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1 Introduction
In RAN1#104b-e and RAN1#105-e Meeting, the agreements [1] [2] related to multiple PDSCHs scheduled by a DCI were made as follows:

	Agreement:
· For a DCI that can schedule multiple PUSCHs,
· TDRA: Alt 2 (TDRA table is extended such that each row indicates up to 8 multiple PUSCHs (that can be non-continuous in time-domain). Each PUSCH has a separate SLIV and mapping type. The number of scheduled PUSCHs is implicitly indicated by the number of indicated valid SLIVs in the row of the TDRA table signalled in DCI.), as per agreement made in RAN1#104-e

· FFS: signaling details
· Note: Alt 2 does not preclude continuous resource allocation in time-domain.

· For a DCI that can schedule multiple PDSCHs,
· TDRA: TDRA table is extended such that each row indicates up to 8 multiple PDSCHs (that can be non-continuous in time-domain). Each PDSCH has a separate SLIV and mapping type. The number of scheduled PDSCHs is implicitly indicated by the number of indicated valid SLIVs in the row of the TDRA table signalled in DCI.
· FFS: signaling details
· Note: This does not preclude continuous resource allocation in time-domain.

· Note: Multi-PDSCH scheduling for the case of 120 kHz SCS is still FFS as per prior agreement. This case can be addressed after this FFS has been decided.
Agreement:
For TDRA in a DCI that can schedule multiple PDSCHs (or PUSCHs),
· A row of the TDRA table can indicate PDSCHs (or PUSCHs) that are in consecutive or non-consecutive slots.
· FFS: The maximum value of the gap between two consecutively scheduled PDSCHs or between two consecutively scheduled PUSCHs
· FFS: The maximum value of the gap between the first scheduled PDSCH and the last scheduled PDSCH or between the first scheduled PUSCH and the last scheduled PUSCH
· FFS: Details to introduce the gap between PDSCHs or between PUSCHs
Agreement:
For enhancements of generating type-1 HARQ-ACK codebook corresponding to DCI that can schedule multiple PDSCHs, the set of candidate PDSCH reception occasions corresponding to a UL slot with HARQ-ACK transmission is determined based on a set of DL slots and a set of SLIVs corresponding to each DL slot belonging to the set of DL slots.
· The set of DL slots includes all the unique DL slots that can be scheduled by any row index r of TDRA table in DCI indicating the UL slot as HARQ-ACK feedback timing.

· The set of SLIVs corresponding to a DL slot (belonging to the set of DL slots) at least include all the SLIVs that can be scheduled within the DL slot by any row index r of TDRA table in DCI indicating the UL slot as HARQ-ACK feedback timing.

· FFS: details of further pruning of the set of SLIVs

· FFS: impact if receiving more than one PDSCH in a slot is allowed, e.g., handling of overlapped SLIVs from different rows in the same and different DL slot

· FFS impact of time domain bundling, if supported




In this contribution, we discuss following signaling detail of multiple PDSCHs scheduled by a DCI on
· Slot offset K0 
· Redundant HARQ-ACK bits of type-1 codebook  
2 Discussion
Slot offset K0
For R-15/16 PDSCH reception, a UE is configured with a time domain resource allocation (TDRA) table for a PDSCH reception and a row of the TDRA table comprises a SLIV, a slot offset K0 and a mapping type. When the UE is scheduled to receive the PDSCH by a DCI, the Time domain resource assignment field value m of the DCI provides a row index m + 1 to the TDRA table. For example, since a UE detects a DCI on slot(n), the UE performs a PDSCH reception on slot(n+2) if the slot offset K0 of a row index indicated by the DCI is 2. In R-17, multiple PDSCHs can be scheduled by a DCI, and each PDSCH has a separate SLIV and mapping type. For TDRA in a DCI that can schedule multiple PDSCHs, a row of the TDRA table can indicate PDSCHs that are in consecutive or non-consecutive slots.
Following we discuss on achieving “a row of the TDRA table can indicate PDSCHs that are in consecutive or non-consecutive slots” with (1) Each PDSCH has a separate slot off set K0 (2) A row has a slot offset K0.
(1) Each PDSCH has a separate slot off set K0

Since each PDSCH has separate SLIV and mapping type was agreed, each PDSCH has separate slot off set K0 seems reasonable. Following we provide 3 feasible examples.  In Figure 1(a), to achieve multiple PDSCHs that are in consecutive slots, gNB can configure, e.g., the first SLIV with slot offset K0 and the second SLIV with slot offset K0+1. In figure 1(b), to achieve multiple PDSCHs that are in non-consecutive slots, gNB can configure, e.g., the first SLIV with slot offset K0 and the second SLIV with slot offset K0+2. Moreover, in Figure 1(c), to achieve multiple PDSCHs that are in the same slot, gNB can configure, e.g., the first SLIV with slot offset K0 and the second SLIV with slot offset K0. 

Proposal 1: To achieve higher scheduling flexibility for gNB, each PDSCH of the multiple PDSCHs scheduled by a DCI has separate slot offset K0 could be considered.  
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Figure. 1 Each PDSCH has separate slot offset K0 
(2) A row has a slot offset K0 

Since there is only a slot offset K0, the slot offset K0 should be applied to the first SLIV, e.g., first scheduled PDSCH, and incremented by 1 for subsequent SLIVs, e.g., subsequent PDSCHs. It implies that for multiple PDSCHs scheduled by a DCI, UE performs each PDSCH reception in different slots. This approach can achieve multiple PDSCHs that are in consecutive slots. 
To achieve multiple PDSCHs that are in non-consecutive slots, we can design a concept of invalid SLIV. In table 1, it lists all agreed valid SLIVs, therefore, a SLIV can be determined as an invalid SLIV, if the SLIV is not selected from table 1. Figure 2 shows an example that a row of TDRA table comprises one slot offset K0 and four SLIVs. Assuming that a UE detects a DCI in slot (n), and the DCI schedule the UE to perform multiple PDSCHs reception by the row index of TDRA table. Since the second SLIV: (0,0) is an invalid SLIV, the UE does not perform PDSCH reception in slot (n+K0+1).  
Proposal 2: if a row of TDRA table comprise a slot offset K0 is supported, following concepts could be considered

· The slot offset K0 is applied to the first scheduled PDSCH and incremented by 1 for subsequent PDSCHs.
· UE does not perform a PDSCH reception associated with a SLIV, if the SLIV is an invalid SLIV 
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Figure. 2 Invalind SLIV 
Redundant bits of type-1 codebook
A pseudo code of a prune procedure for R-15/16 type-1 codebook generation can be briefly summarized as Figure 3. 
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Figure. 3 Pseudo code of a prune procedure
For R-15/16 NR, only one PDSCH, e.g., one TB, contained in a slot can be scheduled by a DCI, and UE performs the prune procedure per slot to determine the number of HARQ-ACK bits. Figure 4 shows an example based on the pseudo code procedure. A UE may generate 5 HARQ-ACK bits for a slot, which means that the UE at most perform 5 PDSCHs reception in the slot scheduled by 5 DCIs, if a TDRA table is configured accordingly. 
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Figure. 4 Example for TDRA table
Considering that multiple PDSCHs scheduled by a DCI is supported in R17,there may be redundant HARQ-ACK bits of type-1 codebook if R-15/16 prune procedure is applied directly. Take Figure 5 as an example, a UE is configured with a TDRA table which comprises two row indexes, and each row index comprise two SLIVs. Assuming that the UE is configured with K1=1. After the prune procedure, UE generates two HARQ-ACK bits for slot(n) and one HARQ-ACK bit for slot(n+1). However, PDSCHs scheduled by two row indexes of the TDRA table are overlapping on slot(n+1) which means that gNB can’t use two DCI simultaneously to schedule UE to perform PDSCH reception, e.g., the first DCI indicates the first row index and the second DCI indicate the second row index. Therefore, one HARQ-ACK bit for slot(n) is enough.

Observation 1: There may have redundant HARQ-ACK bits of type-1 codebook considering multiple PDSCHs scheduled by a DCI, if R-15/16 prune procedure is applied.
According to above discussion and observation, we have following proposal 

Proposal 3: Multiple slots jointly to determine a number of HARQ-ACK bits could be considered. 
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Figure. 5 Illustration for redundant bits 
3 Conclusion
In this contribution, we provide our views on 
· Slot offset K0
· Redundant HARQ-ACK bits of type-1 codebook
Regarding to slot offset K0 we have following proposals:

Proposal 1: To achieve higher scheduling flexibility for gNB, each PDSCH of the multiple PDSCHs scheduled by a DCI has separate slot offset K0 could be considered.  
Proposal 2: if a row of TDRA table comprise a slot offset K0 is supported, following concepts could be considered

· The slot offset K0 is applied to the first scheduled PDSCH and incremented by 1 for subsequent PDSCHs.

· UE dose not perform a PDSCH reception associated with a SLIV, if the SLIV is an invalid SLIV 
Regarding to HARQ-ACK bits of type-1 codebook we have following observation and proposals:

Observation 1: There may have redundant HARQ-ACK bits of type-1 codebook considering multiple PDSCHs scheduled by a DCI, if R-15/16 prune procedure is applied.
Proposal 3: Multiple slots jointly to determine a number of HARQ-ACK bits could be considered. 
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