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Introduction
In RAN4#110, the issue about NR power class related IE(s) indication for inter-band UL CA band combinations has been discussed. The reply LS [5] to RAN2 for the further clarification on IE ue-PowerClassPerBandPerBC-r17 is discussed but no consensus is reached. Some agreements and the open issue are captured in the approved WF [4]. In the WF, the one open issue is to discuss whether the UE should mandatory support the power class indicated in the IE ue-PowerClass for the UL band if applicable in specification for the DL CA with single CC UL configuration. In this paper, we would like to share our view in the following.
	Way Forward
<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


Discussion
In RAN4#105, the LS [1] from RAN2 requests RAN4 to check two questions, where the first one is whether the IE ue-PowerClassPerBandPerBC-r17 is only applied to inter-band CA and the second one is what the interaction would be among all power class related IEs, e.g., per-BC IE powerClass, per-band IE ue-PowerClass, and per-band per-BC IE ue-PowerClassPerBandPerBC-r17. RAN4 made an agreement on the outgoing LS [2] to RAN2 in RAN4#106 that the per-band per-BC IE ue-PowerClassPerBandPerBC-r17 is applicable to only NR inter-band UL CA where the uplink configured in two different operating bands with only single UL CC or intra-band contiguous UL CA in each band. In addition, it is also agreed in LS [2] that per-band per-BC IE ue-PowerClassPerBandPerBC-r17 shall supersede other power class capabilities such as ue-PowerClass/powerClass and its extensions in determining the power class of the individual bands within a band combination, if the per-band per-BC IE ue-PowerClassPerBandPerBC-r17 is indicated. The power class related IEs are captured in the following table.
	Definitions for parameters
	Per
	M
	FDD-TDD DIFF
	FR1-FR2
DIFF

	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-PowerClass in BandNR), 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

	ue-PowerClass, ue-PowerClass-v1610, ue-PowerClass-v1700
For FR1, if the UE supports the different UE power class than the default UE power class as defined in clause 6.2 of TS 38.101-1 [2], the UE shall report the supported UE power class in this field. For FR2, UE shall report the supported UE power class as defined in clause 6 and 7 of TS 38.101-2 [3] in this field. UE indicating support for pc6 supports the enhanced intra-NR RRM and demodulation processing requirements for FR2 to support high speed up to 350 km/h as specified in TS 38.133 [5]. This capability is not applicable to IAB-MT. The power class pc7 is only applicable for RedCap UEs operation in FR2.
	Band
	Yes
	N/A
	N/A

	ue-PowerClassPerBandPerBC-r17
Indicates the UE power class per band per band combination.

NOTE:	Void.
	FS
	No
	N/A
	FR1 only

	
	
	
	
	



However, the wording of “supersede” in the LS [2] for the per-band per-BC IE ue-PowerClassPerBandPerBC-r17 over other power class capabilities such as ue-PowerClass/powerClass and its extensions may cause some ambiguity and are not very clear to RAN2. Hence, RAN4 continue discussing and clarifying the “supersede” meaning in the several following meetings. Depending on whether the per-band per-BC IE ue-PowerClassPerBandPerBC-r17 is indicated or not, it may cause different UE behaviors to determine the power class for the individual band within the UL inter-band CA band combination.
If the per-band per-BC IE ue-PowerClassPerBandPerBC-r17 is indicated, it can be used to determine the power class for the individual bands of the NR inter-band UL CA band combination, and the per-band IE ue-PowerClass can be replaced with per-band per-BC IE ue-PowerClassPerBandPerBC-r17 if the per-BC IE powerClass is higher than per-band IE ue-PowerClass. If the per-band per-BC IE ue-PowerClassPerBandPerBC-r17 is absent, the legacy behavior is still valid that the power class for the individual bands of the NR inter-band UL CA band combination would be determined by the per-band IE ue-PowerClass if the per-BC IE powerClass is higher than per-band IE ue-PowerClass. 
However, it is not very clear about how to handle the situation when the per-BC IE powerClass is equal or lower than the per-band per-BC IE ue-PowerClassPerBandPerBC-r17 (if indicated) or the per-band IE ue-PowerClass. In order to solve this issue, two options are proposed to determine the per-band per-BC power class for the NR inter-band UL CA band combination in the previous meeting, where the first option is to apply per-band IE ue-PowerClass or per-band per-BC IE ue-PowerClassPerBandPerBC-r17 (if indicated) and the second option is to apply per-BC IE powerClass. In other words, the first option is that the per-band IE ue-PowerClass or per-band per-BC IE ue-PowerClassPerBandPerBC-r17 (if indicated) can be enough to indicate the power class and per-band per-BC max Tx power is not restricted and capped by the per-BC IE powerClass. But for the second option, per-band per-BC max Tx power is restricted and capped by the per-BC IE, i.e., min(per-band IE ue-PowerClass, per-BC IE powerClass) or min(per-band per-BC IE ue-PowerClassPerBandPerBC-r17 (if indicated), per-BC IE powerClass). 
In our view, the per-band IE ue-PowerClass is applied to single carrier mode (1 DL + 1 UL on this band), but the per-BC IE powerClass is applied to CA/DC configuration mode. The UE supports the same power class between per-band max Tx power and per-band per-BC max Tx power may not always possible due to the HPUE introduction process delay between single bands and high order band combinations. Sometimes, the per-band power class which the UE can supports is higher than per-band per-BC power class. Although it seems both solutions are workable, we think that the implementation would be easier if per-BC IE powerClass can be used to cap per-band per-BC max Tx power, which is also aligned with the legacy behavior. Hence, it is preferred that per-BC IE powerClass can be used to cap per-band per-BC max Tx power no matter the per-band per-BC IE ue-PowerClassPerBandPerBC-r17 is indicated or not.
Proposal 1: If the per-band per-BC IE ue-PowerClassPerBandPerBC-r17 is absent, the power class for the individual bands of the NR inter-band UL CA band combination can be determined by min(per-band IE ue-PowerClass, per-BC IE powerClass). 
Proposal 2: If the per-band per-BC IE ue-PowerClassPerBandPerBC-r17 is indicated, the power class for the individual bands of the NR inter-band UL CA band combination can be determined by min(per-band per-BC IE ue-PowerClassPerBandPerBC-r17, per-BC IE powerClass).
Furthermore, RAN4 also discuss the issue about how to determine the power class for any type of DL CA with single carrier UL, e.g., DL CA_n1A-n77A with UL n1A or n77A. The issue associated with two options as the solution are captured in the WF [4] that whether the UE should mandatory support the per-band IE ue-PowerClass if it’s applicable in the spec for the CA configuration. According to TS 38.101-1 sub-clause 5.5A, the issue for any DL CA with single carrier UL can be categorized as (1) DL CA only configuration in the NR inter-band CA band combination and (2) fallback configuration in the NR inter-band UL CA band combination. Since the IE ue-PowerClassPerBandPerBC-r17 is only applied to NR inter-band UL CA configuration, the issue for any DL CA with single carrier UL needs to be handled by the legacy per-band IE ue-PowerClass and per-BC IE powerClass.
For (1), although there is only single configured UL carrier for the NR inter-band CA band combination, the DL configuration is still operated in CA mode. Therefore, from signaling perspective, we think it is intuitive that the per-band max Tx power for the single configured UL carrier can be capped by the per-BC IE powerClass and it can be determined by the legacy method, i.e., min(per-band IE ue-PowerClass, per-BC IE powerClass). 
For (2), although the fallback configuration is the single configured UL carrier, the UE still actually works under NR inter-band UL CA mode and still has the chance to be activated back to NR inter-band UL CA configuration depending on the network scheduling decision.  Hence, from signaling perspective, we think it is also intuitive that the per-band max Tx power for the single configured UL carrier can be capped by the per-BC IE powerClass and it can be determined in the legacy method, i.e., min(per-band IE ue-PowerClass, per-BC IE powerClass). 
Base on the above consideration, It is preferred that the per-band IE ue-PowerClass for any DL CA with single carrier UL is optional to support, and the per-band max Tx power for any DL CA with single carrier UL can be determined by min(per-band IE ue-PowerClass, per-BC IE powerClass).
Proposal 3: It is preferred that the per-band IE ue-PowerClass for any DL CA with single carrier UL is optional to support, and the per-band max Tx power for any DL CA with single carrier UL can be determined by min(per-band IE ue-PowerClass, per-BC IE powerClass).
Conclusion
The proposals in this contribution are summarized in the following.
Proposal 1: If the per-band per-BC IE ue-PowerClassPerBandPerBC-r17 is absent, the power class for the individual bands of the NR inter-band UL CA band combination can be determined by min(per-band IE ue-PowerClass, per-BC IE powerClass). 
Proposal 2: If the per-band per-BC IE ue-PowerClassPerBandPerBC-r17 is indicated, the power class for the individual bands of the NR inter-band UL CA band combination can be determined by min(per-band per-BC IE ue-PowerClassPerBandPerBC-r17, per-BC IE powerClass).
Proposal 3: It is preferred that the per-band IE ue-PowerClass for any DL CA with single carrier UL is optional to support, and the per-band max Tx power for any DL CA with single carrier UL can be determined by min(per-band IE ue-PowerClass, per-BC IE powerClass).
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