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Introduction
In the RAN1#99 meetings, the following conclusions on scheduling/HARQ enhancements were reached in [1].
Conclusion:
· For Rel. 16 URLLC, no support of out-of-order/overlap PDSCH/HARQ and out-of-order/overlap PUSCH operation. 
Conclusion:
In Rel. 16 URLLC:
· The UE is not expected to be scheduled with two DG-PUSCH overlap in the time domain on the same carrier.
However, there is one remaining issue on the support of overlapping of two PUCCHs carrying HARQ-ACK with different priorities. It was discussed by email after RAN1#99, while there was still not concluded.
Discussion
In Rel-15, as long as the multiplexing timeline is satisfied, there would be no other restrictions on the allocation of PUCCH resources for HARQ-ACK transmission. That is, the two PUCCHs carrying HARQ-ACK associated with two DG-PDSCHs scheduled on the same carrier to be multiplexed in one slot can be overlapping in time (no matter which PUCCH resource is in the front) or non-overlapping as long as the two PUCCH resources are in the same slot. An example is shown in Figure 1. 
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Figure 1 Possible collision cases for PUCCH carrying HARQ-ACK in Rel-15. 
Observation 1: In Rel-15, as long as the multiplexing timeline is satisfied, the two PUCCHs carrying HARQ-ACK associated with two DG-PDSCHs scheduled on the same carrier to be multiplexed in one slot can be overlapping in time (no matter which PUCCH resource is in the front) or non-overlapping as long as the two PUCCH resources are in the same slot. 
In Rel-16, the main difference is that the multiplexing rule in Rel-15 is replaced by dropping rule in case of the two PUCCHs carrying HARQ-ACK with different priorities. In the following, we will further clarify Rel-16 rules by categorizing this into two cases: overlapping case and non-overlapping case. 
2.1 Overlapping PUCCHs carrying HARQ-ACK with different priorities
In Rel-16, 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. This could also reduce the latency as discussed above by allowing at least Case 2 and Case 3 in Figure 1. 
In the latest spec, the overlapping of two PUCCHs carrying HARQ-ACK with different priorities have been supported. The only remaining issue is to define potential dropping timeline as discussed in UCI agenda. No additional restrictions should be introduced.
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If, after resolving overlapping for PUCCH and/or PUSCH transmissions of a same priority index, a UE determines to transmit
-	a first PUCCH of larger priority index, a PUSCH or a second PUCCH of smaller priority index, and a transmission of the first PUCCH would overlap in time with a transmission of the PUSCH or the second PUCCH, the UE does not transmit the PUSCH or the second PUCCH


Observation 2: Overlapping of two PUCCHs carrying HARQ-ACK with different priorities associated with two DG-PDSCHs scheduled on the same carrier in one slot/sub-slot is supported in Rel-16. 
Proposal 1: For overlapping of two PUCCHs carrying HARQ-ACK with different priorities in Rel-16, no additional restrictions should be introduced. 
2.2 Non-overlapping PUCCHs carrying HARQ-ACK with different priorities in a slot/sub-slot
Except for the overlapping cases, it should also clarify that whether the non-overlapping cases should be supported or not, including Case 1 (out of order) or Case 4 (in order) as shown in Figure 1. In addition, the UE behaviors under Case 1 and Case 4 also needs clarification. In our view, this may related to the interpretation of the following agreements. 
	Agreements:
For supporting multiple PUCCHs for HARQ-ACK within a slot for constructing HARQ-ACK codebook, support sub-slot-based HARQ-ACK feedback procedure.
· A UL slot consists of a number of sub-slots. No more than one transmitted PUCCH carrying HARQ-ACKs starts in a sub-slot.



There could be two possible interpretations and correspondingly two kinds of UE behaviors, which should be further clarified. The following is a brief summary. 
In case of two non-overlapping PUCCHs carrying HARQ-ACK with different priorities associated with two DG-PDSCHs scheduled on the same carrier in a slot/sub-slot, it needs to clarify the following two interpretations and corresponding UE behaviors.  
· Interpretation 1: The restriction of one PUCCH transmission with HARQ-ACK in one slot/sub-slot is per HARQ-ACK codebook. 
· UE behavior 1-1: If the PDSCH-to-PUCCHs is in order, UE transmits the two PUCCHs in the same slot/sub-slot. That is, Case 4 in Figure 1 is supported. 
· UE behavior 1-2: A UE is not expected that the PDSCH-to-PUCCHs is out of order. That is, Case 1  in Figure 1 is not supported. Although symbol-level out of order is supported in Rel-15, it is mainly because the two PUCCHs are multiplexed together and eventually only one PUCCH is transmitted. However, it would require additional UE capability to transmit two PUCCHs in case of out of order. 
· Interpretation 2: The restriction of one PUCCH transmission with HARQ-ACK in one slot/sub-slot is for all configured HARQ-ACK codebook(s). It means a UE can transmit more than one PUCCH carrying HARQ-ACK only when it is configured with two sub-slot based HARQ-ACK codebooks. 
· UE behavior 2: The PDSCH-to-PUCCHs can be in order or out of order, and the UE does not transmit the PUCCH carrying low priority HARQ-ACK. That is, Case 1 and Case 4  in Figure 1 are supported while the low priority HARQ-ACK is not transmitted.
Interpretation 1 is more friendly to eMBB service by supporting UE behavior 1-1, while it has some restrictions on URLLC transmission due to no support of UE behavior 1-2. In addition, it may require additional UE capability in terms of allowing more than one PUCCH transmissions with HARQ-ACK in a slot/sub-slot. On the other hand, interpretation 2 has more flexibility on URLLC transmission by allowing out of order cases, while it is not friendly to eMBB services due to only the high priority HARQ-ACK is transmitted in one slot/sub-slot. 
Based on current spec, it is written in a way that the restriction is per HARQ-ACK codebook. It seems Interpretation 1 is intended way to go. However, it is not discussed before. We would like to clarify on this to reach a common understanding.
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A UE does not expect to transmit more than one PUCCH with HARQ-ACK information in a slot. 



Proposal 2: In case of two non-overlapping PUCCHs carrying HARQ-ACK with different priorities associated with two DG-PDSCHs scheduled on the same carrier in a slot/sub-slot, down-select between the following two interpretations and corresponding UE behaviors.  
· Interpretation 1: The restriction of one PUCCH transmission with HARQ-ACK in one slot/sub-slot is per HARQ-ACK codebook. 
· UE behavior 1-1: If the PDSCH-to-PUCCHs is in order, UE transmits the two PUCCHs in the same slot/sub-slot. 
· UE behavior 1-2: A UE is not expected that the PDSCH-to-PUCCHs is out of order. 
· Interpretation 2: The restriction of one PUCCH transmission with HARQ-ACK in one slot/sub-slot is for all configured HARQ-ACK codebook(s). It means a UE can transmit more than one PUCCH carrying HARQ-ACK only when it is configured with two sub-slot based HARQ-ACK codebooks. 
· UE behavior 2: The PDSCH-to-PUCCHs can be in order or out of order, and the UE does not transmit the PUCCH carrying low priority HARQ-ACK.
Conclusion
According to the analysis given above, we have the following observation and proposals:
Observation 1: In Rel-15, as long as the multiplexing timeline is satisfied, the two PUCCHs carrying HARQ-ACK associated with two DG-PDSCHs scheduled on the same carrier to be multiplexed in one slot can be overlapping in time (no matter which PUCCH resource is in the front) or non-overlapping as long as the two PUCCH resources are in the same slot. 
Observation 2: Overlapping of two PUCCHs carrying HARQ-ACK with different priorities associated with two DG-PDSCHs scheduled on the same carrier in one slot/sub-slot is supported in Rel-16. 
Proposal 1: For overlapping of two PUCCHs carrying HARQ-ACK with different priorities in Rel-16, no additional restrictions should be introduced. 
Proposal 2: In case of two non-overlapping PUCCHs carrying HARQ-ACK with different priorities associated with two DG-PDSCHs scheduled on the same carrier in a slot/sub-slot, down-select between the following two interpretations and corresponding UE behaviors.  
· Interpretation 1: The restriction of one PUCCH transmission with HARQ-ACK in one slot/sub-slot is per HARQ-ACK codebook. 
· UE behavior 1-1: If the PDSCH-to-PUCCHs is in order, UE transmits the two PUCCHs in the same slot/sub-slot. 
· UE behavior 1-2: A UE is not expected that the PDSCH-to-PUCCHs is out of order. 
· Interpretation 2: The restriction of one PUCCH transmission with HARQ-ACK in one slot/sub-slot is for all configured HARQ-ACK codebook(s). It means a UE can transmit more than one PUCCH carrying HARQ-ACK only when it is configured with two sub-slot based HARQ-ACK codebooks. 
· UE behavior 2: The PDSCH-to-PUCCHs can be in order or out of order, and the UE does not transmit the PUCCH carrying low priority HARQ-ACK.
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