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1	Introduction
[bookmark: OLE_LINK9][bookmark: OLE_LINK8][bookmark: OLE_LINK4][bookmark: OLE_LINK3]With regard to the questions from RAN2 LS[1], the initial answers from RAN4 were captured in the LS[4], in which the wording of  ‘supersede ’ in the sentence of ‘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.’ caused some confusions in RAN2, and RAN2 postponed the discussion until furrther feedbacks from RAN4.
In this situation, RAN4 continue discussing and clarifying the  ‘supersede ’ meaning. Meanwhile, two additional following issues were discussed jointly  in the previous meetings:
[bookmark: OLE_LINK6][bookmark: OLE_LINK1][bookmark: OLE_LINK23][bookmark: OLE_LINK26][bookmark: OLE_LINK25]1. The relationship among the new IE ue-PowerClassPerBandPerBC-r17 and the legacy IE ue-PowerClass/ue-PowerClass-v1610/ue-PowerClass-1700, powerClass/powerClass-v1610 if the new IE is absent.
[bookmark: OLE_LINK17]2. The power class indication for the UL consistent band for the different UL configurations for band combination
[bookmark: OLE_LINK16][bookmark: OLE_LINK5]The bullet 2) is related to the legacy power behaviour for band combination, especially for DL only CA, i.e. only legacy per-band power class is present, and there are some agreements included in the WF [2], in which: 
	[bookmark: OLE_LINK74]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:
	[bookmark: OLE_LINK71]
	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





Except it, in our understanding, there is another issue to be discussed, which is whether the UE RF requirements changes or not. Regarding the UE RF requirements, MPR/A-MPR as well as ACLR are mentioned due to these RF requirements are defined as power class dependence.
In this contribution, we provide some discussions ue-PowerClassPerBandPerBC-r17 and power class indication.
2	Discussion
[bookmark: OLE_LINK69]2.1 Relationship between IEs
[bookmark: OLE_LINK24][bookmark: OLE_LINK111][bookmark: OLE_LINK54][bookmark: OLE_LINK67][bookmark: OLE_LINK68][bookmark: OLE_LINK14][bookmark: OLE_LINK72][bookmark: OLE_LINK13][bookmark: OLE_LINK47]In the filed description of IE powerClass/powerClass-v1610, it only includes the statement:  ‘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. ’, We believe that this restriction is necessary. For example, if PC2(for BC via IE powerClass) = PC3+PC3(via IE ue-PowerClass) for 2UL implementation, then min{PC2, PC3}=PC3 shall be applied for each band.,  This remains true even after the introduction of new IE ue-PowerClassPerBandPerBC-r17.
[bookmark: OLE_LINK66][bookmark: OLE_LINK64][bookmark: OLE_LINK33][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK48][bookmark: OLE_LINK58][bookmark: OLE_LINK55][bookmark: OLE_LINK50][bookmark: OLE_LINK63][bookmark: OLE_LINK70]Proposal 1: Regardless of the new IE ue-PowerClassPerBandPerBC-r17, the relationships between the legacy IE ue-PowerClass/ue-PowerClass-v1610/ue-PowerClass-1700 and IE powerClass/powerClass-v1610 are kept.
[bookmark: OLE_LINK37][bookmark: OLE_LINK59][bookmark: OLE_LINK27]After the new IE ue-PowerClassPerBandPerBC-r17 is introduced form R17, there are two IEs for the power class for the constitute band since the legacy IE ue-ue-PowerClass/ue-PowerClass-v1610/ue-PowerClass-1700 is still valid. Now there are three IEs: powerClass/powerClass-v1610, ue-PowerClass/ue-PowerClass-v1610/ue-PowerClass-1700 and ue-PowerClassPerBandPerBC-r17, in our understanding, the relationships among the three IEs are:
· [bookmark: OLE_LINK61][bookmark: OLE_LINK39][bookmark: OLE_LINK62][bookmark: OLE_LINK36]If ue-PowerClassPerBandPerBC-r17 is absent, the interaction between ue-PowerClass/ue-PowerClass-v1610/ue-PowerClass-1700 and powerClass/powerClass-v1610 have already been described in TS38.306 spec.
· [bookmark: OLE_LINK73]If ue-PowerClassPerBandPerBC-r17 is present, and if the power class of the band combination indicated by powerClass/powerClass-v1610 is higher than the power class that the UE supports on the individual bands of this band combination (ue-PowerClassPerBandPerBC-r17), the latter determines maximum TX power available in each band.
[bookmark: OLE_LINK65][bookmark: OLE_LINK18][bookmark: OLE_LINK52]In briefly, when the new IE ue-PowerClassPerBandPerBC-r17 is reported by R17 and future UEs, we believe that the legacy IEs ue-PowerClass/ue-PowerClass-v1610/ue-PowerClass-1700  should be replaced by the new IE. 

[bookmark: OLE_LINK80][bookmark: OLE_LINK28]Proposal 2:  The legacy IEs ue-PowerClass/ue-PowerClass-v1610/ue-PowerClass-1700  should be replaced by the new IE ue-PowerClassPerBandPerBC-r17 if it is present.
The observation 2 aims to reuse the relationships of min {ue-PowerClass/ue-PowerClass-v1610/ue-PowerClass-1700, powerClass/powerClass-v1610}.
[bookmark: OLE_LINK86][bookmark: OLE_LINK82][bookmark: OLE_LINK83]Regarding the scope of the new IE ue-PowerClassPerBandPerBC-r17, the previous agreement is that it is applicable to only NR inter-band UL CA, i.e. when there is uplink configured in two different operating bands. Each uplink band contains only single UL CC or intra-band contiguous UL CA. However, in terms of the previous discussion, this agreements seems be overturned, instead it is applicable to all the cases of CA band combination.
[bookmark: OLE_LINK11]Observation 1: The previous agreement was that new IE ue-PowerClassPerBandPerBC-r17 is applicable to only NR inter-band UL CA.
[bookmark: OLE_LINK91][bookmark: OLE_LINK20]Proposal 3: To confirm whether IE ue-PowerClassPerBandPerBC-r17 can also be applied to DL only CA.
[bookmark: OLE_LINK98]2.2 Power class indication for different UL configurations
There are following 7 cases are included:
	[bookmark: OLE_LINK22]DL CA configuration
	Case
	UL configuration Cases

	intra-band CA
	1
	single carrier

	
	#2
	intra-band UL CA

	[bookmark: OLE_LINK79]inter-band CA (2CC)
	3
	[bookmark: OLE_LINK102]single carrier

	
	#4
	inter band UL CA (2CC)

	inter-band CA (3CC)

	[bookmark: OLE_LINK103]5
	single carrier

	
	6
	intra-band UL CA only

	
	7
	inter+ intra UL CA (3CC)



For cases 2/4/67, it was already agreed that power class (powerClass) shall limit the configured maximum output power (Pcmax,f,c) when higherPowerLimit-r17 is not indicated.
For cases 1/3/5, the options listed in the WF are shown below:

	[bookmark: OLE_LINK92][bookmark: OLE_LINK93]Sub-topic 1-1: DL CA configured with single carrier UL
Agreements: For HPUE consider following options:
· [bookmark: OLE_LINK75]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
[bookmark: OLE_LINK94]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:
· [bookmark: OLE_LINK106][bookmark: OLE_LINK95]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



It terms of the previous discussion for the DL only CA, it seems the common understanding was that it should allow UE to report higher power when UE have such ability. The tricky thing is whether it is mandatory or optional.
[bookmark: OLE_LINK77][bookmark: OLE_LINK78][bookmark: OLE_LINK96]In our understanding, at the current stage it is too late to mandate the UE to meet maximum output power restricted by ue-PowerClass, especially when the power indicated by ue-PowerClass is higher than the power indicated by powerClass, since it may cause several problems such as UE implementation (likely NBC issue), RF requirements ambiguity, even test problems. Thus, we think for DL only CA including both single carrier UL configured and single carrier UL transmission, UE can optionally report higher power than than specified power classes.
[bookmark: OLE_LINK10][bookmark: OLE_LINK30][bookmark: OLE_LINK105][bookmark: OLE_LINK87][bookmark: OLE_LINK99]Proposal 4: For DL only CA including both single carrier UL configured and single carrier UL transmission, UE can optionally report higher power than than specified power classes.
2.3 Whether RF requirements changes or not
In our understanding, for inter-band/intra-band DL CA with inter-band/intra-band UL CA configured, due to the maximum power is capped by band combination power class, there are no any changes. So the RF requirements will not change.
For DL only CA including both single carrier UL configured and single carrier UL transmission, with the above proposals, the allowed maximum output power will change and not be restricted by BC power class, the RF requirements which are related to power should be discussed.
For Pcmax,c requirements, some changes are needed to reflect the power changes as did in the CRs proposed by companies in last meeting.
For MPR requirements, with the existing descriptions for inter-band CA and intra-band NC CA in the following, it seems the single band requirements are applied for one band in the UL although companies may share different understandings for meanings of ‘assigned’.
[image: ]
[image: ]
[bookmark: OLE_LINK38]Observation 3: For inter-band DL CA/intra-band NC CA with one UL band, it seems the MPR/A-MPR requirements refer to single band requirements.
For intra-band contiguous CA, we think the principle should be the same for both inter-band CA and intra-band CA, although there are no such descriptions in the spec, which should be clarified also.
[bookmark: OLE_LINK21]For ACLR requirement, it was mentioned in [5], we think it is a valid point since the ACLR is related to the power class, and when the power higher than BC power class is allowed for a UE, then whether the ACLR requirement changes should be confirmed since there are no texts in the spec to describe the applicable ACLR.  
[bookmark: OLE_LINK60][bookmark: OLE_LINK19]For example, ACLR=30dBc for PC3 intra-band DL CA with intra-band UL CA configured, but for DL only CA including both single carrier UL configured and single carrier UL transmission, although there are no descriptions in the spec, it seems the single band ACLR requirements would also be applied. Due to it is allowed UE to transmit higher power up to PC2, then whether the PC2 ACLR(=31dBc) is applied?
[bookmark: OLE_LINK31][bookmark: OLE_LINK35]Observation 4: For inter-band DL CA/intra-band CA with one UL band, there are no texts in the spec to describe the applicable ACLR.  
With the above descriptions, we have the follow proposal:
[bookmark: OLE_LINK85][bookmark: OLE_LINK43]Proposal 5: The changes for Pcmax,c, MPR/A-MPR and ACLR should be clarified for DL CA only including both single carrier UL configured and single carrier UL transmission
2.4 Power class fallback issues
[bookmark: OLE_LINK29]There is another companion issue related to the power class fallback. Actually power class fallback is unofficial terminology since it is common understanding that the power class is a static report parameter which will not be changed, as discussed in [6].
Some open issues are included in the WF [7], such as the issues in the following:
	[bookmark: OLE_LINK41]Issue 2.2-1: Should P-Max be included in the ΔPPowerClass definition?  

Option 1: Yes

Option 2: No

[bookmark: OLE_LINK76]Issue 2.2-2: Is it agreeable to revise the PCMAX_L formula as below for single carrier and apply the similar change to other UL features?

PCMAX_L,f,c = MIN {PEMAX,c– ∆TC,c, (PPowerClass – ΔPPowerClass + ΔPPowerBoost) – MAX(MAX(MPRc+∆MPRc, A-MPRc) + ΔTIB,c + ∆TC,c + ∆TRxSRS, P-MPRc, ΔPPowerClass)}    

Option 1: Yes

Option 2: No




[bookmark: OLE_LINK40]According to the WF, it seems the above two issues were raised in the offline discussion, but there are no explicit reasons included in the WF. 
In TS38.101-1, the ΔPPowerClass definition is:
[bookmark: OLE_LINK42]ΔPPowerClass 	Adjustment to maximum output power for a given power class
[bookmark: OLE_LINK81][bookmark: OLE_LINK46][bookmark: OLE_LINK45][bookmark: OLE_LINK56][bookmark: OLE_LINK57][bookmark: OLE_LINK53]In terms of the above ΔPPowerClass definitions, it is the maximum output power adjustment, which means the maximum output power can be different with the power defined in a given power class. In the current spec, there are several conditions for the maximum output power adjustment, such as P-max and duty cycle % condition. We think P-max shall be considered for ΔPPowerClass definitions since IE P-Max is used to limit the UE's uplink transmission power on a carrier frequency according to TS38.331. We think the mechanism between IE P-Max and duty cycle % condition are different. For a HPUE, if the duty cycle % condition is not met, ΔPPowerClass  could still be valid if NW does not allow UE to transmit high power.
[bookmark: OLE_LINK88]Proposal 6: Keep P-max in the ΔPPowerClass .
[bookmark: OLE_LINK89][bookmark: OLE_LINK84]For the PCMAX_L formula where place the ΔPPowerClass parameter with MPR/A-MPR in parallel, it seems it is a big change for the formula, and we didn’t see the reasons. In our understanding, ΔPPowerClass is not a traditional power reduction scheme like MPR/A-MPR, and it is not only impacted by duty cycle scheme.
3	Conclusion
In this paper, we provide some discussions on the issue on the ue-PowerClassPerBandPerBC-r17(R4 16-8). The conclusion are:
Observation 1: Regardless of the new IE ue-PowerClassPerBandPerBC-r17, the relationships between the legacy IE ue-PowerClass/ue-PowerClass-v1610/ue-PowerClass-1700 and IE powerClass/powerClass-v1610 are kept.
Observation 2:  The legacy IEs ue-PowerClass/ue-PowerClass-v1610/ue-PowerClass-1700  should be replaced by the new IE ue-PowerClassPerBandPerBC-r17 if it is present.
Observation 3: For inter-band DL CA/intra-band NC CA with one UL band, it seems the MPR/A-MPR requirements refer to single band requirements.
Observation 4: For inter-band DL CA/intra-band CA with one UL band, there are no texts in the spec to describe the applicable ACLR.  
Proposal 1: Regardless of the new IE ue-PowerClassPerBandPerBC-r17, the relationships between the legacy IE ue-PowerClass/ue-PowerClass-v1610/ue-PowerClass-1700 and IE powerClass/powerClass-v1610 are kept.
Proposal 2:  The legacy IEs ue-PowerClass/ue-PowerClass-v1610/ue-PowerClass-1700  should be replaced by the new IE ue-PowerClassPerBandPerBC-r17 if it is present.
Proposal 3: To confirm whether IE ue-PowerClassPerBandPerBC-r17 can also be applied to DL only CA.
Proposal 4: For DL only CA including both single carrier UL configured and single carrier UL transmission, UE can optionally report higher power than than specified power classes.
Proposal 5: The changes for Pcmax,c, MPR/A-MPR and ACLR should be clarified for DL CA only including both single carrier UL configured and single carrier UL transmission
Proposal 6: Keep P-max in the ΔPPowerClass .
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6.2A.2.3 UE maximum output power reduction for Inter-band CA

For inter-band carrier aggregation with one uplink carrier assigned to one NR band, the requirements in subclause
6.2.2 apply.
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6.2A.2.2 UE maximum output power reduction for Intra-band non-contiguous CA
6.2A2.2.0 General

For intra-band non-contiguous CA, the allowed Maximum Power Reduction (MPR) for the maximum output power

is specified into 2 tybes: MPR to meet -30dBm/MHz and -13dBm/MHz. The UE determins the MPR type as
follows:

For UE indicating dualPA-Architecture supported
IFOR (Lexar =0, Lera2=0)

MPR defined in Table 6.2 2-1 and Table 6.2.2-2 for PC3 and PC2 UE respectively




