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1. [bookmark: _Ref521334010]Introduction
One of the objectives in Rel-18 further NR coverage enhancements WID [1] is power domain enhancements as follows:
	· 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)


In this contribution, we provide our views on enhancements to reduce MPR/PAR.
2. Discussion
The following candidate solutions for MPR/PAR reduction were agreed to be studied in RAN1 in RAN1#110bis-e meeting [2]. 
	Agreement
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)


According to the discussions in RAN4, frequency domain spectrum shaping w/o spectrum extension is the transparent scheme, which does not impact on RAN1 specifications so that network has no knowledge on how UEs reduce MPR by spectrum shaping, but network needs to be aware if UE is using this scheme or not, i.e., it’s configured with the UE by network while UE is allowed to use preferred shaping as far as corresponding requirements are met if the feature is configured with the UE. Frequency domain spectrum shaping w/ spectrum extension and tone reservation are two non-transparent solutions which impact on RAN1 specifications so that both network and UE need to follow the specification, e.g., on how many RBs (or subcarriers) UE can use and/or how they are allocated to the UE, when the feature is used. Shaping aspect is the same as that of transparent scheme, i.e., network has still no knowledge on how UEs reduce MPR by spectrum shaping and UE is allowed to preferred shaping as far as corresponding requirements are met.
It was agreed in RAN4 that non-transparent schemes should be considered and transparent schemes can be used as baseline to evaluate the gain of non-transparent schemes. The same approach should be adopted in RAN1.
Proposal 1: RAN1 should study the additional MPR/PAR reduction for the following candidate solutions compared with frequency domain spectrum shaping without spectrum extension and RAN1 specification impact for the following candidate solutions.
· Frequency domain spectrum shaping w/ spectrum extension
· Tone reservation (which can only be w/ spectrum extension)

According to the following agreement, it was agreed that at least pi/2-BPSK and QPSK modulation are considered for power-domain enhancements targeting MPR/PAR reduction and FFS higher modulation orders.
	Agreement
For power-domain enhancements targeting MPR/PAR reduction, study the following configurations for DFT-S-OFDM:
· At least pi/2-BPSK and QPSK modulation are considered
· FFS: other modulations, e.g., 16-QAM
· Any number of RB can be considered
· The starting RB of the allocation can be any RB in the BWP 
· FFS:
· Whether restrictions on the number of allocated RB or on the starting RB of the allocation are considered.



It is more reasonable for coverage limited UEs to use a relatively low modulation order to achieve better transmission performance. Hence, modulation orders higher than QPSK, e.g. 16 QAM, should not be considered for MPR/PAR reduction. In addition, as mentioned in the contributions provided by Nokia [4][5], FDSS without spectrum extension with pi/2-BPSK has been extensively studied and provides more significant PAR reduction compared with FDSS with spectrum extension. Hence, we do not think any further enhancements are needed for pi/2-BPSK.
Proposal 2: For power-domain enhancements targeting MPR/PAR reduction, only QPSK modulation is considered for DFT-s-OFDM.

Three options for FDSS-SE spectrum extension below were agreed to be considered in RAN1#110bis-e meeting.
	Agreement
The following spectrum extension options for frequency domain spectrum shaping with spectrum extension (FDSS-SE), are considered for studying MPR/PAR reduction enhancements in Rel-18:
· Option 1: Symmetric extension
· Option 2: Cyclic extension
· Option 3: Cyclic shift plus symmetric extension.



Symmetric extension and cyclic extension are relatively simple. For the cyclic shift plus symmetric extension, it seems that the intention is to achieve the lowest PAPR/CM. Although it is desirable from performance perspective, the standardization and implementation complexities should also be considered. It is a tradeoff between performance and complexity when down selecting a spectrum extension approach.
Proposal 3: Consider the tradeoff between performance and complexity for FDSS with spectrum extension option if supported.
3. Conclusions
In this contribution, we discussed power domain enhancements with the following proposals.
[bookmark: _GoBack]Proposal 1: RAN1 should study the additional MPR/PAR reduction for the following candidate solutions compared with frequency domain spectrum shaping without spectrum extension and RAN1 specification impact for the following candidate solutions.
· Frequency domain spectrum shaping w/ spectrum extension
· Tone reservation (which can only be w/ spectrum extension)
Proposal 2: For power-domain enhancements targeting MPR/PAR reduction, only QPSK modulation is considered for DFT-s-OFDM.
Proposal 3: Consider the tradeoff between performance and complexity for FDSS with spectrum extension option if supported.
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