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1. Overall Description:

RAN4 received LS (R4-163128) requesting guidance on PA models that RAN1 should adopt for NR waveform link level evaluation for sub 6GHz and above. RAN1 asked RAN4 guidance and views on:
· The applicability/fidelity of the models for both UE and BS, different carrier frequency (for sub 6GHz and above) and signal bandwidth, and recommended parameters (operating point and back-off value in case of OFDMA and/or SC-FDMA, etc.) to be used in the models. 
· Alternative realistic PA models that RAN1 should adopt for NR waveform link level evaluation for sub 6GHz and above.
RAN4#79 discussed the topic of PA modelling and appropriate models. A variety of models are available that can model so-called AM/AM, AM/PM and memory effects depending on the complexity. AM/AM and AM/PM are very significant effects and it is important that at least these effects are considered rather than just clipping alone. It is also discussed what constitutes a realistic PA, especially from BS’s point of view. In general, since realistic BS PA models often use algorithms such as Crest Factor Reduction (CFR) and/or Digital Pre-Distortion (DPD) to improve PA performance and such algorithms are implementation-dependent, it is difficult for RAN4 to agree on a common model. As such, the info provided below is mainly for UE PA models.

The Rapp model captures AM/AM and AM/PM. For very high frequencies and bandwidths, memory effects may also have an impact and depend on the waveform choice.
For below 6GHz, since well-known PAs are available for measurement, an empirically based (memoryless) polynomial model based on measurement of a real PA has been provided. Recent measurement results below 6GHz [1] have also demonstrated significant difference in power amplifier behaviour when wideband channels are used, pointing at potential limitations of current models to accurately predict spectral regrowth for large relative bandwidths.
For above 6GHz, RAN4 has not really investigated how suitable the Rapp model is for modeling the challenges facing the PA design such as low efficiency, high frequency, and wide channel bandwidth, etc. Nevertheless, the Rapp model is considered a better model than the clipping model [2].
Due to the urgency to respond, it is recommended at this stage that above 6GHz Rapp model is considered a better model than the clipping model and RAN1 to use polynomial model below 6GHz for indicative simulations that are relevant for today’s bandwidths, as proposed below:
Proposal 1: For the RAN1 evaluations and simulations above 6GHz, RAN4 has not really investigated how suitable the Rapp model is for modeling the challenges facing the PA design such as low efficiency, high frequency, and wide channel bandwidth, etc. Nevertheless, the Rapp model is considered a better model than the clipping model. The Polynomial model suggested for below 6 GHz can also be re-used for above 6GHz and would be better than Rapp. RAN4 is still looking into more accurate PA modelling like the impact of memory effect for higher frequencies and wider bandwidths as intended by NR.
Proposal 2: For the RAN1 evaluations and simulations below 6 GHz LTE and Wi-Fi PA measurements results with candidate waveforms shall serve as the benchmark for modelling. RAN4 propose the following model based on real measurement using AM/AM and AM/PM polynomial approximation for initial studies:
PA output y(t) to be computed from input x(t) using the formula
y(t) = p0 + p1∙x(t) + p2∙x(t)2 + p3∙x(t)3 + …

The coefficients are organized as follows: [p9  p8  p7  …  p0] and the

p_am = [7.9726e-12  1.2771e-9  8.2526e-8  2.6615e-6  3.9727e-5  2.7715e-5  -7.1100e-3  -7.9183e-2  8.2921e-1  27.3535];
p_pm = [9.8591e-11  1.3544e-8  7.2970e-7  1.8757e-5  1.9730e-4  -7.5352e-4  -3.6477e-2  -2.7752e-1  -1.6672e-2  79.1553]
Note that the validity of this polynomial model deteriorates below input power -35 to -30 dBm, and it is suggested that fully linear model is applied below such input levels. Also extremely deep in compression, e.g. at input power above 9 dBm, the model does not provide realistic results. This should be fine since the signal peaks would anyway be limited to a reasonable value before entering the PA.
Finally, it is important to note:

1. The detailed parameters in the above models are provided from one source and RAN4 may see more analysis and calibration at the next meeting
2. The above recommendations would by no means imply that the RF requirements for NR will be based on such models.

References

[1] R4-163810, ‘NR Candidate Waveforms: UL Performance Issues for PAPR, Out-of-Channel Emissions, and RF Front-End Linearity/Efficiency’, Skyworks Solutions, Inc. 3GPP RAN4#79

[2] R4-163314, ‘Realistic power amplifier model for the New Radio evaluation’, Nokia, 3GPP RAN4#79
2. Actions:

To RAN1 group
ACTION: 

RAN4 asks RAN1 to take guidance into account in NR waveform evaluations
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