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1. [bookmark: _Ref521334010]Introduction
The issue of collision handling of more than two overlapping PUCCHs with repetition was discussed in RAN1#109-e with the following agreements and conclusions.
	Conclusion
For resolving overlapping PUCCHs with and/or without repetitions in a slot in Rel-16, a UE first performs 9.2.6 (in TS38.213) to resolve overlapping PUCCHs where at least one PUCCH is with repetitions, and then UE performs 9.2.5 (in TS38.213) 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.

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 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]. 




The above agreements on high-level framework for PUCCH collision handling cannot resolve the ambiguity in some cases that the outcome after collision handling of PUCCHs with repetition can be different depending on the processing order. Further discussion on step 1 is needed and our views are provided in this contribution.
2. Discussion
Timeline requirement for PUCCH with repetition
The multiplexing timeline is defined in TS 38.213 Clause 9.2.5 which is not applicable to PUCCH with repetition as defined in the beginning of Clause 9.2.5.
	9.2.5	UE procedure for reporting multiple UCI types
This clause is applicable to the case that a UE has resources for PUCCH transmissions or for PUCCH and PUSCH transmissions that overlap in time and each PUCCH transmission is over a single slot without repetitions. Any case that a PUCCH transmission is with repetitions over multiple slots is described in clause 9.2.6. 


However, in our view, the multiplexing timeline needs to be satisfied in order to resolve PUCCH collision with repetition first followed by PUCCH collision resolution without repetition. For example, for the case shown in Figure 1, SR is expected to be cancelled by HARQ-ACK with repetition so that SR does not multiplex with CSI. If the DCI associated with the HARQ-ACK does not meet the multiplexing timeline with respect to the start of CSI, UE does not know SR would be cancelled and not to be multiplexed with CSI before the CSI preparation deadline. Therefore, multiplexing timeline should be met for the PUCCH with repetition as well.
Observation 1: PUCCH with repetition also meets multiplexing timeline.
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[bookmark: _Ref110843716]Figure 1: multiplexing timeline for PUCCH with repetition

Remaining details of PUCCH collision handling with repetition (i.e. Step 1)
In Step 1-2, how to resolve overlapping PUCCHs determined in Step 1-1 by performing TS 38.213 clause 9.2.6 needs to be further discussed. To be more specific, we need to discuss how to determine “a set of overlapping PUCCHs” from the PUCCHs determined in Step 1-1 and how to resolve collision between a PUCCH repetition and overlapping PUCCH(s).
The following alternatives can be considered. For each alternative, UE determines a first PUCCH and “a set of overlapping PUCCHs” includes the first PUCCH and all the PUCCHs overlapping with the first PUCCH. The first PUCCH for Alt 1 and Alt 4 can be a PUCCH with repetition or without repetition while the first PUCCH for Alt 2 and Alt 3 must be a PUCCH with repetition. The first PUCCH is determined based on the earliest starting symbol followed by longest duration for Alt 1 and is determined based on the highest UCI priority followed by earliest starting slot/sub-slot for Alt 2/3/4. Within “a set of overlapping PUCCHs”, Alt 1/2/4 keeps only one PUCCH with the highest UCI priority followed by earliest starting slot/sub-slot while Alt 3 performs pair-wise prioritization which may keep multiple overlapping PUCCHs without repetition.
· Alt 1: 
· Step 1-2-1: Determine a first PUCCH based on starting symbol followed by duration as in the pseudo code in TS 38.213 clause 9.2.5 and “a set of overlapping PUCCHs” including the first PUCCH and all the PUCCHs overlapping with the first PUCCH;
· Step 1-2-2: If at least one PUCCH among “a set of overlapping PUCCHs” determined in Step 1-2-1 is with repetition, keep only one PUCCH with the highest priority based on UCI priority followed by starting slot/sub-slot as defined in TS 38.213 clause 9.2.6 and drop all the other PUCCHs within “a set of overlapping PUCCHs”; otherwise do nothing.
· Alt 2:
· Step 1-2-1: Determine a first PUCCH with repetition based on UCI priority followed by starting slot/sub-slot as defined in TS 38.213 clause 9.2.6 and “a set of overlapping PUCCHs” including the first PUCCH and all the PUCCHs overlapping with the first PUCCH;
· Step 1-2-2: Keep only one PUCCH with the highest priority based on UCI priority followed by starting slot/sub-slot as defined in TS 38.213 clause 9.2.6 and drop all the other PUCCHs within “a set of overlapping PUCCHs”.
· Alt 3:
· Step 1-2-1: Determine a first PUCCH with repetition based on UCI priority followed by starting slot/sub-slot as defined in TS 38.213 clause 9.2.6 and “a set of overlapping PUCCHs” including the first PUCCH and all the PUCCHs overlapping with the first PUCCH;
· Step 1-2-2: Perform pair-wise prioritization between the first PUCCH and a second PUCCH until there is no overlapping between the first PUCCH and another PUCCH, where the second PUCCH is selected based on UCI priority followed by starting slot/sub-slot as defined in TS 38.213 clause 9.2.6 within “a set of overlapping PUCCHs”.
· Alt 4:
· Step 1-2-1: Determine a first PUCCH based on UCI priority followed by starting slot/sub-slot as defined in TS 38.213 clause 9.2.6 and “a set of overlapping PUCCHs” including the first PUCCH and all the PUCCHs overlapping with the first PUCCH;
· Step 1-2-2: Keep only one PUCCH with the highest priority based on UCI priority followed by starting slot/sub-slot as defined in TS 38.213 clause 9.2.6 (i.e the first PUCCH) and drop all the other PUCCHs within “a set of overlapping PUCCHs”.

The above alternatives are elaborated and compared using the following example cases.
1) Case 1

 
[bookmark: _Ref110861413]Figure 2: Case 1 (PUCCH 1 and PUCCH 3 are with repetition; PUCCH 2 is with or without repetition)
For Alt 1, the first PUCCH in Step 1-2-1 is PUCCH 1 with the earliest starting symbol and “a set of overlapping PUCCHs” includes PUCCH 1 and PUCCH 2. PUCCH 1 is dropped due to lower UCI priority. The next first PUCCH is PUCCH 2 and “a set of overlapping PUCCHs” includes PUCCH 2 and PUCCH 3. PUCCH 2 is dropped due to lower UCI priority. So in the end, UE would transmit PUCCH 3 only.
For Alt 2/3/4, the first PUCCH in Step 1-2-1 is PUCCH 3 with the highest UCI priority and “a set of overlapping PUCCHs” includes PUCCH 2 and PUCCH 3. PUCCH 2 is dropped due to lower UCI priority. So in the end, UE would transmit PUCCH 1 and PUCCH 3.

2) Case 2


Figure 4: Case 2
In Step 1-1, UE determines the PUCCHs involved in Step 1-2 are PUCCHs with repetitions and PUCCHs overlapping with a PUCCH with repetitions, i.e. PUCCH 1, PUCCH 2 and PUCCH 3.
For Alt 1, the first PUCCH in Step 1-2-1 is PUCCH 1 with the earliest starting symbol and longest duration and “a set of overlapping PUCCHs” includes PUCCH 1, PUCCH 2 and PUCCH 3. According to Alt 1, only one PUCCH with the highest UCI priority followed by earliest starting slot/sub-slot is kept and the other two PUCCHs are dropped. PUCCH 2 and PUCCH 3 have the same UCI priority which is higher than that of PUCCH 1. The starting slot/sub-slot of PUCCH 2 and PUCCH 3 is the same. So one PUCCH based on UCI priority and starting slot/sub-slot cannot be selected among the group. So either this case is defined as error case or additional rule is defined to keep only one PUCCH within “a set of overlapping PUCCHs”, e.g. UE keeps the PUCCH with the earliest starting symbol followed by longest duration. For the latter approach, UE keeps PUCCH 2 and drops both PUCCH 1 and PUCCH 3. 
For Alt 2, the first PUCCH in Step 1-2-1 is PUCCH 1 with repetition as it is the only PUCCH with repetition in the slot/sub-slot and “a set of overlapping PUCCHs” includes PUCCH 1, PUCCH 2 and PUCCH 3. UE behaviour would be the same as in Alt 1.
For Alt 3, the first PUCCH in Step 1-2-1 is PUCCH 1 with repetition as it is the only PUCCH with repetition in the slot/sub-slot and “a set of overlapping PUCCHs” includes PUCCH 1, PUCCH 2 and PUCCH 3. UE performs pair-wise prioritization between the first PUCCH and a second PUCCH and the second PUCCH is selected based on the priority rule defined in TS 38.213 clause 9.2.6. The priority of PUCCH 2 and PUCCH is the same with the same UCI priority and same starting slot/sub-slot, UE can arbitrarily select any one PUCCH. Regardless of PUCCH 2 or PUCCH 3 is selected as the second PUCCH, PUCCH 1 is dropped. So UE keeps PUCCH 2, PUCCH 3 and PUCCH 4 after Step 1.
For Alt 4, the UCI priority and starting slot/sub-slot of PUCCH 2 and PUCCH 3 are the same so UE can arbitrarily selects any one PUCCH. Regardless of PUCCH 2 or PUCCH 3 is selected as the first PUCCH, there is only one overlapping PUCCH which is PUCCH 1 and it is dropped. So UE keeps PUCCH 2, PUCCH 3 and PUCCH 4 after Step 1.
3) Case 3


Figure 5: Case 3
For all the alternatives, “a set of overlapping PUCCHs” includes PUCCH 1, PUCCH 2 and PUCCH 3 although the first PUCCH in Step 1-2-1 is different for different alternatives. For Alt 1, the first PUCCH is any one PUCCH among PUCCH 1, PUCCH 2 and PUCCH 3. For Alt 2 and Alt 3, the first PUCCH is PUCCH 2 with repetition. For Alt 4, the first PUCCH is PUCCH 1 with HARQ-ACK.
For Alt 1/2/4, only PUCCH 1 with the highest UCI priority is kept and both PUCCH 2 and PUCCH 3 are dropped. 
For Alt 3, between PUCCH 1 and PUCCH 3, given that UCI priority of PUCCH 1 is higher than that of PUCCH 3, UE first performs collision handling between PUCCH 2 and PUCCH 1 leading to PUCCH 2 dropping. UE keeps both PUCCH 1 and PUCCH 3 after Step 1.

Based on the above analysis, the survivor PUCCHs after Step 1 for different alternatives under different cases are summarized in Table 1 below with the following observations.
Observation 2: Alt 3 can minimize PUCCH dropping in Step 1 among the four candidate alternatives.
Observation 3: Alt 1 drops the most PUCCHs among the four candidate alternatives.
Observation 4: Case 2 cannot be supported by Alt 1 and Alt 2 unless additional rule is introduced to select one PUCCH within “a set of overlapping PUCCHs”.

Table 1: Summary of survivor PUCCHs after Step 1
	
	Survivor PUCCHs after Step 1

	
	Alt 1
	Alt 2
	Alt 3
	Alt 4

	Case 1:


	PUCCH 3
	PUCCH 1 and PUCCH 3

	Case 2:


	PUCCH 2 and PUCCH 4
(with additional rule to prioritize PUCCH 2 over PUCCH 3)
	PUCCH 2, PUCCH 3 and PUCCH 4

	Case 3:


	PUCCH 1
	PUCCH 1
	PUCCH 1, PUCCH 3
	PUCCH 1



Based on the observations, in order to achieve better performance without introducing additional priority rule in TS 38.213 clause 9.2.6, it is proposed to consider Alt 3 and Alt 4.
Proposal: For collision handling of more than two overlapping PUCCHs with repetition, consider following Alt 3 and Alt 4.
· Alt 3:
· Step 1-2-1: Determine a first PUCCH with repetition based on UCI priority followed by starting slot/sub-slot as defined in TS 38.213 clause 9.2.6 and “a set of overlapping PUCCHs” including the first PUCCH and all the PUCCHs overlapping with the first PUCCH;
· Step 1-2-2: Perform pair-wise prioritization between the first PUCCH and a second PUCCH until there is no overlapping between the first PUCCH and another PUCCH, where the second PUCCH is selected based on UCI priority followed by starting slot/sub-slot as defined in TS 38.213 clause 9.2.6 within “a set of overlapping PUCCHs”.
· Alt 4:
· Step 1-2-1: Determine a first PUCCH based on UCI priority followed by starting slot/sub-slot as defined in TS 38.213 clause 9.2.6 and “a set of overlapping PUCCHs” including the first PUCCH and all the PUCCHs overlapping with the first PUCCH
· Step 1-2-2: Keep the first PUCCH and drop all the other PUCCHs within “a set of overlapping PUCCHs”.

3. Conclusions
In this contribution, we discussed the remaining issue on collision handling of more than two overlapping PUCCHs with repetition with the following observations and proposal.
Observation 1: PUCCH with repetition also meets multiplexing timeline.
Observation 2: Alt 3 can minimize PUCCH dropping in Step 1-1 among the four candidate alternatives.
Observation 3: Alt 1 drops the most PUCCHs among the four candidate alternatives.
Observation 4: Case 2 cannot be supported by Alt 1 and Alt 2 unless additional rule is introduced to select one PUCCH within “a set of overlapping PUCCHs”.

Proposal: For collision handling of more than two overlapping PUCCHs with repetition, consider following Alt 3 and Alt 4.
· Alt 3:
· Step 1-2-1: Determine a first PUCCH with repetition based on UCI priority followed by starting slot/sub-slot as defined in TS 38.213 clause 9.2.6 and “a set of overlapping PUCCHs” including the first PUCCH and all the PUCCHs overlapping with the first PUCCH;
· Step 1-2-2: Perform pair-wise prioritization between the first PUCCH and a second PUCCH until there is no overlapping between the first PUCCH and another PUCCH, where the second PUCCH is selected based on UCI priority followed by starting slot/sub-slot as defined in TS 38.213 clause 9.2.6 within “a set of overlapping PUCCHs”.
· Alt 4:
· Step 1-2-1: Determine a first PUCCH based on UCI priority followed by starting slot/sub-slot as defined in TS 38.213 clause 9.2.6 and “a set of overlapping PUCCHs” including the first PUCCH and all the PUCCHs overlapping with the first PUCCH
· Step 1-2-2: Keep the first PUCCH and drop all the other PUCCHs within “a set of overlapping PUCCHs”.
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