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1	Introduction
[bookmark: _Hlk104372907]This contribution relates to a work item agreed in RAN#94-e, namely “Further NR coverage enhancements” [1]. We consider power domain enhancements and the following objectives captured in the WID:

· Study and if necessary specify following power domain enhancements
· […]
· Enhancements to reduce MPR/PAR, including frequency domain spectrum shaping with and without spectrum extension for DFT-S-OFDM and tone reservation (RAN4, RAN1)

In this paper we discuss the scope of MPR/PAR reduction in Rel-18. The performance results are given in [2][7].
2	Work plan and responsibility:
The following was agreed in RAN1 #110bis-e.
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.

The following was agreed in RAN4 #104bis-e.
Agreement:
· RAN4 follows below RAN1 agreements and focus on prepare for RF simulations 
· Establish evaluation parameters and side-conditions if any for both transparent and non-transparent schemes
· The parameters and side-conditions will be updated if needed according to RAN1 input
· Share the agreements with RAN1 that could affect RAN1 link level simulation
· RAN4 can perform evaluations without RAN1 input for both transparent and non-transparent schemes
· No discussion on simulation results of non-transparent scheme at least in RAN4#105 
Agreement:
Actual conclusion of the MPR/PAR reduction methods should be based on net coverage gain results combining transmitter and receiver performance

Based on the above agreements made in two WGs, the work split between RAN4 and RAN1 is clear. 
From RAN4 point of view, it’s still important to highlight two aspects:
· RAN1: RAN1 understands that RAN4 is responsible for selecting the Rel-18 MPR/PAR reduction solution, if any. 
· RAN4: Actual conclusion of the MPR/PAR reduction methods should be based on net coverage gain results combining transmitter and receiver performance

In order to evaluate net coverage gain, the assumptions behind LLS (RAN1) and RF simulations (RAN4) should be sufficiently well aligned. That requires coordination between RAN WG1 and RAN WG4. 

There has been considerable progress in defining the evaluation assumptions in both RAN1 and RAN4. On top of that both RAN1 and RAN4 send LSs summarizing the key parameters [8, 9]. Based on those, the assumptions behind LLS (RAN1) and RF simulations (RAN4) seem to be well aligned.  RAN1 has sent also a LS [11] with link level results to RAN4 to support RAN4 decision of MPR/PAR reduction solutions for Rel-18 power domain enhancements. 

Observation 1: Based on the progress in both RAN1 and RAN4, the simulation parameters are well aligned between RAN1 and RAN4

Observation 2: RAN4 is ready for selecting the Rel-18 MPR/PAR reduction solution(s)

We provide performance results for MPR/PAR reduction in [2]:
· Receiver performance in Appendix A (all the details can be found in our RAN1 paper [10]) 
· Transmitter performance in Appendix B 
· Net gain results in Appendix C.


The net gain results are summarized in [2] in the following way:
1. Net gain from non-transparent scheme varies according to Tx filter, extension size, code rate, and RB allocation.
· Considerable net gains are observed for all RB allocations. For inner allocations, the gains can be more than 1.5 dB. For outer allocations, the gains can be more than 2 dB. 
· Net gain is biggest for the largest RB allocations. However, net gain around 1 dB is available also for the smallest RB allocation (16RBs) considered in simulation scenarios.
· Net gain reduces with when the code rate increases. However, positive net gain is available even for the highest code rates considered in the simulation scenarios.
· 25% extension maximizes the net gain in most of the simulation scenarios.
· Trend: Less aggressive filters (such as TRRC) maximize the net gain for small/inner allocations, while more aggressive filters (such as [0.335 1 0.335]) maximize the net gain for large/outer allocations. 
· 20 MHz CBW and 100 MHz CBW provide similar net gains.
· Similar net gains are available for both FR1 and FR2.
2. Net gain from transparent scheme is typically 1-1.5 dB smaller compared to that of non-transparent schemes. For the largest allocations, the difference is up-to 2 dB (see e.g. Figure C10). In many cases (esp. with FR2) the net gain from transparent schemes is close to zero.

Based on the net gain results, we make the following proposal:

Proposal 1: Support FDSS with spectrum extension as a solution for MPR/PAR reduction in Rel-18. 

3	Priority scenarios for MPR/PAR reduction
As shown below, there was considerable progress in RAN4 #106 to define priority scenarios for MPR/PAR reduction. Based on that RAN4 seems to have common understanding on the priority scenarios for MPR/PAR reduction.

Agreement: 
· QPSK is the targeted modulation for further coverage enhancements
· At least for simulation study
· RAN4 shall prioritizes DFT-S-OFDM as a solution for coverage enhancements
· FSS on CP-OFDM if companies can show gains
· RAN4 shall evaluate both FR1 and FR2 scenarios.
· RAN4 shall not consider other channels and signals (than PUSCH and the associated DMRS)
· RAN4 shall not consider intra band UL CA scenario in Rel-18 WI










MPR/PAR reduction schemes:

The following was agreed in RAN4 #104bis-e and RAN1 #110bis-e.
Agreement: (RAN4 #104bis-e)
· Frequency domain spectrum shaping without spectrum extension for DFT-S-OFDM is the transparent scheme thus far according to the WID
· Other techniques can be discussed depending on RAN Plenary decision
Agreement: (RAN1 #110bis-e)
At least the following candidate solutions for MPR/PAR reduction will be studied in RAN1.
· Frequency domain spectrum shaping w/ spectrum extension
· Frequency domain spectrum shaping w/o spectrum extension
· Tone reservation (which can only be w/ spectrum extension)


There seem to be a common ground between RAN1 and RAN4 on the MPR/PAR reduction schemes - the priority is with the schemes covered by WID. This would mean that we have the following schemes on table:
· Reference case (legacy) without FDSS and without spectrum extension
· FDSS without spectrum extension (transparent scheme)
· FDSS with spectrum extension (non-transparent scheme)
· Tone reservation (non-transparent scheme)

Observation 3:  According to WID and agreements made until now, there are four MPR/PAR reduction schemes on table: 
· Reference case (legacy) without FDSS and without spectrum extension
· FDSS without spectrum extension (transparent scheme)
· FDSS with spectrum extension (non-transparent scheme)
· Tone reservation (non-transparent scheme)
[bookmark: OLE_LINK53][bookmark: OLE_LINK54]4.	Conclusion
In this paper we discuss the scope of MPR/PAR reduction in Rel-18. Based on the discussion we make the following observations and a proposal:

Observation 1: Based on the progress in both RAN1 and RAN4, the simulation parameters are well aligned between RAN1 and RAN4

Observation 2: RAN4 is ready for selecting the Rel-18 MPR/PAR reduction solution(s)

Observation 3:  According to WID and agreements made until now, there are four MPR/PAR reduction schemes on table: 
· Reference case (legacy) without FDSS and without spectrum extension
· FDSS without spectrum extension (transparent scheme)
· FDSS with spectrum extension (non-transparent scheme)
· Tone reservation (non-transparent scheme)

Proposal 1: Support FDSS with spectrum extension as a solution for MPR/PAR reduction in Rel-18.
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