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Summary 

In this paper the efficiency of linearization for pre-distortion 
in 64-QAM modulation, utilized in Ka-band satellite link for 
DVB-RCS services, is investigated. The linearization is 
simulated by Matlab-Simulink, for a GEO Satellite and DVB-
RCS service. A TWTA power amplifier with 1dB back-off is 
used in this satellite link, and to conclude the results, the 
spectrum and eye-diagram in both transmitter and receiver side 
are evaluated. 
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1. Introduction 

The new generation of satellite receivers for DVB-RCS 
services in Ka-band are utilizing higher order modulation 
such as 64-QAM and higher efficiency TWTA power 
amplifiers.   
One of the most expensive parts of satellite 
communication systems is the output power amplifier, 
which has the most power consumption. There is a trade 
off between working in the linear area and the maximum 
efficiency. Linearization techniques increase the efficiency 
by keeping  the linearity of power amplifiers. To have 
enough linearity the amplifier should function at low 
output level. Distance between operation point and 
saturation point is so called Back-Off. Linearization 
reduces the Back-Off.  Table. 1.  
Shows the amount of improvement for a multi carrier 
system using predistortion [1].  
 
Table 1: Linearization Benefits 
Pre-distortion No Yes 
TX Power 10W 10W 
PAR 9dB 9dB 
Backoff 12dB 9dB 
PA Power Rating 160W 80W 
Efficiency 
 

9% 18% 

Power Dissipation 101W 45W 
 

2. Power Amplifier 

Before applying linearization techniques, studying of non-
linearity characteristics of power amplifiers is important. 
To evaluates non-linearity effects in high power amplifiers, 
a polynomial is utilized to justify output to input transfer 
function [2]. The output of the system can be expressed by 
a 3rd order polynomial, shown by Eq.1                                
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In the Eq.1, a1 is the linear gain of the amplifier, and a2 
and a3 are the non-linear gains respectively. The block 
diagram of a power amplifier is illustrated in Fig. 1, where 

)(tvi
 and  )(tvo

  are input and output signals of systems 

respectively. To show the non-linearity affect of the 
amplifier, the system is tested with two tones, with 
different frequencies, the output signal and then the non-
linearity affect due to TWTA power amplifier is evaluated. 
But applying two tones in Eq. 2 into the polynomial in 
Eq.1, the output of high power amplifier and the out 
spectral effects is clarified. 
 

                          (2)                           
 

 
Fig.1. Block diagram of input and output of power amplifier 

 
The result of spectral expansion for the output spectrum, 
when two tones are applied to the input, is illustrated in 
Fig. 2, and certainly all coefficients in Eq. 1 are real. 
Generally the output of the system can be expressed by 
Eq.3.  
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Fig.2.  spectral expansion for the output spectrum, when two tones are 

applied to the input. 
 

Ordinarily, the function of a power amplifier is described 
by AM-AM and AM-PM characteristics. The AM-AM 
characteristic can be extracted from the non-linear 
polynomial, stated in Eq.3, although AM-PM 
characteristic can not be extracted. But the AM-PM 
characteristic can be extracted by Eq. 5. The AM-AM and 
AM-PM characteristics of the power amplifier are shown 
by ag  and ϕg , respectively [2].   
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In the TWTA high power amplifier with Saleh modeling, 
the AM-AM and AM_PM  characteristic are introduced by 
Eq.5 and Eq.6. 
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The non-linear characteristics are drawn in Fig. 3 verses 
input voltage. 
 

 
Fig.3. The non-linear characteristics of TWTA with saleh model. 

 

Fig.4 illustrates the result of test with two tone inputs, and 
obviously the affect of non-linearity of the amplifier is 
observed in the output spectrum.  
 

 
Fig.4. (a) input of TWTA amplifier (b) output of TWTA amplifier. 

3. Baseband Pre-distortion 

Mathematically, a pre-distortion system has an inverse 
function of the high power amplifier [3-11]. Pre-distortion 
system and the high power amplifier are cascaded together 
as a chain, and it is illustrated in Fig.5   
 

 

 
Fig.5. cascaded of amplifier and pre-distortion unite. 

 

If )(tvd is the time domain output signal of high power 
amplifier, the total output of the system is expressed by 
Eq.7. 
 

)())(())())((()( tvtvftvtvfgtv iiiio =                                     (7) 

It is cleared that the high power amplifier is linear when 
the mount of G in Eq.8 is constant. 
 

)))(())())((( tvftvtvfgG iii=                                           (8) 

A pre-distortion system changes the shape of input data of 
amplifier so that the total characteristic of system is linear. 
In other words we cascade two non-linear systems so that 
the output to input of the whole system is linear. This will 
be done only if the power amplifier functions near its 
saturation point.     
For linearization of a TWTA power amplifier, in 64-QAM 
modulation, a pre-distraction system is designed, with the 
following design steps. 
Suppose that we express the amplitude and phase of every 
symbol in 64-QAM modulation by Eq.9. 

))(cos()()( ttwtAtx c ϕ+=                                   (9) 
We can describe the output of the amplifier and pre-
distortion by Eq.10. 
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TWTf : function of TWTA  AM/AM conversions.  

TWTP : function of  TWTA AM/PM conversions.  

PDFA :  function of PD amplitude.  

PDFP : function of PD phase. 

 
As the ration of output to input should be constant, the 
conditions in Eq.11 should become true: 
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Therefore Eq.12 shows the relationship between the 
amplitude and the phase of pre-distorter: 
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Fig.6 illustrates the block diagram of designed  Pre-
distorter, to calculate 64-QAM symbols. 
 

 
Fig.6.  Pre-distorted system 

 

4. System Model 

A GEO satellite link in 30GHz is utilized for testing of a 
pre-distorter. Pseudo random date is used as input beside 
64-QAM modulation. The pre-distorter is located before 
TWTA, with the parameters described before. The back-
off of system is 1dB, and the free space loss is almost 
213dB. The noise temperature in  receiver is 60°K. The 
utilized pulse shaping is raised-cosine and the test is done 
with and without pre-distorter. Fig. 7 illustrates the 
simulation block diagram, used for the simulation with 
MATLAB/Simulink. The random binary streams passing 
through a raised-cosine filter and a 64-QAM modulator 
are sent to the input of the pre-distortion sub-system. We 
use Saleh model for TWTA according to the parameters 
shown in Eq.5 and Eq.6. Ultimately, the spectrum 

parameters and the amount of BER are measured after 
receiving the signal via satellite link. 
 

 
Fig.7. Simulink Model  

 
Fig.8 and Fig.9 illustrate the affect of non-linearity and 
also the linearization affect by the pre-distorter in the 
simulation respectively. Fig. 8 shows the spectrum of 
transmitted signal, after the power amplifier without 
predistortion. Fig.9  shows that the level of first side lobe  
in received signal with pre-distorter is 20dB lower than the 
received signal without pre-distorted also the bandwidth is 
half of the non pre-distorted state.  
 
 

 
Fig.8. Spectrum in receiver and transmitter with nonlinear amplifier 

without using linearizer. 
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Fig.9. Spectrum in receiver and transmitter with nonlinear amplifier with 

using linearizer. 
 

The effect of linearization can be evaluated by the eye-
diagram of the system for output symbols in two stated. As 
it is seen in Fig.10 and Fig.11, the eye-opening  is much 
more in the linearized system. In Fig.10, the eye-diagram 
is illustrated, while the power amplifier is non-linear, and 
in Fig.11 the eye-diagram of the power amplifier is 
illustrated, when a pre- distortion system is cascade with 
the power amplifier. 
Fig.12  and Fig.13 show the advantages of using data pre-
distortion in term of BER performance for different roll-
off factor with and without data pre-distortion. As it is 
illustrated in Fig.12, the amount of error is minimums 
when 5.0=α . When the amount of α  is large, and 
consequently the bandwidth and the noise power is 
increased, the amount of BER is increased. Fig.13 
Illustrates the amount of BER without pre-distortion. 
Obviously, as the amount of back-off is 1dB, and also 64-
QAM modulation is sensitive to non-linearity of TWTA, 
the amount of BER is high. Comparing Fig.12 and Fig.13, 
the amount of BER is improved by 5105.3 × . This result 
enables the 64-QAM modulation scheme to be efficiently 
utilized in satellite communication systems not worry 
about non-linear distortion. 
 
 

 
Fig 10. eye diagram in receiver  with nonlinear amplifier without using 

linearizer. 
 

 
Fig 11. eye diagram in receiver  with nonlinear amplifier with using 

linearizer. 
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Fig.12. BER for different roll off factor with Pre-distortion 

 

 
Fig.13. BER for different roll off factor without Pre-distortion 

 
In the method, presented in [12] for DVB-MODEM with 
QPSK modulation, the side lobe is improved about 10dB. 
In the method presented in [13] with 16-QAM for mobile 
satellite, the amount of improvement of the side lobes is 
13dB. In [14] the pre-distortion method for linearization in 
16-QAM modulation and without roll-off parameter is 
implemented. The results of simulations show that the 
method, offered in this paper, improves the amount of side 
lobe by 20dB, with considering the roll off affect. 
Therefore, the offered method confirms a better 
performance than the above references. 

5. Conclusion 

In this paper the efficiency of linearization for baseband 
pre-distortion in 64-QAM modulation, utilized in Ka-band 
GEO satellite link for DVB-RCS services, is investigated. 
A TWTA power amplifier with about 1dB back-off is used 
in this satellite link,  and the spectrum and eye-diagram in 
both transmitter and receiver side are evaluated. 
Simulation results show that satellite communication link 
can benefit from 64-QAM modulation schemes, using our 

pre-distortion techniques. Also, this method for data pre-
distortion can be used for higher level modulation.  
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