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1. Overall Description:

RAN4 received LS (R4-163128) from RAN1 on guidance of which PA models should be adopted for NR waveform evaluation for both sub 6GHz and above.
An LS was sent to RAN1 in [1] after initial discussions in RAN4, with some issues remaining open. In particular, the models recommended in the LS are mainly for UE and their suitability for BS needs to be further investigated. In this LS, RAN4 views on these issues are provided after further discussion. 

PA model:

In [1], the PA model based on real measurement (from a commercial 3.5 GHz LTE UE PA) using AM/AM and AM/PM polynomial approximation was proposed for the RAN1 evaluations and simulations below 6 GHz. Though it was suggested the Polynomial model for below 6 GHz can also be re-used for above 6GHz and would be better than Rapp, there is no measurement data available yet for building the polynomial model for above 6GHz. After further discussion in RAN4, it is recognized that the accuracy of the Polynomial model based on measurement data may be limited by working frequency of the real PA, which may not be easily extended to other frequencies. On the contrary, the parameters of Rapp model can be adjusted flexibly for both below 6GHz and above 6GHz, and it can be used for both UL and DL. 
Therefore, RAN4 recommends:

1. Rapp model that captures AM/AM and AM/PM is adopted in RAN1 waveform evaluations for both DL and UL and for both below and above 6GHz. 

2. For below 6GHz, the Polynomial model in [1] can still be used for the evaluations.

How to consider CFR and DPD:

Specifically for DL, 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, the PA model shall consider the effects of CFR and DPD. At the same time, it is understood that an agreement on which CFR and DPD algorithms to use is hard to reach and may take a long time.

Therefore, RAN4 recommends:

3. To simplify the modelling, the effects of CFR and DPD can be considered by allowing appropriate implementation margins in the evaluation.

Memory effects:

While it is generally agreed that PA memory effects will become pronounced when the signal bandwidth gets wide, RAN4 needs more time to decide on a PA model that can model the memory effects reasonably well and is not overly complex. Moreover, it is also felt that since the evaluation is focused on the difference among the waveforms in the presence of PA non-linearity instead of the PA models themselves, the importance of modeling PA memory effects is less clear. 
Therefore, RAN4 recommends:

4. It seems reasonable to use memoryless PA model for the evaluation. Meanwhile, RAN4 will continue looking for an appropriate PA model with enough accuracy and acceptable complexity.

Other RAN4 requirements:

Based on RF simulation experience in RAN4, PA model itself cannot be used in link level simulation alone. It should be applied in conjunction with appropriate RF requirements, e.g. Spectrum Emission Mask, ACLR, EVM, etc. 
Therefore, RAN4 recommends:

5. For DL, the MSR requirements defined in TS 37.104 are considered.

6. For UL, the requirements defined in TS 36.101 are considered.
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2. Actions:

To RAN1
ACTION: 
RAN4 would like RAN1 to take the above recommendations into account in NR waveform evaluations. 
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