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1	Introduction
A WF [1] was agreed in RAN4#110bis. It’s expected that companies will share their views on the three selected sub-topics in the coming meeting.
Sub-topic 1-1: DL CA configured with single carrier UL
Agreements: For HPUE consider following options:
· Option 1: UE shall mandatorily meet ue-PowerClass at least for up to PC2, FFS for PC1.5
· Option 2: support up to highest specified single carrier power class is optional, based on UE capability indication and not restricted by notes in clause 5.5A
· For both options
· Focus on Pcmax impact in RAN4#111
· Strive to update specification from rel-17
· the relation to the table notes in clause 5.5A is also considered.
· Further consider output power for refsens and MSD requirements
Sub-topic 1-2: Interband UL CA with single carrier UL transmission
Agreements: To increase UE output power and improve performance with one cell scheduled consider following options:
· Option 1: Allow UE to transmit higher power than specified power classes for the CA configuration up to at least PC2 single carrier power class (ue-powerClass) of the UL band subject to UE capability indication. FFS for PC 1.5.
· Option 2: For interband UL CA, specify Pcmax only for simultaneous transmission in both bands.
· For both options
· Focus on Pcmax impact in RAN4#111
· Strive to update specification from rel-17

Sub-topic 1-3: Other updates in 38.101-1
Agreements: 

1) Consider to update the Pcmax,f,c for serving cells c of UL CA configurations to cover the cases in which

· the NR band power class ue-PowerClass/ue-PowerClass-v1610 is modified by the per-band-per-BC power class ue-PowerClassPerBandPerBC-r17; or
· the power class of the band combination (per-BC) is lower than NR band power class, excluding scenarios of sub-topic 1-1 and 1-2, or 
· UE-specific P-Max is lower than the NR band power class; or
· UE-specific cell-group P-Max indications are present (can be lower than the per-BC power class)

such that the UL output power per serving cell c and the PHR become correct also for these cases.
2) Consider to add a general clause to beginning of 6.2A in TS 38.101-1 describing the power class capabilities and their relationship, if necessary, noting that power-class capabilities are specified in 38.306.  
Sub-topic 1-4: Online agreements
Agreements: For the scenarios in the table below excluding scenarios in sub-topic 1-1 and 1-2 power class (powerClass) shall limit the configured maximum output power (Pcmax,f,c) when higherPowerLimit-r17 is not indicated:

Scenarios 
#1
Intra-band DLCA with intra-band ULCA
#2
Inter-band 2CC ULCA
#3
Inter+intra 3CC ULCA
#4
Inter+intra DLCA with intra-band ULCA



For the convenience of reference, the agreements captured in [2] are also duplicated below. 
<General Aspects>
For any DL CA with single-carrier UL, shall the UE mandatorily support the power class indicated in ue-PowerClass for the UL band if it’s applicable in the spec for the CA configuration?
down-select to the following two options
· Option 2: No. It is optional, subject to the power class capability reported by the UE.
· Option 3: Yes, except for Power Class 1.5 for which the UE shall at least meet the minimum requirements for Power Class 2. 
If a BC is not explicitly reported, how to determine the power class for the BC as well as the power class(es) for the UL component band(s)?
Agreement: 
· Follow RAN2’s principle of capability inheritance, and derive the power class capabilities from a parent BC;
The fallback BC is NOT reported due to RAN2 fallback rule:
· Provided that this BC is still supported by the UE based on the reported parent BC, the max Tx power PCMAX,f,c for the UL component band is determined by:
· the power class derived from a parent BC
<Online agreements>
Agreement:
· For UE that is configured in the single carrier mode (1 DL + 1 UL on this band), the power class is determined by ue-PowerClass for this NR band.
Agreement:
The RAN4 common understanding is the ue-PowerClassPerBandPerBC-r17 capability can be used for 3Tx band combinations such as UL CA+TxD and UL CA+UL MIMO


2	Discussion
Sub-topic 1-1: DL CA configured with single carrier UL
For HPUE consider following options:
· Option 1: UE shall mandatorily meet ue-PowerClass at least for up to PC2, FFS for PC1.5
· Option 2: support up to highest specified single carrier power class is optional, based on UE capability indication and not restricted by notes in clause 5.5A
· For both options
· Focus on Pcmax impact in RAN4#111
· Strive to update specification from rel-17
· the relation to the table notes in clause 5.5A is also considered.
· Further consider output power for refsens and MSD requirements
As discussed in previous meetings, we don’t think the mandatory requirement in Option 1 is feasible, in particular given that Rel-17 is a frozen release. Even for an open release, we prefer that the support of a given power class is decided by UE implementation.
Proposal 1: For HPUE, support up to the highest specified single-carrier power class is optional, based on UE capability indication.
Option 2 also mentions that the support of a given power class is not restricted by notes in clause 5.5A. Generally, the HPUE applicability notes are added to a given band combination after the necessary work (e.g. MSD analysis) is completed in a basket WI. If a UE wants to report a high-power class before the specification is completed, it has to be verified under the indicated power class but using the test points and MSD allowance for a lower power class.
Proposal 2: The power class capability reported by the UE shall be verified. If the corresponding MSD requirements are not completed yet, the test points and MSD allowance for a lower power class may be used but with Tx power set by the indicated power class.

Sub-topic 1-2: Interband UL CA with single carrier UL transmission
To increase UE output power and improve performance with one cell scheduled consider following options:
· Option 1: Allow UE to transmit higher power than specified power classes for the CA configuration up to at least PC2 single carrier power class (ue-powerClass) of the UL band subject to UE capability indication. FFS for PC 1.5.
· Option 2: For interband UL CA, specify Pcmax only for simultaneous transmission in both bands.
· For both options
· Focus on Pcmax impact in RAN4#111
· Strive to update specification from rel-17
As pointed out in previous meetings, a network that follows the existing RRC spec will not consider the effect of cell activation/deactivation or dynamic scheduling on UE’s power class capabilities.
Proposal 3: RAN4 should stop discussing the effect of cell activation/deactivation or dynamic scheduling on UE’s power class capabilities for Rel-17 and Rel-18, since it would not be considered by the network as per the RRC spec. 
On the other hand, a UE is allowed to set its configured maximum output power. And the UE will report its power header room as well as Pcmax to the network. Certain flexibility can be left for UE implementation.
Proposal 4: For inter-band ULCA, specify Pcmax requirements only for simultaneous transmissions, and leave other use cases up to UE implementation in Rel-17 and Rel-18.

Sub-topic 1-3: Other updates in 38.101-1
3) Consider to update the Pcmax,f,c for serving cells c of UL CA configurations to cover the cases in which

· the NR band power class ue-PowerClass/ue-PowerClass-v1610 is modified by the per-band-per-BC power class ue-PowerClassPerBandPerBC-r17; or
· the power class of the band combination (per-BC) is lower than NR band power class, excluding scenarios of sub-topic 1-1 and 1-2, or 
· UE-specific P-Max is lower than the NR band power class; or
· UE-specific cell-group P-Max indications are present (can be lower than the per-BC power class)

such that the UL output power per serving cell c and the PHR become correct also for these cases.
4) Consider to add a general clause to beginning of 6.2A in TS 38.101-1 describing the power class capabilities and their relationship, if necessary, noting that power-class capabilities are specified in 38.306.  
Based on our proposals, we have prepared a companion CR [3].
Proposal 5: Agree the CR in [3] to clarify the Tx power requirements for NR CA from Rel-17.

Sub-topic 2-1: Power class for intra-band CA UL in an inter-band CA
For Inter-band+Intra-band UL CA (2UL3CC), the max Tx power PCMAX,f,c for a UL component band is determined by:
Option 1:
· If ue-PowerClassPerBandPerBC-r17 is present, min(ue-PowerClassPerBandPerBC-r17, power class of this BC);
· Otherwise: 
· min(ue-PowerClass, power class of this BC) for the single-carrier UL
· ue-PowerClass for the intra-band CA UL
Option 2:
· If ue-PowerClassPerBandPerBC-r17 is present, min(ue-PowerClassPerBandPerBC-r17, power class of this BC);
· Otherwise: 
· min(ue-PowerClass, power class of this BC) for the single-carrier UL
· default power class (i.e. PC3 or PC5) for the intra-band CA UL
This open issue was discussed before. The current spec adopts option 1, but we think option 2 could be a better choice.
Up to Rel-18m, mainly TDD bands support intra-band CA, including band n40, n41, n48, n77, n78 and n79. Among them, only CA_n41C, CA_n77C and CA_n78C support PC2, and no bands can support PC1.5. On the other hand, these bands support up to PC1.5 for single-carrier transmissions. Therefore, we believe ue-PowerClass as proposed in option 1 is not suitable for the default choice for the intra-band CA UL due to over-estimation.
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Proposal 6: The power class indicated by ue-PowerClass would most likely be an overestimate for intra-band CA UL in an inter-band CA. Apply the default power class for intra-band CA UL if the power class capability is not explicitly reported.
3	Conclusion
In this paper, we continue to discuss the open issues left from the last meeting. The following proposals are made:
Proposal 1: For HPUE, support up to the highest specified single-carrier power class is optional, based on UE capability indication.
Proposal 2: The power class capability reported by the UE shall be verified. If the corresponding MSD requirements are not completed yet, the test points and MSD allowance for a lower power class may be used but with Tx power set by the indicated power class.
Proposal 3: RAN4 should stop discussing the effect of cell activation/deactivation or dynamic scheduling on UE’s power class capabilities for Rel-17 and Rel-18, since it would not be considered by the network as per the RRC spec. 
Proposal 4: For inter-band ULCA, specify Pcmax requirements only for simultaneous transmissions, and leave other use cases up to UE implementation in Rel-17 and Rel-18.
Proposal 5: Agree the CR in [3] to clarify the Tx power requirements for NR CA from Rel-17.
Proposal 6: The power class indicated by ue-PowerClass would most likely be an overestimate for intra-band CA UL in an inter-band CA. Apply the default power class for intra-band CA UL if the power class capability is not explicitly reported.
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Table 6.2A.1.1-1: UE Power Class for intra-band contiguous CA

NR CA Class 1 | Tolerance | Class 2 | Tolerance | Class | Tolerance | Class 4 | Tolerance
. (dBm) (dB) (dBm) (dB) 3 (dB) (dBm) (dB)
Configuration
(dBm)
CA_n5B 23 +2/-2
CA_n7B 23 +2/-2
CA_n40B 23 +2/-2
CA_n41B 23 +2/-21
CA_n41C 26 +2/-3 23 +2/-27
CA_n48B 23 +2/-3
CA_n77C 26 +2/-3 23 +2/-3
CA_n78C 26 +2/-3 23 +2/-3
CA_n79C 23 +2/-3





