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In the RAN1#109-e meeting [1], it has been identified 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 addition, the processing order for handling the PUCCH repetition procedure in clause 9.2.6 of 38.213 and the PUCCH multiplexing procedure in 9.2.5 of 38.213 has been discussed and clarified in the email thread [109-e-NR-CRs-03], with the following conclusions achieved [2].
	Conclusion:
For resolving overlapping PUCCHs with and/or without repetitions in a slot in Rel-16, a UE first performs clause 9.2.6 (TS 38.213) to resolve overlapping PUCCHs where at least one PUCCH is with repetitions, and then UE performs clause 9.2.5 (TS 38.213) to resolve overlapping PUCCHs without repetitions.
· Note: The above is performed per slot.

Conclusion:
For resolving overlapping PUCCHs with repetitions in clause 9.2.6 of TS 38.213 in Rel-16, PUCCHs with repetitions and PUCCHs overlapping with a PUCCH with repetitions are considered. PUCCHs without repetitions that do not overlap with a PUCCH with repetitions are not considered.
· Note 1: The above is for clarifying the determination of the overlapping PUCCHs resolved in clause 9.2.6 of TS 38.213 and does not impact the determination of “a set of overlapping PUCCHs” when performing clause 9.2.6 of TS 38.213 discussed in [109-e-NR-CRs-03].
· Note 2: The above has no spec impact. This is also assumed in discussion to solve issue in [109-e-NR-CRs-03].

Conclusion:
For resolving the overlapping PUCCHs with repetitions in Rel-16, the procedure of 9.2.6 of TR38.213 only performs prioritization, multiplexing is not performed in 9.2.6 of TR38.213.
· Note: the above has no spec impact.

Conclusion
For resolving overlapping PUCCHs of a same priority in Rel-16, a UE performs the following steps
· Step1, the UE resolves overlapping PUCCHs with repetitions as described in TS 38.213 clause 9.2.6, if any.
· Step 1-1: the UE determines the PUCCHs involved in TS 38.213 clause 9.2.6.
· o    PUCCHs with repetitions and PUCCHs overlapping with a PUCCH with repetitions are involved. 
· o    PUCCHs without repetitions that do not overlap with a PUCCH with repetitions are not involved.
· Step 1-2: the UE resolves overlapping PUCCHs determined in Step 1-1 by performing TS 38.213 clause 9.2.6.
· o    Only prioritization is performed.
· Step2, the UE resolves overlapping PUCCHs without repetitions as described in TS 38.213 clause 9.2.5, if any.
· Step 2-1: the UE determines the PUCCHs involved in TS 38.213 clause 9.2.5.
· PUCCHs without repetitions that do not overlap with a PUCCH with repetitions are involved.
· Resulting PUCCHs without repetitions of resolving overlapping PUCCHs determined in Step 1-2 are involved.
· Step 2-2: the UE resolves overlapping PUCCHs determined in Step 2-1 by performing TS 38.213 clause 9.2.5.
Note: The above conclusion on the generic framework with high-level steps has no spec impact. The details of certain steps, e.g. step 1-2, may have spec impact subject to outcome of the ongoing and future discussion on the issues identified in email thread [109-e-NR-CRs-03]. 


During the discussions over the meeting, two remaining issues are still to be discussed.
· Issue 1: How to determine “a set of overlapping PUCCHs” where at least one PUCCH is subject to repetitions in Step 1-1. 
· Issue 2: How to drop the low priority PUCCH in “a set of overlapping PUCCHs” in Step 1-2.
In this contribution, we discuss the solutions and clarifications for the two issues.
Discussions
For issue 1, there could be a couple of candidate solutions to determine “a set of overlapping PUCCHs”, e.g., 1) follow the pseudo-code in 9.2.5 of 38.213 as for the PUCCHs without repetitions [3], or 2) perform pair-wise PUCCH overlapping judgment, or 3) follow the definition of a group of PUCCHs/PUSCHs for the timeline judgment in 9.2.5 of 38.213, where “a group overlapping PUCCHs” are collected including at least one PUCCH with repetition. 
[image: ]
Figure 1 An example of more than one PUCCH overlapping with HARQ-ACK and CSI are with repetitions
For the pseudo-code in 9.2.5, a reference PUCCH is selected, and all other PUCCHs overlapping with this reference PUCCH is considered to multiplex in together with the reference PUCCH; when extending this rule to PUCCH with repetitions, however, it needs to further discuss whether the reference PUCCH should be restricted as the PUCCH with repetition, since otherwise the whole set of overlapping PUCCHs may not include any PUCCH with repetition (which conflicts with the conclusion that 9.2.6 is performed in prior to 9.2.5). Therefore, the reference PUCCH can be selected as the PUCCH with repetition within the current slot by time order (i.e., earliest/longest PUCCH with repetition). E.g., in Figure 1 (A), the reference PUCCH is selected as the earliest PUCCH with repetition, i.e., CSI with repetition, and “a set of overlapping PUCCHs” includes CSI with repetition, SR, and HARQ-ACK with repetition; while in Figure 1 (B), the reference PUCCH is selected as HARQ-ACK with repetition, and “a set of overlapping PUCCHs” includes CSI and HARQ-ACK with repetition.
For the pair-wise PUCCH overlapping judgment, the pair-wise PUCCH should also include a PUCCH with repetition. Similarly, a reference PUCCH can be selected by time order from all PUCCHs with repetition in the current slot, and for all other PUCCHs overlapping with the reference PUCCH with repetition, the pair-wise dropping is performed also by time order. E.g., the reference PUCCH with repetition and the earliest overlapping PUCCH is selected as a pair, and one of them is dropped afterwards; if the earliest overlapping PUCCH is dropped, then the next overlapping PUCCH is selected as a pair with the reference PUCCH; otherwise it will proceed to select the next reference PUCCH with repetition until all PUCCHs with repetition have been iterated. E.g., in Figure 1 (A), the reference PUCCH is selected as CSI with repetition, and the pair-wise dropping is performed with SR where CSI with repetition is dropped as a result; in Figure 1 (B), the reference PUCCH is selected as HARQ-ACK with repetition, and the pair-wise comparison is performed with CSI where CSI is dropped as a result.
For the “group overlapping PUCCHs” defined in 9.2.5 for defining the timeline, each one of these PUCCHs overlaps with at least one PUCCH within this group and does not overlap with any PUCCH outside this group. E.g., for “a set of overlapping PUCCHs” including 3 overlapping PUCCHs, a PUCCH#1 does not overlap with a PUCCH#2 in the same group, but both of them are overlapped with PUCCH#3, and none of the three PUCCHs overlaps with any other PUCCHs. Different from the other two candidates, other PUCCHs (e.g., PUCCH#3) in the “a set of overlapping PUCCHs” does not necessarily overlap with this reference PUCCH (e.g., PUCCH#1) but indirectly related with the reference PUCCH (via PUCCH#2). In addition, this “a set of overlapping PUCCHs” should include at least one PUCCH with repetition, so a straightforward way is also to first select a reference PUCCH with repetition, before selecting other PUCCHs in this group. E.g., in Figure 1 (B), the reference PUCCH is selected as HARQ-ACK with repetition, and the “group of overlapping PUCCHs” includes all three PUCCHs.
As a summary of the three candidates above, a reference PUCCH with repetition is commonly selected as the first step; then one or more PUCCH related with the reference PUCCH is selected in the second step. For the 2nd candidate, if more than one PUCCH is overlapped with the reference PUCCH, the dropping may possibly be carried out by multiple rounds separately for each of the overlapped PUCCH; for the 3rd candidate, the dropping is carried out in one-shot, but as the “a set of overlapping PUCCHs” includes the PUCCH not directly overlapping with the reference PUCCH, the iteration may occur during the determination of “a set of overlapping PUCCHs”. Such iteration operations would increase the complexity in contrast with the 1st candidate. Based on the discussions above, the following two steps are provided.
Step i, a reference PUCCH is selected from all PUCCHs with repetition that overlap with at least one PUCCH in the current slot with the order of earliest symbol followed by longest duration.
Step ii, the “a set of overlapping PUCCHs” is determined as the reference PUCCH and all PUCCHs (with/without repetitions) that are overlapping with this reference PUCCH.
Actually, from the description of the current 38.213 spec, the overlapping occurs between one “first PUCCH” which is with repetition and one or more “second PUCCH” which is with or without repetition. The “first PUCCH” can be interpreted as the reference PUCCH as analyzed above, while the one or more “second PUCCH” can be interpreted as all overlapping PUCCHs (with/without repetitions) with the “first PUCCH”, thus from the spec impact perspective, a minor additional description for the “first PUCCH” and the “second PUCCH” on top of the current spec is enough.
	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 


Proposal 1: For a group of more than two overlapping PUCCHs before Step 1-2, “a set of overlapping PUCCHs” is determined by the following two steps:
· Step i, a reference PUCCH is selected from all PUCCHs with repetition that overlap with at least one PUCCH in the current slot with the order of earliest symbol followed by longest duration.
· Step ii, the “a set of overlapping PUCCHs” is determined as the reference PUCCH and all PUCCHs (with/without repetitions) that are overlapping with this reference PUCCH.
For issue 2, during the discussions in the last meeting, it has been raised by some company that in the current spec of 38.213, it already describes the number of the overlapping PUCCHs can be larger than two as highlighted in blue, where the number of the “second PUCCH” is “at least one”, but the description for handling the dropping is somehow contradictory as highlighted in yellow, where the UCI with “higher priority”/“earlier slot” is transmitted while the UCI with “lower priority”/“later slot” is dropped. To resolve this ambiguous description in spec and conduct to a simple solution, it can be considered to change the comparative form to superlative form, i.e., “higher priority”/“earlier slot” is changed to “highest priority”/“earliest slot”, while “lower priority”/“later slot” is changed to “any lower priority”/“any later slot”. That means, if there are multiple overlapping PUCCHs in “a set of overlapping PUCCHs” before Step 1-2, only the PUCCH with highest priority and earliest slot will survive, while all other PUCCHs are dropped. This simple dropping principle, though with possibly suboptimal performance, has relatively small change on top of the current spec and helps to avoid complex design in implementation.
	
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 


Proposal 2: For a group of more than two overlapping PUCCHs in Step 1-2, the PUCCH with the highest priority/earliest slot of “a set of overlapping PUCCHs” is transmitted, while the PUCCH with any lower priority/later slot of “a set of overlapping PUCCHs” is dropped.
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 [4].
Conclusions
According to the discussion, following proposals are provided:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: For a group of more than two overlapping PUCCHs before Step 1-2, “a set of overlapping PUCCHs” is determined by the following two steps:
· Step i, a reference PUCCH is selected from all PUCCHs with repetition that overlap with at least one PUCCH in the current slot with the order of earliest symbol followed by longest duration.
· Step ii, the “a set of overlapping PUCCHs” is determined as the reference PUCCH and all PUCCHs (with/without repetitions) that are overlapping with this reference PUCCH.
Proposal 2: For a group of more than two overlapping PUCCHs in Step 1-2, the PUCCH with the highest priority/earliest slot of “a set of overlapping PUCCHs” is transmitted, while the PUCCH with any lower priority/later slot is dropped.
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