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1	Introduction 

PC2 and PC1.5 note indications in band combination configuration tables in clause 5 were first introduced in RAN4 #101-e meeting [1] with a good intention to avoid duplicating band combinations in clause 6 for PC2 and PC1.5 UL with higher order DL configurations, such as originally specified in Table 6.2A.1.3-2 [2], where the table size and number of tables could grow substantially when more PC2 and PC1.5 configurations would be introduced. One of the main reasons the PC2 and PC1.5 note indications are necessitated is to ensure the corresponding MSD requirements are specified, in particular, for the impacted cross DL bands without UL configured. On the other hand, despite many band combinations are not subject to MSD issue, and also for higher order DL combinations including intra and inter configurations where no new MSD requirement is needed provided all its fallback combinations have been specified, to maintain the specifications consistency on indicating HPUE support for band combinations, the PC2 or PC1.5 note attributes still need to be added to those band combinations via formal CR process. Since HPUE is normally introduced from lower order combinations and up, there is typically some time lag before the PC2 or PC1.5 support can propagate up to the higher order combinations, this may render a power class disparity issue between higher order and lower order DL combinations which have the same UL configurations, as alluded in [2] in last RAN4 meeting. To mitigate this issue, although RAN4 has agreed that the specifications do not prevent UE vendors to implement the higher order combinations for PC2 and PC1.5 even if they are not explicitly denoted in the RAN4 specifications provided all their fallback combinations have been specified, it is still necessary to formulate this agreement into RAN4 specifications in order to provide the clarity on how PC2 and PC1.5 may be supported for higher order combinations before they catch up the features via the formal CR process. In this contribution, we follow up the approved “WF on PC2 and PC1.5 indications in BC configuration tables” [3] in last RAN4 meeting to share our views and preferred options on improving the HPUE introduction process for higher order band combinations.                                           
2 Discussion
2.1	Higher order inter-band DL combination PC2/PC1.5 indications

For higher order inter-band DL combination PC2/PC1.5 indications, the way forward captures the following three options for consideration:

Option 1: Introduce a general note.
· For single band UL in higher order DL CA combinations, introduce a general note for 3 or more band DL CA configurations stating that “PC2 or PC1.5 for single UL can be supported if it has been specified in all the fallback combinations”. 
· For 2UL HPUE indication in higher order combinations, introduce a general note for 4 or more band DL CA configurations stating that “PC2 for 2-band UL can be supported if it has been specified in all the fallback combinations”.

Option 2: Maintain the current PC2/PC1.5 introduction process with explicit notes and encourage proponent companies for higher order inter-band DL combinations to promptly complete the PC2/PC1.5 note additions if they have been specified for all the fallback combinations.

Option 3: For single band UL in higher order DL combinations, a general note for [2] or more DL CA configurations stating that PC2 or PC1.5 for single UL can be supported also if the UE complies with
· an allowed exception for an UL/DL configuration corresponding to the DL CA configuration with the UL power limited to that of a lower power class e.g. PC2 or PC3 for which an exception is specified or 
· the standard CA REFSENS requirement also for the higher power class PC2/PC1.5 irrespective of any allowed exception

In our view, the best approach is to combine the Option 1 and Option 2 together as Option 1 enables UE to support PC2/PC1.5 during the transition time when the PC2/PC1.5 note indications for higher order inter-band DL combinations have not yet caught up the already specified PC2/PC1.5 fallback combinations. The Option 2 on the other hand would maintain the specifications clarity and consistency on indicating PC2/PC1.5 support under the current HPUE introduction process for band combinations. The Option 1 will also help motivate the proponent companies for higher order band combinations to promptly complete the PC2/PC1.5 note additions if they have been specified for all the fallback combinations.  

Observation 1: Option 1 will help motivate the proponent companies for higher order band combinations to promptly complete the PC2/PC1.5 note additions if they have been specified for all the fallback combinations.

Observation 2: Option 2 maintains the specifications clarity and consistency on indicating PC2/PC1.5 support under the current HPUE introduction process for band combinations.

The intention of the first sub-bullet in Option 3 would have been the best approach if RAN4 had decided not to introduce HPUE Rx requirements (mainly MSD) for inter-band combinations with the understanding that PC3 Rx requirements would be sufficient to verify UE RF front-end components performance. It not only saves the RAN4 workload in defining the new requirements and the TP approval process, but also completely avoids the need for PC2/PC1.5 note indications which would make the band combination configuration tables cleaner as the HPUE support can all be referenced to Clause 6. The mixture of first and second sub-bullets in Option 3 on the other hand would create specifications inconsistency and may require additional note indication for the band combinations with exception allowed.

Observation 3: The mixture of first and second sub-bullets in Option 3 on the other hand would create specifications inconsistency and may require additional note indication for the band combinations with exception allowed.  

Proposal 1: Combine Option 1 and Option 2 together to mitigate the power class disparity issue between higher order inter-band DL combination and its fallback combinations.

2.2	Inter-band combination with and without intra-band configurations in DL

Following up the way forward Proposal 1 to investigate whether the same inter-band combination with higher-order intra-band DL configurations can inherit the same UL power classes support as with the lowest order combination, we use the example inter-band combinations as below for our analysis.



	Same inter-band combination composed of n1 and n78

	DL Configuration
	UL Configuration
	Comment

	CA_n1A-n78A
	n18
n788,9
CA_n1A-n78A8
	Lowest order

	CA_n1A-n78(2A)
	CA_n78(2A)
CA_n1A-n78A
	Higher order

	CA_n1A-n78C
	CA_n78C
CA_n1A-n78A
	Higher order

	CA_n1(2A)-n78A
	-
	Higher order



Table 2.2-1 Example inter-band combinations w/wo intra-band configuration in DL 

What we have identified is that except for the DL combination with FDD band intra-band non-contiguous configuration, such as CA_n1(2A)-n78A, all other DL configurations can inherit the same power classes support as with the combination without intra-band configuration. For DL combination with FDD band intra-band non-contiguous configuration, PC2 would need to be specified for FDD single band with intra-band non-contiguous DL CA first before PC2 UL in FDD band can be supported. For DL combination with TDD band intra-band configurations (either contiguous or non-contiguous or both), though no new requirement is needed for PC2/PC1.5 TDD band UL, to maintain specifications consistency, PC2/PC1.5 still needs to be specified for TDD single band with the corresponding intra-band DL configurations first before PC2/PC1.5 UL in TDD band can be supported.

In short, all the above observations can be simply concluded as:

Observation 4: Inter-band combination with intra-band configurations in DL can inherit the same power classes support in inter-band UL configuration as with the same combination without intra-band configuration in DL.

Observation 5: Inter-band combination with intra-band configurations in DL does not always support the same single UL power classes as with the same combination without intra-band configuration in DL. The single UL and intra-band UL power classes support shall depend on the commonly supported power classes among all its fallback combinations including single band.

Based on the above analysis, we can derive the PC2/PC1.5 support for the above example band combinations as below:

	Power class support for inter-band combinations composed of n1 and n78

	DL Configuration
	UL Configuration
	Comment

	
	n1
	n78
	CA_n1A-n78A
	

	CA_n1A-n78A
	PC2
	PC2 and PC1.5
	PC2
	Specified

	CA_n1A-n78(2A)
	PC2
	PC2 and PC1.5
	PC2
	Derived

	CA_n1A-n78C
	PC2
	PC2
	PC2
	Derived

	CA_n1(2A)-n78A
	PC3
	PC2 and PC1.5
	PC2
	Derived



Table 2.2-2 Derived power class support for higher order DL combinations composed of n1 and n78

To mitigate the power class support disparity issue, we can introduce a general note for Inter-band CA combination with intra-band configurations in DL as below:

NOTE X: For combination with intra-band configurations in DL, the inter-band UL CA configuration(s) can support the same power classes as with the same combination without intra-band configuration in DL. The single UL and intra-band UL power classes support shall depend on the commonly supported power classes among all its fallback combinations including single band.    

Proposal 2: Introduce a general note for Inter-band CA combination with intra-band configurations in DL as above to mitigate the power class support disparity issue. 
 
3	Conclusion

In this contribution, we follow up the approved “WF on PC2 and PC1.5 indications in BC configuration tables” in last RAN4 meeting to share our views and preferred options on improving the HPUE introduction process for higher order band combinations. We also prepare two companion draft CRs [4,5] in this meeting to introduce the proposed general notes in band combination configuration tables to mitigate the power class support disparity issue between the higher order inter-band combination and its fallback combinations.

Observation 1: Option 1 will help motivate the proponent companies for higher order band combinations to promptly complete the PC2/PC1.5 note additions if they have been specified for all the fallback combinations.

Observation 2: Option 2 maintains the specifications clarity and consistency on indicating PC2/PC1.5 support under the current HPUE introduction process for band combinations.

Observation 3: The mixture of first and second sub-bullets in Option 3 on the other hand would create specifications inconsistency and may require additional note indication for the band combinations with exception allowed.

Proposal 1: Combine Option 1 and Option 2 together to mitigate the power class disparity issue between higher order inter-band DL combination and its fallback combinations.

Observation 4: Inter-band combination with intra-band configurations in DL can inherit the same power classes support in inter-band UL configuration as with the same combination without intra-band configuration in DL.

Observation 5: Inter-band combination with intra-band configurations in DL does not always support the same single UL power classes as with the same combination without intra-band configuration in DL. The single UL and intra-band UL power classes support shall depend on the commonly supported power classes among all its fallback combinations including single band.

Proposal 2: Introduce a general note for Inter-band CA combination with intra-band configurations in DL as below to mitigate the power class support disparity issue.

NOTE X: For combination with intra-band configurations in DL, the inter-band UL CA configuration(s) can support the same power classes as with the same combination without intra-band configuration in DL. The single UL and intra-band UL power classes support shall depend on the commonly supported power classes among all its fallback combinations including single band.
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