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Introduction
In RAN #83, the new WID on physical layer enhancements for NR URLLC was agreed with following objectives:
· [bookmark: OLE_LINK1]Specification of enhancements to scheduling/HARQ [RAN1]
· Out-of-order HARQ-ACK associated with PDSCHs with different HARQ process IDs
· Out-of-order PUSCH scheduling associated with different HARQ process IDs, including overlapping PUSCHs and non-overlapping PUSCHs in time-domain
· Methods to handle DL data/data resource conflicts for overlapping PDSCHs in time-domain, scheduled by dynamic DL assignments 
In this contribution, we show our views on enhancements to scheduling/HARQ processing.
Discussion
1.1 Out-of-order HARQ-ACK associated with PDSCHs 
Once out-of-order HARQ-ACK associated with PDSCHs is supported, i.e. the HARQ-ACK associated with the second PDSCH with HARQ process ID x received after the first PDSCH with HARQ process ID y (x != y) can be sent before the HARQ-ACK of the first PDSCH. In our views, the second PDSCH which is scheduled by the later grant has a higher priority and shall be processed by the UE. Otherwise, the second PDSCH should not be scheduled by the gNB. Based on RAN 1 #96 agreements on enhancements to PDCCH, priority indication can be configured in DCI format scheduling Rel-16 NR URLLC. Once the priority indication is configured in DL grant, the priority should be further clarified, i.e. UE does not expect the priority of the second PDSCH is lower than the first PDSCH.
Proposal 1: If priority indication is supported and configured in DL grant, UE does not expect the priority of the later PDSCH with earlier HARQ-ACK feedback is lower than the earlier PDSCH with later HARQ-ACK feedback.
In RAN 1 #96, the following solutions of UE behavior for processing the first PDSCH were discussed to support out-of-order HARQ-ACK associated with PDSCH:
· Solution 1: The UE always processes the second PDSCH. The UE may or may not drop the processing of the first channel.
· Solution 2: The UE processes both the first and second PDSCHs as a UE capability with no condition.
· Solution 3: The UE processes both the first and second channels under some conditions, e.g. using the CA capability. The conditions are reported as a UE capability. If the conditions are not satisfied, the UE behaviour is not defined. 
· Solution 4: A UE drops (terminates) the processing of the first PDSCH.
· Alt1: The UE always drops the first PDSCH.
· Alt2: Some scheduling conditions should be defined. If not satisfied, the UE drops the processing of the first channel.
A large number of factors can impact the processing timeline, such as TBS, precoding, the gap between the first and second PDSCHs, the gap between the two PUCCHs carrying HARQ-ACK, etc. It is different to define the conditions for dropping the first PDSCH taking the balance between transmission efficiency and the complexities of both specification and UE implementation. Therefore, we propose that it is UE implementation of processing or dropping the first PDSCH without any conditions and UE capability.
Proposal 2: When the HARQ-ACK of the second PDSCH received after the first PDSCH is sent before the HARQ-ACK of the first PDSCH, the UE always processes the second PDSCH, and the UE may or may not drop the processing of the first channel based on UE implementation.
1.2 Out-of-order PUSCH scheduling
Once out-of-order PUSCH scheduling is supported, i.e.the UE can be scheduled with a second PUSCH associated with HARQ process x starting earlier than the ending symbol of the first PUSCH associated with HARQ process y (x != y) with a PDCCH that does not end earlier than the ending symbol of first scheduling PDCCH. The following solutions were proposed for UE behavior of processing PUSCH:
· Solution 1: The UE always processes the second scheduled PUSCH. The UE may or may not drop the processing of the first scheduled PUSCH.
· If the first scheduled and second scheduled PUSCHs are not colliding in the time domain:
· Solution 2: The UE processes both the first scheduled and second scheduled PUSCHs as a UE capability with no condition.
· Solution 3: The UE processes both the first scheduled and second scheduled PUSCHs under some conditions. The conditions are reported as a UE capability.
· Solution 4: A UE drops (terminates) the processing of the first scheduled PUSCH.
· Alt1: The UE always drops the first scheduled PUSCH.
· Alt2: Some scheduling conditions should be defined. If not satisfied, the UE drops the processing of the first scheduled PUSCH.
Similar as out-of-order HARQ-ACK associated with PDSCHs, the second PUSCH which is scheduled by the later grant has a higher priority and shall be processed by the UE. Otherwise, the second PUSCH should not be scheduled by the gNB. Once the priority indication is configured in UL grant, the priority should be further clarified, i.e. UE does not expect the priority of the second PUSCH is lower than the first PUSCH.
Proposal 3: If priority indication is supported and configured in UL grant, UE does not expect the priority of the earlier PUSCH with later UL grant is lower than the later PUSCH with earlier UL grant.
Furthermore, the PUSCH processing timeline is also impacted by many factors, such as TBS, precoding, the gap between the first and the second PUSCHs, etc. It is different to define the conditions for dropping the first PUSCH taking the balance between transmission efficiency and the complexities of both specification and UE implementation. Therefore, we propose that it is UE implementation of processing or dropping the first PUSCH without any conditions and UE capability.
Proposal 4: When a second PUSCH starting earlier than the first PUSCH is scheduled by a PDCCH later the PDCCH scheduling the first PUSCH, the UE always processes the second PUSCH, and the UE may or may not drop the processing of the first PUSCH based on UE implementation.
1.3 Overlapping of dynamic PDSCHs in time domain
When multiple PDSCHs are scheduled with time-domain overlapping, the UE shall process the PDSCH with highest priority, the following priority order should be considered:
(1). [bookmark: _GoBack]Without explicit priority indication in DL grant, the priority of later DCI is higher.
(2). With explicit priority indication in DL grant, the priority is determined based on the indication.
a) With the same priority indication, the priority of later DCI is higher.
Generally, we also propose that whether processing the PDSCH with lower priority based on UE implementation. 
a) If the overlapped PDSCHs correspond to separate HARQ-ACK codebooks, UE can generate ACK or NACK based on the decoding for the PDSCH with lower priority, when the gap between PDSCH and PUCCH is lager enough and DL slots in the gap are not fully scheduled. Otherwise, NACK is reported for the PDSCH with lower priority. However, no specific conditions are supported.
b) If the overlapped PDSCHs correspond to a Type-1 HARQ-ACK codebook, the decoding of the PDSCH with lower priority is meaningless, when the overlapped PDSCHs corresponding to the same bit(s) in the HARQ-ACK codebook. For such case, UE can directly drop the processing of the PDSCH with lower priority. However, such behavior does not need to be specified. 
c) If the overlapped PDSCHs correspond to a Type-2 HARQ-ACK codebook, with DAI indication, the overlapped PDSCHs can be mapped to different bits in the HARQ-ACK codebook. Similar as a), whether decoding the PDSCH with lower priority or not based on UE implementation.
Proposal 5: When multiple PDSCHs are scheduled with time-domain overlapping, the UE shall process the PDSCH with highest priority, and the UE may or may not drop the processing of the PDSCH with lower priority based on UE implementation.
Conclusions
In this contribution, we show our views on enhancements to scheduling/HARQ processing timeline with following proposals:
Proposal 1: If priority indication is supported and configured in DL grant, UE does not expect the priority of the later PDSCH with earlier HARQ-ACK feedback is lower than the earlier PDSCH with later HARQ-ACK feedback.
Proposal 2: When the HARQ-ACK of the second PDSCH received after the first PDSCH is sent before the HARQ-ACK of the first PDSCH, the UE always processes the second PDSCH, and the UE may or may not drop the processing of the first channel based on UE implementation.
Proposal 3: If priority indication is supported and configured in UL grant, UE does not expect the priority of the earlier PUSCH with later UL grant is lower than the later PUSCH with earlier UL grant.
Proposal 4: When a second PUSCH starting earlier than the first PUSCH is scheduled by a PDCCH later the PDCCH scheduling the first PUSCH, the UE always processes the second PUSCH, and the UE may or may not drop the processing of the first PUSCH based on UE implementation.
Proposal 5: When multiple PDSCHs are scheduled with time-domain overlapping, the UE shall process the PDSCH with highest priority, and the UE may or may not drop the processing of the PDSCH with lower priority based on UE implementation.
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