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1	Introduction
In RAN#91-e, a revised work item for supporting NR from 52.6 GHz to 71 GHz in NR Rel. 17 has been approved with following objectives for physical layer impacts in [1]:

· Physical layer aspects including [RAN1]:

· [bookmark: _Hlk58583563][bookmark: _Hlk26996217]In addition to 120kHz SCS, specify new SCS, 480kHz and 960kHz, and define maximum bandwidth(s), for operation in this frequency range for data and control channels and reference signals, only NCP supported. 
[bookmark: _Hlk58594267]Note: Except for timing line related aspects, a common design framework shall be adopted for 480kHz to 960kHz
· Time line related aspects adapted to 480kHz and 960kHz, e.g., BWP and beam switching timeing, HARQ timing, UE processing, preparation and computation timelines for PDSCH, PUSCH/SRS and CSI, respectively. 
· Support of up to 64 SSB beams for licensed and unlicensed operation in this frequency range. 
· Supports 120kHz SCS for SSB and 120kHz SCS for initial access related signals/channels in an initial BWP.
· Study and specify, if needed, additional SCS (240kHz, 480kHz, 960kHz) for SSB, and additional SCS(480kHz, 960kHz) for initial access related signals/channels in initial BWP.
· Study and specify, if needed, additional SCS (480kHz, 960kHz) for SSB for cases other than initial access.
· Note: coverage enhancement for SSB is not pursued.
· Specify timing associated with beam-based operation to new SCS (i.e., 480kHz and/or 960kHz), study, and specify if needed, potential enhancement for shared spectrum operation
· Rel-15/16 and any Rel-17 beam management enhancements can be considered for 52.6-71 GHz. Whether particular features should be excluded for 52.6-71 GHz can be further discussed
· Note: As per usual procedure, duplication of work between work items in Rel-17 should be avoided
· Support enhancement for PUCCH format 0/1/4 to increase the number of RBs under PSD limitation in shared spectrum operation.
· Support enhancements for multi-PDSCH/PUSCH scheduling and HARQ support with a single DCI
Note: coverage enhancement for multi-PDSCH/PUSCH scheduling is not pursued
· [bookmark: _Hlk58595024]Support enhancement to PDCCH monitoring, including blind detection/CCE budget, and multi-slot span monitoring, potential limitation to UE PDCCH configuration and capability related to PDCCH monitoring.
· [bookmark: _Hlk58594915]Specify support for PRACH sequence lengths (i.e. L=139, L=571 and L=1151) and study, if needed, specify support for RO configuration for non-consecutive RACH occasions (RO) in time domain for operation in shared spectrum 
· Evaluate, and if needed, specify the PTRS enhancement for 120kHz SCS, 480kHz SCS and/or 960kHz SCS, as well as DMRS enhancement for 480kHz SCS and/or 960kHz SCS.

Furthermore, appendix section lists all the agreements related to PDSCH/PUSCH scheduling, reference signal enhancements, CSI timeline enhancements that have been made in RAN1#104b-e [2]. 


In this contribution, we provide our views on following enhancements for NR operation between 52.6 GHz to 71 GHz with newly agreed SCS values including 480kHz and 960kHz:

· Multi-scheduling duration 
· HARQ-ACK timing
· Semi-static (type-1) HARQ-ACK codebook
· Dynamic (type-2) HARQ-ACK codebook


[bookmark: _Hlk71657950]2	Multi-scheduling duration
In RAN1#104b-e, following agreements related to multi-scheduling duration have been captured in [2]:

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
Based on the above agreement, restriction on the maximum number of PDSCHs scheduled by single DCI for SCS values of 120kHz and 480kHz still needs to be discussed. In our view, this discussion is also tied to the PDCCH multi-slot monitoring discussion. Generally speaking, the maximum duration for both SCS 480 kHz and 120 kHz should be at least equal to the duration of multi-slot PDCCH monitoring. From this point of view, as it has already been agreed that for 120 kHz SCS, no enhancements related to PDCCH monitoring will be specified in Rel-17, therefore, it makes sense to limit the maximum number of PDSCHs scheduled by single DCI for 120 kHz SCS to 1 i.e. no multi-PDSCH scheduling enhancements are needed for 120 kHz.

Proposal 1: For NR operation between 52.6 GHz and 71 GHz with 120 kHz, multi-PDSCH scheduling enhancements are not considered in NR Rel-17, i.e. only single PDSCH can be scheduled by single DCI for 120 kHz SCS

Similar for 480kHz SCS value, the maximum number of PDSCHs scheduled by single SCI should be at least equal to the duration of multi-slot PDCCH monitoring. However, this is still under discussion. Nevertheless, based on scaling factor, as it has been agreed to support scheduling of up to 8 PDSCHs by single DCI for 960 kHz, we think that it is reasonable to restrict the maximum number of PDSCHs scheduled by single DCI to 4 for 480 kHz.

Proposal 2: For NR operation between 52.6 GHz and 71 GHz with 480 kHz, support scheduling up to 4 PDSCHs by single DCI.

For multi-PUSCH scheduling, as it is already supported to schedule up to 8 PDSCHs by single DCI, therefore no further restriction needs to be specified for NR operation between 52.6 GHz and 71 GHz for SCS values of 120 kHz and 480 kHz. Therefore, up to 8 PUSCHs can be scheduled for all the SCS values. 

Proposal 3: For NR operation between 52.6 GHz and 71 GHz with 120 kHz and 480 kHz, support scheduling up to 8 PUSCHs by single DCI, similar to 960 kHz SCS.


3	HARQ-ACK timing
For HARQ-ACK transmission corresponding to multiple PDSCHs scheduled by single DCI, following agreement was made in RAN1#104-e [3]:

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)

On the point whether or not HARQ-ACK information corresponding to different PDSCHs scheduled by DCI can be carried by different PUCCH(s), we think that such flexibility should be supported. It could be useful to carry HARQ-ACK separately corresponding to either each of PDSCH for the case when non-continuous transmission of multiple PDSCHs are scheduled by single DCI. Therefore, even before the transmission of some of the later PDSCHs, the HARQ-ACK for at least some of the previous PDSCHs can be sent on PUCCH in the middle when UL symbols are available between non-contiguous PDSCHs.
Proposal 4: For NR operation between 52.6 GHz and 71 GHz, for HARQ-ACK information corresponding to PDSCHs scheduled by the DCI, different PUCCH(s) can be used where the PUCCH carrying the HARQ-ACK can be transmitted in the middle of non-contiguous PDSCHs transmissions to allow earlier/faster transmission of HARQ-ACK associated with earlier PDSCHs


4	Semi-static (type-1) HARQ-ACK codebook
Furthermore, in RAN1#104b-e, following agreement related to type-1 HARQ-ACK codebook has been made in [2]:

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
In order to determine the candidate PDSCH reception occasions that can be either contiguous or non-contiguous in time, the most straightforward method is based on extension K1 and determining PDSCH reception occasions based on each SLIVs of each row rather than just the last SLIV. If the determination is based on just last SLIV, and if there is overlap of corresponding UL slot with DL, then it cannot be used to determine the PDSCH reception occasions for other PDSCHs (SLIVs) as well. Therefore, based on this, option 1 should be agreed.
Proposal 5: For NR operation between 52.6 GHz and 71 GHz, in order to generate type-1 HARQ-ACK codebook corresponding to DCI that can schedule multiple PDSCHs, 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.
5	Dynamic (type-2) HARQ-ACK codebook
In RAN1#104-e, following agreement related to type-2 HARQ-ACK codebook has been made in [3]:

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
Furthermore, in RAN1#104b-e, further details have been discussed and concluded for each of the above 3 alternatives. Based on the discussion in last RAN1 meeting, they key aspect for Alt 1 is that the size of the DAI field is not increased with multi-PDSCH scheduling for Alt 1, but UE might be expected to monitor different DCI for single PDSCH scheduling and multiple PDSCH scheduling. For Alt 2, same DCI field for DAI is expected to be used regardless of single or multiple PDSCH scheduling, but the size of the DAI field is expected to be increased. In order to the align the DAI fields for different DCI including DCI format 1_0, the increase in the DAI bitfield size would be needed for all the DCIs. Increasing the DCI format 1_0 bitfield size is not desirable. Furthermore, the interpretation of the DAI field is expected to be different for Alt 2 (and Alt 3) in comparison to the current DAI field in Rel-15/16. Therefore, in our view, Alt 1 is more preferable i.e. C-DAI/T-DAI is counted per DCI. 
Proposal 6: For NR operation between 52.6 GHz and 71 GHz, for dynamic (type-2) HARQ-ACK codebook, support C-DAI/T-DAI counting per DCI.
However, there are few open issues that need be discussed and agreed for Alt 1. First issue is related to the number of sub HARQ-ACK codebooks that are needed to support multiple PDSCH scheduling. In RAN1#104b-e, companies considered a separate HARQ-ACK codebook associated with multiple PDSCH scheduling and another separate HARQ-ACK codebook associated with single PDSCH scheduling (in addition to sub HARQ-ACK codebook for CBG). The codebook size is expected to be fixed to maximum number of PDSCHs that can be scheduled by DCI. For example, if 960 kHz SCS is applied and DCI can schedule up to 8 PDSCHs, but in actual, only 6 PDSCHs are scheduled, then still the codebook size/DCI of 8 (for 1 TB) is utilized by adding 2 NACK bits for the two unscheduled PDSCHs. Another aspect that has not been considered is how to handle the codebook size if the maximum number of PDSCHs scheduled for 480 kHz is different than that of 960 kHz. It is currently being discussed that the maximum number of PDSCHs for 480 kHz could be restricted to 4. In this case, if single sub HARQ-ACK codebook is applied for both 960 kHz and 480 kHz, then the size needs to be aligned for both, although both can schedule different number of maximum PDSCHs. In order to solve this issue, two possibilities can be considered. 
First possibility is to have a separate codebook for each of 480 kHz and 960 kHz. In this case, each of the codebook can have a different size (per DCI) i.e. 4 and 8, respectively. The main benefit here is that smaller codebook size if sufficient for 480 kHz. An example is illustrated in Figure 1, where a separate HARQ-ACK codebook is generate for each of the SCS i.e. 120 kHz, 480 kHz, and 960 kHz. For 120 kHz, CBG is applied, therefore two sub HARQ-ACK codebooks are generated. 
Second possibility is to have same codebook for all the multiple PDSCH scheduling DCI i.e. same HARQ-ACK codebook for both 480 kHz and 960 kHz, although the maximum number of PDSCHs scheduled for both of them is different. In order to align the size of codebook, time-domain HARQ-ACK bundling is applied to 960 kHz for which it is expected that higher number of maximum PDSCHs can be scheduled. One example is illustrated in Figure 2, were grouping is applied to 960 kHz, such that 4 groups are considered with each group of size 2. As a result of this grouping, only 4 bits are generated per DCI for HARQ-ACK codebook. This is same as for 480 kHz where no time-domain bundling is applied assuming that up to 4 PDSCH can be scheduled. Therefore, this would be helpful to align the size of codebook such that for both SCS, always up to 4 bits are generated per DCI scheduling. For 120 kHz or lower SCS value, assuming only a single PDSCH can be scheduled, it is still preferable to have a separate HARQ-ACK codebook with 1 bit generate per DCI.



Figure 1: Example of multiple sub HARQ-ACK codebooks for multiple PDSCHs by single DCI 
(different SCS associated with different sub codebooks)





Figure 2: Example of two sub HARQ-ACK codebooks, one for multiple PDSCHs by single DCI and another for single PDSCH by single DCI
Proposal 7: For NR operation between 52.6 GHz and 71 GHz, for dynamic (type-2) HARQ-ACK codebook, if C-DAI/T-DAI counting per DCI is agreed, the one of the following two options should be agreed for HARQ-ACK codebook construction:
· Option 1: Different sub HARQ-ACK codebook is generated for numerology corresponding to which different number of maximum PDSCHs can be scheduled. For example, if up to 1 PDSCH is scheduled for 120 kHz, then first sub HARQ-ACK codebook is constructed for 120 kHz, if up to 4 PDSCHs are scheduled for 480 kHz, then second sub HARQ-ACK codebook is constructed for 480 kHz, and if up to 8 PDSCHs are scheduled for 960 kHz, then third sub HARQ-ACK codebook is constructed for 960 kHz
· Option 2: Same HARQ-ACK codebook is applied for multi-PDSCH scheduling DCI, even if the maximum allowed PDSCH scheduling is different and codebook size alignment can be done by time-domain bundling. For example if up to PDSCHs can be scheduled with 480 kHz and up to 8 PDSCHs can be scheduled with 960 kHz, then 4 HARQ-ACK bits are expected to be generated per DCI for both cases, where time-domain bundling for every 2 PDSCHs is applied for 960 kHz in order to limit the size to 4, similar to 480 kHz 

6	Conclusion
In this contribution, we discussed enhancements for PDSCH/PUSCH scheduling for NR operation between 52.6 GHz to 71 GHz with high SCS values and provided following observations/proposals: 
Proposal 1: For NR operation between 52.6 GHz and 71 GHz with 120 kHz, multi-PDSCH scheduling enhancements are not considered in NR Rel-17, i.e. only single PDSCH can be scheduled by single DCI for 120 kHz SCS

Proposal 2: For NR operation between 52.6 GHz and 71 GHz with 480 kHz, support scheduling up to 4 PDSCHs by single DCI.

Proposal 3: For NR operation between 52.6 GHz and 71 GHz with 120 kHz and 480 kHz, support scheduling up to 8 PUSCHs by single DCI, similar to 960 kHz SCS.

Proposal 4: For NR operation between 52.6 GHz and 71 GHz, for HARQ-ACK information corresponding to PDSCHs scheduled by the DCI, different PUCCH(s) can be used where the PUCCH carrying the HARQ-ACK can be transmitted in the middle of non-contiguous PDSCHs transmissions to allow earlier/faster transmission of HARQ-ACK associated with earlier PDSCHs

Proposal 5: For NR operation between 52.6 GHz and 71 GHz, in order to generate type-1 HARQ-ACK codebook corresponding to DCI that can schedule multiple PDSCHs, 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.
Proposal 6: For NR operation between 52.6 GHz and 71 GHz, for dynamic (type-2) HARQ-ACK codebook, support C-DAI/T-DAI counting per DCI.
Proposal 7: For NR operation between 52.6 GHz and 71 GHz, for dynamic (type-2) HARQ-ACK codebook, if C-DAI/T-DAI counting per DCI is agreed, the one of the following two options should be agreed for HARQ-ACK codebook construction:
· Option 1: Different sub HARQ-ACK codebook is generated for numerology corresponding to which different number of maximum PDSCHs can be scheduled. For example, if up to 1 PDSCH is scheduled for 120 kHz, then first sub HARQ-ACK codebook is constructed for 120 kHz, if up to 4 PDSCHs are scheduled for 480 kHz, then second sub HARQ-ACK codebook is constructed for 480 kHz, and if up to 8 PDSCHs are scheduled for 960 kHz, then third sub HARQ-ACK codebook is constructed for 960 kHz
· Option 2: Same HARQ-ACK codebook is applied for multi-PDSCH scheduling DCI, even if the maximum allowed PDSCH scheduling is different and codebook size alignment can be done by time-domain bundling. For example if up to PDSCHs can be scheduled with 480 kHz and up to 8 PDSCHs can be scheduled with 960 kHz, then 4 HARQ-ACK bits are expected to be generated per DCI for both cases, where time-domain bundling for every 2 PDSCHs is applied for 960 kHz in order to limit the size to 4, similar to 480 kHz
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8	Appendix 
8.1 Remaining agreements from RAN1#104b-e for multi-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.

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
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