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1. Introduction
In this contribution, we discuss on UE features for Rel-18 MC enhancements.

2. Discussion
2.1. Multi-carrier scheduling with a single DCI
Co-scheduled cell indication as basic feature
Regarding co-scheduled cell indication in DCI format 0_X/1_X, the following agreements were made at the RAN1#112 meeting.
	Agreement
For a set of cells which is configured for multi-cell scheduling using DCI format 0_X and DCI format 1_X, support the following:  
· If table defining combinations of co-scheduled cells for the set of cells is configured, 
· an indicator in the DCI is included and points to one row of the table.
· The table is configured by RRC signaling for the set of cells.
· Separate tables are configured for downlink scheduling and uplink scheduling 
· The size of the indicator is equal to ceil(log2(N)), where N is the number of rows in the table.
· The max number of rows in the table is 16
· The size of the per-cell Type 2 fields for each co-scheduled cell does not change according to the indicated co-scheduled cell combination
· The payload size of DCI format 1_X is derived by UE based on RRC configuration of the active BWP(s) of co-scheduled cell combinations within the set of cells.
· The payload size of DCI format 1_X is the same for the active BWP(s) of all the co-scheduled cell combinations and equal to the largest payload size among the active BWP(s) of all the co-scheduled cell combinations determined by the co-scheduled cell combination table. 
· The payload size of DCI format 0_X is derived by UE based on RRC configuration of the active BWP(s) of co-scheduled cell combinations within the set of cells.
· The payload size of DCI format 0_X is the same for the active BWP(s) of all the co-scheduled cell combinations and equal to the largest payload size among the active BWP(s) of all the co-scheduled cell combinations determined by the co-scheduled cell combination table.
· Otherwise, 
· The UE determines the actually scheduled cell(s) based on the FDRA field of each cell of the set of cells.
· For Type 0 FDRA, all 0s indicates the cell is not scheduled.
· For Type 1 FDRA, all 1s indicates the cell is not scheduled.
· The size of the Type 2 fields for each cell does not change according to actually co-scheduled cells. 
· The payload size of DCI format 0_X is derived by UE based on RRC configuration of the active BWP(s) of all cells within the set of cells.
· The payload size of DCI format 1_X is derived by UE based on RRC configuration of the active BWP(s) of all cells within the set of cells.



Based on the agreement, two methods are supported for co-scheduled cell indication in DCI format 0_X/1_X; one is co-scheduled cell indicator field-based indication, and another is FDRA field-based indication. Which indication method to apply can be configured by NW, i.e., if combinations table of co-scheduled cells for the set of cells is configured by RRC, co-scheduled cell indicator field-based indication is applied, otherwise FDRA field-based indication is applied. Of course, UE should support at least one of them for multi-cell scheduling feature, however, it is unclear whether UE should support both co-scheduled cell indicator and FDRA field-based indication. 
Co-scheduled cell indicator-based indication can optimize the field sizes of Type 2 fields by repurposing the field for each cell when the maximum number of co-scheduled cells for the set of cells is smaller than the number of cells included in the set of cells. On the other hand, it was concerned that such repurposing operation may increase the complexity at UE, and hence FDRA-based indication which does not require such repurposing of DCI fields was also supported. In that sense, at least UE supporting multi-cell scheduling feature should support FDRA-based indication.
It should be noted that if it is up to UE to support which co-scheduled cell indicator-based and/or FDRA-based indication, it may result in the fragmentation. This implies that NW has to configure/schedule based on the reported capability which indication method is supported by a UE and it would increase the complexity at NW. Therefore, it is preferable to define at least one of them as the basic feature for multi-cell scheduling.

Proposal 1:
For co-scheduled cell indication in DCI format 0_X/1_X, at least one of co-scheduled cell indicator-based indication or FDRA field-based indication should be supported as basic feature.
· FDRA-based indication can be the basic feature for multi-cell scheduling.


Relation between scheduling cell and set of calls/UL and DL
Given that the UE capability for CA can be different between UL and DL, it should be considered that the support of multi-cell scheduling by DCI format 0_X and 1_X can be reported separately. Furthermore, similar to the UE features for legacy cross-carrier scheduling, support of multi-cell scheduling can be reported separately depending on whether scheduling cell is included in the set of cells or whether scheduling cell and co-scheduled cells are configured with the same SCS/carrier type.
Then, based on the agreements so far, it is unclear whether UE can report different maximum number of co-scheduled cells and set of cells between UL and DL. 
As stated above, the maximum number of CCs UE supports can be different between UL and DL, it seems reasonable to allow UE reporting different maximum number of co-scheduled cells for UL and DL. On the other hand, for the maximum number of set of cells, the total number of supporting sets for UL and DL should be reported by a UE while the set(s) of cells (number of sets and the cells included in the set(s) of cells) can be appropriately configured for UL and DL separately by NW based on the reported capability for supporting number of CCs and co-scheduled cells for UL and DL.

Proposal 2:
For a UE supporting multi-cell scheduling, 
· support of multi cell scheduling can be reported separately depending on whether scheduling cell is included in co-scheduled cells.
· support of multi cell scheduling can be reported separately depending on whether SCS/carrier type of scheduling cell and co-scheduled cells are the same.
· supporting maximum number of set of cells should be the unified value for UL and DL.
· supporting maximum number of co-scheduled cells can be separately reported between UL and DL.


HARQ-ACK codebook type as basic feature

	Agreement
Confirm below working assumption:
Working Assumption
HARQ-ACK codebook types (Type-1, Rel-15 Type-2, Rel-16 Type-3, Rel-17 Type-3) are applicable when multi-cell PDSCH scheduling is configured.



Similar to the discussion above for co-scheduled cell indication, at least one type of HARQ-ACK codebook generation for multi-cell PDSCH scheduling needs to be supported by a UE which supports multi-cell scheduling feature, however, it is unclear whether the UE should support all types of codebook for multi-cell scheduling. Accordingly, similar to co-scheduled cell indication, we should clarify the basic feature on HARQ-ACK codebook type.
Considering that Type-1 and Type-2 codebooks are supported as mandatory feature for Rel-15 UEs, both of them can be the basic feature for multi-cell PDSCH scheduling while the support of Type-3 and enhanced Type-3 codebook for multi-cell scheduling can be reported with other UE feature than basic features for multi-cell scheduling as anyway support of Type-3 and enhanced Type-3 HARQ-ACK codebook are optional. Given the enhancements from previous releases, no/little enhancements are specified for Type-1 codebook while some enhancements are specified for Type-2 codebook, e.g., sub-codebook generation, HARQ-ACK information bits for each DCI and DAI counting, etc. Therefore, it can be discussed whether the support of Type-2 HARQ-ACK codebook for multi-cell scheduling is part of basic feature or optional.

Proposal 3:
For multi-cell PDSCH scheduling with DCI format 1_X, at least one type of HARQ-ACK codebook generation should be supported as basic feature.
· Type-1 HARQ-ACK codebook can be the basic feature for multi-cell scheduling, and whether Type-2 HARQ-ACK codebook can also be the basic feature for multi-cell scheduling or not can be discussed.


2.2. UL Tx switching
Reporting type of minimum separation time capability
At the last meeting, the working assumption regarding minimum separation time was confirmed with necessary updates. In addition, the reporting type of minimum separation time capability was discussed, but RAN1 did not make agreement due to lack of time [1].
Based on the discussion at the last meeting, it seems majority supports per-BC reporting granularity. We think that potential finer granularity than it e.g., per switching band pair in the band combination seems too much. So, we propose that X us is reported per UL Tx switching band combination (such as 3 or 4 bands BC).
Proposal 4:
UE capability on the X us is reported per BC.


3. Conclusion 
In this contribution, we made following proposals.

Proposal 1:
For co-scheduled cell indication in DCI format 0_X/1_X, at least one of co-scheduled cell indicator-based indication or FDRA field-based indication should be supported as basic feature.
· FDRA-based indication can be the basic feature for multi-cell scheduling.

Proposal 2:
For a UE supporting multi-cell scheduling, 
· support of multi cell scheduling can be reported separately depending on whether scheduling cell is included in co-scheduled cells.
· support of multi cell scheduling can be reported separately depending on whether SCS/carrier type of scheduling cell and co-scheduled cells are the same.
· supporting maximum number of set of cells should be the unified value for UL and DL.
· supporting maximum number of co-scheduled cells can be separately reported between UL and DL.

Proposal 3:
For multi-cell PDSCH scheduling with DCI format 1_X, at least one type of HARQ-ACK codebook generation should be supported as basic feature.
· Type-1 HARQ-ACK codebook can be the basic feature for multi-cell scheduling, and whether Type-2 HARQ-ACK codebook can also be the basic feature for multi-cell scheduling or not can be discussed.

Proposal 4:
UE capability on the X us is reported per BC.
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