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Introduction
In RAN1#112 meeting, the following agreement has been made.[1]
	Agreement
[bookmark: _Hlk131664529]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 this contribution, we share our views on power domain enhancements to increase gNB awareness of UE’s Tx power.
[bookmark: P3][bookmark: _Hlk131783371]Discussion on increasing UE power high limit for CA and DC
Background and motivation
In RAN4#103 meeting, CRs to TS38.101-1 and TS38.101-3 were agreed [2][3]. With this agreement, the upper limits of PCMAX are raised to enable higher maximum output power for CA and DC for PC3+PC2 power configurations when [HigherPowerLimitCADC] is signaled. When the maximum output power requirement relaxation in HPUE and CA/DC is applied to a UE, the UE can increase the total transmission power according to the RAN4 specifications. However, the UE must satisfy the regulations based on the radio wave protection guideline, e.g., the specific absorption rate (SAR) is specified as an absorbed energy (mainly from Tx signal) over a 6-minute period in Japan [4][5]. According to the current specifications, the SAR issue for non-CA with HPUE can be avoided by the power class fallback considering the ratio of uplink transmission in certain evaluation period (duty cycle) or transmit power reduction (P-MPR). For CA case, the same manner is applied. The problem of this approach is that, however, the UE voluntarily executes those functions and the actual power reduction is not notified to gNB, so there will be a discrepancy in the recognition of the UE transmission power between gNB and UE. In order to enjoy the benefit increasing UE power high limit for CA and DC, this issue should be addressed in Rel-18. 
Proposal 1: Increasing gNB awareness of UE’s Tx power should be standardized in Rel-18 to enjoy the benefit of increasing UE power high limit for CA and DC
Views on the approaches discussed in RAN1
As already described in the precious section, the root cause of the issue is that gNB is not aware of PC fallback and P-MPR that a UE autonomously applies to satisfy the SAR requirement. At previous RAN1 meetings, two approaches were proposed. The first approach is PC change report. The concept of the PC change report is that the UE reports the power class status when the power class is changed at the UE side such as PC fallback. The second approach is energy headroom report. It reports the remaining available power information considering the SAR and then it can avoid the occurrence of PC fallback and P-MPR by gNB scheduling. PC change report is useful to understand whether the PC fallback happens at the UE so that the gNB can appropriately schedule the uplink for the UE to transmit the uplink as high Tx power as possible based on the current power class of the UE, but it cannot have the information related to P-MPR. It means that the performance of UE using P-MPR cannot improve by PC change report because the UE can apply P-MPR without changing the power class. The benefit of PC change report is the simplicity, but the obvious drawback is the inapplicability to P-MPR. 
Observation 1: PC change report cannot cope with the P-MPR capable UE
On the other hand, in our understanding, energy headroom report provides a remaining available power within a certain time period, which enables gNB scheduler to make the maximum use of UE transmission power even for the UE who is applying Tx power reduction including P-MPR. However, the potential drawback of this approach is scheduler complexity. For example, it would not be so easy for gNBs to continuously track the UEs’ available power, which is a new functionality for gNBs. In this sense, we believe the benefit and the drawback of energy headroom report offers a trade-off relationship. Furthermore, the definition of energy headroom has not been clearly discussed/defined in RAN1 yet, so more discussion would be necessary to achieve the common understanding. 
Observation 2: Impact of energy headroom report to gNB scheduler needs careful assessment while it is applicable to both PC fallback and P-MPR
[bookmark: _Hlk131619015]Based on above observations, we believe a new solution should be considered to address not only PC fallback but also P-MPR. 
Observation 3: The solution should be applicable to both PC fallback and P-MPR

Views on the solutions discussed in RAN4
In RAN4#105 meeting, the following recommend WF has been approved [6]:
	<Recommended WF>
· RAN4 discussion will focus on the following solutions that have been proposed in this meeting:
1. Power class fallback ΔPPowerClass with aperiodic PHR. 
· Report power-class fallback ΔPPowerClass in the PHR per serving cell, any power-class change, fallback or return to declared power class, should trigger an aperiodic PHR. This also includes FDD PC2.
· Report power-class fallback ΔPPowerClass,CA in the multi-entry PHR for the BC; any BC power-class change, fallback or return to advertised BC power class, should also trigger an aperiodic PHR.
· For EN-DC report power-class fallback ΔPPowerClass,EN-DC in the multi-entry PHR for the BC.
2. Power class being used by the UE. Because reporting ΔPPowerClass must be a huge burden for both UE and network.
· For single band HPUE operation, PC being used by a UE must be able to be reported per serving cell.
· For UL inter band CA HPUE operation, PC being used by a UE must be able to be reported per serving cell per band within a band combination as well as CA PC being used CA for the band combination itself.
3. The sustainable duty cycle over a certain duration that would prevent triggering a power class fallback at the UE, as well as period of applicability of the ∆PPowerClass report.
4. Introduce a scheme for a UE to report uplink symbol evaluation period and starting timing.
5. Enhance the current power headroom reporting framework to enable P-MPR reporting (via MPE field) for FR1 carriers.


In this section, we share our views whether these solutions can address our concern from RAN1 perspective (i.e., performance). 
Power class change report
As discussed in section 2.2, we believe PC change report can increase the gNB awareness of UE transmit power once PC fallback occurs. However again, the problem is that this solution is not applicable to P-MPR, which is also an available solution for a UE to satisfy SAR requirement. 
Sustainable duty cycle
The sustainable duty cycle provides 'how long the value of the ΔPPowerClass is likely to remain unchanged', or 'conditions under which a power class downgrade can be avoided' to gNB, and hence gNB scheduler obtains more predictability to avoid the occurrence of PC fallback and/or P-MPR. In our understanding, the reported value of sustainable duty cycle would be conservative because the reported value of sustainable duty cycle does not include the information of UE Tx power itself and UE must satisfy the SAR regulation, so the available UE Tx power might not be maximized. However, the benefit would be simple compared with energy headroom report: the gNB is not required to calculate and track the accumulated transmit power of a UE. Also, another clear benefit is the applicability to both PC fallback and P-MPR. 
Observation 4: While the performance gain is not maximized, sustainable duty cycle can achieve similar benefits with energy headroom report (i.e., predictability, applicability to PC fallback and P-MPR) together with lower complexity at gNB side. 
P-MPR report
In current specification, P-MPR report is specified only for FR2. The simplest way to achieve P-MPR report for FR1 is to reuse existing mechanisms for FR2. However, relevance of the P-MPR report is uncertain in our view. More specifically, the value of P-MPR highly depends on UE implementation, and hence gNB cannot predict the future UE behaviour from this report. 
Observation 5: Since P-MPR depends on UE implementation and the value may be changed dynamically, it is not clear from RAN1 perspective if P-MPR report offers gNB more predictability on the UE transmit power in the future.
Way forward
Based on the RAN4’s discussion and our analysis above, the available candidate solutions for increasing gNB awareness of UE’s Tx power can be listed as follows.
· Option 1: Introduce sustainable duty cycle report for both PC fallback and P-MPR
· Option 2: Introduce PC change report for PC fallback and sustainable duty cycle for P-MPR
· Option 3: Introduce PC change report for PC fallback and P-MPR report for P-MPR
Our first preference is option 1 because sustainable duty cycle report can be applicable alone to both PC fallback and P-MPR but option 2 is also acceptable for us. The validity of option 3 (especially P-MPR report) is up to RAN4, and RAN1 can wait for their input on this matter. 
Proposal 2: Choose one option from the following three options to increase gNB awareness of UE’s Tx power, which are currently discussed in RAN4.
· Option 1: Introduce sustainable duty cycle report for both PC fallback and P-MPR
· Option 2: Introduce PC change report for PC fallback and sustainable duty cycle for P-MPR
· Option 3: Introduce PC change report for PC fallback and P-MPR report for P-MPR

Conclusion
In this contribution, we provided our views on power domain enhancement, and our observations and proposals are summarized as follows: 
Proposal 1: Increasing gNB awareness of UE’s Tx power should be standardized in Rel-18 to enjoy the benefit of increasing UE power high limit for CA and DC
Observation 1: PC change report cannot cope with the P-MPR capable UE
Observation 2: Impact of energy headroom report to gNB scheduler needs careful assessment while it is applicable to both PC fallback and P-MPR
Observation 3: The solution should be applicable to both PC fallback and P-MPR
Observation 4: While the performance gain is not maximized, sustainable duty cycle can achieve similar benefits with energy headroom report (i.e., predictability, applicability to PC fallback and P-MPR) together with lower complexity at gNB side. 
Observation 5: Since P-MPR depends on UE implementation and the value may be changed dynamically, it is not clear from RAN1 perspective if P-MPR report offers gNB more predictability on the UE transmit power in the future.
Proposal 2: Choose one option from the following three options to increase gNB awareness of UE’s Tx power, which are currently discussed in RAN4.
· Option 1: Introduce sustainable duty cycle report for both PC fallback and P-MPR
· Option 2: Introduce PC change report for PC fallback and sustainable duty cycle for P-MPR
· Option 3: Introduce PC change report for PC fallback and P-MPR report for P-MPR
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