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1. Introduction
In RAN1#99, it has been declared that RAN1 work of Rel-16 NR URLLC WI [1] has been completed. There were still remaining issues left after RAN1#99 meeting, while most of the essential ones have been solved during maintenance phase in RAN1 #100 e-meeting. Overall, a good progress for this WI has been achieved till now.  However, it is hard to reach consensus on one important enhancement related to issue#1 of the scheduling/HARQ agenda item in [2], i.e. “Support of overlapping PUCCHs carrying HARQ-ACK with different priorities”. 
Without support of this feature, it would affect meeting the latency requirements in URLLC use cases. Thus, we propose to discuss and conclude this issue in RAN plenary.  
2. Discussion
In Rel-16, more than one PUCCH transmissions carrying HARQ-ACK within a slot is supported for latency reduction. Two HARQ-ACK codebooks corresponding to different priorities can be simultaneously constructed. Meanwhile, it has been clearly agreed in UCI agenda item that the two PUCCH transmissions carrying HARQ-ACK with different priorities can be overlapped, as shown below.
Agreements:
When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, the PHY identification of HARQ-ACK codebook is also used to determine the priority of the HARQ-ACK codebook for collision handling.
If it ends up with not allowing such overlapping between two PUCCH transmissions carrying HARQ-ACK with different priorities in one carrier, it would impose unnecessary scheduling restriction and latency for URLLC transmission. In other words, it is important to support this URLLC feature, i.e., allowing two PUCCHs carrying HARQ-ACK with different priorities associated with two DG-PDSCHs scheduled on the same carrier overlapping in the time domain. 
During the post-meeting email discussion [99-NR-13] in RAN1#99 meeting, 11 companies show their support on this important feature, while only one company is not willing to support.  In RAN1#100 e-meeting, all those 11 companies show again their support [2]  but this issue was not discussed in RAN1#100 e-meeting since companies think it is very difficult to make further progress by email discussion. Similar situation would be expected in the April RAN1 e-meeting.
Given that this issue has been stuck in RAN1 for several meetings, and it has almost no chance to further proceed in RAN1 without RAN guidance, we propose to discuss and confirm the support of this feature in RAN plenary level. Otherwise, it will delay the implementation for Rel-16 URLLC. 
Observation 1: The collision handling issue in case of two PUCCHs carrying HARQ-ACK with different priorities has been stuck in RAN1 for several meetings. It is difficult to further proceed in RAN1 without RAN guidance. 
Proposal 1: RAN concludes to support that two PUCCHs carrying HARQ-ACK with different priorities associated with two DG-PDSCHs scheduled on the same carrier can be overlapping in the time domain. RAN1 continues to finalize the specification work on this feature.
2.1 Collision handling of PUCCH carrying HARQ-ACK with different priorities
In this section, we discuss the details on how to support this feature with minimal specification effort by reusing most of the Rel-15 mechanism.  In Rel-15, it is not expected for a UE to support out-of-order HARQ-ACK only in slot level, which is described in the spec TS38.214 as follows. 
	In a given scheduled cell, the UE is not expected to receive a first PDSCH in slot i, with the corresponding HARQ-ACK assigned to be transmitted in slot j, and a second PDSCH starting later than the first PDSCH with its corresponding HARQ-ACK assigned to be transmitted in a slot before slot j. 


As in Rel-15, the above restriction in the spec doesn’t mean the UE cannot be scheduled with overlapping PUCCH resources. Instead, when there are overlapping PUCCH resources, the UE will perform multiplexing as specified in 9.2.5 in TS 38.213. Note that the overlapping here means the PUCCH resources are mapped in one slot, i.e., may or may not overlapping in the time domain.  This means out-of-order HARQ is still allowed if the HARQ-ACKs are in the same slot.   If out-of-order HARQ operation is not enhanced in Rel-16, at least the same definition should be applied to a slot/sub-slot level depending on the configuration.
Thus, as long as the Rel-15 multiplexing timeline is satisfied, there would be no other restrictions on the allocation of PUCCH resources for HARQ-ACK transmission. That is, two PUCCHs carrying HARQ-ACK associated with two respective DG-PDSCHs scheduled on the same carrier to be multiplexed in one slot can be overlapping or non-overlapping in time (regardless of the order of the two PUCCH resources) as long as the two PUCCH resources are in the same slot. An example is shown in Figure 1. 
[image: ]
Figure 1 Possible collision cases for PUCCH carrying HARQ-ACK in Rel-15. 
Observation 2: In Rel-15, two PUCCHs carrying HARQ-ACK associated with two respective DG-PDSCHs scheduled on the same carrier to be multiplexed in one slot can be overlapping or non-overlapping in time (regardless of the order of the two PUCCH resources) as long as the two PUCCH resources are in the same slot and the multiplexing timeline is satisfied. 
For collision handling of two PUCCHs carrying HARQ-ACK with the same priority in Rel-16, the same Rel-15 mechanism in slot level can be applied in slot or sub-slot level.  
For collision handling of two PUCCHs carrying HARQ-ACK with different priorities in Rel-16, the main difference is that the multiplexing rule in Rel-15 is replaced by dropping rule due to different priorities introduced. There is no reason to impose additional timing restrictions on PUCCH transmission within one slot/sub-slot when it comes to dropping in Rel-16. As the example shown in Figure 1, the second PUCCH carrying high priority HARQ-ACK for the second PDSCH can be transmitted earlier by allowing Case 1~3 compared to Case 4 that the second PUCCH can only be scheduled on a non-overlapping and later PUCCH resource than the first PUCCH. That is, a lower latency can be achieved and there is no additional scheduling restriction by reusing the Rel-15 mechanism.  The specification support of collision handling in Rel-16 is straightforward.
Observation 3: It is beneficial in terms of latency reduction and scheduling flexibility by reusing the Rel-15 mechanism for collision handling of PUCCH carrying HARQ-ACK with different priorities.  The specification support of collision handling in Rel-16 is straightforward.
Thus, we have the following proposal.
Proposal 2: In Rel-16, two PUCCHs carrying HARQ-ACK with different priorities associated with two DG-PDSCHs scheduled on the same carrier in one slot/sub-slot can be overlapping in time (regardless of the order of the two PUCCH resources) or non-overlapping as long as the two PUCCH resources are in the same slot/sub-slot and dropping timeline is satisfied.
3. Conclusion
In this contribution, we have the following observations and proposals.
Observation 1: The collision handling issue in case of two PUCCHs carrying HARQ-ACK with different priorities has been stuck in RAN1 for several meetings. It is difficult to further proceed in RAN1 without RAN guidance.
Observation 2: In Rel-15, two PUCCHs carrying HARQ-ACK associated with two respective DG-PDSCHs scheduled on the same carrier to be multiplexed in one slot can be overlapping or non-overlapping in time (regardless of the order of the two PUCCH resources) as long as the two PUCCH resources are in the same slot and the multiplexing timeline is satisfied.
Observation 3: It is beneficial in terms of latency reduction and scheduling flexibility by reusing the Rel-15 mechanism for collision handling of PUCCH carrying HARQ-ACK with different priorities. The specification support of collision handling in Rel-16 is straightforward.
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