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Introduction 

As new wireless communication standards seek to meet the myriad ŘŜƳŀƴŘǎ ƻŦ ǘƻŘŀȅΩǎ end users, 

the traditional RF transmitter chain is faced with an evolving set of challenges. To maximise 

information throughput, signal bandwidths are continuously growing. In fourth generation long-term 

evolution-advanced (LTE-A), for example, to meet the stated goals of 1 Gb/s downlink and 500 Mb/s 

uplink speeds, the carrier aggregation (CA) technique was introduced, expanding the maximum 

transmit bandwidth up to 100 MHz [1]. With mobile traffic expected to increase by a factor of 1,000 

over the next decade, future fifth generation (5G) systems will continue to place new demands on 

the transmit chain [2].   

The resulting need for highly linear and power efficient signal amplification across wide bandwidths 

has led in recent years to advanced development of alternative power amplifier (PA) architectures 

such as envelope tracking, outphasing and Doherty [3]-[5]. Despite the success of these new PA 

architectures, there remains a fundamental trade-off between linearity and efficiency at the 

transmitter [6]. Power-efficient amplification cannot be achieved without some degradation in signal 

quality. In light of this, digital predistortion (DPD) continues to play an important role. By applying 

compensation in the digital domain prior to the signal entering the nonlinear transmitter chain, DPD 

improves the terms of the linearity/efficiency trade-off without adversely affecting overall 

complexity [7]. As with all components of the transmitter chain, DPD techniques have had to evolve 

to meet the challenges of new standards. The newest generation of DPD techniques address 

problems from enabling the low-complexity and power and cost efficient predistortion required by 

small-cell base stations to developing novel model structures for nontraditional PA architectures [8]-

[9]. 

 The CA technique gives rise to another interesting DPD scenario, which was the focus of the 2016 

IEEE Microwave Theory and Techniques Society (MTT-S) International Microwave Symposium (IMS) 

DPD student design competition, sponsored by Technical Committees MTT-9 and MTT-11. A 

common case when using CA is the so-called dual-band operating mode, where there is a large 

frequency gap between two carriers. To reduce costs, it is common for the transmitter architecture 

to use a single PA chain to simultaneously amplify both carriers [10]. This presents a problem for 

traditional DPD as to capture the full transmit bandwidth needed to train a single wideband model 

would require an extremely wideband and costly feedback loop. On the other hand, treating each 

carrier as a separate signal ignores the distortion due to cross modulation between the two and 

degrades the linearization performance. The two-dimensional DPD (2D-DPD) technique [11] has 

been proposed to enable efficient, accurate predistortion for both carriers in this scenario and forms 

the basis for the solution presented here.  

Competition Details 



Competition Scenario 

This yearΩs competition focused on the design of a digital predistortion solution to maximize the 

output power of a highly efficient gallium nitride (GaN) high-electron-mobility transistor Doherty 

power amplifier excited by a dual-band mixed-mode signal modulated onto a 2.6 GHz carrier 

frequency, within a specified set of linearity constraints. The test signal, shown in Figure 1, is a single 

500 µs frame composed of two carriers: a 4-carrier Global System for Mobile Communications 

(GSM)-like signal and a single-carrier orthogonal frequency-division multiplexing (OFDM) signal. 

Table 1 outlines the signal specifics. The goal is to linearize the PA so that it can deliver maximum 

output power to a reference load under single or dual band operation. Figure 2 shows the AM/AM 

and AM/PM characteristics of the complete transmitter chain excited by a dual-band signal with 

input power -21 dBm. As can be seen, in addition to the nonlinear behavior, the wide bandwidth 

also leads to substantial memory effects. 
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Figure 1. The characteristics of the dual band test signal: (a) frequency-domain normalized 

power spectral density and (b) time domain normalized amplitude. 

 Band 1 Band 2 

Signal Type GSM OFDM 

Frequency Offset -50 MHz +50 MHz 

No. Carriers 4 1 

Carrier Bandwidth 200 kHz 10 MHz 

Carrier Spacing 1.67 MHz - 

Total Bandwidth 5.2 MHz 10 MHz 

Table 1. Test signal characteristics. 

 



 

Scoring Metrics 

The competing DPD solutions were evaluated using a scoring metric designed to account for three 

parameters of interest: output power on each active band, adjacent channel power on each active 

band, and time domain normalized mean square error (NMSE) on each active band. The total score 

formula is given by: 

   Ὓ В В ȟȟ ȟ ȟ ȟ    (1) 

where Na is the number of active bands, b selects the band, and i selects the measurement. The 

score is improved when the output signal average power is greater than 3 dBW, the intermodulation 

ratio (IMR) or adjacent channel power ratio (ACPR) value is greater than 45 dB, and the NMSE value 

is less than -30 dB. Conversely, the score is reduced if the signal measures worse than any of the 

above limits. 

 

Figure 2. Measured AM/AM and AM/PM characteristics. 


