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ABSTRACT This paper proposes a novel predistorter architecture suitable for hybrid baseband/RF imple-
mentation. The distortion function is split into a memory polynomial and an AM/AM only look-up table
(LUT). The memory polynomial function is to be applied in the baseband digital domain whereas the LUT
predistorter is suitable for low complexity implementation in either the baseband digital or the RF analog
domains. The proposed model was compared to benchmark models using 20MHz and 40MHz wide 5G test
signals, and found to be superior in terms of adjacent channel leakage ratio performance and complexity.
Experimental results showed that the model can achieve ACLR levels of better than —50dBC with a relatively
low number of coefficients. The proposed model requires around 20% less coefficients than the reverse twin-
nonlinear two-box model, and achieves slightly better ACLR while easing the analog implementation of the
static nonlinearity predistortion function. Most importantly, the low-complexity hybrid implementation of
the proposed model can drastically reduce the speed requirements in the digital to analog converter of the
signal transmit path by up to 80% when compared to traditional DPD systems.

INDEX TERMS Broadband, digital predistortion, distortions, memory effects, memory polynomial, non-
linearity, power amplifier, RF predistortion.

I. INTRODUCTION
Modern communication systems are prone to the unavoidable
nonlinear distortions caused by the radio frequency (RF)
front-end and more specifically the RF power amplifier (PA).
These distortions emanate from the use of amplitude mod-
ulated signals, for spectral efficiency and data throughput
considerations, and from the need for power-efficient amplifi-
cation systems. To meet spectrum emission constraints set by
the communication standards, mitigation of nonlinear distor-
tions is a vital aspect in wireless transmitters [1], [2], [3], [4].
Baseband digital predistortion commonly referred to as
digital predistortion (DPD) has been the preferred lineariza-
tion technique in wireless communication infrastructure for
the last two decades. This is mainly due to the benefits
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of the digital implementation which allows for the accurate
synthesis of the predistortion function. In fact, to compensate
for PAs’ dynamic nonlinear behavior (which includes static
nonlinearity and memory effects), a wide range of predis-
tortion functions have been proposed in the literature. These
include memory polynomial based functions [5], [6], [7],
two-box functions [8], [9], [10], and neural networks [11],
[12], [13], [14]. The development of novel predistortion func-
tion is certainly the area that received most of the interest from
the research community actively working on predistortion
systems. However, there are a few other key factors that influ-
ence the performance of digital predistortion systems. These
factors are becoming increasingly important in the context of
5G communication systems in which broadband transmission
bandwidths are needed. For example, the maximum channel
bandwidth defined for the first frequency range (FR1) in
5G is 100MHz, whereas the channel bandwidth can reach

VOLUME 10, 2022


https://orcid.org/0000-0001-8751-0449
https://orcid.org/0000-0002-7294-6773

A. A. Ali et al.: Hybrid Predistorter for Broadband Power Amplifiers Linearization With Relaxed DAC Speed

IEEE Access

up to 400MHz in the second frequency range (FR2) also
known as mmWaves [15]. The bandwidth of the signals being
transmitted have three major effects on digital predistortion
systems. Firstly, power amplifiers distortions cause spectral
regrowth at the PA output which translates into an output
signal bandwidth that is typically five times that of the signal
to be transmitted. This requires high speed analog to digital
converters (ADC) in the feedback path used to acquire the PA
output signal which will be used to derive the predistortion
function. Several attempts have been made in the literature to
address this issue [16], [17], [18]. Secondly, the broad band-
width of the signals causes the amplifier to exhibit stronger
memory effects, and hence calls for more advanced PA and
DPD models. Thirdly, the predistortion function, which is
inherently a nonlinear function complementary to that of the
power amplifier, also results in a spectrum regrowth causing
the predistorted signal bandwidth to be comparable to that
at the amplifier’s output, that is five times the bandwidth of
the signal to be transmitted. This sets stringent requirement
on the digital to analog converter (DAC) in the signal trans-
mit path. In this paper, we focus on this latter aspect, and
propose a novel low-complexity predistortion technique suit-
able for hybrid baseband-digital/RF-analog implementation.
Such implementation is highly attractive for lower power
PAs such as cell phones or femtocells base stations. This
has the potential to significantly alleviate the speed require-
ments on the digital to analog converter in the transmit path
of digital predistortion systems. In section II, the proposed
digital predistortion technique is introduced and compared to
existing alternatives. The experimental setup used to validate
the proposed DPD is presented in Section III along with its
linearization performance. The relaxed DAC speed that can
achieved by the proposed hybrid DPD is demonstrated in
section IV. Finally, the conclusions of this work are summa-
rized in Section V.

Il. PROPOSED PREDISTORTER

In this section, the proposed digital predistorter is discussed
from two aspects. First, the proposed predistortion function is
introduced. Then, its possible implementations are discussed.

A. PROPOSED PREDISTORTION FUNCTION

Digital predistortion systems are typically implemented in
baseband. This allows for taking full benefits of the digital
domain implementation. Hence, making it possible to imple-
ment sophisticated predistortion functions that can satisfacto-
rily compensate for the distortions of highly nonlinear power
amplifiers exhibiting memory effects. The main drawback of
this technique is the need to process a predistorted signal that
typically has five times the bandwidth of the original input
signal. Several attempts have been made to address this issue
and implement the predistortion function in the RF domain.
However, the RF predistorters reported are mainly memo-
ryless and hence not suitable for modern applications [19],
[20], [21]. The envelope memory polynomial (EMP) pre-
distorter is suitable for RF digital implementation [7], [22].
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This model compensates for static distortions but has limited
performance in the presence of strong memory effects. Other
models that can be considered as suitable candidates for RF
digital predistortion are the nested look-up tables based pre-
distorters [23], [24]. However, these typically require exten-
sive processing to synthesize the nested LUT which usually
has a very large size.

The hybrid predistortion function proposed in this work
consists of two sub-functions, and is inspired from the reverse
twin-nonlinear two-box (RTNTB) model [8]. The RTNTB
model, illustrated in Fig. 1, is made of the cascade of a
memory polynomial function followed by a memoryless pre-
distortion function. The two-box implementation of the pre-
distortion function allows for the use of a highly nonlinear
memoryless function and a mildly nonlinear dynamic func-
tion. This has been found to outperform the conventional
memory polynomial model while significantly reducing the
model complexity (total number of coefficients) [8]. The
memoryless nonlinear function can be implemented either
analytically as a memoryless polynomial or as a look-up
table. The use of a look-up table circumvents the need to iden-
tify highly nonlinear polynomial functions which are often
associated with ill-conditioned matrices inversion. In the
two box-configuration, the memory polynomial function is
often mildly nonlinear and hence is not associated with ill-
conditioned matrices.

The two predistortion sub-functions of the RTNTB model
are derived sequentially. First, the memoryless nonlinear
function is identified. Second, the measured data is de-
embedded to derive the input and output waveforms of the
memory polynomial function. Finally, the coefficients of the
memory polynomial predistortion function are calculated.

X ou AM/AM and AM/PM | x D Ot
—» Memoryless —
Nonlinear Function

in Memory Polynomial
Function

FIGURE 1. Block diagram of the RTNTB predistorter.

The intermediate predistorted signal obtained at the output
of the MP sub-model is given by

N M

Sup_ou (1) = Y 3 xin (1= ) < |xia (0 = I (D)

i=1 j=0

where x;, (n) and xyp our (n) are the n'h samples of the
memory polynomial’s predistortion function input and output
waveforms, respectively. a;; are the complex-valued coeffi-
cients of the model. N and M are the memory polynomial
function’s nonlinearity order and memory depth, respectively.

When the memoryless nonlinear function is implemented
as a complex-gain power dependent LUT, the n™ sample of
the predistorter’s output xpp o (1) Will be given by:

xpp_our (0) = Grur (|xmp_ow (0)]) - xmp_ow (1) (2)

where Gyt is a complex-valued power dependent gain that
corresponds to the AM/AM and AM/PM predistortion func-
tions implemented within the LUT.
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When the memoryless nonlinear function is implemented
as a memoryless polynomial, the predistorter’s output
(XPD_()W) will be related to the xyp o, through

K
XPD_out () = Y bi - xuap_ow ) - [wgp_ow W] (3)
k=1
where K and by are the nonlinearity order and the complex-
valued coefficients of the memoryless polynomial function,
respectively.

The proposed predistorter consists of a memory polyno-
mial followed by an AM/AM only memoryless predistortion
function as depicted in Fig. 2. The main difference compared
to the RTNTB model is that the memoryless nonlinear func-
tion used in the proposed predistorter only compensates for
the AM/AM distortions and does not include any AM/PM
compensation. This is a major aspect that will reduce the
complexity of the proposed predistorter and facilitate its
implementation in a hybrid architecture.

X,

in Xump_out AM/AM only XPD_out
—> B

> Memoryless
Nonlinear Function

Memory Polynomial
Function

FIGURE 2. Block diagram of the proposed predistorter.

In the proposed model, the intermediate predistorted signal
(xmP_our) is related to the input signal (x;,) according to
the generic memory polynomial function expressed in Eq.
(1). The predistorter output (xpp_ou) obtained after pass-
ing the intermediate predistorted signal (priou,) through
the AM/AM only memoryless function can be expressed
according to Eq. (2) or Eq. (3) depending on whether the
memoryless predistortion function is implemented as a LUT
or as a polynomial function, respectively. However, in both
cases, the model parameters of the memoryless function will
become real-valued. In fact, when the memoryless predistor-
tion function is implemented as a LUT in the proposed model,
the complex-valued power dependent gain will be reduced
to a simple real-valued power dependent gain. Similarly,
if the memoryless predistortion function is implemented as
a memoryless polynomial function, the proposed predistorter
will only require real-valued coefficients in contrast with the
complex-valued coefficients needed for this sub-block in the
conventional RTNTB model.

The identification of the proposed DPD parameters is per-
formed sequentially. From the measured input and output
data, the AM/AM LUT is first identified. Then, the signals at
the input and output of the memory polynomial function are
obtained by de-embedding the measured data. The resulting
signals representing the input and output of the memory
polynomial function are then used to identify the coefficients
of the memory polynomial sub-block of the proposed DPD.

B. IMPLEMENTATIONS OF THE PROPOSED
PREDISTORTION FUNCTION

The proposed predistortion function can be implemented
fully in the baseband digital domain as illustrated in Fig. 3.
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In this case, it is conceptually similar to the RTNTB model but
presents a complexity reduction related to the identification
of the predistortion function. In fact, the AM/AM only LUT
used in the proposed predistorter has 50% less complexity
when compared to the AM/AM and AM/PM LUT used in
the RTNTB predistorter. Indeed, rather than identifying a
complex gain that has a magnitude and phase, the LUT
sub-function in the proposed model only applies an AM/AM
predistortion function. The AM/PM corrections are set to
0 for all input power values. Hence, no identification of the
LUT’s AM/PM function is needed. By requiring only real-
valued coefficients rather than complex-valued coefficients,
the identification and implementation of this sub-block will
result in 50% less complexity than its counterpart in the
RTNTB predistorter.

X MP Xup_ow | AM/AM Xep_ou 3 Freq. Up-
Function LUT DAC Conveter

FIGURE 3. Baseband digital implementation of the proposed predistorter.

A more advantageous implementation of the proposed
model is depicted in Fig. 4. In this hybrid implementation, the
memory polynomial function is implemented in the digital
domain, while the look-up table based AM/AM predistortion
function is implemented in the RF analog domain. It is worth
pointing out that the hybrid implementation is also possible
for the case of the RTNTB predistorter. However, this would
require the implementation of the complex-gain memoryless
predistortion function in the analog domain. Such implemen-
tation is tedious but has been successfully reported. In the
case of the proposed DPD, the implementation in the analog
domain is made simpler since it is limited to an AM/AM
function and does not require any AM/PM compensation.

X, MP | Xur ow . Freq. Up- AMAM | *mp ou
Function DAC > Conveter [ % LUT

FIGURE 4. Hybrid implementation of the proposed predistorter.

In this hybrid implementation, only the weakly nonlin-
ear MP function is implemented in the baseband digital
domain. Hence, the partly predistorted signal (priom) being
fed into the digital-to-analog converter is expected to have
much narrower bandwidth than the fully predistorted sig-
nal (xpD_OM,). Therefore, alleviating stringent speed require-
ments. This aspect will be discussed in Section IV.

lIl. EXPERIMENTAL VALIDATION
The performances of the proposed predistorter were vali-
dated experimentally and benchmarked against the RTNTB
model and the EMP model. The envelope memory polyno-
mial model is expressed according to:
N M
XEMP_ow (1) = Y Yy Xin (n) - [xin (0 = DI (4)
i=1 j=0
where x;, (n) and xgpmp oy (1) are the n'h samples of the input
and output waveforms of the EMP predistorter, respectively.
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FIGURE 5. Experimental setup for PA characterization and predistortion
(a) Photograph of the experimental setup, (b) Simplified block diagram of
the experimental setup.

N and M are the nonlinearity order and the memory depth
of the EMP function, respectively. a;; are the complex-valued
model coefficients. The EMP model is selected for bench-
marking since it is one of the few models that are able
to compensate for memory effects while being suitable for
implementation in the RF analog domain [7].

The device under test (DUT) used in this experimental
validation is a commercial GaN based class AB amplifier
CGH40010-AMP from Wolfspeed Inc. The setup consists of
a vector signal generator (VSG) and a vector signal analyzer
(VSA) pair used to drive the power amplifiers lineup made
of a driver (ZHL-42 from Mini-Circuits) and the DUT. The
experimental setup is presented in Fig. 5. Anritsu MS2830A
was used in this work. It incorporates both the VSG and VSA
functions within the same instrument. The resolution of the
VSG was 16 bits, while that of the VSA was 14 bits.

The DUT was driven by two 5G test signals with band-
widths of 20MHz and 40MHz, respectively. The sampling
rate of the test signals were set to 122.88Msps and 153.6Msps
for the 20MHz and the 40MHz signals, respectively. Both sig-
nals have a duration of 1ms. This corresponds to 122880 sam-
ples for the 20MHz waveform, and 153600 samples for the
40MHz test signal. The measured AM/AM and AM/PM
characteristics of the DUT when driven by the 20MHz test
signal are reported in Fig. 6. This figure shows the extent
of the nonlinear distortions and memory effects exhibited
by the DUT. The small signal gain of the DUT is 12dB.
In all experiments, the DUT was operated at an output power
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FIGURE 6. Measured gain characteristics of the DUT (a) AM/AM
Characteristic, (b)) AM/PM Characteristic.

back-off equal to the signal’s PAPR (10.9dB) to ensure that
it is driven over its entire power range. This corresponds to
an average output power of 32dBm and an average drain
efficiency of 24%.

In this work, the indirect learning architecture was used to
identify all predistortion functions. This allows for the extrac-
tion of the DPD coefficients without the need to identify a
PA model. The identification of the DPD coefficients was
performed using only 8,000 samples of the measured data.
The full waveform was used for the validation and perfor-
mance assessment including normalized mean squared error
(NMSE) calculation and PA linearization. The coefficients of
the polynomial functions were derived using the least squares
algorithm.

To assess the performance of the proposed predistorter,
two benchmark models were considered. The first benchmark
model is the RTNTB model which is comparable to the
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proposed model in the sense that it is made of a MP function
followed by a LUT. Comparing the proposed model to the
RTNTB model will demonstrate if there is any loss of per-
formance in the proposed model due to the use a real-valued
AM/AM only LUT rather than a complex-valued AM/AM
and AM/PM LUT. The second model against which the per-
formance of the proposed model is benchmarked is the EMP
model. The main reason behind this comparison is to relate
the performance of the proposed model to another model that
compensates for memory effects and can be implemented
either in baseband digital or in the RF analog domains similar
to the proposed model.

First, the DUT was characterized and the measured input
and output waveforms were used to synthesize the LUT func-
tions of the RTNTB and the proposed DPD. Then, the mea-
sured waveforms were de-embedded to obtain the input and
output signals of the memory polynomial sub-model in the
RTNTB and the proposed predistorters. Using these signals,
the nonlinearity order and the memory depth of the memory
polynomial function in each DPD were varied. The nonlin-
earity order was swept from 1 to 7, and the memory depth
was varied from 1 to 5. For each pair of values (nonlinearity
order and memory depth), a predistorter was synthesized and
applied to linearize the DUT. First, the DPD accuracy was
assessed by calculating the normalized mean squared error
between the desired DPD output and the actual DPD output
as a function of the memory polynomial’s number of coeffi-
cients. The memory polynomial size (Sizeposy) corresponds
to the number of complex-valued coefficients, and is given
by:

Sizepory =N - (M + 1) (@)

where N and M are the nonlinearity order and the memory
depth of the polynomial function, respectively.

The total size of the model, quantified in terms of the
number of complex-valued coefficients needed to implement
the full predistortion function, is given by:

. . K

SlZeProposed = SlZePoly + E

SizerTNTB = Sizepory + K
Sizegmp = Sizepoly (6)

where K is the nonlinearity order of the static distortions
function as defined in Eq. (3).

Figure 7 presents the NMSE results of the DPD identifica-
tion as a function of the memory polynomial number of coef-
ficients for the three considered DPDs (proposed, RTNTB,
and EMP) with the 20MHz and 40MHz test signals. These
results show that the proposed DPD consistently outperforms
the EMP based DPD for the 20MHz and 40MHz test signals.
Moreover, the proposed DPD has comparable accuracy to
the RTNTB DPD for the 20MHz signal. However, when
stronger memory effects are present (as it is the case with the
40MHgz test signal), the proposed DPD can mimic the desired
predistorted signal better than the RTNTB predistorter.
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FIGURE 7. NMSE for DPD identification (a) 20MHz test signal, (b) 40MHz
test signal.

The measured adjacent channel leakage ratio (ACLR) at
the output of the linearized DUT as a function of the total size
of the MP function are reported in Fig. 8. These results show
that the performance of the proposed predistorter is similar to
that of the RTNTB, and is superior to that of the EMP based
predistorter. In fact, the proposed DPD achieves an ACLR of
better than —50dBC in the adjacent channel, and —56dBC in
the alternate adjacent channel with as low as 15 coefficients in
the memory polynomial function. The RTNTB achieves com-
parable performance which is consistently 1 to 2dB worse
than the proposed DPD. The EMP model seems to be unable
to linearize the DUT at hand with the considered number of
coefficients. A sample of the measured spectra at the output of
the linearized amplifier is shown in Fig. 9. This figure clearly
shows that with only 15 parameters in the MP function, the
proposed predistorter achieves a quasi-perfect cancellation of
the distortions at the output of the DUT.

The same tests were reproduced with the 40MHz 5G
test signal. The measured ACLR data for each model as a
function of the memory polynomial function size is sum-
marized in Fig. 10. According to this figure, the proposed
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FIGURE 8. Measured ACLR for the 20MHz 5G test signal (a) ACLR1 upper
and lower, (b) ACLR2 upper and lower.

model achieved an ACLR better than —50dBC with as low as
15 coefficients in the MP sub-function. Comparable results
are obtained for the RTNTB model. However, it is clear that
the EMP is unable to compensate for the strong memory
effects and its performance in the adjacent channel is around
—42dBC that is 10dB worse than the proposed model. Sam-
ples of the measured spectra at the output of the linearized
DUT are depicted in Fig. 11. These spectra, corresponding
to 15 coefficients in the MP function, show that there is no
noticeable residual distortions at the output of the PA when
the proposed DPD is applied. However, slight distortions
remain un-compensated in the vicinity of the carrier with the
RTNTB model. The EMP model is unable to linearize the
proposed DUT under these conditions.

The results reported in this section clearly demonstrate
the ability of the proposed model in achieving complete
cancellation of the distortions at the output of the DUT while
requiring a reasonably low number of coefficients. Moreover,
it is important to highlight that the LUT is implemented as a
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FIGURE 9. Measured spectra at the output of the linearized amplifier for
a 20MHz 5G test signal (with 15 coefficients in the MP sub-functions).

memoryless polynomial function with K = 12 coefficients.
Hence, in the case of the RTNTB model, the LUT imple-
mentation requires 12 complex-valued coefficients, while in
that of the proposed DPD, the AM/AM LUT only requires 12
real-valued coefficients, which is a computational complexity
equivalent to 6 complex-valued coefficients.

Accordingly for a memory polynomial function with
15 complex-valued coefficients in the proposed DPD, the
total model size is equivalent to 21 complex-valued coeffi-
cients. However, for the same size of the memory polyno-
mial function (that is 15 complex-valued coefficients), the
RTNTB model size is equivalent to 27 complex-valued coef-
ficients. Hence, while achieving comparable performance to
the RTNTB, the proposed DPD leads to approximately 22%
reduction in the model complexity (21 coefficients instead of
27). The results of Figures 8 and 10 show that for the case of
the EMP model, the performances in terms of ACLR cannot
reach a level comparable to that of the proposed and RTNTB
DPDs even if the model size is increased up to 35 complex-
valued coefficients.

Based on the results of the two test signals, it appears that
the proposed DPD outperforms the EMP model. Moreover,
the proposed DPD performance presents a slight enhance-
ment compared to the RTNTB model. However, the superi-
ority of the proposed DPD (when compared to the RTNTB
model) resides in its complexity reduction (in terms of num-
ber of coefficients) which is in the range of 20%. Further-
more, as it will be discussed in the next section, the proposed
model is more suitable than the RTNTB model for hybrid
baseband/RF implementation, and can allow for substantial
benefits in terms of digital to analog converter speed.

IV. PROPOSED DPD IMPACT ON THE TRANSMIT PATH
DAC SPEED

Conceptually, the proposed DPD and the RTNTB DPD can
be implemented either using the architecture of Fig. 3 or
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FIGURE 10. Measured ACLR for the 40MHz 5G test signal (a) ACLR1 upper
and lower, (b) ACLR2 upper and lower.

that of Fig. 4. However, a major drawback of the RTNTB
predistorter that hinders its hybrid implementation is due to
the fact that the analog implementation of the memoryless
predistortion function is complex. Indeed, it requires applying
power dependent magnitude and phase corrections on the RF
signal. The proposed DPD addresses this issue by simplifying
the memoryless predistortion function and reducing it to just
a power dependent gain/attenuation function. By enabling a
low complexity hybrid implementation, the proposed DPD
can relax the speed requirements on the DAC of the transmit
path.

To illustrate this aspect, the intermediate spectra for the
predistorters used to achieve the linearization performance
reported in Figures 9 and 11 were derived. Fig. 12 and
Fig. 13 report the spectra for the case of the 20MHz and
40MHz 5G test signals, respectively. Each of these figures
includes the spectra at the output of the MP sub-function (MP
node) of both the proposed and the RTNTB predistorters.
The fully predistorted signal (output of the predistorter) is
also included for the proposed, the RTNTNB and the EMP
predistorters. Figures 12 and 13 clearly show that the partly
predistorted signals at the output of the MP sub-function do
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FIGURE 11. Measured spectra at the output of the linearized amplifier for
a 40MHz 5G test signal (with 15 coefficients in the MP sub-functions).

not present any significant spectrum regrowth and have a
bandwidth similar to that of the input signal. This is due to the
fact that the partly predistorted signal at the output of the MP
sub-function has been subject to a mildly nonlinear function
which does not result in noticeable spectrum regrowth in the
adjacent channel. Conversely, the fully predistorted signals
have significant spectrum regrowth in the adjacent channels.
In fact, typically a fully predistorted signal spans over 5 times
the bandwidth of the original signal. Hence, applying the
digital to analog conversion on the partly predistorted signal
at the output of the MP sub-function can lead to significant
reduction, of up to 80%, in the predistorted signal bandwidth
at the DAC input. This will in turn result in a proportional
reduction in the DAC speed requirements for the transmit
path, which will also lead to lower power consumption for
the DAC block.

It is worthy to mention here that the EMP DPD is also
suitable for RF implementation. In such case, the signal at
the input of the transmit path’s DAC will simply be the
non-predistorted input signal which has a bandwidth com-
parable to that of the DAC’s input signal in the hybrid
implementation of the proposed DPD. However, as illus-
trated in the previous section, the proposed DPD achieves
superior performance in terms of spectrum regrowth cancel-
lation. Accordingly, the proposed DPD system outperforms
the RTNTB model in terms of number of coefficients and
ease of implementation in a hybrid configuration to relax
the DAC speed requirements, while achieving comparable
performance. Furthermore, it outperforms the EMP DPD in
terms of performance and ease of implementation in a hybrid
configuration for a comparable benefits in terms of DAC
speed requirements.

To further validate the ability of the proposed model in
reducing the operating sampling rate of the digital to analog
converter, the hybrid implementation of Fig. 4 was consid-
ered. Since the implementation of the analog LUT is out of the
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FIGURE 12. Measured spectra of the predistorted signal at various nodes
of the DPD for a 20MHz 5G test signal (with 15 coefficients in the MP
sub-functions).
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FIGURE 13. Measured spectra of the predistorted signal at various nodes
of the DPD for a 40MHz 5G test signal (with 15 coefficients in the MP
sub-functions).

scope of this work, the following test scenario was performed.
First, the DUT characteristics were acquired, and the two
sub-functions of the proposed DPD were synthesized. The
signal at the output of the MP sub-function was downloaded
into the signal generator and the corresponding analog signal
generated at reduced sampling rates. The digital to analog
conversion of the partly predistorted signal was performed
at 40.96Msps and 51.2Msps for the 20MHz and the 40MHz
test signals, respectively. To mimic the memoryless LUT, the
partly predistorted signal was acquired again and applied to
the memory LUT (which was digitally implemented in this
case). Fig. 14 reports the measured spectra at the output of the
linearized amplifier obtained from this test condition (hybrid
implementation). These results are also compared to the fully
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FIGURE 14. Measured spectra at the output of the linearized amplifier
using the fully digital and hybrid implementations of the proposed DPD
(a) 20MHz 5G test signal, (b) 40MHz 5G test signal.

digital implementation of the proposed predistorter. This fig-
ure shows that for both test signals, the proposed predistorter
performance is not affected by the hybrid implementation
involving low-speed digital to analog conversion.

V. CONCLUSION

In this paper, a novel digital predistorter was proposed. This
predistorter was derived with the objectives of achieving high
performance, while being suitable for low-complexity hybrid
implementation in order to enable relaxed sampling rates in
the transmit path of digital predistortion systems. The pro-
posed DPD was experimentally validated using 20MHz and
40MHz 5G test signals on a commercial GaN PA evaluation
board. The proposed DPD was found to achieve better than —
50dBC ACLR performance with a reasonably low number of
coefficients. Compared to benchmark models, the proposed
DPD achieves comparable performance to the RTNTB model
while reducing by more than 25% the total number of coef-
ficients. Moreover, it also reduces by approximately 80% the
bandwidth requirements of the DAC used in the transmit path.
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The proposed model can be efficiently implemented in hybrid
baseband digital and RF analog predistortion systems to allow
for memory effects compensation with low complexity and
high performance.

DISCLAIMER

This paper represents the opinions of the author(s) and does
not mean to represent the position or opinions of the Ameri-
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