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Introduction
In previous RAN1 meetings, 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.
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].
 Working Assumption
For resolving overlapping PUCCHs with repetitions of a same priority in Rel-16, a UE performs the following steps
Step 1-2-1: the UE determines a set of overlapping PUCCHs.
Step 1-2-2: the UE performs prioritization among PUCCHs in the set of overlapping PUCCHs.
· The priority order for different UCI types is defined as: HARQ-ACK > SR > CSI with higher priority > CSI with lower priority
· For overlapping PUCCHs of the same UCI priority, the priority order for a same UCI type is defined as：PUCCH starting at an earlier slot > PUCCH starting at a later slot 	
Step 1-2-3: the UE repeats step 1-2-1 and step 1-2-2 until the overlapping PUCCHs with repetitions is resolved.



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 of a same priority in clause 9.2.6, three sub-steps would be performed by UE:
	Step 1-2-1: the UE determines a set of overlapping PUCCHs.
Step 1-2-2: the UE performs prioritization among PUCCHs in the set of overlapping PUCCHs.
· The priority order for different UCI types is defined as: HARQ-ACK > SR > CSI with higher priority > CSI with lower priority
· For overlapping PUCCHs of the same UCI priority, the priority order for a same UCI type is defined as：PUCCH starting at an earlier slot > PUCCH starting at a later slot 	
Step 1-2-3: the UE repeats step 1-2-1 and step 1-2-2 until the overlapping PUCCHs with repetitions is resolved.


In the above three sub-steps, the following three remaining issues need to be further studied:
Issue 1: In step 1-2-1, how to determine a set pf overlapping PUCCHs, based on moderator’s suggestion, we should try to converge on some basic principle first:
· Issue 1-1: When determine “a set of overlapping PUCCHs”, there are two alternatives to be further studied:
· Alt 1: The reference PUCCH is a PUCCH with repetitions.
· Alt 2: The reference PUCCH is a PUCCH with or without repetitions.
· Issue 1-2: Whether “a set of overlapping PUCCHs” can include only two PUCCHs or can also include more than two PUCCHs?
Issue 2: In step 1-2-2, how to perform prioritization among PUCCHs in the set of overlapping PUCCHs:
· Alt 1: UE transmits the PUCCH with UCI type with the highest priority or earliest starting slot and drops the other PUCCHs in the set of overlapping PUCCHs;
· Alt 2: UE performs pair-wise prioritization between two PUCCHs.
Issue 3: In step 1-2-3, there are two understandings of “the overlapping PUCCHs with repetitions is resolved”:
· Understanding 1: There are no overlapping PUCCHs.
· Understanding 2: There is no PUCCH overlapping with a PUCCH with repetitions.

For issue 1-1, we prefer Alt 1 since Alt 1 is aligned with the current spec where the first PUCCH is the reference PUCCH and the second PUCCHs are the PUCCHs overlapping with the reference PUCCH. In addition, if we go with Alt 2, “a set of overlapping PUCCHs” may not include any PUCCH with repetition, which conflicts the following conclusion that 9.2.6 is performed prior to 9.2.5:
	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.


Proposal 1: In step 1-2-1 for determining a set of overlapping PUCCHs, the reference PUCCH should be a PUCCH with repetitions.
For issue 1-2, we think “a set of overlapping PUCCHs” can include at least two PUCCHs which is aligned with the following spec where “a set of overlapping PUCCHs” include “a first PUCCH” and “at least a second PUCCH” overlapping with the “first PUCCH”.
	9.2.6	PUCCH repetition procedure
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: In step 1-2-1, “a set of overlapping PUCCHs” can contain at least two PUCCHs including “a first PUCCH” with repetitions and “at least a second PUCCH” overlapping with the “first PUCCH”.
For issue 2, it can be clearly seen that the “second PUCCH” can be more than one from the above highlighted text. So we believe that the current specification does not intend to perform pair-wise prioritization. Moreover, performing pair-wise prioritization complicates UE implementation to some extent. This is because in some scenarios, simply transmitting the PUCCH with UCI with highest priority can solve the problem without the complex iteration. Therefore, we prefer a simplest solution that among a set of overlapping PUCCHs, UE transmits the PUCCH with UCI with the highest priority and drop all other PUCCHs. For this point, we are open to make a conclusion to clarify the current specification or make small changes on top of the current spec, e.g. change “higher priority/lower priority/earlier slot/later slot” to “highest priority/any lower priority/earliest slot/any later slot”. 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 “a set of overlapping PUCCHs” include SR1/CSI/SR2/A/N and UE will transmit A/N since it is the highest priority.




Figure 1: An example of prioritization within “set of overlapping PUCCHs”
Proposal 3: In step 1-2-2, within “a set of overlapping PUCCHs”, UE transmits the PUCCH with UCI type with the highest priority or earliest starting slot (when same priority) and drops all other PUCCHs.
For issue 3, there are different understandings for the ending conditions of resolving collision in 9.2.6. From our perspective, Alt 2 “There is no PUCCH overlapping with a PUCCH with repetitions” is more reasonable since after resolving collision of PUCCH with repetition, there may be still overlapping PUCCHs without repetition. And in such a case, 9.2.5 is performed after UE completing overlapping resolution in 9.2.6.
Proposal 4: In step 1-2-3, the UE repeats step 1-2-1 and step 1-2-2 until there is no PUCCH overlapping with a PUCCH with repetitions.
Based on the analysis above, when there are more than one PUCCH with repetitions in a slot, there is ambiguity on the order of selecting the “reference PUCCH/first PUCCH”, and once the “reference PUCCH/first PUCCH” is selected, the “set of overlapping PUCCHs” would be automatically formed. 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 UE behaviors in slot 1 (the staring slot of A/N 1 is slot 1 while the starting slot of A/N 2 is slot 0):
· Candidate behavior 1: If UE firstly selects A/N 2 with repetitions as the “reference PUCCH/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.
· Candidate behavior 2: If UE firstly selects A/N 1 with repetitions as the “reference PUCCH/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.
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Figure 2: example of “set of overlapping PUCCHs” when there are more than one PUCCH with repetitions
Observation 1: There exists ambiguity on the selection order of the “reference PUCCH/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 1/2, the only difference between Alt 1 and Alt 2 is the selection order of the “reference PUCCH/first PUCCH”), and the other way is to conclude this to be an error case (as Alt 3):
Alt 1: 
Step a: UE selects a PUCCH with rep as the “reference PUCCH/first PUCCH” that overlap with at least one PUCCH according to the order of earliest starting symbol followed by longest duration. 
Step b: “A set of overlapping PUCCHs” include the “reference PUCCH/first PUCCH” and all the PUCCHs overlapping with the “reference PUCCH/first PUCCH”. UE transmits the PUCCH with UCI type with the highest priority or earliest starting slot (when same priority) and drops all other PUCCHs.
Step c: repeat step a and step b until there is no PUCCH overlapping with a PUCCH with repetitions.
Alt 2: 
Step a: UE selects a PUCCH with rep as the “reference PUCCH/first PUCCH” that overlap with at least one PUCCH according to the order of UCI priority followed by earliest starting symbol then by longest duration. 
Step b: “A set of overlapping PUCCHs” include the “reference PUCCH/first PUCCH” and all the PUCCHs overlapping with the “reference PUCCH/first PUCCH”. UE transmits the PUCCH with UCI type with the highest priority or earliest starting slot (when same priority) and drops all other PUCCHs.
Step c: repeat step a and step b until there is no PUCCH overlapping with a PUCCH with repetitions.
Alt 3: 
UE does not expect to be configured or scheduled more than one PUCCH with repetitions in a slot.
The corresponding TPs for Alt 1~3 are as following:
TP for Alt 1:
	9.2.6	PUCCH repetition procedure
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
When there are more than one PUCCH over more than one slot, UE performs prioritization based on the above rules by selecting the first PUCCH with repetition according to the order of earliest starting symbol followed by longest duration from the PUCCHs with repetition that overlap with at least one PUCCH until there is no PUCCH overlapping with a PUCCH with repetitions in the slot.


TP for Alt 2:
	9.2.6	PUCCH repetition procedure
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
When there are more than one PUCCH over more than one slot, UE performs prioritization based on the above rules by selecting the first PUCCH with repetition according to the order of highest UCI priority followed by earliest starting symbol then by longest duration from the PUCCHs with repetition that overlap with at least one PUCCH until there is no PUCCH overlapping with a PUCCH with repetitions in the slot.


TP for Alt 3:
	9.2.6	PUCCH repetition procedure
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
UE does not expect to be configured or scheduled more than one PUCCH over more than one slot in a slot.



Proposal 5: When there are more than one PUCCH with repetitions in a slot, RAN1 to discuss the following alternatives:
Alt 1: 
Step a: UE selects a PUCCH with rep as the “reference PUCCH/first PUCCH” that overlap with at least one PUCCH according to the order of earliest starting symbol followed by longest duration. 
Step b: “A set of overlapping PUCCHs” include the “reference PUCCH/first PUCCH” and all the PUCCHs overlapping with the “reference PUCCH/first PUCCH”. UE transmits the PUCCH with UCI type with the highest priority or earliest starting slot (when same priority) and drops all other PUCCHs.
Step c: repeat step a and step b until there is no PUCCH overlapping with a PUCCH with repetitions.
Alt 2: 
Step a: UE selects a PUCCH with rep as the “reference PUCCH/first PUCCH” that overlap with at least one PUCCH according to the order of UCI priority followed by earliest starting slot then by longest duration. 
Step b: “A set of overlapping PUCCHs” H/first PUCCH”. UE transmits the PUCCH with UCI type with the highest priority or earliest starting slot (when same priority) and drops all other PUCCHs.
Step c: repeat step a and step b until there include the “reference PUCCH/first PUCCH” and all the PUCCHs overlapping with the “reference PUCC
e is no PUCCH overlapping with a PUCCH with repetitions.
Alt 3: 
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:
Proposal 1: In step 1-2-1 for determining a set of overlapping PUCCHs, the reference PUCCH should be a PUCCH with repetitions.
Proposal 2: In step 1-2-1, “a set of overlapping PUCCHs” can contain at least two PUCCHs including “a first PUCCH” with repetitions and “at least a second PUCCH” overlapping with the “first PUCCH”.
[bookmark: _GoBack]Proposal 3: In step 1-2-2, within “a set of overlapping PUCCHs”, UE transmits the PUCCH with UCI type with the highest priority or earliest starting slot (when same priority) and drops all other PUCCHs.
Proposal 4: In step 1-2-3, the UE repeats step 1-2-1 and step 1-2-2 until there is no PUCCH overlapping with a PUCCH with repetitions.
Observation 1: There exists ambiguity on the selection order of the “reference PUCCH/first PUCCH” when there are more than one PUCCH with repetitions in a slot.
Proposal 5: When there are more than one PUCCH with repetitions in a slot, RAN1 to discuss the following alternatives:
Alt 1: 
Step a: UE selects a PUCCH with rep as the “reference PUCCH/first PUCCH” that overlap with at least one PUCCH according to the order of earliest starting symbol followed by longest duration. 
Step b: “A set of overlapping PUCCHs” include the “reference PUCCH/first PUCCH” and all the PUCCHs overlapping with the “reference PUCCH/first PUCCH”. UE transmits the PUCCH with UCI type with the highest priority or earliest starting slot (when same priority) and drops all other PUCCHs.
Step c: repeat step a and step b until there is no PUCCH overlapping with a PUCCH with repetitions.
Alt 2: 
Step a: UE selects a PUCCH with rep as the “reference PUCCH/first PUCCH” that overlap with at least one PUCCH according to the order of UCI priority followed by earliest starting slot then by longest duration. 
Step b: “A set of overlapping PUCCHs” include the “reference PUCCH/first PUCCH” and all the PUCCHs overlapping with the “reference PUCCH/first PUCCH”. UE transmits the PUCCH with UCI type with the highest priority or earliest starting slot (when same priority) and drops all other PUCCHs.
Step c: repeat step a and step b until there is no PUCCH overlapping with a PUCCH with repetitions.
Alt 3: 
UE does not expect to be configured or scheduled more than one PUCCH with repetitions in a slot.
Reference
[1] RAN1 #109e Chairman notes.
[2] RAN1 #110 Chairman notes.


1

image2.png
SR or CSI

A/N 2 rep #0

Slot 0

A/N 1 rep#0

Slot 1

A/N 1rep#1

A/N 2 rep #1

Slot 2





image1.emf
Slot 0

Slot 1

SR 1 rep #N

CSI  SR 2

A/N

SR 1 rep #N+1

Ā

set of overlapping PUCCHs

ā

One first PUCCH

Second PUCCH(s)


Microsoft_Visio_Drawing1.vsdx
Slot 0
Slot 1
SR 1 rep #N
CSI
SR 2
A/N
SR 1 rep #N+1
“set of overlapping PUCCHs”
One first PUCCH
Second PUCCH(s)



