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Introduction
In the RAN1#112 meeting, the power domain enhancements were discussed. And several agreements have been achieved [1]. The agreements are listed in the corresponding sections.
In this contribution, we provide our views on the power domain enhancements.

Discussion
Two issues should be solved under the scope of the power domain enhancements. The first one is 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. The second issue is enhancements to reduce MPR/PAR, including frequency domain spectrum shaping with and without spectrum extension for DFT-S-OFDM and tone reservation.
In the last meeting, enhancements to realize increasing UE power high limit for CA and DC were discussed, and the following observation was made.
	Observation
RAN1 discussed advantages and disadvantages of solutions included in R1-2302270 (R4-2303701) on enhancements to realize increasing UE power high limit for CA and DC. Pros and cons of the inclusion in the PHR report of at least one of the following quantities have been analyzed for different reporting mechanisms, triggers, and reporting periodicities:
· ∆PPowerClass 
· Power class
· P-MPR 
· Start and length of evaluation period for power class fallback
· Estimated duration of power class fallback
· Estimated duration over which UE can sustain Pcmax before additional P-MPR is required
· Sustainable duty cycle to prevent a fallback
· Energy/power availability
Note: Discussion is still ongoing, and its full current content can be found in Section 2.1.2 of R1-2303924.



In current spec, to satisfy the SAR requirement, duty cycle is introduced. According to the TS 38.101, for example, a UE supports a different power class than the default UE power class for the band and the supported power class enables the higher maximum output power than that of the default power class may fallback to the default power class if the percentage of uplink symbols transmitted in a certain evaluation period is larger than 50% (by default) or maxUplinkDutyCycle-PC2-FR1 (if not absent) (The exact evaluation period is no less than one radio frame). If a UE has the capability of higher power CA/DC but always be troubled by duty cycle limitation, the increasing UE power high limit is short of efficiency.
To solve this problem, RAN1 could study new reporting information other than current power headroom. For example, based on the power class, the SAR limitation and the past UL scheduling, UE may report how many energy it left to transmit during a period, or how many slots/ symbols can transmit using current Tx power. This can help gNB have a better understanding about the UE’s situation. gNB can then trade off between scheduling in a shorter time with higher power or vice versa.

Proposal 1:
Energy headroom is helpful for gNB determination of high power UE schedule.

Proposal 2:
Study new signalling and new trigger event to let UE report its energy headroom.

Another enhancement for increasing gNB awareness of UE’s Tx power is PHR reporting enhancement for power class and application of P-MPR by UE. In current spec, gNB have no idea about the exact power class UE is using. Only PHR can implicitly show the PC change to some extent. P-MPR also based on the UE implementation like a body sensor or something, and is transparent to gNB. Aimming for smarter schedule, a joint information for power class and P-MPR could be a possible solution. A default PC for each carriers could be a reference power class. UE could report the difference between its reference PC and the current PC, together with the P-MPR. This can help gNB improve its awareness of exact UE’s Tx power.

Proposal 3:
The difference for PC and P-MPR could be jointly report by UE.

In current spec, the evaluation period of the percentage of uplink symbols transmitted is based on the UE implementation. The only limitation is the exact evaluation period is no less than one radio frame. Due to the lack of information about the exact counting time, gNB have difficulty to schedule the UE properly. Introducing a scheme for a UE to report uplink symbol evaluation period and starting timing could be a helpful solution, but lots of spec impacts and workload is foreseeable. To solve this problem, we think the exact evaluation period could be limited to one radio frame(system frame) or multiple system frames. The starting timing could also be limited to the starting of the system frame. This can to a great extent reduce spec impact but still can improve the gNB awareness.

Proposal 4:
The exact evaluation period could be limited to one system frame or multiple system frames.

Proposal 5:
The starting timing could be limited to the starting of the system frame.

Conclusions
In this contribution, we provide our views on the power domain enhancements. The observations and proposals are as below.
Proposal 1:
Energy headroom is helpful for gNB determination of high power UE schedule.

Proposal 2:
Study new signalling and new trigger event to let UE report its energy headroom.

Proposal 3:
The difference for PC and P-MPR could be jointly report by UE.

Proposal 4:
The exact evaluation period could be limited to one system frame or multiple system frames.

Proposal 5:
The starting timing could be limited to the starting of the system frame.
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