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1. Introduction
In this document, we provide our views on mechanisms for power domain enhancements.
2. Discussion
2.1 High Power Transmission in CA and DC
	RAN1 #111
Agreement
· At least the following enhancements to information exchange between UE and gNB to facilitate higher power transmissions in CA and DC can be considered for study. Enhanced signaling, if necessary and subject to RAN4’s input, to allow: 
· Determination at gNB of power class change at the UE
· Increased awareness at gNB of energy/power availability at the UE, e.g., a budget.
· More informative PHR to be sent from UE to gNB, which may include, e.g., P-MPR related information, power headroom for carrier configured for DL but not UL, power class change indication.
· More effective scheduling decisions in the context of UL CA, e.g., best band combination, preferred carrier for servicing uplink, adaptive load sharing across sharing, 
· Other options are not precluded.
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Agreement
Further discussions in RAN1 concerning means to facilitate higher power transmissions in CA and DC, if applicable, can target increasing gNB awareness of UE’s Tx power, e.g., PHR reporting enhancement such as current power class, power class change, or application of P-MPR by UE (subject to RAN4’s input). 
· FFS: details.



In the current NR spec, a high power capable UE (e.g., power class 2) can indicate a maximum duty cycle to the base station via UE capability (e.g., maxUplinkDutyCycle-PC2-FR1). If the UE is capable of power class 2, but does not indicate the maximum duty cycle to the base station, the base station would consider a default maximum duty cycle to the power class (e.g., 50% to PC2). If the UE is to transmit signals in which the transmitted power would violate the regulation (e.g., SAR, MPE), the UE is allowed to fallback to a lower PCMAX, f, c (due to ΔPPowerClass changing). The exact evaluation period of the maximum duty cycle is up to UE implementation. The only restriction imposed by the RAN4 spec is that the evaluation period should be no less than one radio frame.
According to the 38.101, frequency bands that support PC2 capable UE are usually TDD bands. Considering the UL duration in some common seem TDD configurations such as DDDSU or DDDDDDDSUU are around 30%. Regardless any special implementation in the base station side, UE usually won’t have to operate in fallback power level (e.g., as PC3 UE). For special cases such as the UE is configured with a TDD configuration with UL duration larger than 50%, or the UE is connected to a FDD band that supports PC2 capable UE. Without the exact evaluation period information from UE, the base station can apply a simple approach by carefully controlling the UL duty cycle per radio frame. However, this approach would sacrifice the opportunity to boost transmission power in one of the radio frame when the UE has a larger evaluation period (e.g., 2 or 3 radio frames). 
Another approach for the base station is to estimate the exact evaluation period from received PHR(s). A UE can be configured to report PHR periodically, or be triggered by events such as configuration change, path loss change, and MPE/P-MPR change (FR2). The base station can estimate the evaluation period according to the PCMAX, f, c field variation. Of course, an even more direct approach is to indicate the exact evaluation period to the base station, thereby the base station can schedule UL power accordingly. However, because the exact evaluation period should be a static value to the UE, to save signalling overhead, indicating via UE capability is recommended.
Observation 1: Based on the current spec that PC2 UE supported bands are usually TDD bands and the UL duration in the TDD configuration are usually smaller than 50%, thus PC2 UE does not have to fallback to operate as a PC3 UE often. However, the current spec do allow a UE to be configured with UL duration larger than 50%. Further enhancement can be discussed.

Observation 2: The exact evaluation period of the maximum duty cycle for high power capable UE is unknown to the base station. The base station can estimate the exact evaluation period of a UE according to PCMAX, f, c changes in PHR. With the cost of overhead, indicating the exact evaluation period to the base station can simplify base station implementation. However, the performance gain between these approaches needs further study.

Proposal 1: To support high power transmission in CA and DC, following enhancements can be considered 
· Option 1: Introduce MPE/P-MPR triggering mechanism in FR1 for PHR reporting
· Option 2: UE indicates the exact evaluation period of maximum duty cycle to the base station via UE capability
3. Conclusion
Observation 1: Based on the current spec that PC2 UE supported bands are usually TDD bands and the UL duration in the TDD configuration are usually smaller than 50%, thus PC2 UE does not have to fallback to operate as a PC3 UE often. However, the current spec do allow a UE to be configured with UL duration larger than 50%. Further enhancement can be discussed.

Observation 2: The exact evaluation period of the maximum duty cycle for high power capable UE is unknown to the base station. The base station can estimate the exact evaluation period of a UE according to PCMAX, f, c changes in PHR. With the cost of overhead, indicating the exact evaluation period to the base station can simplify base station implementation. However, the performance gain between these approaches needs further study.

Proposal 1: To support high power transmission in CA and DC, following enhancements can be considered 
· Option 1: Introduce MPE/P-MPR triggering mechanism in FR1 for PHR reporting
· Option 2: UE indicates the exact evaluation period of maximum duty cycle to the base station via UE capability
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