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Introduction
Work on Rel-18 NR power domain enhancements in the coverage enhancement work item has been proceeding in parallel in RAN1 and RAN4.  In the last RAN1 meeting in February, RAN1 reached a milestone in their work and sent an LS [1] sharing RAN1’s results on the link level performance of MPR/PAR reduction schemes under study in RAN1.  However, how RAN4 may use these results is not clear.  Therefore, in this contribution we provide some context on RAN1 discussions leading up to the LS, how the content has already been used in RAN4, and suggest what to do going forward.
Discussion
The power domain enhancements portion of the Rel-18 NR Further NR coverage enhancements work item has the following:
· Study and if necessary specify following power domain enhancements
· Enhancements to realize increasing UE power high limit for CA and DC based on Rel-17 RAN4 work on “Increasing UE power high limit for CA and DC”, in compliance with relevant regulations (RAN4, RAN1)
· Enhancements to reduce MPR/PAR, including frequency domain spectrum shaping with and without spectrum extension for DFT-S-OFDM and tone reservation (RAN4, RAN1)
While RAN4 is designated as the lead working group for this effort, it was not clear how the work should be split with RAN1.  Therefore, RAN1 made agreements on the work split and related evaluations for MPR/PAR reduction, as follows:
Agreement
The following work split principles will be adopted in RAN1 for power domain enhancement throughout Rel-18 from RAN1 perspective and send LS to RAN4 in this meeting:
· RAN1 performs link level simulations of candidate solutions for power domain enhancements to study at least the SNR variation, PAPR/CM, and EVM, brought by each solution.
· Transparent MPR/PAR reduction solutions can be considered as a benchmark for studying the performance of non-transparent solutions.
· RAN1 is not expected to perform RF simulations of candidate solutions for power domain enhancements
· Results of RF simulations can be included in RAN1 contributions
· RAN1 will assess RAN1 specification impact of candidate MPR/PAR reduction solutions
· A list of candidate solutions, including necessary parameters, from RAN1 perspective should be ready before the end of RAN1 #111, and should be included in an LS to RAN4.
· RAN1 understands that RAN4 is responsible for selecting the Rel-18 MPR/PAR reduction solution, if any.

Agreement
For link-level performance evaluation:
· R17 PUSCH DFT-s-OFDM waveform is the baseline for performance comparison
· Transparent schemes (to be reported by companies) can be used as benchmark for the performance assessment
All considered solutions should be configured to operate with same amount of time-frequency resource and a same spectral efficiency, that is:
· Same number of DFT-s-OFDM symbols
· Same TBS
· Same RB allocation
Note: it is understood that minor TBS variations across different waveform configurations can occur and are acceptable.

Agreement
For link-level performance evaluation, the performance of the considered MPR/PAR reduction solutions is studied using at least the metrics included in the work split principles for power domain enhancement agreed by RAN1 for Rel-18, for instance, but no limited to, [image: ], defined as the SNR variation w.r.t. baseline under the requirement BLER=10-1.
· FFS whether further definition or refinement of the metrics is needed
Note: metrics other than the ones included in the work split principles for power domain enhancement agreed by RAN1 for Rel-18 can be reported by companies.

[bookmark: _Toc131628553][bookmark: _Ref131671691][bookmark: _Ref131671696]Both operating SNR at 10% BLER and output backoff from RF simulations are need to calculate the gain of MPR/PAR reduction schemes.
Evaluations were conducted in RAN1 according to these work split principles and simulation guidelines, resulting in the spreadsheet in the LS [1].  Since this spreadsheet was stable in RAN1 prior to the RAN4 discussions it, was used in the RAN4 discussions on the RF simulation results template [2].
[bookmark: _Toc131628554][bookmark: _Ref131671706][bookmark: _Ref131671710]The results spreadsheet from the RAN1 LS already forms the basis for the RAN4 simulation results template
The LS contains a set of simulation results for which RAN1 did not provide aggregated or averaged results for common configurations.  Companies in RAN1 filled out the spreadsheet with their results, and the collected results were simply sent directly to RAN4.  This was in large part due to the variation in the results, which may have been driven by different simulation assumptions among companies.  Given this lack of aggregation, there are no common values for operating SNR at 10% BLER that RAN4 can use with OBO results to determine net gain.  Even if there were such values, they may not be helpful, since the RF simulations used to calculate OBO should be compatible with the assumptions in the link level simulations for 10% BLER.  Given this state of affairs, companies will need to provide values for OBO and for SNR in order to find the net performance of MPR/PAR reduction schemes.
[bookmark: _Toc131628555][bookmark: _Ref131671715][bookmark: _Ref131671719]It was not feasible (and may not have been helpful even if feasible) for RAN1 to provide converged values for operating SNR at 10% BLER in their LS to RAN1.
Since the simulation campaign in RAN4 is intended to quantify the benefit of MPR/PAR reduction, it is crucial to gather as much relevant information on the net gains as possible.  This requires that both operating SNR and OBO be provided for enhanced schemes and their relevant baselines.  Since the OBO behavior is strongly dependent on the Therefore, we propose that companies fill in both the ‘OBO’ and ‘10% BLER SINR’ in templates collecting the RAN4 simulation results.
Additionally, to derive the net gain using the equation below, additional two columns with both SNR_baseline and SNR gain/loss is needed for net gain derivation.
Net Gain = OBO dela (OBO – OBO baseline) + SNR gain/loss (SNR_baseline - SNR_scheme )

[bookmark: _Ref118642336][bookmark: _Toc131628556][bookmark: _Ref115159812]Companies fill in both the ‘OBO’ and ‘10% BLER SINR’ columns in the RAN4 simulation templates for MPR/PAR result collection.
[bookmark: _Ref131671736]Adding two more columns in Excel sheet which is SNR_baseline and SNR gain/loss for net gain derivation.
[bookmark: _Ref132040369]Use the above equation to derive the net gain.
Conclusions
In this contribution, we have considered RAN1’s LS to RAN4 that contains their results of MPR/PAR evaluations, providing some context on RAN1 discussions leading up to the LS, how the content has already been used in RAN4, and suggesting what to do going forward.
We made the following observations:
Observation 1 Both operating SNR at 10% BLER and output backoff from RF simulations are need to calculate the gain of MPR/PAR reduction schemes.
Observation 2 The results spreadsheet from the RAN1 LS already forms the basis for the RAN4 simulation results template
Observation 3 It was not feasible (and may not have been helpful even if feasible) for RAN1 to provide converged values for operating SNR at 10% BLER in their LS to RAN1.

Based on these observations, we made the following proposal:
Proposal-1: Companies fill in both the ‘OBO’ and ‘10% BLER SINR’ columns in the RAN4 simulation templates for MPR/PAR result collection.
Proposal-2: Adding two more columns in Excel sheet which is SNR_baseline and SNR gain/loss for net gain derivation.
Proposal-3:Use the above equation to derive the net gain.
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