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Abstract—The increase in bandwidth of Power Amplifier 

(PA) input signals has led to the development of more complex 

behavioral PA models. Most recent models such as the 

Generalized Memory Polynomial (1) or the Polyharmonic 

distortion modeling (2) can be used to design very performant 

but complex and thus very consuming Digital Predistortion 

algorithms (DPDs). On the other hand, with earlier simpler 

models, the precision of the DPD may not be enough. The model 

order is also the major factor influencing the requirements in 

terms of bandwidth and dynamic range of the digitized signal in 

the feedback loop of a typical Power amplification system 

architecture: the higher the order, the more information is 

needed for identification. 

This paper describes a new mixed signal simulation platform 

developed to study the complexity vs. accuracy trade-off from the 

DPD point of view. The platform estimates the accuracy of the 

DPD and the power consumption (including the consumption of 

the DPD itself) of the whole feedback loop, by comparing various 

PA models with various DPDs algorithms. Contrary to older 

works, measuring the accuracy on the open loop without DPD 

and estimating the complexity in theoretical number of 

operations, our goal is to be able to estimate with precision the 

performances and the power consumption of the whole 

amplification system (PA + DPD + DAC + feedback loop) for 

optimization of DPD algorithms. 
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I. INTRODUCTION 

The increase of mobile services based on 4G LTE services 
across global markets, provides subscribers with the type of 
responsive Internet browsing experience that previously was 
only possible on wired broadband connections. In fact, LTE 
has a rapid uptake since LTE subscriptions are expected to 
exceed 1.3 billion by the end of 2018 (3), while they does not 
exceed more than 200 commercial LTE networks in operation 
as of August 2013 (3). Furthermore, with the exponential 
growth in network data traffic, the mobile industry must offers 
products with higher capabilities and performances with lower 
cost than existing wireless systems, including LTE (4). This 
strategy will enable new services, new applications and thus 
must be based on a combination of network topology 
innovations and new terminal capabilities. To address these 
requirements, wireless transmission systems, operating at 
higher frequencies, requires more bandwidth and increases the 
demands on the linearity of power amplifiers (PAs). Moreover, 

with the growth of power consuming base stations’ number, it 
is very important to develop power-efficient linear devices in 
radio base stations (5). Since for mobile devices the power is 
driven from limited battery supplies, the power consumption is 
the most critical parameter to optimize. As the RF power 
amplifiers (PAs) are the most power consuming building 
blocks in wireless transmitters, their design is highly 
constrained by trade-off between power efficiency and 
linearity. This is why, in recent years, the interest in PA 
modeling has increased. In this paper, the second session 
describes the state of the art and advancements of one of the 
most promising linearization techniques. 

In Sections III, IV and V, we describe three platforms 
developed in order to study the complexity/efficiency trade-off 
for LTE base stations. 

II. PA LINEARIZATION TECHNIQUES 

A. PA characteristics 

In fact, high efficiency operating PA induces unacceptable 
nonlinear distortions at the output of the PA. On the other 
hand, the price for linearity is a sharp drop in power efficiency 
(6). So, power efficiency and linearity present key parameters 
of amplification systems but they cannot be achieved 
simultaneously. This is why it is necessary to apply 
linearization techniques to a high-performance amplifier but 
not sufficient linear. Many techniques have been developed to 
achieve high efficiency linear operating modes of PAs, but the 
main drawback of such techniques comes from the fact that the 
generated waveforms are extremely vulnerable to 
imperfections in the transmission chain (shown in Figure 1). 
Some of these techniques were dedicated to improve efficiency 
behaviour and others to extend the linear behaviour into high 
efficiency regions of operation. The latter’s are known as 
linearization techniques. 

 

Fig. 1. Typical Power amplification system architecture 
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An amplifier is linear if its gain is constant throughout the 
range of the input signal. If this gain is not linear, the output 
signal is distorted by clipping. The DC bias point is the most 
important factor in determining the relationship between PA 
nonlinearity and efficiency. For a real amplifier, the gain and 
phase-shift are functions of the input signal. The complex 
transfer function is dependent on the amplifier input power. As 
a result, the gain decreases and phase-shift changes as the level 
of the input signal drives the amplifier into its saturation 
region. The PA output amplitude and phase characteristics are 
known as AM-AM (Amplitude-to-Amplitude) and AM-PM 
(Amplitude-to-Phase) characteristics, respectively (7). AM/AM 
and AM/PM are typical way to characterize the nonlinearity of 
a PA. An example of AM/AM and AM/PM characteristics is 
shown in Figure 2. Unfortunately, to model a real PA there is 
an important parameter to characterize which is the Power 
Added Efficiency (PAE) (Figure 3). At the base station, 
linearity in the PA is more important than efficiency (8). 

 

Fig. 2. AM/AM and AM/PM characteristics for a Typical PA 

B. Digital Predistortion Technique 

In fact, there are various linearization techniques which are 
classified according to their functionality, architecture, and 
application. Details of these schemes and their techniques are 
described in (8) and (10). 

The digital predistortion technique (DPD) is considered as 
a key enabling technique for future radio transmitters. It is 
entirely implemented using digital processors and this offers 
re-configurability capabilities, one of the main features of 
future communication systems. This common technique 
provides an inexpensive solution in which a nonlinear circuit is 
inserted between the input signal and the PA. The nonlinear 
circuit generates IMD products inverse to that produced by the 
PA and thereby cancels the effect of the PA nonlinearity. 

 

Fig. 3. PA Power Added Efficiency (PAE) 

This can be viewed as the predistorter having 
characteristics inverse to the real PA AM-AM curve in Figure. 
1. So DPD is a baseband signal processing technique that 
corrects impairments of RF PAs. These impairments cause out-
of-band emissions, spectral regrowth and in-band distortion of 
Wideband signals with a high peak-to-average ratio. LTE/4G 
transmitters, are particularly susceptible to these unwanted 
effects. The Error Vector Magnitude (EVM) and Peak-to-
Average Power Ratio (PAPR) metrics are measured to evaluate 
the power efficiency and the linearity of an amplification 
system (figure .1). As shown in Figure 4, DPD improves the 
adjacent channel power ratio (ACPR) caused by impairments 
already discussed. 

 
Fig. 4. Example of Adjacent channel power ratio (ACPR) improvement with 

DPD 

III. MATLAB PLATFORM 

To simplify the implementation of the platform developed 
and to solve various problems that may be encountered, we 
have chosen to divide the implementation into three dependent 
stages or steps The first Matlab platform is developed in 
Matlab/Simulink to implement an adaptive DPD algorithm. 
This platform uses Simulink block circuits to model the chain 
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presented in Figure 1. The modeling, itself, was divided into 
three parts and is based on some simplifications to accelerate 
simulations. In fact, the PA is an analog circuit using a real 
pass-band signal while we use a base-band complex signal for 
a discrete time system. Furthermore, we do not include 
quantization effects due to the ADC and DAC and up/down 
conversion effects. First, we model the PA using a polynomial 
memoryless Saleh amplifier described in (12) followed by an 
asymmetrical complex filter. The PA simulation then extracts 
the system inputs and outputs that will be used later to find the 
expression of the DPD algorithm. Equation (1) describes a 
memory polynomial (11) form for a non-linear PA: 

 

 

(1) 

Where x is the PA complex input, y is the PA complex 
output, akm are the PA polynomial complex coefficients, M is 
the PA memory depth, K is the degree of PA non-linearity and 
n is the time index. The next part consists on deriving DPD 
coefficients using matrix inverse algorithm by reversing the 
roles of x and y in equation (1) as the DPD is the inverse non-
linear function. So we can derive DPD coefficients using this 
equation (2): 

 

 

(2) 

Where dkm are DPD coefficients used for implementing 
equation (2) in Matlab for a static DPD.  The last part consists 
of extending the static DPD design to adaptive one based on 
Least Mean Square (LMS) algorithm in order to evaluate a 
functional validation of the amplification system and provide 
an estimation of the ACPR and the EVM. The LMS algorithm 
used an indirect learning architecture to implement an adaptive 
DPD with no matrix inverse. Figure 4. Shows an example of 
curve’s Output spectrum using the platform Matlab/Simulink 
simulation for a system with K=M=5. 

IV. MATLAB/CADENCE PLATFORM 

This second Matlab/Cadence platform was developed to 
estimate with more accuracy ACPR, EVM and the analog part 
power consumption. So, the design of the analog part of the 
amplification system was done on Cadence using Verilog A 
language and  modifying models of the PA, mixers, VCO, 
ADC and DAC available in Cadence library. This platform 
shown in Figure 5. Is based on a Matlab/Cadence co-
simulation using couplers and saving the DPD algorithm 
already developed and presented in section III for the Matlab 
platform. Figure 6. Shows an example of simulation results of 
co-simulation using the AMS designer as Cadence simulator. 
In fact, the high level system concept is often specified in the 
early stages of design work. This process is well supported by 
both concept engineering and system-level simulation tools 
such as MATLAB/Simulink. Co-simulation using AMS 
designer and MATLAB/Simulink combines the best of system-
level simulation with lower-level analog and RF simulation. 
Simulink provides large libraries of DSP algorithms for 
generating complicated signals and post processing while AMS 
supports transient and envelope analysis of RF and 

communication circuits, such as mixers and oscillators both at 
the transistor and behavioral levels. Therefore, to run the co-
simulation, Cadence recommends using specific software 
versions and some libraries and blocks must be installed for the 
two tools such as Couplers (13). 

V. CADENCE ULTIMATE PLATFORM 

The PA, in the previous platform, modeled in Verilog A 
does not include the AM/PM distortion, therefore, it was 
necessary to add a filter after the PA. Furthermore, the power 
consumption of the analog part does not be accurate estimated. 
So, we implement the third Cadence Platform with the RF 
analog part in Transistor Level and Digital part in VHDL to 
obtain accurate estimation of power consumption of digital part 
(DPD algorithm). But, by using the AMS designer simulator, 
Harmonic Balance simulation cannot be established to 
visualize spectrums and deduce ACPR, EVM and DPD 
parameters. As a solution, we develop Post processing in 
Matlab using Cadence simulation results. In fact, we need also 
to improve PA model by including memory effects and the 
recursive adaptive DPD algorithm in VHDL. So to design the 
RF analog part at transistor level, we use the 0.35 µm AMS 
CMOS standard technology. 

 

Fig. 5. Matlab/Cadence Platform prototype 

 

 

Fig. 6. Example simulation result of Matlab/Cadence Platform: (a) Input 

LTE Spectrum, (b) PA output Spectrum 

VI. CONCLUSION 

This paper demonstrated workflow for implementation of 
three mixed signal platforms developed for the study of the 
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accuracy/complexity trade-off of Digital Predistortion (DPD) 
algorithms and optimization of the power consumption for 
LTE base station applications. The project goal acheived was 
providing libraries in order to compare various PA models with 
various DPDs algorithms and be able to estimate with precision 
the performances and the power consumption of the whole 
amplification system. We used Co-simulation: MATLAB was 
used to model digital part, and Cadence used to model and 
design the RF analog part of the amplification system. 
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