dynamic range
requirements of the DAC 8, a cheaper device with less resolution may be employed.
Seconcily, the RF up-converter local oscillator leakage is attenuated by the analogue
attenuator 16 as the output level is reduced, and the requirement for filtering or for

oscillator leakage suppression is also reduced.
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Claims

1. A linearised radio transmitter comprising digital signal processor means, and
an output sampling means, the digital signal processor means including a digital
pre-distorter which is controlled by the digital signal processor means in dependence
upon signals received from the output sampling means, the transmitter further
comprising a digital-to-analogue converter at the output of the digital pre-distorter, an
amplifier positioned between the digital-to-analogue converter and the output sampling
means, a digital amplitude contrél positioned between the digital pre-distorter and the
digital-to-analogue converter, an analogue amplitude control positioned between the
digital-to-analogue converter and the amplifier, and an analogue-to-digital converter
positioned between the output sampling means and the digital signal processor means,
wherein control means are provided for simultaneously controlling the setting of the
digital amplitude control and the settingof the analogue amplitude control such that

their combined gain is constant.

-2 A transmitter as claimed in claim 1, further comprising an RF up-converter

positioned between the digital-to-analogue converter and the amplifier, and an RF
down-converter positioned between the output sampling means and the

analogue-to-digital converter.

3. ’ A transmitter as claimed in claim 1 or claim 2, wherein the digital signal
processor means is constituted by first and second digital signal processors, the first
digital signal processor including the digital pre-distorter, the second digital signal
processor controlling the digital pre-distorter in dependence upon signals received by
the second digital signal processor from the output sampling means, the
digital-to-analogue converter being positioned at the output of the first digital signal
processor, and the analogue-to-digital converter being positioned between the output

sampling means and the second digital signal processor.
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4, A transmitter as claimed in claim 3, wherein the first digital signal processor
includes a coding and power control element for modifying incoming signals to the

first digital signal processor.

5. A transmitter as claimed in claim 4, wherein the control means is a power
detection and range control element which receives output signals from the coding and
power control element, and feeds output signals to the digital amplitude control, the

analogue amplitude control and the second digital signal processor.

6. A transmitter as claimed in claim 4 or claim 5, wherein the arrangement is such
that distortion coefficients applied to the digital pre-distorter are adapted in accordance
with the signals received by the second digital signal processor from the output

sampling means.

7. A transmitter as claimed in claim 6, wherein the control means operates in
accordance with an algorithm such that:

a) if P1 is greater than or equal to P2, the analogue amplitude control is
adjusted for maximum amplitude, and the second digital signal processor is controlled
such that the adaptation process is enabled to apply optimised distortion coefficients to
the digital pre-distorter in response to measurement of the output sampling means;

b) if P1 is less than P2 but greater than or equal to P3, the analogue
amplitude control is adjusted for maximum amplitude, and the second digital signal
proces;or is controlled so that the adaptation process is disabled so that new distortion
coefficients are not applied to the digital pre-distorter; and

) if P1 is less than P3, the analogue amplitude control is adjusted to
provide a level less than the maximum amplitude, and the second digital signal
processor is controlled such that the adaptation process is disabled so that new
distortion coefficients are not applied to the digital pre-distorter;

where P1 is the power measured by the control means, P2 is a first reference

level, and P3 is a second reference level and less than P2.
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8. A transmitter as claimed in claim 7, wherein step ¢) is such that the

pre-distorter is forced to a linear state by modifying the distortion coefficients.

9. A transmitter as claimed in claim 8 when appendant to claim 6, wherein P1 is
the sum of the individual power settings within the transmit coding and power control

element.

10. A transmitter as claimed in claim 8 when appendant to claim 6, wherein P1 is
the peak power at the output of tﬁe transmit coding and power control element
measured over a predetermined period of time. 11. A transmitter as claimed in any one
of claims 7 to 10, wherein the control means operates in accordance with a modified
form of said algorithm, where P2 and P3 are each replaced by two parameters P2pg,
P2iow, and P3pign, P31ow, and the modified algorithm is such that:

a) if P1 is increasing P2y, and P3yg, are used; and

b) if P1 is decreasing, P2, and P3;, are used;
P2y being greater than P2ie,, P3ug being greater than P3y, , and P2y, being greater
than P3yig
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