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Introduction
At the previous RAN1#105-e meeting, the following agreements and conclusions have been made [1],

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.
[bookmark: _Hlk72788144]Conclusion:
For a DCI that can schedule multiple PUSCHs,
· CSI-request: When the DCI schedules M PUSCHs, the PUSCH that carries the aperiodic CSI feedback is M-th scheduled PUSCH for M <= 2, or (M-1)-th scheduled PUSCH for M > 2.

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.

[bookmark: _Hlk73013137]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:
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:
· 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

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 this contribution, we would like to share our views on PDSCH enhancements on supporting NR from 52.6GHz to 71 GHz.

Discussion
1.1 Multi-PDSCH scheduling
In the WID [3], enhancements for multi-PDSCH/PUSCH scheduling and HARQ support with a single DCI is supported, it can reduce the control signaling overhead. In previous meeting [1], it was agreed that at least for 120 kHz SCS, the behavior for CBG-based (re)transmission is similar as in Rel-16. Further study on whether apply the same behavior with 120 kHz SCS to 480 kHz and 960 kHz SCS is needed. In our view, the same behavior should be applied for different SCS, although the slot is relative short for 480 kHz SCS and 960 kHz SCS, but the benefit of CBG based (re)-transmission in terms of higher data rate and improving overall system level spectrum efficiency is still exist for larger transport block transmission. Therefore, for 480 kHz SCS and 960 kHz SCS, the same behavior with 120 kHz SCS should be applied that is when CBG-based (re)transmission is configured, the CBGTI field is not present if more than one PDSCH/PUSCHs are scheduled, but is present when a single PDSCH/PUSCH is scheduled.
Proposal 1: For 480 kHz and 960 kHz SCS, the same behavior with 120 kHz SCS PUSCH should be applied for the DCI that can schedule multiple PDSCH/PUSCHs.

In previous agreements [1], 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, and further study on the details to introduce the gap between PDSCHs or between PUSCHs. In our view, for each row index of TDRA, there is a common K0/K2 parameter, the K0/K2 value indicates the slot offset between the scheduling PDCCH and the first scheduled PDSCH/PUSCH. The slot offset between the adjacent SLIVs can be indicated by a special SLIV, which is an extension of current SLIV and implicitly contains the gap and actual SLIV. The detail indication is:  e.g. if =1, it means the slot level gap between the previous and current PDSCHs is 1, and SLIV1 = mod (SLIV,128) is the actual SLIV value. The range of this special SLIV depends on the maximum value of the gap between two consecutively scheduled PDSCHs or between two consecutively scheduled PUSCHs.
For example:
	Row Index
	K0
	SLIV1
	SLIV2
	SLIV3
	SLIV4

	0
	8
	SLIV = 40
(= 0)
	SLIV = 182
(SLIV1 = 54,  = 1)
	
	

	1
	10
	SLIV = 40
(= 0)
	SLIV = 182
(SLIV1 = 54,  = 1)
	SLIV1 = 64
(= 0)
	SLIV = 196
(SLIV1 = 68,  = 1)



Proposal 2: For each row index of TDRA table with multiple SLIVs, there is only a common K0/K2, and use a special SLIV to indicate the slot gap between the adjacent PDSCHs (or PUSCHs).

According to the agreements of 104-e meeting [2], for multiple PDSCHs scheduling with a single DCI, if HARQ-ACK information corresponding to PDSCHs scheduled by the DCI is multiplexed with a single PUCCH in a slot, timing indicator K1 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. We need further study on whether or not HARQ-ACK information corresponding to different PDSCHs scheduled by the DCI can be carried by different PUCCH(s). In our view, considering decreasing the HARQ-ACK feedback delay and releasing occupied HARQ process earlier, we support HARQ-ACK information corresponding to the PDSCHs scheduled by a single DCI can be carried in at most 2 uplink slots.
If allowing that HARQ-ACK information corresponding to different PDSCHs scheduled by a single DCI can be carried by different PUCCHs, the related impacts are how to indicate K1 and DAI for the multiple PDSCHs. In our view, the PDSCH-to-HARQ_feedback timing indicator in the single DCI can be used to indicate the slot offset from the first PDSCH to its corresponding uplink slot, and it’s an index of a set of numbers, the PDSCH-to-HARQ feedback timing indicator is then incremented by 1 for each subsequent PDSCH in the scheduled order. For example, in 480kHz SCS example of figure 1, the set of numbers can be {16,15,14,13,13,12,11,10,10,9,8,7,7,6,5,4}. If single DCI which schedules multiple PDSCHs is in slot 0, then PDSCH-to-HARQ_feedback timing indicator in the single DCI is 0, which points to the first value of the set of numbers, for the subsequent PDSCH, timing indicator is then incremented by 1; if single DCI which schedules multiple PDSCHs is in slot 8, the PDSCH-to-HARQ_feedback timing indicator in the single DCI is 8, which points to the 8th value of the set. If the multiple PDSCHs are non-consecutive in slot, the proper set of numbers can help each PDSCH point to the corresponding PUCCH. The c-DAI and t-Dai fields need to be extended accordingly for the second uplink slot, for example, a 2nd DAI field is added for the second uplink slot.

[image: ]
Figure 1 

Proposal 3: HARQ-ACK information corresponding to the PDSCHs scheduled by a single DCI can be carried in an uplink slot or at most 2 uplink slots. 

1.2 HARQ enhancement
For type-2 HARQ-ACK codebook determination corresponding to DCI that can schedule multiple PDSCHs, according to the previous agreements [1], there are 2 alternatives can be considered to DAI counting: C-DAI/T-DAI is counted per DCI or per PDSCH. 
For Alt 1(C-DAI/T-DAI is counted per DCI), from the agreement in the last meeting[1], we can see for generating type-2 HARQ-ACK codebook corresponding to a DCI that can schedule multiple PDSCHs at least two sub-codebooks can be generated for a PUCCH cell group, and there are still some FFSs to be determined for Alt 1. Herein, we discuss them in the following. 
Firstly, considering the DCI and HARQ-ACK feedback overhead we think CBG based (re)transmission should not be supported for multi-PDSCH scheduling with a single DCI from above discussion in section 2.1, but for single PDSCH scheduling, CBG-based transmission can still be supported. And if CBG based transmission is configured for a serving cell in the PUCCH cell group, the HARQ-ACK feedback of CBG based transmission for single PDSCH scheduling can belong to the third sub-codebook. As if separate sub-codebook is generated when CBG based transmission is configured, the HARQ-ACK payload size will be decreased compared with only two sub-codebooks. And the size of the HARQ-ACK feedback of one DCI is still equal to the size of configured CBG number. 

Besides, the HARQ-ACK of the SPS PDSCH release and SCell dormancy indication without scheduled PDSCH should belong to the first sub-codebook to reduce the HARQ-ACK codebook size. Otherwise, some redundant bits in the HARQ-ACK codebook should be padded. Therefore, as illustrated in Figure 2 below, if CBG based transmission is configured for a serving cell in the PUCCH cell group, 3 sub-codebooks should be generated. The first sub-codebook is for any DCI that is not configured with CBG-based scheduling and schedule one PDSCH and for any DCI without scheduled PDSCH but for SPS PDSCH release and SCell dormancy indication. And the second sub-codebook is for any DCI that is not configured with CBG-based scheduling and schedules multiple PDSCHs. And the third sub-codebook is for any DCI that is configured with CBG-based scheduling.


Figure 2.

Secondly, considering the reliability of HARQ-ACK feedback, for the second sub-codebook of HARQ-ACK feedback for multiple PDSCH scheduling of different DCI, the size the HARQ-ACK feedback bits of different DCI should be aligned to avoid the misunderstanding between gNB and UE when DCI miss detection. And the number of HARQ-ACK bits for multi-PDSCH scheduling with a DCI is fixed as the maximum configured number of PDSCHs instead of the number of actually scheduled PDSCHs.

Thirdly, to reduce the HARQ-ACK codebook size, time domain bundling for multiple PDSCHs scheduling with a DCI is considering. If it is supported, the grouping number is provided by high layer and similar grouping way as CBG can be reused. Besides, the other problem should be considered. That is if UE configured by maxNrofCodeWordsScheduledByDCI with reception of two transport blocks whether to allow both spatial bundling and time bundling are simultaneously configured. In this case, considering the transmission efficiency we think only one bundling function should be configured or applied, such as the pseudo-code operation when harq-ACK-SpatialBundlingPUCCH is provided is not applicable when both harq-ACK-SpatialBundlingPUCCH and harq-ACK-TimeBundlingPUCCH are provided at the same time.

Fourthly, when generating Type-2 HARQ-ACK codebook corresponding to a DCI that can schedule multiple PDSCHs, UE needs to report a fixed number of HARQ-ACK bits for each DCI with scheduling multiple PDSCHs in the second sub-codebook, and the fixed number is the maximum configured number of PDSCHs. If there is a confliction between any of scheduled PDSCHs of a single DCI and uplink symbol(s) indicated by TDD configuration, when generating the HARQ-ACK codebook for the fixed number payload, how to fill the NACK bits for the collision slot(s), there are two choices: 1. Fill “NACK” for the collision slot(s), and do not change its position in TDRA table. 2. Append “NACK” bits after the HARQ-ACK bits of the actual scheduled PDSCHs to construct the codebook. 

Fifthly, there is a special case need to be clarified. If UE is indicated that there are multiple SLIVs scheduling with a single DCI, but several PDSCHs among multiple PDSCHs that are scheduled by a single DCI are collided with uplink symbol(s) indicated by TDD configuration, and only 1 actual scheduled PDSCH left in this DCI scheduling. In this case, this PDSCH will belong to sub-codebook 1 or 2? We prefer it belongs to sub-codebook 1, and it can reduce the NACK padding bits.

Proposal 4: For Alt 1 of type-2 HARQ-ACK codebook determination:
· Three sub-codebooks should be generated if CBG based transmission is configured for a serving cell in the PUCCH cell group.
· The HARQ-ACK of the SPS PDSCH release and SCell dormancy indication without scheduled PDSCH should belong to the first sub-codebook.
· If time domain bundling is supported, similar grouping way as CBG can be reused, and spatial bundling and time bundling should not be simultaneously configured or applied.
· If there is a confliction between any of scheduled PDSCHs of a single DCI and uplink symbol(s) indicated by TDD configuration, how to fill the NACK bits for the collision slot(s) needs to be determined.
· If there is a confliction between any of scheduled PDSCHs of a single DCI and uplink symbol(s) indicated by TDD configuration, and only 1 actual scheduled PDSCH left in this DCI scheduling, this PDSCH will belong to sub-codebook 1.


Conclusion
In this contribution, we share our views on PDSCH enhancements on supporting NR from 52.6GHz to 71 GHz, and the following proposals are made: 

Proposal 1: For 480 kHz and 960 kHz SCS, the same behavior with 120 kHz SCS PUSCH should be applied for the DCI that can schedule multiple PDSCH/PUSCHs.

Proposal 2: For each row index of TDRA table with multiple SLIVs, there is only a common K0/K2, and use a special SLIV to indicate the slot gap between the adjacent PDSCHs (or PUSCHs).

Proposal 3: HARQ-ACK information corresponding to the PDSCHs scheduled by a single DCI can be carried in an uplink slot or at most 2 uplink slots. 

Proposal 4: For Alt 1 of type-2 HARQ-ACK codebook determination:
· Three sub-codebooks should be generated if CBG based transmission is configured for a serving cell in the PUCCH cell group.
· The HARQ-ACK of the SPS PDSCH release and SCell dormancy indication without scheduled PDSCH should belong to the first sub-codebook.
· [bookmark: _GoBack]If time domain bundling is supported, similar grouping way as CBG can be reused, and spatial bundling and time bundling should not be simultaneously configured or applied.
· If there is a confliction between any of scheduled PDSCHs of a single DCI and uplink symbol(s) indicated by TDD configuration, how to fill the NACK bits for the collision slot(s) needs to be determined.
· If there is a confliction between any of scheduled PDSCHs of a single DCI and uplink symbol(s) indicated by TDD configuration, and only 1 actual scheduled PDSCH left in this DCI scheduling, this PDSCH will belong to sub-codebook 1.
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