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Introduction
At the previous RAN1#104-e meeting, the following agreement has been made [1],

Agreement:
· For a UE and for a serving cell, scheduling multiple PDSCHs by single DL DCI and scheduling multiple PUSCHs by single UL DCI are supported.
· Each PDSCH or PUSCH has individual/separate TB(s) and each PDSCH/PUSCH is confined within a slot.
· FFS: The maximum number of PDSCHs or PUSCHs that can be scheduled with a single DCI
· FFS: Whether multiple PDSCH scheduling applies to 120 kHz in addition to 480 and 960 kHz
· At least for 120 kHz SCS, single-slot scheduling with slot-based monitoring will still be supported as specified in Rel-15/Rel-16
· The followings will not be considered in this WI.
· Single DCI to schedule both PDSCH(s) and PUSCH(s)
· Single DCI to schedule one or multiple TBs where any single TB can be mapped over multiple slots, where mapping is not by repetition
· Single DCI to schedule N TBs (N>1) where a TB can be repeated over multiple slots (or mini-slots)
· Note: This does not imply that existing slot aggregation and/or repetition for PDSCH and PUSCH by single DCI is precluded for the serving cell.

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)

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

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. The maximum number of PDSCHs that can be scheduled with a single DCI is for further study, since the maximum number of PUSCHs in multi-PUSCH scheduling in Rel-16 is 8, 8 is an option for the maximum number of PDSCHs that can be scheduled with a single DCI. There is another option that is combining the multi-PDSCH scheduling with monitoring PDCCH every multiple slots. If the super span of PDCCH monitoring period is the slot duration of 120 kHz, then the number of multi-PDSCH scheduled by a single DCI will be 4 for 480 kHz SCS and 8 for 960 kHz SCS.
Proposal 1: The maximum number of PDSCHs that can be scheduled with a single DCI should be discussed and decided.

According to the previous agreements [1], 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. Whether or not HARQ-ACK information corresponding to different PDSCHs scheduled by the DCI can be carried by different PUCCH(s) is for further study. 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.
In this case, 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. 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.
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Figure 1 

Proposal 2: 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 the type-1 HARQ-ACK codebook determination, it seems the original framework can be reused by multiple PDSCHs scheduling with a single DCI, but there is a potential issue. For 960 kHz SCS, there will be maximum 64 slots in a subframe, the symbol and slot duration is very short. For operation in unpaired spectrum, in order to avoid DL-UL switch frequently, the downlink slots may last more than 10 slots in a transmission period. In this case, if the HARQ information is reported in different uplink slots with Type-1 HARQ-ACK codebook determination, there will be a lot of overlapping bits in each HARQ-ACK codebook. It will be harmful to the efficiency and performance of the system.
Below are some examples:
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Figure 2: overlapping window

From Figure 2, we can see the overlapping window in each type-1 HARQ-ACK codebook in a TDD transmission period. With the incensement of the number of downlink slots in a period, the overlapping window size will be greater.
Proposal 3: Consider optimization for type-1 HARQ-ACK codebook overlapping issue when higher SCS is used

For the type-2 HARQ-ACK codebook determination corresponding to DCI that can schedule multiple PDSCHs, according to the previous agreements [1], there are several alternatives can be considered to DAI counting, C-DAI/T-DAI is counted per DCI, per PDSCH or per M scheduled PDSCH. 
If C-DAI/T-DAI is counted per PDSCH, for the single cell and CA case, the c-DAI value of the subsequent PDSCHs can be derived from the c-DAI value of the first PDSCH, it seems that the original framework of codebook determination can be reused by multiple PDSCHs scheduling. But if the DCI is missing, there is a potential issue while using current 2 bit c-DAI and 2 bit t-DAI: 
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Figure 3: PDCCH missing in Pcell
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Figure 4: PDCCH missing in Scell1

If the PDCCH which schedules multiple PDSCH is missing, the UE can’t be aware of this case by using 2 bit c-DAI and 2 bit t-DAI. It will cause the ambiguous understanding between the UE and gNB.
Proposal 4: Consider increasing the bit length of c-DAI and t-DAI for type-2 HARQ-ACK codebook determination.

1.3 Changes to time units
In current TS38.211[2], the time unit is based on  Hz. According to the WID [3], in addition to 120 kHz SCS, new SCS, 480 kHz and 960 kHz will be supported. Then  should be changed accordingly. So we propose:
Proposal 5: For 120 kHz and 480 KHz,  Hz. For 960 kHz, Hz.

Conclusion
In this contribution, we shares our views on PDSCH enhancements on supporting NR from 52.6GHz to 71 GHz, and the following proposals are made: 
Proposal 1: The maximum number of PDSCHs that can be scheduled with a single DCI should be discussed and decided.

Proposal 2: 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 3: Consider optimization for type-1 HARQ-ACK codebook overlapping issue when higher SCS is used.

Proposal 4: Consider increasing the bit length of c-DAI and t-DAI for type-2 HARQ-ACK codebook determination.

Proposal 5: For 120 kHz and 480 KHz,  Hz. For 960 kHz, Hz.
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2. TDD Slot Configuration pattern: 15DS4U
dl-DataToUL-ACK={16,15,14,13,12,11,10,9,8,7,6,5,4}
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1. TDD Slot Configuration pattern: 7DS2U
dl-DataToUL-ACK={8,7,6,5,4,3,2}





