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1
Introduction
A modified Rapp PA model with AM-PM distortion was considered suitable for New Radio waveform evaluations, for downlink operation below 6 GHz [1][2]. This document captures the technical details of the agreed Rapp model.
2
Discussion
Current base station transmitter implementations typically employ Digital Pre-Distortion (DPD) and Crest Factor Reduction (CFR) algorithms in order to increase the PA output power and efficiency. During the email discussion it was seen desirable to try to account the effect of these techniques in the below 6GHz waveform evaluation cases to obtain more realistic view on performance. However as modelling of all the individual components and algorithms of the complete PA system would be time consuming task it was agreed to adopt simplified approach. It was agreed in the email discussion [2] that a modified Rapp PA model with suitably selected parameters would represent the linearized PA system, for the purpose of NR waveform evaluation.
The modified Rapp PA model AM-AM and AM-PM distortion formulas may be written in some variety of ways, but at this stage the following formulas were considered:
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G is the linear small signal gain of the amplifier, VSAT is the saturation output voltage, and p, q, A, and B are the smoothness and fitting parameters. It is recognized that for phase distortion, some modified Rapp models use 4 fitting parameters (e.g. different values for q in nominator and denominator) which may allow different shapes of the distortion curve. For the purposes of a reasonably simple model the 3-parameter version was proposed.
The phase distortion formula includes normalization to saturation output voltage, in order to be able to use the same fitting parameters (i.e. curve shape) regardless of the selected PA output power. Also it should be noted that the gain of the amplifier is not meaningful because of the normalization.
The following parameters were agreed for NR waveform evaluations:

Table 1: Rapp PA model parameters for DL <6 GHz
	Target output power [dBm]
	46

	Saturation output power [dBm]
	57.6

	Smoothness factor p
	3

	Smoothness factor q
	5

	Fitting parameter A
	-0.14

	Fitting parameter B
	1.2


The model parameters are based on a base station PA that just fulfils the minimum RF requirements using LTE10 signal. The minimum RF requirements are ACLR (45 dB, see Table 6.6.2.1-1 of 36.104), spectrum emission mask (36.104 clause 6.6.3.2.2 (Table 6.6.3.2.2-1) for Wide Area BS when TX power is 46 dBm), and EVM (according to Table 6.5.2-1 of 36.104). Out of these requirement, the SEM is limiting for the reference LTE signal, as can be seen in the following figure.
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Figure 1: Rapp PA model (left), PA output spectrum at target output power (right).
While designing the model, 45 dB ACLR target was first considered. When applying only AM or PM distortion individually, about 48 dB ACLR was reached. The AM and PM distortion components are therefore roughly balanced.
3
Conclusion
In this contribution we have presented the technical background for the Rapp PA model agreed to be used in DL waveform below 6GHz scenarios in email discussion [2]
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