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For extending NR up to 71 GHz, a working item (WI) has been approved by 3GPP TSG RAN Meeting #90 [1]. New numerologies including 480kHz/960kHz were introduced for data transmission in this frequency range. The objectives of the WI include adaptation of timeline related aspects and supporting enhancements for multi-PDSCH/PUSCH scheduling and HARQ support with a single DCI. 

The RAN1 #104e-bis meeting has made several agreements within the scheduling and HARQ sub-agenda,  including maximum number of PDSCHs that can be scheduled with a single DCI for SCS 480kHz/960kHz, part of the DCI fields and signaling for the multi-PDSCH/PUSCH, and several conclusions on type-1/type-2 HARQ codebook/sub-codebooks with different C-DAI/T-DAI counting alternatives [2]. In the contribution, we discuss the restrictions on the maximum number of PDSCH/PUSCH for SCS 480kHz/120kHz; further study the remaining fields for one DCI scheduling multi-PDSCH/PUSCH; and addresses further study points concluded for type-1/type-2 HARQ-ACK codebook/sub-codebooks multi-PDSCH. 

Discussion
Maximum number of PDSCH/PUSCH with single DCI

	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



According to prior discussions, the advantage of scheduling multi-PDSCH/PUSCH with a single DCI is to reduce PDCCH monitoring frequency/overhead and reduce DL/UL switching, considering the restrictions of UE capability under high processing requirement due to the short symbol durations associated with larger SCSs including 480kHz/960kHz. The downsides of multi-PDSCH/PUSCH include an increased DCI size and a larger HARQ-ACK codebook size, which may result in overhead/coverage loss for the case of one DCI (despite that it would still be a more efficient scheduling than using multiple DCIs).    
Opinions are split regarding whether the multi-slot framework further includes the case of 120kHz SCS. Despite less standard effort to impose the same design for all SCSs, there is concern that the channel coherence time (approximately Tc=9/(16where  is the maximum Dopper shift that depends on velocity and carrier frequency) may not be large enough for each slot to experience similar channel gains for a relatively smaller SCS. Calculation shows that for a carrier frequency of 60GHz, the maximum velocity for the multi-slot of size 8 under SCS 120kHz not exceeding the channel coherent time is around 3.5km/h. For cases with larger speed or high carrier frequency, beam-switching may be needed within a multi-slot. To enable the beam-switching, additional control information must be conveyed during the transmission gaps reserved inside the multi-slot, which was allocated to accommodate non-contiguous resource allocation. If multiple switching is needed for the 120kHz SCS during a multi-slot, such operation is against the original motivation of introducing multi-PDSCH/PUSCH for 52.6GHz to 71GHz, which is to reduce control information and reduce switching. Therefore, we do not view the multi-PDSCH scheduling as necessary and beneficial for the SCS 120kHz, and we recommend the single-PDSCH scheduling. 
For SCS 480kHz, the channel coherence time is less an issue compare with the SCS 120kHz, since it can accommodate up to around 14km/h speed for the duration of a multi-slot of size 8 not to exceed the channel coherence time. Therefore, the upper bound 8 agreed in the main bullet can be directly applied to SCS 480kHz as the maximum schedulable PDSCHs in a multi-slot. 

Proposal 1. Only single-PDSCH is supported for SCS 120kHz for reason that the duration of a multi-slot can be larger the channel coherence time consideration for cases of moderate speed. 

Proposal 2. Reuse the legacy Rel-17 maximum schedulable PDSCHs with a single DCI, i.e., 8, as the upper bound of number of slots in a multi-PDSCH/PUSCH for both the SCS 480kHz and SCS 960kHz. No further restriction is needed for SCS 480kHz.  


DCI fields for scheduling multiple PDSCH/PUSCH

	
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 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



2.2.1 TDRA and FDRA
According to the agreement, for multi-PUSCH scheduling enhancement, one DCI (e.g., non-fallback format 0_1) can dynamically schedule a row in the TDRA table that contains multiple SLIVs and mapping types for each PUSCH, and the number of valid SLIV’s in the row implicitly indicates the number of scheduled PUSCH in a multi-PUSCH. Revisions on RRC look-up tables (and the default table) are needed for the enhanced multi-PUSCH, where each row would contain multiple SLIVs corresponding to each of the PUSCH in the multi-slot, the associated mapping type, and multiple offsets locating the PUSCHs from the DCI slot, i.e.

	Enhanced TDRA Row Index i
	{SLIV_1, mapping type, K2_1}, {SLIV_2, mapping type, K2_2}…,
{SLIV_x, mapping type, K2_x}



where the number indicating scheduled PUSCH in a multi-slot is x and for the offsets between adjacent PUSCH it is assumed that 1 ≤ K2_i+1-K2_i ≤ K_D for 1 ≤ i ≤ x-1, i.e., no gap or different gap sizes can be configured. Such revisions are needed for both the default PUSCH TDRA table and the RRC configured table pusch-TimeDomainAllocationList send in either pusch-ConfigCommon via SIB1 or dedicated RRC signaling or pusch-Config via dedicated RRC signaling.
As was captured in [3], for enhancing the TDRA field in the DCI, common design between multi-PUSCH and multi-PDSCH should be pursued. Therefore, we suggest the same look-up table revisions for multi-PDSCH as for the multi-PUSCH. It is noted that to accommodate various combinations of SLIVs, slot offsets, and x values for different SCSs, the number of rows of the enhanced TDRA table can grow significantly beyond 16 and thus the bit-width of the TDRA field in the DCI for indicating the row index is increased accordingly. To limit the DCI bit-width increment, we propose to restrict the number of rows by reducing the number of possible SLIV and offset combinations by letting K_D take value from a small candidate set, and to restrict the values of x corresponding to each SCS, as proposed in section 2.1. 
Proposal 3. Extend the RRC TDRA configuration table to include multiple SLIVs, mapping types, and slot offsets for each scheduled PUSCH/PDSCH in a multi-PUSCH/PDSCH.  

Observation 1: The number of rows of an enhanced TDRA configuration table might need to surpass 16 as configured for the legacy Rel-15/16, and thus increased DCI bit-width is expected. 

For FDRA, opinions vary regarding whether modification is needed for multi-PDSCH. There is one company proposing to increase RBG size to reduce DCI overhead, with the assumption that one UE may typically occupy a larger number of PRBs due to limited FDMed UE [5]; and there is also a view that FDRA is only an optimization thus should be deprioritized. Notice that in another sub-agenda item (8.2.3), the following agreement was made, which, although is for PUCCH design, reflects the low priority of user-multiplexing for the 52.6GHz to 71GHz band in general. Therefore, we think the increment of the RBG size for reducing DCI overhead has a more solid ground based on this agreement. 

“Agreement:
User-multiplexing can be considered but as lower priority compared to maximum isotropic loss for PUCCH as a design criterion.”
If the interpretation of the above agreement is that the one UE case is the most typical for the 52.6GHz to 71GHz band, then it is also typical for that UE to occupy up to the whole bandwidth part, the upper bound of which is 275RBs. Then extension from the current allowed RBG size, i.e., 16RB, to larger values is reasonable such that the FDRA size, which is inversely proportional to the RBG size, can be reduced. 

Observation 2. User-multiplexing is of lower priority due to narrow-beam in 52.6GHz to 71GHz band, thus UE may occupy larger number of PRBs, which allows increased RBG size. 

2.2.2 MCS/RV/NDI for 2nd TB
For the DCI format 1_1 that is reused for the 52.6GHz to 71GHz band, the MCS/RV/NDI fields are repeated for the 2nd TB if more than 4 layers of spatial multiplexing are supported. The multipath-MIMO that support large number of layers for low and medium bands is not expected for mmWave frequency range, where no rich multipaths is associated with directional communication, and it is unlikely that more than 4 layers is supported. Therefore, the MCS/RV/NDI fields for the 2nd TB is expected to be unapplicable. 
While it is possible that multiplexing technologies that do not rely on rich multipath could serve to increase the number of layers supported by the higher bands, e.g., when the polarized-MIMO is adopted for the mmWave. It is not yet discussed in the sub-agenda items the maximum number of layers for DL/UL that the 52.6GHz to 71GHz band can support, while we believe it would be one of the fundamental issues to resolve such that designs and enhancements can be handled in a more deterministic way.  
Proposal 4: Decide  the maximum number of  layerthat s should be supported for 52.6GHz to 71GHz band before deciding whether the MCS/RV/NDI fields for the 2nd TB is needed or not. The legacy rule that the MCS/RV/NDI fields for the 2nd TB is only relevant for >4 layers transmissions still apply here. 

2.2.3 CBGFI/CBGTI
CBGTI is contained in uplink grant with DCI format 0_1 and downlink scheduling assignment with DCI format 1_1, while CBGFI exists in DCI format 1_1. The motivation of enabling CBGs for the lower SCSs is to reduce the necessity of retransmission of the whole TB, if only partial CBs fail in the TB. This is only likely if different CBs experience different time-selective fading across a long slot duration. On the contrary, the motivation of using multi-PDSCH for large SCSs is that the slots are of smaller duration and typically experience less variations across the multi-slot. Clearly, the prerequisite that CBG is useful is not met by the multi-PUSCH/PDSCH framework, at least for the SCS 480kHz and 960kHz. For the SCS 120kHz, since it is unlikely that one single slot would experience notable time-selective fading, the benefit of enabling the CBG-based scheduling is also limited, unless for the higher UE speed cases.  Therefore, the CBGTI/CBGFI fields are not needed by the DCI format 1_0 that is reused by the multi-PDSCH. This is in line with the Rel-16 NR-U, where CBG transmission was discussed and agreed not to be supported for the multi-PUSCH case. A special case could be for the SCS 120kHz case, since it may not adopt the multi-PDSCH framework but is a major SCS for the 52.6GHz to 71GHz band.  
Proposal 5: CBGTI/CBGFI is not applicable in a DCI format that schedules multi-PDSCH for SCSs including 480kHz/960kHz; but can be applied to cases under the SCS 120kHz. 

2.2.2 Other DCI fields
VRB-to-PRB mapping
The downlink only VRB-to-PRB mapping bit indicates whether the allocation signaling uses interleaved or non-interleaved mapping. The result of the interleaved VRB-to-PRB mapping is a quality-averaging effect across the code blocks, while the effect is TB size and BW dependent, and mixing together some UE (or TB ) with non-interleaved with interleaved may complicate the scheduler. It is suggested to signal the indicator once in the DCI and apply common to all PDSCHs for DCI overhead consideration.




PRB bundling size indicator 

This PRB size indicator is used to indicate the PDSCH bundling size, which is exploited to improve the channel-estimation performance (in a similar way as REG bundles for CORESET). If the maximum number of slots are restricted as we suggested in the previous section, the channel variations within a multi-slot should be limited, thus the same bundling size for each slot could be enough. It is suggested to signal the indicator once in the DCI and apply common to all PDSCHs and DCI overhead is not increased. 

ZP CSI-RS trigger
A device cannot make any assumptions regarding transmissions on resources corresponding to a configured ZP-CSI-RS and that PDSCH transmission for the device is not mapped to resource elements corresponding to a configured ZP-CSI-RS. The aperiodic ZP-CSI-RS allows multiplexing of PDSCH of a UE with CSI-RS of another UE. It was agreed in the sub-agenda item 8.2.3 during the RAN1 #104e-bis meeting that user-multiplexing is not a prioritized metric as with the MIL for PUCCH design, and the same logic should also apply here, i.e., user multiplexing should also be deprioritized for the data channels of the 52.6GHz to 71GHz band. Therefore, we do not recommend that the ZP CSI-RS trigger be signaled per PDSCH, but rather appear only once in the DCI and applies commonly to each PDSCH and DCI overhead is not increased.  

Rate matching indicator

If a device is scheduled for PDSCH reception on a resource that includes resource elements on which a configured CSI-RS is to be transmitted, the device can assume that the PDSCH rate matching and resource mapping do not occupy those resource elements. However, a device may also be scheduled for PDSCH reception on a resource that includes resource elements corresponding to a CSI-RS configured for a different device. The PDSCH must also in this case be rate matched around the resource elements used for CSI-RS. The configuration of a ZP-CSI-RS is a way to inform the device for which the PDSCH is scheduled about such rate matching. Like the case with ZP CSI-RS trigger, we do not see strong motivation of increasing the bit-width by signaling the RMI per PDSCH, and recommend it appear once in the DCI and applies commonly to each PDSCH. 
Priority indicator and open loop power control 
There was no existing support from companies for prioritizing the URLLC related fields such as priority indicator and open loop power control. Therefore, it is most convenient that a similar legacy rule from PUSCH repetition in Rel-16 URLLC is reused, i.e., all the PUSCHs/PDSCHs are given the same priority and the same set of open loop power control, and the PI and LPC fields appear once in the DCI. 

Type-1 HARQ-codebook for multiple PDSCH
	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

[image: ]
Figure 1. Moderator’s example of type-1 HARQ-ACK codebook construction



During the RAN #104b-e meeting, enhancements for the type-1 (semi-static), and type-2 (dynamic) HARQ-ACK codebooks for the multi-PDSCH scheduled by a single DCI were discussed separately. The semi-static HARQ codebook is known to associate with higher payload than the dynamic counterpart with the Rel-15/16 generation procedure. The procedure of generation of the semi-static codebook was summarized by the moderator as follows:
· Step 1: The candidate slot for PDSCH reception is determined by UL slot n (where HARQ-ACK codebook is transmitted) and K1 set, and the candidate PDSCH reception occasions are pruned based on TDD configuration and every row r in the TDRA table.
· Step 2: HARQ-ACK bits are generated for each candidate PDSCH reception occasion determined in Step 1.
For multi-PDSCH, one important issue is that the above procedure may only apply with necessary enhancement, especially for Step 1 (Step 2 is straightforward once Step 1 is amended). The moderator’s example shows a simple case with which the PDSCH#1 is not reflected in the HARQ-ACK codebook if extension of K1 set (where K1 is the slot offset between PDSCH and corresponding HARQ-ACK) is not embedded in TDRA table. For Option 1 and Option 1a of the enhancements, the main difference is that whether an extension/redefinition of the K1 set is mandatory or if there is a way for generation of HARQ-ACK codebook for multi-PDSCH only by SLIVs of each row of the TDRA table. The mechanism used by the Clause 9.1.2.1 of TS 38.213 to generate Rel-15/16 HARQ-ACK codebook is to determine the candidate slot by PUCCH UL slot and the K1 set, and then to prune based on TDD configuration and each SLIV within the row. Therefore, it seems that unless the TDRA table for PDSCH is also extended to include the extended K1 set information for Option 1a to work, the Option 1 is a more straightforward choice.  
For Option 1, if DCI format 1_0 is extended and used by multi-PDSCH, the original set κ1={1,2…,8} needs to be extended for the multi-PDSCH; if DCI format 1_1 is extended and used by multi-PDSCH, the PDSCH-to-HARQ_feedback timing indicator field values provided by dl-DataToUL-ACK needs to be extended. If κ1={1,2…,8} and the row i of  the TDRA table includes 4 contiguous PDSCH, then the maximum offset of the PDSCHs from the last PDSCH is 3, such that the extended set κ1’_i={1,2…,11}; if a row of TDRA table includes non-contiguous PDSCH, which is allowed by multi-PDSCH scheduling, then κ1’_i composes possible combinations of κ1_i and the offsets of each PDSCH. Such extension is done per row i, 1 ≤ i ≤ max row # of the TDRA table, and the union of all the extended sets are taken to be pruned to determine the candidate PDSCH reception occasions. Note that to obtain each of the extended set, the offset values need to be included in the TDRA table, i.e., it seems that all slot offsets between adjacent PDSCHs need to be listed in the TDRA table for the above procedure to work.  
Proposal 6: Option 1 is preferred over Option 1a for determine the candidate PDSCH occasion for type-1 HARQ-ACK codebook to be established. All slot offsets are included in the TDRA table for multi-PDSCH such that the extended K1 set is obtainable for contiguous and non-contiguous multi-PDSCH configurations. 
For Option 2, if the extended K1 set is to be determined only by the last SLIV of each row in the TDRA table (and the number of SLIV for each row is known and thus indicates the number of PDSCHs in a multi-slot), the implicit assumption should be that the multi-slot is continuous (refer to the agreement attached at the beginning of section 2.2 that non-continuous allocation of slots are allowed for multiple PDSCHs/PUSCHs), i.e., no gap between PDSCHs, otherwise it is hard to figure out how to extend the K1 set for the rows. It was raised by companies that Option 2 does not have equal capability with Option 1 to handle DL/UL collision, which could occur at the last the PDSCH, on which mapped with all the HARQ-ACK bits. 
Observation 3: Option 2 may not have the equal flexibility to handle non-contiguous multi-PDSCH as with Option 1 and can suffer from DL/UL collision. 
The size of the extended K1 set, especially for the non-contiguous multi-slot, is affected by the schedulable offsets between PDSCHs and the last PDSCH, i.e., the allowable gaps between individual PDSCHs in a multi-PDSCH. One way to reduce this size is to restrict the maximum allowable gap. Although such gaps may be useful for conveying additional control information such as beam-switching if necessary, using large value for the gaps is also against the intention of scheduling multi-PDSCH, which is to take advantage of the channel similarity between individual slots when SCS is large. For these reasons, the maximum duration of a multi-PDSCH should be explicitly restricted. 
Proposal 7: For the non-continuous multi-PDSCH, restrict the maximum allowable gaps to maximally 2 slots between individual PDSCHs to limit the size of the extended K1 set. 
Another important issue is that if the enhancement unavoidably leads to significant increase of codebook size despite that a pruning procedure is applied, whether type-1 HARQ-ACK codebook is still a viable option for the multi-PDSCH. Again, the motivation of multi-PDSCH is to reduce PDCCH monitoring frequency and reduce DL/UL switching, while the price seems to be uplink payload increment and thus potential coverage loss. It can be beneficial to simulate to evaluate the PUCCH coverage loss when carrying a larger size type-1 HARQ-ACK codebook before conclusion is made. 
Observation 4: It can be beneficial to study coverage loss if a larger size type-1 HARQ-ACK codebook is carried by UCI of certain PUCCH format. 
One possible option to consider is to mitigate potential coverage loss because of large HARQ codebook size by using multi-PUCCH, where each PUCCH carries part of the HARQ-ACK bits. Multi-PUCCH was discusses during the last meeting mainly for mitigating HARQ number starvation. However, high standard effort is expected for enabling the multi-PUCCH for multi-PDSCH. There are at least two aspects subject to continuous discussion before any concluding remark regarding benefit of the multi-PUCCH can be made: a. Timeline related parameters be determined for higher SCSs considering UE capability; b. Whether idle slots (if any) for higher SCS are a significant issue.
Proposal 8: Study if there is benefit of adopting multi-PUCCH for multi-PDSCH for either mitigation of coverage loss or reduce idle slot if HARQ starvation is a significant issue for the higher SCSs.  

Type-2 HARQ-codebook for multiple PDSCH

	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.
· 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,
· 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
· 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
· 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. 
· FFS: details on increment of DAI field size
· 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
· HARQ-ACK codebook generation:
· The number of HARQ-ACK bits depends on the number of scheduled PDSCHs.
· FFS: ordering of the PDSCHs for DAI counting
· 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
Conclusion:
The following is observed for alternative 3 from prior agreement.
· 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,
· 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.
· Else if M equals to 1, Alt 3 is the same with Alt 2.
· Otherwise (i.e., 1<M<the maximum configured number of PDSCHs), Alt 3 is similar to Alt 2, except that
· The number of HARQ-ACK bits corresponding to each DAI increases by M times.
· NACK bits may be padded if the number of scheduled PDSCHs is not an integer multiple of M.
· FFS: details on DAI field size
· FFS: whether single codebook or separate sub-codebooks is(are) generated when multi-PDSCH DCI is configured for a serving cell
· In addition, new RRC parameter to configure M needs to be introduced.
· 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



Type-2/Dynamic codebook can be used to multiplex HARQ-ACK bits corresponding to the actually transmitted number of PDSCHs in a multi-PDSCH slot. The DAI value in the most recent scheduling DCI can be used to determine the size of HARQ-ACK codebook size. During the RAN1 #104b-e meeting, a few C-DAI/T-DAI alternatives for multi-PDSCH were discussed and three conclusions were made respectively for the Alt 1, Alt 2a, and Alt 3. We summarize the key aspects of the three alternatives into the Table 1, including DAI overhead, HARQ codebook size, robustness to consecutive DTX, number of sub-codebooks, time-domain bundling, and standard impact. 

Table 1.  Comparison among C-DAI/T-DAI counting alternatives for multi-PDSCH HARQ-ACK codebook
	
	Alt 1
	Alt 2a
	Alt 3
	Notes

	DAI overhead
	Low
	High
	Adjustable
	Larger than 10 bits overhead for Alt 2a for DL scheduling formats; and more overhead for UL grant formats

	HARQ codebook size
	High
	Low
	Adjustable
	 

	Robustness to consecutive DTX 
	 Low
	High
	Adjustable
	Robustness to consecutive DTX increases with the number of DAI bits

	Number of sub-codebooks
	Two
	One
	Not determined
	Alt 1 resembles how the CBG based sub-codebooks are used in Rel-15

	Time-domain bundling
	Applicable
	Applicable
	Applicable
	Bundling size for the three alternatives can be different.

	Standard effort
	Low
	Medium
	High
	Changing the way DAI is counted requires standard effort; deciding the bundling size M and introducing RRC parameter for Alt 3 requires standard effort. 



For the conclusion on Alt 1, one further study point is on the number of sub-codebooks that should be 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). This study point indicates the possibility of a joint configuration of multi-PDSCH and CBG for a serving cell. However, as was discussed in the earlier section, CBG should not be jointly configured with multi-PDSCH. Thus, we think the CBG part can be taken away from the study pointto reduce to a selection between one or two as the number for sub-codebooks for Alt 1. Also, the overhead can be reduced with CBGs. Regarding this choice, we understand the moderator’s reasoning in [3] on the potential codebook size reduction as cited below. 
“Two sub-codebooks, compared to single codebook, are beneficial in terms of HARQ-ACK codebook size reduction. In case of D1 (= # of DAIs for single-PDSCH case) and D2 (= # of DAIs for multi-PDSCH case),
· For single codebook, # of HARQ-ACK bits = (D1+D2) * N
· For two sub-codebooks, # of HARQ-ACK bits = D1 + (D2 * N)”
Proposal 9: Two sub-codebooks can be adopted with Alt 1 to reduce HARQ-ACK codebook size. While multi-PDSCH and CBG should not be jointly configured for HARQ-ACK codebook generation for multi-PDSCH.
Another further study point is on time domain bundling to reduce the codebook size, which, as summarized by the table, can be applied by any alternative. For a certain SCS, if the maximum configurable PDSCHs for a multi-PDSCH is N, e.g., N=8 for SCS 960kHz and N=4 for SCS 480kHz (N=1 for SCS 120kHz), then the bundling size can be a configurable number for Alt 1 can be , . For Alt 2a, since the HARQ-ACK codebook size relates to the actual transmitted number N’ of PDSCHs in each multi-PDSCH, instead of the maximum schedulable number N, we recommend a fixed bundling size of 2 for Alt 2a to reduce the needed NACK to be padded. Alt 3 is a superset of Alt 1 and Alt 2a, such that the bundling size can be a configurable number ,  if M=N (Alt 3 reduces to Alt 1); or equals to 2 if M=1 (Alt 3 reduces to Alt 1). 
Observation 5: The time-domain bundling size can be ,  for Alt 1 and a fixed value 2 for Alt 2a. Time-domain Bundling is appliable by all alternatives. 
For Alt 2a, the increment of DAI size is the main problem. As was identified during the last meeting, both the C-DAI/T-DAI in DL DCI and the UL DAI needs to be 2+. In the case N=8, since each of the C-DAI/T-DAI/UL DAI needs to increase by 3 bits, a total of 3×3=9 extra bits are needed for downlink scheduling. 
A further study point is 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. Our recommendation is not to extendmultiple DCI formats for scheduling multi-PDSCH, instead, only DCI format 1_1 is extended for multi-PDSCH. This serves to simplify the design. 
Proposal 10: Only DCI format 1_1 is extended for scheduling multi-PDSCH. 
Regarding the ordering of the PDSCHs for DAI counting, the legacy way is that the C-DAI indicates the number of schedule downlink transmissions in a ‘carrier-first, time-second’ manner, and the T-DAI indicates the total number of downlink transmission across all carriers up to this point in time, i.e., the largest C-DAI at the current point in time. The UE only needs to receive at least one component carrier  in order to know the T-DAI thus the size of the codebook at this point in time. There seems no motivation to change the rule of ordering for DAI counting since the legacy ordering would well accommodate multi-PDSCH.   

Proposal 11: Reuse the legacy carrier-first time-second ordering of DAI counting for multi-PDSCH. 
Alt 3 is a superset of Alt 1 and Alt 2a. As is conclude, Alt 3 reduces to Alt 1 if M equals to the maximum configured number of PDSCHs, i.e., N; and reduces to Alt 2a if M = 1. If 1 < M < N,  the DAI field size is 2+, which is in between the lengths associated with Alt 1 and Alt 2a. 
The other study point of Alt 3 is whether single sub-codebook or two sub-codebooks are used when 1 < M < N, given that two sub-codebooks are used when M = N and one sub-codebook when M = 1. Recall that the motivation of using two sub-codebooks is to save the HARQ-ACK codebook size, which becomes larger when M approaches N. Therefore, the decision seems to be related with the actual configurable values of M between [1,N]. If only small values, e.g., up to 2 is configurable for M, Alt 3 is more similar to Alt 2a than to Alt1, thus in theory there is less need to allow the two sub-codebooks feature for Alt 3 for the minor codebook size saving. For larger values of M, or if all values are configurable for M, the two sub-codebook mechanism has more advantage.   
Despite the discussion above, we think that if eventually two sub-codebooks is agreed for Alt 1 (Alt 3, M=N), standard effort is anyway taken and extending the framework to the 1 < M < N case for Alt 3 is relatively marginal. Therefore, we prefer the option of two codebooks for 1 < M  N.
Observation 6: Whether using two sub-codebooks for Alt 3 when 1 < M < N could serve to reduce notably the number of HARQ-ACK bits depends on the actual scheduled value M.  
Proposal 12: Use two sub-codebooks for Alt 3 for cases when for 1 < M  N if two sub-codebooks is agreed under Alt 1. 

Conclusion
For multi-PDSCH scheduled by a single DCI, the fields extensions for a dedicated format are discussed. Three conclusions associated with HARQ-ACK codebook generation alternatives are further studied respectively.    
Observation 1: The number of rows of an enhanced TDRA configuration table might need to surpass 16 as configured for the legacy Rel-15/16, and thus increased DCI bit-width is expected. 

Observation 2. User-multiplexing is of lower priority due to narrow-beam in 52.6GHz to 71GHz band, thus UE may occupy larger number of PRBs, which allows increased RBG size. 

Observation 3: Option 2 may not have the equal flexibility to handle non-contiguous multi-PDSCH as with Option 1 and can suffer from DL/UL collision. 
Observation 4: It can be beneficial to study coverage loss if a larger size type-1 HARQ-ACK codebook is carried by UCI of certain PUCCH format. 
Observation 5: The time-domain bundling size can be ,  for Alt 1 and a fixed value 2 for Alt 2a. Time-domain Bundling is appliable by all alternatives. 
Observation 6: Whether using two sub-codebooks for Alt 3 when 1 < M < N could serve to reduce notably the number of HARQ-ACK bits depends on the actual scheduled value M.  

Proposal 1. Only single-PDSCH is supported for SCS 120kHz for reason that the duration of a multi-slot can be larger the channel coherence time consideration for cases of moderate speed. 

Proposal 2. Reuse the legacy Rel-17 maximum schedulable PDSCHs with a single DCI, i.e., 8, as the upper bound of number of slots in a multi-PDSCH/PUSCH for both the SCS 480kHz and SCS 960kHz. No further restriction is needed for SCS 480kHz.  

Proposal 3. Extend the RRC TDRA configuration table to include multiple SLIVs, mapping types, and slot offsets for each scheduled PUSCH/PDSCH in a multi-PUSCH/PDSCH.  

Proposal 4: Decide  the maximum number of  layerthat s should be supported for 52.6GHz to 71GHz band before deciding whether the MCS/RV/NDI fields for the 2nd TB is needed or not. The legacy rule that the MCS/RV/NDI fields for the 2nd TB is only relevant for >4 layers transmissions still apply here. 
Proposal 5: CBGTI/CBGFI is not applicable in a DCI format that schedules multi-PDSCH for SCSs including 480kHz/960kHz; but can be applied to cases under the SCS 120kHz. 
Proposal 6: Option 1 is preferred over Option 1a for determine the candidate PDSCH occasion for type-1 HARQ-ACK codebook to be established. All slot offsets are included in the TDRA table for multi-PDSCH such that the extended K1 set is obtainable for contiguous and non-contiguous multi-PDSCH configurations. 
Proposal 7: For the non-continuous multi-PDSCH, restrict the maximum allowable gaps to maximally 2 slots between individual PDSCHs to limit the size of the extended K1 set. 
Proposal 8: Study if there is benefit of adopting multi-PUCCH for multi-PDSCH for either mitigation of coverage loss or reduce idle slot if HARQ starvation is a significant issue for the higher SCSs.  
Proposal 9: Two sub-codebooks can be adopted with Alt 1 to reduce HARQ-ACK codebook size. While multi-PDSCH and CBG should not be jointly configured for HARQ-ACK codebook generation for multi-PDSCH.
Proposal 10: Only DCI format 1_1 is extended for scheduling multi-PDSCH. 
Proposal 11: Reuse the legacy carrier-first time-second ordering of DAI counting for multi-PDSCH. 
Proposal 12: Use two sub-codebooks for Alt 3 for cases when for 1 < M  N if two sub-codebooks is agreed under Alt 1. 
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