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Introduction
[bookmark: _Hlk510705081]This contribution relates to a work item agreed in RAN#94-e, namely “Further NR coverage enhancements” (the WI was revised in RAN#96 [1]). In this paper we consider power domain enhancements and the following objectives captured in the WID: 
 
· Study and if necessary specify following power domain enhancements
· 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 (RAN4, RAN1)
· Enhancements to reduce MPR/PAR, including frequency domain spectrum shaping with and without spectrum extension for DFT-S-OFDM and tone reservation (RAN4, RAN1)
 
We discuss remaining issues on power domain enhancements and possible RAN1 specification impacts in this paper.
Discussion
During RAN1#114, RAN1 sent an LS [2] to RAN4 to ask some further clarifications on enhancements to realize increasing UE power high limit for CA and DC, related to RAN4 LS reply [3]. At the same time, during RAN4#108, RAN4 provided further information on its recommendation and guidance in LS [4]. 
In the following, we revisit and discuss the questions in RAN1 LS [2], considering the latest RAN4 LS [4].
RAN1 LS [2] “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?”
RAN1 wanted to clarify with the question Q1 whether the ΔPPowerClass report triggering relates to both the UE capability duty cycle as well as to the default duty cycle value. RAN4 LS [4] states: “RAN4’s intention is reporting ΔPPowerClass should be limited to occasions when maximum transmission power changes originating from a duty cycle mechanism.” As well as “enable UE report on ΔPPowerClass to indicate which power class requirements that the UE is referring to where only ΔPPowerClass (power reduced) resulting from duty cycle exceedance or ΔPPowerClass (power return) resulting from duty cycle reduction”. Hence, based on the RAN4 LS text, the RAN4 recommendation relates to all the cases when maximum transmission power changes originate from a duty cycle mechanism.  
Observation 1: For RAN1 LS [2] Q1, RAN4 LS [4] clarifies that all 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 can trigger ΔPPowerClass reporting. 
RAN1 LS [2] “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?”
RAN4 LS [4] clarifies that “RAN4’s intention is reporting ΔPPowerClass should be limited to occasions when maximum transmission power changes originating from a duty cycle mechanism. Hence, the exchange of ΔPPowerClass is allowed for when maximum transmission power falls as well as it rises”. Hence, the LS provides a clear answer for RAN1 LS question Q2.
Observation 2: For RAN1 LS [2] Q2, RAN4 LS [4] clarifies that a further ΔPPowerClass reporting is allowed when UE returns to advertised PC capabilities. 
RAN1 LS [2]: “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?” where observation b) is “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.”
RAN4 LS [4] does not provide direct answer to the question Q3. However, it becomes clear from RAN4 LS [4] phrases like “The occasion of the report should be limited to either when the scheduled duty cycle exceeds…” that RAN4 refers to the triggering event and not to the actual UL resource with the “occasion of the report”.
Observation 3: For RAN1 LS [2] Q3, RAN4 LS [4] text indicates that the “occasion of the report” refers to the actual triggering event and not to the actual UL resource.
Observation 4: RAN4 LS [4] clarifies sufficiently the RAN1 LS [2] questions Q1-Q3.
The 4th question on RAN1 LS [2] relates to RAN4 recommendation that the ΔPPowerClass reporting can be combined with full-power MIMO transmission capability reporting corresponding to the current power class. We see that this may lead to extension of UE signalling of the UL full power transmission modes that it supports, as those depend on the UE PA dimensioning and, hence, are related to the UE power class. Currently UE signals the supported UL full power transmission modes in the RRC IE FeatureSetUplink as follows:

   -- R1 16-5c: The maximum number of SRS resources in one SRS resource set with usage set to 'codebook' for Mode 2
    ul-FullPwrMode2-MaxSRS-ResInSet-r16  ENUMERATED {n1, n2, n4}                   OPTIONAL,
[…]
    -- R1 16-5a: Supported UL full power transmission mode of fullpower
    ul-FullPwrMode-r16                    ENUMERATED {supported}                   OPTIONAL,
[…]
    -- R1 16-5b: Supported UL full power transmission mode of fullpowerMode1
    ul-FullPwrMode1-r16                   ENUMERATED {supported}                   OPTIONAL,
    -- R1 16-5c-2: Ports configuration for Mode 2
    ul-FullPwrMode2-SRSConfig-diffNumSRSPorts-r16  ENUMERATED {p1-2, p1-4, p1-2-4} OPTIONAL,
    -- R1 16-5c-3: TPMI group for Mode 2
    ul-FullPwrMode2-TPMIGroup-r16         SEQUENCE {
        twoPorts-r16                          BIT STRING(SIZE(2))                      OPTIONAL,
        fourPortsNonCoherent-r16              ENUMERATED{g0, g1, g2, g3}               OPTIONAL,
        fourPortsPartialCoherent-r16          ENUMERATED{g0, g1, g2, g3, g4, g5, g6}   OPTIONAL

In case that the UE capability signalling of the UL full power transmission modes is extended, network may decide based on the received ΔPPowerClass reporting to change the UE’s configuration for UL full power mode transmission. This can be done with existing signalling with corresponding parameters contained on RRC IE PUSCH-Config, e.g.,    

    ul-FullPowerTransmission-r16            ENUMERATED {fullpower, fullpowerMode1, fullpowerMode2}         
                                                                  
As the existing signalling mechanisms for UE capability signalling and UL full power transmission mode configuration are designed by RAN2, we do not identify any RAN1 impact for the enhancement of ΔPPowerClass reporting.  

Observation 5: Potential combination of UL full power mode transmission capability reporting with the ΔPPowerClass reporting does not have RAN1 impact.    
Based on Observations above, we can make a more generic proposal:
Proposal 1: RAN1 concludes that there is no RAN1 impact for the enhancement of ΔPPowerClass reporting due to maximum transmission power changes originating from duty cycle mechanism.
Conclusion
In this paper we have discussed remaining issues on power domain enhancements. Based on the discussion, we make the following observations and proposal:
Observation 1: For RAN1 LS [2] Q1, RAN4 LS [4] clarifies that all 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 can trigger ΔPPowerClass reporting. 
Observation 2: For RAN1 LS [2] Q2, RAN4 LS [4] clarifies that a further ΔPPowerClass reporting is allowed when UE returns to advertised PC capabilities. 
Observation 3: For RAN1 LS [2] Q3, RAN4 LS [4] text indicates that the “occasion of the report” refers to the actual triggering event and not to the actual UL resource.
Observation 4: RAN4 LS [4] clarifies sufficiently the RAN1 LS [2] questions Q1-Q3.
Observation 5: Potential combination of UL full power mode transmission capability reporting with the ΔPPowerClass reporting does not have RAN1 impact.    
Proposal 1: RAN1 concludes that there is no RAN1 impact for the enhancement of ΔPPowerClass reporting due to maximum transmission power changes originating from duty cycle mechanism.
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