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Introduction
In RAN1#116, the following agreement was achieved to support HARQ-ACK skipping in case of UL BWP switching. The remaining issue is the HARQ-ACK skipping for the second sub-codebook is performed per cell or per DCI in case of DL BWP switching on one cell. 
	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)



Clarification
As analyzed in [1], a UE generates a NACK for Type-2 HARQ-ACK codebook when there is an UL BWP change based on the CR in RAN1#98bis, which also applies for DL BWP change. It is noted that, for Type 1 HARQ-ACK generation, a UE will skip the HARQ-ACK for DL/UL BWP switching which aligns with the existing specification.
As a result, the agreement made in RAN1#116 should be revised to align the UE behaviour for UL/DL BWP change.
Proposal 1: The agreement made in RAN1#116 is revised as 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 for type 1 codebook generation, and the corresponding HARQ-ACK information for the DCI format 1_3 is generated with NACK bits for type 2 codebook generation.
· 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 for type 1 codebook generation, and the corresponding HARQ-ACK information for that cell with BWP switching is generated with NACK bit for type 2 codebook generation)




HARQ-ACK generation in case of DL BWP switching
If the HARQ-ACK information for the second sub-codebook is generated with NACK bit only for the cell with BWP switching, although the codebook size can be determined without ambiguity, the HARQ timing for determining the start of K1 may be ambiguous.
As shown in Figure 1, the last PDSCH is on cell#0 in a cell set with cell #0/1/2/3. If the BWP switching occurs on cell#0, the start of K1 is not clear due to the actual time of the BWP switching with SCS change is not clear, which can be before or after of the PDSCH. This is also the reason why NACK bit generation is introduced for BWP switching. As a result, the HARQ-ACK information for this DCI should be generated with NACK bits due to the ambiguity of K1 determination. Note, if BWP switching occurs on cell#1/2/3, there is no ambiguity issue since there is no impact on the last PDSCH.  
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Figure 1 Example #1 of Multi-cell scheduling
In another example shown in Figure 2, the last PDSCH is on cell#1 in a cell set with cell #0/1/2/3. If the cell with BWP switching is cell#1, the start of K1 is not clear similar as above. If the cell with BWP switching is cell#0, the start of K1 is also not clear when determining the start of the K1 on PUCCH cell. As a result, the HARQ-ACK information for this DCI should be generated with NACK bits. Similarly, if the cell with BWP switching is cell#2/3, there is no ambiguity issue.  
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Figure 2 Example #2 of Multi-cell scheduling
As a result, one of following two options can be selected for HARQ-ACK generation for the second sub-codebook. 
· Option 1(per cell): When BWP switching occurs on a cell, 
· The HARQ-ACK generation with NACK bit for the second sub-codebook is performed per cell, if the last PDSCH is not scheduled on the cell and the cell is not the PUCCH cell; 
· The HARQ-ACK generation with NACK bits for the second sub-codebook is performed per DCI, otherwise.
· Option 2(per DCI): The HARQ-ACK generation with NACK bits for the second sub-codebook is performed per DCI in case of BWP switching on a cell.
Furthermore, Option 2 is simple, and the only drawback is some unnecessary re-transmissions may be occurred in some cases. Option 1 is meticulous with some restrictions introduced. Both options are workable, Option 2 is slightly preferred due to a unified solution for all cases.
Proposal 2: The HARQ-ACK generation with NACK bits for the second sub-codebook is performed per DCI in case of BWP switching on a cell.

Conclusion
Proposal 1: The agreement made in RAN1#116 is revised as 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 for type 1 codebook generation, and the corresponding HARQ-ACK information for the DCI format 1_3 is generated with NACK bits for type 2 codebook generation.
· 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
· [bookmark: _GoBack]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 for type 1 codebook generation, and the corresponding HARQ-ACK information for that cell with BWP switching is generated with NACK bit for type 2 codebook generation)



Proposal 2: The HARQ-ACK generation with NACK bits for the second sub-codebook is performed per DCI in case of BWP switching on a cell.
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