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[bookmark: _Ref506539118]Introduction
In RAN1 110 meeting, companies discussed how to resolve the overlapping PUCCHs or overlapping between PUCCH and PUSCH with at least one PUCCH with repetition [1], with the following working assumption and agreement: 
	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.
Agreement
Adopt the following TP to TS38.213, clause 9, to capture the agreement made in RAN1#109e for resolving overlapping PUCCHs and/or PUSCHs of a same priority in Rel-16.
	9 UE procedure for reporting control information
*** Unchanged text is omitted ***
When a UE determines overlapping for PUCCH transmissions with SL HARQ-ACK reports and PUCCH of larger and/or smaller priority index, the UE resolves the overlapping for PUCCH transmissions with SL HARQ-ACK reports and PUCCH of each priority index as described in clause 9.2.5 and 9.2.6 before resolving the overlapping for PUCCH transmissions without SL HARQ-ACK or the overlapping for PUCCH transmissions and PUSCH transmissions.
When a UE determines overlapping for PUCCH and/or PUSCH transmissions of the same priority index other than PUCCH transmissions with SL HARQ-ACK reports before considering limitations for UE transmission as described in clause 11.1 and clause 11.1.1, including repetitions if any, 
-    first, the UE resolves the overlapping for PUCCHs with repetitions as described in clause 9.2.6, if any 
-	second, the UE resolves the overlapping for PUCCHs without repetitions as described in clauses 9.2.5
-	third, the UE resolves the overlapping for PUSCHs and PUCCHs with repetitions as described in clause 9.2.6.
-	fourth, the UE resolves the overlapping for PUSCHs and PUCCHs without repetitions as is subsequently described in this clause 
*** Unchanged text is omitted ***
If a UE has overlapping resources for PUCCH transmissions in a slot and at least one of the PUCCH transmissions is with repetitions over multiple slots, the UE first follows the procedures described in clause 9.2.6 for resolving the overlapping among the resources for the PUCCH transmissions.
*** Unchanged text is omitted ***





In the contribution, we present our view on the remaining issue of resolving overlapping PUCCHs of a same priority, when at least one PUCCH is with repetition, i.e., details for step 1-2-1, 1-2-2 and 1-2-3. 
Discussion 
In RAN1 109-e meeting, companies agreed that current specification is clear for PUCCH repetition collision resolution, if there’re only two overlapping PUCCHs, while the current specification is not clear for the case of more than two PUCCHs overlap and a least two PUCCHs are with repetition [2], e.g., shown in Figure 1. Companies agreed on high-level procedure for such case while left details to be resolved in RAN1 110 meeting. 

[image: ]                
Figure 1 Unclear cases for PUCCH collision 
In RAN1 110 meeting, however, solutions were even more diverse than RAN1 109-e meeting, with more and more complicated cases, e.g., shown in Figure 2 below [3]. Unfortunately,  for every sub-step of step 1-2, i.e., step 1-2-1, 1-2-2 and 1-2-3, companies had different proposals. 


Figure 2 New unclear case for PUCCH collision 

Step 1-2-1: the UE determines a set of overlapping PUCCHs.
Companies showed different views on how to determine a set of overlapping PUCCHs, 
· Reference PUCCH determination, e.g., whether a reference PUCCH is a PUCCH with repetition, whether a reference PUCCH is found according to UCI type or time domain location as Rel-15. 
· The number of PUCCHs within the set, e.g., only find one PUCCH overlapping with the reference PUCCH as Rel-17 or find all PUCCHs overlapping with the reference PUCCH as Rel-15. 

Step 1-2-2: the UE performs prioritization among PUCCHs in the set of overlapping PUCCHs.
Companies showed different views on whether more than one PUCCH can survive after prioritization, if more than two PUCCHs is in the set determined by step 1-2-1, e.g., the case shown in Figure 3 below. 
[image: ]
Figure 3   SRs overlapping with one CSI

Step 1-2-3: the UE repeats step 1-2-1 and step 1-2-2 until the overlapping PUCCHs with repetitions is resolved.
Companies showed different views whether UE repeats step 1-2-1 and step 1-2-2 if there are only PUCCHs without repetitions (Alt 1 is to continue collision resolution and Alt 2 is to stop), e.g., if PUCCH 4 has higher priority than PUCCH5 in figure 2, whether to continue to resolve collision between PUCCH3 and PUCCH4, while these 2 PUCCHs are without repetition. 
Before diving into each proposal in each sub-step, it would be more important for the whole group to determine, what would be a reasonable case that deserves additional standard effort after more than 2 years of Rel-16.  According to the experience of Rel-15/16/17 UCI multiplexing work, the group is fully aware how complicated the design could be if we continue find more and more cases and how unlikely companies could converge. For the case of PUCCH repetition (only long PUCCH format supports PUCCH repetition in Rel-16), it is unlikely that a PUCCH with repetition is quite short that there could be multiple PUCCHs partially overlapped as show in Figure 2. Furthermore, for the case of multiple SRs overlapping with one CSI PUCCH (it only happens for LP case), it can be easily avoided by proper implementation, i.e., UE only transmits one SR. It is noted that Rel-15 already supports UE to choose only one SR to transmit. Therefore, it is suggested to only focus on the typical case without consideration of figure 2 and figure 3. 
Observation 1: Figure 2 and Figure 3 are corner cases for PUCCH with repetition. 
To minimize the standard effort and implementation complexity, it is desirable to reuse Rel-15/Rel-16 rule as much as possible, i.e., 
· In step 1-2-1, determine ‘a set of overlapping PUCCHs’ according to time domain resource as specified by the pseudo-code in clause 9.2.5. 
· In step 1-2-2, resolve collision of all PUCCHs in the set based on the agreed rule with only one PUCCH with highest priority survived.
· In step 1-2-3, the UE repeats step 1-2-1 and step 1-2-2 until the overlapping PUCCHs with repetitions is resolved. 
Though the mechanism above does not provide best performance for PUCCH transmission, e.g., PUCCH with CSI is unnecessarily dropped in Figure 1, the performance degradation is acceptable considering gNB may obtain CSI by A-CSI if gNB really wants to get the CSI timely. The simple solution is more desired than optimization for Rel-16 CR.  
Proposal 1: For resolving overlapping PUCCHs 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 according to existing pseudo-code in clause 9.2.5
· Step 1-2-2: the UE performs prioritization among PUCCHs in the set of overlapping PUCCHs with only one survived PUCCH
· 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.
Proposed TP
The following TP for TS 38.213 is proposed to define UE behavior to resolve PUCCH collision for PUCCH with repetition. 
	[bookmark: _Toc12021483][bookmark: _Toc20311595][bookmark: _Toc26719420][bookmark: _Toc29894855][bookmark: _Toc29899154][bookmark: _Toc29899572][bookmark: _Toc29917309][bookmark: _Toc36498183][bookmark: _Toc45699210][bookmark: _Toc52208372]9.2.6	PUCCH repetition procedure
<Unchanged text omitted>
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 higherst priority and does not transmit the PUCCH that include the UCI type with lower priority 
If a UE would transmit more than two overlapping PUCCH transmissions with a same priority, where at least one PUCCH transmission is with repetitions over  slots, the UE resolves the overlapping for PUCCH transmissions within the slot using the pseudo-code in clause 9.2.5.
If a UE would transmit a group of overlapping PUCCH channels   with a same priority index as described in Clause 9.2.5 in a slot, and if at least one of the PUCCH in the group would be transmitted over more than one slot, the UE transmits the PUCCH with the highest priority in the group in the slot using the procedures described above and does not transmit the other PUCCH(s) in the group.  
<Unchanged text omitted>



[bookmark: _Ref52481833]Conclusions
In this contribution, we presented our views on how to resolve PUCCH collision for PUCCHs with repetition, and proposed a TP (in section 3) to reflect our proposal as below: 
Proposal 1: For resolving overlapping PUCCHs 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 according to existing pseudo-code in clause 9.2.5
· Step 1-2-2: the UE performs prioritization among PUCCHs in the set of overlapping PUCCHs with only one survived PUCCH
· 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. 
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