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[bookmark: _Ref70953902][bookmark: _Toc92789288]1	Introduction
In this paper, we discuss the remaining issues on PDSCH/PUSCH scheduling enhancements and HARQ feedback aspects for multiple scheduling introduced in Rel-17.
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[bookmark: _Ref178064866][bookmark: _Toc92789289]2	Discussion
[bookmark: _Hlk60674478][bookmark: _Toc92789290]2.1	PDSCH/PUSCH scheduling enhancements
In this section we present discussion on the remaining open issues and FFSs for PDSCH/PUSCH scheduling enhancement.
[bookmark: _Toc92789291]2.1.1	Maximum gap duration and maximum scheduling time span
Some companies suggested to introduce constrains on duration of scheduling gaps and total time span of multiple PDSCHs/PUSCHs scheduled by a DCI. As far as we understand, the motivation is mainly to avoid multiple PDSCH/PUSCH scheduling with excessive time span that exceeds the coherence time of the radio channel. We agree that the total time span of a multiple PDSCH/PUSCH scheduling should be confined within the coherence time given that only a single MCS is indicated. However, the coherence time is directly related to mobility of the UEs and their surrounding environment. It can be as short as micro-seconds (for very high mobility speed UEs) or as long as seconds (for stationary UEs). Hence it is very difficult (if not impossible) to define a proper limit on the total time span of multiple PDSCH/PUSCH scheduling based on the coherence time simply because it highly depends on the scenario.
In our view, it should be left to the gNB to determine the total time span for a multiple PDSCH/PUSCH scheduling based on knowledge of the radio conditions experienced by the UE. Furthermore, PDSCH/PUSCH occasions are indicated by the corresponding scheduling offset(s) K0/K2 in the configured TDRA table. Since the range of configured K0/K2 values is limited already according to the maximum allowed values, this effectively sets a limit on the maximum time span allowed for multiple PDSCH/PUSCH scheduling already. Therefore, introducing further constraints on duration of scheduling gaps and total time span of multiple PDSCH/PUSCH scheduling is not necessary and will sacrifice gNB scheduling flexibility.
[bookmark: _Toc86936142][bookmark: _Toc92719613]Do not introduce constraints on maximum value of the gap between two consecutively scheduled PDSCHs/PUSCHs or maximum value of the gap between the first and the last scheduled PDSCH/PUSCH other than that inherently provided by the range of K0/K2 value.

[bookmark: _Toc92789292]2.1.2	Out of order scheduling
In the previous meetings, companies discussed out-of-order scheduling in the context of multiple PDSCH/PUSCH scheduling, and reached the following agreement ([1]):
	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



The first bullet of the FFS in the above agreement is to address whether interlaced scheduling is allowed between a multi-PDSCH/PUSCH and a single-PDSCH/PUSCH scheduling.
It has been agreed that one DCI can schedule multiple PDSCHs/PUSCHs with slot level scheduling gaps in between two adjacent PDSCHs/PUSCHs. In our view, scheduling of a single PDSCH/PUSCH in the middle of a multi-PDSCH/PUSCH scheduling can be beneficial. For example, as it is demonstrated in Figure 1 below, a DCI can be detected in a CSS/USS scheduling a single PDSCH (for SI messages, RAR for gNB triggered RA, SPS/CG activation/release, etc.) that falls into a scheduling gap of a multi-PDSCH scheduling. In this scenario, it can also be beneficial to allow the HARQ feedback for the single PDSCH to be transmitted before that for the multiple PDSCHs, to reduce the HARQ feedback latency for the single PDSCH.



[bookmark: _Ref86305363]Figure 1: Out-of-Order scheduling between a multi-PDSCH and a single-PDSCH scheduling

[bookmark: _Toc86936151][bookmark: _Toc92719614]Out-of-Order scheduling is allowed 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).

The second bullet of the FFS is about whether Out-of-Order scheduling is allowed 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 in time domain. In general, to simplify the streamlining of PDSCH/PUSCH processing at the UE, it is beneficial to prohibit interlacing of multi-PDSCHs (or multi-PUSCH) on a carrier scheduled by multiple DCIs (either detected on the same or different carriers, in the same or different PDCCH monitoring occasions). That is to say, the UE should not expect to receive (or transmit) a second set of multiple PDSCHs (or PUSCHs) scheduled by a second DCI until the end of a first set of multiple PDSCHs (or PUSCHs) scheduled by a first DCI.
[bookmark: _Toc86936152][bookmark: _Toc92719615]Out-of-Order scheduling is NOT allowed 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.

[bookmark: _Toc92789293]2.1.3	HARQ process number collision with SPS/CG
Regarding how to handle HARQ process number when it collides with that assigned for SPS/CG, the following proposal was raised by the FL in the last meeting:
	Proposal #2.9-1 (SPS/CG HPN):
· HARQ process number configured for SPS PDSCH (or CG PUSCH) can be allocated to a PDSCH (or PUSCH) of multi-PDSCH (or multi-PUSCH) scheduling, as long as the timeline condition defined in Rel-15/16 is met.



In the current specs (TS 38.214), there is timing restriction on simultaneous scheduling of dynamic PDSCH and configured PDSCH (SPS) as following:
The UE is not expected to decode a PDSCH in a serving cell scheduled by a PDCCH with C-RNTI, CS-RNTI or MCS-C-RNTI and one or multiple PDSCH(s) required to be received according to this Clause in the same serving cell without a corresponding PDCCH transmission if the PDSCHs partially or fully overlap in time except if the PDCCH scheduling the PDSCH ends at least 14 symbols before the earliest starting symbol of the PDSCH(s) without the corresponding PDCCH transmission, where the symbol duration is based on the smallest numerology between the scheduling PDCCH and the PDSCH, in which case the UE shall decode the PDSCH scheduled by the PDCCH.
With the above scheduling restriction, a UE is not required to receive a SPS PDSCH that overlaps with or immediately follows a preceding dynamic PDSCH, unless the SPS PDSCH occurs at least 14 symbols after the dynamic PDSCH ends.
Furthermore, regarding reuse of HARQ process ID, the following scheduling restriction is specified in the current TS 38.214:
For any HARQ process ID(s) in a given scheduled cell, the UE is not expected to receive a PDSCH that overlaps in time with another PDSCH. The UE is not expected to receive another PDSCH for a given HARQ process until after the end of the expected transmission of HARQ-ACK for that HARQ process, where the timing is given by Clause 9.2.3 of [6].
The above clause clarifies that a HARQ process ID cannot be reused until the corresponding HARQ-ACK for the most recent PDSCH transmission using the HARQ process ID is transmitted.
Similarly, there is following scheduling restriction on simultaneous scheduling of dynamic PUSCH and configured PUSCH (CG):
A UE is not expected to be scheduled by a PDCCH ending in symbol  to transmit a PUSCH on a given serving cell overlapping in time with a transmission occasion, where the UE is allowed to transmit a PUSCH with configured grant according to [10, TS38.321], starting in a symbol  on the same serving cell if the end of symbol  is not at least  symbols before the beginning of symbol . The value  in symbols is determined according to the UE processing capability defined in Clause 6.4, and and the symbol duration are based on the minimum of the subcarrier spacing corresponding to the PUSCH with configured grant and the subcarrier spacing of the PDCCH scheduling the PUSCH.
And regarding reuse of HARQ process ID in the UL:
A UE is not expected to be scheduled by a PDCCH ending in symbol  to transmit a PUSCH on a given serving cell for a given HARQ process, if there is a transmission occasion where the UE is allowed to transmit a PUSCH with configured grant according to [10, TS38.321] with the same HARQ process on the same serving cell starting in a symbol  after symbol , and if the gap between the end of PDCCH and the beginning of symbol  is less than  symbols. The value  in symbols is determined according to the UE processing capability defined in Clause 6.4, and and the symbol duration are based on the minimum of the subcarrier spacing corresponding to the PUSCH with configured grant and the subcarrier spacing of the PDCCH scheduling the PUSCH.
With these scheduling restrictions in the current specs, we don’t think it is necessary to introduce further scheduling restriction to avoid HARQ process number collision between dynamic and configured PDSCH/PUSCH. I.e., we support the FL proposal on this issue.
[bookmark: _Toc92719616]Support the FL proposal #2.9-1 (SPS/CG HPN) on how to handle HARQ process number when it collides with that assigned for SPS or CG. I.e., HARQ process number configured for SPS PDSCH (or CG PUSCH) can be allocated to a PDSCH (or PUSCH) of multi-PDSCH (or multi-PUSCH) scheduling, as long as the timeline condition defined in Rel-15/16 is met.

[bookmark: _Toc92789294]2.1.4	SPS/CG Activation/Release
According to the current specification regarding PDCCH validation for DL SPS and UL grant Type 2 in Rel-15/16, if a DCI is used to transmit SPS/CG activation/release command, the DCI should be scrambled with CS-RNTI, the NDI field in the DCI should be set to ‘0’, and some other fields (HARQ process number, RV, MCS, FDRA, etc.) should be set to certain special patterns. The DCI is not used to schedule normal DL or UL data at the same time. For example, for SPS or CG activation the below table is given in TS 38.213:
Table 10.2-1: Special fields for single DL SPS or single UL grant Type 2 scheduling activation PDCCH validation when a UE is provided a single SPS PDSCH or UL grant Type 2 configuration in the active DL/UL BWP of the scheduled cell
	
	DCI format 0_0/0_1/0_2 
	DCI format 1_0/1_2
	DCI format 1_1

	HARQ process number
	set to all '0's
	set to all '0's
	set to all '0's

	Redundancy version
	set to all '0's
	set to all '0's
	For the enabled transport block: set to all '0's



It can be observed in the above table that, for a DCI indicating SPS or CG activation to a UE, the HARQ process number field and the RV field in the DCI need to be set to all zeros. With this specification, for a DCI format that can schedule multiple PDSCHs or PUSCHs, it is not possible to indicate SPS/CG activation while at the same time scheduling normal PDSCH or PUSCH transmission.
Similarly, it can be observed in the below table for SPS or CG release DCI that, with the current specification, for a DCI format that can schedule multiple PDSCHs or PUSCHs, it is not possible to indicate SPS/CG release while at the same time scheduling normal PDSCH or PUSCH transmission.
Table 10.2-2: Special fields for single DL SPS or single UL grant Type 2 scheduling release PDCCH validation when a UE is provided a single SPS PDSCH or UL grant Type 2 configuration in the active DL/UL BWP of the scheduled cell
	
	DCI format 0_0/0_1/0_2 
	DCI format 1_0/1_1/1_2

	HARQ process number
	set to all '0's
	set to all '0's

	Redundancy version
	set to all '0's
	set to all '0's

	Modulation and coding scheme
	set to all '1's
	set to all '1's

	Frequency domain resource assignment
	set to all '0's for FDRA Type 2 with 

set to all '1's, otherwise
	set to all '0's for FDRA Type 0 or for dynamicSwitch

set to all '1's for FDRA Type 1



[bookmark: _Ref90475826][bookmark: _Toc92719627]With the current specification regarding PDCCH validation for DL SPS and UL grant Type 2, it is not possible that a multiple scheduling DCI indicates SPS/CG activation/release while schedules normal PDSCH/PUSCH transmission at the same time.

In RAN1#106bis-e, three options were summarized for SPS/CG activation/release by using multi-PDSCH/PUSCH scheduling DCI ([1]):
	· 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



In Option 1, a TDRA table that supports multi-PDSCH/multi-PUSCH scheduling can also support single PDSCH/PUSCH scheduling as long as the table contains one or more rows of single-SLIV, which we believe is a typical case in reality. Even in the rare case where there is no single-SLIV row in the TDRA table, a single-SLIV row can be added for the purpose of SPS/CG activation/release. We don’t think there is much negative impact on the scheduling flexibility by just adding one single-SLIV row in the TDRA table.
In both Option 2 and Option 3, if a DCI that normally schedules multiple PDSCHs is used for SPS/CG activation/release, it cannot schedule any normal DL/UL data at the same time as pointed out by Observation 1 above. Regardless of which SLIV the SPS/CG activation/release is based upon, it would need to be clarified in the specs which SLIV should be used for SPS/CG transmission (in case of SPS/CG activation), which HARQ feedback delay should be used, and the impact on HARQ-ACK codebook generation, etc. We don't think the specification effort is worth it; Option 1 is far simpler.
[bookmark: _Toc92719617]For SPS/CG activation/release by using multi-PDSCH/PUSCH scheduling DCI, support Option 1. I.e., SPS/CG activation/release is indicated by a DCI that indicates a single SLIV.
[bookmark: _Ref74260091][bookmark: _Toc92789295]2.2	HARQ feedback aspects
[bookmark: _Toc92789296]2.2.1	Remaining issues on Type-1 HARQ-ACK codebook enhancement
In the last meeting the discussion on time domain bundling for Type-1 HARQ-ACK codebook is concluded with the following agreement.
	Agreement
For multi-PDSCH scheduling with a single DCI
· Introduce a new RRC parameter, e.g., enableTimeDomainHARQ-Bundling, to enable time domain bundling operation for type-1 HARQ-ACK codebook per serving cell.
· If the RRC parameter enables time domain bundling operation,
· To determine the set of candidate PDSCH reception occasions,
· A row index is removed if at least one symbol of every PDSCH associated with the row index is configured as semi-static UL. (NOTE: This is similar to the case of slot aggregated PDSCH in Rel-16)
· Pruning procedure in Rel-16 is performed based on the last configured SLIV of each row index.
· Logical AND operation is applied across all valid PDSCHs associated with a determined candidate PDSCH reception occasion, at least for 1-TB case.
· FFS: UE does not expect the last scheduled SLIV overlaps with a semi-static UL symbol when parameter enableTimeDomainHARQ-Bundling is configured




The above agreement resolves most of the issues for time domain bundling for Type-1 HARQ-ACK codebook. The remaining FFS in the agreement was to address a special scheduling case brought-up by some companies during the last meeting, as depicted in Figure 2.


[bookmark: _Ref90369920]Figure 2: a special scheduling scenario for Type-1 HARQ-ACK codebook (copied from Section 3.1 in [1])
In the special case shown in the figure, the UE is configured with TDRA table with two rows. Row 0 contains two SLIVs (1-0 and 1-1) and Row 1 contains a single SLIV (2-1). With K1 = 2, SLIV 1-1 becomes invalid due to collision with UL symbols. According to the above agreement where pruning procedure in Rel-16 is performed based on the last configured SLIV of each row index, both combinations of {Row=0, K1=2} and {Row=1, K1=2} produce a PDSCH candidate occasion in slot n-2. If gNB schedules both Row 0 and Row 1 with two different DCIs, there will be an ambiguity in Type-1 HARQ-ACK codebook if time domain bundling is applied. The question is whether it is possible that gNB schedules both Row 0 and Row 1 to the UE?
It has been agreed that the legacy scheduling restriction in Rel-15/16 on out-of-order scheduling is retained for multiple scheduling in Rel-17.
	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.



In the current TS 38.214, the following restriction is specified to avoid out-of-order scheduling.
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.
In our interpretation to the above agreement on out-of-order scheduling restriction and the above clause in the current specs, for two multi-PDSCH scheduling DCIs, UE should not expect a scheduled PDSCH in the second scheduling that starts earlier than the end of a scheduled PDSCH in the first scheduling. In other words, “the end of the first PDSCH” in the above clause should consider all configured SLIVs indicated by a row. Hence, in our understanding, the scheduling scenario in the example in Figure 2 is not valid, because the second scheduling of Row 1 (SLIV 2-1) starts earlier than the end of the first scheduling of Row 0 (SLIV 1-1). Therefore for this case we don’t think the FFS text is necessary and can be removed from the above cited agreement.
[bookmark: _Toc92719618]Remove the entire FFS bullet in the agreement for Type-1 HARQ-ACK codebook enhancement for multi-PDSCH scheduling with a single DCI.
[bookmark: _Toc92789297]2.2.2	Remaining issues on Type-2 HARQ-ACK codebook enhancement
In the last meeting the configurable time domain bundling mechanism for Type-2 HARQ-ACK codebook was agreed, with the number of bundling groups of 1, 2 or 4 indicated by a new RRC parameter. Based on that agreement, we provide our view on a few remaining issues in this section.
	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




One remaining issue on time domain bundling of Type-2 HARQ-ACK codebook is about whether bundling group allocation is based on all configured SLIVs or based on valid SLIVs. The answer to this question affects PDSCH allocations to the bundling groups.
We analysed an example scenario with NHBG =4 groups for the case of 8 scheduled PDSCHs, where the number of valid SLIVs out of the 8 scheduled ones ranges from 1 to 8. For simplicity, let's consider an example where all the valid PDSCHs are the first ones. E.g., for 3 valid SLIVs we would have VVVXXXXX where X = invalid SLIV. In the following table, the numbers indicate the number of valid SLIVs mapped to each group. For example, for 3 valid SLIVs and the method of grouping valid SLIVs (2nd column) it results in 111E meaning the 3 valid SLIVs are mapped to the first 3 groups and the 4th group is empty (thus NACK padding is reported). For the method of grouping configured SLIVs (3rd column), the 3 valid SLIVs are mapped to only the first 2 groups, and the last two groups contain only invalid SLIVs (thus NACK padding is reported).
	Number of
Valid SLIVs
	Grouping Valid SLIVs
	Grouping Configured SLIVs
	
	
	
	

	1
	1EEE
	1XXX
	X = group that contains only invalid SLIVs

	2
	11EE
	2XXX
	E = empty group (no valid SLIVs)

	3
	111E
	21XX
	
	
	
	

	4
	1111
	22XX
	
	
	
	

	5
	2111
	221X
	
	
	
	

	6
	2211
	222X
	
	
	
	

	7
	2221
	2221
	
	
	
	

	8
	2222
	2222
	
	
	
	



From this table, one can see that for the method of grouping valid SLIVs (2nd column), the HARQ-ACK bits are "spread out" across as many groups as possible. This has the benefit of minimizing the number of required re-transmissions if one or more of the valid PDSCHs fails CRC check. In contrast, using the method of grouping configured SLIVs (3rd column), the HARQ-ACK bits could be more concentrated to a fewer number of groups. This can result in a larger number of required re-transmissions.
In summary, grouping valid SLIVs can offer better re-transmission efficiency that grouping scheduled SLIVs.
[bookmark: _Toc92719619]For configurable time domain bundling for Type-2 HARQ-ACK codebook, where the number of HARQ bundling groups is indicated by a RRC parameter, grouping of PDSCHs is based on valid SLIVs.

[bookmark: _Toc92789298]2.2.3	Feedback-disabled HARQ processes
The Rel-17 NTN WI has decided to introduce the feature of feedback-disabled HARQ processes in the DL. For such HARQ processes, UL HARQ feedback is disabled to avoid stop-and-wait in the HARQ procedure, thus relying on RLC ARQ for data transfer reliability. In RAN1#107-e the following agreement was reached on Type-1 HARQ-ACK codebook enhancement to support feedback-disabled HARQ processes ([4]), while Type-2 HARQ-ACK codebook enhancement is still being discussed in the Rel-17 NTN WI.
	Agreement
For Type-1 HARQ codebook, the UE will consistently report NACK-only for the feedback-disabled HARQ process regardless of decoding results of corresponding PDSCH.

[Initial Proposal 1.2.2-1]
For the DCI of PDSCH with feedback-disabled HARQ processes, one of following Options is supported:
· Option-1: the C-DAI and T-DAI are the same of the C-DAI and T-DAI of the most recent DCI of PDSCH with feedback-enabled processes, despite they are not incremented. 
· For the codebook generation, the UE should use the DAI in DCI of feedback-disabled HARQ process to detect if a previous DCI of feedback-enabled HARQ processes has been missed. If so, the UE should chose the HARQ codebook size based on the DAI in DCI of the feedback-disabled HARQ process, and the feedback-enabled HARQ process detected to be missed should be NACK. 
· if all DCIs of PDSCH are associated with feedback disabled HARQ process,
· Alt-1: The value of C-DAI and T-DAI set to  and 
· Alt-2: (proponent are encouraged to provide the detailed solution if there is concern on Alt-1)
Option-2: The C-DAI and T-DAI are ignored by the UE regardless of the value for Type 2 codebook generation.



In this discussion we present our view on how the above agreement and proposal would apply to the case of multi-PDSCH scheduling is configured when some or all of the HARQ processes are configured as feedback-disabled. 
For Type-1 HARQ-ACK codebook, if time domain HARQ bundling is not configured, according to the above-mentioned agreement from NTN, the UE should report NACK for the feedback-disabled HARQ processes regardless of the decoding results of the corresponding PDSCHs. Furthermore, for Type-2 HARQ-ACK codebook, if time domain bundling is not configured, for either Option 1 or Option 2 of the above NTN proposal, if only some of the PDSCHs scheduled by a DCI are feedback-disabled, the UE should report NACK for the feedback-disabled HARQ processes, regardless of the decoding results of the corresponding PDSCHs.
[bookmark: _Toc92719620]For Type-1 and Type-2 HARQ-ACK codebook generation for multi-PDSCH scheduling, if time domain HARQ bundling is not configured, the UE should report NACK for the feedback-disabled HARQ processes regardless of the decoding results of the corresponding PDSCHs.

For Type-1 and Type-2 HARQ-ACK codebook, if time domain HARQ bundling is configured, and if all PDSCHs in a bundling group are feedback-disabled, NACK should be reported for the bundling group. In case only some of the PDSCHs in a bundling group are feedback-disabled, generating NACK for the feedback-disabled PDSCHs will lead to NACK always being reported for the bundling group. Therefore, logical AND operation should be applied across all valid feedback-enabled PDSCHs to generate the HARQ-ACK bit. It is worth to mention that for Type-1 HARQ-ACK codebook, according to the previous agreement on time domain bundling, all PDSCHs scheduled by a DCI belong to a single bundling group.
[bookmark: _Toc92719621]For Type-1 and Type-2 HARQ-ACK codebook generation for multi-PDSCH scheduling, if time domain HARQ bundling is configured,
· [bookmark: _Toc92719622]For a group with only feedback-disabled PDSCH(s), HARQ-ACK bits for the bundling group is set to NACK
· [bookmark: _Toc92719623]Logical AND operation is applied across all valid feedback-enabled PDSCHs within the same bundling group, if any, to generate 1 HARQ-ACK bit per group
[bookmark: _Toc92719624]Note: For Type-1 HARQ-ACK codebook, all PDSCHs scheduled by a DCI belong to a single bundling group.

For Type-2 HARQ-ACK codebook where the HARQ-ACK codebook size is derived from the DAI counters in the last scheduling DCI, the DAI counters in a DCI that schedule multiple PDSCHs still need to be incremented if any of the PDSCHs scheduled by the DCI are not feedback-disabled.
[bookmark: _Toc92719625]For Type-2 HARQ-ACK codebook, the DAI counters in a DCI that schedule multiple PDSCHs still need to be incremented if any of the PDSCHs scheduled by the DCI are not feedback-disabled.

For Type-2 HARQ-ACK codebook if all PDSCHs scheduled by a DCI are feedback-disabled, HARQ-ACK feedback for the scheduling should be skipped, regardless of whether time domain bundlingn is configured or not.
[bookmark: _Toc92719626]For Type-2 HARQ-ACK codebook generation for multi-PDSCH scheduling, if all PDSCHs scheduled by a DCI are feedback-disabled, HARQ-ACK feedback for the scheduling should be skipped, regardless of whether time domain bundling is configured or not.
[bookmark: _Toc86936140][bookmark: _Toc86936159][bookmark: _Toc86936160][bookmark: _Toc92789299]Conclusion
In this paper we made the following observations: 
Observation 1	With the current specification regarding PDCCH validation for DL SPS and UL grant Type 2, it is not possible that a multiple scheduling DCI indicates SPS/CG activation/release while schedules normal PDSCH/PUSCH transmission at the same time.

In this paper we made the following proposals:
Proposal 1	Do not introduce constraints on maximum value of the gap between two consecutively scheduled PDSCHs/PUSCHs or maximum value of the gap between the first and the last scheduled PDSCH/PUSCH other than that inherently provided by the range of K0/K2 value.
Proposal 2	Out-of-Order scheduling is allowed 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).
Proposal 3	Out-of-Order scheduling is NOT allowed 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.
Proposal 4	Support the FL proposal #2.9-1 (SPS/CG HPN) on how to handle HARQ process number when it collides with that assigned for SPS or CG. I.e., HARQ process number configured for SPS PDSCH (or CG PUSCH) can be allocated to a PDSCH (or PUSCH) of multi-PDSCH (or multi-PUSCH) scheduling, as long as the timeline condition defined in Rel-15/16 is met.
Proposal 5	For SPS/CG activation/release by using multi-PDSCH/PUSCH scheduling DCI, support Option 1. I.e., SPS/CG activation/release is indicated by a DCI that indicates a single SLIV.
Proposal 6	Remove the entire FFS bullet in the agreement for Type-1 HARQ-ACK codebook enhancement for multi-PDSCH scheduling with a single DCI.
Proposal 7	For configurable time domain bundling for Type-2 HARQ-ACK codebook, where the number of HARQ bundling groups is indicated by a RRC parameter, grouping of PDSCHs is based on valid SLIVs.
Proposal 8	For Type-1 and Type-2 HARQ-ACK codebook generation for multi-PDSCH scheduling, if time domain HARQ bundling is not configured, the UE should report NACK for the feedback-disabled HARQ processes regardless of the decoding results of the corresponding PDSCHs.
Proposal 9	For Type-1 and Type-2 HARQ-ACK codebook generation for multi-PDSCH scheduling, if time domain HARQ bundling is configured,
	For a group with only feedback-disabled PDSCH(s), HARQ-ACK bits for the bundling group is set to NACK
	Logical AND operation is applied across all valid feedback-enabled PDSCHs within the same bundling group, if any, to generate 1 HARQ-ACK bit per group
Note: For Type-1 HARQ-ACK codebook, all PDSCHs scheduled by a DCI belong to a single bundling group.
Proposal 10	For Type-2 HARQ-ACK codebook, the DAI counters in a DCI that schedule multiple PDSCHs still need to be incremented if any of the PDSCHs scheduled by the DCI are not feedback-disabled.
Proposal 11	For Type-2 HARQ-ACK codebook generation for multi-PDSCH scheduling, if all PDSCHs scheduled by a DCI are feedback-disabled, HARQ-ACK feedback for the scheduling should be skipped, regardless of whether time domain bundling is configured or not.
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