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1. Introduction

In this contribution, we discuss several discussion points regarding scheduling/HARQ enhancement techniques to be specified from RAN1 point of view. 
2. Out-of-order HARQ-ACK and PDSCH overlapping
Since the start of work item, extensive discussions have been done but unfortunately there was no consensus on which case(s) is/are supported. We hereafter discuss required capabilities and cases for support of out-of-order HARQ-ACK and PDSCH overlapping based on the discussions so far.
When a single minimum processing capability is configured on a carrier, out-of-order HARQ-ACK can be supported as UE capability since there is no pipeline issue but it is somehow not supported in rel-15. As discussed in RAN1#98bis, in case a UE reports pdsch-ProcessingType2-Limited, the rel-15 fallback to capability 1 and dropping behavior for SCS=30kHz are supported. 

When a single minimum processing capability is configured on a carrier, in case of PDSCH overlapping, PDSCH overlapping handling can be supported. As discussed before, two UE capabilities can be taken into account: one based on CA framework and another based on dropping when needed. The capability based on CA framework will indicate the number of CCs that the UE is capable of processing both two PDSCHs simultaneously under this scenario. Under the UE capability, the UE will process both PDSCHs. On the other hand, the capability based on dropping on demand will indicate the number of CCs that the UE is capable of processing PDSCH with high priority. In this case, the UE will process PDSCH with high priority and may skip PDSCH with low priority. For both cases, the PDSCH priority indication seems necessary. Our preference is to have a common identifier with HARQ-ACK codebook identifier and DG PUSCH priority identifier. 

When both minimum processing timeline capability #1 and capability #2 can be configured on a carrier and different PDSCHs can be associated with different minimum processing timeline, also two UE capabilities can be taken into account as above. The capability based on CA framework will indicate the number of CCs that the UE is capable of processing both two PDSCHs simultaneously if PDSCHs are either overlapped or non-overlapped. Under the UE capability, the UE will process both PDSCHs. On the other hand, the capability based on dropping on demand will indicate the number of CCs that the UE is capable of processing PDSCH with capability #2 if PDSCHs are non-overlapped. In this case, the UE will always process PDSCH associated with capability #2 and process PDSCH associated with capability #1 if scheduling condition (e.g., timing gap between two PDSCHs, timing gap between two PUCCHs carrying HARQ-ACKs) is met; otherwise the UE may skip PDSCH associated with capability #1. For this case, how to associate a PDSCH with minimum processing timeline capability needs to be addressed. For overlapping case, the capability based on dropping on demand will indicate the number of CCs that the UE is capable of processing PDSCH with high priority. In this case, the UE will process PDSCH with high priority and may skip PDSCH with low priority. For this case, the PDSCH priority indication seems necessary.
Proposal 1: For rel-16, the followings are supported:
· Case 1: When a single minimum processing capability is configured on a carrier
· Case 1-1: Out-of-order HARQ-ACK for two unicast and non-overlapped PDSCHs is supported
· Capability A: The UE reports whether to support case 1-1
· The UE always processes both PDSCHs
· The rel-15 fallback to capability 1 and dropping behavior for SCS=30kHz are supported in case the UE reports pdsch-ProcessingType2-Limited
· Case 1-2: Collision handling for two unicast and overlapped PDSCHs is supported
· Capability B: The UE reports the number of CCs that the UE is capable of processing both two PDSCHs simultaneously under case 1-2
· The UE always processes both PDSCHs.
· Capability C: The UE reports the number of CCs that the UE is capable of processing PDSCH with high priority under case 1-2
· The UE always processes PDSCH with high priority and may skip PDSCH with low priority.
· The PDSCH priority indication is defined. 

· FFS how to indicate the PDSCH priority indication
· Case 2: When both minimum processing timeline capability #1 and capability #2 can be configured on a carrier and different PDSCHs can be associated with different minimum processing timeline
· Case 2-1: Out-of-order HARQ-ACK for two unicast and non-overlapped PDSCHs is supported
· Capability D: The UE reports the number of CCs that the UE is capable of processing both two PDSCHs simultaneously under both case 2-1 and case 2-2
· The UE always processes both PDSCHs.
· Capability E: The UE reports the number of CCs that the UE is capable of processing PDSCH with capability #2 under case 2-1
· The UE always processes PDSCH associated with capability #2 and processes PDSCH associated with capability #1 if scheduling condition (e.g., timing gap between two PDSCHs, timing gap between two PUCCHs carrying HARQ-ACKs) is met; otherwise the UE may skip PDSCH associated with capability #1
· FFS how to associate PDSCH with minimum processing timeline capability
· Case 2-2: Collision handling for two unicast and overlapped PDSCHs is supported
· Capability F: The UE reports the number of CCs that the UE is capable of processing PDSCH with high priority under case 2-2
· The UE always processes PDSCH with high priority and may skip PDSCH with low priority
· The PDSCH priority indication is defined. 

· FFS how to indicate the PDSCH priority indication
3. Conclusions

In this contribution, we discussed several aspects on scheduling/HARQ enhancements for NR URLLC. Based on the above discussion, our observation and proposals are given as follows:

Proposal 1: For rel-16, the followings are supported:
· Case 1: When a single minimum processing capability is configured on a carrier
· Case 1-1: Out-of-order HARQ-ACK for two unicast and non-overlapped PDSCHs is supported
· Capability A: The UE reports whether to support case 1-1
· The UE always processes both PDSCHs
· The rel-15 fallback to capability 1 and dropping behavior for SCS=30kHz are supported in case the UE reports pdsch-ProcessingType2-Limited
· Case 1-2: Collision handling for two unicast and overlapped PDSCHs is supported
· Capability B: The UE reports the number of CCs that the UE is capable of processing both two PDSCHs simultaneously under case 1-2
· The UE always processes both PDSCHs.
· Capability C: The UE reports the number of CCs that the UE is capable of processing PDSCH with high priority under case 1-2
· The UE always processes PDSCH with high priority and may skip PDSCH with low priority.
· The PDSCH priority indication is defined. 

· FFS how to indicate the PDSCH priority indication
· Case 2: When both minimum processing timeline capability #1 and capability #2 can be configured on a carrier and different PDSCHs can be associated with different minimum processing timeline
· Case 2-1: Out-of-order HARQ-ACK for two unicast and non-overlapped PDSCHs is supported
· Capability D: The UE reports the number of CCs that the UE is capable of processing both two PDSCHs simultaneously under both case 2-1 and case 2-2
· The UE always processes both PDSCHs.
· Capability E: The UE reports the number of CCs that the UE is capable of processing PDSCH with capability #2 under case 2-1

· The UE always processes PDSCH associated with capability #2 and processes PDSCH associated with capability #1 if scheduling condition (e.g., timing gap between two PDSCHs, timing gap between two PUCCHs carrying HARQ-ACKs) is met; otherwise the UE may skip PDSCH associated with capability #1
· FFS how to associate PDSCH with minimum processing timeline capability
· Case 2-2: Collision handling for two unicast and overlapped PDSCHs is supported
· Capability F: The UE reports the number of CCs that the UE is capable of processing PDSCH with high priority under case 2-2
· The UE always processes PDSCH with high priority and may skip PDSCH with low priority
· The PDSCH priority indication is defined. 

· FFS how to indicate the PDSCH priority indication
