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Abstract 

A digital pre-distortion model based on Volterra series named Orthogonal Cross Memory 
Polynomial (OCMP) is proposed at the problems of the memory and nonlinearity traits 
caused by the power amplifier, combining the existing pre-distortion model and system 
implementation structure. This model halves the nonlinear order of the memory 
polynomial model, and combines the cross-term part of the DDR(Dynamic Derivative 
Reduced) model, which effectively improves the accuracy of the model without 
increasing the amount of model calculation. The pre-distortion system adopts the 
indirect pre-distortion structure. Compared with the direct pre-distortion structure, this 
structure can ensure that the system obtains the global optimal solution without 
knowing the power amplifier characteristics in advance. Adaptive algorithm and using 
Least Square (LS) algorithm to achieve iteration and replacement of model coefficients. 
The simulation results show that compared with the existing pre-distortion model, the 
OCMP model has stronger anti-interference ability, and the model accuracy is higher, 
whose out-of-band suppression effect is improved by about 2dB compared with the MP 
model. 
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1. Introduction 

As an important module in the wireless communication system, the power amplifier (PA) has 
been researched on its performance. The most popular research direction is the linearization 
technology of the power amplifier, that is, the pre-distortion technology (Pre-Distortion 
Technology, PD). The power amplifier working in the non-linear region will cause the signal 
spectrum to broaden, which will seriously interfere with the data transmission of adjacent 
frequency bands. By preprocessing the input of the power amplifier in advance, the 
linearization of the power amplifier can be realized.      According to Shannon’s law, to increase 
the data transmission rate, it is necessary to increase the data 

Transmission bandwidth. In order to improve spectrum utilization, almost all modulation 
methods for digital baseband signals today are high-order modulation methods, such as 8PSK, 
16QAM, 64QAM, OFDM, etc. These modulation methods are all non-constant envelopes, and the 
number of modulated carriers is as high as dozens or even thousands, so higher peak to average 
ratio (Peak to Average Power Ratio, PAPR) will be produced after modulation. PAPR is a 
measurement parameter of the waveform.  

In the research of digital predistortion, the establishment of power amplifier model is a hot 
topic. Among them, the digital predistortion model is the inverse model of the behavior model 
of the power amplifier. Therefore, only by establishing a high-precision predistortion model 
can better predistortion performance be obtained. Among them, the Volterra series model is 
often used to express certain characteristics of the nonlinear system. This model can more 
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accurately represent the nonlinear behavior of the power amplifier, but due to the large amount 
of calculation, considering that when the memory depth is 3 and the nonlinear order is 5, the 
number of coefficients of the model is as high as 526.It can be seen that the scale of Volterra's 
full series is very large. As the power amplifier memory depth and nonlinear order increase, the 
number of model coefficients will increase exponentially. 

2. Digital predistortion model design 

2.1. Principle of DPD 

The principle block diagram of digital predistortion is shown in Figure 1. 

 
Fig. 1 Predistortion schematic 

The principle of digital predistortion is to perform distortion processing on the input signal in 
advance, that is, digital signal processing, so that when the distorted signal passes through the 
power amplifier, it compensates for the distortion caused by the power amplifier, so that the 
input-output signal shows a linear quality as a whole. The principle block diagram of digital 
predistortion is shown in Figure 1. In the figure, ( )x n is the predistorter input signal, ( )y n is the 

predistorted output signal, and ( )z n is the power amplifier output signal. 

2.2. New model establishment 

The number of coefficients of the MP model is reduced by about 3/5 compared to the Volterra 
series, and the MP model can be expressed as  
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Among them, K represents the maximum nonlinear order, Q  represents the memory depth, 

and kqa  is the model coefficient. 

DDR (Dynamic Derivative Reduced) is also a simplified version of Volterra series [7], which 
separates the dynamic and non-dynamic orders of the original Volterra model, and controls the 
accuracy of the model by controlling the dynamic order. The model can be expressed as 
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The predistortion model of the orthogonal cross-memory polynomial is to omit the even-order 
memory polynomial model, and merge the DDR model, retain its cross-term, delete some high-
order dynamic terms, while maintaining the computational load of the MP model, The accuracy 
of the predistortion model is greatly improved, and its nonlinear order is generally an odd 
number, so the improved memory polynomial model is 



Scientific Journal of Intelligent Systems Research                                                                                        Volume 3 Issue 2, 2021 

ISSN: 2664-9640                

83 

1

12
2

1 1

1

12

1 0

( ) ( ) | ( ) |

( ) | ( ) |

K

Q
k

kq

k q

K

Q
k

kq

k q

y n a x n q x n

b x n q x n q





 





 

 

  





                                                (3) 

Where kqa is the basis function coefficient corresponding to the MP model, kqb is the basis 

function coefficient corresponding to the DDR model, K is the nonlinear order, and Q is the 

memory depth. Table 1 is a comparison table of the complexity of three different power 
amplifier models under the condition that the memory depth isQand the nonlinear order is K . 

Table 1. Comparison table of the complexity of different DPD models 

DPD Model Dynamic State Number of coefficients Cross Term 
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Through subsequent simulations, it can be proved that compared with the MP model, the OCMP 
model can greatly improve the accuracy of the MP model without changing the amount of 
calculation, so as to achieve better out-of-band suppression of the input signal by the 
predistortion system effect. 

2.3. Structure of DPD 

 
Fig. 2 Indirect predistortion model schematic 

The principle of the indirect predistortion model is as follows. The error between the power 
amplifier input and the attenuation output is calculated, and the output signal of the MP model 
is approximated to the output signal of the adaptive algorithm through an adaptive algorithm. 
The advantage of the indirect predistortion model is that the predistortion model can be 
established accurately and stably without knowing the nonlinear characteristics of the power 
amplifier and estimating the nonlinear function in advance. 

3. Simulation 

The orthogonal cross-memory polynomial model proposed in this paper uses Matlab for 
modeling and simulation. The input signal is a 64QAM signal that is differentially coded by a 
pseudo-random sequence and has a bandwidth of 20MHz. The signal is baseband modulated. 
In the whole simulation process, the model coefficients are extracted from the actual AB power 
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amplifier [11]. Under the condition that the memory depth is 3 and the nonlinear order is 5, the 
extracted model parameters are as follows 
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Next, we use the indirect predistortion system structure to simulate the input signal with a 
signal-to-noise ratio of 10dB and 20dB. 

 
Fig. 3(a) 20dB input signal     Fig. 3(b) 10dB input signal 

From Figure 5 (a) and (b), it can be seen that the power amplifier power spectrum of the system 
without predistortion is dense, and the out-of-band interference reaches about 60MHz, which 
is three times the bandwidth of the normal signal frequency band, which seriously affects the 
signal transmission of adjacent frequency bands. , Causing greater electromagnetic interference. 
Under the condition of a higher signal-to-noise ratio (20dB), the out-of-band suppression 
capabilities of the MP model and the OCMP model are almost the same. The power attenuation 
outside the 20MHz frequency band is about 48dBm/Hz, and the signal attenuation outside the 
frequency band is extremely fast, achieving the effect of pre-distortion. 

4. Summary 

This paper proposes an orthogonal cross-memory polynomial model based on Volterra series, 
the model structure adopts indirect predistortion structure. The first improvement is to delete 
even-order coefficients and delay terms on the basis of the memory polynomial model; the 
second improvement is to merge the DDR model on the basis of deleting the even-order MP 
model, and delete some parts The high-order nonlinear term of the DDR model can improve the 
accuracy of the model without increasing the calculation amount of the model. The simulation 
results show that compared with the existing predistortion models, such as MP model and 
Volterra series, the improved model has stronger anti-interference ability, and the number of 
iterations when the system is stable is reduced by approximately %6, and the out-of-band 
suppression effect is better, the out-of-band attenuation is increased by about 20%. 
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