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Abstract 
 
As next generation (5G) cellular transmitters are foreseen 
to operate with very wide bandwidths, and with aggregates 
of medium-power amplifiers, the traditional use of digital 
predistortion (DPD) will be certainly restricted. Therefore, 
the incorporation of analog circuitry along with the power 
amplifier to compensate, in part, the generated distortion is 
a plausible solution to relax the complexity of the DPD 
algorithms. In this sense, this paper presents an analysis of 
possible architectures for implementing static analog 
linearizers for power amplifier circuits, indicating their 
advantages and disadvantages. The objective is to provide 
system level support for possible implementations of 
analog linearizers. 
 
1. Introduction 
 
User services supported on cellular networks are 
continuously pushing for higher bitrates, which leads 
wireless transceivers to require wider bandwidths. Also, 
power management and saving concerns are seen as critical 
issues, and the current spreading of electromagnetic power 
throughout the space surrounding the base-station is no 
longer an adequate solution. In this sense, base-stations for 
the next generation of cellular networks (5G) will most 
likely be composed of antenna arrays, where each antenna 
element is sourced by its own amplifier circuit that is on 
the Watt power range (and not in the hundreds of Watt 
range) and prepared to transmit signals within a bandwidth 
of several tens to hundreds of MHz. 
These new requirements are challenging for the current 
digital predistortion (DPD) techniques, as the digital 
processors implementing the linearization algorithms 
require a sampling frequency that scales with the signal 
bandwidth, but also does its power consumption – leading 
to linearizers that would most certainly consume more 
power than the amplifier they are trying to compensate. 
This scenario opens room for analog compensation 
techniques, which do not operate with sampled signals and 
whose bandwidth restrictions can be set through the 
selection of adequate electronic components and circuit 
elements. Naturally, it is not expected that analog 
linearizers would lead to identical linearization results as 
DPDs, as the former would hardly present the same level 
of configurability and degrees of freedom of the latter. 
Nevertheless, any improvement in the analog transmitter’s 
linearity, if not sufficient, will decrease the complexity of 

the DPD algorithm, making it possible to reduce the power 
consumption, per amplifying path, of the digital part of the 
transmitter. 
Analog linearization is not a new concept, and different 
strategies have been implemented in the past – some 
examples are shown in [1–5]. However, these approaches 
assume from the start a topology for the analog 
linearization architecture (such as predistortion or feed-
forward) without analyzing, from a system-level 
perspective, how its block constitution would be for the 
specific case of a power amplifier (PA), nor how the 
transfer function shape of each constituting block would be 
like. This is a relevant issue since the hardware 
requirements for implementing a specific function (or 
slight variations of it) with analog components can be 
significantly reduced when compared to the 
implementation of generic functions (such as polynomials). 
This paper intends to contribute to this topic by providing, 
from a system level perspective, the block diagram 
definition (and the nature of each of the block functions) of 
possible architectures that could be implemented with 
analog circuitry to compensate the distortion in PAs. In 
addition, practical implementation comments are also 
provided for each analyzed architecture. 
As the main contribution to the generation of distortion in 
PAs is attributed to their static input-output characteristics 
(namely, the AM-AM and AM-PM) [6], this paper 
analyses only the case of static analog predistortion. 
 
2. PA Static Model Formulation 
 
The design of the presented linearizer architectures is based 
on the mathematical model of the PA input-output 
behavior. As the PA circuit is mainly sensitive to the input 
signal amplitude (and not to the phase/frequency variations 
of the carrier signal), its behavior can be described by the 
AM-AM and AM-PM characteristics. Therefore, the static 
model considered for the PA input-output behavior, where (ݐ)ݔ = (ݐ)ܾ cos൫߱଴ݐ + ൯(ݐ)ߚ  is the input modulated 
signal, generates the PA output, (ݐ)ݕ, according to  
(ݐ)ݕ  = ௔݂ሾܾ(ݐ)ሿ cos൫߱଴ݐ + (ݐ)ߚ + థ݂ሾܾ(ݐ)ሿ൯ (1). 

In (1), the static function ௔݂ሾ∙ሿ represents the PA’s AM-AM 
characteristic, and థ݂ሾ∙ሿ is the PA’s AM-PM static model. 
 
 



3. Analog Predistorter Architecture Analysis 
 
The analog predistorter (APD) for a certain PA circuit can 
be designed to directly operate over the RF modulated 
signal that reaches the PA input (named here as the 
RF-APD), or can transform the input signal still at the 
baseband level (denominated BB-APD), or a mixture of the 
two cases can be considered (the Mx-APD). Since specific 
electronic components are considered for each of the RF or 
baseband cases, it could be thought that a mixture of the 
two solutions would not be considered; however, as is 
shown, this seems to be, indeed, one of the natural 
possibilities which, from the topological viewpoint, leads 
to simple architectures. 
In the following sections, possible architectures for these 
APD approaches are described. 
 
3.1 Analysis of the Static RF-APD Approach 
 
In Fig. 1 is depicted the topological architecture of a 
common transmitter stage to which a RF-APD was added. 
This APD processes the modulated signal, at the 
fundamental frequency ߱௢ = ߨ2 ௢݂, changing its amplitude 
and phase so that the overall transmitter is linear. 
 

 
Figure 1. General transmitter with an analog predistorter 
operating on the RF signal (the RF-APD). 
 
Since the RF-APD is operating directly on the RF signal at 
the fundamental frequency, it needs simply to 
independently compensate for the AM-AM and AM-PM 
distortions of the PA. To demonstrate this, let us consider 
that the RF-APD implements the following model: 
(ݐ)ݔ  = ℎ௔ሾܽ(ݐ)ሿ cos൫߱଴ݐ + (ݐ)߶ + ℎథሾܽ(ݐ)ሿ൯ (2) 

for the modulator output signal given by 
 
(ݐ)ݖ  = (ݐ)ܽ cos൫߱଴ݐ +  .൯ (3)(ݐ)߶

Thus, the linearization conditions for the whole transmitter 
(in this case, the RF-APD and PA cascade) are 
 ቊ ௔݂ൣℎ௔ሾܽ(ݐ)ሿ൧ = (ݐ)߶(ݐ)ܽܩ + ℎథሾܽ(ݐ)ሿ + థ݂ൣℎ௔ሾܽ(ݐ)ሿ൧ =  (ݐ)߶

(4) 

 
where ܩ is the desired gain of the linearized transmitter. 
The evident solution of (4) is 

 ቊ ℎ௔ሾܽ(ݐ)ሿ = ௔݂ି ଵሾ(ݐ)ܽܩሿℎథሾܽ(ݐ)ሿ = − థ݂ൣ ௔݂ି ଵሾ(ݐ)ܽܩሿ൧ (5) 

 
where ௔݂ି ଵሾ∙ሿ is the inverse function of ௔݂ሾ∙ሿ. 
Topologically, the static RF-APD structure that 
implements the functions defined in (5) is that shown in 
Fig. 2. As seen in (5) and in Fig. 2, it is a system that 
responds to the envelope amplitude, ܽ(ݐ) , of the RF 
modulated signal, impacting on the envelope amplitude 
and phase, ܾ(ݐ) and (ݐ)ߚ, respectively. 
 

 
Figure 2. Topology of the static RF-APD that compensates 
for the PA AM-AM and AM-PM nonlinear characteristics. 
 
The two static nonlinearity blocks in Fig. 2 operate at 
baseband, effectively, as the envelope detector retrieves the 
amplitude of the RF modulated signal – thus, the topology 
of Fig. 2 is, in fact, of an Mx-APD. These two blocks 
implement the static functions related with the PA AM-AM 
and AM-PM, generating the two control signals (݈ݎݐܥ௔(ݐ) 
and ݈ݎݐܥథ(ݐ)) that set the gain and phase of the variable 
gain amplifier (VGA) and variable phase shifter (VPS), 
respectively. It must be noted, however, that the bandwidth 
of operation of the ௔݂ି ଵሾ∙ሿ static nonlinearity block must be 
that of the envelope amplitude, ܽ(ݐ) . As is known, the 
bandwidth of ܽ(ݐ)  is considerably higher than the 
bandwidth of the original baseband complex envelope 
signal. Moreover, the − థ݂ሾ∙ሿ static nonlinearity block must 
operate with an even higher bandwidth since its input 
results from the nonlinear processing of the (already 
wideband) ܽ(ݐ) signal. 
Another issue to consider is that common off-the-shelf 
VGA and VPS units allow only a very low bandwidth for 
their control signal, whereas in the case of Fig. 2 it would 
be required a very wide bandwidth at this port (although at 
the baseband range). Therefore, this implementation would 
most probably require dedicated VGA and VPS circuits. 
Moreover, VGAs usually present a non-constant AM-PM 
characteristic, and VPSs may have non-flat AM-AM, 
which decreases the effectiveness of this predistorter. 
 
3.2 Analysis of the Static BB-APD 
 
For the case of the baseband implementation of an APD 
(the BB-APD), it is assumed that the baseband signals 
available for the BB-APD to process are the in-phase, ݅(ݐ), 
and quadrature, (ݐ)ݍ, components of the complex envelope 



input signal. Later, it will also be considered the case of 
directly processing the amplitude, ܽ(ݐ), and phase, ߶(ݐ), 
of such complex envelope signal (which, from the system 
level point of view, seems a more adequate choice). 
In Fig. 3 is depicted the most general BB-APD block that 
could be considered to compensate the static PA AM-AM 
and AM-PM characteristics. It is, naturally, a dual-input 
dual-output block, which can be represented by the two 
real-valued two-dimensional functions in (6). 
 

 
Figure 3. General transmitter with an analog predistorter 
operating over the baseband in-phase and quadrature 
signals (the Cartesian BB-APD). 
 
 ൜(ݐ)ݎ = ݃ூሾ݅(ݐ), (ݐ)ݏሿ(ݐ)ݍ = ݃ொሾ݅(ݐ),  ሿ (6)(ݐ)ݍ

According to the mixing performed by the I/Q modulator, 
the PA output signal, following (1), is 
(ݐ)ݕ  = ௔݂ ቂඥ(ݐ)ݎଶ + ଶቃ(ݐ)ݏ cos ቆ߱଴ݐ+ atan ቆ(ݐ)ݎ(ݐ)ݏቇ+ థ݂ ቂඥ(ݐ)ݎଶ +  ଶቃቇ(ݐ)ݏ

(7). 

Therefore, the linearization conditions are (where the time 
dependency was omitted for simplicity) 
 

۔ۖۖەۖۖ
ۓ ௔݂ ൤ට݃ூሾ݅, ሿଶݍ + ݃ொሾ݅, ሿଶ൨ݍ = ඥ݅ଶܩ + ଶݍ

atan ቆ݃ொሾ݅, ,ሿ݃ூሾ݅ݍ ሿቇݍ + థ݂ ൤ට݃ூሾ݅, ሿଶݍ + ݃ொሾ݅, ሿଶ൨ݍ == atan ቀ݅ݍቁ  
(8). 

 
Solving (8) in order to the nonlinear static functions ݃ூሾ∙ሿ 
and ݃ொሾ∙ሿ yields the (not so simple) expressions in (9) and 
(10), respectively, defined with respect to (11). 
 ݃ூሾ݅, ሿݍ = ௔݂ି ଵ ቂܩඥ݅ଶ + ଶቃݍ cos(ߙ) (9) 

݃ொሾ݅, ሿݍ = ௔݂ି ଵ ቂܩඥ݅ଶ + ଶቃݍ sin(ߙ) (10) 

α = atan ቀ݅ݍቁ − థ݂ ൤ ௔݂ି ଵ ቂܩඥ݅ଶ +  ଶቃ൨ (11)ݍ

Not surprisingly, expressions (9, 10) reveal the amplitude- 
and phase-oriented interpretation of the PA behavior, as the ݅(ݐ) and (ݐ)ݍ signals appear in those equations in the form 

of ඥ݅(ݐ)ଶ + ଶ(ݐ)ݍ =  the original complex envelope ,(ݐ)ܽ
amplitude, and of atan((ݐ)݅/(ݐ)ݍ) =  the phase of ,(ݐ)߶
the input complex envelope. Naturally, this would suggest 
that the first block of the BB-APD would be, in fact, an 
element that transforms the I/Q signals into their 
corresponding polar form (with an increase in bandwidth). 
One interesting observation that (9, 10) reveal is that the 
PA static nonlinearities could not be compensated if the 
BB-APD functions ݃ூሾ∙ሿ and ݃ொሾ∙ሿ would be single-input 
functions. If those functions were just restricted to (ݐ)ݎ =݃ூሾ݅(ݐ)ሿ  and (ݐ)ݏ = ݃ொሾ(ݐ)ݍሿ , then there would not be 
sufficient degrees of freedom in such BB-APD to 
compensate for the PA static AM-AM and AM-PM 
behavior. This is a natural consequence of the fact that 
these two PA characteristics are a function of the amplitude 
of the input envelope. 
Looking at the expressions of (9–11), the topology of a BB-
APD that implements such relations can be designed, 
which is shown in Fig. 4. 
 

 
Figure 4. Topology of a static Cartesian BB-APD. 
 
As the diagram of Fig. 4 illustrates, the implementation of 
the BB-APD that directly processes the in-phase and 
quadrature input signals is rather complex. Besides two 
squarers, two multipliers and adders, it requires five static 
nonlinear blocks, one of which being dual-input. 
Notice that the input of the block that implements ௔݂ି ଵሾ∙ሿ 
receives an input whose bandwidth is twice that of the ݅(ݐ) 
and (ݐ)ݍ signals, but that is only due to the fact that the 
square-root operator was accommodated into the ௔݂ି ଵሾ∙ሿ 
block (and, as before, so was the multiplication by the ܩ 
gain). The signal output by the ௔݂ି ଵሾ∙ሿ block occupies the 
same bandwidth as its equivalent block of the RF-APD 
topology in Fig. 2. 
However, contrary to the RF-APD, the BB-APD of Fig. 4 
has all its elements operating at baseband, not requiring any 
additional RF component. 
As mentioned before, the level of complexity of the 
topology of this BB-APD is mostly due to the conversion 
between the Cartesian ݅(ݐ)/(ݐ)ݍ  representation into the 
polar representation, ܽ(ݐ)/߶(ݐ). Thus, let us now consider 



that the transmitter receives the amplitude and phase 
signals at its baseband input. Even realizing that this is not 
the common case, the clear complexity reduction on the 
BB-APD architecture encourages its analysis. 
This polar BB-APD would receive as inputs the ܽ(ݐ) and ߶(ݐ) real signals, and generate the predistorted complex 
envelope amplitude, ܾ(ݐ) , and phase, (ݐ)ߚ , signals. A 
modulator would then use these signals to modulate the 
carrier wave at frequency ௢݂ to form the PA input signal. 
Following the same approach to retrieve the linearization 
conditions of this transmitter, it is simple to reach the 
topology of this polar BB-APD, shown in Fig. 5. 
With this polar-oriented approach, the modulator that 
would be most suited for this implementation would also 
be a polar modulator, instead of the traditional Cartesian 
I/Q modulator. Such polar modulator could be 
implemented through the cascade of a VGA and a VPS, 
whose control signals are those provided by the polar BB-
APD. Figure 6 presents the overall topology of the 
transmitter that, using polar-oriented predistortion (again, 
an Mx-APD), is suited for compensating the PA AM-AM 
and AM-PM static characteristics. 
 

 
Figure 5. Topology of the static polar BB-APD. 
 

 
Figure 6. Overall transmitter topology with the static polar 
BB-APD and polar modulator. 
 
4. Conclusions 
 
Different topological approaches for implementing analog 
predistorters were presented, highlighting the frequency 
band of operation of their required components (either at 
the fundamental RF frequency or at baseband), and some 
of their advantages and difficulties. The point that this 
analysis intends to stress is that, through this system-level 

analysis, the topology and the nonlinear static functions to 
be implemented by analog circuitry are defined a priori, 
which allows designing circuits for implementing just 
those functions (including possible adjustment/tuning 
capabilities), instead of assuming circuits that aim for 
general function implementations (such as circuits 
implementing polynomials or artificial neural networks) – 
this should lead to much simpler circuits (with possible 
lower power consumption). 
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