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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#106bis-e, progress has been made on the following aspects of timeline issues, multi-PDSCH/PUSCH scheduling and its HARQ enhancement [1][2]. In this paper, we continue to discuss the remaining issues for multi-PDSCH/PUSCH scheduling by single DCI, HARQ enhancement and timeline definition of new SCSs in the following sections.
Timelines for the new SCSs
General discussion
In RAN1#106bits-e, progress has been made on the timeline definition of new SCSs about most issues except the range of k1 in DCI format 1_0 and values of d1,1 ,d2 (to derive Tproc,1 in PDSCH processing time) and d2,1 and d2 (to derive Tproc,2 in PUSCH preparation time) also including issues of CSI processing timelines . In RAN1#106-e meeting, the absolute time same as that of 120 kHz was agreed as the processing timelines for 480 kHz and 960 kHz SCS. For sake of the progress, we propose that the absolute time of 120 kHz SCS timelines should be adopted as the baseline to solve the left issues in Rel-17.
[bookmark: _Ref77337561]Proposal 1: The absolute time of 120 kHz SCS timelines should be adopted as the baseline to solve the left timeline issues in Rel-17.
k1 in DCI format 1_0
In RAN1#106bis-e, there are some agreements about k0/k1/k2 for FR2-2 as following:
	Agreement:
For NR operation with 480 kHz and/or 960 kHz SCS, the value range of k0 is 0 ~ 128.
Agreement:
For NR operation with 480 kHz and/or 960 kHz SCS, the value range for k2 is 0 ~ 128.
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
Agreement:
· For NR operation with 480 kHz and/or 960 kHz SCS, j = 11 for 480 kHz and j = 21 for 960 kHz for determination of the default PUSCH time domain resource allocation (in 38.214 Section 6.1.2.1.1).
· When the field k2 is absent in RRC, the UE applies the value 11 when PUSCH SCS is 480 kHz; and the value 21 when PUSCH SCS is 960 kHz for k2. 

Conclusion:
There’s no consensus in RAN1 to introduce other values of N1, N2 and N3 for NR operation with 480 and/or 960 kHz SCS in Rel-17.
Agreement:
For NR operation with 480 kHz and/or 960 kHz SCS, decide the set of values for PDSCH-to-HARQ_feedback timing indicator field in DCI format 1_0 in RAN1#107-e.
· Option 1: {4, 8, 12, 16, 20, 24, 28, 32} for 480 kHz and {8, 16, 24, 32, 40, 48, 56, 64} for 960 kHz
· Option 2: {7, 8, 9, 10, 11, 12, 13, 14} for 480 kHz and {13, 14, 15, 16, 17, 18, 19, 20} for 960 kHz
· Option 2a: {1, 2, 3, 4, 5, 6, 7, 8} (same as in existing specification)
· Note: the actual slot offset of k1 is the indicated value + offset where offset is ceil(N1/14)
· Other options are not precluded  


In the above agreements, the definition of k1 value in fallback DCI format 1_0 is still not agreed. For PDSCH scheduled by DCI format 1_0, the value of  is limited in set {1, 2, 3, 4, 5, 6, 7, 8} slots in the current specification. The exact value is indicated by field “PDSCH-to-HARQ_feedback timing indicator” in DCI. For this scenario, a new set with scaled value should be defined for 480 kHz and 960 kHz. DCI format 1_0 won’t support multi-PDSCH scheduling, and the TDD configuration should be aligned among different SCSs. Therefore, the new set should be {4, 8, 12, 16, 20, 24, 28, 32} for 480 kHz, and {8, 16, 24, 32, 40, 48, 56, 64} for 960 kHz, resulting in the same absolute HARQ feedback delay as 120 kHz SCS, based on the assumption that the absolute UE PDSCH processing time is inherited from 120 kHz as proposed in section 2.2. For Option 2, the maximum k1 value for 480 kHz is 14 and for 960 kHz is 20. For Option 2a, the maximum k1 value for 480 kHz is 8+ceil (96/14) = 14 and for 960 kHz is 8+ceil (192/14) = 22. Those maximum value are too low for gNB to schedule the nearest PUCCH resource when considering some typical DL/UL switching patterns with low ratios of UL slots. 
[bookmark: _Ref77337567]Proposal 2:  For the value range of k1 defined for DCI format 1_0, option 1 is preferred.
CSI requirement timeline
In RAN1#106bis-e, there are some agreements about Z1/Z2/Z3 for FR2-2 as following:
	Agreement:
Remove [] from previous agreed Z3 values for NR operation with 480 and 960 kHz SCS. That is,
For NR operation with 480 and 960 kHz SCS, adopt at least the values of Z1, Z2 and Z3 as in the following table for single and multi-PDSCH/PUSCH scheduling to maintain the same absolute time duration as that of 120 kHz SCS in FR2.
· Note: is UE reported capability beamReportTiming; KB3 and KB4 is UE reported capability beamSwitchTiming for 480 and 960 kHz SCS respectively.
Table:  CSI computation delay requirement 2
	
	Z1 [symbols]
	Z2 [symbols]
	Z3 [symbols]

	
	Z1
	Z’1
	Z2
	Z’2
	Z3
	Z’3

	5
	388
	340
	608
	560
	min(388, X5+ KB3)
	X5

	6
	776
	680
	1216
	1120
	min(776, X6+ KB4)
	X6


Agreement:
For NR operation with 480 kHz and/or 960 kHz SCS, CSI computation delay requirement 2 is always applied at least for the case of same SCS operation.
· FFS: whether CSI computation delay requirement 2 is always applied in the case of mixed SCS of PDCCH, CSI-RS and PUSCH.

Conclusion:
In Rel-17, for NR operation with 480 and/or 960 kHz SCS, no other values of Z1, Z2 and Z3 is supported.



In last meeting, one company raised an associated question on how to determine CSI delay for aperiodic CSI reporting in mixed SCS operation. In our understanding, the mixed operation is already support in legacy specific and it will not be an issue in higher SCSs for 60GHz band. According to TS 38.214, the CSI computation delay is determined as the minimum SCS of (1) aperiodic CSI-RS, (2) PDCCH scheduling the CSI-RS, and (3) PUSCH with corresponding CSI report. Even if the minimum SCS is determined as the timeline for CSI processing, the absolute time is same as other SCSs.
[bookmark: _Ref77337575]Proposal 3:  For NR operation with 480 kHz and/or 960 kHz SCS, CSI computation delay requirement 2 is always applied to the case of mixed SCS of PDCCH, CSI-RS and PUSCH.
Other timeline parameters
In last meeting, there are some discussion about whether to  scale or not for d1,1 and d2 (to derive Tproc,1 in PDSCH processing time) and d2,1 and d2 (to derive Tproc,2 in PUSCH preparation time) in Tprocs,1/2 calculation. Take an example of PDSCH processing time, in Rel-15/16, the value of d1,1 is determined by the last symbol position within the slot of PDSCH and PDSCH mapping type. For example, for mapping type A, if the last symbol of PDSCH is on the i-th symbol of the slot where i < 7, then d1,1 = 7 - i, otherwise d1,1 = 0. The value of d2 is determined by the PUCCH priority, if the scheduled PUCCH of a larger priority index would overlap with PUCCH/PUSCH of a smaller priority index, d2 for the PUCCH of a larger priority is set as reported by the UE; otherwise d2 = 0. Although these d value is in granularity of symbols and independent to SCS. However, if these extra symbols are simply added without scaling, the ratio of the increased processing time for 480/960 kHz will be smaller compared to 120kHz, which does not meet the original purpose for 480/960 kHz SCS. A scaling to the number of extra symbols is required so that these values can also be added to the level of N1/N2. In summary, d1,1 ,d2 , d2,1 and d2 should be scaled by 4 times for 480 kHz SCS or by 8 times for 960 kHz SCS. 
Proposal 4: For NR operation with 480 kHz and/or 960 kHz SCS, d1,1 and d2 (to derive Tproc,1 in PDSCH processing time) and d2,1 and d2 (to derive Tproc,2 in PUSCH preparation time) are scaled by 4 and 8 for 480kHz and 960kHz, respectively.
[bookmark: _Ref129681832]Enhancement on PDSCH and PUSCH
[bookmark: _Ref167612881]Multi-PDSCH/Multi-PUSCH scheduling
Maximum number of PDSCH/PUSCH for all SCSs
In RAN1#106bis-e, there is an agreement about a WF for multi-PDSCH scheduling for 120 kHz SCS as following:
	Agreement:
Confirm the working assumption from RAN1#106-e with the following modification.
Working assumption: (RAN1#106-e)
Scheduling multiple PDSCHs by single DL DCI applies to 120 kHz in addition to 480 and 960 kHz at least in FR2-2.
· FFS: Further limitations on maximum number of PDSCHs
Note: Further limitations (in addition to what was agreed earlier) on the maximum number of PDSCHs or PUSCHs can be separately discussed for all SCSs.


We are supportive of the updated WA that multiple PDSCHs by single DL DCI applies to 120 kHz in addition to 480 and 960 kHz at least in FR2-2. We do not see any reason to allow multi-PDSCH scheduling only with 480/960 kHz. In the last meeting, some companies point out that the time of multi-slot could surpass the coherence time over 8 slots if scheduled with SCS 120kHz. In our consideration, the coherence time of the channel is different according to different scenarios, if gNB finds the coherence time of channel is not sufficient for multiple PDSCH scheduling in 120 kHz SCS, it is up to gNB implementation not to schedule multi-PDSCH scheduling for the UE. There is no reason to limit the scheduling of multi-PDSCH for 120 kHz in concept of specification.
[bookmark: _Ref78183940]Proposal 5: Confirm the WA that multiple PDSCHs by single DL DCI applies to 120 kHz in addition to 480 and 960 kHz at least in FR2-2. The maximum number of PDSCH that can be scheduled with a single DCI is 8 for SCS of 120、480 and 960 kHz.
2-TB transmission
In last meeting, there is an agreement about 2-TB transmission for new SCSs in FR2-2 as follows:
	Agreement:
For a DCI that can schedule multiple PDSCHs, and if RRC parameter configures that two codeword transmission is enabled,
· MCS for the 2nd TB: This appears only once in the DCI and applies commonly to the 2nd TB of each PDSCH
· NDI for the 2nd TB: This is signaled per PDSCH and applies to the 2nd TB of each PDSCH
· RV for the 2nd 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 2nd TB of each PDSCH
· FFS: the maximum number of PDSCHs when 2 TB is enabled or when 2 TB is scheduled


There is an FFS about the maximum number of PDSCH when 2 TB is enabled or when 2TB is scheduled.
Some companies point that limit the maximum number of PDSCH when 2 TB is enabled could be reduce the overhead of DCI payload by different interpretation on NDI field. But in our understanding, the maximum number of scheduled PDSCHs would anyway be configurable by RRC by TDRA table, we don't think it is necessary to limit the maximum number of configured SLIVs when 2 TB is scheduled. 
Proposal 6: No limitation on the maximum number of PDSCHs when 2 TB is enabled or when 2 TB is scheduled. 
Out-of-order scheduling
In last meeting, some progress are made on the issues about OOO scheduling as follows:
	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


There are two cases are left of the OOO scheduling. For the first case, if the position of the first valid PDSCH is considered as the starting time to process the PDSCHs scheduled by single DCI, there is no difference for the single PDSCH scheduling. As in the TS38.214, the OOO scheduling restriction of PDSCH and PUSCH scheduling as follows:
“…For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start receiving a first PDSCH starting in symbol j by a PDCCH ending in symbol i, the UE is not expected to be scheduled to receive a PDSCH starting earlier than the end of the first PDSCH with a PDCCH that ends later than symbol i….
…For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start a first PUSCH transmission starting in symbol j by a PDCCH ending in symbol i, the UE is not expected to be scheduled to transmit a PUSCH starting earlier than the end of the first PUSCH by a PDCCH that ends later than symbol i….” could be reused for the first case with minimum change.
For the second case, the OOO scheduling restriction of legacy specification can also be used, as the two DCIs are ending in the same symbols, we have no idea which is the first one and which is the second one, so the second case do not be against the restriction of the spec, it could be allowed by the current spec.
Proposal 7: Legacy specification could be used with minimum change if regarding the first valid PDSCH/PUSCH of multiple PDSCH/PUSCH scheduling by single DCI as the “first PDSCH/PUSCH” in current specification for OOO scheduling restriction. 
(De) activation of SPS (or CG) issues
[bookmark: OLE_LINK44]In last meeting, there are some discussions about the issues for (de)activation of SPS (or CG) by using multi-PDSCH (or multi-PUCH) scheduling DCI, three options are made for further decision as follows:
· [bookmark: OLE_LINK45]Option 1: Allow only single SLIV-based (de)activation
· Option 2: Based on the last (valid) SLIV
· Option 3: Based on the first (valid) SLIV
[bookmark: OLE_LINK38]In Rel-15/16, the activation of SPS/CG can be indicated by DCI format 1_1, if the DCI format 1_1 is configured with multi-PDSCH scheduling, there is an issue how to indicate the actual SLIV for the SPS/CG. For sake of progress, we support Option 1 which has the least spec impact. For Option 2, there is an agreement that for DCI scheduling multiple PDSCHs, the k1 indicated by the DCI (or provided by RRC signaling) indicates the slot offset between the last PDSCH scheduled by the DCI and slot carrying the corresponding HARQ-ACK information, if the last SLIV is invalid due to collision with UL symbol by TDD configuration, there is an spec impact on how to determine the PUCCH resource by k1 value. For Option3, the definition of k1 in DCI needs revised.  For deactivation of SPS/CG, deactivation is indicated by FDRA and some other fields, so we don’t see the relation with the TDRA field and the SLIVs.
Proposal 8: For activation of SPS (or CG) by using multi-PDSCH (or multi-PUCH) scheduling DCI, only single SLIV-based activation is allowed.

HARQ
Time domain bundling for Type-1/2 HARQ-ACK codebook
In last meeting, discussion is continued on how to support the time domain bundling for Type-1/2 HARQ-ACK codebook. As we know, the intention of supporting time domain bundling is to reduce the overhead of codebook size.
[bookmark: OLE_LINK6]For simplicity, time domain bundling of Type-1 HARQ-ACK codebook can be supported in granularity of DCI where whatever the number of scheduled PDSCHs, only one ACK/NACK is feedback for all the scheduled PDSCHs. Considering the last PDSCH scheduled by single DCI may be collided by UL symbols by semi-static TDD configuration while other SLIVs may still be valid, and in the previous meeting, there is an agreement on no enhancement for pruning procedure in determining the candidate PDSCH position in order to reuse the legacy specification with minimum change. To support time domain bundling, the size and mapping of ACK/NACK bits are determined by the number and position of last none overlapped valid SLIVs after pruning of the invalid SLIVs with UL symbols by semi-static TDD configuration.
For Type-2 HARQ-ACK codebook, due to the number of bits for ACK/NACK feedback for one DCI is fixed, same as Type-1 HARQ-ACK codebook, time domain bundling of Type-2 HARQ-ACK codebook can be supported in granularity of DCI whatever the number of scheduled valid/invalid PDSCHs, only one ACK/NACK is feedback for all the scheduled PDSCHs.
Proposal 9: For FR2-2, Time domain bundling of Type-1 HARQ-ACK codebook can be supported in granularity of DCI scheduling. Reuse the legacy specification that the size and mapping of the HARQ-ACK codebook are determined by the number and position of the last non-overlapped valid SLIV after pruning of the invalid SLIVs with UL symbols by semi-static TDD configuration. 
Proposal 10: For FR2-2, Time domain bundling of Type-2 HARQ-ACK codebook can be supported in granularity of DCI scheduling where only one ACK/NACK is feedback for all the scheduled valid/invalid PDSCHs.

HARQ-ACK bit ordering in Type-2 HARQ-ACK codebook
	Agreement:
For a PDSCH that is scheduled by multi-PDSCH scheduling DCI and is skipped due to collision with semi-static UL symbol(s),
· For Type-1 HARQ-ACK codebook generation, the PDSCH is not considered and the HARQ-ACK bit corresponding to the PDSCH is not reported by UE.
· Note: Rel-16 procedure can be reused to handle this case.
· For Type-2 HARQ-ACK codebook generation, UE reports NACK for the PDSCH.
· FFS on HARQ-ACK bit ordering
· Note: Codebook generation in case time domain bundling is enabled can be separately discussed if time domain bundling is supported.



[bookmark: _Ref71391988]In the last meeting, for a PDSCH that is scheduled by multi-PDSCH scheduling DCI and is skipped due to collision with semi-static UL symbol(s), different procedures are defined for different type of HARQ-ACK codebook. For Type-1 HARQ-ACK codebook, due to invalid PDSCH is pruned due to collision with semi-static UL symbol(s), HARQ-ACK bit corresponding to the PDSCH is not reported by UE. For Type-2 HARQ-ACK codebook, a NACK should be reported for the invalid PDSCH due to collision with semi-static UL symbol, since the number of HARQ-ACK bits for each DCI will have to be fixed (e.g. to 8) so each potential PDSCH has a HARQ-ACK bit. For simplicity, NACK should be reported for the invalid SLIV/PDSCH and mapped in a position according the configured SLIVs of the row of TDRA table.
Proposal 11: For Type-2 HARQ-ACK codebook, NACK should be reported for the invalid SLIV/PDSCH and mapped in a position according the configured SLIVs of the row of TDRA table.
DAI ordering for Type-2 HARQ-ACK codebook
In last meeting, some companies raised an issue about DAI counting for Type-2 HARQ-ACK codebook, DAI is counted, first, in increasing order of the “first” PDSCH reception starting time for the same {serving cell, PDCCH monitoring occasion} pair. In our understanding, Since DAI is counted per DCI, it should be possible to directly reuse the ordering procedure based on DCI from legacy specifications. It is not clear how the ordering could be defined based on PDSCH slots instead of DCI slots with multiple cells and DCI scheduling multiple slots.
Proposal 12: For Type-2 HARQ-ACK codebook, legacy DAI counting procedure can be reused for multiple PDSCH/PUSCH scheduling without enhancement.
CBG and multiple PDSCH/PUSCH scheduling configuration.
In the RAN1#106-e meeting, Alt1 (C-DAI/T-DAI is counted per DCI) is agreed for generating type-2 HARQ ACK codebook and three options are left for down selection about CBG issue as follows:
· Option 1: HARQ-ACK bits corresponding to CBG-based PDSCH reception and multi-PDSCH reception are merged into the same sub-codebook.
· Option 2: HARQ-ACK bits corresponding to CBG-based PDSCH reception and HARQ-ACK bits corresponding to multi-PDSCH reception are contained in separate sub-codebooks.
· Option 3: UE does not expect to be configured with both of CBG operation and multi-PDSCH scheduling in the same PUCCH cell group.
For option 1, if CBG-based PDSCH and multi-PDSCH reception are merged into the same sub-codebook, if the maximum configured number of CBG of PDSCH is bigger than the maximum configured number of PDSCHs for multi-PDSCH DCI across serving cells, additional padding bits would be needed for alignment to avoid codebook size ambiguity between gNB and UE, which will lead the HARQ-ACK codebook payload size be increased further.
For option 2, if CBG-based PDSCH reception and HARQ-ACK bits corresponding to multi-PDSCH reception are contained in separate sub-codebooks, as some companies discussed in the previous meeting we need to discuss how to indicate the UL DAI for 3 sub-codebook if both CBG and multi-PDSCH are simultaneously configured.
For option 3, this would introduce restrictions for the combination of CBG and multi-slot PDSCH scheduling in FR1, assuming that anyway only one PDSCH could be scheduled with CBG-based transmission by a single DCI, we don’t think that this restriction is an issue. The network has the possibility to not configure multi-slot PDSCH scheduling if conditions for observing gains from CBG-based transmission are met. In this case, we assume that it is beneficial to only schedule one PDSCH at a time with each DCI.
In the RAN1#106bis-e meeting, there is a WF made as follows:
	Working assumption:
UE does not expect to be configured with both of CBG operation and multi-PDSCH scheduling in the same PUCCH cell group with a Type 2 codebook. 
· If time bundling operation is supported, this working assumption can be revisited


This WF is applied to Type-2 HARQ-ACK codebook and the purpose is to reduce the number of sub codebooks which will introduce issue how to indicate the UL DAI for 3 sub-codebook if both CBG and multi-PDSCH are simultaneously configured. For Type-1 HARQ-ACK codebook, there is no such issues about the restriction on the maximum number of sub codebooks. However we see no reason to have a different functionality for Type-1 and Type-2 HARQ-ACK codebooks, so if option 3 is agreed it should apply to both type of HARQ-ACK codebook. 
 Proposal 13: For Type-1 and Type-2 HARQ-ACK codebook construction, option 3 is preferred.
Conclusions
We discussed the required changes of physical layer design using exiting NR waveform for both licensed and unlicensed band with the following observations and proposals.
Proposal 1: The absolute time of 120 kHz SCS timelines should be adopted as the baseline to solve the left timeline issues in Rel-17.
Proposal 2:  For the value range of k1 defined for DCI format 1_0, option 1 is preferred.
Proposal 3:  For NR operation with 480 kHz and/or 960 kHz SCS, CSI computation delay requirement 2 is always applied to the case of mixed SCS of PDCCH, CSI-RS and PUSCH.
Proposal 4: For NR operation with 480 kHz and/or 960 kHz SCS, d1,1 and d2 (to derive Tproc,1 in PDSCH processing time) and d2,1 and d2 (to derive Tproc,2 in PUSCH preparation time) are scaled by 4 and 8 for 480kHz and 960kHz, respectively.
Proposal 5: Confirm the WA that multiple PDSCHs by single DL DCI applies to 120 kHz in addition to 480 and 960 kHz at least in FR2-2. The maximum number of PDSCH that can be scheduled with a single DCI is 8 for SCS of 120、480 and 960 kHz.
Proposal 6: No limitation on the maximum number of PDSCHs when 2 TB is enabled or when 2 TB is scheduled. 
Proposal 7: Legacy specification could be used with minimum change if regarding the first valid PDSCH/PUSCH of multiple PDSCH/PUSCH scheduling by single DCI as the “first PDSCH/PUSCH” in current specification for OOO scheduling restriction. 
Proposal 8: For activation of SPS (or CG) by using multi-PDSCH (or multi-PUCH) scheduling DCI, only single SLIV-based activation is allowed.
Proposal 9: For FR2-2, Time domain bundling of Type-1 HARQ-ACK codebook can be supported in granularity of DCI scheduling. Reuse the legacy specification that the size and mapping of the HARQ-ACK codebook are determined by the number and position of the last non-overlapped valid SLIV after pruning of the invalid SLIVs with UL symbols by semi-static TDD configuration. 
Proposal 10: For FR2-2, Time domain bundling of Type-2 HARQ-ACK codebook can be supported in granularity of DCI scheduling where only one ACK/NACK is feedback for all the scheduled valid/invalid PDSCHs.
Proposal 11: For Type-2 HARQ-ACK codebook, NACK should be reported for the invalid SLIV/PDSCH and mapped in a position according the configured SLIVs of the row of TDRA table.
Proposal 12: For Type-2 HARQ-ACK codebook, legacy DAI counting procedure can be reused for multiple PDSCH/PUSCH scheduling without enhancement.
 Proposal 13: For Type-1 and Type-2 HARQ-ACK codebook construction, option 3 is preferred.
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