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1 [bookmark: _Ref513464071]Introduction
In WG1 Meetings #105-e [1], RAN1 continued the discussion on enhancements for PDSCH and PUSCH to support NR operation in 52.6 GHz to 71 GHz. Based on the discussion, the following agreements and conclusions were reached on scheduling enhancements

	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.

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)
· [bookmark: _Hlk72788144]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:
For enhancements of generating type-1 HARQ-ACK codebook corresponding to DCI that can schedule multiple PDSCHs, the set of candidates 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
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· 


In this contribution, we discuss potential enhancements for PDSCH/PUSCH scheduling related aspects in 52.6 – 71GHz and associated standard impacts. 
2 Discussions
2.1 HARQ Process Numbering for PXSCH Scheduling 
In the previous meeting, the HARQ-related issues (for e.g., HARQ process numbering) for the case, when a PDSCH (PUSCH) among multiple PDSCHs (PUSCHs) that are scheduled by a single DCI is collided with uplink (downlink) symbol(s) indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated was discussed. In RAN1#104bis-e [2], it was agreed that the HARQ process number indicated through DCI will be applied for the first scheduled PXSCH and is incremented by 1 for subsequent scheduled PXSCHs (with modulo operation, if needed). In case of mismatch in resource configuration, HARQ process numbering can be performed in two ways, (i) the HARQ process number is incremented for all scheduled PDSCH, including the PDSCH scheduled in the slot where mismatch occurs, (ii) the HARQ process number is incremented only for the PDSCH that is scheduled in the slots without mismatch and not for the PDSCHs in slots with mismatch. When the HARQ process ID is incremented for the PDSCH in the slot with mismatch, then the corresponding ID cannot be used for some other PDSCH until the HARQ for all the PDSCHs scheduled by the DCI is received. This leads to wastage of HARQ IDs and latency in reuse of ID. However, both the gNB and UE are aware that of the mismatch. Therefore, in this case, the ID corresponding to the PDSCH scheduled in slot with mismatch should be reused for some other PDSCH
Proposal1: Two alternatives are proposed to deal with HARQ process numbering in case of mismatch between resource configuration and scheduling
Alt 1. The HARQ process number will be incremented for all PDSCH including the PDSCHs scheduled in the slots where mismatch occurs.
Alt 2. The HARQ process number will be incremented by skipping the PDSCHs scheduled in the slots where mismatch occurs.
Proposal 2: In cases, where the HARQ process ID is incremented also for slots with mismatch between resource configuration and scheduling, reuse of the corresponding HARQ ID for some other PDSCH is supported. 
2.2  Related to maximum gap between PXSCHs in multi-PXSCH scheduling
In previous meeting, it was agreed that a row of the TDRA table can indicate PDSCHs (or PUSCHs) that are in consecutive or non-consecutive slots. In this case, a maximum limit should be imposed for the gap between two consecutive PXSCHs and between the first PXSCH and last PXSCH. 
In DCI, TDRA is generally provided as an index of a row in the TDRA table. In case of multiple PDSCHs scheduled using single DCI, the entries in the table can be formed in two ways. In option 1, every PXSCH will have a corresponding K0/K2 value and an SLIV. In option 2, single K0/K2 value will be provided, which will be applicable to the first PXSCH and the value of gaps between two consecutive PXSCHs will be provided which indicates the location of other PXSCH from their previous PXSCH. 
In case of DCI scheduling multi-PDSCH scheduling, it was agreed that HARQ feedback will be sent in UL slot that is at a gap of K1 slots from the last scheduled PDSCH. Larger maximum gap between first scheduled PDSCH and last scheduled PDSCH leads to longer waiting period for transmission of HARQ feedback, especially for the PDSCH scheduled initially by the DCI.
Larger maximum gap between first and last scheduled PXSCH will also have an impact on number of HARQ process IDs as some HARQ process IDs will be occupied for the longer time period. Therefore, the HARQ IDs cannot be reused for a longer time.
In case of multiple PDSCHs scheduled by the same DCI, same MCS is used for all the PDSCHs scheduled. Large gap between the first and last scheduled PDSCHs may make the MCS unsuitable for the latter PDSCHs, in case of higher Doppler.
Hence, all these issues require further studies before deciding on the maximum gap between first and last scheduled PXSCH.
Proposal 3: Support the investigation on maximum K0/K2 value, HARQ latency and number of HARQ process IDs in order to limit the maximum gap between first and last PXSCH.
2.3  Enhancements on semi-static HARQ codebook
For enhancements of generating type-1 HARQ-ACK codebook corresponding to DCI that can schedule multiple PDSCHs, the set of candidates 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. In this scenario, overlapping SLIVs from different rows should be handled carefully. In Rel.15, if two or more overlapping SLIVs are present in a slot, it will be considered as a single PDSCH occasion. But, in case of multi-PDSCH scheduling, TDRA table will be provided with entries that has more than one SLIV. Hence, a set of priority rules should be defined, when SLIVs from multi-PDSCH entry of the TDRA table overlaps with any other SLIV from the table in a slot. For example, in case of overlapping SLIVs, the SLIV scheduled by the DCI that was transmitted first can be retained, while the SLIVs corresponding to other DCI are discarded.
Proposal 4: A set of priority rules should be defined in the case when SLIVs from multi-PDSCH entry of the TDRA table overlaps with any other SLIV from the table in a slot.
Proposal 5: Consider the SLIV scheduled by the first DCI and discard the other SLIVs when SLIVs from multi-PDSCH entry of the TDRA table overlaps with any other SLIV from the table in a slot.
				
3 Summary
In this contribution, we discussed the issues on PDSCH/PUSCH enhancements of NR in 52.6 – 71 GHz. From the discussions, we made following observations and proposals: 
Proposal1: There can be two alternatives to deal with HARQ process numbering in case of mismatch between resource configuration and scheduling
Alt 1. The HARQ process number will be incremented for all PDSCH including the PDSCHs scheduled in the slots where mismatch occurs.
Alt 2. The HARQ process number will be incremented by skipping the PDSCHs scheduled in the slots where mismatch occurs.
Proposal 2: In cases, where the HARQ process ID is incremented also for slots with mismatch between resource configuration and scheduling, reuse of the corresponding HARQ ID for some other PDSCH is supported. 
Proposal 3: Support the investigation on maximum K0/K2 value, HARQ latency and number of HARQ process IDs in order to limiting the maximum gap between first and last PXSCH.
Proposal 4: A set of priority rules should be defined in the case when SLIVs from multi-PDSCH entry of the TDRA table overlaps with any other SLIV from the table in a slot.	
Proposal 5: Consider the SLIV scheduled by the first DCI and discard the other SLIVs when SLIVs from multi-PDSCH entry of the TDRA table overlaps with any other SLIV from the table in a slot.
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