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In the RAN1#108-e meeting [1], the case of more than two overlapped PUCCHs with repetition has been raised during the discussions of Rel-17 URLLC/IIoT [2]. It has been identified by some companies that the current Rel-15 spec does not capture the dropping order for a bunch of more than 2 (i.e., at least 3) PUCCHs which are overlapped with each other and at least one of them is subject to repetition. In this contribution, we discuss the candidate solutions to tackle this case, and provide the TP accordingly.
	Question 7.3:
Do you agree that if the potential ambiguity of PUCCH collision handling with PUCCH repetition for a same priority is to be discussed, it should be discussed in Rel-15/16 maintenance session?


Discussions
The Rel-15 PUCCH repetition rule in clause 9.2.6 of 38.213 specifies the dropping behavior between pairwise collided PUCCHs when one of them (i.e., the first PUCCH in the spec) is subject to repetition, and the other PUCCH (i.e., the second PUCCH in the spec) is subject to or not subject to repetition [3], by following the priority of UCI types of HARQ-ACKSRCSI, and the priority of starting time for the same UCI type, as shown in below:
	A UE does not multiplex different UCI types in a PUCCH transmission with repetitions over  slots. If a UE would transmit a first PUCCH over more than one slot and at least a second PUCCH over one or more slots, and the transmissions of the first PUCCH and the second PUCCH would overlap in a number of slots then, for each slot of the number of slots and with UCI type priority of HARQ-ACK > SR > CSI with higher priority > CSI with lower priority
-	the UE does not expect the first PUCCH and any of the second PUCCHs to start at a same slot and include a UCI type with same priority 
-	if the first PUCCH and any of the second PUCCHs include a UCI type with same priority, the UE transmits the PUCCH starting at an earlier slot and does not transmit the PUCCH starting at a later slot
-	if the first PUCCH and any of the second PUCCHs do not include a UCI type with same priority, the UE transmits the PUCCH that includes the UCI type with higher priority and does not transmit the PUCCH that include the UCI type with lower priority


However, for the case of at least three PUCCHs overlapping with each other with at least one of them subject to repetition, the current spec does not clearly describe how to handle the dropping. It would be straightforward to resolve the collision for these PUCCHs with a pairwise manner, but the order of selecting pairwise PUCCHs among these PUCCHs should be discussed and captured in the spec. E.g., when HARQ-ACK, SR with repetition, and CSI are overlapped with each other, there can be two candidate methods.
Method 1: First resolve the collision of SR with repetition and CSI (CSI would be dropped as a result), then resolve the collision of HARQ-ACK and SR with repetition (SR with repetition would be dropped as a result). In the end, HARQ-ACK only will survive in the end as shown in Figure 1.
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[bookmark: _Ref100847108]Figure 1 Method 1: Collision of SR repetition with CSI is handled in prior
Method 2: First resolve the collision of HARQ-ACK and SR with repetition (SR with repetition would be dropped as a result), then resolve the collision of HARQ-ACK and CSI. As there is no repetition any more, HARQ-ACK and CSI will be multiplexed into one PUCCH following clause 9.2.5, i.e. HARQ-ACK and CSI will survive as shown in Figure 2.
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[bookmark: _Ref100846264]Figure 2 Method 2: Collision of HARQ-ACK with SR repetition is handled in prior
It should be noted that similar situations would occur for other collision cases; e.g., HARQ-ACK, CSI report with higher priority with repetition, and CSI report with lower priority, which are overlapped with each other; or HARQ-ACK, CSI report with repetition starting at an earlier slot, and CSI report of the same priority with repetition starting at a later slot, which are overlapped with each other.
If the spec does not capture the handling of this case and leave it for UE implementation, ambiguity would happen between gNB and UE if they have different understandings of the methods above. E.g., when gNB expects Method 1 while UE carries out Method 2, the gNB would expect only HARQ-ACK (carried on PUCCH resource#1) survives as in Figure 1, and is not aware of the new PUCCH resource (PUCCH resource#2) re-selected as the result of multiplexed HARQ-ACK + CSI as in Figure 2; in that sense, gNB may schedule PUCCH resource#2 to other UEs, causing the inter-UE collision issue.
As a unified rule, Method 2 can be considered, i.e., the pairwise PUCCHs should be selected by following the priority of the UCI types (HARQ-ACK > SR > CSI with higher priority > CSI with lower priority). As a comprehensive solution, for PUCCHs with the same UCI type, the pairwise PUCCHs should be selected following the starting time of the PUCCH; in addition, the selected pairwise PUCCHs should include at least one PUCCH with repetition.
Proposal 1: For a group of at least three PUCCHs which would overlap with each other, the UE performs the pairwise dropping rules of PUCCH repetition in the current clause 9.2.6 in 38.213, by selecting two PUCCHs including at least one PUCCH with repetition among the group of PUCCHs in descending order of the priority of UCI type, and for UCI type with the same priority, in the order of PUCCH starting time, until there is no overlapping including PUCCH repetition any more.
Though the issue originates from Rel-15, it seems more acceptable by companies to only do the change in Rel-16, thus we provided a Rel-16 draft CR as shown in our companion contribution R1-2204907 [4] for further discussion.
Conclusions
According to the discussion, following proposals are provided:
Proposal 1: For a group of at least three PUCCHs which would overlap with each other, the UE performs the pairwise dropping rules of PUCCH repetition in the current clause 9.2.6 in 38.213, by selecting two PUCCHs including at least one PUCCH with repetition among the group of PUCCHs in descending order of the priority of UCI type, and for UCI type with the same priority, in the order of PUCCH starting time, until there is no overlapping including PUCCH repetition any more.
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