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1. Introduction
In previous RAN1 meetings, it was agreed to introduce multi-PDSCH/PUSCH scheduling with a single DCI at least for 480kHz and 960kHz SCS for the new frequency range up to 71GHz. In this contribution, we discuss potential enhancements on scheduling enhancement, Type-1 and Type-2 HARQ-ACK codebook generation for the case when UE is configured with a single DCI to schedule multi-PDSCH/PUSCH.
2. Multiple scheduling enhancements
2.1. Capability of multi-PDSCH/PUSCH scheduling with a single DCI
In RAN1 meeting #104b-e, the following agreement regarding multi-PUSCH scheduling with a single DCI was made:

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

In NR-U, the maximum number of PUSCHs that can be scheduled with a single DCI is 8 for both 15 kHz and 30 kHz SCS. For multi-PUSCH scheduling for 120 kHz and 480 kHz or for multi-PDSCH scheduling for 480 kHz, we don’t find a strong motivation to put additional restrictions on these cases when compare to 960 kHz. So it is preferred to support 8 for the maximum number of PDSCHs/PUSCHs that can be scheduled with a single DCI for all the SCSs.

Proposal 1: The maximum number of PDSCHs/PUSCHs that can be scheduled with a single DCI should be 8 for all the supported SCSs. 

For 480 kHz or 960 kHz SCS in the new FR, the slot durations are 31.25μs and 15.625μs correspondingly, which are much smaller than the slot duration of 120 kHz in FR2 (i.e., 125μs). Considering the scheduling complexity, processing capability and processing delay, it is reasonable to restrict one PDSCH reception in one slot for both 480 kHz and 960 kHz SCS.
Proposal 2: UE is not expected to be scheduled with more than one PDSCHs in one slot for both 480 kHz and 960 kHz SCS.
In RAN1 meeting #105-e, the following agreement regarding multi-PDSCH/PUSCH scheduling with a single DCI was made.

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

In the new frequency range up to 71 GHz, it is still beneficial to support transmissions with large TBs to seek for high throughput. CBG-based (re)transmission is efficient for large TB transmission. Besides, it was agreed in last meeting that CBG-based (re)transmission can be configured when one PUSCH is scheduled at least for 120 kHz SCS. The same operation can naturally apply to PUSCH scheduling with 480/960 kHz SCS. 
On the other hand, considering that generally the throughput requirement of downlink transmission is larger than that of uplink transmission, it is more meaningful to support efficient large TB transmission for downlink when compared to uplink. So in our view, CBG-based (re)transmission can be configured when one PDSCH is scheduled for all the supported SCS in the new frequency range.
Proposal 3: CBG-based (re)transmission can be configured when one PUSCH/PDSCH is scheduled for 120/480/960 kHz SCS.
When more than one PDSCHs are scheduled, we prefer to support only one TB transmission for each PDSCH for the following reasons: 1) for transmission in the new frequency range, normally narrow beamforming is used and it is hard to multiplex a large number of layers in practical.  2) for one TB transmission, it can support up to four-layer multiplexing. A larger number of layers seems not necessary. 3) if two TBs are supported for the case when more than one PDSCHs are scheduled, the DCI overhead seems unacceptable.
Proposal 4: Only one TB transmission is supported when more than one PDSCHs are scheduled.
3. HARQ-ACK feedback 
3.1. Type-1 HARQ-ACK codebook enhancements
In RAN1 meeting #105-e, the following agreement regarding Type-1 HARQ-ACK codebook generation was made.
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

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.

Here we discuss further pruning of the set of SLIVs for Type-1 HARQ-ACK codebook generation. Assume UE is configured with two rows of SLIVs in the TDRA table, one row includes one SLIV and the other row includes four SLIVs which occupy four contiguous slots with each SLIV in one slot. Assume the configured K1 set include {2, 5}. Figure 1 gives the candidate PDSCH reception occasions of Type-1 HARQ-ACK codebook generation for slot n. 
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Figure 1: Candidate PDSCH reception occasions of Type-1 HARQ-ACK codebook for slot n
In this example, we assume slot n-5 is an uplink slot. The candidate DL slots for PDSCH reception are determined by the union of DL slot sets, where each DL slot set is determined by each row in the TDRA table and based on extension of one K1 value in K1 set. So the candidate DL slots for PDSCH reception include slot n-8 ~ slot n-2. During pruning procedure, the candidate PDSCH reception in slot n-5 is ruled out. The actual candidate DL slots include slot n-8 ~ slot n-6 and slot n-4 ~ slot n-2. Note that for SLIVs corresponding to the candidate PDSCH receptions in slot n-8 ~ slot n-6, the last SLIV is an invalid SLIV. In this case, when UE is scheduled with a last PDSCH reception ending in slot n-6, it is expected to report the corresponding HARQ-ACK information in slot n. The distance between the last slot for reception and the slot for feedback is larger than the indicated K1 value, which should be supported.
Proposal 5: The candidate DL slots for PDSCH reception are determined by the configured SLIVs.

Proposal 6: Support a distance between the last slot for reception and the slot for feedback is larger than the corresponding K1 value.

3.2. Type-2 HARQ-ACK codebook enhancements
In RAN1 meeting #105-e, the following agreements regarding different candidate enhancements of Type-2 HARQ-ACK codebook generation were made.

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
In Alt 1, two sub-codebooks are generated in a Type-2 HARQ-ACK codebook to reduce the codebook overhead as much as possible, where one is for single PDSCH scheduling and the other is for multi-PDSCH scheduling for simplicity. For single PDSCH scheduling, the number of feedback bits corresponding to one DCI is determined by the maximum configured TB number. For multi-PDSCH scheduling e.g. DCI format 1_1, the number of feedback bits corresponding to one DCI is determined by the maximum number of PDSCHs which can be scheduled with a single DCI according to the configured TDRA table. The size of DAI field in a DCI can be kept the same as legacy and C-DAI/T-DCI is counted per sub-codebook, but the codebook size corresponding to the maximum value in this case will be larger than that corresponding to actual schedules. If CBG is configured, the CBG feedback may be included in the sub-codebook for multi-PDSCH scheduling to save DCI overhead. Further, time-domain bundling can be considered to reduce the feedback overhead.

Proposal 7: If alt 1 is supported for Type-2 HARQ-ACK codebook construction,

· The two sub-codebooks corresponding to schedules of one PDSCH and multi-PDSCH respectively.

· The CBG-based feedback may be included in the sub-codebook of multi-PDSCH scheduling if supported. 

· Time-domain bundling can be considered to reduce the feedback overhead.
In Alt 2, we assume one HARQ-ACK codebook for both single-PDSCH and multi-PDSCH scheduling. For a DCI format scheduling multi-PDSCH e.g. DCI format 1_1, both C-DAI and T-DAI are included no matter UE is configured with carrier aggregation or not. The C-DAI can be used to indicate the order of PDSCH receptions and the T-DAI can be used to determine the total HARQ-ACK bits. The size of C-DAI can be kept the same as legacy, i.e., 2 bits, and the size of T-DAI is determined by the maximum number of PDSCHs that scheduled with a single DCI according to the configured TDRA table. 
Assume UE is configured with two cells, where cell 1 is configured with scheduling of maximum 8 PDSCHs in a single DCI and the maximum TB number for each PDSCH is 1, cell 2 is not configured with multi-PDSCH scheduling and the maximum TB number is 1. The bit-width of T-DAI should be 3 bits for maximum 8 PDSCHs in a single DCI. The scheduled PDSCH receptions for a PUCCH feedback slot are shown in Figure 2. Note that for cell 2 which is not configured with multi-PDSCH scheduling, the size of T-DAI should be increased to 3 bits.
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Figure 2: PDSCH receptions of a Type-2 HARQ-ACK codebook

The corresponding Type-2 HARQ-ACK codebook with Alt 2 is generated as Table 1, the total number of HARQ-ACK bits is 10.
Table 1: Type-2 HARQ-ACK codebook
	PDSCH number
	11
	12
	13
	14
	21
	31
	32
	41
	51
	61

	Codebook
	1-bit
	1-bit
	1-bit
	1-bit
	1-bit
	1-bit
	1-bit
	1-bit
	1-bit
	1-bit


Proposal 8: If alt 2 is supported for Type-2 HARQ-ACK codebook construction, a single codebook should be considered.
3.3. Separate HARQ-ACK feedback
In RAN1 meeting #104-e, the following agreement regarding multi-PDSCH scheduling with a single DCI was made.

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)

As multiple PDSCHs being scheduled by a single DCI is to be supported in R17, it is worthwhile investigating the timing relationship between the PDSCH and PUCCH, in which the HARQ-ACK information is reported. In legacy systems, a DCI schedules a PDSCH, thus, one-to-one timing relationship is a natural choice. But moving towards multiple PDSCHs scheduling, there may be different options for this timing relationship. The first option is to use a one to multiple PDSCH mapping, e.g. one K1 value for all scheduled PDSCHs. Although this option is straightforward, it raises a question: as the K1 needs to consider the latest PDSCH processing time, it will inevitably increase the time interval between the first scheduled PDSCH and the corresponding PUCCH reporting. To make it more efficient, we can consider the second option, where there can be two K1 values, each for a different group of PDSCHs. These two K1 correspond to two PUCCH reporting, an earlier PUCCH is used to report earlier scheduled PDSCH group. 
Proposal 9: Separate the scheduled PDSCHs into two groups, consider two PUCCH resources allocated for the two PDSCH groups, an earlier PUCCH is used to report HARQ-ACK information of the earlier PDSCH group. 

4. Conclusion

This contribution discusses potential enhancements on scheduling enhancement, Type-1 and Type-2 HARQ-ACK codebook generation for the case when UE is configured with a single DCI to schedule multi-PDSCH/PUSCH. The following proposals are made. 
Proposal 1: The maximum number of PDSCHs/PUSCHs that can be scheduled with a single DCI should be 8 for all the supported SCSs. 

Proposal 2: UE is not expected to be scheduled with more than one PDSCHs in one slot for both 480 kHz and 960 kHz SCS.
Proposal 3: CBG-based (re)transmission can be configured when one PUSCH/PDSCH is scheduled for 120/480/960 kHz SCS.
Proposal 4: Only one TB transmission is supported when more than one PDSCHs are scheduled.
Proposal 5: The candidate DL slots for PDSCH reception are determined by the configured SLIVs.

Proposal 6: Support a distance between the last slot for reception and the slot for feedback is larger than the corresponding K1 value.

Proposal 7: If alt 1 is supported for Type-2 HARQ-ACK codebook construction,

· The two sub-codebooks corresponding to schedules of one PDSCH and multi-PDSCH respectively.

· The CBG-based feedback may be included in the sub-codebook of multi-PDSCH scheduling if supported. 

· Time-domain bundling can be considered to reduce the feedback overhead.
Proposal 8: If alt 2 is supported for Type-2 HARQ-ACK codebook construction, a single codebook should be considered.
Proposal 9: Separate the scheduled PDSCHs into two groups, consider two PUCCH resources allocated for the two PDSCH groups, an earlier PUCCH is used to report HARQ-ACK information of the earlier PDSCH group. 
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