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1. Introduction
In this paper, we share our views on several power class related issues, which has been argued for over one year.
2. Background
The background of the discussion can be found in [1].
Extensive discussion has been organized for multiple issues for ULCA and DL CA only including:
7 scenarios under discussion and for each scenario,
· The applicable power 
· The applicable power class
· Whether the requirements such as MPR should be bounded with indicated power class
· Whether it is common understanding that so far the existing RF requirements are based on configured CC(s), if yes whether allow the exception for some scenarios for example DLCA only case(with single UL CC configured) and ULCA case with only single UL CC with activated cell to exceed the specified per-BC power class, as a result the corresponding requirements/UE behaviours are changed. (please note that the door is already open for Rel-19 MPR reduction discussion)
- If a BC is a child BC and the BC is not explicitly reported, the power class for the BC and the power class of the component band should be derived based on the power class capability from a parent BC.
	
	CA Scenarios

	#1
	Intra-band DL CA with intra-band ULCA

	#2
	Inter-band 2CC ULCA

	#3
	Inter+intra 3CC ULCA

	#4
	Intra-band DLCA only

	#5
	Inter-band DLCA only

	#6
	Inter+intra DLCA only

	#7
	Inter+intra DLCA with intra-band ULCA


Table 1: Seven different CA scenarios under discussion
The detailed agreements can be found in the WF [2], more discussion points can be found in [3] [4].
3. Discussion
2.1 The applicability of ue-PowerClassPerBandPerBC-r17
It has been clarified during last meeting that ue-PowerClassPerBandPerBC-r17 has been in RAN2 spec without any applicability restriction for quite a long time, it is possible that this IE is already widely utilized for different NR-CA scenarios in the field, thus it might be too late to make any applicability restriction. With this consideration, it is proposed:
Proposal 1: In terms of the applicable NR-CA scenarios for ue-PowerClassPerBandPerBC-r17, follow current RAN2 spec and no further restriction.

2.2 The clarification and discussion for DL CA only case
2.2.1  Clarification
First we think it would be helpful to align the following understanding, assuming “DLCA only” includes “inter-band DLCA only”, “intra-band DLCA only” and “inter+intra DLCA only” in the following discussion.
· The terminology “DLCA only” is intended for “only single UL CC is configured”
· For ULCA with all UL CC(s) configured but only one UL CC activated, technically it is still under ULCA frame so it is not a DLCA only case. 
Proposal 2: In the discussion during the meetings, for DL CA only case, it should be made clear the agreements reached if any are for “DL CA with only single UL CC configured” and/or for “ULCA with single CC activated while others deactivated”. Note “Activated” here intends for “CC with activated cell”.
For example, for the following WF in last meeting, it is not clear to us it is for either case or both.
[image: ]
In the following part we discuss how to handle aforementioned two cases. Note that it is not our most desirable approach, but if both two camps cannot make any compromise then it might be a possible middle ground to move forward, however this approach might not be suitable for the closed releases.
And all the proposals are made assuming following agreements [2] still stands:
[image: ]

In RAN4 spec there seems no clear high-level statement/instruction that RF requirements are defined based on configured CC(s), while date back to Rel-15 it appears common understanding or at least majority’s understanding the RF requirements are based on configured CC(s) rather than activated/scheduled CC(s).
Observation 1: It is observed that there seems no clear high-level statement/instruction in RAN4 spec that RF requirements are for “configured CC(s)”, while dating back to Rel-15 that it is common understanding or at least majority’s understanding the requirements are applicable for “configured CC(s)” rather than “activated/scheduled CC”.
In addition, we have an internal discussion and also with our RAN2 colleagues, generally we do not think RAN2 group cares about RAN4’s power class related requirements/UE behaviors are based on “configured CCs” or “activated CCs”, they can follow RAN4’s decision if any.
[bookmark: OLE_LINK1]Observation 2: In terms of this power class related discussion, generally we do not think RAN2 group care about whether the power class capability or UE behaviors are changed for activation/deactivation cells, they can follow RAN4 decision if any.

Moreover, please note that the door is already open (marked in blue), the following objective is excerpted from Rel-19 UE enhancement WID [5].
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Observation 3: In Rel-19 and onwards, UE RF requirements and UE behaviors would be allowed to be based on CCs with activated cells, for some specific scenarios.

In addition, in case both camps cannot make any compromise, then to save some time on disputing whether to break the basket working procedure for band combination introduction, we suggest not to consider breaking the rule anymore given if this combos is really important and urgent then why not introducing PC2/PC1.5 ASAP. 
With the pre-condition not to break the existing BC working procedure, we further consider how to make it possible for some scenarios to exceed the specified per-BC power class.
2.2.2  For DL CA with single CC configured for UL
As mentioned above, if this combo is really important and urgent for deployment, why not just follow the existing working procedure to enable HPUE for this combo in Basket WI ASAP. In other words, we suggest not allow exception for this case, so the HP is still officially enabled by either adding note to the combo in the configuration table or adding the combo into MOP table, but of course in the field there might be no hard restriction for implementation.
From certification perspective, the understanding is that the UE is verified with the Cell(s) configured and activated and scheduled, so if allow UE to exceed the specified per-BC power class in this case, whether and how to verify the UE is questionable.
Proposal 3: For DL CA with single CC configured for UL, do not allow UE to transmit higher power than the specified per-BC power class.

2.2.3 For ULCA with only one CC activated while others deactivated
It is suggested to focus on how to allow UE transmit higher power than the specified per-BC power class for this case, as justified by Observation 1-3.
Generally in this case we are ok to ignore the specified per-BC power class of this ULCA combo, and allow this BC to transmit higher power up to the maximum power class specified for same DL CA configuration with this UL CC.
For example, for DL_n1+n77_UL_n1+n77 (both n1 and n77 are configured for UL, but only n77 is activated), UE is allowed to ignore the specified per-BC power class for DL_n1+n77_UL_n1+n77, and transmit higher power up to the maximum specified power class for DL_n1+n77_UL_n77. More specific, if the maximum PC specified for DL_n1+n77_UL_n77 is PC2, then the MOP for DL_n1+n77_UL_n1+n77 (both n1 and n77 are configured for UL, but only n77 is activated) can be only up to 26dBm, regardless of whether PC1.5 is specified or not for single band n77. In this way, no MSD is missing from the spec thus band combination working procedure is not broken.
Proposal 4: For ULCA with only one CC activated while others deactivated, UE is allowed to ignore the specified per-BC power class of this ULCA combo, and transmit higher power up to the maximum power class specified for the same DLCA with this single UL CC.
· FFS on how to indicate the higher power to the NW , ue-PowerClassPerBandPerBC-r17 can be leveraged if there is no functional NBC
· FFS from which release

2.3 Other UL CA cases assuming all CCs are activated
Our views are summarized in the following table.
Proposal 5: For other ULCA cases assuming all UL CCs are activated: 

	
	Scenario
	Maximum Tx power Pcmax,f,c
	Which power class applies for the constituent band within the BC if ue-PowerClassPerBandPerBC-r17 is absent

	#1
	Intra-band DLCA with intra-band ULCA
	· If ue-PowerClassPerBandPerBC-r17 is present, min(ue-PowerClassPerBandPerBC-r17, power class of this BC);
· Otherwise, min(ue-PowerClass, power class of this BC).
	PowerClass (Note this is agreed in RAN4#108) 


	#2
	Inter-band 2CC ULCA
	· If ue-PowerClassPerBandPerBC-r17 is present, min(ue-PowerClassPerBandPerBC-r17, power class of this BC);
· [bookmark: OLE_LINK2]Otherwise, min(ue-PowerClass, power class of this BC).
	ue-PowerClass 


	#3
	Inter+intra 3CC ULCA within 2 band 
	· 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
	For the single CC band:
ue-PowerClass

For the intra band:
ue-PowerClass

	#4
	Inter+Intra DLCA with intra-band ULCA
	· If ue-PowerClassPerBandPerBC-r17 is present, min(ue-PowerClassPerBandPerBC-r17, power class of this BC);
· Otherwise, min(ue-PowerClass, power class of this BC)
	ue-powerclass



Particularly, for inter-band ULCA case(All CCs are configured and activated), we do not prefer to ignore the specified or indicated per-BC power class, there are existing UE capabilities(higherPowerLimit-r17, higherPowerLimitMRDC-r17) to leverage and can be further discussed under Rel-19 UE RF enh, so we suggest do not define any new rule nor any new UE feature for this case.
Proposal 6: For ULCA cases (All CCs are configured and activated),
· Do not allow UE to ignore the specified per-BC power class
· Do not define new rule nor new UE feature
· If needed, leverage the existing UE capability as much as possible, can be further discussed under Rel-19 UE RF enh 
2.4 “Power Class fall back” issue
The discussion is triggered by [5] and it is now the common understanding in RAN4 that power class as a static capability would not fall back.
Further, to our understanding, MPR requirements should be bounded with indicated power class, and as vivo clarified in last meeting the description under the MOP table was originally intended for MOP only. Thus there are two alternatives to fix this identified issue.
 -Alt1: Remove the description under MOP table and shift the necessary part to configured transmit power clause
 -Alt2: Modification to indicate only MOP requirements is changed when ΔPPowerClass is not zero 
Between them, we slighted prefer Alt1, because Alt2 though also workable but just duplicate with the equation of Pcmax. In addition, it is suggested to make the modification from Rel-18, and we assume NW does not care and does not have the assumption/information UE is utilizing which MPR table thus there is no functional NBC, NW just observe some UE can transmit higher power but some lower at some location.
Proposal 7: To eliminate the ambiguity/misunderstanding of “power class fallback”, between the following two alternatives, we slightly prefer Alt1
-Alt1: Remove the description under MOP table and shift the necessary part to maximum configured power clause
-Alt2: Modification to MOP clause to indicate only MOP requirements is changed when ΔPPowerClass is not zero
It is suggested to make the modification from Rel-18.

[bookmark: _GoBack]3. Conclusion
Proposal 1: In terms of the applicable NR-CA scenarios for ue-PowerClassPerBandPerBC-r17, follow current RAN2 spec and no further restriction.
Proposal 2: In the discussion during the meetings, for DL CA only case, it should be made clear the agreements reached if any are for “DL CA with only single UL CC configured” and/or for “ULCA with single CC activated while others deactivated”. Note “Activated” here intends for “CC with activated cell”.
Observation 1: It is observed that there seems no clear high-level statement/instruction in RAN4 spec that RF requirements are for “configured CC(s)”, while dating back to Rel-15 that it is common understanding or at least majority’s understanding the requirements are applicable for “configured CC(s)” rather than “activated/scheduled CC”.
Observation 2: In terms of this power class related discussion, generally we do not think RAN2 group care about whether the power class capability or UE behaviors are changed for activation/deactivation cells, they can follow RAN4 decision if any.
Observation 3: In Rel-19 and onwards, UE RF requirements and UE behaviors would be allowed to be based on CCs with activated cells, for some specific scenarios.
Note that for the case “DLCA with single CC configured for UL” and the case “For ULCA with only one CC activated while others deactivated”, if two camps cannot make any compromise, the following proposal 3 and proposal 4 could also be a possible middle ground, but it may not be suitable for closed release. 
Proposal 3: For DL CA with single CC configured for UL, do not allow UE to transmit higher power than the specified per-BC power class.
Proposal 4: For ULCA with only one CC activated while others deactivated, UE is allowed to ignore the specified per-BC power class of this ULCA combo, and transmit higher power up to the maximum power class specified for the same DLCA with this single UL CC.
· FFS on how to indicate the higher power to the NW , ue-PowerClassPerBandPerBC-r17 can be leveraged if there is no functional NBC
· FFS from which release

Proposal 5: For other ULCA cases assuming all UL CCs are activated: 

	
	Scenario
	Maximum Tx power Pcmax,f,c
	Which power class applies for the constituent band within the BC if ue-PowerClassPerBandPerBC-r17 is absent

	#1
	Intra-band DLCA with intra-band ULCA
	· If ue-PowerClassPerBandPerBC-r17 is present, min(ue-PowerClassPerBandPerBC-r17, power class of this BC);
· Otherwise, min(ue-PowerClass, power class of this BC).
	PowerClass (Note this is agreed in RAN4#108) 


	#2
	Inter-band 2CC ULCA
	· If ue-PowerClassPerBandPerBC-r17 is present, min(ue-PowerClassPerBandPerBC-r17, power class of this BC);
· Otherwise, min(ue-PowerClass, power class of this BC).
	ue-PowerClass 


	#3
	Inter+intra 3CC ULCA within 2 band 
	· 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
	For the single CC band:
ue-PowerClass

For the intra band:
ue-PowerClass

	#4
	Inter+Intra DLCA with intra-band ULCA
	· If ue-PowerClassPerBandPerBC-r17 is present, min(ue-PowerClassPerBandPerBC-r17, power class of this BC);
· Otherwise, min(ue-PowerClass, power class of this BC)
	ue-powerclass



Proposal 6: For ULCA cases (All CCs are configured and activated),
· Do not allow UE to ignore the specified per-BC power class
· Do not define new rule nor new UE feature
· If needed, leverage the existing UE capability as much as possible, can be further discussed under Rel-19 UE RF enh 
Proposal 7: To eliminate the ambiguity/misunderstanding of “power class fallback”, between the following two alternatives, we slightly prefer Alt1
-Alt1: Remove the description under MOP table and shift the necessary part to maximum configured power clause
-Alt2: Modification to MOP clause to indicate only MOP requirements is changed when ΔPPowerClass is not zero
It is suggested to make the modification from Rel-18.
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Power boosting and/or MPR reduction.

[ ] Speclfy power domain enhancement, e.g., MPR reduction for NR single carrier and NR intra-band UL CA.
Study the scenarios, and if feasible, specify the power domain enhancement, e.g., MPR reduction, for PC2
and PC3 with applicable ACLR/SEM/spurious emission modification with BS indication for NR FR1 on a
single UL carrier-
= Include the following scenarios:«

—  when there is no adjacent in-band/out-of-band co-existence issue.
—  when a UE uses a narrower channel bandwidth within a wider BS bandwidth.
= Include both (e)RedCap UE (only PC3) and non-RedCap UE.
=  Limited to QSPK and 16QAM.
*  Specify MPR applicability based on the UL €Cs with activated cells for NR intra-band UL CA configuration.
= Include both intra-band UL contiguous CA and intra-band non-contiguous UL CA for FR1.
= Include intra-band UL contiguous CA and intra-band DL contiguous CA with single UL for FR2.
= MPR requirement is not applicable until the SCell is activated.
*  Necessary signaling to support the above objectives.
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For any DIECAwith singlecarrier 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.

B Option 2: No. It is optional, subject to the power class capability reported by the UE..

B Option 3: Yes, except for Power Class 1.5 for which the UE shall at least meet the minimum requirements for Power Class 2. .
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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:

B 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:.

B Provided that this BC is still supported by the UE based on the reported parent BC, the max Tx power PCMAZX.f.c for the
UL component band is determined by:.

B the power class derived from a parent BC.




