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1. Introduction
In this contribution, we would like to present some discussions about some remaining issues of multi-PDSCH/PUSCH scheduling via a single DCI.
2. Discussion
2.1 Type-1 HARQ-ACK codebook
In RAN1#107-e meeting, the following agreement was made for Type-1 HARQ-ACK codebook. Based on the agreement, we would like to share our views on the FFS point.
	Agreement
For multi-PDSCH scheduling with a single DCI
· Introduce a new RRC parameter, e.g., enableTimeDomainHARQ-Bundling, to enable time domain bundling operation for type-1 HARQ-ACK codebook per serving cell.
· If the RRC parameter enables time domain bundling operation,
· To determine the set of candidate PDSCH reception occasions,
· A row index is removed if at least one symbol of every PDSCH associated with the row index is configured as semi-static UL. (NOTE: This is similar to the case of slot aggregated PDSCH in Rel-16)
· Pruning procedure in Rel-16 is performed based on the last configured SLIV of each row index.
· Logical AND operation is applied across all valid PDSCHs associated with a determined candidate PDSCH reception occasion, at least for 1-TB case.
· FFS: UE does not expect the last scheduled SLIV overlaps with a semi-static UL symbol when parameter enableTimeDomainHARQ-Bundling is configured


According to the agreement, when time domain bundling is enabled for Type-1 HARQ-ACK codebook, for determination of candidate PDSCH reception occasions, a row index is remained once at least one of PDSCHs associated with the row index is not colliding with semi-static UL symbols. The at least one PDSCHs may or may not include the last PDSCH associated with the row index. That is, the agreed method of Type-1 HARQ-ACK codebook generation is feasible, regardless of whether to introduce the restriction in the FFS point of the agreement. Therefore, for more flexibility for scheduling, it should be allowed to schedule a row index where the last PDSCH is colliding with semi- static UL symbols while at least one of other PDSCHs is not colliding with semi- static UL symbols. 
Proposal 1: When time domain bundling for Type-1 HARQ-ACK codebook is enabled, it is unnecessary to introduce the restriction that UE does not expect the last scheduled SLIV overlaps with a semi-static UL symbol.
2.2 SPS activation/retransmission
As agreed, DCI format 1_1 can support multi-PDSCH scheduling. While in the legacy, DCI format 1_1 can be used for SPS activation/retransmission. In the previous meetings, how to support SPS activation/retransmission by a DCI that can schedule multiple PDSCHs was discussed. However, there is still no conclusion yet. 
3 options were proposed.
· Option 1: Allow only single SLIV-based (de)activation
· Option 2: Based on the last configured SLIV
· Option 3: Based on the first (valid) SLIV
Among the 3 options, Option 2 and Option 3 can provide more flexibility than option 1. Therefore, Option 2 and option 3 should be preferred if they will not require much standardization effort.
Firstly, as agreed, for a DCI scheduling multiple PDSCHs, the K1 indicated by the DCI (or provided by RRC signalling) indicates the slot offset between the last PDSCH scheduled by the DCI (i.e. the last configured SLIV as clarified in the last meeting) and slot carrying the corresponding HARQ-ACK information. 
Secondly, in Rel15/16, TS38.213 specifies that “For a SPS PDSCH reception ending in slot, the UE transmits the PUCCH in slot n+k where k is provided by the PDSCH-to-HARQ_feedback timing indicator field, if present, in a DCI format activating the SPS PDSCH reception.” 
Considering the two aspects above, if the last configured SLIV (Option 2) is used for SPS activation, there will be no further specification impact. While if the first (valid) SLIV (Option 1) is used, there will be further specification impact. Assuming Option 1 is used, for example, the definition of k1 indicated by DCI for SPS activation, or the definition of k for HARQ-ACK feedback timing for SPS PDSCH need to be further discussed, with consideration on how to generate the HARQ-ACK information for SPS PDSCH in Type-1 HARQ-ACK codebook. Therefore, from the perspective of standardization workload, Option 2 is slightly preferred over Option 3.
[bookmark: _Hlk86828643]As a summary, Option 2 with can achieve a well trade-off between flexibility and standardization effort. We slightly prefer Option 2.
Proposal 2: For SPS activation/retransmission via DCI format 1_1 when multi-PDSCH scheduling is supported, the following 3 options can be considered, and Option 2 is slightly preferred for a well trade-off between flexibility and standardization effort. 
· Option 1: Allow only single SLIV-based (de)activation
· Option 2: Based on the last configured SLIV
· Option 3: Based on the first (valid) SLIV
2.3 Indication of an inapplicable value of k1 in a DCI scheduling multiple PDSCHs
In Rel-16, when the PDSCH-to-HARQ_feedback timing indicator filed of a first DCI indicates k1=-1, the corresponding HARQ-ACK information should be fed back in a slot indicated by the PDSCH-to-HARQ_feedback timing indicator filed of a second DCI, if some timeline requirements are fulfilled. For some cases, the timeline requirements consider the time domain location of PDSCH scheduled by the first DCI. For example, the slot indicated by the PDSCH-to-HARQ_feedback timing indicator of the second DCI is no later than a SPS PDSCH reception received after the PDSCH scheduled by the first DCI format, or the second DCI is later than the slot for HARQ-ACK information in response to a SPS PDSCH reception received after the PDSCH scheduled by the first DCI format.
In Rel-17, for operation with 480 kHz and/or 960 kHz SCS, it was agreed in RAN1#106bis-e meeting that the value range of k1 indicated in RRC is -1 ~ 127 for DCI format 1_1. That is, similar to Rel-16, in Rel-17, DCI format 1_1 may provide an inapplicable value of k1 in PDSCH-to-HARQ_feedback timing indicator field, regardless of SCS. 
	Agreement:
For NR operation with 480 kHz and/or 960 kHz SCS, the value range of k1 indicated in RRC is -1 ~ 127 for DCI format 1_1 and 0 ~ 127 for DCI format 1_2.
· Note: this does not imply that DCI format 1_2 supports multi-PDSCH scheduling


In Rel-17, DCI format 1_1 may be configured with multi-PDSCH scheduling. As aforementioned for Rel-16, in case of SPS PDSCH receptions being configured/activated, to multiplex HARQ-ACK information corresponding to the first DCI into the PUCCH/PUSCH in the slot indicated by the second DCI, the corresponding timeline requirements would be based on the time domain location of PDSCH scheduled by the first DCI. However, the legacy timeline requirements do not consider the case of multi-PDSCH scheduling, where there may be invalid PDSCHs which are colliding with semi-static UL symbols. So, it is necessary to further the timeline requirements for the new case.
In our views, if indication of k1=-1 in DCI format 1_1 is supported when multi-PDSCH scheduling is configured, following the spirit of Rel-16, only the valid PDSCHs need to be considered for the corresponding timeline requirements. For example, the slot indicated by the PDSCH-to-HARQ_feedback timing indicator of the second DCI is no later than a SPS PDSCH reception received after the last valid PDSCH scheduled by the first DCI format, or the second DCI is later than the slot for HARQ-ACK information in response to a SPS PDSCH reception received after the last valid PDSCH scheduled by the first DCI format.
Proposal 3:  For a first DCI scheduling multiple PDSCHs and providing an inapplicable value of k1 in its PDSCH-to-HARQ_feedback timing indicator filed, to multiplex the corresponding HARQ-ACK information in a PUCCH or PUSCH in a slot indicated by the PDSCH-to-HARQ_feedback timing indicator filed in a second DCI, only the valid PDSCHs scheduled by the first DCI are considered for definition of the corresponding timeline requirements.
· The following TP can be considered.
------------------------------- Text Proposal for 38.213, v17.0.0, Clause 9.1.3 --------------------------------
*** Unchanged text omitted ***
If a UE receives a first DCI format that the UE detects in a first PDCCH monitoring occasion and includes a PDSCH-to-HARQ_feedback timing indicator field providing an inapplicable value from dl-DataToUL-ACK-r16, 
-	if the UE detects a second DCI format, the UE multiplexes the corresponding HARQ-ACK information in a PUCCH or PUSCH transmission in a slot that is indicated by a value of a PDSCH-to-HARQ_feedback timing indicator field in the second DCI format, where
-	if the UE is not provided pdsch-HARQ-ACK-Codebook-r16, the UE detects the second DCI format in any PDCCH monitoring occasion after the first one, and where the slot indicated by the value of the PDSCH-to-HARQ_feedback timing indicator field in the second DCI format is no later than a slot for HARQ-ACK information in response to a SPS PDSCH reception, if any, received after the last valid PDSCH scheduled by the first DCI format.
-	if the UE is provided pdsch-HARQ-ACK-Codebook-r16, the UE detects the second DCI format in any PDCCH monitoring occasion after the first one, and the second DCI format indicates a HARQ-ACK information report for a same PDSCH group index as indicated by the first DCI format as described in clause 9.1.3.3, and where the slot indicated by the value of the PDSCH-to-HARQ_feedback timing indicator field in the second DCI format is no later than a slot for HARQ-ACK information in response to a SPS PDSCH reception, if any, received after the last valid PDSCH scheduled by the first DCI format. 
-	if the UE is provided pdsch-HARQ-ACK-Codebook-r16, the UE receives the second DCI format later than the slot for HARQ-ACK information in response to a SPS PDSCH reception received after the last valid PDSCH scheduled by the first DCI format, and the second DCI format indicates a HARQ-ACK information report for a same PDSCH group index as indicated by the first DCI format as described in clause 9.1.3.3.
-	if the UE is provided pdsch-HARQ-ACK-OneShotFeedback, the first DCI format does not  have associated HARQ-ACK information without scheduling a PDSCH reception or TCI state update, the UE detects the second DCI format in any PDCCH monitoring occasion after the first one, and the second DCI format includes a One-shot HARQ-ACK request field with value 1, the UE includes the HARQ-ACK information in a Type-3 HARQ-ACK codebook, as described in clause 9.1.4, and where the slot indicated by the value of the PDSCH-to-HARQ_feedback timing indicator field in the second DCI format is no later than a slot for HARQ-ACK information in response to a SPS PDSCH reception, if any, received after the last valid PDSCH scheduled by the first DCI format.
-	if the UE is provided pdsch-HARQ-ACK-OneShotFeedback-r16, the first DCI format does not have associated HARQ-ACK information without scheduling a PDSCH reception or TCI state update, and the UE receives the second DCI format later than the slot for HARQ-ACK information in response to a SPS PDSCH reception received after the last valid PDSCH scheduled by the first DCI format, and the second DCI format includes a One-shot HARQ-ACK request field with value 1, the UE includes the HARQ-ACK information in a Type-3 HARQ-ACK codebook, as described in clause 9.1.4.
-	otherwise, the UE does not multiplex the corresponding HARQ-ACK information in a PUCCH or PUSCH transmission. 
*** Unchanged text omitted ***
------------------------------------------------- End Text Proposal -------------------------------------------------
3. Conclusion
According to the discussions above, we have the following observations and proposals for multi-PDSCH/PUSCH scheduling via a single DCI.
Proposal 1: When time domain bundling for Type-1 HARQ-ACK codebook is enabled, it is unnecessary to introduce the restriction that UE does not expect the last scheduled SLIV overlaps with a semi-static UL symbol.
Proposal 2: For SPS activation/retransmission via DCI format 1_1 when multi-PDSCH scheduling is supported, the following 3 options can be considered, and Option 2 is slightly preferred for a well trade-off between flexibility and standardization effort. 
· Option 1: Allow only single SLIV-based (de)activation
· Option 2: Based on the last configured SLIV
· Option 3: Based on the first (valid) SLIV
Proposal 3:  For a first DCI scheduling multiple PDSCHs and providing an inapplicable value of k1 in its PDSCH-to-HARQ_feedback timing indicator filed, to multiplex the corresponding HARQ-ACK information in a PUCCH or PUSCH in a slot indicated by the PDSCH-to-HARQ_feedback timing indicator filed in a second DCI, only the valid PDSCHs scheduled by the first DCI are considered for definition of the corresponding timeline requirement.
· The following TP can be considered.
------------------------------- Text Proposal for 38.213, v17.0.0, Clause 9.1.3 --------------------------------
*** Unchanged text omitted ***
If a UE receives a first DCI format that the UE detects in a first PDCCH monitoring occasion and includes a PDSCH-to-HARQ_feedback timing indicator field providing an inapplicable value from dl-DataToUL-ACK-r16, 
-	if the UE detects a second DCI format, the UE multiplexes the corresponding HARQ-ACK information in a PUCCH or PUSCH transmission in a slot that is indicated by a value of a PDSCH-to-HARQ_feedback timing indicator field in the second DCI format, where
-	if the UE is not provided pdsch-HARQ-ACK-Codebook-r16, the UE detects the second DCI format in any PDCCH monitoring occasion after the first one, and where the slot indicated by the value of the PDSCH-to-HARQ_feedback timing indicator field in the second DCI format is no later than a slot for HARQ-ACK information in response to a SPS PDSCH reception, if any, received after the last valid PDSCH scheduled by the first DCI format.
-	if the UE is provided pdsch-HARQ-ACK-Codebook-r16, the UE detects the second DCI format in any PDCCH monitoring occasion after the first one, and the second DCI format indicates a HARQ-ACK information report for a same PDSCH group index as indicated by the first DCI format as described in clause 9.1.3.3, and where the slot indicated by the value of the PDSCH-to-HARQ_feedback timing indicator field in the second DCI format is no later than a slot for HARQ-ACK information in response to a SPS PDSCH reception, if any, received after the last valid PDSCH scheduled by the first DCI format. 
-	if the UE is provided pdsch-HARQ-ACK-Codebook-r16, the UE receives the second DCI format later than the slot for HARQ-ACK information in response to a SPS PDSCH reception received after the last valid PDSCH scheduled by the first DCI format, and the second DCI format indicates a HARQ-ACK information report for a same PDSCH group index as indicated by the first DCI format as described in clause 9.1.3.3.
-	if the UE is provided pdsch-HARQ-ACK-OneShotFeedback, the first DCI format does not  have associated HARQ-ACK information without scheduling a PDSCH reception or TCI state update, the UE detects the second DCI format in any PDCCH monitoring occasion after the first one, and the second DCI format includes a One-shot HARQ-ACK request field with value 1, the UE includes the HARQ-ACK information in a Type-3 HARQ-ACK codebook, as described in clause 9.1.4, and where the slot indicated by the value of the PDSCH-to-HARQ_feedback timing indicator field in the second DCI format is no later than a slot for HARQ-ACK information in response to a SPS PDSCH reception, if any, received after the last valid PDSCH scheduled by the first DCI format.
-	if the UE is provided pdsch-HARQ-ACK-OneShotFeedback-r16, the first DCI format does not have associated HARQ-ACK information without scheduling a PDSCH reception or TCI state update, and the UE receives the second DCI format later than the slot for HARQ-ACK information in response to a SPS PDSCH reception received after the last valid PDSCH scheduled by the first DCI format, and the second DCI format includes a One-shot HARQ-ACK request field with value 1, the UE includes the HARQ-ACK information in a Type-3 HARQ-ACK codebook, as described in clause 9.1.4.
-	otherwise, the UE does not multiplex the corresponding HARQ-ACK information in a PUCCH or PUSCH transmission. 
*** Unchanged text omitted ***
------------------------------------------------- End Text Proposal -------------------------------------------------
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