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1 Introduction

During recent RAN4 meetings, the usefulness of introducing 256QAM in FR2 to the RAN4 specifications as well as the need for such support to be mandatory has been discussed. During this meeting, a decision should be made on introducing 256QAM into release 15. The decision will be based on an evaluation of potential gains of 256QAM support, as well as the feasibility. (In addition to link level simulations, feasibility in implementation should also be considered, such as PA efficiency.  This was noted in the WF [2].)
This paper further considers the feasibility aspect by considering the impact of support for 256QAM on PA output power and PA efficiency.  Considerations of the PA output power and PA efficiency is only one aspect to consider when deciding on whether 256 QAM should be supported in release 15.  RAN4 needs to consider thorough study first to support 256 QAM in FR2 and if such feasibility is determined an associated EVM level would need to be considered by taking into account the RF and link limitations.
2 Discussion

During the evaluation of ACLR for FR2, an analysis was presented of the impact of ACLR on achievable PA output power and PA efficiency for different types of technology. The analysis was based on considering a survey of reported achievable output power and PA efficiency from state of the art research together with a PA distortion model and is discussed further in [1]. Based on the outcome of the co-existence simulations and these considerations, the ACLR was decided to be 27.5dB.
EVM may arise due to a number of considerations such as PA non-linearity, clipping, phase noise, filtering needed to achieve spectrum utilization etc. Although the EVM budget for FR2 has not been fully elaborated, clearly the EVM cannot exceed the level implied by the PA linearity. For operation in FR1, for the basestation the PA linearity is dimensioned by the ACLR of 45dB, and with the needed linearity the contribution of intermodulation distortion to in-band interference is negligible. For the UE, some consideration may need to be paid to the impact IM products arising from PA (non) linearity on EVM, depending on the modulation level.

For FR2, it is important to understand whether it is EVM or ACLR that will dimension the PA operating point. Furthermore, it is important to understand the impact of the EVM (or ACLR) on the achievable output power and PA efficiency.

It should be noted that the analysis in this paper and the impact on ACLR, power backoff and efficiency does not take to account the EVM caused by residual phases noise after CPE compensation given the PT-RS patterns but assumes that the entire EVM budget is available for PA non-linearities. Thus, the analysis is optimistic, and the degradations may be higher in reality.
Figure 1 depicts the simulated relationship between the ACLR achieved at the output of a 30GHz CMOS PA and a 30 GHz GaN PA, respectively, and the in -band EVM. The figure indicates that to achieve a given EVM level, the PA must be dimensioned such that it would be capable to meet an ACLR of around 7dB greater than the SNR implied by the EVM. For 8% EVM, the SINR is 22dB and thus to avoid PA non-linearity compromising the EVM, the PA must have an operating point that achieves an ACLR of 29dB. For 3.5% EVM, the corresponding SNR is 30dB, implying a PA operating with an ACLR of around 37dB.
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Figure 1: Relationship between ACLR achieved at 30GHz CMOS PA and 30 GHz GaN PA outputs, respectively and in-band EVM.
Figure 2 depicts a curve of estimated output power vs EVM for the BS array considered during the NR Study Item, based on data from [1]. As can be seen from the curves, when EVM for 256QAM becomes the dimensioning requirement for the PA instead of ACLR, then the achievable output power reduces by around 5dB. It is important to consider this reduction in output power in any simulation modelling relating to operation of downlink 256QAM. For the uplink, since the underlying CMOS technology will be similar, a similar need for power backoff can be expected.
Observation 1: Achievable output power is reduced by 5dB for DL and UL when 256QAM is used.
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Figure 2 Simulation of 30 GHz CMOS and GaN power amplifier models showing output power as a function of EVM.
Figure 3, also based on data from [1] depicts the PA efficiency vs EVM. Operating 256QAM reduces the PA efficiency by a factor of around 2, from around 14% to around 2%.

Observation 2: Operating 256QAM approximately reduces the PA efficiency by around a factor of 2
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Figure 3 Simulation of 30 GHz CMOS and GaN power amplifier models showing PAE as a function of EVM.
3 Conclusion

This contribution presents analysis of the impact of operating 256QAM on output power and PA efficiency. Even with the optimistic analysis that does not consider residual phase noise implications, achievable output power is reduced by around 5dB when transmitting 256QAM. It is important to take this into account when performing simulations. PA efficiency is reduced by a factor of around 2; the corresponding impact on other KPIs such as energy efficiency should be part of the evaluation of 256QAM for FR2.

The combined implications e.g. the impact of phase noise with CPE compensation together with PA efficiency and reduction in output power due to backoff should be considered.

Based on these considerations, we take the view that standardization of 256QAM should not be prioritized for release 15, as the gains and implementation feasibility clearly need further study.

Proposal 1: Do not include 256QAM requirements in release 15
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