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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction

For extending NR up to 71 GHz, a WI has been approved by 3GPP TSG RAN Meeting #90 [1]. New numerologies including 480kHz/960kHz were introduced for data transmission in this frequency range. In the maintenance phase, the RAN1#107bis-e meeting has continued discussion on several aspects relating to timeline, reference signal, supporting enhancements for multi-PDSCH/PUSCH scheduling, and HARQ support with a single DCI [2] [3].

In this document, we provide views on the remaining issues for the maintenance phase, including whether to allow DCI-to-data out of order (OOO) for the case when two multi-PxSCHs have overlapping span, whether to combine HARQ-disabling feature introduced in Rel-17 NTN with multi-PDSCH scheduling, determination of the number of HARQ-ACK information bits for PUCCH power control for type-2 HARQ-ACK codebook, collision handling for multi-PDSCH with tdmSchemeA, clarification on whether to use configured or valid SLIVs for CSI request, OOO, NN-K1x fields, and for type-2 HARQ-ACK codebook on whether to use configured or valid SLIVs when the corresponding PDSCHs are allocated to the bundling groups.  


Discussion
2.1 Out-of-order scheduling
	From RAN1#107bis-e meeting
DCI-to-data OOO
Conclusion
· UE does not expect any of the scheduled PDSCHs (or PUSCHs) and the scheduling DCIs to lead to out-of-order scheduling, also 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). 
· This may not have specification impact.
· Note: It is separately discussed whether the scheduled PDSCHs (or PUSCHs or SLIV) is based on configured SLIV or valid SLIV.

Proposed Conclusion #2.2-1b (DCI-to-data OOO):
· UE does not expect any of the scheduled PDSCHs (or PUSCHs) and the scheduling DCIs to lead to out-of-order scheduling, also 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).
· This may not have specification impact.
· The case where two multi-PDSCH (or multi-PUSCH) scheduling DCIs end in the same symbol but these 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, 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.
· Note: It is separately discussed whether the scheduled PDSCHs (or PUSCHs or SLIV) is based on configured SLIV or valid SLIV.
PDSCH-to-HARQ-ACK OOO
Conclusion
· UE does not expect any of the received PDSCHs (including SPS PDSCH) and the resource for the HARQ-ACK transmission to lead to out-of-order scheduling, for any scheduling DCIs (including multi-PDSCH scheduling DCI).




During RAN1#107bis-e meeting, two conclusions were proposed relating to whether to allow the OOO scheduling for DCI-to-data OOO and PDSCH-to-HARQ-ACK OOO, respective. It was decided that for the first case under ‘DCI-to-data OOO’ with one multi-PxSCH scheduling DCI and one single-PxSCH scheduling DCI no OOO scheduling is expected by UE, and under the ‘PDSCH-to-HARQ-ACK OOO’ the UE also does not expect any of the received PxSCHs and the resource for the HARQ-ACK transmission to lead to OOO scheduling. 
Regarding the second case under ‘DCI-to-data OOO’ included in Proposed Conclusion #2.2-1b that has not reached consensus, the majority prefers not to allow OOO for the case, while one opponent has an argument that for Rel-15/16 PDSCH/PUSCH repetition operation with pdsch-AggregationFactor/pusch-AggregationFactor or repetitionNumber-r16/numberOfRepetitions-r16, overlapping spans is allowed. However, as the moderator has pointed out, one difference between Rel-15/16 and the cases in this proposal is that the same TB is repeated in Rel-15/16 while individual TBs may be transmitted in Rel-17. We think that the issue should be consistently handled with the first case under ‘DCI-to-data OOO’ and the case under ‘PDSCH-to-HARQ-ACK OOO’, such that no OOO is allowed. 
Proposal 1. Prefer not to allow OOO for the second case under ‘DCI-to-data OOO’, i.e., UE does not expect any of the scheduled PxSCHs and the scheduling DCIs to lead to OOO scheduling for the case where two multi-PxSCH scheduling DCIs end in the same symbol but these two multi-PxSCH scheduling DCIs have overlapping spans.

2.2 HARQ-disabling feature introduced in Rel-17 NTN  
	From RAN1#107bis-e meeting
[Moderator’s note] Ericsson brought up several issues when HARQ-disabling feature introduced in Rel-17 is also applicable to the serving cell configured with multi-PDSCH scheduling. From the moderator’s perspective, it should be first discussed whether this combination can be allowed or not. In that sense, it is encouraged for companies to provide views on this issue, if any.



Regarding the issue of whether to apply the HARQ-disabling feature introduced in Rel-17 NTN captured based on the input from [4, Ericsson], it was observed by companies during the discussion that HARQ-disabling feature was specifically introduced for NTN, and there has not been a relevant discussion from the NTN WI on whether this feature can be supported for non-NTN. Also, there is concern that more specification works are expected for identifying whether the feature is applicable for FR2-2 with single-PxSCH or multi-PxSCH scheduling. However, we prefer that the issue to be consistently handled across the agenda items.
Proposal 2. It is recommended to pursue the HARQ-disabling feature for FR2-2 consistently with similar features across other AI (such as NTN).

2.3 Calculation of  for HARQ-ACK CB PUCCH power control
	From RAN1#107bis-e meeting
Agreement
For type-1 HARQ-ACK codebook, if [image: ], the UE determines a number of HARQ-ACK information bits [image: ] for obtaining a transmission power for a PUCCH, as follows.
· For a serving cell c configured with enableTimeDomainHARQ-Bundling, and for a DCI format indicating a TDRA row that includes more than one SLIV entry on the serving cell c, the UE considers a PDSCH (which carries one or two transport blocks enabled by the DCI format irrespective of whether the PDSCH is valid or not) only associated with the last SLIV as received, to determine [image: ].

Proposal #3.1-2 (Type-2 CB PUCCH power control):
· For type-2 HARQ-ACK codebook, if , the UE determines a number of HARQ-ACK information bits  for obtaining a transmission power for a PUCCH, as follows.
· For a serving cell c configured with numberOfHARQ-BundlingGroups and with ,  in  formula can be determined based on the number of DCI formats or the number of transport blocks.
· FFS details on  determination
· If the UE is provided numberOfHARQ-BundlingGroups with  for a serving cell c, or the UE is not provided numberOfHARQ-BundlingGroups but configured with multi-PDSCH scheduling for a serving cell c,  is the summation of  and  where  can be determined based on multi-PDSCH scheduling DCI.
· FFS details on  determination



During RAN1#107bis-e meeting, one issue captured based on proposals in [5, Samsung] and [6, vivo] was that the current specification for  calculation should be corrected for PUCCH power control when UCI payload size is equal to or less than 11 bits.  

For the Type-1 HARQ-ACK codebook, an agreement was made to address the  calculation issue, such that when time-domain bundling is configured, the UE considers a PDSCH only associated with the last SLIV as received, to determine . It was decided that the detailed spec change for this issue provided by [5, Samsung] is not included in the agreement (but to be handled by 38.213 editor). 

For the Type-2 HARQ-ACK codebook, a proposal was made on the  calculation issue for cases when a serving cell c configured with numberOfHARQ-BundlingGroups and with  and the case when the UE is provided numberOfHARQ-BundlingGroups with , or the UE is not provided numberOfHARQ-BundlingGroups but configured with multi-PDSCH scheduling for a serving cell c. We think that the proposal for Type-2 HARQ-ACK codebook have captured the issue well as with the agreement Type-1 HARQ-ACK codebook and thus recommend similar handling with the Type-1 case, i.e., the proposal can be accepted while the corresponding detailed spec changes by [6, vivo] for  determination and  determination do not need to be a part of an agreement, but separately handled by the 38.213 editor with his discretion. 
Proposal 3. Proposal #3.1-2 is acceptable for the Type-2 HARQ-ACK CB, and the detailed changes for the calculations can be handled by the 38.213 editor.

2.4 Collision handling for multi-PDSCH with tdmSchemeA
	From [7, Qualcomm], RAN1#107bis-e
Proposal 7: In the case of multi-PDSCH scheduling via a single DCI with 'tdmSchemeA', consider one of the following options to handle the overlap with semi-static UL symbols 
· Option 1: If one of the repetitions of the PDSCH collides with semi-static UL symbols, the corresponding PDSCH is considered as not valid
· Option 2: If the first repetition of the PDSCH collides with semi-static UL symbols, the corresponding PDSCH is considered as not valid
· On the other hand, if only the second repetition of the PDSCH collides with semi-static UL symbol, the PDSCH is still considered valid



One issue captured in the FLS based on input from [6, Qualcomm] is for the case of multi-PDSCH scheduling via a single DCI with ‘tdmSchemeA’, whether to cancel both of two repeated PDSCHs if at least one of repeated PDSCHs collides with semi-static UL symbols or determine the validity rule for each of repeated PDSCHs (Note that the discussion is under mTRP with intra-slot repetition, while for sTRP, it was agreed that TB repetition over multiple slots or mini-slots is not supported). 
Option 1 offers simplicity, i.e., both PDSCH repetitions are skipped if one of the repetitions collides with semi-static UL symbols. Option 2 is more reliable, the tdmSchemeA is intended for reliable transmission, such that skipping both does not comply with the main motivation. In our view Option 2 does not seem to add much complexity over Option 1.  
Proposal 4. Support Option 2 for handling for the case of tdmSchemeA with a multi-PDSCH grant such that “if the first repetition of the PDSCH collides with semi-static UL symbols, the corresponding PDSCH is considered as not valid; on the other hand, if only the second repetition of the PDSCH collides with semi-static UL symbol, the PDSCH is still considered valid”.

2.5 Clarification on whether scheduled implies configured/valid PxSCH
	From RAN1#107bis-e meeting
Agreement
For a DCI that can schedule multiple PDSCHs or multiple PUSCHs,
· It is clarified that NDI/RV fields in the following previous agreements correspond to scheduled PDSCHs indicated by the TDRA information field.

	Agreement: (RAN1#104-bis)
For a DCI that can schedule multiple PDSCHs,
· NDI for the 1st TB: This is signaled per PDSCH and applies to the first TB of each PDSCH
· RV for the 1st TB: This is signaled per PDSCH, with 2 bits if only a single PDSCH is scheduled or 1 bit for each PDSCH otherwise and applies to the first TB of each PDSCH

Agreement: (RAN1#106bis-e)
For a DCI that can schedule multiple PDSCHs, and if RRC parameter configures that two codeword transmission is enabled,
· NDI for the 2nd TB: This is signalled per PDSCH and applies to the 2nd TB of each PDSCH
· RV for the 2nd TB: This is signalled per PDSCH, with 2 bits if only a single PDSCH is scheduled or 1 bit for each PDSCH otherwise and applies to the 2nd TB of each PDSCH



· Above clarification also applies to the DCI scheduling multiple PUSCHs, i.e., NDI/RV fields in the DCI correspond to scheduled PUSCHs indicated by the TDRA information field.
· The following example change to 38.214 Sections 5.1.3 and 6.1.4 can be recommended to the editor of 38.214 to use at the editor’s discretion

Conclusion
It is clarified that the absence or presence of CBGTI field in the following previous agreement is determined based on scheduled PUSCHs indicated by the TDRA information field (i.e. irrespective of whether this is a valid PUSCH).
	Agreement: (RAN1#105-e)
· At least for 120 kHz SCS, for a DCI that can schedule multiple PUSCHs and is configured with the TDRA table containing at least one row with multiple SLIVs, 
· If CBG-based (re)transmission is configured, CBGTI field is not present when more than one PUSCHs are scheduled, but is present when a single PUSCH is scheduled, as in Rel-16.



From RAN1#105-e meeting
Conclusion: 
For a DCI that can schedule multiple PUSCHs,
· CSI-request: When the DCI schedules M PUSCHs, the PUSCH that carries the aperiodic CSI feedback is M-th scheduled PUSCH for M <= 2, or (M-1)-th scheduled PUSCH for M > 2.




On the clarification of whether “scheduled PxSCH” in previous agreements implies “valid PxSCH” or “configured PxSCH”, it was agreed during RAN1#107bis-e that NDI/RV fields and the CBGTI field are determined based the configured PDSCHs (companies later reach consensus that configured PxSCHs can be interpreted as “scheduled PxSCHs indicated by the TDRA information field” as captured by the corresponding agreement/conclusion update).
For the CSI request case, when the DCI schedules M PUSCHs, the PUSCH that carries the aperiodic CSI (A-CSI) feedback is M-th scheduled PUSCH for M<=2, or (M-1)-th schedule PUSCH for M>2. Most companies are inclined that the “scheduled M PUSCHs” corresponds to configured instead of valid M PUSCHs, it is reasonable that gNB implementation can ensure that the A-CSI conveyed by the PUSCH is valid such that no additional rule needs to be introduced, which aligns with our preference.  
Proposal 5. For the CSI request case, the number M is determined based on the number of configured PUSCHs.
For the OOO scheduling case, it remains undecided whether the rule is determined based on configured SLIVs or valid SLIVs. For the NN-K1 case, i.e., for a first DCI scheduling multiple PDSCHs and providing an inapplicable value of k1 in its PDSCH-to-HARQ_feedback timing indicator field, to multiplex the corresponding HARQ-ACK information in a PUCCH or PUSCH in a slot indicated by the PDSCH-to-HARQ_feedback timing indicator field in a second DCI, it is not decided whether only the valid PDSCHs scheduled by the first DCI are considered for definition of the corresponding timeline requirements. 
For both the cases, the majority view is that scheduled PxSCH implies valid PxSCH for less gNB restriction of scheduling caused by OOO (and the NN-K1 case is one of the OOO in NR-U), while few opponents prefer scheduled PXSCH implies configured PxSCH since an operation based on configured PxSCH is robust and default behavior. We slightly prefer that scheduled PxSCH implies valid PxSCH for better gNB scheduling flexibility, though both sides of the views have pros and cons. 
Proposal 6. Prefer that “scheduled PxSCH” implies “valid PxSCH” for better gNB scheduling flexibility for the OOO case and NN-K1 case.

2.6 Remaining issue on type-2 HARQ-ACK CB with time domain bundling 
	From RAN1#107-e meeting
Agreement (RAN1#107-e)
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



One remaining issue of type-2 HARQ-ACK CB with time-domain bundling is whether the PDSCHs corresponding to [Alt 1: configured SLIVs or Alt 2: valid SLIVs] in a TDRA row index indicated by multi-PDSCH scheduling DCI are allocated to the bundling groups. Companies’ analyses during RAN1#107bis-e were summarized by the moderator, including the following points: 
1. Either of alternatives can work and system is not broken; 
2. Technical benefit:  two alternatives may have a benefit in some scenarios, but overall, Alt 2 can provide advantage in more cases. Companies have different views on whether this advantage is marginal or not; 
3. Specification impact: it is clarified that the current 38.213 spec [8] is written based on Alt 1 but either of alternatives may require additional specification work; 
4. UE implementation: Alt 1 can bring an advantage in terms of simplified UE implementation, since UE doesn’t need to check the validity of each PDSCH and can have a common implementation irrespective of whether time bundling is configured or not.
Given that both alternatives can work and require certain specification work, point 1 and point 3 should not be a deciding factor for choosing between Alt 1 and Alt 2. Also given that it was further noted in the FLS discussion that the UE anyway needs to check the validity of the SLIVs for HARQ process ID determination, Alt 1 seems not to have an advantage over Alt 2 for UE implementation the point 4 is also not a deciding factor. 
For point 2, which is the main argument for proponents of Alt 2, the key split of view is whether the expected gain for Alt 2 over Alt 1 is marginal or not. Therefore, we slightly prefer Alt 1 but open for further discussion on this point for possible consensus. 
Proposal 7.  Slightly support Alt1 that the PDSCHs corresponding to configured SLIVs in a TDRA row index indicated by multi-PDSCH scheduling DCI allocated to the bundling groups. 

Conclusion
This document continues the discussion of the leftover issues of RAN1#107bis-e for the remainder of the maintenance phase for PDSCH/PUSCH enhancements for 52.6GHz to 71GHz.  
Proposal 1. Prefer not to allow OOO for the second case under ‘DCI-to-data OOO’, i.e., UE does not expect any of the scheduled PxSCHs and the scheduling DCIs to lead to OOO scheduling for the case where two multi-PxSCH scheduling DCIs end in the same symbol but these two multi-PxSCH scheduling DCIs have overlapping spans.
Proposal 2. It is recommended to pursue the HARQ-disabling feature for FR2-2 consistently with similar features across other AI (such as NTN).
Proposal 3. Proposal #3.1-2 is acceptable for the Type-2 HARQ-ACK CB, and the detailed changes for the calculations can be handled by the 38.213 editor.
Proposal 4. Support Option 2 for handling for the case of tdmSchemeA with a multi-PDSCH grant such that “if the first repetition of the PDSCH collides with semi-static UL symbols, the corresponding PDSCH is considered as not valid; on the other hand, if only the second repetition of the PDSCH collides with semi-static UL symbol, the PDSCH is still considered valid”.

Proposal 5. For the CSI request case, the number M is determined based on the number of configured PUSCHs.
Proposal 6. Prefer that “scheduled PxSCH” implies “valid PxSCH” for better gNB scheduling flexibility for the OOO case and NN-K1 case.
Proposal 7.  Slightly support Alt1 that the PDSCHs corresponding to configured SLIVs in a TDRA row index indicated by multi-PDSCH scheduling DCI allocated to the bundling groups.
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