[bookmark: OLE_LINK2]3GPP TSG RAN WG1 #108-e	R1-2201436
e-Meeting, Februry 21st – March 3rd, 2022

Agenda Item:	8.2.5
Source:		Fujitsu
Title:	Remaining issues of multi-PDSCH scheduling via a single DCI
Document for:	Discussion/Decision
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 SPS activation
In RAN1#107b-e meeting, the following agreement was made for SPS/CG activation/release. 
	Agreement
A UE validates, for scheduling activation or scheduling release, a DL SPS assignment PDCCH or a configured UL grant Type 2 PDCCH if the PDCCH indicates a TDRA row index including only one SLIV.


As per the agreement, even when DCI format 1_1 is provided with a TDRA table in which one or more TDRA rows include multiple SLIVs, it could be used for SPS/CG activation/release when it indicates a TDRA row including only one SLIV. 
In TS 38.214 h00, the yellow part as below states that pdsch-AggregationFactor in pdsch-config may be applied to SPS PDSCH activated by DCI format 1_1, while the green part says that pdsch-AggregationFactor in pdsch-config would not apply to DCI format 1_1 when DCI format 1_1 is provided with a TDRA table in which one or more TDRA rows include multiple SLIVs.
	PDSCH scheduled without corresponding PDCCH transmission using sps-Config and activated by DCI format 1_1 or 1_2, the same symbol allocation is applied across the pdsch-AggregationFactor, in sps-Config if configured, or across the pdsch-AggregationFactor in pdsch-config otherwise, consecutive slots.



	If a UE is configured with pdsch-TimeDomainAllocationListForMultiPDSCH-r17 in which one or more rows contain multiple SLIVs for PDSCH on a DL BWP of a serving cell, the UE does not apply pdsch-AggregationFactor in PDSCH-config, if configured, to DCI format 1_1 on the DL BWP of the serving cell.


According to the statements above, in a case when DCI format 1_1 is provided with a TDRA table in which one or more TDRA rows include multiple SLIVs, it is ambiguous whether pdsch-AggregationFactor in pdsch-Config would be applicable for SPS PDSCH activated by DCI format 1_1 or not. In order to ensure common understanding between gNB and UEs, that should be clarified.
Proposal 1: In order to avoid ambiguity, clarify whether pdsch-AggregationFactor in pdsch-Config would be applicable for SPS PDSCH activated by DCI format 1_1 or not when DCI format 1_1 is provided with a TDRA table in which one or more TDRA rows include multiple SLIVs.
As aforementioned, DCI format 1_1 could be used for SPS/CG activation/release only if it indicates a TDRA row index including only one SLIV. Therefore, it is preferred to reuse the legacy rule for SPS PDSCH when DCI format 1_1 is provided with a TDRA table in which one or more TDRA rows include multiple SLIVs. That is, pdsch-AggregationFactor in pdsch-Config should be applicable for SPS PDSCH activated by DCI format 1_1 when DCI format 1_1 is provided with a TDRA table in which one or more TDRA rows include multiple SLIVs.
Proposal 2: pdsch-AggregationFactor in pdsch-Config should be applicable for SPS PDSCH activated by DCI format 1_1 when DCI format 1_1 is provided with a TDRA table in which one or more TDRA rows include multiple SLIVs.
2.2 SPS/CG retransmission
According to the yellow part in TS 38.214 h00 as below, when PDSCH for SPS retransmission is scheduled by DCI format 1_1 in PDCCH with CRC scrambled by CS-RNTI with NDI=1, pdsch-AggregationFactor in pdsch-config, if configured, would be applied to the PDSCH.
And the green part says that pdsch-AggregationFactor in pdsch-config would not apply to DCI format 1_1 when DCI format 1_1 is provided with a TDRA table in which one or more TDRA rows include multiple SLIVs.
	[bookmark: _Hlk93493984]When receiving PDSCH scheduled by DCI format 1_1 or 1_2 in PDCCH with CRC scrambled by C-RNTI, MCS-C-RNTI, or CS-RNTI with NDI=1, if the UE is configured with pdsch-AggregationFactor in pdsch-config, the same symbol allocation is applied across the pdsch-AggregationFactor consecutive slots.



	If a UE is configured with pdsch-TimeDomainAllocationListForMultiPDSCH-r17 in which one or more rows contain multiple SLIVs for PDSCH on a DL BWP of a serving cell, the UE does not apply pdsch-AggregationFactor in PDSCH-config, if configured, to DCI format 1_1 on the DL BWP of the serving cell.



When DCI format 1_1 is provided with a TDRA table in which one or more TDRA rows include multiple SLIVs, according to the blue part in TS 38.212 h00 as below, the NDI field may include one or more than one bit. 
	The following information is transmitted by means of the DCI format 1_1 with CRC scrambled by C-RNTI or CS-RNTI or MCS-C-RNTI: 
…
For transport block 1: 
-	Modulation and coding scheme – 5 bits as defined in Clause 5.1.3.1 of [6, TS 38.214]
-	New data indicator – 1 bit if the number of scheduled PDSCH indicated by the Time domain resource assignment field is 1; otherwise 2, 3, 4, 5, 6, 7 or 8 bits determined based on the maximum number of schedulable PDSCH among all entries in the higher layer parameter pdsch-TimeDomainResourceAllocationListForMultiPDSCH, where each bit corresponds to one scheduled PDSCH as defined in clause 5.1.3 in [6, TS 38.214].
-	Redundancy version – number of bits determined by the following:
-	2 bits as defined in Table 7.3.1.1.1-2 if the number of scheduled PDSCH indicated by the Time domain resource assignment field is 1;
-	otherwise 2, 3, 4, 5, 6, 7 or 8 bits determined by the maximum number of schedulable PDSCHs among all entries in the higher layer parameter pdsch-TimeDomainResourceAllocationListForMultiPDSCH, where each bit corresponds to one scheduled PDSCH as defined in clause 5.1.3 in [6, TS 38.214] and redundancy version is determined according to Table 7.3.1.1.2-34.
For transport block 2 (only present if maxNrofCodeWordsScheduledByDCI equals 2): 
-	Modulation and coding scheme – 5 bits as defined in Clause 5.1.3.1 of [6, TS 38.214]
-	New data indicator – 1 bit if the number of scheduled PDSCH indicated by the Time domain resource assignment field is 1; otherwise 2, 3, 4, 5, 6, 7 or 8 bits determined based on the maximum number of schedulable PDSCH among all entries in the higher layer parameter pdsch-TimeDomainResourceAllocationListForMultiPDSCH, where each bit corresponds to one scheduled PDSCH as defined in clause 5.1.3 in [6, TS 38.214].
-	Redundancy version – number of bits determined by the following:
-	2 bits as defined in Table 7.3.1.1.1-2 if the number of scheduled PDSCH indicated by the Time domain resource assignment field is 1;
-	otherwise 2, 3, 4, 5, 6, 7 or 8 bits determined by the maximum number of schedulable PDSCHs among all entries in the higher layer parameter pdsch-TimeDomainResourceAllocationListForMultiPDSCH, where each bit corresponds to one scheduled PDSCH as defined in clause 5.1.3 in [6, TS 38.214] and redundancy version is determined according to Table 7.3.1.1.2-34. 



Considering the situation, there are two issues that need to be considered when PDSCH for SPS retransmission is scheduled by DCI format 1_1 which is provided with a TDRA table in which one or more TDRA rows include multiple SLIVs. First, how to set value of bit(s) in NDI field in DCI format 1_1 ? Second, whether pdsch-AggregationFactor in pdsch-Config would be applied to the PDSCH scheduled by the DCI format 1_1 for SPS retransmission?
For simplicity, in case of PDSCH scheduling for SPS retransmission, DCI format 1_1 should indicate a TDRA row which includes only one SLIV when it is provided with a TDRA table in which one or more TDRA rows include multiple SLIVs. Then, the legacy rule for applying pdsch-AggregationFactor in pdsch-Config to PDSCH scheduled by DCI format 1_1 in a PDCCH with CRC scrambled by CS-RNTI with NDI=1 can be reused.
Meanwhile, there are similar issues for DCI format 0_1 when it is used for PUSCH scheduling for CG retransmission, according to the specification as below. It is preferred to adopt similar method as for DCI format 1_1.
In TS 38.214 h00:
	For PUSCH repetition Type A, when transmitting PUSCH scheduled by DCI format 0_1 or 0_2 in PDCCH with CRC scrambled with C-RNTI, MCS-C-RNTI, or CS-RNTI with NDI=1, the number of repetitions K is determined as
-	if numberOfRepetitions is present in the resource allocation table, the number of repetitions K is equal to numberOfRepetitions;
-	elseif the UE is configured with pusch-AggregationFactor, the number of repetitions K is equal to pusch-AggregationFactor; 
-	otherwise K=1.
-	the number of slots used for TBS determination N is equal to 1.

For the PUSCH retransmission scheduled by a PDCCH with CRC scrambled by CS-RNTI with NDI=1, the parameters in pusch-Config are applied for the PUSCH transmission except for p0-NominalWithoutGrant, p0-PUSCH-Alpha, powerControlLoopToUse, pathlossReferenceIndex described in clause 7.1 of [6, TS 38.213], mcs-Table, mcs-TableTransformPrecoder described in clause 6.1.4.1 and transformPrecoder described in clause 6.1.3.



	If a UE is configured with pusch-TimeDomainAllocationListForMultiPDSCHTimeDomainAllocationListForMultiPUSCH-r17 in which one or more rows contain multiple SLIVs for PUSCH on a UL BWP of a serving cell, the UE does not apply pusch-AggregationFactor, if configured, to DCI format 0_1 on the UL BWP of the serving cell and the UE does not expect to be configured with numberOfRepetitions in pusch-TimeDomainAllocationListForMultiPDSCHTimeDomainAllocationListForMultiPUSCH-r17.



In TS38.212 h00:
	The following information is transmitted by means of the DCI format 0_1 with CRC scrambled by C-RNTI or CS-RNTI or SP-CSI-RNTI or MCS-C-RNTI:
…
-	New data indicator – 1 bit if the number of scheduled PUSCH indicated by the Time domain resource assignment field is 1; otherwise 2, 3, 4, 5, 6, 7 or 8 bits determined based on the maximum number of schedulable PUSCH among all entries in the higher layer parameter pusch-TimeDomainAllocationListForMultiPUSCH or pusch-TimeDomainResourceAllocationListForMultiPUSCH-r17, where each bit corresponds to one scheduled PUSCH as defined in clause 6.1.4 in [6, TS 38.214].


According to the discussions above, we have the following proposal.
Proposal 3: In case of PDSCH/PUSCH scheduling for SPS/CG retransmission, DCI format 1_1/0_1 should indicate a TDRA row which includes only one SLIV when DCI format 1_1/0_1 is provided with a TDRA table in which one or more TDRA rows include multiple SLIVs.
· pdsch-AggregationFactor/pusch-AggregationFactor in pdsch-Config/pusch-Config should be applicable for the single PDSCH/PUSCH for SPS/CG retransmission scheduled by the DCI.

2.3 Type-1 HARQ-ACK codebook with time domain bundling
Time domain bundling was agreed to be supported for Type-1 HARQ-ACK codebook. In RAN1#107b-e meeting, the following agreement was achieved.
	Agreement in RAN1107bis-e:
· Update the previous agreement made in RAN1#107-e, as follows:
Agreement (RAN1#107-e)
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


However, there are still many remaining issues to be discussed and clarified for the case of time domain bundling. 
Issue 1: How to perform logical AND operation.
According to the agreement, for a determined candidate PDSCH reception occasion, it is possible that two or more valid PDSCHs are associated with the occasion and the valid PDSCHs are scheduled by different DCIs. Meanwhile, the agreement also states that “Logical AND operation is applied across all valid PDSCHs associated with a determined candidate PDSCH reception occasion”. Therefore, per agreement, it means that logical AND operation is applied across all valid PDSCHs, regardless of how the valid PDSCHs are scheduled. 
For example, for HARQ-ACK feedback in slot n, assume 
· two TDRA rows: row 0 with SLIV 0_0, row 1 with SLIV 1_0, 1_1 and 1_2.
· two configured K1 values: K1= 1, 2.
As shown in Figure 1, corresponding to candidate PDSCH reception occasion 1, there is one PDCCH scheduling a valid PDSCH via indicating TDRA row 0, and one PDCCH scheduling a valid PDSCH via indicating TDRA row 1. In such case, the HARQ-ACK information for candidate PDSCH reception occasion 1 should be equal to logical AND operation applied across the two valid PDSCHs. 


Figure 1. example of more than one valid PDSCH scheduled by more than one DCI for an occasion
However, in TS 38.213 h00, it is ambiguous whether the Logical AND operation is aligned with the agreement above. 
Based on the agreement and relevant specification, we have the following observation and proposal.
Observation 1: According to the agreement made in RAN#107b-e meeting for type-1 HARQ-ACK codebook with time domain bundling, logical AND operation may be applied to PDSCHs scheduled by different DCIs (up to gNB’s scheduling). However, the current specification (TS 38.213 h00) seems not aligned with the agreement (the specification seems to limit logical AND operation to the case where the associated valid PDSCHs are scheduled by a single DCI).
Proposal 4: For Type-1 HARQ-ACK codebook with time domain bundling, clarify the following in TS 38.213:
· Logical AND operation is applied across all valid PDSCHs associated with a determined candidate PDSCH reception occasion, and the valid PDSCHs may be scheduled by one or more DCIs. 
Issue 2: How to support SPS PDSCH.
According to discussion so far, when time domain bundling is supported, it is possible that for a determined candidate PDSCH reception occasion, the associated PDSCHs include both PDSCH scheduled by DCI and PDSCH scheduled by SPS (SPS PDSCH). For example, as shown in Figure 2, for occasion 1, one associated valid PDSCH is scheduled by a DCI, and one associated valid PDSCH is scheduled by SPS.


Figure 2. example of one valid PDSCH scheduled by one DCI and one valid PDSCH scheduled by SPS for an occasion
However, so far, there is still no discussion about how to handle the case where the PDSCHs associated with a determined candidate PDSCH reception occasion include both PDSCH scheduled by DCI and PDSCH scheduled by SPS (SPS PDSCH).
In our view, for such case, the following options can be considered.
· Option 1: Logical AND operation is applied across all valid PDSCHs associated with a determined candidate PDSCH reception occasion, and the valid PDSCHs may be scheduled by DCI and SPS.  
· Option 2: For a determined candidate PDSCH reception occasion, if UE receives a DCI which schedule a PDSCH associated with the occasion, UE will not receive SPS PDSCH (if any) associated with the same occasion and not report HARQ-ACK information corresponding to the SPS PDSCH.
Observation 2: For Type-1 HARQ-ACK codebook with time domain bundling, it has not been discussed how to support SPS PDSCH. 
Proposal 5: For Type-1 HARQ-ACK codebook with time domain bundling, discuss how to support SPS PDSCH and consider the following two options.
· Option 1: Logical AND operation is applied across all valid PDSCHs associated with a determined candidate PDSCH reception occasion, and the valid PDSCHs may be scheduled by DCI and SPS.  
· Option 2: For a determined candidate PDSCH reception occasion, if the UE receives a DCI which schedule a PDSCH associated with the occasion, the UE would not receive SPS PDSCH (if any) associated with the same occasion and not report HARQ-ACK information corresponding to the SPS PDSCH.
Issue 3: how to support HARQ-ACK information feedback for a single valid PDSCH which is scheduled by a DCI which indicate a TDRA row including more than one SLIV.
According to discussions so far, when time domain bundling is supported, it is possible that for a determined candidate PDSCH reception occasion, only a single valid PDSCH, which is scheduled by a DCI which indicate a TDRA row including more than one SLIV, is associated with the occasion.
For example, as shown in Figure 3, only one valid PDSCH is associated with occasion 1, and the DCI scheduling the valid PDSCH indicates row 1 which includes more than one SLIV. It should be straight forward that the HARQ-ACK information bit for occasion 1 should be equal to the HARQ-ACK information bit for the single valid PDSCH.


Figure 3. example of one valid PDSCH scheduled by one DCI indicating a TDRA row with more than one SLIV for an occasion
However, in the current pseudo-code in TS 38.213 h00. how to generate the HARQ-ACK information bit for such case is not correct. 
In the current pseudo-code, if‘a PDSCH’ in the yellow part means a configured PDSCH (regardless of whether it is valid or not), the blue part would be meaningless, because anyway there would be a configurd PDSCH associated with the last SLIV. Therefore, we assume‘a PDSCH’ in the yellow part means a valid PDSCH.
Based on the assumption regarding‘a PDSCH’ in the yellow part, for the case as shown in Figure 3, where the single valid PDSCH is not associated with the last SLIV, NACK would be set for the HARQ-ACK information bit according to the blue part, regardless of whether the PDSCH is successfully received. Meanwhile, for a case where a single valid PDSCH is associated with the last SLIV, logical AND operation would be applied according to the blue part. The operations for both cases are obviously incorrect.
	while 
[bookmark: _Hlk95308618]if enableTimeDomainHARQ-Bundling is provided for serving cell and a PDSCH associated with occasion  is scheduled by a DCI format indicating a TDRA row that includes more than one SLIV entry
if harq-ACK-SpatialBundlingPUCCH is not provided and the UE is configured by maxNrofCodeWordsScheduledByDCI with reception of two transport blocks for the active DL BWP of serving cell 
if the PDSCH is associated with the last SLIV in the TDRA row
 = binary AND operation of the HARQ-ACK information bits corresponding to first transport blocks in PDSCH receptions, that do not overlap with an uplink symbol indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, scheduled by the DCI format on serving cell ;
;
 = binary AND operation of the HARQ-ACK information bits corresponding to second transport blocks in PDSCH receptions, that do not overlap with an uplink symbol indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, scheduled by the DCI format on serving cell ;
else
 NACK;
;
 NACK;
end if
;
elseif harq-ACK-SpatialBundlingPUCCH is provided and the UE is configured by maxNrofCodeWordsScheduledByDCI with reception of two transport blocks for the active DL BWP of serving cell 
if the PDSCH is associated with the last SLIV in the TDRA row;
 = binary AND operation of the HARQ-ACK information bits corresponding to all transport blocks in PDSCHs, that do not overlap with an uplink symbol indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, scheduled by the DCI format of serving cell  
if the UE receives one transport block, the UE assumes ACK for the second transport block;
else
 = NACK;
end if
;
else
if the PDSCH is associated with the last SLIV in the TDRA row;
 =binary AND operation of the HARQ-ACK information bits corresponding to all transport blocks in PDSCHs, that do not overlap with an uplink symbol indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, scheduled by the DCI format of serving cell 
else
 = NACK;
end if
;	
end if
else
…


Observation 3：According to the TS38.213 h00, for Type-1 HARQ-ACK codebook with time domain bundling, for a candidate PDSCH reception occasion associated with a single valid PDSCH scheduled by a DCI which indicates a TDRA row including more than one SLIV, the corresponding HARQ-ACK information bit is not correctly set.
Proposal 6: For Type-1 HARQ-ACK codebook with time domain bundling, clarify the following in TS 38.213:
· For a candidate PDSCH reception occasion associated with a single valid PDSCH scheduled by a DCI which indicates a TDRA row including more than one SLIV, the corresponding HARQ-ACK information bit is equal to the HARQ-ACK information bit for the single valid PDSCH.
Note that Issue 1-3 are related to the same part of pseudo-code in TS 38.213. How to update the specification should depend on outcome of discussions about all these issues.
Issue 4:
For FR2-2, regarding more than one PDSCH in a slot, the following agreement was made in RAN1#106-e meeting.
	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.


That is, for 120kHz，it is possible both time domain bundling and more than one PDSCH in a slot are supported. When time domain bundling, for a DL slot , there should be only one candidate PDSCH reception occasion, regardless of whether more than one PDSCH in a slot is supported.
However, according to current specification (TS 38.213 h00), if the UE indicates a capability to receive more than one PDSCH in a slot, for a DL slot, the UE would go to the ‘else’ step as blow, to determine one or more candidate PDSCH reception occasions according to non-overlapped SLIVs for the DL slot. That is incorrect for the case where time domain bundling is configured.
Observation 4: For 120 kHz，it is possible that time domain bundling and more than one PDSCH in a slot are simultaneously supported. However, the candidate PDSCH reception occasion determination for the case is not correct in the current specification (TS 38.213 h00).
Proposal 7: For candidate PDSCH reception occasion determination for the case where time domain bundling and more than one PDSCH in a slot are simultaneously supported, adopt TP#1 to correct the operation.
2.4 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 8:  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.
· TP#2 can be considered.
3. Conclusion
According to the discussions above, we have the following observations and proposals for multi-PDSCH/PUSCH scheduling via a single DCI.
SPS/CG
Proposal 1: In order to avoid ambiguity, clarify whether pdsch-AggregationFactor in pdsch-Config would be applicable for SPS PDSCH activated by DCI format 1_1 or not when DCI format 1_1 is provided with a TDRA table in which one or more TDRA rows include multiple SLIVs.
Proposal 2: pdsch-AggregationFactor in pdsch-Config should be applicable for SPS PDSCH activated by DCI format 1_1 when DCI format 1_1 is provided with a TDRA table in which one or more TDRA rows include multiple SLIVs.
Proposal 3: In case of PDSCH/PUSCH scheduling for SPS/CG retransmission, DCI format 1_1/0_1 should indicate a TDRA row which includes only one SLIV when DCI format 1_1/0_1 is provided with a TDRA table in which one or more TDRA rows include multiple SLIVs.
· pdsch-AggregationFactor/pusch-AggregationFactor in pdsch-Config/pusch-Config should be applicable for the single PDSCH/PUSCH for SPS/CG retransmission scheduled by the DCI.
Type-1 HARQ-ACK codebook with time domain bundling
Observation 1: According to the agreement made in RAN#107b-e meeting for type-1 HARQ-ACK codebook with time domain bundling, logical AND operation may be applied to PDSCHs scheduled by different DCIs (up to gNB’s scheduling). However, the current specification (TS 38.213 h00) seems not aligned with the agreement (the specification seems to limit logical AND operation to the case where the associated valid PDSCHs are scheduled by a single DCI).
Proposal 4: For Type-1 HARQ-ACK codebook with time domain bundling, clarify the following in TS 38.213:
· Logical AND operation is applied across all valid PDSCHs associated with a determined candidate PDSCH reception occasion, and the valid PDSCHs may be scheduled by one or more DCIs. 
Observation 2: For Type-1 HARQ-ACK codebook with time domain bundling, it has not been discussed how to support SPS PDSCH. 
Proposal 5: For Type-1 HARQ-ACK codebook with time domain bundling, discuss how to support SPS PDSCH and consider the following two options.
· Option 1: Logical AND operation is applied across all valid PDSCHs associated with a determined candidate PDSCH reception occasion, and the valid PDSCHs may be scheduled by DCI and SPS.  
· Option 2: For a determined candidate PDSCH reception occasion, if the UE receives a DCI which schedule a PDSCH associated with the occasion, the UE would not receive SPS PDSCH (if any) associated with the same occasion and not report HARQ-ACK information corresponding to the SPS PDSCH.
Observation 3：According to the TS38.213 h00, for Type-1 HARQ-ACK codebook with time domain bundling, for a candidate PDSCH reception occasion associated with a single valid PDSCH scheduled by a DCI which indicates a TDRA row including more than one SLIV, the corresponding HARQ-ACK information bit is not correctly set.
Proposal 6: For Type-1 HARQ-ACK codebook with time domain bundling, clarify the following in TS 38.213:
· For a candidate PDSCH reception occasion associated with a single valid PDSCH scheduled by a DCI which indicates a TDRA row including more than one SLIV, the corresponding HARQ-ACK information bit is equal to the HARQ-ACK information bit for the single valid PDSCH.
Observation 4: For 120 kHz，it is possible that time domain bundling and more than one PDSCH in a slot are simultaneously supported. However, the candidate PDSCH reception occasion determination for the case is not correct in the current specification (TS 38.213 h00).
Proposal 7: For candidate PDSCH reception occasion determination for the case where time domain bundling and more than one PDSCH in a slot are simultaneously supported, adopt TP#1 to correct the operation.

Inapplicable value for HARQ feedback
Proposal 8:  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.
· TP#2 can be considered.

TP#1
------------------------------ Text Proposal for 38.213, v17.0.0, Clause 9.1.2.1 -------------------------------
*** Unchanged text omitted ***
if the UE is provided enableTimeDomainHARQ-Bundling or the UE does not indicate a capability to receive more than one unicast PDSCH or multicast PDSCH per slot, and , 
; 
;
else 
Set  to the cardinality of Set  to the smallest last OFDM symbol index, as determined by the SLIV, among all rows of 
while 
Set  
while 
if  for start OFDM symbol index  for row  
; - index of occasion for candidate PDSCH reception, or SPS PDSCH release, or TCI state update associated with row 
;
;
else
; 
end if
end while
 
;
Set  to the smallest last OFDM symbol index among all rows of ;
end while
end if

TP#2
------------------------------- 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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