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1. Introduction
Based on the revised WID approved at the RAN#90-e meeting [1], RAN1 discussed and made some agreements on PDSCH/PUSCH enhancements for supporting NR from 52.6 – 71 GHz at RAN1#104-e. In this contribution, we discuss on PDSCH/PUSCH enhancements for NR from 52.6 – 71 GHz, including:
· Reference signal
· Scheduling/HARQ

2. Reference signal 
DMRS and PT-RS are captured in WID [1] as aspects which need to be evaluated for 52.6 – 71 GHz and may be enhanced according to the evaluation result. For DMRS, one potential aspect is frequency domain density considering frequency selectivity. The frequency selectivity of the channel is derived by the power-delay spread of multi-path components of the channel. In the previous study [3], it was observed that the SCSs of 480KHz and 960KHz are comparable with the channel coherent bandwidth based on the DS defined in [4]. With the existing Rel-15 Type 1 and Type 2 DMRS allocation patterns in frequency domain, the channel estimation performance may be degraded with higher SCSs as the channel correlation of two adjacent subcarriers decreases with higher SCSs. Considering above, enhancements of the DMRS allocation pattern in frequency domain can be considered, e.g., denser DMRS allocation in frequency domain. It was also observed that considering the relationship between absolute bandwidth with larger SCSs supported in 52.6 – 71 GHz and coherent bandwidth, the applicability of FD-OCC based DMRS port multiplexing may not be unclear in the operation with larger SCSs. Considering that, at RAN1#104-e meeting, it was agreed to further study on whether to introduce different DMRS pattern with increased frequency domain density (in number of subcarriers) than the existing DMRS patterns, and whether to support a configuration of DMRS in which FD-OCC is not applied for 480 kHz and 960 kHz SCS as follows.

	Agreement:
· Existing DMRS patterns are supported for NR operation in 52.6 to 71 GHz with 120 kHz SCS.
· At least existing DMRS patterns are supported for NR operation in 52.6 to 71 GHz with 480 kHz and/or 960 kHz SCS
· Further study on whether to introduce different DMRS pattern with increased frequency domain density (in number of subcarriers) than the existing DMRS patterns for NR operation in 52.6 to 71 GHz with 480 kHz and/or 960 kHz SCS
· Further study on whether and how to restrict DMRS port configuration (e.g., the number of DMRS ports) as in FR2 for NR operation in 52.6 to 71 GHz with 480 kHz and/or 960 kHz SCS
Agreement:
Further study on at least the following aspects of potential DMRS enhancement with respect to FD-OCC:
· whether to support a configuration of DMRS in which FD-OCC is not applied for 480 kHz and 960 kHz SCS
· Applicability to Type-1 and/or Type-2 DMRS
· Details on whether and how to indicate that FD-OCC is not applied to DMRS port
· Impact to UE multiplexing capacity and inter-UE interference in MU-MIMO 



To investigate the FFS points, we have evaluated PDSCH BLERs with 480 and 960 kHz SCS for different DMRS patterns with 2-port configuration, i.e., Rel-15 DMRS type 1 with comb and non-comb (i.e., FD-OCC) based 2-port configuration, Rel-15 DMRS type 2 with comb and non-comb (i.e., FD-OCC) based 2-port configuration, and 2-port DMRS with DMRS on every RE in the symbol containing DMRS. The evaluation results are shown in Figure 2-1 ~ 2-4, where the PDSCH performances with each evaluated DMRS patterns are compared in TDL-A channel with 5ns, 10ns, 20ns and 40ns delay spread. In the evaluation, only front-loaded DMRS with one symbol is assumed with two-layer transmission. The REs in DMRS symbol will be punctured if these REs are not used for DMRS transmission. The detailed simulation assumptions are shown in Table A-1 in Appendix. From evaluation results in Figure 2-1 ~ 2-4, it is observed that comb-based 2-port DMRS could achieve about up to 0.3dB gain compared with non-comb-based 2-port DMRS with existing type 1/2 DMRS pattern. Comb-based type 1 DMRS has better performance than comb-based type 2 DMRS. Furthermore, full-density DMRS achieves up to 1.2dB gain compared to comb-based type-1 DMRS.   
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(a) 480kHz SCS                                                                            (b)  960kHz SCS
Figure 2-1: BLER performance comparison among Full-density DMRS and comb-based and non-comb-based Rel-15 Type 1/Type 2 DMRS
(400MHz bandwidth, 2 ports transmission, TDL-A 5ns)
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(a) 480kHz SCS                                                                    (b)  960kHz SCS
Figure 2-2: BLER performance comparison among Full-density DMRS and comb-based and non-comb-based Rel-15 Type 1/Type 2 DMRS
(400MHz bandwidth, 2 ports transmission, TDL-A 10ns)
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(a) 480kHz SCS                                                                    (b)  960kHz SCS
Figure 2-3: BLER performance comparison among Full-density DMRS and comb-based and non-comb-based Rel-15 Type 1/Type 2 DMRS
(400MHz bandwidth, 2 ports transmission, TDL-A 20ns)
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(a) 480kHz SCS                                                                    (b)  960kHz SCS
Figure 2-4: BLER performance comparison among Full-density DMRS and comb-based and non-comb-based Rel-15 Type 1/Type 2 DMRS
(400 MHz bandwidth, 2 ports transmission, TDL-A 40ns)

With higher DMRS density per port, the ports multiplexing capacity of proposed full-density DMRS could be reduced. Type 1 and 2 DMRS can achieve 4 and 6 ports multiplexing with single symbol and 8 and 12 ports multiplexing with double symbols respectively, while full-density DMRS could achieves less ports multiplexing capacity. On the other hand, in frequency band of 52.6 – 71 GHz, the required number of ports for multiplexing may be less than the one in lower frequency band as smaller number of UEs may be covered by a single beam, assuming narrower beam used in higher frequency range. Therefore, such less ports multiplexing capacity of proposed denser DMRS may not be an issue in 52.6 – 71 GHz bands. 

Proposal 1: Support DMRS configuration, in which FD-OCC is not applied for 480 kHz and 960 kHz SCS, for Type1 and/or Type 2 DMRS  
Proposal 2: Support new DMRS pattern with increased frequency domain density than the existing DMRS patterns for 480 kHz and 960 kHz SCS.  

3. Scheduling/HARQ
3.1. Multi-PDSCH/PUSCH scheduling
Following agreements were made at RAN1#105-e for multi-PDSCH/PUSCH scheduling by single DCI. More details of multi-PDSCH/PUSCH scheduling need to be further designed.

	Agreement:
· Do not use fallback DCI (i.e., DCI formats 0_0 and 1_0) for multi-PDSCH/PUSCH scheduling.
· Use DCI format 0_1 to schedule multiple PUSCHs with a single DCI.
· Use DCI format 1_1 to schedule multiple PDSCHs with a single DCI.

Agreement:
· If a PDSCH among multiple PDSCHs that are scheduled by a single DCI is collided with uplink symbol(s) indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, the UE does not receive the PDSCH.
· FFS on how to handle HARQ-related issue for the PDSCH (e.g., HARQ process numbering)
· The UE does not expect to be scheduled with multiple PDSCHs by a single DCI, where every PDSCH is collided with uplink symbol(s) indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated.
· If a PUSCH among multiple PUSCHs that are scheduled by a single DCI is collided with downlink symbol(s) indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, the UE does not transmit the PUSCH.
· FFS on how to handle HARQ-related issue for the PUSCH (e.g., HARQ process numbering)
· The UE does not expect to be scheduled with multiple PUSCHs by a single DCI, where every PUSCH is collided with downlink symbol(s) indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated.

Agreement:
For TDRA in a DCI that can schedule multiple PDSCHs (or PUSCHs),
· A row of the TDRA table can indicate PDSCHs (or PUSCHs) that are in consecutive or non-consecutive slots.
· FFS: The maximum value of the gap between two consecutively scheduled PDSCHs or between two consecutively scheduled PUSCHs
· FFS: The maximum value of the gap between the first scheduled PDSCH and the last scheduled PDSCH or between the first scheduled PUSCH and the last scheduled PUSCH
· FFS: Details to introduce the gap between PDSCHs or between PUSCHs

Agreement:
· At least for 120 kHz SCS, for a DCI that can schedule multiple PUSCHs and is configured with the TDRA table containing at least one row with multiple SLIVs,
· If CBG-based (re)transmission is configured, CBGTI field is not present when more than one PUSCHs are scheduled, but is present when a single PUSCH is scheduled, as in Rel-16.
· FFS:
· For 480/960 kHz SCS, whether to apply the same behavior with 120 kHz SCS or not to support CBGTI field configuration in the DCI that can schedule multiple PUSCHs
· For a DCI that can schedule multiple PDSCHs and is configured with the TDRA table containing at least one row with multiple SLIVs, whether/how to configure CBGTI/CBGFI fields




For applicability of multi-PDSCH scheduling by single DCI, it is straightforward to also support it for 120 kHz SCS. We believe it would be beneficial to improve efficiency to schedule PDSCHs even for 120 kHz operation. 
For the maximum number of PDSCHs/PUSCHs scheduled by a DCI, 8 is already supported for multi-PUSCH scheduling in Rel-16 NR-U, and hence there is no strong motivation to further restrict the maximum number of scheduled PUSCHs to be smaller than 8 for 480 kHz and/or 120 kHz SCS for Rel-17 NR operation in 52.6 – 71 GHz.
Proposal 3: For multi-PDSCH/PUSCH scheduling,
· Multi-PDSCH scheduling can apply to 120 kHz in addition to 480 kHz and 960 kHz SCS.
· No need to restrict the maximum number of scheduled PDSCHs/PUSCHs to be smaller than 8 for 480 kHz and/or 120 kHz SCS.

For a DCI that can schedule multiple PUSCHs, following DCI fields need further discussion:
· TDRA: 
· It was agreed at RAN1#104b-e and RAN1#105-e that up to 8 SLIVs in consecutive or non-contiguous slots can be indicated in one TDRA row. To achieve non-contiguous slot allocation, separate K2 for each SLIV is the simplest way.
· In Rel-16 multi-PUSCH scheduling design, PUSCH repetition is not supported if such TDRA table with multiple SLIVs in one TDRA row is configured. However, there is a note in RAN1#104-e agreements that "This does not imply that existing slot aggregation and/or repetition for PDSCH and PUSCH by single DCI is precluded for the serving cell”. With this note, some aspects on the relationship between the DCI scheduling multi- PUSCH and the DCI scheduling single PUSCH with repetitions may need to be discussed further. For instance, for a DCI format configured with TDRA table which has multiple SLIVs in at least one row, whether single PUSCH with repetition can be scheduled by the DCI format should be decided. From scheduling flexibility perspective, we propose to support single PUSCH repetition scheduling by a DCI configured with a TDRA table which includes more than one SLIVs in at least one row. Therefore, harmonization of multi-PUSCH scheduling related configuration (e.g. TDRA table) and PUSCH repetition related configuration (e.g. TDRA table with number of repetitions, PUSCH repetition type should be configured for the DCI format) should be discussed. For example, for a DCI format configured with TDRA table including multiple SLIVs in at least one row, if PUSCH repetition type is configured as “PUSCH repetition type B”, the TDRA table will also include one column “K” indicating number of PUSCH repetitions. The column “K” may exist only in a row with single SLIV, or exist in each row but only apply when single SLIV is indicated. Based on this, PUSCH repetition or multi-PUSCH scheduling can be switched in dynamic manner.  
· HARQ process number: It was agreed at RAN1#105-e that a PUSCH will not be transmitted when colliding with semi-static DL symbol. Considering gNB and UE can have common understanding on semi-static DL symbols, the cancellation of PUSCH won’t lead to any ambiguity issue for HPN increment. Therefore, there is no need to count the cancelled PUSCH due to collided with semi-static DL symbol for HPN increment.
· CBGTI: CBG based scheduling is not supported in Rel-16 multi-PUSCH design when multiple PUSCHs are scheduled by one DCI. There is no strong motivation to have different design from the previous situation. Moreover, supporting CBG based scheduling for multiple PUSCHs will cause significant DCI overhead issue, assuming the CBG field needs to be reserved for the maximum number of PUSCHs that can be scheduled by one DCI. Therefore, CBG based scheduling should not be supported at least when multiple PUSCHs are scheduled in 52.6 – 71 GHz.
· FDRA: With regard to FDRA for multi-PUSCH scheduling, enhancement can be considered to reduce DCI overhead, e.g. increasing RBG size.
· Frequency hopping flag: PUSCH frequency hopping should be supported similar to single PUSCH scheduling in Rel-15/16 NR since interlaced resource allocation is not applied in 52.6 -71 GHz. We can reuse existing frequency hopping scheme, while if necessary, an introduction of new frequency hopping scheme for multi-PUSCH (e.g. inter/intra-PUSCH hopping) could also be considered.
· URLLC related fields (e.g. priority indicator field, open-loop power control field): On whether/how to harmonize URLLC related fields in multi-PUSCH scheduling framework in 52.6 – 71 GHz, we think it needs to be supported. These fields were not considered for multi-PUSCH scheduling design in Rel-16 since they were introduced in parallel WI with NR-U WI.
· The simplest way is to indicate one field value which will be applied commonly for all scheduled PUSCHs, e.g. the same physical priority for all scheduled PUSCHs by one DCI. If accumulated power control is enabled, the power control adjustment indicated by the open-loop power control field is applied only once on the first PUSCH.

For a DCI that can schedule multiple PDSCHs, following DCI fields need further discussion:
· CBGTI/CBGFI: Similar to multi-PUSCH scheduling case, CBG based scheduling should not be supported when multiple PDSCHs are scheduled by one DCI in 52.6 – 71 GHz.
· Support of two-TB scheduling: If two TBs can be supported when multiple PDSCHs are scheduled, at least NDI and RV fields need to be doubled. Considering maximum 8 PDSCHs can be scheduled by one DCI, at least 16 bits will be increased compared to only single TB scheduled case. On the other hand, two TBs scheduling for PDSCH is allowed in the current NR only when rank>4. Considering the use of high frequency, the rank>4 scheduling seems not very potential. Therefore, we prefer not to support scheduling two TBs at least for the case when multiple PDSCHs are scheduled.
· FDRA: Similar to multi-PUSCH scheduling case, enhancement can be considered to reduce DCI overhead, e.g. increasing RBG size.
· URLLC related fields (e.g. priority indicator field, TPC command for scheduled PUCCH): Similar to multi-PUSCH scheduling case, URLLC related fields need to be supported for multi-PDSCH scheduling. The simplest way is to indicate one field value which will be applied commonly for all scheduled PDSCHs, e.g. the same physical priority for HARQ-ACKs of all scheduled PDSCHs by one DCI.
· Resource allocation related fields such as VRB-to-PRB mapping, PRB bundling size indicator, rate matching indicator, and ZP CSI-RS trigger: Similar to multi-slot PDSCH in Rel-16, these fields can be applied to all slots of scheduled PDSCHs.

Proposal 4: 
· For multi-PUSCH scheduled by single DCI,
· For multiple SLIVs in one TDRA row, separate K2 is configured for each SLIV. 
· Support single PUSCH repetition scheduling by a DCI format configured with TDRA table which includes more than one SLIVs in at least one row.
· If a PUSCH among multiple PUSCHs that are scheduled by a single DCI collides with semi-static downlink symbol(s), the PUSCH is not accounted for HARQ process number accumulation.
· CBG based scheduling is not supported when multiple PUSCHs are scheduled by one DCI.
· Support FDRA enhancement to reduce DCI overhead.
· Support frequency hopping for multi-PUSCH scheduling. Newly introduced frequency hopping scheme for multi-PUSCH scheduling can be considered.
· For URLLC related fields, one value of each related field is applied for all scheduled PUSCHs.
· For multi-PDSCH scheduled by single DCI,
· For multiple SLIVs in one TDRA row, separate K0 is configured for each SLIV. 
· If a PDSCH among multiple PDSCHs that are scheduled by a single DCI collides with semi-static uplink symbol(s), the PDSCH is not accounted for HARQ process number accumulation.
· Similar consideration on CBG based transmission, FDRA and URLLC fields as multi-PUSCH scheduling can be applied to multi-PDSCH scheduling.
· Not support two TBs in one PDSCH at least when multiple PDSCHs are scheduled by one DCI.
· VRB-to-PRB mapping, PRB bundling size indicator, rate matching indicator, and ZP CSI-RS trigger are applied to all slots of scheduled PDSCHs.

3.2. HARQ-ACK feedback for multi-PDSCH scheduled by single DCI
Type 1 HARQ-ACK feedback

Following agreement was made at RAN1#105-e for type 1 HARQ-ACK feedback for multi-PDSCH scheduling by single DCI. 
	Agreement:
For enhancements of generating type-1 HARQ-ACK codebook corresponding to DCI that can schedule multiple PDSCHs, the set of candidate PDSCH reception occasions corresponding to a UL slot with HARQ-ACK transmission is determined based on a set of DL slots and a set of SLIVs corresponding to each DL slot belonging to the set of DL slots.
· The set of DL slots includes all the unique DL slots that can be scheduled by any row index r of TDRA table in DCI indicating the UL slot as HARQ-ACK feedback timing.
· The set of SLIVs corresponding to a DL slot (belonging to the set of DL slots) at least include all the SLIVs that can be scheduled within the DL slot by any row index r of TDRA table in DCI indicating the UL slot as HARQ-ACK feedback timing.
· FFS: details of further pruning of the set of SLIVs
· FFS: impact if receiving more than one PDSCH in a slot is allowed, e.g., handling of overlapped SLIVs from different rows in the same and different DL slot
· FFS impact of time domain bundling, if supported



According to the RAN1#105-e agreement above, the set of DL slots will be extended compared to the one specified in Rel-16. There are two alternatives considering with or without K1 set extension. 
· Alt 1: The extended DL slot set is obtained by K1 set extension.
· The K1 set extension can be based on K0 configurations in each TDRA row. For example, if the set  represents set of “offset values of each K0 to the last K0 of SLIVs in the same row” for each row, the extended K1 set  can be obtained by {}, for each  in the original configured K1 set  and for each .  
· Rel-16 procedure can be reused by replacing the “configured K1 set” by the “extended K1 set” to obtain the extended DL slot set.
· Alt 2: The extended DL slot set is obtained by directly extending original DL slot set, without K1 set extension.
· Rel-16 procedure is applied to obtain the DL slot set based on configured K1 set.
· The determined DL slot set is directly extended based on above described set . 
For the above two alternatives to obtain the extended DL slot set, we slightly prefer Alt 1 since K1 set extension can be outside the whole procedure for type 1 HARQ-ACK CB generation. Less specification impact on the existing type 1 HARQ-ACK CB generation can be achieved. 
Proposal 5: K1 set is extended to obtain the extended DL slot set. The K1 extension is based on K0 configurations in each TDRA row.
Another issue is how to determine the set of SLIVs for each DL slot in the determined DL slot set, there are two alternatives proposed during RAN1#105-e email discussion:
· Alt-A: all the SLIVs that can be scheduled within the DL slot by any row index r of TDRA table.
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Figure 3-1: Example of Alt-A
· Alt-B: all unique SLIVs in the TDRA table.
Obviously, Alt-A will result in less redundancy on HARQ codebook than Alt-B, which could be an advantage of Alt-A. However, UE complexity and processing time may be an issue for Alt-A, e.g. to obtain such optimized set of SLIVs for DL slot by DL slot may require more processing time at UE. Specification impact will also be more complicated for Alt-A.
From our perspective, all of UE complexity, processing time, specification impact need to be considered carefully, as well as HARQ-ACK CB redundancy. 
Proposal 6: Set of SLIVs in each DL slot is determined as all unique SLIVs in the TDRA table.

Type 2 HARQ-ACK feedback
Three alternatives for type 2 HARQ-ACK CB generation for multi-PDSCH scheduling were down-scoped into the following in RAN1#104-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, …).

Following conclusions were made at RAN1#105-e for Alt 1 and Alt 2. More details may need to be clarified for the down-selection of the alternatives.
	Agreement:
If Alt 1 (C-DAI/T-DAI is counted per DCI) is adopted for generating type-2 HARQ-ACK codebook corresponding to a DCI that can schedule multiple PDSCHs, 
· At least two sub-codebooks are generated for a PUCCH cell group where 
· The first sub-codebook is for the following cases: 
· Any DCI that is not configured with CBG-based scheduling and is configured with TDRA table containing rows each with a single SLIV
· Any DCI that is not configured with CBG-based scheduling and is configured with TDRA table containing at least one row with multiple SLIVs and schedules only a single PDSCH
· The second sub-codebook is for the following case: 
· Any DCI that is configured with TDRA table containing at least one row with multiple SLIVs and schedules multiple PDSCHs 
· FFS: Methods (if needed) to align the size of HARQ-ACK feedback corresponding to different DCIs
· FFS: Whether HARQ-ACK bits for 2 PDSCHs scheduled by this DCI can be included in the first sub-codebook in some cases
· FFS: SPS PDSCH release, SCell dormancy indication without scheduled PDSCH
· FFS: 2 or 3 sub-codebooks if CBG is configured for a serving cell in the PUCCH cell group
· FFS: impact of time domain bundling, if supported, e.g., the number of sub-codebooks including single codebook if all A/N bits are bundled into a single bit per DCI

Agreement:
If Alt 2 (C-DAI/T-DAI is counted per PDSCH) is adopted for generating type-2 HARQ-ACK codebook corresponding to a DCI that can schedule multiple PDSCHs, 
· PDSCH(s) scheduled by a single DCI is counted firstly, serving cell(s) in the same PUCCH cell group and same PDCCH monitoring occasion is counted secondly, and PDCCH monitoring occasion(s) is counted thirdly.
· The bit width of counter DAI field in fallback DCI (i.e., DCI formats 0_0 and 1_0) remains the same as in Rel-15 NR.
· Note: The DAI bit width and number of sub-codebooks shall ensure that at most 3 consecutive missed DCIs can be resolved, same as in Rel-15/16 NR 
· This shall not impose additional gNB’s scheduling restriction.
· In case where CBG retransmission is not configured for any serving cell in a same PUCCH cell group, the number of bits for each of counter DAI and total DAI in non-fallback DCI is extended (if needed) at least based on 
· The number of SLIVs associated with the row indexes in TDRA table 
· FFS: details
· FFS: the case with configuration of CBG retransmission
· FFS: the number of sub-codebooks
· FFS: for the UE indicating by type2-HARQ-ACK-Codebook support for more than one PDSCH reception on a serving cell that are scheduled from a same PDCCH monitoring occasion



Details for Alt 1 (DAI counted per DCI):

Sub-codebook construction
Case 1: If CBG transmission is not configured for any serving cell, at least two sub-codebooks are needed:
· First sub-codebook: {single PDSCH scheduling, SPS PDSCH release, SPS PDSCH reception, Scell dormancy indication}
· Number of HARQ-ACK bits per DCI for the first sub-codebook is determined by the configured maximum number of scheduled TBs for PDSCH.
· Second sub-codebook: {multiple PDSCH scheduling}
· Number of HARQ-ACK bits per DCI for the second sub-codebook is determined by configured/allowed maximum number of scheduled TBs for multiple PDSCH scheduling, and the maximum number of PDSCHs scheduled by one DCI.
· In order to further reduce HARQ-ACK CB redundancy, more sub-codebooks for DCI scheduling multiple PDSCHs can be considered. For example, one sub-codebook for DCI scheduling multiple PDSCHs with #PDSCH no more than 4, the other sub-codebook for DCI scheduling multiple PDSCHs with #PDSCH larger than 4.
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Figure 3-2: Example of 3 sub-codebooks for Alt 1 (without CBG based configuration)

Case 2: If CBG based scheduling is only supported for single PDSCH scheduling, and configured for any serving cell, at least two or three sub-codebooks are need:
· If the value of maximum total number of CBGs for per PDSCH (with considering #TB) is near the value of maximum number of scheduled PDSCHs by single DCI, two sub-codebooks are enough. 
· The second sub-codebook includes DCI scheduling multiple PDSCHs, and DCI scheduling CBG based transmission for single PDSCH. 
· Number of HARQ-ACK bits per DCI for the second sub-codebook is determined by  maximum number of PDSCHs scheduled by one DCI, configured/allowed maximum number of scheduled TBs for multiple PDSCH scheduling, maximum number of CBGs for CBG transmission, and the configured maximum number of scheduled TBs for single PDSCH scheduling with CBG transmission.
· If the gap between the value of maximum total number of CBGs for per PDSCH (with considering #TB) and  the value of maximum number of scheduled PDSCHs by single DCI is large, it’s better to apply at least three sub-codebooks. 
· The second sub-codebook includes DCI scheduling multiple PDSCHs
· The third sub-codebook includes DCI scheduling CBG based transmission for single PDSCH. 
Case 3: If CBG based scheduling is for single and multiple PDSCH scheduling, and configured for any serving cell, an additional sub-codebook is needed based on sub-codebooks for case 2. 
· The additional sub-codebook includes DCI scheduling multiple PDSCHs with CBG based transmission. 
· Number of HARQ-ACK bits per DCI for the additional sub-codebook is determined by maximum number of PDSCHs scheduled by one DCI, configured/allowed maximum number of scheduled TBs for multiple PDSCH scheduling, maximum number of CBGs for multiple PDSCH with CBG transmission.

Time domain HARQ-ACK bundling
Since PUCCH payload size is a significant factor impacting PUCCH reliability, how to avoid large PUCCH payload size should be considered to avoid PUCCH reliability degradation. In our view, HARQ-ACK bundling could be an effective method to achieve it. If time domain HARQ-ACK bundling is applied, e.g. HARQ-ACKs of the PDSCHs scheduled by the same DCI are combined into one bit by “logical AND”, single codebook without multiple sub-codebooks is enough for the case without CBG based transmission configured. 
Time domain HARQ-ACK bundling can be enabled/disabled by RRC configuration. The enabling/disabling may depend on other configurations, e.g. time domain HARQ-ACK bundling can be enabled only when “CBG based transmission is not configured/supported for multiple PDSCH scheduling”, and “maximum # TB/CW for PDSCH (for multiple PDSCH scheduling is one”.
Proposal 7: Support time domain HARQ-ACK bundling in case of Alt 1.

Details for Alt 2 (DAI counter per PDSCH)

Sub-codebook construction
Case 1: If CBG transmission is not configured for any serving cell, two sub-codebooks are needed assuming :
· First sub-codebook: {DCI without DAI field extension}
· Including DCI 1_0, and non-fall back DCI which is configured with a TDRA table with only one SLIV in each row (i.e. DCI 1_2)
· Second sub-codebook: {DCI with DAI field extension}
· Including non-fall back DCI which is configured with a TDRA table with multiple SLIVs in at least one row, i.e. DCI 1_1.
Case 2&3: If CBG based scheduling is configured for any serving cell (whether only for single PDSCH scheduling and/or multiple PDSCH scheduling), three sub-codebooks are need:
· First sub-codebook: {DCI without DAI field extension and scheduling TB based transmission}
· Including DCI 1_0, and DCI 1_2
· Second sub-codebook:{DCI with DAI field extension and scheduling CBG based transmission}
· Including DCI 1_1 for serving cells which are configured for CBG based transmissions
· Third sub-codebook: {DCI with DAI field extension and scheduling TB based transmission}
· Including DCI 1_1 for serving cells which are not configured for CBG based transmissions

To down-select among the three alternatives above, our observations on each alternative are as follows:
· Alt. 1 has an advantage over Alt. 2/3 that there is no need to extend C-DAI/T-DAI field in DL DCI due to the number of PDSCHs scheduled by a DCI. However, it will lead to larger PUCCH payload size, which degrades PUCCH reliability. 
· Alt. 2 can achieve a non-redundant HARQ-ACK CB size. HARQ-ACK CB construction procedure in Rel-16 can be directly reused, i.e. ordering HARQ-ACK according to (virtual) C-DAI per PDSCH. However, C-DAI/T-DAI field extension is required. 
· Alt. 3 is a middle ground between Alt 1 and 2, but it still leads to more redundant HARQ-ACK CB size than Alt. 2 with larger specification impact on HARQ-ACK CB construction procedure. Less DAI field extension is required than Alt 2. Alt 3 is not as straightforward as Alt 1 or Alt 2.
Based on the analysis, Alt 1/2/3 have a trade-off between PDCCH payload increasement (due to DAI field extension) and PUCCH payload redundancy. Considering the possibly larger number of HARQ-ACK bits and more redundancy introduced by Alt 1, we think Alt 2 with less number of HARQ-ACK bits and PUCCH payload redundancy would deserve its DCI overhead due to DAI field extension. Therefore, from HARQ-ACK payload size redundancy and specification impact perspective, Alt. 2 is preferred for this case (i.e. when HARQ-ACK bundling is not considered).
Proposal 8: For HARQ-ACK feedback for multiple PDSCHs scheduled by one DCI if HARQ-ACK bundling among different PDSCHs is not applied,
· Support Alt. 2 (C-DAI/T-DAI is counted per PDSCH) for type 2 HARQ-ACK CB construction.

Separate PUCCHs for multiple PDSCHs scheduled by one DCI
If separate PUCCHs for multiple PDSCHs scheduled by one DCI are allowed, HARQ feedback for earlier PDSCHs is possible to be reported before all PDSCHs are received, which is beneficial to reduce the latency. Moreover, reporting HARQ-ACK for earlier PDSCHs as soon as possible is good for HARQ process efficiency since HARQ process(es) used for earlier PDSCH(s) can be released when the corresponding ACK(s) are received by gNB, which can be used for new PDSCH transmission soon. 
Proposal 9: Support transmitting HARQ-ACKs for multiple PDSCHs scheduled by one DCI on different PUCCHs.
4. Conclusion

Proposal 1: Support DMRS configuration, in which FD-OCC is not applied for 480 kHz and 960 kHz SCS, for Type1 and/or Type 2 DMRS  
Proposal 2: Support new DMRS pattern with increased frequency domain density than the existing DMRS patterns for 480 kHz and 960 kHz SCS. 
Proposal 3: For multi-PDSCH/PUSCH scheduling,
· Multi-PDSCH scheduling can apply to 120 kHz in addition to 480 kHz and 960 kHz SCS.
· No need to restrict the maximum number of scheduled PDSCHs/PUSCHs to be smaller than 8 for 480 kHz and/or 120 kHz SCS.
Proposal 4: 
· For multi-PUSCH scheduled by single DCI,
· For multiple SLIVs in one TDRA row, separate K2 is configured for each SLIV. 
· Support single PUSCH repetition scheduling by a DCI format configured with TDRA table which includes more than one SLIVs in at least one row.
· If a PUSCH among multiple PUSCHs that are scheduled by a single DCI collides with semi-static downlink symbol(s), the PUSCH is not accounted for HARQ process number accumulation.
· CBG based scheduling is not supported when multiple PUSCHs are scheduled by one DCI.
· Support FDRA enhancement to reduce DCI overhead.
· Support frequency hopping for multi-PUSCH scheduling. Newly introduced frequency hopping scheme for multi-PUSCH scheduling can be considered.
· For URLLC related fields, one value of each related field is applied for all scheduled PUSCHs.
· For multi-PDSCH scheduled by single DCI,
· For multiple SLIVs in one TDRA row, separate K0 is configured for each SLIV. 
· If a PDSCH among multiple PDSCHs that are scheduled by a single DCI collides with semi-static uplink symbol(s), the PDSCH is not accounted for HARQ process number accumulation.
· Similar consideration on CBG based transmission, FDRA and URLLC fields as multi-PUSCH scheduling can be applied to multi-PDSCH scheduling.
· Not support two TBs in one PDSCH at least when multiple PDSCHs are scheduled by one DCI.
· VRB-to-PRB mapping, PRB bundling size indicator, rate matching indicator, and ZP CSI-RS trigger are applied to all slots of scheduled PDSCHs.

Proposal 5: K1 set is extended to obtain the extended DL slot set. The K1 extension is based on K0 configurations in each TDRA row.
Proposal 6: Set of SLIVs in each DL slot is determined as all unique SLIVs in the TDRA table.
Proposal 7: Support time domain HARQ-ACK bundling in case of Alt 1.
Proposal 8: For HARQ-ACK feedback for multiple PDSCHs scheduled by one DCI if HARQ-ACK bundling among different PDSCHs is not applied,
· Support Alt. 2 (C-DAI/T-DAI is counted per PDSCH) for type 2 HARQ-ACK CB construction.
Proposal 9: Support transmitting HARQ-ACKs for multiple PDSCHs scheduled by one DCI on different PUCCHs.
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Appendix 
Table A-1 Simulation Parameter
	Parameter
	Values 

	Bandwidth
	400 MHz 

	Subcarrier spacing (SCS)
	480 kHz
	960 kHz

	Subcarrier number
	768 (64 RBs)
	384 (32 RBs)

	FFT size
	1024
	512

	Channel Model
	TDL-A 5ns, 10ns, 20ns, 40ns

	MCS
	16

	Phase noise 
	No

	PTRS
	No

	DMRS
	Rel-15 Type1/Type2 DMRS
Full-density DMRS (Proposed)

	Channel estimation 
	MMSE 
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