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Introduction
This email thread is focused on the Power class related topics under AI 11.2
Topic #1: Power class related issue
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2404186
(Associated Draft CRs:
R4-2404187
R4-2404188
R4-2404189)
	Apple
	Observation 1: The behavior when an HPUE applies all requirements for the default power class or next power class with lower maximum output power was often unofficially regarded as “power class fallback” which however was a misconception.
Observation 2: The proper understanding on the UE behavior when UL duty cycle exceeds certain % number or when P-Max is 23 dBm or lower should be that UE configured maximum output power is capped below the UE power class capability via ΔPPowerClass or P-Max.
Observation 3: There should be no “power class fallback” or UE power class change as UE power amplifier performance does not change with UL duty cycle or P-Max.
Proposal 1: Move the text descriptions on UL duty cycle and P-max conditions below the power class tables in “UE maximum output power” sub-clauses to ΔPPowerClass definitions in “Configured output power” sub-clauses as proposed in Table 2-1.
Proposal 2: Use the example text proposals for ΔPPowerClass definitions proposed in this contribution as baseline for CR drafting.
Proposal 3: Make the changes starting from current release (Rel-18) of specifications.

	R4-2404450
(Associated Draft CRs:
R4-2404451)

	CATT
	Proposal 1: RAN4 to endorse the draft CR reflecting the agreement on Case #A-1.
Proposal 2: In Case #A-2 (intra-band DL only CA), the power class of the sole uplink component carrier is determined according to the priority sequence of reported ue-PowerClassPerBandPerBC-r17, PowerClass, and ue-PowerClass.
Proposal 3: In Case #A-3 (inter-band DL only CA), the power class of the sole uplink component carrier is determined according to the priority sequence of reported ue-PowerClassPerBandPerBC-r17, PowerClass, and ue-PowerClass.
Proposal 4: In Case #B-1 (intra/inter-band DL CA, intra-band contiguous UL CA), the power class of the two uplink component carriers is determined according to the priority sequence of reported ue-PowerClassPerBandPerBC-r17, PowerClass, and ue-PowerClass.
Proposal 5: In Case #B-2 (intra/inter-band DL CA, intra-band non-contiguous UL CA), ue-PowerClassPerBandPerBC-r17 is not applicable, and the power class of the two uplink component carriers is determined according to the priority sequence of reported PowerClass, and ue-PowerClass.
Proposal 6: In Case #B-3 (inter-band DL CA, inter-band UL CA), the power class of each uplink component carriers is determined according to the priority sequence of ue-PowerClassPerBandPerBC-r17, PowerClass, and ue-PowerClass reported for the corresponding band.

	R4-2404557
	Xiaomi
	Observation 1: at least from current spec, the UE doesn’t mandatorily support the power class indicated in ue-PowerClass for the UL band with DL only CA if it’s applicable in the spec for the CA configuration.
Proposal 1: For DL only CA case, the UE can report the same power class as ue-PowerClass by using the power class IE if the power class IE in parent BC is smaller than ue-PowerClass.

	R4-2404625
(Associated Draft CRs:
R4-2404626
R4-2404627

R4-2404628
R4-2404629
R4-2404630
R4-2404631
R4-2404632
R4-2404633
R4-2404635
R4-2404636)

	Ericsson
	The configured maximum output power for UL transmissions PCMAX,f,c and the corresponding PH for serving cells of a band combination (BC) are not correct
Proposal 1: modify the PCMAX,f,c for serving cells c of a BC such that these become correct when the per-band power class is higher than the limiting per-BC power class or replaced by a lower per-band-per-BC power class.
but
Proposal 2: allow the UE exceed the per-BC power class and transmit up to the per-band power class when the latter is higher than the per-BC power class and other serving cells of the BC are either deactivated or not scheduled, this subject to a dedicated Rel-17 UE capability for the band of the BC.
The (non-CA) HPUE power class should not be reduced when DL SCells are added not to further delay CA configuration:
Proposal 3: for any DL CA with single-carrier UL, the UE shall mandatorily support the power class indicated by ue-PowerClass in BandNR for the UL to avoid verification of the UL coverage and delay of CA configuration, except for Power Class 1.5 for which the UE shall at least meet the minimum requirements for Power Class 2.
The notes on ‘applicability’ of requirements for BC in clause 5.5A are a source of ambiguity. Some HPUEs in the field do not indicate support of DL-only CA configurations just because minimum requirements or exceptions affecting DL SCells are missing for higher power classes.
Observation 1: is it necessary to verify conducted MSD for a band combination for all possible higher power classes in case there is an exception for the default power class? An exception is still needed in case the standard REFSENS requirement can be met for the default power class but not for the higher power class.
Finally, regarding the specification of the per-band-per-BC power class in 38.306
Proposal 4: it suffices to tell RAN2 in a follow-on LS that the ue-PowerClassPerBandPerBC-r17, if present for a band entry, replaces the ue-PowerClass in BandNR, it is not applicable for NR non-CA band combinations and not for MRDC.

	R4-2404634
	Ericsson
	For maintenance of Rel-17 CA requirements, RAN4 has agreed that in addition to the NR band power class, the configured maximum output power PCMAX,f,c for a serving cell c within a band of an UL band combination (BC) should also be limited by the per-BC power class or the per-band-per-BC power class (ue-PowerClassPerBandPerBC-r17) if lower than the NR band power class.
Some UE implementations may nevertheless exceed a per-BC power class lower than the per-band power class for a serving cell of an UL BC when this cell is the only scheduled or activated amongst a group of cells. RAN4 considered that the gNB should be aware of this capability for otherwise the PH for the serving cell would be ambiguous, the gNB not aware that the PH is based on a higher UL power for the single cell transmission. 
RAN4 therefore asks RAN2 to consider specification of a UE capability for “transmissions on a single CC of an UL CA configuration with per-band power class” for a band entry of an UL CA configuration from Rel-17. This capability would only be applicable to NR CA for an UL CC that is the only scheduled (overlapping slots of other active cells not scheduled) or activated amongst a group of UL cells. The capability is only relevant when the per-BC power class is lower than the per-band power class, UL transmissions always limited by the per-band power class as indicated for the NR band or by the per-band-per-BC power class. 

	R4-2404660
(Associated Draft CRs:
R4-2404661
R4-2404662
R4-2404663
R4-2404664
)
	vivo
	Observation 1: The concept of “powerclass fall back” is misleading and unnecessary. Only MOP is the key related requirement in this SAR control-oriented requirements, and others such as MPR are no need to be considered.
Observation 2: There were no duplications for the text descriptions of power backoff in MOP requirements in most of the cases such as various CA/CA+MIMO, and they are much more complex to be fit into the delta_powerclass definition in Pcmax related sections. 
Proposal 1: For the text in the power fallback behavior in MOP sections, change “apply all requirements for” a certain power class to a more restricted “apply maximum output power of” this power class.
Observartion 2: The redundant detailed description of delta_powerclass deriviation in configurated transmitted power part have many drawbacks.
Proposal 2: Remove detailed description of delta_powerclass deriviation in configurated transmitted power part.
Proposal 3: Clean up based on previous proposals for 38.101-1 and 38.101-3 from Rel-17. Further discuss whether 36.101 is need to be considered or not.


	R4-2404877
(Associated Draft CR:
R4-2404877
	Huawei
	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.

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





	R4-2404989
	Samsung
	1) ue-PowerClassPerBandPerBC-r17 is applicable to all NR-CA configurations. ue-PowerClassPerBandPerBC-r17 is not applicable to MR-DC band combinations.
2) ue-PowerClassPerBandPerBC-r17 indicates the power class that a UE supports over the carrier(s) for each individual band within a given band combination, while powerClass/powerClass-v1610 indicates the power class the UE supports when operating according to this band combination.
3) ue-PowerClassPerBandPerBC-r17 if indicated for a band shall determine the power class the UE supports over the carrier(s) for this constituent band of a band combination, otherwise ue-PowerClass/ue-PowerClass-v1610/ue-PowerClass-v1700 applies.
4) ue-PowerClassPerBandPerBC-r17 does not modify powerClass/powerClass-v1610 for a band combination and conversely. The capability definition of powerClass/powerClass-v1610 requires update to include ue-PowerClassPerBandPerBC-r17, i.e., if the power class 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 if indicated or ue-PowerClass in BandNR otherwise), the latter determines maximum TX power available in each band.

	R4-2404988
	Samsung
	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.


	R4-2405179
	OPPO
	In this contribution, Rel-17 power class related clarifications are discussed and got the following observations and proposals.

Whether the band within BC is capped by powerClass of the BC
Proposal 1:   	The MOP of a band within BC shall be capped by powerClass of the BC.
Proposal 2:   	Consider the case that UE Tx power in a band exceeds the total power class of band combination in future release if necessary.

Applicable power capability for band in inter-band UL CA
Observation 1:   From UE Tx power point of view, UE Tx power of band in a BC will be limited by both ue-PowerClass and powerClass of the BC, i.e. actual max Tx power is Min {ue-PowerClass, powerClass}.

Observation 2:   When ue-PowerClassPerBandPerBC-r17 is absent, there seems no difference in adopting either ue-PowerClass of the band or Min{ue-PowerClass, powerClass} in determining UE Tx power since even the default power class is ue-PowerClass, in the end its Tx power still be limited by powerClass which is same as Min{ue-PowerClass, powerClass}.

Observation 3:   From requirements test perspective, UE shall be tested according to its real max Tx power. In other words, when ue-PowerClass is higher than powerClass, then it shall be tested according to the lower power capability which caps the max Tx power.

Observation 4:   If use ue-PowerClass as the default power class, then it means UE has to report ue-PowerClassPerBandPerBC-r17 when ue-PowerClass of band A is higher than powerClass of A+B. This probably is doable for Rel-17 and onwards, but apparently is not for Rel-15/16.

Proposal 3:   	The MPR/RF requirements to be tested for a band in BC shall be according to its real max Tx power which is capped by both ue-PowerClass of the band and powerClass of the BC when ue-PowerClassPerBandPerBC-r17 is absent. 

Proposal 4:   	Apply Min{ue-PowerClass, powerClass} as the default power class when ue-PowerClassPerBandPerBC-r17 is absent with considerations of
· UE Tx power and requirements will be capped by the lower power capability of ue-PowerClass of the band and powerClass of the BC;
· And to make it applicable also for Rel-15/16 instead of only for Rel-17 onwards.

Applicable power capability and MPR for DL-only CA
Observation 5:   From PA ability perspective, there is no difficulty to keep same Tx power as the single band power class as long as the MSD if any has been introduced in the spec.

Observation 6:   From signalling perspective, if powerClass IE is applicable to DL-only CA case, then it can be different from ue-powerClass IE, and MOP of powerClass is no higher than MOP of ue-powerClass in DL-only CA.

Proposal 5:   	Clarify powerClass IE is applicable to DL-only CA scenario.
Proposal 6:   	For DL-only CA scenario, UE indicate its Tx power capability via powerClass IE, if not the default power class is applied.

Applicable power capability for intra-band UL CA in intra +inter band combination
Observation 7:   If apply the ue-powerClass IE to determine the power class of intra UL CA in inter+intra UL CA, the UE power capabilities might be overestimated. One example is as below according to current spec:
	Band / band combination
	Power capability

	UL CA_n3A-n41C
	powerClass      =   PC3

	UL CA_n41C
	powerClass      =   PC2

	UL n41
	ue-powerClass =   PC1.5


Observation 8:   Pcmax,L of intra+inter UL CA is also bounded by the SUM of Pcmax,L of each band, and for Pcmax,L of intra-band UL CA the CA power class takes effect.
Observation 9:   It is more nature to apply the power class of intra-band UL CA to determine the power capability of intra+inter band combination and this is also what specified in current spec.
Observation 10: For the intra-band UL CA, as long as the DL CA configuration is fixed, the applicable power capability is clear no matter it is reported via powerClass IE or inherited from parent BC power class.
Observation 11: For the same intra-band UL CA, if UE report different power classes when the DL CA configurations are different, then there will be some ambiguity in which power class should be applied for this intra-band UL CA.

Observation 12:  Neither ue-powerClass IE nor powerClass IE is perfect in determining the power class of intra-band CA in inter+intra UL CA.
Observation 13: If use ue-powerClass IE as default, and UE real Tx power of intra-band UL CA in inter+intra UL CA, then UE can use the ue-PowerClassPerBandPerBC-r17 IE to report the exact power capability.

Proposal 7:   	Apply ue-powerClass as default to determine the power capability of intra-band UL CA part in intra+inter UL CA from Rel-17 onwards, and if UE implementation is different from this it shall report the ue-PowerClassPerBandPerBC-r17 IE to clearly indicate its power capability.


	R4-2405228
	ZTE
	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.
Proposal 1. For DL only CA with single carrier configuration and UL CA configurations with the carrier(s) in one band is(are) deactivated, UE can optionally report higher power class indicated in ue-PowerClass than BC power class.
Proposal 2: To add the following additional corrections for combinations of intra-band and inter-band carrier aggregation in section 6.2A.4.1.3 in TS38.101-1:
	For combinations of intra-band and inter-band carrier aggregation with UE configured for transmission on three serving cells (up to two contiguously aggregated carriers per operating band), the following apply:
The UE power class for the serving cell(s) on the operating band Bi including intra-band carrier aggregation shall be determined by the ue-PowerClassPerBandPerBC-r17 IE [7] as indicated for the band combination if signalled, ue-PowerClass/ue-PowerClass-v1610/ue-PowerClass-1700 otherwise.
For the case when the UE indicates higherPowerLimit-r17, PPowerClass,CA is replaced by 10 log10 (pPowerClass,A + 
pPowerClass,CA,B).




	R4-2405350
	China Telecom
	[bookmark: OLE_LINK3]According to the R17 discussion for tx diversity, it was found that UE can support higher power capability for single band based on tx diversity with two Tx chain, and when working on the CA mode the power class capability of the corresponding band may be lower due to the two tx chains are distributed for each of two bands. Thus, the capability of ue-PowerClassPerBandPerBC-r17 is introduced to indicate the power capability for individual component bands in CA band combinations. 
With above clarification, we think it should be clarified in TS 38.306 for the condition of this capability of ue-PowerClassPerBandPerBC-r17 may be indicated by the UE in case to avoid any ambiguity on the applicable scenarios.

	ue-PowerClassPerBandPerBC-r17
Indicates the UE power class per band per band combination. This capability may be indicated when UE working on the CA mode and the maximum output power of the band may be lower than that of UE-power class for corresponding single band due to the two tx chains are distributed for each of two bands, or …etc.

	FS
	No
	N/A
	FR1 only




	R4-2405676
	Google
	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).


	R4-2405710
(Associated Draft CR:
R4-2405711)
	Qualcomm
	Proposal 1: Explicitly allow UE to indicate higher power class than powerClass in ue-PowerClassPerBandPerBC-r17 when single band requirements are specified for said higher power class. UE shall meet ue-PowerClassPerBandPerBC-r17 for a band for non-CA transmissions when ue-PowerClassPerBandPerBC-r17 indicates higher power class than powerClass. If ue-PowerClassPerBandPerBC-r17 is not indicated to be higher than powerClass, UE output power in a band cannot exceed powerClass.
Proposal 2: A UE indicating ue-PowerClassPerBandPerBC-r17 higher than powerClass for a band shall meet CA refsens and MSD requirements with the uplink power limited to the nominal maximum output power for the default power class, unless higher than default power class requirements are explicitly specified for the supported power class
Proposal 3: Adopt the new general clause to TS 38.101-1 as shown below

6.2A.0	General

Non-CA UL transmissions are not bounded by the power class for the band combination indicated by powerClass and powerClass may be ignored in setting the configured maximum output power for CA with single CC UL transmission when ue-PowerClassPerBandPerBC-r17 indicates higher power class than PowerClass. In such scenario UE shall meet power class for a band indicated in ue-PowerClassPerBandPerBC-r17. If ue-PowerClassPerBandPerBC-r17 is not indicated to be higher than powerClass, UE output power in a band cannot exceed powerClass.
The non-CA and CA configurations for which minimum requirements have been evaluated for Power Class 2 or Power Class 1.5 operation are indicated in clause 5.5A.
Proposal 4: For higher limit of configured maximum output power PCMAX_H,f,c, UE shall ignore parameters PPowerClass,CA and ΔPPowerClass,CA for non-CA transmissions in case ue-PowerClassPerBandPerBC-r17 indicates a higher power class than powerClass
Proposal 5: If necessary, for power headroom reporting purposes PCMAX_H,f,c can be always based on powerclass of the band.


	R4-2405953
	NTT DOCOMO, INC.
	Proposal: Confirm when P-max indicated by the network is lower than the UE supported power class or the percentage of UL symbols transmitted in a certain evaluation period is larger than the UE supported UL duty cycle capability, the UE still meets the ACLR requirement associated with UE supported power class indicated by UE capability relative to any UE output power.
· E.g., when power class fallback occurs from PC2 to PC3, the UE meets 31dBc ACLR requirement relative to 23dBm output power.



Open issues summary
Before Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic description:
-In current RAN4 specs, there is ambiguity on the applicable configured maximum output power (PCMAX, f,c), the applicable power class and the applicable requirements for a band in a band combination in terms of 7 different CA cases. In particular, when a band supports higher power class when operating in a single band than that in a band combination. 
- Power class fallback misconception issue is recognized by all companies in past meetings, how to mitigate it would be further discussed in this thread. 
-Please note that the following discussion is at least for Rel-17 and onwards, probably changing Rel-17 is too late now.
-Please note that all the discussion are in the context of last meeting’s agreements (WF R4-2403891) still stands. Reproduced as following for reference. 
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Open issues and candidate options before meeting:
Issue 1-1: Applicability of ue-PowerClassPerBandPerBC-r17
· Proposals： 
· Option 1: ue-PowerClassPerBandPerBC-r17 is applicable to all NR-CA configurations. ue-PowerClassPerBandPerBC-r17 is not applicable to MR-DC band combinations.
· Option 2: It is not applicable for NR non-CA band combinations and for MRDC.
· Option 3: Limit the scenarios as following 
	ue-PowerClassPerBandPerBC-r17
Indicates the UE power class per band per band combination. This capability may be indicated when UE working on the CA mode and the maximum output power of the band may be lower than that of UE-power class for corresponding single band due to the two tx chains are distributed for each of two bands, or …etc.

	FS
	No
	N/A
	FR1 only



· Recommended WF
· Check whether Option1 or Option2 can be agreed, from Rel-17


Issue 1-2: For any DL CA with single carrier UL configured, whether to allow UE transmit higher power than the specified highest power class for this CA? Further, by which approach indicating to NW and from which release?
(Moderator’s understanding is the terminology “DL CA only” is intended for DL CA with only single UL CC configured, for the case “multiple UL CCs configured but only one UL CC activated/scheduled” technically it is not DL CA only case from CA framework perspective. Therefore, it is better to discuss these two cases separately to avoid ambiguity. Please also note moderator does not use “exceed per-BC power class” terminology in this meeting considering one alternative to inform NW that UE can transmit higher power is to leverage the leagcy RAN2 mechanism, i.e., explicitly indicate per-BC power class)
· Proposals： 
· Option 1: 	Allow, and by ue-PowerClassPerBandPerBC-r17
· Option 2: Allow, and by either ue-PowerClassPerBandPerBC-r17 or per-BC power class
· Option 3: The UE shall mandatorily support the power class indicated by ue-PowerClass in BandNR except PC1.5 for which the UE shall at least meet the minimum requirements for Power Class 2
· Option 4: Not allow
· Option 5: Other
· Recommended WF
· Check whether Option1 is agreeable, and further check from which release


Issue 1-3: For any ULCA with only one CC activated or scheduled but others deactivated or not scheduled, whether to allow UE transmit higher power than the specified highest power class for this ULCA?
· Proposals： 
· Option 1: 	No
· Option 2: Yes, and from Rel-17 and introduce a new UE capability in Rel-17 to avoid PH ambiguity
· Option 3: Yes, from rel-17 when UE indicates ue-PowerClassPerBandPerBC-r17 for a band to be higher than powerClass
· Option 4: Not considered in Rel-18 and backwards, could be considered in Rel-19 and future releases via contribution driven manner 
· Option 5: Others
· Recommended WF
· TBD


Issue 1-4: For the cases described in Issue 1-2 and Issue-1-3, how to treat the MSD requirements missing issue?
· Proposals： 
· Option 1: Refer to R4-2405711 (Qualcomm)
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· Option 2: Refer to CR R4-2404635(Ericsson) for different cases, the following take harmonic as  as example:
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· Recommended WF
· TBD

Issue 1-5: For the following different UL CA cases, whether the configured maximum power (PCMAX, f,c) for serving cell(s) of a band combination should be capped by the per-BC power class? (The per-BC power class is either explicitly reported or inherit from its parent BC)
(Please note the following cases exclude the cases described in Issue 1-2 and Issue 1-3. Further, there may be different approaches to reflect the agreements in the spec. Therefore moderator think we can make high level agreement here, and spend more time to check the CR)
· Proposals： 
	
	Scenario
	Options

	#1
	Intra-band DLCA with intra-band ULCA
	Alt1: Yes 
Alt2: No

	#2
	Inter-band 2CC ULCA
	Alt1: Yes 
Alt2: No

	#3
	Inter+intra 3CC ULCA
	Alt1: Yes 
Alt2: No

	#4
	Inter+intra DLCA with intra-band ULCA
	Alt1: Yes 
Alt2: No 



· Recommended WF
· Check whether Alt 1 for each case can be agreed. Further check from which release to change the spec


Issue 1-6: For the following scenarios, which power class applies for the constituent band within the BC if ue-PowerClassPerBandPerBC-r17 is absent? 
(Moderator’s understanding what’s the most important is the PCMAX,f,c for the serving cell(s) of the band combination, after conclusion made in Issue 1-5, the applicable power class should have more flexibility.)
· Proposals： 
	
	Scenario
	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
	Alt1: ue-PowerClass
Alt2: PowerClass

	#2
	Inter-band 2CC ULCA
	Alt1:ue-PowerClass 
Alt2: Min{ue-PowerClass, powerClass} 

	#3
	Inter+intra 3CC ULCA
	For the single CC band:
Alt1:ue-PowerClass 
Alt2: Min{ue-PowerClass, powerClass} 

For the intra band:
Alt1:ue-PowerClass 
Alt2: the default power class i.e. PC3 or PC5 
Alt3: Min{ue-PowerClass, powerClass} 

	#4
	Intra-band DLCA only
	Alt1: ue-PowerClass 
Alt2: powerClass 
Alt3: the power class capability inherited from its parent BC applies 

	#5
	Inter-band DLCA only
	Alt1:ue-PowerClass 
Alt2: powerClass

	#6
	Inter+intra DLCA only
	Alt1:ue-PowerClass 
Alt2: powerClass 

	#7
	Inter+intra DLCA with intra-band ULCA
	Alt1:ue-PowerClass 
Alt2: Min{ue-PowerClass, powerClass} 
Alt2: powerClass 



· Recommended WF
· Check whether Alt 1  can be agreed for Case #1-#3 and Case #7
· Take the conclusion of Issue 1-2 and Issue 1-3 into consideration, check whether Alt 1 can be agreed for Case#4 - Case#6
· This discussion is intended for the impact to PCMAC,f,c, while MPRc/AMPRc, ACLR would be discussed separately in following Issues


Issue 1-7: Which MPRc and A-MPRc applies per serving cell c of a configured band combination?
· Proposals： 
· Option 1: MIN { PPowerClass,c – ΔPPowerClass,c, PPowerClass,CA – ΔPPowerClass,CA }
· Option 2: MIN { PPowerClass,c, PPowerClass,CA}
· Option 3: Determined according to the per-band Power Class and the number of transmitter antenna connectors for transmission (Refer to CR-2404630)
· Recommended WF
· TBD


[bookmark: _GoBack]Issue 1-8: How to address the “power class fallback” misconception issue and from which release?
· Proposals： 
· Option 1: Move the text descriptions on UL duty cycle and P-max conditions below the power class tables in “UE maximum output power” sub-clauses to ΔPPowerClass definitions in “Configured output power” sub-clauses as proposed in Table 2-1. 
·  From Rel-18, for TS 38.101-1. TS 38.101-3 and TS 36.101.
· Option 2: For the text in the power fallback behavior in MOP sections, change “apply all requirements for” a certain power class to a more restricted “apply maximum output power of” this power class. Remove detailed description of delta_powerclass deriviation in configurated transmitted power part.
· From Rel-17, for TS 38.101-1 and TS 38.101-3, FFS for TS 36.101.
· Option 3: Other
· Recommended WF
· TBD


Issue 1-9: The applicable ACLR requirements when ΔPPowerClass,c/ΔPPowerClass,CA is not zero
· Proposals： 
· Confirm when P-max indicated by the network is lower than the UE supported power class or the percentage of UL symbols transmitted in a certain evaluation period is larger than the UE supported UL duty cycle capability, the UE still meets the ACLR requirement associated with UE supported power class indicated by UE capability relative to any UE output power.
E.g., when power class fallback occurs from PC2 to PC3, the UE meets 31dBc ACLR requirement relative to 23dBm output power.
· Recommended WF
· TBD
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.<Online agreements>.

Agreement:.

B 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:.

B 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}
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in accordance with clause 7.3A.4, 7.3A.5 and 7.3A.6. When ue-PowerClassPerBandPerBC-r17 indicates higher power

class than powerClass for a band of a CA configuration for which the power class indicated in ue-
PowerClassPerBandPerBC-r17 is not applicable according to clause 5.5A.3, reference sensitivity including exceptions
in accordance with clause 7.3A.4, 7.3A.5 and 7.3A.6 shall be tested with output power limited to power class indicated

by powerClass..
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A UE indicating a BandNR capability ue-PowerClass higher than PC3 for the NR UL band shall meet the requirements
for applicable UL/DL configurations as specified in Table 7.3A.4-1 and Table 7.3A.4-4 with the uplink power limited

to the nominal maximum output power for PC3 unless otherwise specified for the supported power class in Table
7.3A.4-4a, Table 7.3A.4-4b or Table 7.3A.4-4d.

For inter-band CA configurations not including any of the UL/DL configurations in Table 7.3A.4-1, Table 7.3A.4-4.
Table 7.3A.4-4a, Table 7.3A.4-4b or Table 7.3A.4-4d. the requirements in sub-clause 7.3A.2.3 apply.}

.




image1.png
-Way Forward

.<General Aspects>.

For any DL CA with single-carrier UL, shall the 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.

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.

If a BC is not expl
component band

Agreement:

ly reported, how to determine the power class for the BC as well as the power class(es) for the UL

®  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 RAN?2 fallback rule:

® Provided that this BC is still supported by the UE based on the reported parent BC, the max Ix power POMAX.f for the
UL component band is determined by}

W the power class derived from a parent BC




