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1. Introduction
In this contribution, we would like to present some discussions about multi-PDSCH/PUSCH scheduling with a single DCI and HARQ for extending NR operation to 71 GHz.
Some relevant agreements are listed in the Appendix.
2. Discussion
2.1 Maximum number of PDSCHs/PUSCHs
In the RAN1#104bis-e meeting, further restriction for the maximum number of PDSCHs/PUSCHs for 120/480kHz was identified as FFS.
	Agreement:
· The maximum number of PDSCHs that can be scheduled with a single DCI in Rel-17 is 8 for SCS of 480 and 960 kHz.
· FFS: Further restrictions for 480 kHz to 4
· FFS: A UE capability to select between 4 and 8 for 480 kHz SCS
· Note: Multi-PDSCH scheduling for the case of 120 kHz SCS is still FFS as per prior agreement. This case can be addressed after this FFS has been decided.
· The maximum number of PUSCHs that can be scheduled with a single DCI in Rel-17 is 8.
· FFS: Further restrictions for 120 kHz and 480 kHz SCS
· FFS: A UE capability to select between different values for 120 kHz and 480 kHz SCS


For more scheduling flexibility, further restriction should be introduced only if there is a well-justified motivation. According to discussion in the last meeting, it was mentioned that restriction is needed to match the scheduled PDSCH duration to one 120-kHz slot. However, it is unnecessary to achieve such alignment by means of restriction. If needed, it can be achieved by gNB configuration. Since we do not see the motivation and necessity to have further restriction on the maximum number for 120/480kHz, we prefer to keep the maximum number as 8 for all SCSs.
Proposal 1: For 120, 480 and 960 kHz SCS, the maximum number of PDSCHs or PUSCHs that can be scheduled with a single DCI in Rel-17 is 8. 
2.2 Type-1 HARQ-ACK codebook for multi-PDSCH scheduling
In the RAN1#104bis-e meeting, regarding enhancement of generating a Type-1 HARQ-ACK codebook for multi-PDSCH scheduling, 3 options for determining the set of candidate PDSCH reception occasions are identified to be considered.
	Agreement:
For enhancements of generating type-1 HARQ-ACK codebook corresponding to DCI that can schedule multiple PDSCHs, the following options can be considered,
· Option 1: The set of candidate PDSCH reception occasions is determined according to each SLIV of each row in the TDRA table and based on extension of K1 set
· Option 1a: The set of candidate PDSCH reception occasions is determined according to each SLIV of each row in the TDRA table
· Option 2: The set of candidate PDSCH reception occasions is determined according to the last SLIV of each row in the TDRA table
· FFS: Codebook generation details, including how to handle the collision with TDD DL/UL configuration and whether/how to extend K1 set based on K1 and slot offset between last PDSCH and other PDSCHs in a row in the TDRA table


However, according to the discussion in the last meeting, it seems that companies have different interpretations on the options. It is necessary to achieve common understanding on the options so that we can have further discussion. Therefore, we would like to firstly share our understanding on the options based on the example in Figure 1, assuming the set of  without extension is .
	


	 (TDRA table)

	Index = 0
	{SLIV R0_0}

	Index = 1
	{SLIV R1_0, SLIV R1_1}

	Index = 2
	{SLIV R2_0, SLIV R2_1, SLIV R2_2, SLIV R2_3}



	



Figure 1. Example of TDRA table and  without extension
[bookmark: _Hlk71566688]In Option 1, according to clarifications from some companies, the set of  would be extended to be set of  since the maximum number of SLIVs for a row is 4. As shown in Figure 1, for different value of , the associated set of SLIVs would be different. For example, for , it is associated to {SLIV R0_0, SLIV R1_1, SLIV R2_3}, while for , it is associated to {SLIV R1_0, SLIV R2_2, SLIV R0_0, SLIV R1_1, SLIV R2_3}. However, in the loop of ‘while [image: ]’ in the pseudo-code of the current spec., the associated set of SLIVs (i.e, all SLIVs in the TDRA table) are same for each value of . Therefore, in our understanding, Option 1 cannot work just by reusing the legacy loop of ‘while [image: ]’. For determining the set of candidate PDSCH reception occasions, besides extension of set of , Option 1 would require additional effort at least to determine the associated SLIVs for each  in the set of , which may need a significant change to the current structure of pseudo-code.
Observation 1: For Option 1 of determining set of candidate PDSCH reception occasions, besides extension of set of , it would require additional effort at least to determine the associated SLIVs for each in the set of  (based on extension of set of ), which may need a significant change to the current structure of pseudo-code.
[bookmark: _Hlk71566925]In Option 1a, it does not require extension of the set of , and each  is associated with same set of SLIVs (i.e, all SLIVs in the TDRA table). For each , whether it has a corresponding candidate PDSCH reception occasion is determined based on all the SLIVs of each row in the TDRA table. More specifically, for a row in the TDRA table, once at least one of SLIVs is valid, it is schedulable. Correspondingly, for a specific , if at least one row in the TDRA table has valid SLIV(s), it has a candidate PDSCH reception occasion. For example, for =1, even if all SLIVs corresponding to slot N-1 are invalid, if at least one SLIV in slot N-4~N-2 is valid, it has a candidate PDSCH reception occasion. Besides the change on pruning based on TDD DL/UL configuration, Option 1a requires to specify the number of HARQ-ACK information bits for a candidate PDSCH reception occasion. Two alternatives are provided as below for consideration. 
· Alt.1. The number of HARQ-ACK information bits for a candidate PDSCH reception occasion can be determined according to corresponding valid SLIVs. 
· Alt.2: Support bundling of HARQ-ACK information bits for multiple PDSCHs. Then the number of HARQ-ACK information bits for a candidate PDSCH reception occasion is determined based on the number of bundled PDSCHs. As a simple example, all PDSCHs scheduled by a single DCI is corresponding to 1 bit.
In Option 2, similar to Option 1a, it also does not require extension of set of , and each  is associated with same set of SLIVs (i.e, all SLIVs in the TDRA table). In addition, the 2 alternatives above for Option 1a are applicable to Option 2. Different from Option 1a, for each , whether it has a corresponding candidate PDSCH reception occasion is determined based on the last SLIV of each row in the TDRA table. For example, for =1, only if at least one SLIV in slot N-1 is valid, it has a corresponding candidate PDSCH reception occasion. That is, a row of the TDRA table is schedulable only if its last SLIV is valid. It can be observed that the impact of Option 2 is similar as Option 1a. However, it would bring extra restriction on scheduling.
Observation 2: For Option 1a or Option 2 for determining the set of candidate PDSCH reception occasions, besides change on pruning based on TDD DL/UL configuration, it requires to specify the number of HARQ-ACK information bits for a candidate PDSCH reception occasion. 
· Compared with Option 1a, Option 2 would bring extra restriction on scheduling.
Proposal 2: For Option 1a or Option 2 for determining the set of candidate PDSCH reception occasions, regarding the number of HARQ-ACK information bits for a candidate PDSCH reception occasion, the following 2 alternatives can be considered. 
· Alt.1. The number of HARQ-ACK information bits for a candidate PDSCH reception occasion can be determined according to corresponding valid SLIVs. 
· Alt.2: Support bundling of HARQ-ACK information bits for multiple PDSCHs. Then the the number of HARQ-ACK information bits for a candidate PDSCH reception occasion is determined based on the number of bundled PDSCHs.
According to the discussion above, compared with Option 1 and Option 2, Option 1a provides a good trade-off between the complexity of generating the codebook and scheduling flexibility. Therefore, for determining the set of candidate PDSCH reception occasions, it is preferred to support Option 1a.
Observation 3: For determining the set of candidate PDSCH reception occasions, compared with Option 1 and Option 2, Option 1a provides a good trade-off between the complexity of generating the codebook and scheduling flexibility.
Proposal 3: Support Option 1a for determining the set of candidate PDSCH reception occasions.

2.3 Type-2 HARQ-ACK codebook for multi-PDSCH scheduling
In the RAN1#104b-e meeting, three alternatives for generating the Type-2 HARQ-ACK codebook have been captured as conclusions in the Chairman’s notes. The major difference among different alternatives is how to count DAI. More specifically, DAI is counted per DCI, per PDSCH and per M PSDCHs for Alt. 1, Alt. 2 and Alt. 3 respectively. In our view, Alt. 1 should be supported since it follows the NR principle and requires less standardization effort. The purpose of DAI counting is to determine the number of HARQ-ACK bits. From LTE to NR, DAI is always counted per DCI. In NR, a DCI can schedule up to 8 CBGs and thus require maximum 8 HARQ-ACK bits. In 52.6~71GHz, a multi-PDSCH DCI can schedule up to 8 PDSCHs which also requires maximum 8 HARQ-ACK bits. In terms of determining HARQ-ACK bits, there is no difference between supporting a DCI scheduling multiple PDSCHs in 52.6~71GHz and supporting a DCI scheduling multiple CBGs in NR. Therefore, the same DAI counting approach with that of NR should be supported. 


Figure 2: Example of the Type-2 HARQ-ACK codebook including two sub-codebooks

In Figure 2, an example is provided to show how to generate the Type-2 HARQ-ACK codebook. The general design principle is that multi-PDSCH scheduling is treated in the same way as that of CBG-based scheduling. The sets C0 and C1 include CCs which are not configured with multi-PDSCH (denoted as single-PDSCH). In the contrast, the set C2 includes CCs which are configured with multi-PDSCH. Furthermore, C0 includes CCs not configured with CBG-based transmission (denoted as TB-based), and C1 includes CCs configured with CBG-based transmission. As for the 1st sub-codebook, it can include HARQ-ACK bits for C0, C1 and C2. Similar with NR, HARQ-ACK bits for C0 and HARQ-ACK bits for TB-based transmissions in C1 are included in the 1st sub-codebook. Within C2, even if a CC is configured with multi-PDSCH, it may still use single-PDSCH DCI, e.g., fallback DCI, to schedule PDSCH. To save HARQ-ACK overhead in the Type-2 HARQ-ACK codebook, these HARQ-ACK bits for C2 should belong to the 1st sub-codebook. As for the 2nd sub-codebook, it can include HARQ-ACK bits for C1 and C2. Similar to NR, HARQ-ACK bits for CBG-based transmissions in C1 are included in the 2nd sub-codebook. In terms of the maximum number of HARQ-ACK bits, both multi-PDSCH and CBG-based transmissions require up to 8 HARQ-ACK bits. Therefore, there is a fundamental argument for treating HARQ-ACK bits for multi-PDSCH scheduling using the same framework as already available for CBG-based scheduling. To this end, HARQ-ACK bits for multi-PDSCH transmissions in C2 should belong to the 2nd sub-codebook. For each DCI scheduling PDSCH(s), the number of HARQ-ACK bits assumed in the 1st or 2nd sub-codebook is the maximum number of HARQ-ACK bits among all the involved CCs. Furthermore, the maximum number of HARQ-ACK bits is determined based on the CC configuration but not on the scheduled PDSCH(s). 
Proposal 4: To generate the type-2 HARQ-ACK codebook for DCI scheduling multiple PDSCHs, Alt. 1 should be supported where C-DAI/T-DAI is counted per DCI. For Alt. 1, it should be supported that the Type-2 HARQ-ACK codebook includes two sub-codebooks.
· The 1st sub-codebook includes HARQ-ACK bits for PDSCHs scheduled in a single-PDSCH and TB-based manner among all the CCs.
· The 2nd sub-codebook includes HARQ-ACK bits for PDSCHs scheduled in a single-PDSCH and CBG-based manner, and PDSCHs scheduled in a multi-PDSCH manner.

3. Conclusion
According to the discussions above, we have the following observations and proposals.
Maximum number of PDSCHs/PUSCHs
Proposal 1: For 120, 480 and 960 kHz SCS, the maximum number of PDSCHs or PUSCHs that can be scheduled with a single DCI in Rel-17 is 8. 
Type-1 HARQ-ACK codebook for multi-PDSCH scheduling
Observation 1: For Option 1 of determining set of candidate PDSCH reception occasions, besides extension of set of , it would require additional effort at least to determine the associated SLIVs for each in the set of  (based on extension of set of ), which may need a significant change to the current structure of pseudo-code.
Observation 2: For Option 1a or Option 2 for determining the set of candidate PDSCH reception occasions, besides change on pruning based on TDD DL/UL configuration, it requires to specify the number of HARQ-ACK information bits for a candidate PDSCH reception occasion. 
· Compared with Option 1a, Option 2 would bring extra restriction on scheduling.
Proposal 2: For Option 1a or Option 2 for determining the set of candidate PDSCH reception occasions, regarding the number of HARQ-ACK information bits for a candidate PDSCH reception occasion, the following 2 alternatives can be considered. 
· Alt.1. The number of HARQ-ACK information bits for a candidate PDSCH reception occasion can be determined according to corresponding valid SLIVs. 
· Alt.2: Support bundling of HARQ-ACK information bits for multiple PDSCHs. Then the the number of HARQ-ACK information bits for a candidate PDSCH reception occasion is determined based on the number of bundled PDSCHs.
Observation 3: For determining the set of candidate PDSCH reception occasions, compared with Option 1 and Option 2, Option 1a provides a good trade-off between the complexity of generating the codebook and scheduling flexibility.
Proposal 3: Support Option 1a for determining the set of candidate PDSCH reception occasions.
Type-2 HARQ-ACK codebook for multi-PDSCH scheduling
Proposal 4: To generate the type-2 HARQ-ACK codebook for DCI scheduling multiple PDSCHs, Alt. 1 should be supported where C-DAI/T-DAI is counted per DCI. For Alt. 1, it should be supported that the Type-2 HARQ-ACK codebook includes two sub-codebooks.
· The 1st sub-codebook includes HARQ-ACK bits for PDSCHs scheduled in a single-PDSCH and TB-based manner among all the CCs.
· The 2nd sub-codebook includes HARQ-ACK bits for PDSCHs scheduled in a single-PDSCH and CBG-based manner, and PDSCHs scheduled in a multi-PDSCH manner.
Appendix: relevant agreements
	RAN1#104-e[2]
	Agreement:
· For a UE and for a serving cell, scheduling multiple PDSCHs by single DL DCI and scheduling multiple PUSCHs by single UL DCI are supported.
· Each PDSCH or PUSCH has individual/separate TB(s) and each PDSCH/PUSCH is confined within a slot.
· FFS: The maximum number of PDSCHs or PUSCHs that can be scheduled with a single DCI
· FFS: Whether multiple PDSCH scheduling applies to 120 kHz in addition to 480 and 960 kHz
· At least for 120 kHz SCS, single-slot scheduling with slot-based monitoring will still be supported as specified in Rel-15/Rel-16
· The followings will not be considered in this WI.
· Single DCI to schedule both PDSCH(s) and PUSCH(s)
· Single DCI to schedule one or multiple TBs where any single TB can be mapped over multiple slots, where mapping is not by repetition
· Single DCI to schedule N TBs (N>1) where a TB can be repeated over multiple slots (or mini-slots)
· Note: This does not imply that existing slot aggregation and/or repetition for PDSCH and PUSCH by single DCI is precluded for the serving cell.

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)

Agreement:
For generating type-2 HARQ-ACK codebook corresponding to DCI that can schedule multiple PDSCHs, the following alternatives can be considered to DAI counting and will be down-selected in RAN1#104bis-e.
· Alt 1: C-DAI/T-DAI is counted per DCI.
· Alt 2: C-DAI/T-DAI is counted per PDSCH.
· Alt 3: C-DAI/T-DAI is counted per M scheduled PDSCH(s), where M is configurable (e.g., 1, 2, 4, …).
· FFS: Codebook generation details
· FFS: How to signal DAI values (e.g., increase of DAI bits for Alt 2 and Alt 3)
· FFS: Whether to apply time domain bundling of HARQ-ACK feedback
Agreement:
The multi-PUSCH scheduling defined in Rel-16 NR-U is the baseline for multi-PUSCH scheduling in Rel-17.
· FFS: Applicability to multi-PDSCH scheduling. 

Agreement:
· For the multi-PUSCH scheduling in Rel-17, study the enhancement of the following in addition to Rel-16 multi-PUSCH scheduling.
· CBGTI: Whether or not CBG (re)transmission is supported when more than one PUSCHs are scheduled (Already supported when only one PUSCH is scheduled).
· CSI-request: Whether to apply same or different rule compared to Rel-16 (e.g., the PUSCH that carries the AP-CSI feedback is the first PUSCH that satisfies the multiplexing timeline).
· TDRA: Down-select among
· Alt 1: TDRA table is extended such that each row indicates up to [X, FFS for X] multiple PUSCHs (continuous in time-domain). Each PUSCH has a separate SLIV and mapping type. The number of scheduled PUSCHs is signalled by the number of indicated valid SLIVs in the row of the TDRA table signalled in DCI.
· Alt 2: TDRA table is extended such that each row indicates up to [X, FFS for X] multiple PUSCHs (that can be non-continuous in time-domain). Each PUSCH has a separate SLIV and mapping type. The number of scheduled PUSCHs is signalled by the number of indicated valid SLIVs in the row of the TDRA table signalled in DCI.
· Alt 3: TDRA table is extended such that each row indicates up to 8 multiple PUSCH groups (that can be non-continuous between PUSCH groups). Each PUSCH group has a separate SLIV, mapping type and number of slots/PUSCHs N. Within each PUSCH group, N PUSCHs occupy the same OFDM symbols indicated by the SLIV and mapping type. The number of scheduled PUSCHs is the sum of number of PUSCHs in all PUSCH groups in the row of the TDRA table signalled in DCI.
· FDRA: Whether/how to enhance FDRA e.g., by increasing RBG size or changing allocation granularity
· Frequency hopping: Whether/how to support frequency hopping for scheduled PUSCHs, e.g., inter-PUSCH/intra-PUSCH hopping
· URLLC related fields such as priority indicator and open-loop power control parameter set indication: Whether/how to apply URLLC related fields for scheduled PUSCHs
· Applicability to multi-PDSCH scheduling in Rel-17. 
· Note: Other enhancements are not precluded.

	RAN1#104bis-e[3]
	Agreement:
· The maximum number of PDSCHs that can be scheduled with a single DCI in Rel-17 is 8 for SCS of 480 and 960 kHz.
· FFS: Further restrictions for 480 kHz to 4
· FFS: A UE capability to select between 4 and 8 for 480 kHz SCS
· Note: Multi-PDSCH scheduling for the case of 120 kHz SCS is still FFS as per prior agreement. This case can be addressed after this FFS has been decided.
· The maximum number of PUSCHs that can be scheduled with a single DCI in Rel-17 is 8.
· FFS: Further restrictions for 120 kHz and 480 kHz SCS
· FFS: A UE capability to select between different values for 120 kHz and 480 kHz SCS

Agreement:
For a DCI that can schedule multiple PDSCHs,
· MCS for the 1st TB: This appears only once in the DCI and applies commonly to the first TB of each PDSCH
· NDI for the 1st TB: This is signaled per PDSCH and applies to the first TB of each PDSCH
· RV for the 1st TB: This is signaled per PDSCH, with 2 bits if only a single PDSCH is scheduled or 1 bit for each PDSCH otherwise and applies to the first TB of each PDSCH
· HARQ process number: This applies to the first scheduled PDSCH and is incremented by 1 for subsequent PDSCHs (with modulo operation, if needed)
· FFS:
· MCS/NDI/RV for the 2nd TB for each PDSCH, including whether scheduling of the 2nd TB for each PDSCH can be supported or not
· Details of resource allocation related fields such as VRB-to-PRB mapping, PRB bundling size indicator, rate matching indicator, and ZP CSI-RS trigger
· Whether/how to signal CBGFI/CBGTI if CBGFI/CBGTI is supported for multi-PDSCH scheduling
· Details of fields that are common with multi-PUSCH scheduling, e.g., TDRA, FDRA, priority indicator, including potential enhancements


Agreement:
· For a DCI that can schedule multiple PUSCHs,
· TDRA: Alt 2 (TDRA table is extended such that each row indicates up to 8 multiple PUSCHs (that can be non-continuous in time-domain). Each PUSCH has a separate SLIV and mapping type. The number of scheduled PUSCHs is implicitly indicated by the number of indicated valid SLIVs in the row of the TDRA table signalled in DCI.), as per agreement made in RAN1#104-e
· FFS: signaling details
· Note: Alt 2 does not preclude continuous resource allocation in time-domain.
· For a DCI that can schedule multiple PDSCHs,
· TDRA: TDRA table is extended such that each row indicates up to 8 multiple PDSCHs (that can be non-continuous in time-domain). Each PDSCH has a separate SLIV and mapping type. The number of scheduled PDSCHs is implicitly indicated by the number of indicated valid SLIVs in the row of the TDRA table signalled in DCI.
· FFS: signaling details
· Note: This does not preclude continuous resource allocation in time-domain.
· Note: Multi-PDSCH scheduling for the case of 120 kHz SCS is still FFS as per prior agreement. This case can be addressed after this FFS has been decided.

Agreement:
For enhancements of generating type-1 HARQ-ACK codebook corresponding to DCI that can schedule multiple PDSCHs, the following options can be considered,
· Option 1: The set of candidate PDSCH reception occasions is determined according to each SLIV of each row in the TDRA table and based on extension of K1 set
· Option 1a: The set of candidate PDSCH reception occasions is determined according to each SLIV of each row in the TDRA table
· Option 2: The set of candidate PDSCH reception occasions is determined according to the last SLIV of each row in the TDRA table
· FFS: Codebook generation details, including how to handle the collision with TDD DL/UL configuration and whether/how to extend K1 set based on K1 and slot offset between last PDSCH and other PDSCHs in a row in the TDRA table
Conclusion:
The following is observed for alternative 1 from prior agreement.
· For Alt 1 (C-DAI/T-DAI is counted per DCI) of generating type-2 HARQ-ACK codebook corresponding to DCI that can schedule multiple PDSCHs,
· C-DAI/T-DAI in DL DCI: Same DAI overhead with Rel-16 single-PDSCH DCI
· T-DAI in UL DCI: 
· In case of single codebook handling feedback for both single and multi-PDSCH scheduling, same DAI overhead with Rel-16 UL DCI
· In case of separate sub-codebooks, need additional DAI field (with same bit-width of DAI with Rel-16 UL DCI), in UL DCI for all serving cells including a serving cell not configured with multi-PDSCH DCI
· Note that DAI field increment for this case is similar for the case in Rel-15 where CBG is configured
· HARQ-ACK codebook generation:
· A separate sub-codebook can be generated when multi-PDSCH DCI is configured for a serving cell, similar to the way as 2nd sub-codebook is defined to handle CBG-based scheduling
· FFS: whether single codebook or separate sub-codebooks is(are) generated when multi-PDSCH DCI is configured for a serving cell
· FFS: how many sub-codebooks are generated when multi-PDSCH DCI is configured for a serving cell and CBG is configured for the serving cell and/or the other serving cell(s)
· HARQ-ACK payload size is increased compared to single PDSCH scheduling only, since the number of HARQ-ACK bits corresponding to each DAI of the (sub-)codebook for multi-PDSCH DCI in case of separate sub-codebooks (or for all DL DCIs in case of single codebook) depends on the maximum configured number of PDSCHs for multi-PDSCH DCI across serving cells belonging to the same PUCCH cell group.
· The number of HARQ-ACK bits for multi-PDSCH DCI in case of separate sub-codebooks, or for all DL DCIs in case of single codebook, does not depend on the number of actually scheduled PDSCHs, rather, it is fixed as the maximum configured number of PDSCHs.
· FFS: time domain bundling of HARQ-ACK feedback, as per agreement in RAN1#104-e
· Note that multi-PDSCH DCI refers to a DL DCI where at least one entry of the TDRA table allows scheduling more than one PDSCH

[bookmark: _Hlk69808417]Conclusion:
The following is observed for alternative 2 from prior agreement.
1. For Alt 2a (C-DAI/T-DAI is counted per PDSCH with a single codebook) of generating type-2 HARQ-ACK codebook corresponding to DCI that can schedule multiple PDSCHs,
30. C-DAI/T-DAI in DL DCI: Bit-width can be increased (FFS: by how much), in DL DCI not only for multi-PDSCH DCI but also for single-PDSCH DCI for all serving cells including a serving cell not configured with multi-PDSCH DCI
30. T-DAI in UL DCI: Bit-width can be increased (FFS: by how much), in UL DCI for all serving cells including a serving cell not configured with multi-PDSCH DCI
30. C-DAI/T-DAI in DL DCI and T-DAI in UL DCI shall be designed such that at most 3 consecutive DCI missing can be resolved, same as in Rel-15/16 NR. 
2. FFS: details on increment of DAI field size
2. FFS: whether/how to handle the case where different DCI formats (e.g., DCI format 1_0 and DCI format 1_1) have different field sizes for C-DAI/T-DAI
30. HARQ-ACK codebook generation:
3. The number of HARQ-ACK bits depends on the number of scheduled PDSCHs.
3. FFS: ordering of the PDSCHs for DAI counting
3. FFS: time domain bundling of HARQ-ACK feedback, as per agreement in RAN1#104-e
30. Note that multi-PDSCH DCI refers to a DL DCI where at least one entry of the TDRA table allows scheduling more than one PDSCH

Conclusion:
The following is observed for alternative 3 from prior agreement.
1. For Alt 3 (C-DAI/T-DAI is counted per M scheduled PDSCH(s), where M is configurable) of generating type-2 HARQ-ACK codebook corresponding to DCI that can schedule multiple PDSCHs,
31. If M equals to the maximum configured number of PDSCHs, Alt 3 is the same with Alt 1, if the same number of codebooks is assumed.
31. Else if M equals to 1, Alt 3 is the same with Alt 2.
31. Otherwise (i.e., 1<M<the maximum configured number of PDSCHs), Alt 3 is similar to Alt 2, except that
2. The number of HARQ-ACK bits corresponding to each DAI increases by M times.
2. NACK bits may be padded if the number of scheduled PDSCHs is not an integer multiple of M.
2. FFS: details on DAI field size
2. FFS: whether single codebook or separate sub-codebooks is(are) generated when multi-PDSCH DCI is configured for a serving cell
31. In addition, new RRC parameter to configure M needs to be introduced.
31. Note that multi-PDSCH DCI refers to a DL DCI where at least one entry of the TDRA table allows scheduling more than one PDSCH
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C2: CCs with multi-PDSCH


CC configuration


a) 1st sub-codebook


b) 2nd sub-codebook
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