Page 1

3GPP TSG RAN WG1 #115	R1-2311855 
Chicago, USA, November 13th – November 17th, 2023
Agenda Item:		8.8.2	
Source:				Samsung
Title:					Power domain enhancements
Document for:	Discussion
1 Introduction
[bookmark: _Hlk22834419]In RAN1#114 the work on Rel-18 Further NR coverage enhancements [1] was completed, and maintenance phase started in RAN1#114bis. This contribution discusses some remaining issues of the objective on power domain enhancement, “enhancements to realize increasing UE power high limit for CA and DC”, related to LSs exchanged between RAN4 and RAN1. 
2 Discussion
In RAN1#114 an LS from RAN4 was received [2], where RAN4 informed that reporting of ΔPPowerClass when configured duty cycle is exceeded was agreed. RAN1 then sent a reply LS [3] to RAN4, and also to RAN2, asking for clarifications on the RAN4 work. 
	LS from RAN4 to RAN1, R4-2310500 [2]

With regard to enhanced information exchange between the UE and gNB to improve scheduling and network performance when using higher power CA/DC, RAN4 would like to provide the following recommendation and guidance as a follow-up to our earlier Reply LS in R4-2303701 from RAN4#106:
· enable UE report on the ΔPPowerClass to indicate which power class requirements that the UE is referring to only when configured duty cycle is exceed 
· The occasion of the report should be limited to when configured duty cycle is exceeded. 
· can be combined with full-power MIMO transmission capability reporting corresponding to the current power class 
· not to introduce P-MPR report since this is closely related to SAR implementation, which is sensitive to UE design
· RAN4 stops the discussion on reporting prediction with specific evaluation periods and durations in Rel-18.
· RAN4 does not consider EHR feasible.



	LS from RAN1 to RAN4/RAN2, R1-2308561 [3]

Concerning the recommendation of enabling UE report on the ΔPPowerClass to indicate which power class requirements that the UE is referring to only when configured duty cycle is exceeded:
a) RAN1 understands it as related to a PHR reporting enhancement by means of which Power class fallback ΔPPowerClass is reported by UE with aperiodic PHR as discussed in R4-2303560, i.e., the WF brought to RAN1’s attention by RAN4 with R4-2303701, Reply LS on enhancements to realize increasing UE power high limit for CA and DC.
b) The duty cycle exceedance is referred to by RAN4 as “occasion of the report”. RAN1 understands that this expression refers to the event that triggers the aperiodic PHR report, and not to the actual UL resource to send the MAC-CE carrying the report, which would be still subject to UL resource availability as per RAN1 specification.
c) RAN1 does not see a RAN1 impact for this enhancement.
   
Furthermore, RAN1 agreed on respectfully ask to RAN4 the following questions:
· Q1:  It is RAN1 understanding that ΔPPowerClass can be triggered by the cases when the percentage of uplink symbols transmitted in a certain evaluation period is larger than a certain duty cycle as specified in Clause 6.2.4 of TS 38 101-1. Could RAN4 clarify whether all these cases can trigger ΔPPowerClass reporting in PHR MAC CE?
· Q2: In case of duty cycle exceedance, and resulting ΔPPowerClass reporting as per recommendation in R4-2310500, is a further ΔPPowerClass reporting also allowed when UE returns to advertised PC power capabilities? 
· Q3: Could RAN4 confirm the correctness of RAN1’s understanding as per observation b) concerning the recommendation of enabling UE report on the ΔPPowerClass to indicate which power class requirements that the UE is referring to only when duty cycle is exceeded?
· [bookmark: _Hlk149645697]Q4:  Could RAN4 clarify the meaning of the recommendation related to the combination of the ΔPPowerClass report with full-power MIMO transmission capability reporting corresponding to the current power class?




During RAN1#114bis, RAN1 sent another LS to RAN4 in [4].
	[4] LS from RAN1 to RAN4, R1-2310518

In [1] RAN4 asked RAN1 to check if there is RAN1 impact regarding further information shared in [1]. After further checking, RAN1 have not found any RAN1 impact to realize the inclusion of ΔPPowerClass in a report to network. RAN1 are further discussing potential RAN1 impact concerning support for uplink full power MIMO transmission dependency on ΔPPowerClass report.




For RAN1#115, RAN1 has received an LS from RAN4 in [5], and RAN4 asks RAN1 to consider the content of the LS, and RAN2 to consider the content of the LS for the RAN2 future work on the implementation of ΔPPowerClass reporting. RAN1 has also received an LS from RAN2 in [6] where RAN1 is in cc.
	[bookmark: _Hlk149642658][5] LS from RAN4 to RAN1/RAN2, R1-2310800 (R4-2317768),

Regarding the questions from RAN1, RAN4 would like to share the following answers based on RAN4 latest discussion outcomes in R4-2314703.
· Q1: It is RAN1 understanding that ΔPPowerClass can be triggered by the cases when the percentage of uplink symbols transmitted in a certain evaluation period is larger than a certain duty cycle as specified in Clause 6.2.4 of TS 38 101-1. Could RAN4 clarify whether all these cases can trigger ΔPPowerClass reporting in PHR MAC CE?
· Answer from RAN4: RAN4 confirms that the cases to enable UE to report ΔPPowerClass are limited to occasions when maximum transmission power changes originating from a duty cycle mechanism. This principle applies to not only single carrier case, but also multiple carrier case for CA/DC.  

· Q2: In case of duty cycle exceedance, and resulting ΔPPowerClass reporting as per recommendation in R4-2310500, is a further ΔPPowerClass reporting also allowed when UE returns to advertised PC power capabilities? 
· Answer from RAN4: As clarified in R4-2314703, ΔPPowerClass reporting is also allowed when UE returns to advertised power class reference after duty cycle exceedance.

· Q3: Could RAN4 confirm the correctness of RAN1’s understanding as per observation b) concerning the recommendation of enabling UE report on the ΔPPowerClass to indicate which power class requirements that the UE is referring to only when duty cycle is exceeded?
· Answer from RAN4: RAN4 confirms that observation b) from RAN1 is correct, which means “occasion of the report” refers to the event that triggers the aperiodic PHR report, and not to the actual UL resource to send the MAC-CE carrying the report.

· Q4: Could RAN4 clarify the meaning of the recommendation related to the combination of the ΔPPowerClass report with full-power MIMO transmission capability reporting corresponding to the current power class?
· Answer from RAN4: The intention is to allow UE to report a more suitable mode for ul-FullPowerTransmission depending on ΔPPowerClass. An example is a UE that supports PC1.5 with ul-FullPwrMode1-r16. This type of UE would be allowed to indicate additional ul-FullPwrMode-r16 capabilities which would apply only when ΔPPowerClass = 3 dB or when ΔPPowerClass = 6 dB, i.e. where achievable maximum transmission power is capped by 26 dBm or 23 dBm, respectively.




	[6] LS from RAN2 to RAN4, cc RAN1 R1-2311006 (R2-2311611)

RAN2 discussed the RAN4 LS R2-2309468	 about enhancements to realize increasing UE power high limit for CA and DC and concluded that more detailed information is required to be able to design the signaling to support delta power class reporting appropriately.
Hence, RAN2 would like to respectfully ask the following questions from RAN4:
· Q1: What exact information is required to be reported by the UE (ie., how many bits are required to support the reporting of this information)?
· Q2: What is the granularity of the information to be reported (e.g., per UE / per cell / other option)?
· Q3: Will RAN4 specification(s) specify the triggering condition(s) when this reporting should be performed by the UE, to which RAN2 specification(s) could then refer to when writing the reporting procedure?

RAN2 would also like to point out that the next RAN2#124 meeting is the last RAN2 meeting for Rel-18 and would appreciate any early response to these questions.




In RAN1#114bis meeting, RAN1 concluded that there is no RAN1 specification impact to realize the inclusion of ΔPPowerClass in a report to network. Thus, work for specifying this feature in Rel-18 continues in RAN2 and RAN4, including the introduction of new RRC parameters and UE features. 

In RAN1#114bis meeting, RAN1 also concluded to further discuss potential RAN1 impact concerning uplink full power MIMO transmission dependency on ΔPPowerClass report. This issue was discussed because of the RAN4 recommendation related to the combination of the ΔPPowerClass report with full-power MIMO transmission capability reporting. 

RAN4 clarified in [5] that it is RAN4 intention to specify that a UE can have both the capability of reporting the ΔPPowerClass and the capability of ul-FullPowerTransmission (ULFPTx) so that a UE can report a more suitable full power transmission mode for ULFPTx based on the ΔPPowerClass that the UE would report. Thus, the main discussion in RAN1 would be whether the determination of the ULFPTx mode when the UE reports the ΔPPowerClass requires a specification change in RAN1.
 

In our understanding, for ΔPPowerClass reporting, when the UE is configured ul-FullPowerTransmission, the procedure related to different ULFPTx modes for determining the power of a PUSCH transmission as specified in TS 38.213 clause 7.1 would not need to be changed. The UE would consider the ΔPPowerClass information that reports to gNB, in addition to the advertised UE power class, to choose an ULFPTx mode to report. The only difference with the legacy procedure is that the ΔPPowerClass is now reported by the UE. 
Observation1: No RAN1 specification impact is required for the support of ΔPPowerClass reporting when the UE is configured ul-FullPowerTransmission. 

[bookmark: _GoBack]Considering also that RAN4 has clearly answered the RAN1 questions and has not tasked RAN1 with any action, RAN1 discussions on the support of ULFPTx and ΔPPowerClass reporting can be concluded in RAN1#115. Optimizations for configurations of an ULFPTx mode based on UE feedback, e.g., ΔPPowerClass reporting and/or additional information, cannot be further discussed at this stage of Rel-18.
Proposal: Conclude RAN1 discussions on the support of ULFPTx and ΔPPowerClass reporting in RAN1#115. 
3 Conclusion
This contribution discusses remaining issues for power domain mechanisms to enhance coverage. The observations and proposals made in this contribution are summarized as below:
Power techniques: Enhancements for UE power high limit for CA and DC
Observation1: No RAN1 specification impact is required for the support of ΔPPowerClass reporting when the UE is configured ul-FullPowerTransmission. 
Proposal: Conclude RAN1 discussions on the support of ULFPTx and ΔPPowerClass reporting in RAN1#115. 
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