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1 Background
In this contribution we provide a draft reply to the LS from RAN1 in [1].
Starting with the last question, on the combination of the DPPowerclass report with full-power MIMO transmission capability reporting, we note that this recommendation was motivated by [2]
Considering a UE with dual PC2 PAs to support PC1.5 MOP, it can report ul-FullPwrMode1-r16 (mode 1) to facilitate full power transmission for PUSCH. When power class fall-back happens, it would be better to report ul-FullPwrMode-r16 (mode 0) instead since each Tx chain is capable of 26 dBm MOP. Because it would provide the flexibility for selecting the most suitable Tx chain rather than force the UE, especially for the one with non-coherent Tx chains’ implementation, to maintain both Tx chains activated.
This seems to be more related to the power distribution between UE antenna connectors and UE implementation flexibility rather than a behavior that can be predicted by the NW. The PC1.5-capable UE above would in fact pass the output power requirement in 38.101-1 for 1-layer transmissions with 1- or 2-port configuration for all power levels below 26 dBm by only transmitting on one connector since the power is measured as a sum. No need for any capability change from an implementation standpoint.
Regarding the power scaling across antenna ports, we note that this applies to the computed PUSCH power at all power levels, not the PCMAX,f,c:
Observation 1: a UE configured with 2-port “Rel-15” UL-MIMO shall scale the PUSCH power by 3 dB for non-coherent 1-layer transmissions according to 38.213 at all power levels below the PCMAX,f,c and when the PHR < 0 dB. This is expected UE behavior by the NW but is not verified by 38.101-1.
This scaling is not verified in the 38.101-1, neither for Rel-15 functionality (only 2-layer transmissions) nor for non-coherent mode-1 transmissions with TPMI = 0 or 1. Nevertheless, the NW expects that this is the behavior, although some UE implementations may not limit the power near the maximum power or split the power for Mode-1 with TPMI = 2:
Observation 2: for ULFPTx mode-1 the UE shall split the PUSCH power equally between antenna ports for 1-layer transmissions with TPMI = 2 at all power levels below the PCMAX,f,c according to 38.213. A UE can nevertheless pass the tests in 38.101-1 test without splitting the power between ports for power levels at which the PUSCH power can be achieved per antenna connector. 
The power is measured as a sum. The above UE implementing the behavior of the motivation [2] would therefore be compliant without changes of the capability below 26 dBm (assuming nominal maximum power per connector). The power split for 1-layer transmission is therefore up to UE implementation in practice. 
Now, the total power for UL-MIMO transmissions is not only derated by the DPpowerclass for SAR compliance, and the total power may also be reduced semi-statically by configuration of p-NR-FR1 for a BC or a cell-specific P-Max:  
Observation 3: for SAR compliance, the PCMAX,f,c is not only reduced by DPpowerclass. Furthermore, configuration of P-Max, either dedicated for a BC or cell specific, would also reduce PCMAX,f,c (semi-statically). 
Clearly, dynamic indication of UL-MIMO capability, notwithstanding any impact on the RRC, could also depend on other parameters modifying the current power capability and would require further work on specified UE behavior by RAN1 not only related to information exchange for improving scheduling. From a UE implementation perspective, the power distribution in power fallback (e.g. below 26 dBm for PC1.5) is feasible without introduction of dynamic capability indication. We propose that RAN4 reconsider the recommendation to RAN1:
Proposal 1: inform RAN1 that RAN4 has observed that a potential dynamic indication of the UL-MIMO full-power capability would not necessarily only depend on DPPowerclass but also other parameters modifying the current power capability and require a specified UE behavior (RAN1) with appropriate verification of performance (RAN4). 
In view of the above we propose to answer as follows: 

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?
Proposed answer: the intention of RAN4 was that reporting of DPPowerclass due to the scheduled UL duty cycle duly averaged in time could be combined with dynamic reporting of full-power MIMO transmission capabilities conditioned on the reported DPPowerclass. For example, a UE supporting a ULFTx capability for the advertised power class, e.g. mode-1 for PC1.5, could potentially support additional ULFPTx capabilities in power-class fallback, e.g. mode-0 for PC2 with a reported DPPowerclass = 3 dB. RAN4 has reconsidered this recommendation and now recognizes that such a dynamic indication could also depend on other parameters modifying the current power capability and would require further work on specified UE behavior by RAN1 not only related to information exchange for improving scheduling.  
This does not change the proposed reporting of DPpowerclass for improving scheduling, the answers to Q1-Q3 are more straightforward:
· 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?
Proposed answer: triggering of reports (aperiodic) is expected for all cases for which DPpowerclass  changes due to UL scheduling. Furthermore, this also applies to the DPpowerclass,CA of the power class of a configured band combination. Changes of the DPpowerclass due to parameters modified by RRC reconfiguration (e.g. P-Max) may not trigger aperiodic reports. 
· 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? 
Proposed answer: yes, for both serving cells and for DPpowerclass,CA for configured band combinations (multi-entry reports).

· 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?
Proposed answer: RAN4 assumes that a change of DPpowerclass would be triggered like for other parameters triggering the existing PHR such as path loss, assuming that the time of change of the actual power class/capability after the triggering event is up to UE implementation.
2 Proposal 

We make the following observation regarding power scaling across antenna ports and the verification in 38.101-1:
Observation 1: a UE configured with 2-port “Rel-15” UL-MIMO shall scale the PUSCH power by 3 dB for non-coherent 1-layer transmissions according to 38.213 at all power levels below the PCMAX,f,c and when the PHR < 0 dB. This is expected UE behavior by the NW but is not verified by 38.101-1.

Observation 2: for ULFPTx mode-1 the UE shall split the PUSCH power equally between antenna ports for 1-layer transmissions with TPMI = 2 at all power levels below the PCMAX,f,c according to 38.213. A UE can nevertheless pass the tests in 38.101-1 test without splitting the power between ports for power levels at which the PUSCH power can be achieved per antenna connector. 

Observation 3: for SAR compliance, the PCMAX,f,c is not only reduced by DPpowerclass. Furthermore, configuration of P-Max, either dedicated for a BC or cell specific, would also reduce PCMAX,f,c (semi-statically). 
and propose to

Proposal 1: inform RAN1 that RAN4 has observed that a potential dynamic indication of the UL-MIMO full-power capability would not necessarily only depend on DPPowerclass but also other parameters modifying the current power capability and require a specified UE behavior (RAN1) with appropriate verification of performance (RAN4). 
Proposal 2: provide this information along with the answers to the other questions raised by RAN1 as per the draft reply LS below.
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1. Overall Description:
RAN4 would like to thank RAN1 for the LS in R1-2308561 and provide the following answers to the questions Q1-Q4 raised therein.

· 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: triggering of reports (aperiodic) is expected for all cases for which PPowerclass changes due to UL scheduling. Furthermore, this also applies to the PPowerclass,CA of the power class of a configured band combination. Changes of the PPowerclass due to parameters modified by RRC reconfiguration (e.g. P-Max) may not trigger aperiodic reports.
· 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:  yes, for both serving cells and for PPowerclass,CA for configured band combinations (multi-entry reports).
· 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: RAN4 assumes that a change of PPowerclass would be triggered like for other parameters triggering the existing PHR such as path loss, assuming that the time of change of the actual power class/capability after the triggering event is up to UE implementation.
· 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: the intention of RAN4 was that reporting of PPowerclass due to the scheduled UL duty cycle duly averaged in time could be combined with dynamic reporting of full-power MIMO transmission capabilities conditioned on the reported PPowerclass. For example, a UE supporting a ULFTx capability for the advertised power class, e.g. mode-1 for PC1.5, could potentially support additional ULFPTx capabilities in power-class fallback, e.g. mode-0 for PC2 with a reported PPowerclass = 3 dB. RAN4 has reconsidered this recommendation and now recognizes that such a dynamic indication could also depend on other parameters modifying the current power capability and would require further work on specified UE behavior by RAN1 not only related to information exchange for improving scheduling.  
2. Actions:

To RAN1 group.

ACTION: RAN4 asks RAN1 to consider the above in its further work.
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