14

[bookmark: historyclause]3GPP RAN WG4 Meeting #110		R4-2400191
Athens, Greece, February 26th – March 1st, 2024

Agenda item:	7.18.2
Source:	Apple
Title:	On PC2 and PC1.5 indications in BC configuration tables   
WI/SI:	HPUE_FR1_TDD_NR_CADC_SUL_R18
Release:	Rel-18
Document for:	Approval

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. The other key aspect of the PC2 and PC1.5 note indications is to ensure the corresponding MSD requirements are specified, in particular, for the impacted cross DL bands without UL configured. While RAN4 may have seemed accustomed to the process of adding the PC2 and PC1.5 note attributes and MSD requirements for the band combinations intended to support HPUE, some deficiency was also identified in the current process of HPUE introduction for higher order band combinations. In this contribution, we use a few example band combinations to illustrate why the current HPUE introduction process for band combinations is less optimized and inefficient which is rendering the delay of HPUE support for higher order combinations. We also propose to replace the dedicated PC2 and PC1.5 notes with a generalized note for single UL HPUE with 3 or more DL bands and 2UL HPUE with 4 or more DL bands to improve the HPUE introduction process for higher order band combinations.                                     
2 Discussion

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, 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. While RAN4 may have seemed accustomed to the process of adding the PC2 and PC1.5 note attributes and MSD requirements for the band combinations intended to support HPUE, some deficiency was also identified in the current process of HPUE introduction for higher order band combinations.

One particular issue is that 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. There might also be the situation that the highest order band combination proponent company forgot or did not have the bandwidth to prepare CR for adding PC2 or PC1.5 support for the band combination despite the PC2 or PC1.5 support for the fallback combinations have all been specified. However, from band combination signaling point of view, it is always preferred to only indicate the support of the highest order of the supported combinations. If there would be unintentional power class disparity among the highest order combination and its fallback combinations in the technical specifications, UE would have to use the more complex FeatureSet signaling to indicate the different power class support in the fallback combinations. The UE would also be forced to use the default power class in the higher order combinations despite the UE is capable of supporting PC2 or PC1.5 in the higher order combinations.

In the below sub-sections, we use a few examples in the current technical specifications [3] to highlight the aforementioned issue for combinations with either PC2 or PC1.5 in single UL or PC2 in dual-band UL.    

2.1	Potential missing PC2 single UL in CA_n1A-n3A-n78A

The supported power classes for all UL configurations in CA_n1A-n3A-n78A are currently specified as:

	CA Configuration
	UL Configuration
	Supported PC

	CA_n1A-n3A-n78A
	n1
	PC3

	
	n3
	PC3

	
	n78
	PC3

	
	CA_n1A-n3A
	PC3

	
	CA_n1A-n78A
	PC2

	
	CA_n3A-n78A
	PC2


          
Table 2-1.1 Supported power classes of CA_n1A-n3A-n78A UL configurations 

The supported power classes for the fallback combinations on the other hand are currently specified as:

	CA Configuration
	UL Configuration
	Supported PC

	CA_n1A-n3A
	n1
	PC3

	
	n3
	PC3

	
	CA_n1A-n3A
	PC3

	CA_n1A-n78A
	n1
	PC2

	
	n78
	PC2 and PC1.5

	
	CA_n1A-n78A
	PC2

	CA_n3A-n78A
	n3
	PC2

	
	n78
	PC2 and PC1.5

	
	CA_n3A-n78A
	PC2


   
Table 2-1.2 Supported power classes of CA_n1A-n3A-n78A fallback combinations

For n1 and n3, despite PC2 is supported in CA_n1A-n78A and CA_n3A-n78A, owing to that PC2 is not supported in CA_n1A-n3A, it should be reasonable that PC2 is also not supported in CA_n1A-n3A-n78A. For UL CA_n1A-n78A and CA_n3A-n78A, the power class is well aligned between CA_n1A-n3A-n78A and its fallback combinations at PC2. The only controversial part is the power class for n78. Since PC2 and PC1.5 are already supported in the fallback combinations CA_n1A-n78A and CA_n3A-n78A, and no new RF requirement is foreseen for CA_n1A-n3A-n78A with PC2 and PC1.5 for n78, there is no clear technical justification on why PC2 and PC1.5 cannot be supported for n78 in CA_n1A-n3A-n78A.

Observation 1: There is no clear technical justification on why PC2 and PC1.5 cannot be supported for n78 in CA_n1A-n3A-n78A since PC2 and PC1.5 are already supported in the fallback combinations CA_n1A-n78A and CA_n3A-n78A.

2.2	Potential missing PC2 ULs in CA_n1A-n3A-n28A-n41A

The supported power classes for all UL configurations in CA_n1A-n3A-n28A-n41A are currently specified as:






	CA Configuration
	UL Configuration
	Supported PC

	CA_n1A-n3A-n28A-n41A
	n1
	PC3

	
	n3
	PC3

	
	n28
	PC3

	
	n41
	PC3

	
	CA_n1A-n3A
	PC3

	
	CA_n1A-n28A
	PC3

	
	CA_n1A-n78A
	PC3

	
	CA_n3A-n28A
	PC3

	
	CA_n3A-n78A
	PC3

	
	CA_n28A-n78A
	PC3


          
Table 2-2.1 Supported power classes of CA_n1A-n3A-n28A-n41A UL configurations 

The supported power classes for the 3-band fallback combinations on the other hand are currently specified as:

	CA Configuration
	UL Configuration
	Supported PC

	CA_n1A-n3A-n28A
	n1
	PC3

	
	n3
	PC3

	
	n28
	PC3

	
	CA_n1A-n3A
	PC3

	
	CA_n1A-n28A
	PC3

	
	CA_n3A-n28A
	PC3

	CA_n1A-n3A-n41A
	n1
	PC3

	
	n3
	PC3

	
	n41
	PC2

	
	CA_n1A-n3A
	PC3

	
	CA_n1A-n41A
	PC2

	
	CA_n3A-n41A
	PC2

	CA_n1A-n28A-n41A
	n1
	PC3

	
	n28
	PC3

	
	n41
	PC2

	
	CA_n1A-n28A
	PC3

	
	CA_n1A-n41A
	PC2

	
	CA_n28A-n41A
	PC2

	CA_n3A-n28A-n41A
	n3
	PC3

	
	n28
	PC3

	
	n41
	PC2

	
	CA_n3A-n28A
	PC3

	
	CA_n3A-n41A
	PC2

	
	CA_n28A-n41A
	PC2



Table 2-2.2 Supported power classes of CA_n1A-n3A-n28A-n41A fallback combinations

Since PC2 for n41 has been specified for all the 3-band fallback combinations, technically, PC2 for n41 should also be supported in CA_n1A-n3A-n28A-n41A. Similarly, PC2 for CA_n1A-n41A, CA_n3A-n41A, and CA_n28A-n41A have been specified in all the 3-band fallback combinations, they should also be supported in CA_n1A-n3A-n28A-n41A.   
Observation 2: PC2 for n41 should be supported in CA_n1A-n3A-n28A-n41A since it has been specified for all the 3-band fallback combinations.

Observation 3: PC2 for CA_n1A-n41A, CA_n3A-n41A, and CA_n28A-n41A should be supported in CA_n1A-n3A-n28A-n41A since they have been specified in all the 3-band fallback combinations.

Though there are not yet many cases with this issue in the current 4-band combinations, and the remedy can be just one simple CR to add the note attributes without any technical analysis, but once more and more 3-band combinations with PC2 or PC1.5 are specified, this issue would become more prominent and will also propagate into 5-band and 6-band combinations.
  
2.3	Power class disparity between CA_n1A-n78A and CA_n1A-n78C and CA_n1A-n78(2A)

The supported power classes for CA_n1A-n78A, CA_n1A-n78C, and CA_n1A-n78(2A) are currently specified as: 

	CA Configuration
	UL Configuration
	Supported PC

	CA_n1A-n78A
	n1
	PC3

	
	n78
	PC2 and PC1.5

	
	CA_n1A-n78A
	PC2

	CA_n1A-n78C
	n1
	PC3

	
	n78
	PC3

	
	CA_n1A-n78A
	PC3

	CA_n1A-n78(2A)
	n1
	PC3

	
	n78
	PC3

	
	CA_n1A-n78A
	PC3



Table 2-3.1 Supported power classes of CA_n1A-n78A, CA_n1A-n78C, and CA_n1A-n78(2A)  

This is just one of the many inter-band with intra-band CA examples having power class disparity for the same UL configurations between different DL configurations. It is unclear why PC2 or PC1.5 for the same UL configuration cannot be supported when adding one or more intra-band carriers in the DL bands.

Observation 4: There are many inter-band with intra-band CA combinations of the same constituent bands having power class disparity for the same UL configurations between different DL configurations.

2.4	Inconsistent handling between CA and EN-DC

The main inconsistencies in the PC2 and PC1.5 notes handing between CA and EN-DC are:

1. Note attributes are required in both UL and DL configurations for EN-DC except for the lowest order combination, while in CA, notes are required only in UL configurations.
2. Note attributes are not required at all for the lowest order combination for EN-DC as the HPUE support can be referenced to the power class table (Table 6.2B.1.3-1), while in CA, notes are still required for the lowest order combination.   

For the first inconsistency, it can be realized as due to the configuration table format difference between CA and EN-DC. In CA, each individual CA configuration has its own row entry, while in EN-DC, the same inter-band combination with different DL intra-band combinations has been grouped into one row entry. In order to differentiate the supported power classes among different DL configurations, notes in DL configurations would become necessary.

For the second inconsistency, although an additional note (NOTE 22) in EN-DC table (Table 5.5B.4.1-1) has been added to clarify why PC2 note attribute (NOTE 21) is not required for the lowest order combination, it may still create some confusion when reading both specifications. Nonetheless, this issue is of less concern and if necessary, aligning CA with EN-DC may be a better solution since adding notes is prone to human errors than referring to the power class table.    

3	Proposed solutions

For the first issue with single band PC2 or PC1.5 indication in higher order combinations, it can be resolved by introducing 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”.

Proposal 1: 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”.

Similarly, for the second issues with 2UL PC2 indication in higher order combinations, it can be resolved by introducing 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”.

Proposal 2: 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”.

For the third issue, it is proposed RAN4 to discuss whether the same inter-band combination with higher-order intra-band DL configurations can inherit the same UL power classes as with the lowest order combination.

Proposal 3: RAN4 to discuss whether the same inter-band combination with higher-order intra-band DL configurations can inherit the same UL power classes as with the lowest order combination.

For the fourth issue, in our view aligning the handling of the HPUE notes between CA and EN-DC is “nice to have” but not absolutely necessary. It is up to RAN4 to decide whether to include this enhancement as an objective in Rel-19 study item for specifications simplification.

Proposal 4: RAN4 to discuss whether aligning the handling of the HPUE notes between CA and EN-DC is necessary.
     
4	Conclusion

In this contribution, we use a few example band combinations to illustrate why the current HPUE introduction process for band combinations is less optimized and inefficient which is rendering the delay of HPUE support for higher order combinations. We also propose to replace the dedicated PC2 and PC1.5 notes with a generalized note for single UL HPUE with 3 or more DL bands and 2UL HPUE with 4 or more DL bands to improve the HPUE introduction process for higher order band combinations.

Observation 1: There is no clear technical justification on why PC2 and PC1.5 cannot be supported for n78 in CA_n1A-n3A-n78A since PC2 and PC1.5 are already supported in the fallback combinations CA_n1A-n78A and CA_n3A-n78A.

Observation 2: PC2 for n41 should be supported in CA_n1A-n3A-n28A-n41A since it has been specified for all the 3-band fallback combinations.

Observation 3: PC2 for CA_n1A-n41A, CA_n3A-n41A, and CA_n28A-n41A should be supported in CA_n1A-n3A-n28A-n41A since they have been specified in all the 3-band fallback combinations.

Observation 4: There are many inter-band with intra-band CA combinations of the same constituent bands having power class disparity for the same UL configurations between different DL configurations.

Proposal 1: 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”.

Proposal 2: 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”.

Proposal 3: RAN4 to discuss whether the same inter-band combination with higher-order intra-band DL configurations can inherit the same UL power classes as with the lowest order combination.

Proposal 4: RAN4 to discuss whether aligning the handling of the HPUE notes between CA and EN-DC is necessary.
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