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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
RAN2 LS [1] was received on the applicability of Rel-17 per band per BC power class, as below. This paper gives our understanding on this issue and example reply LS.

	1. Overall Description:
RAN2 discussed the interaction between R4 16-8 in the R4 feature list (R4-2215143) and the existing power class capabilities. During the RAN2 discussion, companies think that the interaction between R4 16-8 and other existing different power class parameters should be resolved by RAN 4 and have the following questions to RAN4: 
1) [bookmark: _Hlk118118224]Whether R4 16-8 is applicable to only inter-band CA?
2) What is the interaction between R4 16-8 and the existing power class capabilities (i.e. ue-PowerClass/ue-PowerClass-v1610/ue-PowerClass-1700, powerClassNRPart-r16 (if R4 16-8 is also applicable to the cases other than inter-band CA) and powerClass/powerClass-v1610) ?
RAN2 sincerely requests RAN4 to provide answers of the above 2 questions for RAN2 future work.



2 Discussion
2.1 Applicable band combination
Per band per BC power class was introduced to Rel-17 to cover the cases that UE power class capability is different between single band and UL CA band combination due to for example different power capability PAs in each band, or TxD. This new capability was sent to RAN2 in LS [2][image: ]

And in RAN2 LS the question is about whether this is only applie to inter-band CA. This issue has been discussed a lot in the R17 feature list, and no consensus on this limitation according to Chairman notes as below.

In brief, some companies think this capability is introduced to inter-band case, and ok to add the note of “it is applicable to inter-band UL CA” as seen from below GTW outcome on Aug-19. 
[image: ]
However, some companies would like to additionally exclude intra-band UL CA + UL MIMO from the applicability of this capability. No consensus on the applicability, and the outcome is to remove the note since there is no agreement on that. And the applicability of this per band per BC power class becomes no limitation. 
[image: ]

Observation 1:   Per band per BC power class was introduced to cover the case that UE power class capability is different between single band and UL CA band combination. And inter-band UL CA was used as example in the discussion.

Observation 2:   Limitation of this per band per BC power class was removed due to no consensus of the applicability wording, e.g. inter-band CA only or intra-band CA+UL MIMO not applied. And it extends to any band combinations.

[bookmark: _Hlk118110771]With this status our understanding is that no problem will happen in the field to allow any band combinations to report the per band per BC power class. It depends on UE reporting which band combination it applies. And if UE report this capability, then this capability applies under this band combination. There is no need to further consider other power class capabilities except powerClassNRPart-r16. The IE powerClassNRPart-r16 was introduced also for the same reason but for MR-DC band combinations. To avoid further debating on the applicability of intra/inter band UL CA issue, maybe clarification to RAN2 that this new per band per BC power class only applies to UL CA band combinations is enough.

[image: ]

Observation 3:   With current UE feature list, it depends on UE which band combination it applies. And if UE report this new capability, then NW apply it under corresponding band combination with exception of MR-DC band combination where powerClassNRPart-r16 capability applies.

Proposal 1:         With current UE feature list, R4 16-8 (new per band per BC power class) is applicable to band combinations with intra and/or inter band UL CA.

2.2 Relation with other power classes
As discussed in section 2.1, the powerClassNRPart-r16 IE was also per band per BC power class for MR-DC band combinations. With the limitation of the Rel-17 new per band per BC power class for CA, these two capabilities are independent from each other.

Observation 4:   The powerClassNRPart-r16 IE was also per band per BC power class but for MR-DC band combinations. With the limitation of the Rel-17 new per band per BC power class for CA, these two capabilities are independent from each other.

Proposal 2:         Rel-17 new per band per BC power class is for CA which is independent from MR-DC band combination capability IE powerClassNRPart-r16.

The Rel-17 per band per BC power class is something in the middle between per band power class (ue-PowerClass /ue-PowerClass-v1610/ue-PowerClass-1700) and per BC power class (powerClass/powerClass-v1610). There are situations that per band power class is higher or lower or same as per BC power class. 

In RAN4#104-e, [3] tries to clarify the mapping between single band power class/MPR to band combination power class/MPR as below table, but no consensus can be reached for the case of per band power class is higher than per BC power class.

	· For the case of per band power class is smaller than per BC power class, according to 38.306 definition the per band power class apply.
[image: ]
· For the case of per band power class is higher than per BC power class, apparently UE cannot transmit power higher than the per BC power class in this band. So the per BC power class should apply. One example is that UE can support PC1.5 in n41, but in B3+n41 it can only support PC3. In this case PC3 apply for n41 under B3+n41.
· For the case of per band power class is same as per BC power class, either one is ok.



The Rel-17 per band per BC power class is indeed to solve this unclear power class mapping from single band to band combination. NW can rely on this Rel-17 per band per BC power class to decide the applicable power capability of this band when it is under band combination though there might be some limitation in reporting values chosen by UE. For example:

· whether it is allowed that the Rel-17 per band per BC power class can be higher or lower than the per BC power class?
· [bookmark: _Hlk118126128]Probably not higher than per BC power class, since the per band per BC power should be no larger than the per BC total power, however, according to the discussion related to [3] in RAN4#104e, still some companies want to allow UE apply higher power class than per BC total power class. This is something unsettled in RAN4.

· whether it is allowed that the Rel-17 per band per BC power class can be higher or lower than the per band power class?
· It seems there is no clear answer for this either, since how UE apply its PA is up to UE, for example UE implement with 26dBm capable PA, but it reports PC3 in single band, then PC2 in per band per BC, or vice versa. These are all implementation specific.

For these issues RAN4 may need more efforts to clarify, but for signaling itself, there is no need for such detailed restriction in RAN2 spec. Therefore, RAN2 signaling design can consider new Rel-17 per band per BC power class as independent from per band power class, and per BC power class. If this new signaling is absent, legacy power class handling apply.

Observation 5:   There is no need to combine the per band per BC power class to per band or per BC power class in RAN2 signaling, NW can rely on the per band per BC power class if reported by UE to decide the applied power capability under a CA band combination.

Proposal 3:         The applicable power capability for a band under CA band combination is decided by Rel-17 new per band per BC power class. RAN2 can design this new Rel-17 capability as independent from legacy per band or per BC power class.

Proposal 4:         If Rel-17 new per band per BC power class is not reported, the legacy power class (per band/per BC) handling apply.


3 Conclusion
In this paper we discussed the Rel-17 per band per BC power class capability handling related to RAN2 LS and got following observations and proposals.

Observation 1:   Per band per BC power class was introduced to cover the case that UE power class capability is different between single band and UL CA band combination. And inter-band UL CA was used as example in the discussion.

Observation 2:   Limitation of this per band per BC power class was removed due to no consensus of the applicability wording, e.g. inter-band CA only or intra-band CA+UL MIMO not applied. And it extends to any band combinations.

Observation 3:   With current UE feature list, it depends on UE which band combination it applies. And if UE report this new capability, then NW apply it under corresponding band combination with exception of MR-DC band combination where powerClassNRPart-r16 capability applies.

Proposal 1:         With current UE feature list, R4 16-8 (new per band per BC power class) is applicable to band combinations with intra and/or inter band UL CA.

Observation 4:   The powerClassNRPart-r16 IE was also per band per BC power class but for MR-DC band combinations. With the limitation of the Rel-17 new per band per BC power class for CA, these two capabilities are independent from each other.

Proposal 2:         Rel-17 new per band per BC power class is for CA which is independent from MR-DC band combination capability IE powerClassNRPart-r16.

Observation 5:   There is no need to combine the per band per BC power class to per band or per BC power class in RAN2 signaling, NW can rely on the per band per BC power class if reported by UE to decide the applied power capability under a CA band combination.

Proposal 3:         The applicable power capability for a band under CA band combination is decided by Rel-17 new per band per BC power class. RAN2 can design this new Rel-17 capability as independent from legacy per band or per BC power class.

Proposal 4:         If Rel-17 new per band per BC power class is not reported, the legacy power class (per band/per BC) handling apply.
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Attachments:	-


1. Overall Description:
RAN4 would like to thank RAN2 for the LS on the ue-PowerClassPerBandPerBC-r17(R4 16-8) and RAN4 would like to give following answers to the questions:

1) Whether R4 16-8 is applicable to only inter-band CA?
[RAN4 answer] It is RAN4 understanding that this R4 16-8 per band per BC power class can be applied to intra-band and/or inter-band UL CA.
2) What is the interaction between R4 16-8 and the existing power class capabilities (i.e. ue-PowerClass/ue-PowerClass-v1610/ue-PowerClass-1700, powerClassNRPart-r16 (if R4 16-8 is also applicable to the cases other than inter-band CA) and powerClass/powerClass-v1610)?
[RAN4 answer] It is RAN4 understanding that with R4 16-8 is limited to UL CA band combinations, it can be considered independent from existing power class capabilities from RAN2 signalling perspective. It is up to UE reporting which power class is applied under single band or band combination or per band per BC with capabilities applied respectively. If this new per band per BC power class capability is not reported, legacy power class capabilities handling is applied.

2. Actions:
To RAN2:
ACTION: RAN4 respectfully ask RAN2 to take above into consideration.

3. Date of Next TSG WG RAN4 Meetings:
TSG-RAN WG4 Meeting #106	Feb 27 – 03 Mar 2023         Athen
TSG-RAN WG4 Meeting #106bis-e	17 – 26 Apr 2023         Online
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® [ Remove the feature group of 17-3 “Support of UL gap for coherent UL MIMO™.

® AddR2-R12and[JonR,S, T, U and remove [] on 17-6.
®  Remove the feature group [17-7].
W ForNR_PC2_UE_FDD WI, remove the feature groups of [21-1] and [21-2].
® For NR_NTN_solutions WI, add the feature group of 25-7.
GTW on Aug-25

Rel-17 RAN4 UE feature list for
The outcome is as follows

B For 15-1 64QAM for PUSCH for FR2-2, remove FFS from the column of prerequisite feature group.
.

B Add 19-1-4 new feature group “Network controlled small gap (NCSG)”

GTW on Aug-26

Rel-17 RAN4 UE feature list for

The outcome is as follows:

W For 25-7 The number of target LEO satellites the UE can monitor per carrier including serving satellite, change the
consequence and note based on RRM session agreement.
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BC No N/A FR1

Indicates NR part power class the UE supports when operating according to this only
band combination.

This field only applies for[MR-DC BCs|containing only single CC or intra-band CA in

NR side in this release.
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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.
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GTW on Aug-19

UE feature list was discussed during GTW.

The outcome is as follows:

m For NR_ext_to_71Ghz WL, remove the feature group of 15-x [Improved ON-ON transient period]

ble to uplink inter-band C.

W ForNR_RF_FRI_enh WI,fadd the note of [it is appli lfor the feature group of 16-8 UE power

class per band per band combinati





