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Introduction
[bookmark: _Hlk53783455]The contribution is focused on the study of power domain enhancements in Rel-18 Further NR coverage enhancements.
The Rel-18 WI Further NR coverage enhancements was agreed during RAN#94-e meeting [1], where one of the objectives is targeted to specify power domain enhancements, and the detailed objectives in the WID are listed below:
	· 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
· Note 1: The study starts after RAN4 work on “Increasing UE power high limit for CA and DC” is done depending on conclusions from RAN4.
· Note 2: The objective will be revisited and further clarified in RAN plenary after RAN4 work on “Increasing UE power high limit for CA and DC” is done, and the discussion in WGs will not start before the objective is revised with a clearer scope.
· Note 3: Both RAN1 and RAN4 are expected to be involved; to decide the order of either (RAN4, RAN1) or (RAN1, RAN4) later.
· [bookmark: OLE_LINK1]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 present some discussions on enhancements to reduce MPR/PAR in Rel-18. 
Discussion
MPR is used to reduce the leakage from uplink transmission of the adjacent channels in NR by reducing the UE’s maximum transmission power in adjacent channels. But the UE should be allowed to transmit with higher power in coverage limited scenario, so some techniques to reduce the leakage of the waveform may be considered. 
Considering that the leakage is mainly caused by the non-linearity of the power amplifier, and the PAPR reduction techniques can increase the transmission power and keep the power amplifier in the linear region, then, UE’s transmission can have less leakage on the adjacent channels. So PAPR reduction techniques should be considered for a lower leakage. 
Firstly, sub-PRB based transmission could be considered. As discussed in Rel-15 e-MTC, the adjacent channel leakage from a 2-subcarrier PUSCH transmission would be lower than from a 12-subcarrier transmission. It was concluded that with 2-subcarrier PUSCH transmission, the PA could support to transmit at a higher power, while still meeting ACLR requirements, if a negative MPR, or alternatively power boosting, were applied. We think that the same principles can be applied to NR. 
Proposal 1: Sub-PRB based transmission could be considered as one method to realize lower MPR/PAR in Rel-18.
Secondly, re-designing the waveform to optimize MPR could also be considered. For example, the spectral shaping framework defined in Rel-15 (for pi/2 BPSK) could also be extended to QPSK scenario. This could potentially reduce the MPR and improve UL PUSCH coverage accordingly. And the spectral shaping can be applied with or without spectral extension. 
Proposal 2: The spectral shaping framework defined in Rel-15 (for pi/2 BPSK) could also be extended to QPSK scenario to realize lower MPR/PAR in Rel-18.
Finally, tone reservation could be considered to realize lower MPR/PAR due to its simplicity and efficient usage of the available resources. The principle of tone reservation aims to use Peak Reduction Tones (PRTs), a subset of available sub-carriers, to construct a compensating waveform, which when added to the raw waveform results in a lower-PAPR waveform. So, tone reservation principle could be studied for lower MPR/PAR in Rel-18.
Proposal 3: Tone reservation principle could be considered to realize lower MPR/PAR in Rel-18.
Conclusion
In summary, we propose the followings for Rel-18 Power domain enhancements.
Proposal 1: Sub-PRB based transmission could be considered as one method to realize lower MPR/PAR in Rel-18.
Proposal 2: The spectral shaping framework defined in Rel-15 (for pi/2 BPSK) could also be extended to QPSK scenario to realize lower MPR/PAR in Rel-18.
Proposal 3: Tone reservation principle could be used to realize lower MPR/PAR in Rel-18.
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