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1. Introduction
In RAN1#106bis, the following agreements and proposals were reached for processing timeline and multi-PDSCH/PUSCH related design [1]:
1. Timeline
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  

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.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]
1> Basic design for multi-PDSCH/PUSCH scheduling.
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.

Agreement:
For single TRP operation, for 480/960 kHz SCS,
· A UE does not expect to be scheduled with more than one unicast PDSCH in a slot, by a single DCI or multiple DCIs.
· A UE does not expect to be scheduled with more than one PUSCH in a slot, by a single DCI or multiple DCIs.

Conclusion:
For a DCI that can scheduled multiple PDSCHs (or PUSCHs), HARQ process number indicated in the DCI is applied to the first valid PDSCH (or PUSCH).
· Note: This is the consequence of previous agreements.

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

Agreement:
For multiple PDSCHs (or PUSCHs) scheduled by a single DCI,
· Rel-15/16 behavior that is described in TS 38.213 Clauses 11 and 11.1 for a PDSCH (or PUSCH) indicated by DCI also applies for multiple PDSCHs (or PUSCHs) schedule by a single DCI.
· 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),
· If that PUSCH is collided with SSB symbols indicated by ssb-PositionsInBurst [or symbol(s) indicated by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set], the HARQ process number increment is skipped for the PUSCH.
· Otherwise, the HARQ process number increment is not skipped for that PDSCH (or PUSCH).

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

2> HARQ-ACK feedback for multi-PDSCH scheduling.
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.

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

Agreement:
For generating type-2 HARQ-ACK codebook corresponding to a DCI that can schedule multiple PDSCHs,
· HARQ-ACK bit corresponding to SPS PDSCH release or SCell dormancy indication without scheduled PDSCH, belongs to the first sub-codebook (which is defined in the previous agreement made in RAN1#105-e)

[bookmark: OLE_LINK2][bookmark: OLE_LINK27][bookmark: OLE_LINK28]In this contribution, we first discuss the processing timeline, then the multi-PDSCH/PUSCH scheduling and feedback related design.
1. [bookmark: _Hlk68168072]Processing timeline aspects
2.1 The PDSCH-to-HARQ_feedback timing indicator field in DCI format 1_0
For NR operation with 480 kHz and/or 960 kHz SCS, 3 options were discussed for the set of values for PDSCH-to-HARQ_feedback timing indicator field in DCI format 1_0 in last meeting.
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.
The set of values should be designed with criterions below:
1) Support flexible scheduling that most of DL slots can be scheduled with PDSCH associated with DCI format 1_0;
2) The latency of PDSCH and the associated HARQ feedback should be low;
3) As the number of values in the set is very limited, the values with frequent use should be preferred.
For option 1, the latency of PDSCH and the associated HARQ feedback can be high for some cases. Take Figure 1 as an example, T_proc,1 = ceil(192/14) = 14 slots, and PDSCH is scheduled in DL slot x1, as value 15 is not in the set {8, 16, 24, 32, 40, 48, 56, 64}, the earliest UL slot for UE to feedback HARQ is UL slot y2, where the latency between PDSCH and the associated HARQ feedback is at least 48 slots. Additionally, minimum values of the set, i.e. 4 and 8 for 480 kHz and 960 kHz SCS respectively, are smaller than the ceil(N1/14), thus these values cannot be used.
[image: ]
[bookmark: _Ref86682086]Figure 1 Example of PDSCH and associated PUCCH for 4:1 TDD UL/DL pattern for option 1
For option 2/2a, the maximum values are too low. In some TDD UL/DL configurations where the ratio of UL slots is low, the DL slots which are too close to the next UL slot(s) cannot be scheduled with PDSCH with DCI format 1_0. Take Figure 2 as an example, if PDSCH is scheduled in DL subframe x1, the earliest UL slot to feedback HARQ is slot y1, which is 47 slots later than slot x1. DL slots between x2 and x3 have the same issue. Even DL slots between x4 and x5 can’t be scheduled with PDSCH because the distance between these DL slots and the earliest available UL slot (y1) is more than 20.
[image: ]
[bookmark: _Ref86680781]Figure 2 Example of PDSCH and associated PUCCH for 4:1 TDD UL/DL pattern for option 2/2a
During last meeting’s discussion, these 2 options below were also proposed. 
· Option 1a: {7, 8, 9, 10, 12, 16, 20, 24} for 480 kHz, {13, 14, 15, 16, 24, 32, 40, 48} for 960 kHz
· Option 1b: {7, 8, 12, 16, 20, 24, 28, 32} for 480 kHz, {13, 16, 24, 32, 40, 48, 56, 64} for 960 kHz
In general, value 14 and 15 have more frequent use than value 56 and 64, thus value 14 and 15 are preferred in 960 kHz SCS. Similarly, value 9 and 10 are preferred in 480 kHz SCS.
Based on the analysis above, we have the proposal below.
[bookmark: _Ref86758528]Proposal 1: For NR operation with 480 kHz and/or 960 kHz SCS, support the set of values below for PDSCH-to-HARQ_feedback timing indicator field in DCI format 1_0 in Rel-17.
{7, 8, 9, 10, 12, 16, 20, 24} for 480 kHz, {13, 14, 15, 16, 24, 32, 40, 48} for 960 kHz.
2.2 UE PDSCH/PUSCH processing time related timeline constants
For FR2-2, some values for timeline related constants N1, N2, N3, Z1, Z2, Z3 were agreed, then the value ranges for other timeline constants, including d1,1, d2, d2,1, need to be determined so that PDSCH processing time Tproc,1 and PUSCH processing time Tproc,2 can be derived. The definitions of Tproc,1 and Tproc,2 are referenced as below for convenience.
UE PDSCH processing time:
                          (1)
UE PUSCH processing time:

              (2)
Some parameters in the above equations are explained as below.
· Parameter d1,1 is defined in the unit of OFDM symbol and depends on PDSCH length; 
· Parameter d2 is defined in the unit of OFDM symbol and depends on collision with UL transmission with lower priority;
· Parameter d2,1 is defined in the unit of OFDM symbol and depends on whether there is data in the first symbol of PUSCH or not.
There are 2 views on the definition of parameter d1,1, d2, d2,1 for 480/960 kHz SCS.
View 1: the values of these parameter are not related to SCS in Rel-15/16, and their definitions are not related to SCS either, therefore, no scaling is needed for 480/960 kHz SCS. 
View 2: if we reuse the formulas of Tproc,1 and Tproc,2 for 480/960 kHz SCS, i.e. the values of these parameter are not related to SCS, the influence of these parameters will be reduced a lot as the N1 and N2 are large for 480/960 kHz SCS, therefore, scaling by 4 and 8 is needed for 480/960 kHz SCS respectively.
Based on formula (1), N1 equals to the value of 120 kHz SCS, set scaling factor  = 4 or 8 for 480/960 kHz SCS respectively, view 1 is expressed in formula (3), while view 2 is expressed in formula (4).
               (3)
               (4)
The difference between view 1 and view 2 is the structure of the formula, i.e. the position of the scaling factor . In formula (4), parameter d1,1, d2 are independent to SCS, while the influence of these parameters is not changed comparing to SCS <= 120 kHz. Therefore, formula (4) has better backward compatibility than formula (3).
Similarly, based on formula (2), N2 equals to the value of 120 kHz SCS, set scaling factor  = 4 or 8 for 480/960 kHz SCS respectively, we can have the formula below for 480/960 kHz.
            (5)

Based on the analysis above, we have the proposal below.
[bookmark: _Ref86758541][bookmark: OLE_LINK1]Proposal 2: For NR operation with 480 kHz and/or 960 kHz SCS, scale the corresponding values of 120 kHz SCS by 4x/8x for 480 kHz and 960 kHz SCS respectively for d1,1, d2, d2,1.
2.3 Other timeline parameters
In last meeting, proposal 1-6a was discussed.
Proposal 1-6a
· For NR operation with 480 kHz and/or 960 kHz SCS, scale the corresponding values of 120 kHz SCS by 4x/8x for 480 kHz and 960 kHz SCS respectively for the following UE timeline parameters for single and multi-PDSCH/PUSCH scheduling to maintain the same absolute time duration as that of 120 kHz SCS in FR2.
· HARQ-ACK information in response to a SPS PDSCH release, N in 38.213 Section 10.2
· HARQ-ACK information in response to a detection of a DCI format 1_1 indicating SCell dormancy, N in 38.213 Section 10.3
· Determination of the resource allocation table to be used for PUSCH, Δ in 38.214 Section 6.1.2.1.1
· UE PDSCH reception preparation time with cross carrier scheduling with different subcarrier spacings for PDCCH and PDSCH, Npdsch in 38.214 Section 5.5
· Application delay of the minimum scheduling offset restriction, Zµ in 38.214 Section 5.3.1
· FFS: Minimum time gap for wake-up and Scell dormancy indication (DCI format 2_6): X in 38.213 Section 10.3 and 38.133 Section 8.2.1.2.7
For the 1st bullet
The 3rd item relates to UE processing on RAR or fallback RAR, and other items (the 1st, the 2nd, the 4th, and the 5th) relate to the UE processing on PDCCH. As the agreement on the values for N1, N2, N3 for 480/960 kHz SCS were already reached to maintain the same absolute time duration as that of 120 kHz SCS in FR2, it is reasonable to do the scaling for these parameters accordingly.
[bookmark: _Ref86768419]Proposal 3: For NR operation with 480 kHz and/or 960 kHz SCS, scale the corresponding values of 120 kHz SCS by 4x/8x for 480 kHz and 960 kHz SCS respectively for the following UE timeline parameters for single and multi-PDSCH/PUSCH scheduling to maintain the same absolute time duration as that of 120 kHz SCS in FR2.
· HARQ-ACK information in response to a SPS PDSCH release, N in 38.213 Section 10.2
· HARQ-ACK information in response to a detection of a DCI format 1_1 indicating SCell dormancy, N in 38.213 Section 10.3
· Determination of the resource allocation table to be used for PUSCH, Δ in 38.214 Section 6.1.2.1.1
· UE PDSCH reception preparation time with cross carrier scheduling with different subcarrier spacings for PDCCH and PDSCH, Npdsch in 38.214 Section 5.5
· Application delay of the minimum scheduling offset restriction, Zµ in 38.214 Section 5.3.1

[bookmark: _GoBack]For the 2nd bullet
Regarding the FFS in proposal 1-6a, below is the definition of this minimum time gap in 38.213 Section 10.3. The values in table below previously were defined based on the absolute time duration in Rel-15/16. For 480/960 kHz SCS, we should scale the corresponding values of 120 kHz SCS by 4x/8x for 480 kHz and 960 kHz SCS respectively to keep the absolute time unchanged.
Table 10.3-1 Minimum time gap value X
	SCS (kHz)
	Minimum Time Gap X (slots) 

	
	Value 1
	Value 2

	15
	1
	3

	30
	1
	6

	60
	1
	12

	120
	2
	24


Based on the analysis above, we have the proposal below.
[bookmark: _Ref86758534]Proposal 4: For NR operation with 480 kHz and/or 960 kHz SCS, scale the corresponding values of 120 kHz SCS by 4x/8x for 480 kHz and 960 kHz SCS respectively for the minimum time gap for wake-up and Scell dormancy indication (DCI format 2_6) to maintain the same absolute time duration as that of 120 kHz SCS in FR2.
2. Multi-PDSCH/PUSCH scheduling
3.1 DCI design for multi-PDSCH/PUSCH scheduling
3.1.1 Common issues for DL and UL
3.1.1.1 Frequency domain scheduling
During RAN1#104-e meeting, whether/how to enhance frequency domain scheduling for multi-PUSCH scheduling has been discussed with no consensus. During RAN1#105-e, RAN1#106-e and RAN1#106b-e meetings, this issue was deprioritized due to limited input and time.
It can be observed that the maximum number of PRBs is not changed based on the maximum channel bandwidths agreed for NR operation in 52.6 GHz to 71 GHz, therefore there is no motivation to enhance the frequency domain scheduling since legacy solution(s) can work well. This applies to multi-PDSCH scheduling as well.
[bookmark: _Ref68475368][bookmark: _Hlk71469268]Proposal 5: Legacy frequency domain scheduling in NR Rel-15/16 is reused for multi-PUSCH/PDSCH scheduling.
3.1.1.2 CBG based scheduling
During RAN1#105-e meeting, the following agreement regarding CBG based scheduling for multi-PDSCH/PUSCH scheduling has been achieved.
Agreement:
· 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.
· FFS:
· For 480/960 kHz SCS, whether to apply the same behavior with 120 kHz SCS or not to support CBGTI field configuration in the DCI that can schedule multiple PUSCHs
· For a DCI that can schedule multiple PDSCHs and is configured with the TDRA table containing at least one row with multiple SLIVs, whether/how to configure CBGTI/CBGFI fields


During RAN1#106-e meeting, this issue was discussed from the beginning, but the discussion was suspended in later period to wait for the outcome of discussion on which option Type-2 codebook will adopt for codebook construction.
During RAN1#106b-e meeting, the following working assumption was made regarding joint operation among CBG operation, multi-PDSCH scheduling and Type-2 codebook.
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


From our perspective, since for multi-PDSCH scheduling additional HARQ-ACK reporting issue should be considered compared to multi-PUSCH scheduling, it may be more proper to discuss joint operation between CBG operation and multi-PUSCH scheduling and that between CBG operation and multi-PDSCH scheduling separately.
· Multi-PUSCH scheduling
According to the above agreement, at least for 120 kHz SCS for multi-PUSCH scheduling, the mechanism agreed in NR-U Rel-16 is reused, but there is an FFS for 480/960 kHz SCS for multi-PUSCH scheduling whether to apply the same behavior with 120 kHz SCS or not. In our opinion, it is undesirable to introduce different behavior for different SCS, if there is no strong motivation to justify the difference. Regarding CBG operation, the same behavior with 120 kHz SCS for multi-PUSCH scheduling can be applied to 480/960 kHz SCS as well.
[bookmark: _Ref68475382]Proposal 6: For CBG based scheduling, the same behaviour for multi-PUSCH scheduling with 120 kHz SCS is applied to 480/960 kHz SCS as well, i.e., CBG based scheduling is supported only when a DCI schedules a single PUSCH.
· Multi-PDSCH scheduling
The above working assumption is only about Type-2 codebook. However, during RAN1#106b-e meeting, the moderator brought the following question for the group to discuss, and most companies preferred that the same rule/limitation should be applied to both Type-1 codebook and Type-2 codebook. We also share the same view for simplicity.
[HIGH] Q2: If option 3 is selected, will multi-PDSCH scheduling be NOT configured, in case “type-1” HARQ-ACK codebook is configured and CBG is configured?


In section 3.2.3 the above working assumption is further discussed, where it is proposed to confirm this working assumption after deleting the sentence ‘If time bundling operation is supported, this working assumption can be revisited’.
In general, in our opinion, UE does not expect to be configured with both of CBG operation and multi-PDSCH scheduling in the same PUCCH cell group, irrespective of whether Type-1 codebook or Type-2 codebook is configured, and whether time domain bundling is supported / enabled or not.
[bookmark: _Ref86850538]Proposal 7: For multi-PDSCH scheduling, do not support CBG based scheduling for 120/480/960 kHz SCS.
It can be understood that no CBGTI/CBGFI field will be included in a DCI for multi-PDSCH scheduling.
3.1.1.3 (De)Activation of SPS/CG
During RAN1#106b-e meeting, the issue about activation/de-activation of SPS/CG by using multi-PDSCH/PUSCH scheduling DCI was discussed without consensus. During the discussion, three options were identified, as listed below.
· 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
Among these options, Option 3 is slightly preferred due to that each row in the TDRA table can be used for activation/de-activation, which can bring more flexibility, and using the first (valid) SLIV can lead to shorter latency between an activation DCI and the first PDSCH/PUSCH transmission corresponding to the activation DCI. Based on some comments during RAN1#106-e meeting for Option 3, some clarification may be needed for K1 interpretation for SPS transmission in conjunction with multi-PDSCH scheduling, then existing Type-1 codebook construction procedure can be used without any additional modification. 
[bookmark: _Ref86850546]Proposal 8: For activation/de-activation of SPS/CG by using multi-PDSCH/PUSCH scheduling DCI, the first (valid) SLIV in the row indicated by an activation/de-activation DCI is used for determining SPS/CG occasions.
3.1.1.4 Out-of-order issue
During RAN1#106b-e meeting, the issue regarding out-of-order handling for HARQ-ACK reporting was discussed with no agreement, and the proposal formulated by the moderator is referenced as below for convenience.
Proposal #2.6-2a (OOO for HARQ):
· For multi-PDSCH scheduling, UE does not expect any of the scheduled/SPS PDSCHs and the resource for the HARQ-ACK transmission to lead to out-of-order scheduling.
· FFS whether to allow OOO scheduling for a PDSCH scheduled by multi-PDSCH scheduling DCI and other unicast PDSCH scheduled by single-PDSCH scheduling DCI


We support the main bullet of the above proposal. From our perspective, any unicast PDSCH(s) in a given cell and corresponding HARQ-ACK reporting can reuse legacy out-of-order rule for simplicity. Regarding the FFS point in the above proposal, we don’t see strong motivation to allow out-of-order scheduling for the mentioned case.
[bookmark: _Ref86850551]Proposal 9: For multi-PDSCH scheduling, UE does not expect any of the scheduled/SPS PDSCHs and the resource for the HARQ-ACK transmission to lead to out-of-order scheduling.
3.1.2 UL specific issues
3.1.2.1 Frequency hopping
During RAN1#105-e meeting, frequency hopping issue for multi-PUSCH scheduling was deprioritized due to limited input and time. But based on some brief discussions on it, it seems that companies have different views on which frequency hopping mode(s) is/are supported for multi-PUSCH scheduling in NR-U Rel-16. 
During RAN1#106-e meeting, frequency hopping for multi-PUSCH scheduling was discussed under NR-U agenda, ended with no consensus, due to channel access issues identified during the meeting, i.e. two-hop transmission may span multiple RB sets subject to different LBT procedures. But based on the discussion, most companies have the same view on frequency hopping for multi-PUSCH scheduling in general, i.e., only intra-slot frequency hopping is applicable to multi-PUSCH scheduling when no channel access issue is identified.
However, for multi-PUSCH scheduling when operated in 52.6 GHz to 71 GHz, there is no channel access issue (i.e. two-hop transmission span multiple RB sets subject to different LBT procedures) anymore since LBT bandwidth is always the whole UL BWP and sub-band based LBT is not supported according to the agreement(s) achieved so far under channel access agenda. Therefore, it is safe to apply the common understanding for multi-PUSCH scheduling in NR-U discussions, i.e. only intra-slot frequency hopping is applicable and inter-slot frequency hopping is inapplicable for multiple PUSCHs scheduled by a DCI. 
[bookmark: _Ref83744664][bookmark: _Ref83744768]Proposal 10: For frequency hopping for multi-PUSCH scheduling, only intra-slot frequency hopping is applicable, and is applied to each scheduled PUSCH when configured and enabled, while inter-slot frequency hopping is inapplicable.
3.1.3 DL specific issues
3.1.3.1 Two codewords
During RAN1#106b-e meeting, DCI signaling for the second TB when enabling two-codeword transmission has been agreed as below.
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 point in the above agreement, i.e. the maximum number of PDSCHs when 2 TB is enabled or when 2 TB is scheduled.
In our opinion, when two-codeword transmission is enabled, the DCI size for multi-PDSCH scheduling will be increased inevitably, compared to single-codeword transmission, when the same TDRA table is assumed. To avoid increasing many bits in a multi-PDSCH scheduling DCI to guarantee PDCCH performance, the maximum number of configured SLIVs in a row of TDRA table may be further restricted when two-codeword transmission is enabled. For example, the maximum number of configured SLIVs in a row of TDRA table can be 4 when two-codeword transmission is enabled.  
[bookmark: _Ref86850623]Proposal 11: When two-codeword transmission is enabled, the maximum number of configured SLIVs in a row of TDRA table for multi-PDSCH scheduling can be further restricted.
During RAN1#106b-e meeting, an issue about TB disabling was brought by some company, but there was no discussion on it due to limited time and input.
In TS38.214[3] there is the following description for TB disabling, i.e. disabling a TB by setting IMCS = 26 and rvid = 1 for the TB in a DCI format 1_1.
[bookmark: _Toc11352092][bookmark: _Toc20317982][bookmark: _Toc27299880][bookmark: _Toc29673145][bookmark: _Toc29673286][bookmark: _Toc29674279][bookmark: _Toc36645509][bookmark: _Toc45810554][bookmark: _Toc83310139]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. 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.
…


For a DCI format for multi-PDSCH scheduling, when more than one PDSCH is scheduled, for a given TB, there are M bits in the DCI format for indicating redundancy version (RV) information, each one bit of which corresponds to a PDSCH scheduled by the DCI format, where M is the maximum number of PDSCHs that can be scheduled by a single DCI format.
For 1-bit RV for each scheduled PDSCH in a DCI format for multi-PDSCH scheduling, the following Table in TS38.212[2] can be reused for mapping an indicated value to corresponding rvid.
Table 7.3.1.1.2-34: Redundancy version
Value of the Redundancy version field

Value of  to be applied
0
0
1
2



Based on above information, legacy mechanism for TB disabling cannot be reused for multi-PDSCH scheduling directly, since there are more than one RV field in the scheduling DCI, and each RV field cannot be mapped to rvid = 1.
Regarding this issue, the condition IMCS = 26 can be reused, and only the condition for rvid should be discussed. With respect to the condition for rvid, two alternatives can be identified as below.
· Alt. 1: For the M bits for indicating RV information for a given TB in a DCI format scheduling more than one PDSCH, a predefined value vector can be used to indicate the given TB is disabled for all PDSCHs scheduled by the DCI format, e.g. assuming M = 8, the 8-bit RV corresponding to a TB in the DCI format can be set to ‘11111111’ to indicate the TB is disabled for all PDSCHs scheduled by the DCI format.
· Alt. 2: For each PDSCH scheduled by a DCI format scheduling more than one PDSCH, a given TB can be disabled individually, i.e. a 1-bit RV for the given TB and for a PDSCH scheduled by the DCI format can be set to a predefined value, e.g. ‘1’, to indicate the given TB of the PDSCH is disabled.
Alt. 1 disables a TB on a per-DCI basis, while Alt. 2 disables a TB on a per-PDSCH basis. Since NDI and RV are indicated for each scheduled PDSCH individually, it may also be beneficial to perform TB disabling for each scheduled PDSCH individually, due to that each scheduled PDSCH correspond to different traffic. From the perspective of flexibility, Alt. 2 is slightly preferred.
[bookmark: _Ref87026817]Proposal 12: Regarding TB disabling for multi-PDSCH scheduling, when two codeword transmission is configured, for a DCI format scheduling more than one PDSCH, a given TB can be disabled for each scheduled PDSCH individually, by setting IMCS = 26 and the 1-bit RV for a scheduled PDSCH to a predefined value, e.g. ‘1’, to indicated the given TB for the scheduled PDSCH is disabled.
3.2 HARQ-ACK feedback for multi-PDSCH scheduling
3.2.1 HARQ-ACK feedback timing
During RAN1#104-e meeting, the following agreement about HARQ-ACK feedback timing for multi-PDSCH scheduling has been achieved with an FFS point for multiple PUCCHs carrying HARQ-ACK feedback.
Agreement:
· For a DCI scheduling multiple PDSCHs, HARQ-ACK information corresponding to PDSCHs scheduled by the DCI is multiplexed with a single PUCCH in a slot that is determined based on K1,
· where K1 (indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI or provided by dl-DataToUL-ACK if the PDSCH-to-HARQ_feedback timing indicator field is not present in the DCI) indicates the slot offset between the slot of the last PDSCH scheduled by the DCI and the slot carrying the HARQ-ACK information corresponding to the scheduled PDSCHs.
· It is noted that granularity of K1 can be separately discussed.
· FFS: If needed, further discuss whether or not HARQ-ACK information corresponding to different PDSCHs scheduled by the DCI can be carried by different PUCCH(s)


With respect to the FFS point, i.e. whether or not HARQ-ACK information corresponding to different PDSCHs scheduled by the DCI can be carried by different PUCCH(s), it was deprioritized since RAN1#105-e meeting due to limited time or input. 
From our perspective, it is beneficial to report HARQ-ACK information corresponding to different PDSCHs scheduled by a DCI on different PUCCH(s), since it can help to decrease the feedback delay for PDSCH(s) transmitted earlier, especially for smaller SCS, e.g. 120 kHz SCS. 
[bookmark: _Ref68475403]Proposal 13: For multi-PDSCH scheduling, support reporting HARQ-ACK information corresponding to different PDSCHs scheduled by a DCI on different PUCCH(s).


[bookmark: _Ref68253152]Figure 3 Reporting HARQ-ACK for different subset of PDSCHs scheduled by a DCI on different PUCCHs
When reporting HARQ-ACK information corresponding to different PDSCHs scheduled by a DCI on different PUCCH(s), the PDSCHs scheduled by a single DL DCI can be divided into two or more subsets based on some predefined rule(s) or dynamic indication in the DCI, and HARQ-ACK feedback for each subset of PDSCH(s) can be carried on a different PUCCH, as illustrated in Figure 3. How to divide the PDSCHs scheduled by a single DL DCI, as well as indicate or determine more than one PUCCH, should be studied further.
[bookmark: _Ref68475411]Proposal 14: For reporting HARQ-ACK feedback on different PUCCHs, further study how to divide the PDSCHs scheduled by a single DL DCI, as well as indicate or determine more than one PUCCH carrying HARQ-ACK feedback.
3.2.2 Type-1 HARQ-ACK codebook
Time domain bundling is an efficient way to reduce the HARQ-ACK codebook size, and when it could be combined with Type-1 codebook, the codebook size can be controlled based on configurable bundling granularity while keeping semi-static. So it is beneficial to study Type-1 codebook in conjunction with time domain bundling.
Regarding time domain bundling for Type-1 codebook when multi-PDSCH scheduling is configured, three alternatives can be identified.
· Alt. 1: HARQ-ACK information corresponding to all valid PDSCH(s) scheduled by a DCI, each of which does not collide with any semi-static UL symbol, by indicating a row in the TDRA table can be bundled into a HARQ-ACK bit (or two HARQ-ACK bits if two codewords are enabled). When determining the set of occasions for constructing the Type-1 codebook, the last SLIV configured in each row, or the last valid SLIV without collision with any semi-static UL symbol in each row, can be considered for SLIV grouping. Thus the legacy pseudo code for SLIV grouping can be reused, where there is only a SLIV considered for each row, and each row will be mapped to one and only one occasion in the set of occasions. If one row corresponding to an occasion is scheduled actually, the HARQ-ACK bit(s) corresponding to the occasion will be set according to decoding results of each valid PDSCH of the scheduled row, where binary AND operation can be performed based on these decoding results.
· Alt. 2: HARQ-ACK information corresponding a subset of valid PDSCHs, which is divided from the set of valid PDSCHs scheduled by a DCI by indicating a row in the TDRA table can be bundled into a HARQ-ACK bit (or two HARQ-ACK bits if two codewords are enabled). Each valid PDSCH does not collide with any semi-static UL symbol. When determining the set of occasions for constructing the Type-1 codebook, the last SLIV or the last valid SLIV from a subset of SLIVs, which corresponds to a sub-row of each row, and corresponds to a subset of valid PDSCHs, can be considered for SLIV grouping. To be more specific, for each combination (row, K1) from all combinations of the configured K1 values and the configured rows of the TDRA table, the row for the combination will be divided into one or more sub-rows based on predefined rule, e.g. each M consecutive SLIVs configured in the row will be divided into one sub-row, then an effective K1 will be determined for each sub-row based on the K1 for the combination, resulting in one or more combinations (sub-row, effective K1) for the combination. For the intersection of combinations (sub-row, effective K1), the legacy pseudo code for SLIV grouping can be reused, where there is only a SLIV considered for each sub-row, and each sub-row will be mapped to one and only one occasion in the set of occasions. If one sub-row corresponding to an occasion is scheduled actually, the HARQ-ACK bit(s) corresponding to the occasion will be set according to decoding results of each valid PDSCH of the scheduled sub-row, where binary AND operation can be performed based on these decoding results.
· Alt. 3: A set of occasions can be determined with the same way as the case where time domain bundling is not configured, i.e., the set of occasions is determined based on a set of DL slots and a set of SLIVs corresponding to each DL slot belonging to the set of DL slots, then time domain bundling is performed across one or more neighbouring occasions, which can be regarded as a subset of occasions from the set of occasions. Regarding how to determine each subset of occasions for time domain bundling, two sub-alternatives can be identified further as follows.
· Alt. 3-1: A subset of occasions are obtained from one or more occasions determined for a DL slot. For example, all occasions determined based on the set of SLIVs corresponding to a DL slot can be divided into a single subset of occasions, thus each DL slot is mapped to a subset. Alternatively, a granularity of N can be configured, and if the number of occasions determined based on the set of SLIVs corresponding to a DL slot is more than N, each N neighbouring occasions for the DL slot can be divided into a subset of occasions, otherwise, all occasions for the DL slot can be divided into a single subset of occasions.
· Alt. 3-2: The set of occasions can be divided into one or more subsets of occasions based on a configured granularity of M. If the number of occasions in the set is more than M, each M neighbouring occasions in the set can be divided into a subset of occasions, otherwise, all occasions in the set can be divided into a single subset of occasions.
Alt. 1, as well as Alt. 2, may result in different procedures or pseudo codes for the two cases when time domain bundling is configured and not configured, but it can guarantee that time domain bundling is performed across a whole row or sub-row of the TDRA table, where time domain bundling is justified to be feasible. Compared to Alt. 1, for Alt. 2 more operations should be performed to obtain the HARQ-ACK codebook, leading to additional complexity. Nevertheless, for Alt. 2 the granularity for time domain bundling can be controlled by gNB, e.g. by configuring the number of consecutive configured SLIVs divided into a sub-row, thus more flexibility is expected, allowing trade-off as required between feedback overhead and retransmission efficiency. 
With respect to Alt. 3, the same procedure or pseudo code for determining the set of occasions can be maintained when time domain bundling is configured or not, thus less complication can be introduced. But the time domain bundling is not performed in the granularity of a whole row. Therefore, all or part of valid PDSCH(s) from one or more DCIs/rows may be divided into a subset of occasions for performing time domain bundling. The time domain bundling may be performed as that binary AND operation is performed across the HARQ-ACK bit(s) corresponding to each occasion in the subset of occasions, resulting in one HARQ-ACK bit (or two HARQ-ACK bits if two codewords are enabled) for the subset.
[bookmark: _Ref83744814]Proposal 15: Regarding time domain bundling for Type-1 codebook when multi-PDSCH scheduling is configured, consider the following alternatives:
· Alt. 1: A set of occasions is determined based on the last (valid) SLIV in each row of the TDRA table, and time domain bundling is performed across all valid PDSCH(s) scheduled by a DCI by indicating a row in the TDRA table.
· Alt. 2: A set of occasions is determined based on the last (valid) SLIV in each sub-row, which is divided from each row of the TDRA table, and time domain bundling is performed across all valid PDSCH(s) for each of one or more sub-rows scheduled by a DCI by indicating a row, from which the one or more sub-rows are divided, in the TDRA table.
· Alt. 3: A set of occasions is determined based on all (valid) SLIVs in each row of the TDRA table, in the same way as the case when time domain bundling is not configured, and time domain bundling is performed for each subset of occasions divided from the set of occasions.
3.2.3 Type-2 HARQ-ACK codebook
To control or reduce the codebook size, time domain bundling can be introduced for Type-2 codebook as well. E.g., the bundling granularity can be configurable, to enable the tradeoff between the feedback overhead and retransmission efficiency.
Regarding time domain bundling for Type-2 codebook when multi-PDSCH scheduling is configured, two alternatives can be identified.
· Alt. 1: HARQ-ACK information corresponding to all valid PDSCH(s) scheduled by a DCI, each of which does not collide with any semi-static UL symbol, by indicating a row in the TDRA table can be bundled into a HARQ-ACK bit (or two HARQ-ACK bits if two codewords are enabled). Since it was agreed during RAN1#106-e meeting that C-DAI/T-DAI is counted per DCI, legacy pseudo code for constructing a Type-2 codebook can be reused, where each DAI counting corresponds to a DCI, as well as one or two HARQ-ACK bits, and the first sub-codebook for DCI(s) scheduling only a single PDSCH and the second sub-codebook for DCI(s) scheduling more than one PDSCH can be combined into a single sub-codebook. The HARQ-ACK bit(s) corresponding to a detected DCI can be set by performing binary AND operation across decoding results of each valid PDSCH scheduled by the DCI, while the HARQ-ACK bit(s) corresponding to a miss-detected DCI can be set to NACK directly.
· Alt. 2: Valid PDSCH(s) scheduled by a DCI, each of which does not collide with any semi-static UL symbol, can be divided into N subsets of valid PDSCHs. The division can be as even as possible, e.g. 5 valid PDSCHs divided into 3 subsets results in 2 valid PDSCHs, 2 valid PDSCHs and 1 valid PDSCH in the first subset, second subset and third subset, respectively. Each subset may contain zero, one or more neighbouring valid PDSCHs, and corresponds to one HARQ-ACK bit (or two HARQ-ACK bits if two codewords are enabled) in the HARQ-ACK codebook. The HARQ-ACK bit(s) corresponding to a subset can be set by performing binary AND operation across decoding results of each valid PDSCH contained in the subset if the subset contains at least one valid PDSCH, otherwise the HARQ-ACK bit(s) corresponding to the subset can be set to NACK directly. Regarding N, it can be configured by gNB directly. Alternatively, gNB can configure the size or maximum size of a subset, named M, and N can be determined by ceiling (maximum number of PDSCHs scheduled by a DCI based on TDRA table configuration / M).
Alt. 1 leads to simpler operation, less specification efforts, and less overhead, but the granularity for time domain bundling cannot be controlled as required by gNB. On the contrary, Alt. 2 is more flexible, allowing trade-off as required between feedback overhead and retransmission efficiency.
[bookmark: _Ref83744859]Proposal 16: Regarding time domain bundling for Type-2 codebook when multi-PDSCH scheduling is configured, consider the following alternatives:
· Alt. 1: Time domain bundling is performed across all valid PDSCH(s) scheduled by a DCI by indicating a row in the TDRA table.
· Alt. 2: Time domain bundling is performed across a subset of valid PDSCHs, which is divided from the set of valid PDSCH(s) scheduled by a DCI by indicating a row in the TDRA table.
During RAN1#106b-e meeting, the following working assumption was made regarding joint operation among CBG operation, multi-PDSCH scheduling and Type-2 codebook.
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


In the above working assumption, it is stated that if time domain bundling operation is supported, this working assumption can be revisited. 
In our opinion, regarding time domain bundling for Type-2 codebook, if aforementioned Alt. 1 is adopted, i.e., time domain bundling is performed across all valid PDSCH(s) scheduled by a DCI by indicating a row in the TDRA table, the first sub-codebook for DCI(s) scheduling only a single PDSCH and the second sub-codebook for DCI(s) scheduling more than one PDSCH can be combined into a single sub-codebook. If CBG operation is configured, another sub-codebook will be added, resulting in two sub-codebooks in total, where legacy mechanisms, such as T-DAI indication in UL DCI, and Type-2 codebook construction, can be reused, thus no additional complexity will be introduced. On the contrary, if aforementioned Alt. 2 is adopted, i.e. time domain bundling is performed across a subset of valid PDSCH(s) from the set of valid PDSCH(s) scheduled by a DCI by indicating a row in the TDRA table, when the number of subsets is more than one, the first sub-codebook and the second sub-codebook cannot be combined into a single sub-codebook, then the same situation before down-selection from the following 3 options will be faced again. To avoid unnecessary discussion, and for simplicity and consistency, with respect to Type-2 codebook, UE does not expect to be configured with both of CBG operation and multi-PDSCH scheduling in the same PUCCH cell group, irrespective of whether time domain bundling operation is supported or not.
Agreement:
Consider the following options to construct type-2 HARQ-ACK codebook when CBG operation is configured, and down-select to one of the following options in RAN1#106bis-e.
· 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.
· Note: Multi-PDSCH reception refers to the case where multiple PDSCHs are scheduled by a DCI that is configured with TDRA table containing at least one row with multiple SLIVs.


[bookmark: _Ref86850675]Proposal 17: For Type-2 codebook, UE does not expect to be configured with both of CBG operation and multi-PDSCH scheduling in the same PUCCH cell group, irrespective of whether time domain bundling operation is supported or not.
Accordingly, the above working assumption can be confirmed after deleting the sentence ‘If time bundling operation is supported, this working assumption can be revisited’.
[bookmark: _Ref86850680]Proposal 18: Confirm the following working assumption with one update.
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


During RAN1#106b-e meeting, the following agreement regarding HARQ-ACK reporting for an invalid PDSCH has been achieved.
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.


Regarding the FFS point on HARQ-ACK bit ordering, it was discussed during RAN1#106b-e meeting, and several solutions were proposed by different companies. From our perspective, the simplest way is that NACK corresponding to an invalid PDSCH is mapped to an HARQ-ACK bit among L HARQ-ACK bits corresponding to the DCI scheduling the invalid PDSCH in a Type-2 codebook, wherein the position of the HARQ-ACK bit among L HARQ-ACK bits is determined by the position of the SLIV corresponding to the invalid PDSCH among all configured SLIVs in the row indicated by the DCI, and every L HARQ-ACK bits correspond to one DCI in the Type-2 codebook.
[bookmark: _Ref86850685]Proposal 19: NACK corresponding to an invalid PDSCH is mapped to an HARQ-ACK bit among L HARQ-ACK bits corresponding to the DCI scheduling the invalid PDSCH in a Type-2 codebook, wherein the position of the HARQ-ACK bit among L HARQ-ACK bits is determined by the position of the SLIV corresponding to the invalid PDSCH among all configured SLIVs in the row indicated by the DCI, and every L HARQ-ACK bits correspond to one DCI in the Type-2 codebook.
3. Conclusion
In this contribution, we first discuss the processing timeline, then the multi-PDSCH/PUSCH scheduling and feedback related design. We have the following observations and proposals.

1> Processing timeline aspects
Proposal 1: For NR operation with 480 kHz and/or 960 kHz SCS, support the set of values below for PDSCH-to-HARQ_feedback timing indicator field in DCI format 1_0 in Rel-17.
{7, 8, 9, 10, 12, 16, 20, 24} for 480 kHz, {13, 14, 15, 16, 24, 32, 40, 48} for 960 kHz.

Proposal 2: For NR operation with 480 kHz and/or 960 kHz SCS, scale the corresponding values of 120 kHz SCS by 4x/8x for 480 kHz and 960 kHz SCS respectively for d1,1, d2, d2,1.

Proposal 3: For NR operation with 480 kHz and/or 960 kHz SCS, scale the corresponding values of 120 kHz SCS by 4x/8x for 480 kHz and 960 kHz SCS respectively for the following UE timeline parameters for single and multi-PDSCH/PUSCH scheduling to maintain the same absolute time duration as that of 120 kHz SCS in FR2.
· HARQ-ACK information in response to a SPS PDSCH release, N in 38.213 Section 10.2
· HARQ-ACK information in response to a detection of a DCI format 1_1 indicating SCell dormancy, N in 38.213 Section 10.3
· Determination of the resource allocation table to be used for PUSCH, Δ in 38.214 Section 6.1.2.1.1
· UE PDSCH reception preparation time with cross carrier scheduling with different subcarrier spacings for PDCCH and PDSCH, Npdsch in 38.214 Section 5.5
· Application delay of the minimum scheduling offset restriction, Zµ in 38.214 Section 5.3.1

Proposal 4: For NR operation with 480 kHz and/or 960 kHz SCS, scale the corresponding values of 120 kHz SCS by 4x/8x for 480 kHz and 960 kHz SCS respectively for the minimum time gap for wake-up and Scell dormancy indication (DCI format 2_6) to maintain the same absolute time duration as that of 120 kHz SCS in FR2.

2> DCI design for multi-PDSCH/PUSCH scheduling
Proposal 5: Legacy frequency domain scheduling in NR Rel-15/16 is reused for multi-PUSCH/PDSCH scheduling.

Proposal 6: For CBG based scheduling, the same behaviour for multi-PUSCH scheduling with 120 kHz SCS is applied to 480/960 kHz SCS as well, i.e., CBG based scheduling is supported only when a DCI schedules a single PUSCH.

Proposal 7: For multi-PDSCH scheduling, do not support CBG based scheduling for 120/480/960 kHz SCS.

Proposal 8: For activation/de-activation of SPS/CG by using multi-PDSCH/PUSCH scheduling DCI, the first (valid) SLIV in the row indicated by an activation/de-activation DCI is used for determining SPS/CG occasions.

Proposal 9: For multi-PDSCH scheduling, UE does not expect any of the scheduled/SPS PDSCHs and the resource for the HARQ-ACK transmission to lead to out-of-order scheduling.

Proposal 10: For frequency hopping for multi-PUSCH scheduling, only intra-slot frequency hopping is applicable, and is applied to each scheduled PUSCH when configured and enabled, while inter-slot frequency hopping is inapplicable.

Proposal 11: When two-codeword transmission is enabled, the maximum number of configured SLIVs in a row of TDRA table for multi-PDSCH scheduling can be further restricted.

Proposal 12: Regarding TB disabling for multi-PDSCH scheduling, when two codeword transmission is configured, for a DCI format scheduling more than one PDSCH, a given TB can be disabled for each scheduled PDSCH individually, by setting IMCS = 26 and the 1-bit RV for a scheduled PDSCH to a predefined value, e.g. ‘1’, to indicated the given TB for the scheduled PDSCH is disabled.

3> HARQ-ACK feedback for multi-PDSCH scheduling
Proposal 13: For multi-PDSCH scheduling, support reporting HARQ-ACK information corresponding to different PDSCHs scheduled by a DCI on different PUCCH(s).

Proposal 14: For reporting HARQ-ACK feedback on different PUCCHs, further study how to divide the PDSCHs scheduled by a single DL DCI, as well as indicate or determine more than one PUCCH carrying HARQ-ACK feedback.

Proposal 15: Regarding time domain bundling for Type-1 codebook when multi-PDSCH scheduling is configured, consider the following alternatives:
· Alt. 1: A set of occasions is determined based on the last (valid) SLIV in each row of the TDRA table, and time domain bundling is performed across all valid PDSCH(s) scheduled by a DCI by indicating a row in the TDRA table.
· Alt. 2: A set of occasions is determined based on the last (valid) SLIV in each sub-row, which is divided from each row of the TDRA table, and time domain bundling is performed across all valid PDSCH(s) for each of one or more sub-rows scheduled by a DCI by indicating a row, from which the one or more sub-rows are divided, in the TDRA table.
· Alt. 3: A set of occasions is determined based on all (valid) SLIVs in each row of the TDRA table, in the same way as the case when time domain bundling is not configured, and time domain bundling is performed for each subset of occasions divided from the set of occasions.

Proposal 16: Regarding time domain bundling for Type-2 codebook when multi-PDSCH scheduling is configured, consider the following alternatives:
· Alt. 1: Time domain bundling is performed across all valid PDSCH(s) scheduled by a DCI by indicating a row in the TDRA table.
· Alt. 2: Time domain bundling is performed across a subset of valid PDSCHs, which is divided from the set of valid PDSCH(s) scheduled by a DCI by indicating a row in the TDRA table.

Proposal 17: For Type-2 codebook, UE does not expect to be configured with both of CBG operation and multi-PDSCH scheduling in the same PUCCH cell group, irrespective of whether time domain bundling operation is supported or not.

Proposal 18: Confirm the following working assumption with one update.
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



Proposal 19: NACK corresponding to an invalid PDSCH is mapped to an HARQ-ACK bit among L HARQ-ACK bits corresponding to the DCI scheduling the invalid PDSCH in a Type-2 codebook, wherein the position of the HARQ-ACK bit among L HARQ-ACK bits is determined by the position of the SLIV corresponding to the invalid PDSCH among all configured SLIVs in the row indicated by the DCI, and every L HARQ-ACK bits correspond to one DCI in the Type-2 codebook.
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