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Introduction
In RAN1 #96bis, enhancements to scheduling/HARQ for NR URLLC was discussed with following agreements:
Agreements:
In case two unicast PDSCHs for a UE are overlapping, the following scenarios are identified:
· Scenario 1-1: Overlapping in the time domain and not in the frequency domain
· Scenario 1-2: Overlapping both in the time and frequency domains
Working assumption:
· When the two unicast PDSCHs for a UE are overlapping, the UE generates HARQ-ACK for both of the PDSCHs.
In this contribution, we further discuss the enhancements to scheduling/HARQ processing.
Discussion
1.1 Out-of-order PDSCH-to-PUCCH 
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.
As mentioned in [1] [2], if cancellation of eMBB HARQ-ACK is supported to solve inter-UE or intra-UE UL collision, significant loss of system efficiency can be excepted. Therefore, we propose that HARQ-ACK retransmission should be supported. DCI-triggered HARQ-ACK retransmission is a more flexible approach. However, the main issue for such approach is how to avoid the impact on blind decoding. The following approach based on out-of-order PDSCH-to-PUCCH can be considered for triggering HARQ-ACK retransmission:
· For a given HARQ process ID, once the corresponding HARQ-ACK transmission is cancelled or dropped, and the DL grant with the same HARQ process ID transmitted in out-of-order PDSCH-to-PUCCH manner is used to trigger HARQ-ACK retransmission. New PUCCH resource is determined based on the K1 and ARI indicated by the trigger grant, and there almost no impact on DCI blind decoding.


Figure 1. HARQ-ACK retransmission based on DCI transmitted in out-of-order PDSCH-to-PUCCH manner
Proposal 2: If cancellation of HARQ-ACK transmission is supported, HARQ-ACK retransmission based on DCI transmitted in out-of-order PDSCH-to-PUCCH manner can be considered.

In RAN1 #97, the following scenarios for the handling of two unicast PDSCHs need to be further study:
1. When different DL processing times are associated with different PDSCHs on the same serving cell, and the two PDSCHs are non-overlapping.
· Solution 1: In order to reduce the UE power consumption, even for a UE that supports PDSCH processing time capability 2, the processing of eMBB PDSCH should follow the PDSCH processing time capability 1, and PDSCH processing time capability 2 is only used for processing URLLC PDSCH. Physical identification for different service types is a baseline for this scenario.
· Solution 2: For URLLC PDSCH without additional DMRS, PDSCH processing time capability 2 should be used.
· Solution 3: Fall back to PDSCH processing time capability 1 when the PDSCH is scheduled with more than 136 RBs with 30kHz SCS. 
Proposal 3: Different PDSCHs for different service types should follow different PDSCH processing time capabilities to save UE power.

In Rel-15, for a UE configured with Capability 2, once the processing time capability falls back to Capability 1 for one PDSCH, other PDSCHs with Capability 2 may be skipped, as shown in Figure 2. For Rel-16, such limitation should be enhanced at least for URLLC PDSCH with capability 2. For example, during the capability switching gap:
· UE may skip decoding the PDSCH with lower priority.
· For PDSCHs with same priority, UE may skip decoding the PDSCH with earlier DL grant.
· Both Capability 2-to-Capability 1 switching gap and Capability 1-to-Capability 2 switching gap should be defined.


Figure 2. Rel-15 mechanism for PSCH processing time capability switching

2. The two unicast PDSCHs are overlapping at least in the time domain, regardless of whether the same or different DL processing times is configured on the same serving cell.
The UE shall decode the PDSCH with highest priority, the following priority order should be considered:
(1). 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. With the same priority indication, the priority of later DCI is higher.
Generally, we also propose that whether decoding 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 decoding 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 4: When multiple PDSCHs are scheduled with time-domain overlapping, the UE shall decode the PDSCH with highest priority, and the UE may or may not decode/buffer the PDSCH with lower priority based on UE implementation, if no preemption indication to the PDSCH with lower priority is received.
Proposal 5: If the overlapped PDSCHs correspond to separate HARQ-ACK codebooks or one Type-2 HARQ-ACK codebook, the UE generates HARQ-ACK for each of the overlapped PDSCHs.

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 6: 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 difficult 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, our preference is solution 1 with some modifications, i.e. the UE may or may not transmit the first channel if no preemption indication to the first PUSCH is received.
Proposal 7: 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 transmit the first channel if no preemption indication to the first PUSCH is received.
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: If cancellation of HARQ-ACK transmission is supported, HARQ-ACK retransmission based on DCI transmitted in out-of-order PDSCH-to-PUCCH manner can be considered.
Proposal 3: Different PDSCHs for different service types should follow different PDSCH processing time capabilities to save UE power.
Proposal 4: When multiple PDSCHs are scheduled with time-domain overlapping, the UE shall decode the PDSCH with highest priority, and the UE may or may not decode/buffer the PDSCH with lower priority based on UE implementation, if no preemption indication to the PDSCH with lower priority is received.
Proposal 5: If the overlapped PDSCHs correspond to separate HARQ-ACK codebooks or one Type-2 HARQ-ACK codebook, the UE generates HARQ-ACK for each of the overlapped PDSCHs.
Proposal 6: 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 7: 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 transmit the first channel if no preemption indication to the first PUSCH is received.
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