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Introduction
In RAN1#111 meeting, the following agreement has been made.[1]
	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.


In this contribution, we share our views on power domain enhancements, especially for 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.
[bookmark: P3]Discussion on increasing UE power high limit for CA and DC
Determination at gNB of power class change at the UE
According to the clauses 6.2.1 and 6.2.4 of RAN4 specification [2], it is specified that a power class 2 capable UE can perform power class fallback when percentage of total uplink symbols transmitted on all CCs in a certain evaluation period is larger than the threshold. And the current specification does not allow the UE to report its power class in operation. Note that this fallback operation is performed when UE needs to satisfy SAR requirements, and either power class fallback or P-MPR (or both) are applicable by UE implementation. 

Compared with the UE autonomous power class change, gNB based power class determination is useful for gNB’s better scheduling because UE Tx power can be controlled by gNB. However, it is not clear to us how the gNB acknowledges the best timing to trigger such a power class change, i.e., the power class change is required to satisfy SAR requirements and the total UE Tx power and its measurement time period is managed by the UE. In addition, a UE is still allowed to use P-MPR, which is transparent to gNB, to satisfy the SAR requirements instead of power class fallback. Thus, the control of power class may not be enough to fully control the UE transmit power, and the control of UE power class by gNB will not work alone. 
Given the analysis above, the following observation can be made:
Observation 1: The benefit of determination at gNB of power class change at a UE can be justified only when the gNB is aware of energy/power availability at the UE
A new report about energy/power availability from UE to gNB
Regarding the SAR compliance at UE for CA, the related description for FR1 can be found in [TS38.101-1], and it says that the actual time period for deciding the power class fallback is not accurately specified, i.e., the actual value is up to UE implementation, as quoted below:
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If a UE supports a different power class than the default UE power class for the band combination listed in Table 6.2A.1.3-1 and the supported power class enables the higher maximum output power than that of the default power class:
–	if the field of UE capability maxUplinkDutyCycle-interBandCA-PC2 is not absent and the average percentage of uplink symbols transmitted in a certain evaluation period is larger than maxUplinkDutyCycle-interBandCA-PC2 as defined in TS 38.331 (The exact evaluation period is no less than one radio frame); or
–	if the IE P-Max as defined in TS 38.331 [7] is provided and set to the maximum output power of the default power class or lower;
–	shall apply all requirements for the default power class to the supported power class and set the configured transmitted power as specified in clause 6.2A.4;
–	else; 

This mechanism makes the gNB scheduler more challenging to estimate the occurrence of autonomous Tx power reduction (including power class fallback and/or application of P-MPR) by the UE. The important aspect for increasing UE power high limit for CA and DC is that the gNB scheduler to make accumulate UE transmit power as close as its SAR limit without letting the UE perform Tx power reduction. For this purpose, the gNB needs to be aware of the UE situation of accumulated Tx power not to reach the SAR limit. 
Observation 2: gNB needs to know more accurate information on the available Tx power considering SAR limit at a UE in order to enjoy the benefit of increasing UE power high limit for CA and DC.
One of the simplest ways to solve this problem is to introduce a report on available energy to the gNB, which is calculated by the UE taking into account the accumulated Tx power within a certain time period including 3GPP and non-3GPP system impacting SAR limit. With this report, gNB can allocate maximum UL transmission power while avoiding the UE autonomous power reduction, and hence the benefit of increasing UE power high limit for CA/DC can be achieved.
Proposal 1: Introduce a UE report to inform gNB of the energy/power availability of the UE, which guarantees the unoccurrence of autonomous power reduction such as power class fallback and/or application of P-MPR at the UE. 
Moreover, RAN1 has also agreed to further study different kinds of report in order to obtain additional benefits, i.e. (1) P-MPR related information, (2) power headroom for carrier configured for DL but not UL, and (3) power class change indication. Our views on these aspects are provided below:
(1) P-MPR related information
We think this solution is a kind of “reactive” solution and may not address the root cause of the problem alone. More concretely, our assumption is that more aggressive PUSCH scheduling is necessary to enjoy the benefit of increasing UE power high limit for CA and DC while UE based solutions as power class fallback and/or P-MPR are avoided under gNB control. P-MPR information is useful to understand what happened to the UE, but the gNB should know such information before the autonomous Tx power reduction is performed.  
(2) power headroom for carrier configured for DL but not UL
In our understanding, gNB uses DL measurement results (RSRP, RSRQ, SINR, etc.) to determine uplink carriers, so UL CA carriers are subset of DL carriers. From the perspective of UL signal quality, UL signal strength can be estimated from RSRP report, and the UE interference can be always measured by the gNB by using the existing signals. Also, traffic load information is available at the gNB. This means that basic information for better scheduling has already been available at the gNB.  
On the other hand, power headroom for carrier configured for DL but not UL is able to provide additional information because the power reduction information can be included there. While such a power reduction information may be useful for the UEs in cell edge area, it is not clear for us if such information gives additional useful information in the real line network because wide coverage is achieved by one or two frequency anchor band and the best frequency is known to the operator. Therefore, the usefulness of this information needs more discussion in RAN1. 
(3) power class change indication
The same observation as (1) applies to power class change indication: power class change indication would be useful for the gNB, but the gNB should know such information before the autonomous Tx power reduction is performed.
Proposal 2: The reports of P-MPR related information, power headroom for carrier configured for DL but not UL and power class change indication deems less important compared with energy/power availability report. More discussion on the motivation and benefit would be necessary.
More effective scheduling decisions in the context of UL CA
According to the test requirement in Japan, the UE measurement for Tx power is performed based on frequency range. In this sense, we are not sure if there is a relationship between increasing UE power high limit for CA and DC and “best band combination, Preferred carrier for servicing uplink, and/or adaptive load sharing across sharing” because the available power would be common within a certain range, e.g., 100kHz-6GHz. Before making any decision on the necessity, RAN1 should understand how the accumulate Tx power is managed by a UE to address SAR requirement, i.e., per band, per frequency range and/or per UE (or something else), which is not visible from gNB side. 
Proposal 3: Before making any decision on More effective scheduling decisions in the context of UL CA, RAN1 should discuss the following issue and have a common understanding:
· How the UE manages the accumulated Tx power for SAR requirement, i.e., per carrier, per frequency range and/or per UE. 
Conclusion
In this contribution, we provided our views on power domain enhancement, and our observations and proposals are summarized as follows: 
Observation 1: The benefit of determination at gNB of power class change at a UE can be justified only when the gNB is aware of energy/power availability at the UE
Observation 2: gNB needs to know more accurate information on the available Tx power considering SAR limit at a UE in order to enjoy the benefit of increasing UE power high limit for CA and DC.
Proposal 1: Introduce a UE report to inform gNB of the energy/power availability of the UE, which guarantees the unoccurrence of autonomous power reduction such as power class fallback and/or application of P-MPR at the UE. 
Proposal 2: The reports of P-MPR related information, power headroom for carrier configured for DL but not UL and power class change indication deems less important compared with energy/power availability report. More discussion in RAN1 would be necessary.
Proposal 3: Before making any decision on More effective scheduling decisions in the context of UL CA, RAN1 should discuss the following issue and have a common understanding:
· How the UE manages the accumulated Tx power for SAR requirement, i.e., per carrier, per frequency range and/or per UE. 
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