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1 Introduction
[bookmark: _Hlk22834419]In RAN#96 a Rel-18 WID on Further NR coverage enhancements [1] was approved.  The WI starts in RAN1 from this meeting.  One of the objectives is 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)



This contribution discusses potential power domain mechanisms to enhance coverage.
2 Increasing UE power high limit for CA and DC
A RAN4 WI [2] on increasing UE power high limit for CA and DC concluded that a UE can be indicate a capability to transmit a maximum output power (MOP) higher than what the power class for a UL CA or DC configuration would have allowed for single carrier.  For the UE supporting PC3 (23dBm) in one band and PC2 (26dBm) in another band, the carrier aggregation configuration was specified for PC2 (26dBm) and the maximum composite power from both transmitters would be limited to 26dBm.  With the increased MOP capability, the UE is allowed to transmit with the power combined over the two carriers when simultaneously transmitting at maximum power on each carrier. In this example at the maximum allowed power of 27.8dBm. 
Potential enhancements based on the newly introduced UE capability described above, and in compliance with relevant regulations as stated in the corresponding objective of the WID, seem to belong to a follow up work by RAN4. We suggest to send an LS to RAN4 asking clarifications on the RAN4 work in Rel-18 on this topic so that RAN1 can focus the study on whether there is a need to add support in RAN1 specifications.
Proposal 1: Send an LS to RAN4 asking which potential enhancements RAN4 is planning to consider for this objective. 
3 MPR/PAR reduction
During the study phase of Rel-17 Coverage Enhancements, power domain techniques to enhance coverage and specifically UE transmit waveform design to reduce MPR were briefly discussed [2]. Techniques such as FDSS (Frequency Domain Spectral Shaping) without spectral extension for pi/2 BPSK and with and without spectral extension for QPSK, and tone reservation were discussed in few contributions. The scope of these techniques is to reduce the peak to average power ratio (PAPR) and cubic metric (CM) of the waveform so that higher transmission powers, and lower maximum power reduction (MPR), can be achieved, thus enhancing coverage.
FDSS techniques aim at reducing the PAPR by applying spectral shaping with or without spectral extension. FDSS without spectral extension for pi/2 BPSK is already supported in the specification and the main scope of this study can be to consider FDSS with spectral extension and other modulations, e.g. QPSK.
The tone reservation technique aims at reducing the PAPR of the waveform by reserving some tones so that the resulting waveform with the reserved tones has a lower PAPR. This results also in higher PA efficiency. The reserved tones can be in different positions respect to the tones used for data transmission. Since the reserved tones are effectively not used by the UE, the gNB receiver needs to discard such tones. 
Proposal 2: Further study techniques to reduce MPR/PAR to assess the gains for coverage enhancement.  

In addition to the change of the transmitter side on FDSS, there could be another aspect to be considered by using an advanced receiver at the gNB which is to handle the worse EVM due to the reduced MPR. The EVM is a metric to represent the acceptable level of nonlinear distortion generated by non-ideal RF components for a certain modulation order (equivalent to achievable SINR in the presence of nonlinear distortion). For example, the required EVM for 256QAM and 1024QAM is 3.5% and 2.5%, respectively, according to 3GPP. TS 38.101-1, which are to ensure the decoding performance. The power back-off is normally used to maintain the EVM level. A reduced MPR will allow larger Tx power at UE side but lead to worsen EVM, thus resulting into a challenge to have a correct reception of such distorted signal. However, by introducing some advanced receiver, such worsened EVM (as well as the nonlinear distortion) can be compensated; e.g., by applying AI-enabled nonlinearity compensation (AI-NC) at RX side, which can handle the nonlinearity caused by the worsened EVM in many types of PA nonlinear characteristics, multi-path channel environments, and systems supporting multiple antennas and multiple users. Most importantly, this technique requires much less change for a UE implementation, while achieving the goal of MPR reduction. The required spec impacts like the capability report or power control aspect could be further studied. 
Proposal 3: Further study advanced receivers to support reduced MPR. FFS spec impacts.

All the above mentioned techniques have also an impact on a gNB receiver implementation and increase the gNB complexity. Thus, the study should proceed taking into consideration the implementation impact at the gNB side besides the UE side, as well as the advantages of applying techniques to reduce MPR/PAR. 
Proposal 4: Further study techniques to reduce MPR/PAR taking into consideration the implementation impact at both the UE and the gNB.
4 Conclusion
This contribution discusses potential power domain mechanisms to enhance coverage. The proposals and observations made in this contribution are summarized as below:
Proposal 1: Send an LS to RAN4 asking which potential enhancements RAN4 is planning to consider for this objective. 
Proposal 2: Further study techniques to reduce MPR/PAR to assess the gains for coverage enhancement.  
Proposal 3: Further study advanced receivers to support reduced MPR. FFS spec impacts.
Proposal 4: Further study techniques to reduce MPR/PAR taking into consideration the implementation impact at both the UE and the gNB.
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