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Abstract: Digital PreDistortion (DPD) is a very useful method to improve the linearity of Power Amplifiers 
(PAs) for LTE and upcoming 5G networks. As the spectrum resources are becoming more and more crowded, and 

the communications bandwidth are broader, the ACPR (Adjacent Channel Leakage Ratio) is very important to 

communication systems. DPD is one of the useful means for PA to reduce ACPR. This article demonstrates what 

DPD is and how DPD is achieved, the measurement of the Digital Distortion of a PA using a vector generator and 

vector analyzer, and the measurement results has been discussed. 
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1  Introduction 

Power amplifier is widely used in in wireless 
communication systems, such as 5G and LTE. Fig.1 
shows where the Power Amplifiers (PAs) located in a 
communication system. The function of PAs is to am-
plify the modulated band signal to the required power 
level. There may be several PAs in one communication 
system due to the multi-stage amplifying and mul-
ti-frequency. In practical application, in order to im-
prove the efficiency of power amplifier, the power 
amplifier needs to work near the saturation area. 
However, working at saturation area, may cause the 
power amplifier’s non-linearity. The non-linearity 
inducing the in-band distortion and out-of-band dis-
tortion of the signal. In-band distortion is mainly ma-
nifested in AM/AM and AM/PM modulation effects, 
which leads to signal amplitude and phase distortion. 
These undesired modulations can deflect the constel-
lation, induce the deterioration of bit error rate, etc. 
Out-of-band distortion can cause interfere to the ad-
jacent channels. 

There are three means that can be done to improve 
the linearity of PA which working near the saturation 
area. The first one is to reduce the output power of PA 
to 1dB below saturation power, which is the simplest 
linearization method. It can improve the linearity of the 
system without adding other components in the system. 
However, its disadvantage is also very obvious: be-
cause the PA works in the linear region, the efficiency 
of the system will be greatly reduced.  

The second one is called negative feedback 
technology, which has been widely used in all kinds of 
PAs. In the RF circuit, the basic function of feedback is 
that a part of the output power from PA is fed back to 
the input through the coupling network. After the input 
signal passes through the feedback network, it will 
generate a distortion signal with the same amplitude 
and opposite phase as to the nonlinear distortion signal 
generated by the PA. The input and the feedback signal 
sent to the PA together as the corrected input to the PA. 
By this means to achieve the purpose of linearization. 
The shortcoming of this measure is that more compo-
nents have to be added, and it is not suitable for 
broadband PAs.  
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Fig.1  PAs in Wireless Communication System 
 
The third one is called PreDistortion (PD). Pre-

distortion technology is a common linearization tech-
nology of PA, which is widely used in microwave and 
satellite communication, 5G, etc. Predistortion tech-
nology is an open-loop technology. Its compensation 
effect is not as well as that of closed-loop, but it has the 
advantages of high stability, wide bandwidth and low 
cost compared with other linearization technology. 
According to the position of digital predistorter, it can 
be divided into three types: RF predistortion, IF pre-
distortion and Base-band predistortion. Digital Pre-
Distortion (DPD) is one of the predistortion methods, 
which is suitable for PA of digital modulation system. 
In DPD, the I signal and the Q signal can be predis-
torted separately. 

2  DPD  

PA inevitably produces amplitude and linear dis-
tortion, especially for those working at the compres-
sion point. DPD can correct the AM/AM and the 
AM/PM effects of PA, so that improve the linearity of 
the PA. DPD can also increase the compression point of 
output power to a higher level, thereby increase the 
efficiency. The Characteristic curve of DPD is shown 
in Fig.2. 

 

 
Fig.2  Characteristic Curve of DPD 

DPD is to impose distortion to the input of a PA, 
by inserting a predistorter. The characteristics of pre-
distorter are to distort the input signal as to correct the 
distortion of the power amplifier. After cascading, the 
PA becomes a linear system, and the relationship be-
tween signal input and output is linear. However, DPD 
cannot correct signals which the peaks extend a lot to 
surpass the saturation point due to the high clipping of 
signal.  

The implementation of DPD is to sample the input 
signal and the output signal of PA, and calculate the 
error and the compensation. The compensation added 
to the input of PA, to correct the distortion of PA. The 
compensation contains correction values for amplitude 
and phase. The procedure of measuring compensation 
may be iterated many times, till the expected linearity 
achieved.  

The principle of DPD is illustrated in Fig.3. The 
measurement of the distortion and the calculation of 
the compensation are the key points of DPD. In Fig.3, 
that means to measure the transfer function of predis-
torter [h (p, f), p stands for power, f stands for fre-
quency]. h (p, f) can be a chart or a polynomial.  
 

 
 

Fig.3 Principle of DPD 
 

3  Measurement of the DPD Performance 
of PAs 

DPD performance measurement of PA is illu-
strated in Fig.4. The measurement system consists a 
vector signal generator (VSG) and a vector signal 
analyzer (VSA). 
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To perform DPD measurement, the following 
steps need to be followed. First step, connect the 
10MHz reference of VSG with that 10MHz reference 
of VSA. The base-band IQ signal of IQ generator is 
input to the VSG. And the IQ of output signal is 
measured after the base-band signal passes through 
VSG and VSA. Second step, put a PA as DUT and an 
attenuator between the VSG and VSA. The purpose of 
adding the attenuator is to prevent the VSA from 
damage by the output signal of PA. By measuring the 
IQ of output signal after the base-band signal passes 
through VSG, PA, attenuator and VSA, the transfer 
function of predistorter h (p, f) can be achieved. 

4  Measurement Results 

A measurement of DPD has been performed using 

the R&S SMW 200A vector signal generator with 
option k-541 and FSW vector signal analyzer with 
option k-18. The test setup is shown in Fig.5. 

The measurement process is controlled by 
FSW-K18 software, which can measure the AM/AM 
and/or the AM/PM predistortion in real time and EVM. 
DPD feature depends on the type of modulation type. 
The predistortion feature works with any base-band 
signal. Fig.6 shows the signal flow for DPD. FSW that 
obtains the distortion model of the PA by calculating 
the measurement signal and the reference signal, then 
accomplish the predistortion measurement using 
FSW-k18 under different powers and frequencies. By 
using this procedure, the nonlinear model is got for 
DPD. The model or chart can be an input for predis-
torter to improve the linearity of PA. 

 

 

Fig.4  DPD Test Setup 
 

 
 

Fig.5  DPD Measurement with SMW200A and FSW 
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Fig.6  Signal Flow for DPD 
 
Many factors can cause distortion to PA. Among 

these factors, both nonlinear region and modulation 
bandwidth are the most common factors. In order to 
verify the influence of output power and the modula-
tion bandwidth on DPD, this paper carries out the 
comparative measurements under two conditions. First 
One is to test the DPD under different levels of output 
power with fixed modulation bandwidth. The other one 
is to measure the DPD of device under different mod-
ulation bandwidths with fixed output power. The DUT 
is a PA with the nominal P1dB output power of 25dBm.   

4.1  DPD at Different Levels of Output Power 

As for the effect of power level, one is in the li-
near working area, the other one is in the state of P1dB 

point. The modulation bandwidth is fixed to 20MHz in 
all measurements of section 4.1. Under two levels of 
output power, EVM and ACLR of PA output are 
measured with and without DPD. In the meantime, 
curves of phase deviation and AM/AM are compared. 
So as to evaluate the actual effect of DPD. Table 1 
shows EVM and ACLR under different power 
with/without DPD.  

It can be seen from Table 1, EVM parameter after 
DPD are optimized under different output power. For 
ACLR parameters, the DPD optimization is more ef-
fective under P1dB point.  

 
Table 1  EVM and ACLR under Different Power 

Power Level Parameter Without DPD With DPD

20dBm 
EVM 1.863% 0.491% 

ACLR 43.99dBc 40.61dBc

25dBm 
EVM 6.361% 1.275% 

ACLR 24.75dBc 27.79dBc

 
Fig.7 shows the Phase Deviation without/without 

DPD under 20dBm. Fig.8 shows the Phase Deviation 
without and without DPD under 25dBm. 

Through the comparison between Fig.7 and Fig.8, 
it is not difficult to find that with the increase of output  

 

 
(a) Without DPD 

 

 
(b) With DPD 

 

Fig.7  Phase Deviation under 20dBm 
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(a) Without DPD 

 

 
(b) With DPD 

 

Fig.8  Phase Deviation under 25dBm 
 

power from the linear area to P1dB, the deterioration of 
the phase deviation of the PA is aggravated. However, 
after DPD optimization, the same phase deviation 
results are obtained. It shows that DPD is very effective 
in optimizing phase deviation for PA working in P1dB. 

In the same way, Fig.9 and Fig.10 show the 
AM/AM curve without/without DPD under 20dBm 
and 25dBm respectively. 

Through Fig.9 and Fig.10, the effect of DPD on 

AM/AM is not obvious no matter if the PA is working 
in linear or nonlinear area. 

4.2  DPD at Different Modulation Bandwidths 

Use the same method, the article performed a 
comparison measurement to evaluate the DPD per-
formance at the modulation bandwidth of 20MHz and 
100MHz. The output power is fixed to 25dBm in all 
measurements of section 4.2.  

 

 
(a) Without DPD 

 

 
(b) With DPD 

 

Fig.9  AM/AM under 20dBm 
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(a) Without DPD 

 

 
(b) With DPD 

 
Fig.10  AM/AM under 25dBm 

 
Table 2 shows EVM and ACLR under different 

modulation bandwidths with/without DPD. Through 
Table 2, the larger of modulation bandwidth, the worse 
deterioration of EVM and ACLR performance. In 
different modulation bandwidths, EVM and ACLR are 
optimized by DPD. The degree of optimization is al-
most the same. 

 
Table 2  EVM and ACLR under Different  

Modulation Bandwidths 

Modulation 
Bandwidth 

Parameter Without DPD With DPD

20MHz 
EVM 6.361% 1.275% 

ACLR 24.75dBc 27.79dBc

100MHz 
EVM 7.388% 1.401% 

ACLR 25.20dBc 28.13dBc
 

5  Conclusion 

With the increasing shortage of wireless commu-
nication spectrum resources, the protection band be-
tween channels is becoming smaller and smaller. At the 
same time, with the application of 256QAM, OFDM 
and other complex modulation methods in 5G com-
munication. The requirement of communication sys-
tem for signal distortion is higher and higher, which 

requires higher output linearity of PAs. Hence, the 
DPD technology effectively improves the linear range 
and linearity of PA, which is significant for 5G com-
munication system. This article gives a method to 
measure the DPD performance of PAs. In summary, 
DPD is very effective for the PA working in the non-
linear area no matter what the modulation depth is. 
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