3GPP TSG RAN WG1 #107bis-e			R1-2200568
e-Meeting, January 17th – 25th, 2022

Agenda Item:	8.2.5
Source: 	LG Electronics
Title: 	PDSCH/PUSCH enhancements to support NR above 52.6 GHz
[bookmark: Source][bookmark: Title][bookmark: DocumentFor]Document for:	Discussion and decision
1. Introduction
[bookmark: _GoBack]In this contribution, we discuss and provide views on multi-PDSCH/PUSCH scheduling and corresponding HARQ operation and time line related aspects adapted to each of 480 kHz and 960 kHz SCSs, to support NR in high frequency range from 52.6 GHz to 71 GHz.

2. Multi-PDSCH/PUSCH scheduling
	Agreement: (RAN1#106-e)
If a scheduled PDSCH/PUSCH is dropped due to collision with UL/DL symbol(s) indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, HARQ process number increment is skipped for the PDSCH/PUSCH and applied only for valid PDSCH(s)/PUSCH(s).
· FFS: HARQ process number determination for the case where a scheduled PDSCH/PUSCH collides with a flexible symbol (indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated) if the UE is configured to monitor DCI format 2_0.

Conclusion: (RAN1#105-e)
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.


It was agreed that if some PDSCH(s)/PUSCH(s) can be skipped due to the collision with semi-static UL/DL or flexible symbol(s), HARQ process number increment will be skipped for those PDSCH(s)/PUSCH(s). Still we have several issues regarding how to handle PDSCH/PUSCH collided with UL/DL symbols or with flexible symbols.
Firstly, for NDI and RV values, it was agreed to indicate NDI/RV per PDSCH/PUSCH in multi-PDSCH/PUSCH scheduling DCI. Similar to the case of HARQ process number signalling, it seems straight-forward not to indicate NDI and RV values for skipped PDSCH(s)/PUSCH(s).

Proposal #1: If a PDSCH among multiple PDSCHs that are scheduled by a single DCI is collided with uplink symbol(s) indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, NDI/RV fields corresponding to the PDSCH are absent in the DCI.
Proposal #2: If a PUSCH among multiple PUSCHs that are scheduled by a single DCI is collided with downlink symbol(s) indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated or collided with SSB symbols indicated by ssb-PositionsInBurst, NDI/RV fields corresponding to the PUSCH are absent in the DCI.

Secondly, we may need to reconsider about aperiodic CSI report in case a PUSCH that would have included aperiodic CSI report is skipped due to the collision with semi-static DL symbols or SSB symbols. For example, if two PUSCHs are scheduled by a single DCI, the second PUSCH carries aperiodic CSI report, based on conclusion made in RAN1#105-e. However, if the second PUSCH is dropped due to the collision, then the first PUSCH instead of the second PUSCH can convey aperiodic CSI report.

Proposal #3: Considering that M-th or (M-1)-th scheduled PDSCH (which would carry aperiodic CSI report as per previous agreement) can be cancelled due to the collision with semi-static DL symbols or SSB, when the DCI schedules M PUSCHs and K (<=M) PUSCHs are actually transmitted, the PUSCH that carries the aperiodic CSI feedback is K-th transmitted PUSCH for K <= 2, or (K-1)-th transmitted PUSCH for K > 2.

	Agreement: (RAN1#106bis-e)
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


There are two FFS cases to handle OOO scheduling with multi-PDSCH scheduling DCI. For the first case, we do not prefer to allow special handling for one multi-PXSCH scheduling DCI + one single-PXSCH scheduling DCI. This is because gNB can avoid a situation that UE has to receive urgent PDSCH (scheduled by single PDSCH scheduling DCI) in-between reception of multiple PDSCHs (scheduled by multi-PDSCH scheduling DCI), by scheduling PDSCHs less than the maximum number of schedulable PDSCHs when the situation can be expected by gNB.
For the second case, it can be simply treated as OOO scheduling. Furthermore, we may allow interlaced PDSCH scheduling itself but UE can drop some of scheduled PDSCHs not to lead to OOO scheduling. For instance as in Figure 1, by dropping PDSCH3 and PDSCH4 (or dropping PDSCHa and PDSCHb), UE can avoid OOO scheduling even though two multi-PDSCH scheduling DCIs end in the same symbol and scheduled PDSCHs by two DCIs are interlaced.
Additionally, in RAN1#107-e meeting, it was discussed whether invalid PDSCH (which is cancelled due to collision with semi-static UL symbol(s)) needs to be considered for OOO scheduling or not. Our view is that it would be reasonable to consider only valid PDSCH to determine the rule for OOO scheduling since validity of PDSCH is semi-statically determined and does not lead to an ambiguity issue between gNB and UE.

[image: ]
Figure 1. Example of interlaced PDSCH scheduling case when two multi-PDSCH scheduling DCIs end at the same symbol

Proposal #4: For one multi-PDSCH (or multi-PUSCH) scheduling DCI and one single-PDSCH (or single-PUSCH) scheduling DCI, UE does not expect any of the scheduled PDSCHs (or PUSCHs) and the scheduling DCI to lead to out-of-order scheduling.
Proposal #5: For the case where two DCIs end at the same symbol but two 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, UE drops the PDSCHs scheduled by one of the two DCIs in the overlapping duration.
Proposal #6: Do not consider any invalid PDSCH (which is collided with semi-static UL symbol(s)) to check out-of-order scheduling.

	Agreement: (RAN1#105-e)
For TDRA in a DCI that can schedule multiple PDSCHs (or PUSCHs),
· A row of the TDRA table can indicate PDSCHs (or PUSCHs) that are in consecutive or non-consecutive slots.
· FFS: The maximum value of the gap between two consecutively scheduled PDSCHs or between two consecutively scheduled PUSCHs
· FFS: The maximum value of the gap between the first scheduled PDSCH and the last scheduled PDSCH or between the first scheduled PUSCH and the last scheduled PUSCH
· FFS: Details to introduce the gap between PDSCHs or between PUSCHs

Agreement: (RAN1#106-e)
For TDRA in a DCI that can schedule multiple PDSCHs (or PUSCHs),
· A row of the TDRA table can indicate PDSCHs (or PUSCHs) that are in consecutive or non-consecutive slots, by configuring {SLIV, mapping type, scheduling offset K0 (or K2)} for each PDSCH (or PUSCH) in the row of TDRA table.
· Note: Whether and how to reduce RRC overhead is left to RAN2.


Regarding the maximum gap between scheduled PDSCHs or scheduled PUSCHs, several companies proposed to restrict the maximum gap to a specific value considering channel conditions such as coherence time. However, defining the proper value for the maximum gap might be controversial since channel conditions can vary depending on deployment scenario, carrier frequency, and so on. Instead, network may be able to control the gap between PDSCHs or PUSCHs based on channel conditions, traffic load, etc. Therefore, it would be more desirable for the maximum gap between PDSCHs or PUSCHs to be left up to network implementation, without specifying the corresponding gap values.

Observation #1: Adjustment of the gap between PDSCHs (or PUSCHs) for multi-PDSCH (or multi-PUSCH) scheduling DCI can be left up to network implementation.

Regarding the method to indicate PDSCHs (or PUSCHs) that are in consecutive or non-consecutive slots, it was agreed to indicate scheduling offset for each individual SLIV in a row of TDRA table. One related issue is for the case where a multi-PDSCH scheduling DCI (or multi-PUSCH scheduling DCI) (de)activates SPS PDSCH (or CG PUSCH) and indicates a row index of the TDRA table associated with multiple SLIVs. For this case, UE may not expect that SPS PDSCH (or CG PUSCH) will be (de)activated by the DCI indicating a TDRA row index associated with multiple SLIVs. Alternatively, if it is allowed that SPS PDSCH (or CG PUSCH) is (de)activated by the DCI indicating a TDRA row index associated with multiple SLIVs, TDRA or PUCCH resource corresponding to SPS (or CG) can be determined based on a specific (e.g., first or last) SLIV value in the indicated TDRA row index. In our view, it is preferred to allow multi-PDSCH (or multi-PUSCH) scheduling DCI to be able to (de)activate SPS (or CG) by indicating a TDRA row index associated with multiple SLIVs, considering the case where all TDRA row indexes are configured with more than one SLIV. In this case, TDRA or PUCCH resource corresponding to SPS (or CG) can be determined based on the last SLIV value in the indicated TDRA row index. It should be noted that the same principle can be extended to a DCI format not scheduling PDSCH but requiring HARQ feedback (e.g., SCell dormancy indication, TCI state update).

Proposal #7: If a DCI that indicates a row index of the TDRA table associated with multiple SLIVs can be used for SPS PDSCH (or CG PUSCH) (de)activation, determine TDRA or PUCCH resource corresponding to SPS (or CG) based on the last SLIV value in the indicated TDRA row index.

	Working assumption: (RAN1#106-e)
For NR FR2-2, two codeword transmission is supported, subject to UE capability.
· RRC parameter configures whether two codeword transmission is enabled or disabled.
· FFS: Details on signaling of MCS/NDI/RV for the second TB in a DCI that can schedule multiple PDSCHs when two codeword transmission is enabled
· FFS: Whether unified or separate parameter to enable/disable 2-TB for single and for multiple PDSCH scheduling
· Strive to minimize the increase in the number of bits in the DCI needed to support this feature


Regarding 2 TB support, we may need to discuss TB-disabling mechanism for multi-PDSCH scheduling DCI. In Rel-15 NR, one of 2 TBs is disabled by DCI format 1_1 with MCS = 26 and RV index #1 for the corresponding transport block. However, for multi-PDSCH scheduling DCI, legacy mechanism for TB-disabling is not sufficient since only one bit is allocated for each TB and the bit indicates RV index #0 or index #2 (and does not indicate index #1). One method to disable a TB for all PDSCHs at once, could be to set all ‘1’s for RV bits corresponding to the TB of all scheduled PDSCHs and set MCS=26. Alternative method to disable a TB individually for each PDSCH could be to set ‘1’ for RV bit corresponding to the TB of a PDSCH and set MCS=26 (by reinterpreting value ‘1’ for RV field as RV index #1 when multiple PDSCHs are scheduled and MCS=26).

Proposal #8: Consider one of the following methods to disable one of 2 TBs if 2-TB is enabled and more than one PDSCH is scheduled by multi-PDSCH scheduling DCI.
· Method 1: Set all ‘1’s for RV bits corresponding to the TB of all scheduled PDSCHs and set MCS=26.
· Method 2: Set ‘1’ for RV bit corresponding to the TB of a PDSCH and set MCS=26 (e.g., by reinterpreting value ‘1’ for RV field as RV index #1 when multiple PDSCHs are scheduled and MCS=26).

3. HARQ operation
3.1. PUCCH power control
In Rel-16, in case that UCI payload is equal to or less than 11 bits, UE determines  for PUCCH power control based on the number of received PDSCHs (both for type-1 and type-2 HARQ-ACK codebooks) as well as the number of identified missed PDSCHs (for type-2 HARQ-ACK codebook), as captured below from TS 38.213 specification.

	<Type-1 HARQ-ACK codebook case>
If , the UE determines a number of HARQ-ACK information bits  for obtaining a transmission power for a PUCCH, as described in clause 7.2.1, as  where 
-	 are all DL cells where the UE is configured to receive unicast or multicast PDSCHs
-	 is the cardinality for the union of all sets  of occasions for unicast or multicast PDSCH receptions or SPS PDSCH releases for serving cell 
-	 is the number of transport blocks the UE receives in PDSCH reception occasion  for serving cell  if harq-ACK-SpatialBundlingPUCCH and PDSCH-CodeBlockGroupTransmission are not provided, or the number of transport blocks the UE receives in PDSCH reception occasion  for serving cell  if PDSCH-CodeBlockGroupTransmission is provided and the PDSCH reception is scheduled by a DCI format that does not support CBG-based PDSCH receptions, or the number of PDSCH receptions if harq-ACK-SpatialBundlingPUCCH is provided or SPS PDSCH release or TCI state update in PDSCH reception occasion  for serving cell  and the UE reports corresponding HARQ-ACK information in the PUCCH.
-	 is the number of CBGs the UE receives in a PDSCH reception occasion  for serving cell  if PDSCH-CodeBlockGroupTransmission is provided and the PDSCH reception is scheduled by a DCI format that supports CBG-based PDSCH receptions and the UE reports corresponding HARQ-ACK information in the PUCCH.

<Type-2 HARQ-ACK codebook case when CBG is not configured>
[bookmark: _Hlk91147166]If a UE is not provided PDSCH-CodeBlockGroupTransmission for any serving cells, or for PDSCH receptions scheduled by a DCI format that does not support CBG-based PDSCH receptions, or for SPS PDSCH reception, or for a DCI format having associated HARQ-ACK information without scheduling PDSCH reception, and if , the UE determines a number of HARQ-ACK information bits  for obtaining a transmission power for a PUCCH, as described in clause 7.2.1, as 
	
where 
-	 is a number of serving cells where the UE is configured to receive unicast PDSCHs
-	 is a number of serving cells where the UE is configured to receive multicast PDSCHs for a G-RNTI  or a G-CS-RNTI 
-	 is a total number of G-RNTIs or G-CS-RNTIs configured to the UE
-	 is the number of PDCCH monitoring occasions for unicast DCI formats 
-	 is the number of PDCCH monitoring occasions for multicast DCI formats with CRC scrambled by G-RNTI  or G-CS-RNTI 
-	 where  the number of bits for the counter DAI field in unicast DCI formats
-	 where  the number of bits for the counter DAI field in multicast DCI formats with CRC scrambled by G-RNTI  or G-CS-RNTI 
-	if ,  is the value of the counter DAI in the last DCI format scheduling PDSCH reception or having associated HARQ-ACK information without scheduling PDSCH reception, that the UE detects within the  PDCCH monitoring occasions. 
-	if ,  is the value of the counter DAI in the last multicast DCI format with G-RNTI , or G-CS-RNTI , scheduling PDSCH reception or having associated HARQ-ACK information without scheduling a PDSCH reception, that the UE detects within the  PDCCH monitoring occasions
-	if  or if 
-	if the UE does not detect any DCI format that includes a total DAI field in a last PDCCH monitoring occasion within the  or  PDCCH monitoring occasions where the UE detects at least one DCI format scheduling PDSCH reception, or having associated HARQ-ACK information without scheduling PDSCH reception, for any serving cell ,  or , respectively, is the value of the counter DAI in a last DCI format the UE detects in the last PDCCH monitoring occasion
-	if the UE detects at least one DCI format that includes a total DAI field in a last PDCCH monitoring occasion within the  or , for G-RNTI  or G-CS-RNTI , PDCCH monitoring occasions where the UE detects at least one DCI format scheduling PDSCH reception, or having associated HARQ-ACK information without scheduling PDSCH reception, for any serving cell ,  or , respectively, is the value of the total DAI in the at least one DCI format that includes a total DAI field
-	 or  if the UE does not detect any DCI format scheduling PDSCH reception, or having associated HARQ-ACK information without scheduling PDSCH reception,  for any serving cell  in any of the  or  PDCCH monitoring occasions, respectively.
-	 or , for G-RNTI  or G-CS-RNTI , is the total number of DCI formats scheduling PDSCH receptions, or having associated HARQ-ACK information without scheduling a PDSCH reception, that the UE detects within the  or  PDCCH monitoring occasions, respectively, for serving cell .  or  if the UE does not detect any DCI format scheduling PDSCH reception, or having associated HARQ-ACK information without scheduling PDSCH reception, for serving cell  in any of the  or , respectively,PDCCH monitoring occasions.
-	 if the value of maxNrofCodeWordsScheduledByDCI is 2 for any serving cell  and harq-ACK-SpatialBundlingPUCCH is not provided; otherwise, .
-	.
-	 or , for G-RNTI  or G-CS-RNTI , is the number of transport blocks the UE receives in a PDSCH scheduled by a DCI format that the UE detects in PDCCH monitoring occasion  for serving cell  if harq-ACK-SpatialBundlingPUCCH is not provided, or the number of PDSCH scheduled by a DCI format that the UE detects in PDCCH monitoring occasion  for serving cell  if harq-ACK-SpatialBundlingPUCCH is provided, or the number of DCI formats that the UE detects and have associated a HARQ-ACK information without scheduling PDSCH reception in PDCCH monitoring occasion  for serving cell . 
-	 or , for G-RNTI  or G-CS-RNTI , is the number of SPS PDSCH receptions by the UE on serving cell  for which the UE transmits corresponding HARQ-ACK information in the same PUCCH as for HARQ-ACK information corresponding to PDSCH receptions within the  or  PDCCH monitoring occasions, respectively.



In Rel-17, since multi-PDSCH scheduling and time domain bundling are newly introduced, the method to calculate  should be accordingly modified. For instance for type-1 HARQ-ACK codebook,  needs to consider whether the received PDSCH at monitoring occasion m for serving cell c (configured with multi-PDCSH scheduling DCI and enableTimeDomainHARQ-Bundling) is associated with the last SLIV or not. For another instance for type-2 HARQ-ACK codebook, the second sub-codebook for multi-PDSCH scheduling and the number of bundling groups configured for serving cell c should be considered.

Proposal #9: For type-1 and type-2 HARQ-ACK codebooks, consider multi-PDSCH scheduling and time domain bundling configuration to derive  for PUCCH power control when UCI payload size is equal to or less than 11 bits.

3.2. Type-2 HARQ-ACK codebook
	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


In RAN1#107-e meeting, it was agreed to introduce time domain bundling for type-2 HARQ-ACK codebook generation as above. However, we have several remaining issues:
· Issue 1: As highlighted above, whether HARQ bundling group is constructed based on configured SLIVs or valid SLIVs
· Issue 2: Whether spatial bundling can be configured or not when time domain bundling is configured for type-2 HARQ-ACK codebook generation
For Issue 1, it is preferred to construct HARQ bundling group based on configured SLIVs, considering the commonality with HARQ-ACK bit ordering mechanism which is based on configured SLIV position in the indicated TDRA row index as per previous agreement.
For Issue 2, separate configuration of spatial bundling from time domain bundling configuration should be allowed, as already specified for type-1 HARQ-ACK codebook generation in TS 38.213 v17.0.0.

Proposal #10: The PDSCHs corresponding to “configured” SLIVs in a TDRA row index indicated by multi-PDSCH scheduling DCI are allocated to the bundling groups.
Proposal #11: If a UE is provided with numberOfHARQ-BundlingGroups, the UE can be also configured with harq-ACK-SpatialBundlingPUCCH or harq-ACK-SpatialBundlingPUSCH.

3.3. HARQ process
In RAN1#107-e meeting, it was discussed whether to support 32 maximum HARQ processes for 120 kHz SCS, in addition to 480/960 kHz. If 32 HARQ processes are not supported for 120 kHz SCS, a BWP in a serving cell can be configured with 120 kHz SCS and 16 HARQ processes while the other BWP in the serving cell can be configured with 480/960 kHz SCS and 32 HARQ processes. In this case, as described in [1], data soft combining and/or how to configure different number of HARQ processes per BWP need to be discussed. Additionally, type-3 HARQ-ACK codebook generation method (e.g., 32 or 16 HARQ-ACK bits for the serving cell) or how to indicate HARQ process index in a DCI format indicating BWP switching is to be figured out. One possible way to avoid such issues could be to allow 32 maximum HARQ processes also for 120 kHz SCS in FR2-2, which seems to be a simple extension and UE capable of 32 HARQ processes for 480/960 kHz SCS would be capable of 32 HARQ processes for 120 kHz SCS as well.

Proposal #12: For 120 kHz SCS (in addition to 480/960 kHz), support 32 as the maximum number of HARQ processes for DL and UL, subject to UE capability.

4. Time-line related aspects for 480 kHz and 960 kHz SCSs
· PDSCH-to-HARQ_feedback timing indicator for 2-step RACH procedure
At the last meeting, the set of values of the PDSCH-to-HARQ_feedback timing indicator field in DCI format 1_0 for 480/960 kHz SCS was agreed as follows. 
	Agreement:
For NR operation with 480 kHz and/or 960 kHz SCS, select the following as the set of values for PDSCH-to-HARQ_feedback timing indicator field in DCI format 1_0.
· {7, 8, 12, 16, 20, 24, 28, 32} for 480 kHz and {13, 16, 24, 32, 40, 48, 56, 64} for 960 kHz


These values provide an increased range so that the NR operation with 480/960 kHz SCS can work well according to the timeline of 120 kHz SCS without increasing the bidwidth of the corresponding DCI field. Especially, the smallest values of each set were determined, reflecting the loosely defined values of N1 for each of these SCSs.
Meanwhile, for the 2-step RACH procedure, the value of PDSCH-to-HARQ feedback timing indicator field is also used to determine the slot for the PUCCH with HARQ-ACK for successRAR. According to Clause 8.2A of the TS 38.213 specification, the corresponding PUCCH slot is determined as n+k+Δ, where n is a slot of the PDSCH reception and k is indicated by a HARQ Feedback Timing Indicator field of the successRAR having a value from {1,2,3,4,5,6,7,8}. Δ is an additional SCS-specific slot delay for PUSCH transmission scheduled by RAR message defined by Table 6.1.2.1.1-5 in TS 38.214 and the values for 480/960 kHz were also determined to be 24/48 slots, respectively, at the last meeting. The following is the relevant specification in TS 38.213.
	…
If the UE detects the DCI format 1_0, with CRC scrambled by the corresponding MsgB-RNTI and LSBs of a SFN field in the DCI format 1_0, if applicable, are same as corresponding LSBs of the SFN where the UE transmitted PRACH, and the UE receives a transport block in a corresponding PDSCH within the window, the UE passes the transport block to higher layers. The higher layers indicate to the physical layer
-	an uplink grant if the RAR message(s) is for fallbackRAR and a random access preamble identity (RAPID) associated with the PRACH transmission is identified, and the UE procedure continues as described in clauses 8.2, 8.3, and 8.4 when the UE detects a RAR UL grant, or
-	transmission of a PUCCH with HARQ-ACK information having ACK value if the RAR message(s) is for successRAR, where 
-	a PUCCH resource for the transmission of the PUCCH is indicated by PUCCH resource indicator field of 4 bits in the successRAR from a PUCCH resource set that is provided by pucch-ResourceCommon 
-	a slot for the PUCCH transmission is indicated by a HARQ Feedback Timing Indicator field of 3 bits in the successRAR having a value  from {1, 2, 3, 4, 5, 6, 7, 8} and, with reference to slots for PUCCH transmission having duration , the slot is determined as , where  is a slot of the PDSCH reception and  is as defined for PUSCH transmission in Table 6.1.2.1.1-5 of [6, TS 38.214]
-	the UE does not expect the first symbol of the PUCCH transmission to be after the last symbol of the PDSCH reception by a time smaller than  msec where  is the PDSCH processing time for UE processing capability 1 [6, TS 38.214]
…



For 480/960 kHz SCS, current set of values of k (i.e., {1,2,3,4,5,6,7,8}) has a too low maximum value considering typical TDD UL:DL switching patterns. For example, for a TDD UL:DL configuration for 960 kHz with switching times the same as a 1:4 TDD UL/DL pattern for 120 kHz, there are 40 slots between PUCCH occasions. This may cause a scheduling restriction in designating a valid PUCCH occasion for HARQ-ACK. In fact, this is why the value range of PDSCH-to-HARQ feedback timing indicator field has increased for 480/960 kHz SCS. So, the value range of k should be increased to allow flexible PUCCH scheduling. One might think that this problem can be simply avoided by using an agreed set of values, i.e., {7, 8, 12, 16, 20, 24, 28, 32} for 480 kHz and {13, 16, 24, 32, 40, 48, 56, 64} for 960 kHz. However, in this case, the time margin for N1 is repeatedly applied to k+Δ since Δ can be considered as time margin determined in consideration of the PDSCH processing time (i.e., N1) as well as MAC layer processing latency (i.e., 0.5 msec). Therefore, it is necessary to determine the HARQ Feedback Timing Indicator field in successRAR that can fit well with the 120 kHz timeline while avoiding such an unnecessarily large time margin. In a simple way, k can be defined as eight values starting at “1” and incrementing by “4” (or “8”) for 480 (or 960) kHz SCS. 

Proposal #13: Extend the value range {1, 2, 3, 4, 5, 6, 7, 8} of the HARQ Feedback Timing Indicator field in successRAR for 480/960 kHz SCS, in order to provide a HARQ feedback delay similar to that for 120 kHz SCS. 

5. Conclusions
In this contribution, multi-PDSCH/PUSCH scheduling and corresponding HARQ operation and time line related aspects adapted to each of 480 kHz and 960 kHz SCSs, to support NR in the frequency range from 52.6 GHz to 71 GHz were discussed. The derived proposals and observation are as follows, 
Proposal #1: If a PDSCH among multiple PDSCHs that are scheduled by a single DCI is collided with uplink symbol(s) indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, NDI/RV fields corresponding to the PDSCH are absent in the DCI.
Proposal #2: If a PUSCH among multiple PUSCHs that are scheduled by a single DCI is collided with downlink symbol(s) indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated or collided with SSB symbols indicated by ssb-PositionsInBurst, NDI/RV fields corresponding to the PUSCH are absent in the DCI.
Proposal #3: Considering that M-th or (M-1)-th scheduled PDSCH (which would carry aperiodic CSI report as per previous agreement) can be cancelled due to the collision with semi-static DL symbols or SSB, when the DCI schedules M PUSCHs and K (<=M) PUSCHs are actually transmitted, the PUSCH that carries the aperiodic CSI feedback is K-th transmitted PUSCH for K <= 2, or (K-1)-th transmitted PUSCH for K > 2.
Proposal #4: For one multi-PDSCH (or multi-PUSCH) scheduling DCI and one single-PDSCH (or single-PUSCH) scheduling DCI, UE does not expect any of the scheduled PDSCHs (or PUSCHs) and the scheduling DCI to lead to out-of-order scheduling.
Proposal #5: For the case where two DCIs end at the same symbol but two 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, UE drops the PDSCHs scheduled by one of the two DCIs in the overlapping duration.
Proposal #6: Do not consider any invalid PDSCH (which is collided with semi-static UL symbol(s)) to check out-of-order scheduling.
Observation #1: Adjustment of the gap between PDSCHs (or PUSCHs) for multi-PDSCH (or multi-PUSCH) scheduling DCI can be left up to network implementation.
Proposal #7: If a DCI that indicates a row index of the TDRA table associated with multiple SLIVs can be used for SPS PDSCH (or CG PUSCH) (de)activation, determine TDRA or PUCCH resource corresponding to SPS (or CG) based on the last SLIV value in the indicated TDRA row index.
Proposal #8: Consider one of the following methods to disable one of 2 TBs if 2-TB is enabled and more than one PDSCH is scheduled by multi-PDSCH scheduling DCI.
· Method 1: Set all ‘1’s for RV bits corresponding to the TB of all scheduled PDSCHs and set MCS=26.
· Method 2: Set ‘1’ for RV bit corresponding to the TB of a PDSCH and set MCS=26 (e.g., by reinterpreting value ‘1’ for RV field as RV index #1 when multiple PDSCHs are scheduled and MCS=26).
Proposal #9: For type-1 and type-2 HARQ-ACK codebooks, consider multi-PDSCH scheduling and time domain bundling configuration to derive  for PUCCH power control when UCI payload size is equal to or less than 11 bits.
Proposal #10: The PDSCHs corresponding to “configured” SLIVs in a TDRA row index indicated by multi-PDSCH scheduling DCI are allocated to the bundling groups.
Proposal #11: If a UE is provided with numberOfHARQ-BundlingGroups, the UE can be also configured with harq-ACK-SpatialBundlingPUCCH or harq-ACK-SpatialBundlingPUSCH.
Proposal #12: For 120 kHz SCS (in addition to 480/960 kHz), support 32 as the maximum number of HARQ processes for DL and UL, subject to UE capability.
Proposal #13: Extend the value range {1, 2, 3, 4, 5, 6, 7, 8} of the HARQ Feedback Timing Indicator field in successRAR for 480/960 kHz SCS, in order to provide a HARQ feedback delay similar to that for 120 kHz SCS. 
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