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1. Introduction
In RAN4#79 and RAN1#85 modeling of PA for NR for both below and above 6GHz operation were discussed in [1,2,3]. PA modeling for NR waveform evaluation was proposed by RAN4 to RAN1 in [5] in response to a RAN1 LS [4] and limitations of these models were highlighted. Separately the effect of PA non linearity on the expected benefits of some waveforms were discussed for the UE side in both RAN1 and RAN4 with power amplifier measurements in [6,7] highlighting the need for good PA modeling to set the right level of expectation on benefits provided by some candidate waveforms. This contribution is a follow up contribution providing AM/AM and AM/PM measurement of a mm wave power amplifier intended for UE applications at 60-70GHz.
2. Discussion
In this contribution we will first provide measured results of AM/AM and AM/PM behaviour of a 2 stage SOI CMOS 60GHz power amplifier representative of NR UE design. These results will be then compared to the currently suggested models to RAN1 for NR candidate waveforms evaluations. Finally a proposal to further study NR PA modelling for both RAN1 and RAN4 simulations will be discussed.
2.1. Power amplifier gain and power measurements

Figure 1 provides power amplifier wide band measurements of:

· Small signal gain

· Quasi saturated output power

· 1dB compression output power

· 8dB back-off power representative of the power amplifier operating point with a 10dB PAPR waveform.
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Figure 1: 60GHz Power amplifier gain and output power wideband behaviour
Observation 1:
The power amplifier shows a good wideband behavior with:

· Around 15dB small signal gain for a two stage design with integrated input, inter-stage and output matchings
· A 1dB compression and saturated output power of 9dBm and 13.5dBm respectively

· A 8dB back-off output power of around 7.5dBm

At the time of the contribution the full saturated power could not be obtained due to limitations of the measurement bench given the smooth gain compression it is anticipated that higher power can be achieved.

Figure 2 shows gain and output power vs input power at low, mid high frequencies
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Figure 2: Gain and output power vs input power at low, mid and high frequencies of the band
A good behaviour can observed throughout the band with all characteristics within 1dB of each other.
2.2. AM/AM and AM/PM measurements

Figure 3 provides the AM/AM and AM/PM behavior of the same power amplifier at low mid and high end of the band versus output power. Only the difference to small signal gain magnitude and phase are provided but this gives a better view of amplitude and phase distortions.
This PA has been specifically designed to provide very low AM/PM distortion through compensation techniques.
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Figure 3: Amplitude and phase distortion versus output power 
Observation 2:
Amplitude and phase distortion can be observed up to 4dB gain compression:

· Gain compression is smooth at all frequencies

· Phase distortion is very small especially at mid and high part of the band showing the benefit of the compensation scheme.

Proposal 1:

It is proposed that these measurements are used as a reference for NR mmW UE power amplifier modeling effort.

These measurements being CW static measurement they are not fully representative of the behavior with wideband high PAPR waveforms. Further measurements will be conducted in the future to provide relevant data.
2.3. Comparison to currently suggested models for waveform evaluation

In [5] it has been suggested to RAN 1 that a Rapp model with specific coefficients for both AM/AM and AM/PM distortion was a better approach for mmW PA modeling than a simple clipping model to evaluate the candidate waveforms currently considered for NR. It has been further suggested that a polynomial AM/Am and AM/PM could be even a better default approach for now.
As is demonstrated in this contribution, although the recommendation is the best possible approach for now for RAN1 work it does not accurately describe the power amplifier behavior especially if analog linearization techniques are used or if PA architecture uses dynamic load variation architectures such Doherty amplifier variants. It is more critical that a good PA model is used for RAN4 work and this potentially includes modeling of memory effects.
2.4. Proposal for a Study Item on PA modeling for NR UE at both below and above 6GHz operation.
These new mm wave power amplifier measurements results together with the previous below 6GHz power amplifier measurements in [6,7] demonstrate the need for further studies in selecting the appropriate model for both RAN1 and RAN4 simulations. It is proposed that a RAN4 study item is agreed on UE PA modeling for NR 
Proposal
Skyworks Solution will propose a RAN4 study item on UE PA modeling for NR addressing AM/AM, AM/PM and memory effect behavior for both below and above 6GHz operation and welcomes other companies support in developing the Study Item description.
3. Conclusion
Overall power and gain characteristics of a 60GHz SOI CMOS PA designed with specific PM linearization technique has been provide including AM/AM and AM/PM distortion. A brief comparison to current modelling approach justifies a PA modelling study within RAN4.
Proposal
Skyworks Solution will propose a RAN4 study item on UE PA modeling for NR addressing AM/AM, AM/PM and memory effect behavior for both below and above 6GHz operation and welcomes other companies support in developing the Study Item description.
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