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Introduction
[bookmark: OLE_LINK9]In last meeting, the ΔPPowerClass reporting (i.e. DPC reporting) associated with the UL FP modes were discussed, and the agreements were included in the WF [1] and LS[2]. 
In this contribution, our view on the potential remaining issues related to UL full-power capability varying is provided. 
Discussion
In the last LS[1], the intention for the recommendation related to the combination of the ΔPPowerClass report with full-power MIMO transmission capability reporting corresponding to the current power class are clarified.That is, different UL FP modes could be applied based on different effective power classes capped due to DPC reporting. 
	· 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?
· [bookmark: OLE_LINK15][bookmark: OLE_LINK54][bookmark: OLE_LINK53][bookmark: OLE_LINK52][bookmark: OLE_LINK13][bookmark: OLE_LINK14]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.


In the case of the 3dB or 6dB DPC is reported, due to the maximum transmission power is reduced compared to its PPowerClass , the ul-FullPowerTransmission mode may be changed accordingly to use a more suitable mode, as stated in the LS. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK6][bookmark: OLE_LINK16]With above, although the UL FP mode can be changed due to DPC reporting, it can be also allowed not to change the UL FP mode when DPC reporting. In our view, power class fallback or return highly relies on UE implementation. For instance, when a UE power class falls back from PC2 (2*23dBm) to PC3, it is feasible for this UE to shut down one of the RF chains (in this case it would be only 1*23PA) or just lower the power for each of the RF chains (in this case it would be 2*20dBm for each PA). For the former one, it may be no need to change the UL full power mode when DPC reporting, but for the latter one, UL full power mode may need to be changed, i.e. Mode 1-> Mode 0. 
Another example is the PC2 with 2*26dBm PA power configuration, in which UL FP mode 0 is configured. When the duty cycle is exceed, then the fall back power behaviour will happen, which is PC2 falls back to PC3 with ΔPPowerClass = 3 dB. However, the suitable mode for ul-FullPowerTransmission would still be mode 0, which means there is need to change the UL full power mode when the power class falls back or return.
Observation 1: UL full-power mode may or may not be changed due to ΔPPowerClass reporting.
In current RAN2 signalling design, only one UL FP mode is configured for a UE without considering power class fallback or return. 
	PUSCH-Config ::= SEQUENCE { 
...
ul-FullPowerTransmission-r16 ENUMERATED {fullpower, fullpowerMode1, fullpowerMode2} OPTIONAL, -- Need R
...


· If the UE does not indicate additional UL FP mode capability when DPC = 3dB or 6dB, the configured UL FP mode will be applied as legacy.
· If the UE could be allowed to indicate additional UL FP mode capability when DPC = 3dB or 6dB, 
· Case 1: The additional UL FP mode still cannot be used if the RRC configuration is not changed as legacy.
· Case 2: The additional UL FP mode can be applied if some updates for the UL FP mode configuration. E.g. independent UL FP mode configuration per PC.
[bookmark: OLE_LINK17]As a result, some updates on UE report and RRC configuration would be introduced to support UL FP mode switching when DPC reporting. For example, 
· Alt.1, UL FP mode can be semi-statically reported/configured per PC. While, dynamic UL FP mode switching is not supported if UL FP mode per PC is not configured regardless of UL FP mode reported per PC.
· Alt.2, UL FP mode can be dynamically reported with DPC and a new fullpowerMode-r18 can be configured to support dynamic UL FP mode switching with ΔPPowerClass reporting. While, dynamic UL FP mode switching is not supported if fullpowerMode-r18 is not configured regardless of UL FP mode dynamically reported with DPC.
· [bookmark: OLE_LINK65]Alt.3, Besides Alt.1 or Alt.2, whether the additional UL FP mode associated with each PC can be applied after DPC reported will be indicated by DCI or MAC CE.
In the WF[1], there is topic to discuss the indication of full power transmission mode capability and ΔPPowerClass report:
	<Topic #4> Whether further RAN1 impact and RAN4 corresponding verification can be needed for dynamic indication of full power transmission mode capability
<Agreement>:
[bookmark: OLE_LINK66][bookmark: OLE_LINK3][bookmark: OLE_LINK2][bookmark: OLE_LINK4]-	FFS whether the following dynamic indication of the ULFPTx capability(s) for positive values of ΔPPowerClass is static or dynamic.   


[bookmark: OLE_LINK8][bookmark: OLE_LINK19][bookmark: OLE_LINK18][bookmark: OLE_LINK20]Although it is FFS whether the indication of ULFPTx capability(s) is static or dynamic, it would be foreseen that it would impact the legacy RAN2 signalling design, so RAN2 efforts would be needed to enable the flexible changes of UL FP mode switching when DPC reporting. Meanwhile, although there are no impacts foreseen in RAN1 when only DPC is reported, additional reporting UL FP mode switching is still under discussing in RAN1 due to some potential RAN1 impacts on how UL full-power capability vary with ΔPPowerClass reporting will be foreseen, such as scale factor ‘s’ and TPMI configurations, in terms of the LS from RAN1.
	[bookmark: OLE_LINK11]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.


It should be noted that the discussion on whether or not revise UL MIMO max. layers capability with fallback or power class recovery event were stopped in RAN4 discussion.
[bookmark: OLE_LINK21][bookmark: OLE_LINK24]Observation 2: To enable the flexible changes of UL FP mode switching when ΔPPowerClass reporting, there are impacts on both RAN1 and RAN2. 
In the RAN2 LS, there are 3 questions asked RAN4. For the values for ΔPPowerClass reporting, the agreements are:
	<Agreement>:
-	In Rel-18, for HPUE with high power limit, no need to specify new values other than 3/6dB for ΔPPowerClass reporting.
-	The high-power limit feature only applies with ΔPPowerClass = 0 dB, which is aligned with the Rel-17 agreement i.e. P-MPR is used for SAR mitigation for high power limit feature.



[bookmark: OLE_LINK30][bookmark: OLE_LINK25][bookmark: OLE_LINK58][bookmark: OLE_LINK32][bookmark: OLE_LINK61][bookmark: OLE_LINK60]It should be noticed that the 3dB and 6dB come from the 38.101-1 specification when the power fall back from the advertised power class resulting from duty cycle exceedance. In addition to that, UE needs to report ΔPPowerClass when the power return resulting from duty cycle reduction. Moreover, considering the trigger conditions for ΔPPowerClass  reporting is the duty cycle, similar with FR2 MPE reporting, we think the granularity for FR1 ΔPPowerClass reporting should be per UE.  Thus in our understanding, there needs 2-bit to indicate the status for UE reporting ΔPPowerClass and there are four events, which is summarized in Table 1.
Table 1. ΔPPowerClass reporting
	2-Bits value
	Indication

	00
	[bookmark: OLE_LINK62][bookmark: OLE_LINK63]No ΔPPowerClass reports (Legacy event) (i.e. ΔPPowerClass=0dB)

	01
	[bookmark: OLE_LINK28][bookmark: OLE_LINK36][bookmark: OLE_LINK35][bookmark: OLE_LINK31]The maximum transmission power is capped by (Ppowerclass - ΔPPowerClass), where ΔPPowerClass =3dB due to duty cycle exceedance

	10
	[bookmark: OLE_LINK50]The maximum transmission power is capped by (Ppowerclass - ΔPPowerClass), where ΔPPowerClass =6dB due to duty cycle exceedance 

	11
	[bookmark: OLE_LINK33][bookmark: OLE_LINK34]The maximum transmission power return back to Ppowerclass due to duty cycle reduction (i.e. ΔPPowerClass=0dB)


In the existing PHR MAC CE, there are two bits in the filed of ‘MPE or R’ for Pcmax filed for either single carrier(single Entry) or CA(Multiple entries) as below, in which ‘MPE’ is for FR2 severing cell, and ‘R’ is for FR1 severing cell.  


         
single Entry PHR MAC CE                                           Muliple Entry PHR MAC CE
Since ΔPPowerClass reporting is only applied for FR1 and 2-bit is needed for a FR1 UE to report on the ΔPPowerClass, we think 2-bit MPE field used for FR2 (i.e. ‘MPE or R’ filed) can be reused to report ΔPPowerClass for FR1.
[bookmark: OLE_LINK46]Proposal 1: 2-bit is needed for a UE to report on the ΔPPowerClass.
[bookmark: OLE_LINK43][bookmark: OLE_LINK40]Proposal 2: 2-bit MPE  field used for FR2 in PHR MAC CE can be reused to report ΔPPowerClass for FR1.
[bookmark: OLE_LINK42][bookmark: OLE_LINK45][bookmark: OLE_LINK57][bookmark: OLE_LINK56][bookmark: OLE_LINK55]Therefore, it can be seen that there are no available bit are reserved in PHR MAC CE for UL FP mode changes when the ΔPPowerClass is reported. In order to enable dynamic UL FP mode switching depending on DPC, an alternative way is to introduce an optional UE signalling to indicate the additional ul-FullPwrMode-r16 capabilities for this UE when the UE reports 3dB or 6dB ΔPPowerClass. 
[bookmark: OLE_LINK67][bookmark: OLE_LINK59]Proposal 3. To introduce an optional UE signalling to indicate the additional ul-FullPwrMode-r16 capabilities for this UE when the UE reports 3dB or 6dB ΔPPowerClass.  
[bookmark: OLE_LINK68]From the above consideration, we think the dynamic indication of the ULFPTx capability(s) for positive values of ΔPPowerClass should be semi-static.   
Proposal 4.  Dynamic indication of the ULFPTx capability(s) for positive values of ΔPPowerClass should be semi-static.   
Conclusion
According to the discussion above, we have the following observations and proposals.
Observation 1: UL full-power mode may or may not be changed due to ΔPPowerClass reporting.
Observation 2: To enable the flexible changes of UL FP mode switching when ΔPPowerClass reporting, there are impacts on both RAN1 and RAN2. 
[bookmark: OLE_LINK44]Proposal 1: 2-bit is needed for a UE to report on the ΔPPowerClass.
Proposal 2: 2-bit MPE field used for FR2 in PHR MAC CE can be reused to report ΔPPowerClass for FR1.
[bookmark: OLE_LINK49]Proposal 3. To introduce an optional UE signalling to indicate the additional ul-FullPwrMode-r16 capabilities for this UE when the UE reports 3dB or 6dB ΔPPowerClass.  
Proposal 4.  Dynamic indication of the ULFPTx capability(s) for positive values of ΔPPowerClass should be semi-static.   
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1. Overall Description:
RAN4 would like to thank RAN2 for the LS about enhancements to realize increasing UE power high limit for CA and DC to inquire the questions on more detailed information for the signaling to support delta power class reporting
RAN4 would like to respectfully provide the following responses for RAN2 consideration. According to the discussion during RAN4#109, the responses are:
· [bookmark: OLE_LINK47]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)?
[bookmark: OLE_LINK26]Answer: 2-bits are required to support the reporting ΔPPowerClass. In addition, introduce an optional UE signalling to indicate the additional ul-FullPwrMode-r16 capabilities for this UE when the UE reports 3dB or 6dB ΔPPowerClass.  

· [bookmark: OLE_LINK39][bookmark: OLE_LINK48]Q2: What is the granularity of the information to be reported (e.g., per UE / per cell / other option)?
Answer: The granularity for ΔPPowerClass reporting is per UE.

· 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?
[bookmark: OLE_LINK38]Answer: The only triggering condition(s) for ΔPPowerClass reporting is the duty cycle mechanism, which have already been included in the clause 6.2.4 for single carrier, and clause 6.2A.4 for NR CA in TS38.101-1, and clause 6.2B.4 for DC in TS38.101-3. 

2. Actions:
To RAN2:
ACTION: RAN4 respectfully ask RAN2 to take above RAN4 responses into consideration.

3. Date of Next TSG WG RAN4 Meetings:
TSG-RAN WG4 Meeting #110	26Feb -01 Mar 2024         Athens, GR
TSG-RAN WG4 Meeting #110-bis	15 - 19 April 2024             CN
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