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1 Introduction
In RAN1#106-e Meeting, the agreements [1] related to multiple PDSCHs scheduled by a DCI was made as follows:

	Agreement:
· For single TRP operation, for 480/960 kHz SCS,
· FFS: A UE does not expect to be scheduled with more than one PDSCH in a slot, by a single DCI or multiple DCIs.
· FFS: A UE does not expect to be scheduled with more than one PUSCH in a slot, by a single DCI or multiple DCIs.
· For single TRP operation, for 120 kHz SCS (same as current specification for FR2-1 for PUSCH),
· Subject to UE capability, a UE can be scheduled with more than one PDSCH in a slot, by a single DCI or multiple DCIs.
· Subject to UE capability, a UE can be scheduled with more than one PUSCH in a slot, by a single DCI or multiple DCIs.
· FFS for multi-TRP operation
· Note: The optimization of HARQ codebook size for Type 1 or Type 2 codebook design is considered as a low priority in Rel-17 (this does not preclude HARQ ACK bundling in time domain).
· The agreement made in RAN1#105-e is revised as follows.
Agreement: (RAN1#105-e)
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 contains all the unique DL slots determined by considering all combinations of the configured K1 values and the configured rows of the TDRA table.

· The set of SLIVs corresponding to a DL slot (belonging to the set of DL slots) contains all the SLIVs for that slot determined by considering all combinations of the configured K1 values and the configured rows of the TDRA table.
· The Rel-16 procedure is reused for determining the candidate PDSCH reception occasions for the set of SLIVs corresponding to each DL slot belonging to the set of DL slots

· Note: The Rel-16 procedure already handles pruning of multiple SLIVs corresponding to a DL slot, for both UEs that are and are not capable of receiving multiple PDSCHs per slot

· 
· 
· FFS impact of time domain bundling, if supported



In this contribution, we discuss on
· TDMed PDSCHs in a slot
· Enhancement of type-1 codebook  
2 Discussion
TDMed PDSCHs in a slot
Given the fact that multiple PDSCHs in a slot is supported for SCS 120 kHz, we prefer to allow the same operation for SCS 480/960 since there is no additional specification efforts. The concern from some companies may be addressed by defining on different UE capabilities. Besides, allowing more than one PDSCH/PUSCH in a slot may be beneficial for repetition transmission, e.g. in URLLC scenarios where high reliability and low latency are required. In addition, it may also be beneficial for LBT operations when deployed in unlicensed band, to enable more LBT chances and increase transmission probability. In summary, enabling of TDMed PDSCHs in a slot as a UE capability won’t introduce additional spec impact and complexity on normal UEs. Moreover, it provides a unified framework for all SCSs and flexibility to support certain use case with more stringent requirements on latency.
Proposal 1: Multiple PDSCHs scheduled in a slot should be supported for 480/960 kHz SCS considering UE capability. 
Enhancement of type-1 codebook
According to the agreement, Rel-16 procedure is reused for determining the candidate PDSCH reception occasions for the set of SLIVs corresponding to each DL slot belonging to the set of DL slots. A pseudo code of the Rel-16 procedure can be briefly summarized as Figure 1. 
[image: image1.png]Set C(R) to the cardinality of R, where R is the number of rows (entries) of the TDRA table;
Set m to the smallest last OFDM symbol index, among all rows of R
while R # @
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end while
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Set m to the smallest last OFDM symbol index, among all rows of R;

end while




Figure. 1 Pseudo code of Rel-16 procedure
For Rel-16 NR, only one PDSCH, e.g., one TB, contained in a slot can be scheduled by a DCI, and UE performs the Rel-16 procedure per slot to determine the number of HARQ-ACK bits. If a UE is configured with a TDRA table as in Figure 2, the UE may generate 5 HARQ-ACK bits for a slot according to the Rel-16 procedure, which means that the UE at most perform 5 PDSCHs reception in the slot scheduled by 5 DCIs, if the TDRA table is configured accordingly. 
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Figure. 2 Example for TDRA table
Considering that multiple PDSCHs scheduled by a DCI is supported in Rel-17, there may be redundant HARQ-ACK bits of type-1 codebook if Rel-16 procedure is applied directly. Take Figure 3 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 Rel-16 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 Rel-16 procedure is applied.
According to above discussion and observation, we have following proposal 

Proposal 3: Time domain bundling could be considered to reduce the size of type-1 codebook. 
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Figure. 3 Illustration for redundant bits 
3 Conclusion
In this contribution, we provide our views on 
· TDMed PDSCHs in a slot
· Enhancement of type-1 codebook
Regarding to TDMed PDSCHs in a slot we have following proposals:

Proposal 1: Multiple PDSCHs scheduled in a slot should be supported for 480/960 kHz SCS considering UE capability. 
Regarding to Enhancement 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 Rel-16 procedure is applied.
Proposal 2: Time domain bundling could be considered to reduce the size of type-1 codebook. 
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