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In the RAN#83 plenary meeting, the scope of the R16 WID on physical layer enhancements for NR URLLC was defined. One of the objectives is to specify enhancements to scheduling/HARQ. 
In the RAN1#99 meeting, the possible conclusion shown below for out-of-order was left to email discussion. 
Table 1 – RAN1#99 proposals about OoO-HARQ 
	Possible Conclusion
· The UE is not expected to be scheduled with two PUCCHs carrying HARQ-ACK with different priorities associated with two DG-PDSCHs scheduled on the same carrier overlapping in the time domain.
· Email discussion/approval till 12/2 – Kianoush (QC)



In the post RAN1#99 meeting, the summary of the email discussion was given, it is shown below in Table 2. However, no agreement could be reached.

Table 2 –Summary the companies’ views based on the email discussion 
	Now, to summarize the companies’ views, based on the feedbacks collected:
· 1 company (Qualcomm) proposed to agree to the proposed conclusion. 
· The main reason mentioned was that by aborting the transmission of the 1st PDSCH HARQ-ACK, the HARQ-ACK of the 2nd PDSCH is sent earlier. Based on the agreement made for OOO HARQ, such a case only happens if OOO HARQ is supported. Since OOO HARQ is not supported in Rel. 16, this case, i.e., overlapping PUCCHs carrying HARQ-ACK with different priorities for PDSCH scheduled on the same carrier, should be considered as an error event.
· 11 companies (Samsung, DCM, Sony, CATT, LGE, HW/HiSi, Nokia/NSB, ZTE, MTK, Ericsson and Intel) proposed to allow the PUCCH overlap. 
· Some companies mentioned that the PUCCH overlap was discussed under UCI AI, and not related to OOO HARQ.
· Some companies referred to the definition of OOO HARQ from Rel. 17, and used that as a basis for their proposal.
· Increasing the complexity of gNB scheduler and limiting the benefits of introducing multiple HARQ-ACK CBs and/or allowing for multiple HARQ-ACK reporting per slot were also mentioned as additional reasons for supporting the feature under discussion. 




In this contribution, we summarize and discuss this remaining issue. 
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In this section, we will discuss the pros and cons of different ways to handle overlapping PUCCHs:
Supporting “The UE can be scheduled with two overlapping PUCCHs carrying HARQ-ACK with different priorities for two PDSCHs scheduled on the same carrier”.
Table 3 RAN1#98b agreement about the intra-UE collision handling at the PHY layer 
	Agreements:
For intra-UE collision handling at the PHY layer, in case a high-priority UL transmission overlaps with a low-priority UL transmission, drop the low-priority UL transmission under certain constraint (particularly timeline).
· The UL transmission is a positive SR, HARQ-ACK, PUSCH or P/SP-CSI on PUCCH.
· FFS: for other types of UL transmission, e.g. SRS, PRACH, PUCCH-BFR, etc.
· FFS details of dropping behaviours.
· FFS details of processing timeline issues, e.g.
· How to handle the case where the timeline condition is not satisfied.
Necessity of a new timeline.



On one hand, the agreement from RAN1#98b allows the collisions of PUCCHs and describes how it shall be resolved. Hence, there is already a solution to handle the case of two overlapping PUCCH with different priority HARQ-ACKs. Besides, there is no conclusion or argument to preclude the case of the overlapping PUCCHs. Hence, the UE behavior could be specified in Rel-16.
On the other hand, in Rel-16, more than one PUCCH carrying HARQ-ACK within one slot is supported. The Rel-16 PUCCHs could be transmitted in one slot or sub slot. However, in Rel-15, UE is not expected to process out-of-order HARQ-ACK in the case of slot based PUCCH transmission, since there is at most one PUCCH carrying HARQ-ACK in one slot. So, Rel-16 could consider this the impact of the new use case. If this case occurs, based on the previous intra-UE collision agreement in RAN1#98bis, the UE would process the high-priority PUCCH transmission and drop the low-priority PUCCH transmission.  It can guarantee that the URLLC ACK/NACK is transmitted from UE to gNB timely. If the feedback information includes NACK, the gNB can retransmit the DL PDSCH in time, to meet the high reliability of URLLC traffic requirement.
Therefore, it is important and beneficial for URLLC to allow the UE to process the two overlapping PUCCH with different priorities HARQ-ACK.

Not supporting “The UE can be scheduled with two overlapping PUCCHs carrying HARQ-ACK with different priorities for two PDSCHs scheduled on the same carrier”.

The main reason mentioned to not support overlapping PUCCH carrying HARQ-A/N with different priorities, is that the OOO HARQ is not supported in Rel-16. The UE is not expected to send the HARQ-ACK for the PDSCH y earlier than the HARQ-ACK for the PDSCH x as shown in the example in Figure 1. Based on the agreement made for OOO HARQ, one would think that such the new case of two overlapping PUCCH would only happen if OOO HARQ is supported. 
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Figure 1 – Out-of-Order HARQ is not supported by Rel-16

However, as shown in Figure 2, two overlapping PUCCHs can be transmitted in a subslot of one slot. In this case, the HARQ-ACK for PDSCH y can be later but still overlap with the HARQ-ACK for PDSCH x. It can be observed that even when out-of-order HARQ is not supported in Rel-16, the case of overlapping PUCCH is still possible and not precluded.
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Figure 2 – The case could be supported by Rel-16 when Out-of-Order HARQ is not supported by Rel-16

Based on the above discussion and considerations, it is beneficial for URLLC to define the handling of two overlapping PUCCHs, which also is in-line with the previous agreements. Therefore, we propose:

Proposal: The UE can be scheduled with two overlapping PUCCHs carrying HARQ-ACK with different priorities for two PDSCHs scheduled on the same carrier in Rel-16.
 
3 Conclusion

In this contribution, we discuss whether handling of two overlapping PUCCHs with different priorities should be specified or not. It is beneficial for URLLC to support two overlapping PUCCHs with different priorities. It is a practical use case that can be configured even when OOO-HARQ is not supported and it is in-line with the agreements made during Rel-16. Therefore, we propose:


Proposal: The UE can be scheduled with two overlapping PUCCHs carrying HARQ-ACK with different priorities for two PDSCHs scheduled on the same carrier in Rel-16.
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