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Abstract 

A new digital pre-distortion technique to linearize power amplifiers (PAs) is being 

proposed for concurrent dual-band transmitters. In the considering system, dual-band 

signals are combined and amplified by a single wideband PA. The PA output signal is 

distorted by the cross-modulation between different band signals as well as their own 

inter-modulation. In conventional dual-band DPD techniques, two independent dual-

feedback paths are required to convert the dual band PA outputs into baseband signals, 

respectively. However, it increases hardware complexity and expense. In this paper, we 

propose a new DPD method requiring only a single feedback path. In this new structure, 

the proposed technique first estimates the dual-band PA characteristics using the single 

feedback path. The DPD parameters are then extracted from the estimated PA 

characteristics. Computer simulation demonstrates that the proposed technique can 

achieve comparable performance with the conventional dual-feedback DPD, with 

significantly reduced hardware complexity. 

 

Keywords: Concurrent dual-band, Digital Pre-distortion (DPD), PA (Power amplifier), 

Polynomial, Single feed-back 

 

1. Introduction 
Mobile communication systems have been evolving very fast and new wireless 

communication systems have been developing continuously in concordance with the 

needs of customers. To provide higher data rate wireless transmissions within the limited 

frequency resources, a promising and highly energy-efficient technique arising in recent 

years is the concurrent dual-band transmitting architecture [1]-[5]. In this architecture, 

dual-band signals are combined and amplified by a single wideband power amplifier (PA). 

However, compared to the single-band transmitter, dual-band signals amplified by a 

single PA are more severely distorted by nonlinear cross-products between different 

bands as well as the nonlinear self-products of each band’s own signal. Those nonlinear 

distortions cannot be compensated by the conventional single-band digital pre-distortion 

(DPD) methods [6]-[7], since they do not consider the nonlinear cross-products between 

different bands.  

In order to overcome these problems, concurrent dual-band DPD techniques have been 

proposed recently to solve the linearization of concurrent dual-band transmitters [8]-[12] 

Fig. 1 shows concurrent dual-band DPD systems, where the dual feedback-paths involve 

two radio frequency (RF) down converters and analog-to-digital converters (ADCs). This 

can compensate for the distortion in lower band (LB) and upper band (UB) separately by 

treating the signals at two bands as two independent paths. Since each DPD output is 

simultaneously generated from dual independent inputs, the DPD parameters can be 

extracted by using data sequences captured at the same time from the dual PA outputs. 

Therefore, dual-feedback paths are inevitably required, which increases system 

implementation cost and size. In addition, it leads to the degradation of the linearization 
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performance if any mismatch and/or offset between two feedback paths exist. To relieve 

from this difficulty, a DPD architecture that requires only one feedback path is proposed 

in this paper. Specifically, the proposed technique first estimates the dual-band PA 

characteristics using the single feedback path. The DPD parameters are then extracted 

from the estimated PA characteristics. The performance of the proposed method is 

validated through computer simulation. According to the results, the proposed technique 

can achieve linearization performance similar to the conventional method using two 

feedback paths. 

 
Figure 1. Conventional Architecture of Concurrent Dual-band DPD System 

with Dual-feedback Paths 

 
Figure 2. Proposed Architecture of Concurrent Dual-band DPD System with 

a Single-feedback Path 
 

2. System Model 

The baseband equivalent model of the proposed DPD scheme is shown in Fig 2. A 

concurrent dual-band transmitter with two DPDs and a single feedback path is considered. 

The dual streams are transmitted using dual different bands, respectively, that are not 

located adjacently. One DPD is for LB and the other is for UB. The outputs of both PDs 

are converted into analog signals by a digital-to-analog converter (DAC) and up- 

converted to the desired RF frequencies, respectively. Then, those up-converted signals 

are combined together and amplified by a single PA. To obtain DPD parameters, the 
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proposed technique first estimates the dual-band PA characteristics using a single 

feedback path. Since there is one feedback path, PA characteristics at one of dual bands 

can be estimated at a time. However, by changing the local oscillator frequency at the 

feedback path, the other band’s characteristics can be found as well. Thus, by a time 

sharing manner, the dual band PA’s characteristics can be found sequentially. After PA 

identification, the DPD parameters are found from the estimated PA characteristics. This 

scheme reduces the number of components, cost and power consumption. 
 

3. Proposed Technique 
 

3.1. Dual-Band DPD Structure 

For dual-band transmission with dual carriers of    (  ) and    (  ), the amplified 

PA outputs are distorted by cross-band and inter-band nonlinear products. Therefore, the 

input and output relation of the PA can be modeled by a nonlinear multiple input multiple 

output (MIMO) system [13]-[14]. The PA’s input/output relations,   ( )      , can be 

represented as follows: 

  ( )    (  ( )   ( )) 

                                                      ( )    (  ( )   ( ))                                                    (1) 

Let   ( )       be the functions representing the DPD characteristics, then DPDs 

functions can be written as 

  ( )    (  ( )   ( )) 

                                                       ( )    (  ( )   ( ))                                                     (2) 

where   ( ) and   ( ) are the transmitted signals at    and     frequencies, respectively. 

The ideal PD should satisfy the following relations to compensate for the nonlinearity of 

PA. 

  (  ( )   ( ))       ( ) 

                                                   (  ( )   ( ))       ( )                                                 (3) 

where    is the ideal gain of the PA. The proposed DPD is found through two steps : PA 

identification and DPD parameter calculation. 

 

3.2. Identification of PA Characteristics 

In this step, baseband equivalent PA models   ( ) for i= 1, 2 are estimated. DPD is 

bypassed at the PA identification process, i.e.,   ( )    ( ). We assume that   =1 

hereafter. The i-th identified PA output can be expressed as  
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where superscripts ( )  denotes conjugate operation, ( )  and ( )  denote transpose and 

hermitian, respectively, 2K-1 is the maximum polynomial order of PA, M is the memory 

depth and    is the weight vector of for i-th PA. As an example, assume that K=3 and 

M=0. Then,    and    are     weight vectors and    ( ),   ( ) are written as  

  ( )  [
  ( )   ( )|  ( )|    ( )|  ( )|    ( )|  ( )|  

  ( )|  ( )| |  ( )|    ( )|  ( )| 
]

 

 

  ( )  [
  ( )   ( )|  ( )|    ( )|  ( )|    ( )|  ( )|  

  ( )|  ( )| |  ( )|    ( )|  ( )| 
]

 

 

(5) 
To estimate each PA, the least squares (LS) criterion is used. The LS cost function for 

the i-th PA is defined as 

   
     

      ∑|  ( )    
 ( )  ( ) |

 
 

   

                             

(6) 

The solution can be found via recursive least squares (RLS) algorithm [15], summarized 

in Table 1. N is the training length. 

 

Table 1. RLS Algorithm 

 
 

3.3. Proposed DPD 

After finding two PA parameters,    and   , we can obtain DPD parameters that 

linearize cross-modulation between two band signals from the identified PA model. 

Similarly to PA identification, the polynomial-based DPD is employed, and its parameters 

are estimated by using identified PA as shown in Fig 3. Let   ( )  denote DPD’s 

characteristics at i-th band. Then the DPD’s output can be written as follows: 
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   ( )  

   (7) 

where Q is the maximal polynomial order of DPD. For example, assume that Q=3 and 

M=0. Then,    and    are     weight vectors and   ( ),   ( ) are given by (5). Then, 

the LS cost function for DPD at the i-th Band is defined as 

 

   
     

      ∑|  ( )    
   ( ) |

 
 

   

 (         )                

(8) 

where    are given by  
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(9) 

 

The RLS adaptive algorithm is used again for finding DPDs [15]. Therefore, We can 

reuse Table 1 by swapping the input and output variables, or use by replacing  ( ) with 

 ( ), c with w and  ( ) with  ( ). 

 
Figure 3. Detailed Diagram of the Proposed DPD Architecture after PA 

Identification Process 

 

 

4. Simulations Results 
 

4.1 Simulation Environment 

To demonstrate the performance of the proposed method, simulation was carried 

out by using MATLAB. The dual-band LTE down-link signals of 20 MHz 

bandwidth, centered at 800MHz and 1.8GHz are used. For the nonlinear memory-

PA model, Saleh’s model is employed [16]: 
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The memory effects are modeled by using a finite impulse response (FIR) filter 

with coefficients [0.7692 0.1538 0.0769]. The DPD parameters are as follows. The 

maximum polynomial order of PA and PD are 5 and memory depth is 3 (K=3, Q=3, 

M=2). The forgetting factor   for the RLS algorithm is 0.99.  

 

4.2 Performance of PA Identification 

  In this section, the PA identification performance is examined. The adaptive algorithm 

in Table 1 is used for PA identification. The initial conditions for the parameters     are 

            . Learning curves for the mean square errors (MSEs) are shown in Fig 4. 

According to the results, the adaptive algorithm converges within 1,000 samples, and the 

MSE after convergence is around      . The final PA model parameters are extracted as 

follows: 

 

   = [1.0127 + 0.0282i, -0.1845 - 0.5808i, -0.0753 + 0.3590i, -0.2727 - 0.9341i, 0.0641 

+ 0.4361i, 0.0023 + 1.2699i, 0.0102 + 0.0397i, 0.0405 - 0.0314i, 0.0095 - 0.0361i, 

0.014 - 0.0008i, -0.2676 + 0.2952i, -0.5151 + 0.3859i, -0.0062 - 0.0101i, -0.0262 + 

0.0246i, 0.02590 - 0.0305i, -0.0003 - 0.0071i, 0.0767 - 0.0981i, 0.2823 - 0.1854i ] 

   = [1.0203 + 0.0706i, -0.1207 - 0.4673i, -0.0248 + 0.1086i, -0.3042 - 1.2266i, -0.2401 

+ 1.0987i, -0.51859 + 1.7537i, -0.0017 - 0.0042i, -0.0147 - 0.0038i, -0.0019 + 

0.1398i, -0.03801 + 0.0565i, 0.1221 - 0.2259i, 0.4107 - 0.3905i, -0.0005 + 0.0004i, 

0.0105 + 0.0017i, -0.0055 - 0.075i, 0.027 - 0.0327i, -0.0771 + 0.1367i, -0.2698 + 

0.2407i] 
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               Figure 4. Learning curve (a) : LB (b) : UB           

 
Figure 5. PA Output Spectrum (left: LB, right: UB) 

 

To see the accuracy of the identified model, the output spectrums of the Saleh’s PA 

output and the identified PA output are compared in Fig 5. Two spectrums almost 

coincide with each other. Those results indicate that the proposed PA identification 

method is suitable for modeling dual band PA characteristics.  

 

4.3 DPD performance 

After PA identification, DPD parameters are obtained. The initial condition for the DPD 

parameter    is             . Two learning curves for the mean square errors (MSEs) 

are shown in Fig 6. According to the results, the adaptive algorithms converge within 

1,000 samples, and the MSE after convergence is around      . The final DPD 

parameters are found as follows: 
 

   = [0.9871 - 0.0269i, 0.2047 + 0.5349i, -0.1343 + 0.0411i, 0.313 + 0.8737i, -0.6581 

+ 0.1173i, -0.6407 + 0.2433i, -0.013 - 0.0397i, -0.0233 + 0.0322i, 0.1007 - 0.1151i, 

-0.0139 - 0.0229i, 0.5838 - 0.2475i, 1.2115 - 0.7386i, 0.0073 + 0.0103i, 0.0286 - 

0.031i, -0.0921 + 0.1293i, 0.0133 + 0.0156i, -0.2304 + 0.07i, -0.6553 + 0.3888i] 

   = [0.9813 - 0.0691i, 0.1588 + 0.441i, -0.0299 - 0.006i, 0.4125 + 1.1286i, -0.5418 - 

0.1897i, -0.0871 - 0.5424i, -0.0077 + 0.0055i, 0.0006 - 0.0217i, -0.0248 + 0.003i, -

0.0208 - 0.069i, 0.0815 + 0.3017i, 0.3025 + 0.5418i, 0.0048 - 0.0012i, -0.0007 + 

0.0115i, 0.0138 + 0.006i, 0.0115 + 0.0422i, -0.0566 - 0.1721i, -0.176 - 0.2969i ] 

Figs.7.1 and 7.2 show the AM/AM (amplitude-to-amplitude modulation) and 

AM/PM (amplitude-to-phase modulation) characteristics at LB and UB, respectively. 
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Red, blue and green curves represent the PA characteristics without DPD, DPD 

characteristics and PA characteristics with DPD, respectively. It is seen that the 

DPD characteristics are inverse of the PA, and the combined characteristics of the 

DPD and the PA are linear. For verification of signal quality at transmission signals, 

EVM (error vector magnitude) is evaluated. EVM is defined as follows:  

 

     √
  |  ( )   ( )   |  

  |  ( )|  
                                 (  )                                              

 

Table 2 shows the EVM values. Without proposed DPD, the EVMs of the PA 

output at LB and UB are 4.046% and 4.533%, respectively. Fig.8 shows the 

corrupted constellations at both bands. However, after applying the proposed DPD, 

the EVMs at LB and UB become 0.031% and 0.054%, respectively. The improved 

EVMs can be confirmed by constellations in Fig.8. 

Fig.9 shows the power spectrums at LB and UB. Red and green colors represent 

the spectrums without DPD and with proposed DPD, respectively. Comparing red 

and green, it is verified that the proposed method reduces the spectral regrowth by 

28~33dB at both bands. The detailed value of the adjacent channel leakage ratio 

(ACLR) is listed in Table 3. This result indicates that the proposed technique can 

successfully mitigate the spectral regrowth with a single feedback path.  

 
Table 2. Measured EVM performance 

 

 

Figure 6. Learning Curve (a) : LB, (b) : UB 

 

 

 

 

 

 

 

 

 

 

 

 LB (%) UB (%) 

Before DPD 4.046 4.533 

After DPD 0.031 0.054 

Figure 7.1 AM/AM & AM/PM Characteristics at LB 
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Figure 7.2 AM/AM & AM/PM Characteristics at UB 

Figure 8. EVM Performance (left:  LB, right: UB) 
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Table 3. ACLR Performance 

 LB (  20 MHz) (dB) UB (  20 MHz) (dB) 

Before DPD -39.77 -39.24 

After DPD -68.26 -72.62 

 

5. Conclusion 

   A DPD technique for concurrent dual-band transmitter was proposed. Compared with 

conventional dual-band architecture, the proposed DPD uses only one feedback path. In 

this architecture, the dual band PA’s characteristics can be sequentially found by changing 

the local oscillator frequency at the feedback path. After PA identification, the DPD 

parameters are found from the estimated PA characteristics. The computer simulation 

results verified the effectiveness of the proposed technique. 
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