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1	Introduction
Regarding the issues related to NR UE power classes, limited progress was achieved in the last meeting as seen from the agreed WF [1]. 
<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

The details of the remaining open issues can be found in the original WF [2] as well as the topic summary [3]. In order to facilitate the potential CRs to the configured Tx power requirements, we’d like to discuss the open issues as listed in the original WF [2] in the following.
2	Discussion
The UE power class capability is static or semi-static, which remains the same once reported to the network. On the other hand, the power class requirements applied for a given UL transmission can be dynamic subject to the CA configuration as well as the limitation of duty-cycle capability or p-Max. Hence, we re-iterate our proposal in previous contribution that:
Proposal 1: Use "indicated power class" when referring to the power class capability reported by the UE and "applied power class" when referring to the effective power class requirements for a UL transmission.
Sub-topic 1: <General Aspects>
Issue 1-1: For any DL CA configuration 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. 
Proposal 2: Support option 2 for issue 1-1.
For the above open issue, our preference is option 2. The power class indicated in ue-PowerClass capability is targeted for non-CA operations, which represents the upper bound of the power class that a UE can support for a given band. When adding more bands to the DL, a UE should be allowed to support a lower power class due to concerns on large MSD on a DL band, excessive peak power consumption or heat dissipation resulting from increased DL complexity.
Option 3 above seems like a compromise, but it omits the burden of the increased number of DL bands/cells, which could still be a very stringent requirement even for a PC2 UE.
Issue 1-2: If the HPUE (PC2 or PC1.5) applicability note as in Clause 5 is not applied for a BC in the TS, shall we allow a UE to indicate the high power class for this BC? If yes, how to verify the MSD requirements for this high power class? 
Option 1: Yes, if the MOP requirements for the UL are specified. The UE shall meet the MSD requirements for a lower power class while transmitting at this high power class. 
· The relevant changes to the TS need to be further discussed and agreed in order to enable such new requirements. FFS from which release.
· This does not stop the HPUE basket WIs from specifying the MSD requirements for the high power class.
Option 2: No. This would bypass the HPUE basket WI procedure and complicate conformance tests.
Proposal 3: For issue 1-2, further discuss the impact of option 1 to HPUE basket WIs. Limit the scope to the MSD requirements and from Rel-18 onwards.
Option 1 above may be viewed as effective MSD improvement, and potentially enable a UE implementation to report high power class even before the MSD requirements are completed in the spec, which is against the current procedure for band combination basket work items. And it could set a “bad” precedence for future work items.
Issue 1-3: Whether the UE max Tx power is affected by cell activation/deactivation?
Option 1: 
No. The network determines the max Tx power for a UE based on the capabilities of the configured band combination, regardless of cell activation/deactivation, according to the current specifications.
Option 2:
As baseline, the network determines the max Tx power for a UE based on the capabilities of the configured band combination. As enhancement, FFS whether the max Tx power can change based on cell activation/deactivation in an open release.
Option 3: 
Yes. Make necessary changes to the TS since Rel-17.
Proposal 4: For issue 1-3, support option 1 as per current RAN2 RRC spec.

Based on the statement in TS 38.331 as cited in the WF [2], it’s clear that option 1 is the answer. Otherwise, there would be impact to both UE and network, to both RAN4 and RAN2.

Sub-topic 2: <Max Tx power PCMAX,f,c for UL inter-band CA>
Issue 2-1: Inter-band UL CA (2UL2CC):
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).
Option 2:
	Please propose.
Proposal 5: Support option 1 for issue 2-1.
This issue has been discussed many times, and we believe option 1 is the majority’s view.

Issue 2-2: 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 both ULs
Option 3:
· 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
Proposal 6: Support option 3 for issue 2-2. The power class indicated by ue-PowerClass would most likely be an overestimate for intra-band CA UL.
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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Compared with option 2, option 3 would be a safer choice for the intra-band CA UL, while option 2 is in line with the solution for issue 2-1.
Sub-topic 3: <Max Tx power PCMAX,f,c for Single-carrier UL with inter-band CA DL>
This type of BC is typically viewed as a fallback of a parent BC (e.g. having UL CA). Based on RAN2’s reporting rules, a UE is allowed to report a fallback BC if its power class capability is higher than the parent BC.
Issue 3-1: The fallback BC is reported:
Since the BC is reported, ue-PowerClassPerBandPerBC-r17 or powerClass may be present.
The max Tx power PCMAX,f,c for the UL component band is determined by:
Option 1:
· ue-PowerClassPerBandPerBC-r17 if present
· Otherwise, power class of this BC.
Option 2:
Power class of this BC;
Option 3:
	ue-PowerClass for the UL band
Proposal 7: Support option 1 for issue 3-1.

As pointed out in our previous contribution [1], RAN2 allows two ways to report higher power class capability for a fallback BC, i.e. either by new entry in the supported BandCombination list or by new entry in the featureSetCombination.
For the purpose of illustration, an example shown in [1] is duplicated below for band combination of CA_n1A-n78A. 
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It can be seen that PC2 is applicable to UL_n1A, UL_n78A and UL_n1A-n78A, and PC1.5 is also applicable to UL_n78A. A UE may use the following two options to report the power class capabilities.
Table 1: Alt-1 power class capability report for CA_n1A-n78A
	BandCombination List
	Remarks

	+ BandCombination
	

	· Band list: n1A, n78A
· FeatureSet Combination:
· DL_n1A-n78A + UL_n1A-n78A
· Power class: PC2
	Can be reported. 
Note that up to R18 only PC3+PC3/PC2 is allowed for FDD+TDD UL CA as per the HPUE WID.

	+ BandCombination
	

	· Band list: n1A, n78A
· FeatureSet Combination:
· DL_n1A-n78A + UL_n1A
· DL_n1A-n78A + UL_n78A
· Power class: PC2
	Not allowed to report, due to same power class capability as the parent BC with UL_n1A-n78A.
How to report PC2 for UL_n1A?

	+ BandCombination
	

	· Band list: n1A, n78A
· FeatureSet Combination:
· DL_n1A-n78A + UL_n78A
· Power class: PC1.5
	Can be reported, fallback’s capability is higher than the parent BC. If not reported, the power class is PC2 inherited from the parent BC.



Table 2: Alt-2 power class capability report for CA_n1A-n78A
	BandCombination List
	Remarks

	+ BandCombination
	

	· Band list: n1A, n78A
· FeatureSet Combination:
· DL_n1A-n78A + UL_n1A@PC3-n78A@PC2
· DL_n1A-n78A + UL_n1A@PC2
· DL_n1A-n78A + UL_n78A@PC1.5
· Power class: PC2
	It’s proposed to use the ue-PowerClassPerBandPerBC-r17 capability to report the power class per band for each UL configuration.
PC1.5 reported for single-carrier UL_n78A is higher than the BC power class PC2.



Issue 3-2: 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:
Option 1:
the power class derived from a parent BC
Option 2:
	ue-PowerClass for the UL band
Option 3: 
	min{ue-PowerCLass, powerclass for the parent BC}
This is not an open issue and the agreement is option 1 as per WF in [2].
Sub-topic 4: <Max Tx power PCMAX,f,c for Intra-band CA UL with Inter+Intra-band CA DL>
Similarly, this type of BC may be viewed as a fallback of a parent BC (e.g. having UL CA). Based on RAN2’s reporting rules, a UE is allowed to report a fallback BC if its power class capability is higher than the parent BC.

Issue 4-1: The fallback BC is reported:
Since the BC is reported, ue-PowerClassPerBandPerBC-r17 or powerClass may be present.
The max Tx power PCMAX,f,c for the UL component band is determined by:
Option 1:
· ue-PowerClassPerBandPerBC-r17 if present
· Otherwise, power class of this BC.
Option 2:
Power class of this BC;
Option 3:
	ue-PowerClass for the UL band
Option 4:
· ue-PowerClassPerBandPerBC-r17 if present
· Otherwise, ue-PowerClass of this band for intra-band CA
Proposal 8: Support option 1 for issue 4-1.

Issue 4-2: 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:
Option 1:
the power class derived from a parent BC
Option 2:
	ue-PowerClass for the UL band
Option 3:
	default power class (i.e. PC3 or PC5) for the UL band
Option 4:
	min{ue-PowerCLass, powerclass for the parent BC}
This is not an open issue and the agreement is option 1 as per WF in [2].
Sub-topic 5: < MPRc and A-MPRc per serving cell>
Issue 5-1: Which MPRc and A-MPRc applies per serving cell c of a configured band combination?
Option 1: MIN { PPowerClass,c – ΔPPowerClass,c, PPowerClass,CA – ΔPPowerClass,CA }
Option 2: MIN { PPowerClass,c, PPowerClass,CA}
Option 3: Other
Proposal 9: Support option 1 for issue 5-1.
Option 1 is in line with the current specification, which says when power class fallback happens (i.e. ΔPPowerClass,CA > 0), 
“shall apply all requirements for the default power class to the supported power class and set the
configured transmitted power as specified in clause 6.2A.4.1.3;”
Option 2 implies that non-zero ΔPPowerClass or ΔPPowerClass,CA does not change the power class requirements. Instead, it only reduces the MOP. This would result in NBC changes to the configured transmitted power requirements. For example,
PCMAX_L,f,c = MIN {MIN(PEMAX,c, PEMAX,CA) – ∆TC,c,  MIN(PPowerClass,c – ΔPPowerClass,c, PPowerClass,CA – ΔPPowerClass,CA) – MAX(MAX(MPRc+∆MPRc, A-MPRc)+ ΔTIB,c + ∆TC,c + ∆TRxSRS, P-MPRc, ΔPPowerClass,c, ΔPPowerClass,CA
) }
PCMAX_H,f,c = MIN {PEMAX,c, PPowerClass – ΔPPowerClass, PEMAX,CA, PPowerClass,CA – ΔPPowerClass,CA}
Such NBC changes should not be introduced for Rel-17 or Rel-18, since we’re now at the end of Rel-18.

Sub-topic 6: < Reply LS on ue-PowerClassPerBandPerBC-r17 >
Since the Rel-17 specs are frozen, changing the RAN2 specs such as adding restriction notes at this stage could potentially cause NBC issues. On the other hand, the description for powerClass in TS 38.306 should be updated, so that it’s aligned with the RAN4 specifications. 
Proposal 10: it’s recommended to update the description for powerClass in TS 38.306 as highlighted below:
	powerClass, powerClass-v1610
Indicates power class the UE supports when operating according to this band combination. If the field is absent, the UE supports the default power class. If this power class is higher than the power class that the UE supports on the individual bands of this band combination (ue-PowerClassPerBandPerBC-r17 if indicated or ue-PowerClass in BandNR otherwise), the latter determines maximum TX power available in each band. The UE sets the power class parameter only in band combinations that are applicable as specified in TS 38.101-1 [2] and TS 38.101-3 [4]. This capability is not applicable to IAB-MT.
	BC
	No
	N/A
	FR1 only



3	Conclusion
In this paper, we continue to discuss the open issues left from the last meeting. The following proposals are made:
Proposal 1: Use "indicated power class" when referring to the power class capability reported by the UE and "applied power class" when referring to the effective power class requirements for a UL configuration/transmission.
Issue 1-1: For any DL CA configuration 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. 
Proposal 2: Support option 2 for issue 1-1.

Issue 1-2: If the HPUE (PC2 or PC1.5) applicability note as in Clause 5 is not applied for a BC in the TS, shall we allow a UE to indicate the high power class for this BC? If yes, how to verify the MSD requirements for this high power class? 
Option 1: Yes, if the MOP requirements for the UL are specified. The UE shall meet the MSD requirements for a lower power class while transmitting at this high power class. 
· The relevant changes to the TS need to be further discussed and agreed in order to enable such new requirements. FFS from which release.
· This does not stop the HPUE basket WIs from specifying the MSD requirements for the high power class.
Option 2: No. This would bypass the HPUE basket WI procedure and complicate conformance tests.
Proposal 3: For issue 1-2, further discuss the impact of option 1 to HPUE basket WIs. Limit the scope to the MSD requirements and from Rel-18 onwards.

Issue 1-3: Whether the UE max Tx power is affected by cell activation/deactivation?
Option 1: 
No. The network determines the max Tx power for a UE based on the capabilities of the configured band combination, regardless of cell activation/deactivation, according to the current specifications.
Option 2:
As baseline, the network determines the max Tx power for a UE based on the capabilities of the configured band combination. As enhancement, FFS whether the max Tx power can change based on cell activation/deactivation in an open release.
Option 3: 
Yes. Make necessary changes to the TS since Rel-17.
Proposal 4: For issue 1-3, support option 1 as per current RAN2 RRC spec.

Issue 2-1: Inter-band UL CA (2UL2CC):
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).
Option 2:
	Please propose.
Proposal 5: Support option 1 for issue 2-1.

Issue 2-2: 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 both ULs
Option 3:
· 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
Proposal 6: Support option 3 for issue 2-2. The power class indicated by ue-PowerClass would most likely be an overestimate for intra-band CA UL.

Issue 3-1: The fallback BC is reported for Single-carrier UL with inter-band CA DL:
Since the BC is reported, ue-PowerClassPerBandPerBC-r17 or powerClass may be present.
The max Tx power PCMAX,f,c for the UL component band is determined by:
Option 1:
· ue-PowerClassPerBandPerBC-r17 if present
· Otherwise, power class of this BC.
Option 2:
Power class of this BC;
Option 3:
	ue-PowerClass for the UL band
Proposal 7: Support option 1 for issue 3-1.

Issue 4-1: The fallback BC is reported for Intra-band CA UL with Inter+Intra-band CA DL:
Since the BC is reported, ue-PowerClassPerBandPerBC-r17 or powerClass may be present.
The max Tx power PCMAX,f,c for the UL component band is determined by:
Option 1:
· ue-PowerClassPerBandPerBC-r17 if present
· Otherwise, power class of this BC.
Option 2:
Power class of this BC;
Option 3:
	ue-PowerClass for the UL band
Option 4:
· ue-PowerClassPerBandPerBC-r17 if present
· Otherwise, ue-PowerClass of this band for intra-band CA
Proposal 8: Support option 1 for issue 4-1.

Issue 5-1: Which MPRc and A-MPRc applies per serving cell c of a configured band combination?
Option 1: MIN { PPowerClass,c – ΔPPowerClass,c, PPowerClass,CA – ΔPPowerClass,CA }
Option 2: MIN { PPowerClass,c, PPowerClass,CA}
Option 3: Other
Proposal 9: Support option 1 for issue 5-1.
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Proposal 10: it’s recommended to update the description for powerClass in TS 38.306 as highlighted below:
	powerClass, powerClass-v1610
Indicates power class the UE supports when operating according to this band combination. If the field is absent, the UE supports the default power class. If this power class is higher than the power class that the UE supports on the individual bands of this band combination (ue-PowerClassPerBandPerBC-r17 if indicated or ue-PowerClass in BandNR otherwise), the latter determines maximum TX power available in each band. The UE sets the power class parameter only in band combinations that are applicable as specified in TS 38.101-1 [2] and TS 38.101-3 [4]. This capability is not applicable to IAB-MT.
	BC
	No
	N/A
	FR1 only
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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
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