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1 Background
In this contribution we continue the discussion on power-class indication, the notes in clause 5.5 A and requirements for DL-only CA band combinations. For the latter combinations, we also ask whether it suffices that a HPUE complies with allowed exceptions for a lower power class or the standard CA REFSENS requirement for the supported higher power class in case exceptions are missing for the higher power – a somewhat controversial proposal perhaps. DL SCells are affected but the UL coverage can be maintained when these Scells are added. 

2 The per-band capability
The power capability for a NR non-CA band combination (BC) used by the network to request FS for bands, e.g. CA_n1A in the UL and DL, can now be indicated by three (3) parameters:

· the ue-powerClass (‘pc3’ if absent) in the BandNR capability, not indicated for the BC but applicable;

· the ue-PowerClassPerBandPerBC-r17 (not applicable if absent), no restriction in 38.306;

· the powerClass for the BC (‘pc3’ is absent).

Which capability applies? 

Observation 1: the power capability for a NR non-CA band combination (BC) used by the network to request FS for bands can now be indicated by three (3) parameters, ue-PowerClass, ue-PowerClassPerBandPerBC-r17 and powerClass.
There are UEs in the field reporting multiple instances of these with different power capabilities. Rather than trying to modify the applicability of above parameters in 38.306 at this stage (not straightforward for frozen releases), we propose that [1]
Proposal 1: for NR non-CA band combinations, the UE shall meet the requirements according to the power class as indicated by the Band NR capability ue-PowerClass (hence the per-BC powerClass for these BCs should indicate support of the same power class).
assuming that UL-MIMO transmissions, if supported for the band, also meet the per-band capability.
The original intention of the ue-PowerClassPerBandPerBC-r17 was to allow a UE supporting a power class for a band using 2Tx indicate a different (lower) power class for this band when part of a configured with inter-band UL CA for which one of the Tx chains is used for supporting the other uplink band, see [2]. This was not made fully clear by RAN4 when requesting this capability, and the first version of the 38.306 specified this parameter as follows, from v17.2.0
	ue-PowerClassPerBandPerBC-r17

Indicates the UE power class per band per band combination.

NOTE:
It is not applicable to the case when UL-MIMO and intra-band UL CA are in operation at the same time.
	FS
	No
	N/A
	FR1 only


although the note make sense for UL inter-band CA for UEs using 2 Tx for supporting a per-band power class.
Then the note disappeared (sic) while RAN4 – and RAN2 to some extent – continued discussing, the latest version of the 38.306 does not contain any restriction:

	ue-PowerClassPerBandPerBC-r17

Indicates the UE power class per band per band combination.

NOTE:
Void.
	FS
	No
	N/A
	FR1 only


and it is indeed used for all types of band combinations:

Observation 2: even if not intended originally, the ue-PowerClassPerBandPerBC-r17 is now also reported for intra-band CA and NR non-CA band combinations in the field.
3 Extending applicability of the per-band-per-BC power class capability

The use of the ue-PowerClassPerBandPerBC-r17 capability for an UL intra-band part of an UL inter-band combination was discussed in [3].
One example is a UE indicating a CA_1A-78C with a per-BC power class of PC2 and a power class of PC2 for n78 in its BandNR capability, but with the intra-band part n78C restricted to PC3 power capability. Extending the ue-PowerClassPerBandPerBC-r17 to cover this inter-band UL CA in addition, the UE could indicate PC3 in the UL FS entry for n78. Suppose then that no fallbacks are included by the UE. If the n1 UL carrier is released, then the network would still assume that n78C intra-band UL part is supported with PC3 as per the FS entry. 
Observation 3: given that ue-PowerClassPerBandPerBC-r17 is already used for CA configurations other than UL inter-band as originally intended, it can also be used for an intra-band part of an UL inter-band combination no matter if 2Tx is used for meeting the per-band power class.

Suppose next that all Scells are released. Then the UE shall support its per-band power class for DL-only configurations, then the UE above must also include the fallback CA_1A-78C DL-only CA configuration for which the BandNR capability PC2 applies. Coverage is maintained when DL Scells are added with non-CA in the UL and the problematic intra-band part of the example is resolved. No matter the power-class indication, we propose that [1]
Proposal 2: for DL-only CA configurations, the UE shall meet the requirements according to the power class as indicated by the Band NR capability ue-PowerClass. 
This could be waived for PC1.5: then the requirements for PC2 shall at least be met. The configured maximum power and the PHR for the contiguous intra-band serving cells in the example would be correct (limited by the ue-PowerClassPerBandPerBC-r17) should the changes in the CR in [4] be agreed.
If the higherPowerLimit is indicated in the example above, an UL inter-band configuration, this indication replaces the powerClass provided there is no power class fallback, i.e. only for ΔPPowerClass, CA = 0. The problem is that the gNB is not aware when ΔPPowerClass, CA = 3 dB is applied of if this is used at all for SAR management. Hence, in fact, the per-BC power class may be ambiguous if the higherPowerLimit is present. 
4 Applicability of exceptions to CA REFSENS to HPUE
Next we consider the notes on ‘applicability’ of requirements for BC in clause 5.5A and power derating for non-CA in the UL due to missing requirements that have been discussed at length. The somewhat controversial proposal follows.
Some HPUEs in the field do not indicate support of DL-only CA configurations because minimum requirements or exceptions to these affecting DL SCells are missing for the higher power class. While the performance of the DL SCells may be impacted in some sceanrios due to the higher UL power, any potential UL output power reduction due to a missing requirement means that the UL coverage must be validated before adding DL Scells. This delays further the CA configuration.

HPUEs should be able to indicate support of CA band combinations with DL-only CA (non-CA in the UL) for a higher power class if allowed exceptions for a lower power class or the standard CA REFSENS requirement for the supported higher power class is met irrespective of the notes in the tables of Clause 5.5A. These notes cannot be checked by the gNB to validate the UE power capability. Changes to this end are proposed in [5].

While minimum requirements for all power classes are preferrable also for non-CA in the UL, harmonic mixing or reduced cross-band isolation would not impair performance in the field under all circumstances whilst recognizing that degradation of DL SCell performance may indeed be slightly worse for a higher power class in some cases with or without a requirement for this.
Example: harmonic mixing exceptions for a non-CA configurations in the UL specifies the MSD for the DL Scell for different power classes: the MSD for a band combination increases with the UL power class as shown for the example CA_n25-n77 (from the tables in clause 7.3A.4) but compliance with the requirement for PC3 only as per the above would not imply excessive MSD for a PC1.5 UL that otherwise meets the standard TX requirements for PC1.5 for this UL band:
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PC 3  n 77  n 25  10  15  25 (RBstart=0)  5  6 .7  UL1/DL2  

PC2  n77  n25  10  15  25 (RBstart=0)  5  9.2  UL1/DL2  

PC1.5  n77  n25  10  15  25 (RBstart=0)  5  11.9  UL1/DL2  

 


5 Further LS to RAN2 on the per-band-per-BC capability

Given the present field description of the ue-PowerClassPerBandPerBC-r17 in 38.306 and that this parameter is already universally used in capability reporting, there is perhaps not much left to clarify in a follow up to the first reply LS in [6].
The infamous statement in the definition of the per-BC powerClass
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.

was introduced in Rel-15 in view of discussions on PC2 for EN-DC to clarify that the maximum power per NR band is still indicated by the power class ue-PowerClass when a UE is configured with a BC, not the per-BC power class above which the UE starts prioritizing transmission power. The powerClass does not increase the power class supported for a band, further clarification does not appear necessary. Changing field descriptions of parameters defined in Rel-15 is not straightforward.
One can perhaps clarify that when ue-PowerClassPerBandPerBC-r17 is present, this replaces the ue-PowerClass that applies otherwise.
6 Proposal
Which capability applies? 

Observation 1: the power capability for a NR non-CA band combination (BC) used by the network to request FS for bands can now be indicated by three (3) parameters, ue-PowerClass, ue-PowerClassPerBandPerBC-r17 and powerClass.

Rather than trying to modify the applicability of the above parameters in 38.306, we propose that

Proposal 1: for NR non-CA band combinations, the UE shall meet the requirements according to the power class as indicated by the Band NR capability ue-PowerClass (hence the per-BC powerClass for these BCs should indicate support of the same power class).

We observe that
Observation 2: even if not intended originally, the ue-PowerClassPerBandPerBC-r17 is now also reported for intra-band CA and NR non-CA band combinations in the field.

and that 

Observation 3: given that ue-PowerClassPerBandPerBC-r17 is already used for CA configurations other than UL inter-band as originally intended, it can also be used for an intra-band part of an UL inter-band combination no matter if 2Tx is used for meeting the per-band power class.

No matter the power-class indication
Proposal 2: for DL-only CA configurations, the UE shall meet the requirements according to the power class as indicated by the Band NR capability ue-PowerClass. 
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