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 Introduction
[bookmark: OLE_LINK2][bookmark: OLE_LINK1][bookmark: OLE_LINK16][bookmark: OLE_LINK15]In this contribution, we will discuss the remaining issues on PUSCH/PDSCH enhancements for Rel-17 above 52.6GHz.
[bookmark: _Toc28873153] Discussion 
 Multi-PDSCH/PUSCH scheduling 
Out-of-order issue
In RAN1 #106bis e-meeting, the following agreement was achieved for out-of-order scheduling: 
Agreement:
For two multi-PDSCH (or two multi-PUSCH) scheduling DCIs, UE does not expect any of the scheduled PDSCHs (or PUSCHs) and the scheduling DCI to lead to out-of-order scheduling.
· FFS: whether to allow OOO scheduling for the following two cases:
· for the case of one multi-PDSCH (or multi-PUSCH) scheduling DCI and one single-PDSCH (or single-PUSCH) scheduling DCI, where multi-PDSCH (or multi-PUSCH) scheduling DCI schedules more than one PDSCH (or PUSCH)
· for the case where two multi-PDSCH (or multi-PUSCH) scheduling DCIs end in the same symbol but two multi-PDSCH (or multi-PUSCH) scheduling DCIs have overlapping spans, where the span is defined from the beginning of the first scheduled SLIV till the end of the last scheduled SLIV
· Note: The above FFS aspect applies only to multi-PDSCH and multi-PUSCH scheduling with single DCI
For case 1 in FFS, we do not see a motivation to introduce a OOO scheduling for the case of one multi-PDSCH (or multi-PUSCH) scheduling DCI and one single-PDSCH (or single-PUSCH) scheduling DCI. In our view, we do not prefer to introduce additional specification impact to handle with the issue mentioned in case 1 except existing OOO rule. Furthermore, follow the same logic, we think that it is also not necessary to introduce additional OOO rule for case 2 in FFS.
Proposal 1: It is not recommended to introduce additional specification impact to handle the two cases listed in FFS except existing OOO rule.
Clarification on “scheduled PXSCH”
In the email discussion of RAN1 #107b-e, clarification on whether “scheduled PXSCH” in previous agreements implies valid PXSCH or not was discussed [1] and some clarifications was listed as follow:
1) For NDI/RV, whether NDI/RV fields for invalid PXSCHs are present in multi-PXSCH scheduling DCI?
2) For RV field, whether the bit-width between 1 bit and 2 bits is determined based on the number of configured SLIVs or valid SLIVs?
3) For CSI-request, whether the number of M is determined based on the number of configured SLIVs or valid SLIVs?
4) For CBGTI field, whether the presence of CBGTI field is determined based on the number of configured SLIVs or valid SLIVs?
5) For out-of-order scheduling, whether the rule for OOO scheduling is determined based on configured SLIVs or valid SLIVs?	
According to TS 38.212 [2], the number of information bits for scheduling a single PUSCH and scheduling multiple PUSCHs should be same for the same serving cell. Similar principles also apply to schedule multiple PDSCHs. Therefore, there is no real gain to remove NDI/RV of invalid PxSCH since the DCI size is constant and determined based on the configured maximum number of SLIVs across all rows. For A-CSI request, gNB should guarantee that the assigned PUSCH carrying the A-CSI is valid. For scheduling multiple PUSCH, CBGTI field should not present based on the number of configured SLIVs and unnecessary optimization should not be introduced. Therefore, we suggest to consider the number of configured SLIVs regardless of some of them is valid or invalid for bullet 1)~4).
For out-of-order scheduling, only valid PDSCH(s)/PUSCH(s) which may actually schedule by gNB should be considered.
Proposal 2: Unnecessary optimization should not be introduced for “scheduled PXSCH”.
· NDI/RV/CBGTI field is determine based on the number of configured SLIVs.
· gNB should guarantee the assigned PUSCH carrying the A-CSI is valid.
· Only valid PXSCH should be considered in out-of-order scheduling.
 Time domain bundling for Type 1 HARQ-ACK codebook
In RAN1 #107-e meeting, the following agreement was achieved for Type 1 HARQ-ACK codebook:
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
For multi-PDSCH scheduling with a single DCI, the last configured SLIV of each row index which contains at least one valid SLIV is participate in the pruning procedure even though the last configured SLIV is invalid and the last configured SLIV is not transmitted actually by gNB. According to the Figure 1 mentioned in RAN1 #107-e email discussion [1], gNB cannot schedule both row 1 and row 2 according to the pruning procedure based on the last configured SLIV even though gNB can schedule both row 1 and row 2. 


Figure 1 example for pruning procedure based on the last configured SLIV
In order not to introduce scheduling flexibility restrictions, the pruning procedure can be optimized when time domain bundling for Type 1 HARQ-ACK codebook is enabled and the last configured SLIV is invalid. The last configured invalid SLIV can be removed from the set of SLIVs used to determine the set of candidate PDSCH reception occasion and each of the removed last configured invalid SLIV corresponds to one candidate PDSCH reception occasion. After removing the last configured invalid SLIV, pruning procedure of Rel-16 can be reused to determine the remaining candidate PDSCH reception occasion.
For example, in Figure 1, the set of SLIVs used to determine the set of candidate PDSCH reception occasion is {1-1, 2-1}. The last configured invalid SLIV 1-1 should be removed from set {1-1, 2-1} and SLIV 1-1 corresponds to one candidate PDSCH reception occasion. The remaining candidate PDSCH reception occasion can be determined based on the set {2-1} and the pruning procedure of Rel-16. Therefore, 2 candidate PDSCH reception occasions can be determined and gNB can schedule both row 1 and row 2.
Proposal 3: In order not to introduce scheduling flexibility restrictions, the pruning procedure can be optimized when time domain bundling for Type 1 HARQ-ACK codebook is enabled.
· The last configured invalid SLIV can be remove from the set of SLIVs used to determine the set of candidate PDSCH reception occasion and each of the removed last configured invalid SLIV corresponds one candidate PDSCH reception occasion. 
· After removing the last configured invalid SLIV, pruning procedure of Rel-16 can be reused to determine the remaining candidate PDSCH reception occasion.
[bookmark: OLE_LINK4] TP for Type-1 HARQ-ACK codebook
For type-1 HARQ-ACK codebook with multi-PDSCH scheduling by single DCI, the set of slot timing values K1 should be updated when the set of rows R includes at least a row with more than one SLIV entry. Therefore, the following TP#1 should be introduced.
	*** <Beginning of Text Proposal 1 of TS 38.213> ***

9.1.2.1	Type-1 HARQ-ACK codebook in physical uplink control channel
< Unchanged parts are omitted > 
If the set of rows  includes at least a row with more than one SLIV entry as described in [6, TS 38.214] and enableTimeDomainHARQ-Bundling is not provided, the set of rows  and the set of slot timing values  are updated in this clause according to the following pseudo-code. 
< Unchanged parts are omitted > 

*** <Ending of Text Proposal 1 of TS 38.213> ***



Proposal 4: Adopt TP #1 into Section 9.1.2.1 of TS 38.213: 
	.*** <Beginning of Text Proposal 1 of TS 38.213> ***

9.1.2.1	Type-1 HARQ-ACK codebook in physical uplink control channel
< Unchanged parts are omitted > 
If the set of rows  includes at least a row with more than one SLIV entry as described in [6, TS 38.214] and enableTimeDomainHARQ-Bundling is not provided, the set of rows  and the set of slot timing values  are updated in this clause according to the following pseudo-code. 
< Unchanged parts are omitted > 

*** <Ending of Text Proposal 1 of TS 38.213> ***




3 RRC parameters
3.1 numberOfHARQ-BundlingGroups
According to the the following agreement on time domain bundling of type 2 HARQ-ACK codebook in RAN1 #107 e-meeting, a new RRC parameter, e.g., numberOfHARQ-BundlingGroups has been introduced. But it was not captured in the latest RRC parameters list. Therefore, we think that the RRC parameter, e.g., numberOfHARQ-BundlingGroups should be added in the RRC parameters list.
	Agreement
For multi-PDSCH scheduling with a single DCI
·  Introduce a new RRC parameter, e.g., numberOfHARQ-BundlingGroups, to configure the number of HARQ bundling groups with value range {1, 2, 4} for type-2 HARQ-ACK codebook per serving cell.
· If the RRC parameter is not configured for a serving cell, time domain bundling for type-2 HARQ-ACK codebook is not enabled for the serving cell.
· The maximum number of PDSCHs allocated to each bundling group is ceil(NPDSCH,MAX/NHBG) where NHBG is the number of bundling groups configured by numberOfHARQ-BundlingGroups for a serving cell and NPDSCH,MAX is the maximum configured number of PDSCHs for the serving cell.
· The PDSCHs corresponding to [configured or valid] SLIVs in a TDRA row index indicated by multi-PDSCH scheduling DCI are allocated to the bundling groups, e.g., if NHBG =4, NPDSCH,MAX =8, and 5 PDSCHs are scheduled, then 2/1/1/1 PDSCHs are assigned to each group, by reusing CBG grouping method.
·  For a group that is empty or is filled with only invalid PDSCH(s), HARQ-ACK bits for the bundling group is set to NACK (same principle as when no time bundling configured)
·  Logical AND operation is applied to across all valid PDSCHs within the same bundling group to generate 1 HARQ-ACK bit per group, at least for 1-TB case
· If the number of HARQ bundling groups is configured as 1 for a serving cell, HARQ-ACK bits corresponding to any DCI for the serving cell belong to the first sub-codebook.
· At least for 1-TB case, if the number of HARQ bundling groups is configured as larger than 1 for a serving cell, HARQ-ACK bits corresponding to multi-PDSCH scheduling case (which implies a multi-PDSCH DCI schedules more than one PDSCH) for the serving cell belong to the second sub-codebook,
·  Where the number of HARQ-ACK bits corresponding to a multi-PDSCH DCI is determined based on the maximum of Q value across all serving cells within the same PUCCH cell group, and Q=maximum configured number of PDSCHs for a cell without numberOfHARQ-BundlingGroups configured or Q=number of configured HARQ bundling groups for a cell with numberOfHARQ-BundlingGroups configured



Table 1: A new added RRC parameters on time domain bundling of type 2 HARQ-ACK codebook
	Sub-feature group
	RAN1 specification
	Section
	RAN2 Parant IE
	RAN2 ASN.1 name
	Parameter name in the spec
	New or existing?
	Parameter name in the text
	Description
	Value range
	Default value aspect
	Per (UE, cell, TRP, …)
	UE-specific or Cell-specific
	Specification
	Comment

	HARQ/Scheduling
	
	
	
	
	numberOfHARQ-BundlingGroups-r17
	New
	
	For multi-PDSCH scheduling with a single DCI, configure the number of HARQ bundling groups for type-2 HARQ-ACK codebook per serving cell.

	 value range {1, 2, 4}
	
	
	
	
	Agreement
For multi-PDSCH scheduling with a single DCI
Introduce a new RRC parameter, e.g., numberOfHARQ-BundlingGroups, to configure the number of HARQ bundling groups with value range {1, 2, 4} for type-2 HARQ-ACK codebook per serving cell.
....



Proposal 5: Capture the missing RRC parameters “numberOfHARQ-BundlingGroups-r17” in RRC parameters list for Rel-17 above 52.6GHz.
4 Conclusion
In this contribution, we discussed the remaining issues on PUSCH/PDSCH enhancement, including HARQ-ACK transmission, HARQ-ACK codebook and multiple PXSCH scheduling. Based on this, the following observations and proposals are provided:
Proposal 1:  It is not recommended to introduce additional specification impact to handle the two cases listed in FFS except existing OOO rule.
Proposal 2: Unnecessary optimization should not be introduced for “scheduled  PXSCH”.
· NDI/RV/CBGTI field is determine based on the number of configured SLIVs.
· gNB should guarantee the assigned PUSCH carrying the A-CSI is valid.
· Only valid PXSCH should be considered in out-of-order scheduling.
Proposal 3: In order not to introduce scheduling flexibility restrictions, the pruning procedure can be optimized when time domain bundling for Type 1 HARQ-ACK codebook is enabled.
· The last configured invalid SLIV can be remove from the set of SLIVs used to determine the set of candidate PDSCH reception occasion and each of the removed last configured invalid SLIV corresponds one candidate PDSCH reception occasion. 
· After removing the last configured invalid SLIV, pruning procedure of Rel-16 can be reused to determine the remaining candidate PDSCH reception occasion.
Proposal 4: Adopt TP #1 into Section 9.1.2.1 of TS 38.213: 
	.*** <Beginning of Text Proposal 1 of TS 38.213> ***

9.1.2.1	Type-1 HARQ-ACK codebook in physical uplink control channel
< Unchanged parts are omitted > 
If the set of rows  includes at least a row with more than one SLIV entry as described in [6, TS 38.214] and enableTimeDomainHARQ-Bundling is not provided, the set of rows  and the set of slot timing values  are updated in this clause according to the following pseudo-code. 
< Unchanged parts are omitted > 

*** <Ending of Text Proposal 1 of TS 38.213> ***



Proposal 5: Capture the missing RRC parameters “numberOfHARQ-BundlingGroups-r17” in RRC parameters list for Rel-17 above 52.6GHz.
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