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In this contribution, we discuss remaining issues on PDSCH and PUSCH enhancements, with primary focus on multi-PUSCH/PDSCH scheduling and HARQ-ACK feedback.
1 Multi-PDSCH/PUSCH scheduling 
HARQ process number determination
At the RAN1#106b-e meeting, it was agreed that if one of multiple PDSCHs (or PUSCHs) scheduled by the DCI collides with a flexible symbol (indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated), and if that PUSCH is collided with SSB symbols indicated by ssb-PositionsInBurst, the HARQ process number increment is skipped for the PUSCH. Otherwise, the HARQ process number increment is not skipped for that PDSCH (or PUSCH). Further, it is FFS whether CORESET with Type0-PDCCH CSS set can be used to determine scheduled PUSCH is valid.
Note that the following specification was defined in Rel-15 for the set of symbols indicated for a CORESET with Type0-PDCCH CSS set. Based on this text, this indicates that gNB scheduler needs to ensure that there is no collision between scheduled PUSCH, and flexible symbols indicated for CORESET with Type0-PDCCH CSS set. In other words, UE can still transmit the PUSCH on the flexible symbols which are indicated for CORESET with Type0-PDCCH CSS set. 
For a set of symbols of a slot indicated to a UE by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set, the UE does not expect the set of symbols to be indicated as uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated.
Same design principle can also be applied for multi-PUSCH scheduling. Given that UE can still transmit PUSCH on the flexible symbols indicated for CORESET with Type0-PDCCH CSS set, the scheduled PUSCH is valid, and the HARQ process number increment is not skipped for the PUSCH.
Proposal 1
· If a PUSCH is collided with symbol(s) indicated by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set, the HARQ process number increment is not skipped for the PUSCH.
· No TP is needed for HARQ process number increment for invalid PUSCH. 

Operations based on configured or valid SLIV
In last RAN1 meetings, there was a clarification on whether “scheduled PxSCH” in previous agreements implies configured PxSCH or valid PxSCH. The following two cases are still open. 
· Case 5: For out-of-order scheduling, is the rule for OOO scheduling determined based on configured SLIVs or valid SLIVs?
· Case 6: 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.

In our understanding, the intention using valid PDSCH in Case 6 is to allow the scheduling by the second DCI another PDSCH in the same slot as the last invalid PDSCH(s)scheduled by the first DCI with NNK1. Based on such understanding, Case 6 is a special case of Case 5. Therefore, it is preferred to have unified handling for Case 5 and Case 6. 
Regarding Case 5, i.e., OOO handling, it is possible that the multi-PDSCH/PUSCH scheduled by two DCIs are OOO if the configured SLIVs of the scheduled TDRA rows are considered. On the other hand, it may not violate OOO considering only the valid SLIVs. OOO handling has impact on Type-1 HARQ-ACK transmission with time bundling. If OOO is defined by valid SLIV(s), it allows gNB to schedule two PDSCH transmissions by two DCIs with same K1 value if the valid SLIVs are not overlapped. However, there may only exist single occasion for HARQ-ACK feedback in the Type-1 HARQ-ACK codebook. Therefore, OOO handling based on configured SLIVs is preferred to avoid conflicting between OOO handling and Type-1 HARQ-ACK transmission. On the other hand, if OOO handling based on valid SLIVs is supported, it is preferred to apply valid SLIVs to other timeline related operations. The following three timelines are identified. 
· PUSCH preparation procedure time
For single-slot PUSCH scheduling, the gap between the DCI and the PUSCH must be no less than . Otherwise, it is error case. If timeline checking is defined only for valid SLIVs, for multi-PUSCH scheduling, the gap between the DCI and the valid PUSCHs should be no less than . In other words, it is allowed that the first configured PUSCH, if not valid, may not satisfy the PUSCH preparation time. 
Further, it is necessary to clarify what is the current specification on PUSCH preparation time for multi-slot PUSCH scheduling. Specifically, is it to limit the first configured SLIV or the first valid SLIV that must satisfy the PUSCH preparation time?
· PDSCH reception preparation time with cross carrier scheduling with different SCSs for PDCCH and PDSCH
Similarly, the timeline of minimum PDCCH to PDSCH delay Npdsch needs to be clarified. For single-slot PDSCH scheduling, the gap between the DCI and the PDSCH must be no less than Npdsch. Otherwise, it is error case. If timeline checking is defined only for valid SLIVs, for multi-PDSCH scheduling, the gap between the DCI and the valid PDSCHs should be no less than Npdsch. In other words, it is allowed that the first configured PDSCH, if not valid, may not satisfy the minimum PDCCH to PDSCH delay Npdsch. 
Further, it is necessary to clarify what is the current specification on minimum PDCCH to PDSCH delay Npdsch for multi-slot PDSCH scheduling. Specifically, is it to limit the first configured SLIV or the first valid SLIV that must satisfy the minimum PDCCH to PDSCH delay Npdsch?
· Activated TCI states within multi-PDSCH transmission 
Based on the agreement from last meeting, for multi-PDSCH transmission, the indicated TCI state should be based on the activated TCI states in the first slot with the scheduled PDSCH(s), and UE shall expect the activated TCI states are the same across the slots with the scheduled PDSCH(s). The understanding on the first slot needs alignment. If timeline check is done by valid SLIV, the first slot should be the first slot carrying the first valid PDSCH. In this case, if the active TCI states are updated by MAC CE after the first configured PDSCH (it is invalid) and before the first valid PDSCH, UE can still follow the latest active TCI states hence is beneficial for DL transmission. 

Proposal 2: 
· Prefer to apply unified handling for Case 5 and Case 6
· Prefer to confirm Case 5 OOO handling is based on configured SLIVs 
· Otherwise, if OOO handling is defined by the valid SLIVs, it is preferred to apply valid SLIVs in 
· PUSCH preparation time 
· PDSCH reception preparation time with cross carrier scheduling with different SCSs for PDCCH and PDSCH
· Activated TCI states within multi-PDSCH transmission

2 HARQ-ACK feedback
Remaining issues with time bundling
Type-3 HARQ-ACK codebook was introduced in Rel-16 which is to provide HARQ-ACK feedback for all the HARQ processes respectively. It has the benefit of fixed codebook size, at the cost of large overhead. In addition to spatial bundling, time bundling can apply to Type-3 codebook. The HARQ-ACK for M consecutive HARQ processes may be bundled, . This operation fits well with multi-PDSCH scheduling by a DCI, since the N PDSCHs scheduled by a DCI use N consecutive HARQ processes starting from the HARQ process number indicated by the DCI. Therefore,  bundled HARQ-ACK bits can be generated for the N PDSCHs. Each bundled HARQ-ACK bit corresponds to up to M PDSCHs scheduled by the same DCI. 
Proposal 3
· Time domain bundling can be applied to Type-3 HARQ-ACK codebook. 
· HARQ-ACK bits of two or more consecutive HARQ processes that are scheduled by the same DCI can be bundled. 

DCI format 1_0 in Type-1 HARQ-ACK codebook
In the existing Type-1 HARQ-ACK transmission in NR, a DCI format 1_0 can only be used to schedule a PDSCH transmission if the indicated K1 value belongs to the intersection of the configured set of K1 values for DCI format 1_1/1_2 and the predefined set of K1 values for DCI format 1_0, i.e. {1,2,3,4,5,6,7,8}. The Type-1 HARQ-ACK transmission with time bundling for FR2-2 can be considered as generation of an extended set of K1 values then allocate occasions for candidate PDSCH reception for each of the extended K1 values. 
The usage of K1 in the current specification in section 9.1.2.1 in 38.213 is organized with the following structure. 
- in the beginning of the section, the definition of K1 is provided, e.g., by RRC configuration
- Then, in the beginning of the pseudo code, the RRC configured K1 set is extended to account the multiple SLIVs of each row in TDRA table
- , which replaces RRC configured K1 set with the extended K1 set
- in the following pseudo code, it works based on the extended K1 set 
- finally, after the pseudo code, the term ‘K1’ is used again for one time, which is related to the determination of applicable slot timing values for DCI 1_0
Based on the above analysis, the current specification is already in a logic to handle DCI 1_0 with the extended K1 set, though there is explicit discussion yet. It is worth noting that such behaviour is beneficial. That is, the applicable slot timing values for DCI 1_0 can be from the extended K1 set instead of the RRC configured K1 set. In other words, even when the intersection of the predefined K1 values for DCI 1_0 and the RRC configured K1 set for DCI 1_1/1_2 is empty, it is still possible to do schedule based on DCI 1_0, which provides large flexibility for gNB configuration. Therefore, we prefer to clarify that the intersection of predefined K1 values for DCI 1_0 and the extended K1 set for DCI 1_1/1_2 is applicable to DCI 1_0. With the clarification, no change to the current specification is needed. Otherwise, the update to the specification is necessary. 
 
	9.1.2.1	Type-1 HARQ-ACK codebook in physical uplink control channel
… [Intel: definition of K1 and other parameters]
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If a UE is provided dl-DataToUL-ACK or dl-DataToUL-ACK-DCI-1-2, the UE does not expect to be indicated by DCI format 1_0 a slot timing value for transmission of HARQ-ACK information that does not belong to the intersection of the set of slot timing values {1, 2, 3, 4, 5, 6, 7, 8} for SCS configuration of PUCCH transmission , {7, 8, 12, 16, 20, 24, 28, 32} for , and {13, 16, 24, 32, 40, 48, 56, 64} for , and the set of slot timing values provided by for the active DL BWP of a corresponding serving cell.
…



Proposal 4
· The intersection of predefined K1 values for DCI 1_0 and the extended K1 set for DCI 1_1/1_2 is applicable to DCI 1_0. 
· The current specification already covers the behavior. Hence no specification change is necessary

3 Conclusion
In this contribution, we discuss the remaining issues of multi-PDSCH/PUSCH scheduling and HARQ-ACK feedback enhancements associated with multi-slot scheduling. The following are list of all proposals:
Proposal 1
· If a PUSCH is collided with symbol(s) indicated by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set, the HARQ process number increment is not skipped for the PUSCH.
· No TP is needed for HARQ process number increment for invalid PUSCH. 

Proposal 2: 
· Prefer to apply unified handling for Case 5 and Case 6
· Prefer to confirm Case 5 OOO handling is based on configured SLIVs 
· Otherwise, if OOO handling is defined by the valid SLIVs, it is preferred to apply valid SLIVs in 
· PUSCH preparation time 
· PDSCH reception preparation time with cross carrier scheduling with different SCSs for PDCCH and PDSCH
· Activated TCI states within multi-PDSCH transmission
Proposal 3
· Time domain bundling can be applied to Type-3 HARQ-ACK codebook. 
· HARQ-ACK bits of two or more consecutive HARQ processes that are scheduled by the same DCI can be bundled. 

Proposal 4
· The intersection of predefined K1 values for DCI 1_0 and the extended K1 set for DCI 1_1/1_2 is applicable to DCI 1_0. 
· The current specification already covers the behavior. Hence no specification change is necessary

Annex: All related RAN1 agreements/conclusions
Agreement
Support the following values for cg-minDFI-Delay
· SCS 120 kHz: 7, m*14, 
· SCS 480 kHz: 7*4, m*14*4, 
· SCS 960 kHz: 7*8, m*14*8, 
where m = {1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32}

Agreement
· The case where two multi-PDSCH (or multi-PUSCH) scheduling DCIs end in the same symbol but two multi-PDSCH (or multi-PUSCH) scheduling have overlapping spans, where the span is defined from the beginning of the first scheduled SLIV till the end of the last scheduled SLIV, is considered as out-of-order scheduling and is not expected by UE.
· This applies also when one of two DCIs is single-PDSCH (or single-PUSCH) scheduling DCI, including the case that one DCI schedules multi-slot PDSCH (or PUSCH repetition type A or B).
· Note: This doesn’t apply when each of two DCIs schedules multi-slot PDSCH (or PUSCH repetition type A or B) as in Rel-15/Rel-16
· Note: This doesn’t apply when each of the two DCIs schedules single PDSCH (or single PUSCH) as in Rel-15/Rel-16
· Note: It is separately discussed whether the scheduled SLIV is based on configured SLIV or valid SLIV.

Working assumption
The TP#1 below for TS 38.213 section 9.1.3.1 is endorsed.
· TP#1 (Construction of bundling group based on “configured” SLIVs)
	If a UE is provided numberOfHARQ-BundlingGroups and is not provided harq-ACK-SpatialBundlingPUCCH for a serving cell , the UE generates HARQ-ACK information over transport block groups (TBGs) for PDSCH receptions where, for a maximum number of  PDSCH receptions scheduled by a DCI format on the serving cell, a maximum number of TBGs  is provided by numberOfHARQ-BundlingGroups. If the UE detects a DCI format scheduling  PDSCH receptions on the serving cell , the UE generates  HARQ-ACK information bits for first TBs and, if applicable, generates  HARQ-ACK information bits for second TBs in the  PDSCH receptions as described in clause 9.1.1 by setting  and . For a TBG with at least one PDSCH not overlapping with an UL symbol indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, if provided, the UE assumes that a PDSCH in the TBG is correctly received if the PDSCH overlaps with an UL symbol indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated. For a TBG that includes only PDSCH(s) overlapping with UL symbol(s) indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, if provided, NACK is generated for the TBG.



Agreement
· When re-transmission of DL SPS is indicated by DCI format 1_1, the PDCCH indicates a TDRA row index including only one SLIV.
· When re-transmission of UL CG is indicated by DCI format 0_1, the PDCCH indicates a TDRA row index including only one SLIV.
Agreements
· Text Proposal TP#B (for 38.213, Clause 9.1.2.1) in section 4.2 of R1-2202679 is endorsed.
· Text Proposal TP#C (for 38.214, Clause 6.1) in section 4.3 of R1-2202679 is endorsed.
· Text Proposal TP#E (for 38.213, Clause 10.3) in section 4.5 of R1-2202679 is endorsed.
· Text Proposal TP#H (for 38.214, Clauses 5.1 and 6.1) in section 4.8 of R1-2202679 is endorsed.

Agreement
The following TP for TS 38.214 Clause 6.1.2.1 is endorsed
-------------------------------------------Start of TP#F1 for TS 38.214 Clause 6.1.2.1-----------------------------------------------
6.1.2.1	Resource allocation in time domain
If a UE is configured with pusch-TimeDomainAllocationListForMultiPDUSCH-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-TimeDomainAllocationListForMultiPDUSCH-r17.
------------------------------------------------------------End of TP#F1----------------------------------------------------------------

Agreement
The following TP for TS 38.214 Clause 5.1.3.2 is endorsed
-------------------------------------------Start of TP#J1 for TS 38.214 Clause 5.1.3.2 -----------------------------------------------
5.1.3.2	Transport block size determination
In case the higher layer parameter maxNrofCodeWordsScheduledByDCI indicates that two codeword transmission is enabled, then one of the two transport blocks is disabled by DCI format 1_1 if IMCS = 26 and if rvid = 1 for the corresponding transport block. When the UE is configured with higher layer parameter [pdsch-TimeDomainAllocationListForMultiPDSCH-r17], either the first or the second transport block of all scheduled PDSCHs is disabled by the DCI format 1_1 if IMCS = 26 and if rvid = 2[RV bits] are set to ‘1’ for the corresponding transport block of all scheduled PDSCHs. If both transport blocks are enabled, transport block 1 and 2 are mapped to codeword 0 and 1 respectively. If only one transport block is enabled, then the enabled transport block is always mapped to the first codeword.
------------------------------------------------------------End of TP#J1----------------------------------------------------------------

Agreement
For multi-PDSCH scheduling via a single DCI with 'tdmSchemeA' for single DCI based multi-TRP mechanism,
· If at least one of the repetitions of the PDSCH collides with semi-static UL symbols, the corresponding PDSCH (i.e., both repetitions) is considered as invalid.
· Note: No specification impact on Type-1 HARQ-ACK codebook construction is expected, as a consequence of this agreement.
· Note: This is not applied for the case when the multi-PDSCH DCI schedules only a single PDSCH.

Agreement
When a DCI format indicates TCI state update without scheduling PDSCH reception, the PDCCH indicates a TDRA row index including only one SLIV.

Agreement
For generating type-2 HARQ-ACK codebook corresponding to a DCI that can schedule multiple PDSCHs, if , the UE determines a number of HARQ-ACK information bits  for obtaining a transmission power for a PUCCH, considering at least the followings.
· For a serving cell c configured with numberOfHARQ-BundlingGroups with ,  (in  formula) corresponding to the DCI in PDCCH monitoring occasion  is given by 2 if harq-ACK-SpatialBundlingPUCCH is not provided and the DCI schedules two codewords, or given by 1 otherwise.
· If the UE is configured with numberOfHARQ-BundlingGroups with  for a serving cell or not configured with numberOfHARQ-BundlingGroups but configured with PDSCH-TimeDomainResourceAllocationListForMultiPDSCH for a serving cell, .
· For a serving cell c configured with numberOfHARQ-BundlingGroups with ,  (in  formula) corresponding to the DCI in PDCCH monitoring occasion  is given by 2*X(X= the number of TBGs, each including at least one valid PDSCH which are constructed based on the PDSCH(s) scheduled by the DCI) if harq-ACK-SpatialBundlingPUCCH is not provided and the DCI schedules two codewords, or given by X otherwise.
· For a serving cell c not configured with numberOfHARQ-BundlingGroups but configured with PDSCH-TimeDomainResourceAllocationListForMultiPDSCH,  (in  formula) corresponding to the DCI in PDCCH monitoring occasion  is given by 2*Y(Y= the number of valid PDSCH receptions scheduled by the DCI) if harq-ACK-SpatialBundlingPUCCH is not provided and the DCI schedules two codewords, or given by Y otherwise.
· Note: “valid PDSCH” implies a PDSCH not overlapping with an UL symbol indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, if provided
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