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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The contribution is focused on the remaining open issues of multi-cell scheduling via a single DCI in Rel-18 Multi-carrier enhancements.
In RAN1#116 meeting, RAN1 has reached agreements on HARQ-ACK skipping due to active UL BWP change on the PUCCH cell. The relevant agreements are listed below:
Agreement
· When a PDCCH MO that provides a DCI format 1_3 is before active UL BWP change on the PUCCH cell, and the PUCCH indicated by the DCI format 1_3 is to be transmitted after the active UL BWP change on the PUCCH cell, the corresponding HARQ-ACK information for the DCI format 1_3 is skipped.
· FFS: When a PDCCH MO that provides a DCI format 1_3 is before an active DL BWP change on a cell of co-scheduled cells by the DCI format 1_3, and the DCI format 1_3 does not trigger the active DL BWP change for the cell, and the PUCCH indicated by the DCI format 1_3 is to be transmitted after the active DL BWP change on the cell,
· For type 2 codebook for generating the second sub-codebook, the corresponding HARQ-ACK information for that cell with BWP switching is generated with NACK bit
· For type 1 codebook and for type 2 codebook for generating the first sub-codebook, follow the legacy behaviour (the corresponding HARQ-ACK information for that cell with BWP switching is skipped)

As mentioned, there is one FFS on HARQ-ACK skipping when a PDCCH MO that provides a DCI format 1_3 is before an active DL BWP change on a cell of co-scheduled cells by the DCI format 1_3, and the DCI format 1_3 does not trigger the active DL BWP change for the cell, and the PUCCH indicated by the DCI format 1_3 is to be transmitted after the active DL BWP change on the cell. 
Hence, in this contribution, we present our views on this HARQ-ACK skipping issue. 

2. Discussion

For legacy Type-1 and Type-2 HARQ-ACK codebook determination, HARQ-ACK information for a DCI format skipping is specified when active DL BWP change on a scheduled cell or active UL BWP change on the PUCCH cell happens after the monitoring occasion that provides the DCI format and before the PUCCH transmission occasions that is scheduled by the DCI format and the DCI format doesn’t trigger the active DL BWP change on the scheduled cell.  
For DCI format 1_3, when generating Rel-18 Type-1 or Type-2 HARQ-ACK codebook, the HARQ-ACK information for all co-scheduled cells by a DCI format 1_3 should be skipped when active UL BWP change on the PUCCH cell happens after the PDCCH monitoring occasion that provides the DCI format 1_3 and before the PUCCH transmission occasion that is scheduled by the DCI format 1_3. One problem is whether the HARQ-ACK information is skipped only for the cell with active DL BWP switching or for all co-scheduled cells when active DL BWP change on a scheduled cell happens after the PDCCH monitoring occasion that provides the DCI format 1_3 and before the PUCCH transmission occasion that is scheduled by the DCI format 1_3, and the DCI format 1_3 doesn’t trigger the active DL BWP change on the cell. The performance degradation happens if the HARQ-ACK information is skipped for all co-scheduled cells by one DCI format 1_3 as long as active DL BWP change happens on at least one cell. Hence, to avoid unnecessary performance degradation for the scheduled cells without active DL BWP change, the HARQ-ACK information for cell(s) without active DL BWP change should be reported. 
For Type-1 HARQ-ACK codebook, it is straightforward to follow legacy behavior, i.e., the corresponding HARQ-ACK information for the cell with active DL BWP switching is skipped. 
For Type-2 HARQ-ACK codebook, for a set of cells which are configured for multi-cell scheduling by one DCI format 1_3, the Type-2 HARQ-ACK codebook comprises two sub-codebooks:
· For the first sub-codebook, it is straightforward to follow the legacy behavior, i.e., the corresponding HARQ-ACK information for the cell with active DL BWP switching is skipped. 
· For the second sub-codebook, it does make sense that the HARQ-ACK information for a cell without active DL BWP change is generated dependent on the decoding outcome of PDSCH reception on the cell while the HARQ-ACK information for a cell with active DL BWP switching is generated with NACK bit. Then the generated HARQ-ACK information bits for the scheduled cells are ordered in ascending order of associated serving cell indices and included in the second Type-2 HARQ-ACK sub-codebook as current specification.
In addition, for a DCI format 1_3 indicating SCell dormancy by reinterpreting the fields corresponding to a cell with smallest serving cell index among cell(s) with invalid FDRA values, there are two cases:
· Case 1: If the DCI format 1_3 doesn’t schedule any PDSCH, then the corresponding HARQ-ACK information for SCell dormancy indication is generated with ACK bit and included in the first HARQ-ACK sub-codebook no matter which cell has active DL BWP change. This has no spec change as it is included in the first sub-codebook.
· Case 2: If the DCI format 1_3 schedules one or more PDSCHs on the respective one or more cells, then the corresponding HARQ-ACK information for SCell dormancy indication is generated with ACK bit, the corresponding HARQ-ACK information for PDSCH(s) on cell(s) without active DL BWP change is generated with ACK or NACK depending on decoding outcome, while the corresponding HARQ-ACK information for PDSCH(s) on cell(s) with active DL BWP change is generated with NACK. Then the generated HARQ-ACK information bits for scheduled cells are ordered in ascending order of associated serving cell indices and included in the second Type-2 HARQ-ACK sub-codebook. The HARQ-ACK information for SCell dormancy indication is associated with the cell with the smallest serving cell index among cell(s) with invalid FDRA values. 

Based on above analysis, we have below proposals:
Proposal 1: For a DCI format 1_3 scheduling one or multiple cells with fields reinterpreted for SCell dormancy indication, the corresponding HARQ-ACK information for SCell dormancy indication is not skipped no matter which cell scheduled by the DCI format 1_3 has active DL BWP change. 
Proposal 2: When a PDCCH MO that provides a DCI format 1_3 is before an active DL BWP change on a cell of co-scheduled cells by the DCI format 1_3, and the active DL BWP change is not triggered in the PDCCH MO, and the PUCCH indicated by the DCI format 1_3 is to be transmitted after the active DL BWP change on the cell, 
· For Type-1 HARQ-ACK codebook and the first sub-codebook of Type-2 HARQ-ACK codebook, follow the legacy behavior, i.e., the corresponding HARQ-ACK information for the cell with active DL BWP change is skipped.
· For the second sub-codebook of Type-2 HARQ-ACK codebook, the corresponding HARQ-ACK information for the cell with active DL BWP change is generated with NACK bit, then the generated HARQ-ACK information bits for scheduled cells are ordered in ascending order of associated serving cell indices as current specification.

Based on the above analysis, a draft CR is provided in [4] to capture potential spec impact in the pseudo-code for generating the second sub-codebook.

3. Conclusion
In this contribution, we focus on the remaining open issues on multi-cell scheduling and have below observations and proposals:
Proposal 1: For a DCI format 1_3 scheduling one or multiple cells with fields reinterpreted for SCell dormancy indication, the corresponding HARQ-ACK information for SCell dormancy indication is not skipped no matter which cell scheduled by the DCI format 1_3 has active DL BWP change. 
Proposal 2: When a PDCCH MO that provides a DCI format 1_3 is before an active DL BWP change on a cell of co-scheduled cells by the DCI format 1_3, and the active DL BWP change is not triggered in the PDCCH MO, and the PUCCH indicated by the DCI format 1_3 is to be transmitted after the active DL BWP change on the cell, 
· For Type-1 HARQ-ACK codebook and the first sub-codebook of Type-2 HARQ-ACK codebook, follow the legacy behavior, i.e., the corresponding HARQ-ACK information for the cell with active DL BWP change is skipped.
· For the second sub-codebook of Type-2 HARQ-ACK codebook, the corresponding HARQ-ACK information for the cell with active DL BWP change is generated with NACK bit, then the generated HARQ-ACK information bits for scheduled cells are ordered in ascending order of associated serving cell indices as current specification.
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