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Introduction
In last RAN1 meeting, the collision handling of more than two overlapped PUCCHs with repetitions was discussed and the following agreements and conclusions were made:
	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.
Agreement
For resolving overlapping PUCCHs and PUSCHs of the same priority in Rel-16, a UE first resolves overlapping PUSCHs and PUCCHs with repetitions, if any, and then resolves overlapping PUSCHs and PUCCHs without repetitions, if any.

Decision: As per email decision posted on May 18th,
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.
Decision: As per email decision posted on May 19th,
Agreement
For resolving overlapping PUCCHs and/or PUSCHs 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.
· Step2, the UE resolves overlapping PUCCHs without repetitions as described in TS 38.213 clause 9.2.5, if any.
· Step3, the UE resolves overlapping PUSCH(s) and PUCCH(s) with repetitions as described in TS 38.213 clause 9, if any.
· Step4, the UE resolves overlapping PUSCH(s) and PUCCH(s) without repetitions as described in TS 38.213 clause 9, if any.
FFS: Whether/How to capture Step 1 and Step 2 in the spec.

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]. 


In this contribution, we further elaborate our views on the above issue.
Discussion
1. 
2. 
It was concluded in last RAN1 meeting, 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. Moreover, for resolving overlapping PUCCHs with repetitions in clause 9.2.6, two sub-steps would be performed by UE:
· 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.
[bookmark: _Hlk109660565]There exists some ambiguity in step 1-2. Follow the definition in the FL summary [1] and define “a set of overlapping PUCCHs” as a group of overlapping PUCCHs which participate in the following procedure in TS 38.213 section 9.2.6 at a time. Then the question is how to determine the “set of overlapping PUCCHs”. According to the following spec, the “set of overlapping PUCCHs” should include ONE “first PUCCH” with repetitions and at least a second PUCCH with or without repetitions. Moreover, the “second PUCCH” can include one or more PUCCHs, and then UE performs prioritization within the “set of overlapping PUCCHs”. The result is “UE transmits the PUCCH that includes the UCI type with higher priority”, on this point, we share similar view with Huawei that change it to ‘the UE transmits the PUCCH that includes the UCI type with highest priority’ would be good to be consistent.
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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 



Based on the above analysis, there would be no ambiguity within the “set of overlapping PUCCHs” since there is ONLY one PUCCH with repetitions within the “set of overlapping PUCCHs”. In such a case, UE would regard the PUCCH with repetitions as the “first PUCCH” and other PUCCH(s) overlapping with the “first PUCCH” can be classified as “at least a second PUCCH”. Then in the case show in Figure 1, in slot 0, SR 1 can be regarded as the “first PUCCH”, and CSI/SR 2/A/N can be regarded as “at least a second PUCCH” since they are all overlapping with SR 1, then UE will transmit A/N since it is the highest priority.



Figure 1: An example of “set of overlapping PUCCHs”
Observation 1: The “set of overlapping PUCCHs” which participate in the following procedure in TS 38.213 section 9.2.6 at a time include ONE “first PUCCH” with repetitions and at least a second PUCCH with or without repetitions. The “second PUCCH” can include one or more PUCCHs.
Observation 2: There is no ambiguity within the “set of overlapping PUCCHs” since there is ONLY one PUCCH with repetitions within the “set of overlapping PUCCHs”. The PUCCH with repetitions is regarded as the “first PUCCH”, the PUCCHs overlapping with the “first PUCCH” are regarded as “at least a second PUCCH”. UE transmits the PUCCH with highest UCI priority within the “set of overlapping PUCCHs”.
However, when there are more than one PUCCH with repetitions in a slot, there is ambiguity on the order of selecting the “first PUCCH”, and once the “first PUCCH” is selected, the “set of overlapping PUCCHs” would be automatically formed based on observation 1 and 2. Take Figure 2 as an example, there are 3 overlapping PUCCHs in slot 1, A/N 1 and A/N 2 are with repetitions while SR or CSI is without repetitions, we see two possible interpretations of UE behavior in slot 1 (the staring slot of A/N 1 is slot 1 while the starting slot of A/N 2 is slot 0):
· Interpretation 1: If UE firstly selects A/N 2 with repetitions as the “first PUCCH”, then the “set of overlapping PUCCHs” includes {A/N 2, A/N 1} since only A/N 1 would be the “at least a second PUCCH”. Considering the staring slot of A/N 2 is earlier than that of A/N 1, then A/N 1 is dropped. After that, there is no collision between SR or CSI and A/N 2 with repetitions, so both SR or CSI and A/N 2 would be transmitted by UE.
· Interpretation 2: If UE firstly selects A/N 1 with repetitions as the “first PUCCH”, then the “set of overlapping PUCCHs” includes {A/N 1, A/N 2, SR or CSI} since both CSI or SR and A/N 2 would be the “at least a second PUCCH”, in such a case, both SR or CSI and A/N 1 are dropped. UE would only transmit A/N 2.
[image: ]      
Figure 2: example of “set of overlapping PUCCHs” when there are more than one PUCCH with repetitions
Observation 3: There exists ambiguity on the selection order of the “first PUCCH” when there are more than one PUCCH with repetitions in a slot.
For the case of more than one PUCCH with repetitions in a slot, one way to solve the ambiguity is to define the order for selection of “first PUCCH” (details can refer to Alt 1), and the other way is to conclude this to be an error case (as Alt 2):
Alt 1: UE selects the PUCCH with rep as the “first PUCCH” according to the descending order of UCI priority or the ascending order starting symbol/duration:
· Step 1: set Q to the PUCCHs involved in TS 38.213 clause 9.2.6, which includes PUCCHs with repetitions and PUCCHs overlapping with a PUCCH with repetitions. Set R to the PUCCHs with repetitions in set Q.
· Step 2: UE selects the PUCCH with rep with the highest UCI priority or earliest starting symbol in set R as the “first PUCCH”. And then forms the “set of overlapping PUCCHs” and performs prioritization according to observation 1/2, that is, UE selects the PUCCH(s) overlapping with the selected “first PUCCH” as the “second PUCCH(s)”, and transmits PUCCH with highest UCI priority within the “set of overlapping PUCCH”, drop other PUCCHs within the “set of overlapping PUCCHs”.
· Step 3: UE excludes the dropped PUCCHs within the “set of overlapping PUCCHs” from Q. UE excludes the selected “first PUCCH” from R.
· Step 4: repeat step 2 and step 3 until there is no PUCCH overlapping with a PUCCH with repetitions in Q.
Alt 2: UE does not expect to be configured or scheduled more than one PUCCH with repetitions in a slot.
Proposal 1: For resolving the ambiguity on the selection order of the “first PUCCH” when there are more than one PUCCH with repetitions in a slot, RAN1 to discuss the following two alternatives:
Alt 1: UE selects the PUCCH with rep as the “first PUCCH” according to the descending order of UCI priority or the ascending order starting symbol/duration:
· Step 1: set Q to the PUCCHs involved in TS 38.213 clause 9.2.6, which includes PUCCHs with repetitions and PUCCHs overlapping with a PUCCH with repetitions. Set R to the PUCCHs with repetitions in set Q.
· Step 2: UE selects the PUCCH with rep with the highest UCI priority or earliest starting symbol in set R as the “first PUCCH”. And then forms the “set of overlapping PUCCHs” and performs prioritization according to observation 1/2, that is, UE selects the PUCCH(s) overlapping with the selected “first PUCCH” as the “second PUCCH(s)”, and transmits PUCCH with highest UCI priority within the “set of overlapping PUCCH”, drop other PUCCHs within the “set of overlapping PUCCHs”.
· Step 3: UE excludes the dropped PUCCHs within the “set of overlapping PUCCHs” from Q. UE excludes the selected “first PUCCH” from R.
· Step 4: repeat step 2 and step 3 until there is no PUCCH overlapping with a PUCCH with repetitions in Q.
Alt 2: UE does not expect to be configured or scheduled more than one PUCCH with repetitions in a slot.
1. 
2. 
Conclusion
In this contribution, we discuss the collision handling of overlapping PUCCHs with repetitions, and the following observations and proposals are made:
Observation 1: The “set of overlapping PUCCHs” which participate in the following procedure in TS 38.213 section 9.2.6 at a time include ONE “first PUCCH” with repetitions and at least a second PUCCH with or without repetitions. The “second PUCCH” can include one or more PUCCHs.
Observation 2: There is no ambiguity within the “set of overlapping PUCCHs” since there is ONLY one PUCCH with repetitions within the “set of overlapping PUCCHs”. The PUCCH with repetitions is regarded as the “first PUCCH”, the PUCCHs overlapping with the “first PUCCH” are regarded as “at least a second PUCCH”. UE transmits the PUCCH with highest UCI priority within the “set of overlapping PUCCHs”.
Observation 3: There exists ambiguity on the selection order of the “first PUCCH” when there are more than one PUCCH with repetitions in a slot.
Proposal 1: For resolving the ambiguity on the selection order of the “first PUCCH” when there are more than one PUCCH with repetitions in a slot, RAN1 to discuss the following two alternatives:
Alt 1: UE selects the PUCCH with rep as the “first PUCCH” according to the descending order of UCI priority or the ascending order starting symbol/duration:
· Step 1: set Q to the PUCCHs involved in TS 38.213 clause 9.2.6, which includes PUCCHs with repetitions and PUCCHs overlapping with a PUCCH with repetitions. Set R to the PUCCHs with repetitions in set Q.
· Step 2: UE selects the PUCCH with rep with the highest UCI priority or earliest starting symbol in set R as the “first PUCCH”. And then forms the “set of overlapping PUCCHs” and performs prioritization according to observation 1/2, that is, UE selects the PUCCH(s) overlapping with the selected “first PUCCH” as the “second PUCCH(s)”, and transmits PUCCH with highest UCI priority within the “set of overlapping PUCCH”, drop other PUCCHs within the “set of overlapping PUCCHs”.
· [bookmark: _GoBack]Step 3: UE excludes the dropped PUCCHs within the “set of overlapping PUCCHs” from Q. UE excludes the selected “first PUCCH” from R.
· Step 4: repeat step 2 and step 3 until there is no PUCCH overlapping with a PUCCH with repetitions in Q.
Alt 2: UE does not expect to be configured or scheduled more than one PUCCH with repetitions in a slot.
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