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1. [bookmark: _Ref521334010]Introduction
During Rel-17 intra-UE multiplexing discussion, majority companies agree that in Rel-15/16, collision handling of PUCCHs with repetition is performed before collision handling of PUCCHs without repetition according to the following texts in TS38.213 Clause 9.
	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.


However, it was raised that the outcome after collision handling of PUCCHs with repetition can be different depending on the processing order in some case [1]. This is an issue exists in Rel-15/16 and we discuss the issue and possible solutions in this contribution.
2. Discussion
Collision handling of PUCCHs with repetition is based on UCI type priority and starting slot/sub-slot (considering sub-slot based PUCCH repetition supported in Rel-17) as defined in TS 38.213 Clause 9.2.6.
	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 



For the case shown in Figure 1 [1], both HARQ-ACK and CSI overlap SR with repetition. If UE first resolves collision between HARQ-ACK and SR, SR is dropped and HARQ-ACK is then multiplexed with CSI. However, if UE first resolves collision between CSI and SR, CSI is dropped and then collision between HARQ-ACK and SR is resolved by dropping SR.
[image: ]
Figure 1: HARQ-ACK and CSI overlapping with SR 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.
	[bookmark: _Toc12021480][bookmark: _Toc20311592][bookmark: _Toc26719417][bookmark: _Toc29894852][bookmark: _Toc29899151][bookmark: _Toc29899569][bookmark: _Toc29917306][bookmark: _Toc36498180][bookmark: _Toc45699206][bookmark: _Toc98434653]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 as defined in Clause 9 of TS 38.213. For example, for the case shown in the following figure, 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, our understanding is that multiplexing timeline is met for the PUCCH with repetition as well.
Observation: PUCCH with repetition also meets multiplexing timeline.

[image: cid:image028.png@01D845D6.353E1A90]
Figure 2: multiplexing timeline for PUCCH with repetition
With the above understanding, in order to resolve the issue of different outcomes depending on processing order, the most straightforward solution is to define a processing order. To that end, the simplest and the most efficient way to define a processing order is based on UCI type priority as defined for PUCCH collision handling for PUCCH with repetition, i.e. HARQ-ACK > SR > CSI with higher priority > CSI with lower priority. To be more specific, for a group of PUCCHs overlapping with a PUCCH with repetition, resolve the collision with the PUCCH repetition according to the decreasing order of UCI type priority of each PUCCH within the group of PUCCHs. With this processing order, for the case shown in Figure 1, UE should first resolves collision between HARQ-ACK and SR leading to SR dropping. This solution can avoid unnecessary PUCCH dropping. 
In addition, the same issue can happen for some cases where multiple PUCCHs with repetition overlap with a PUCCH without repetition. An example is shown in Figure 3 below where both CSI repetition and HARQ-ACK repetition overlap with SR without repetition. If UE first resolves collision between CSI and SR, CSI will be dropped and then SR is dropped due to overlapping with HARQ-ACK. Otherwise if UE first resolves collision between HARQ-ACK and SR, SR is dropped and UE can transmit both CSI and HARQ-ACK. Following the same proposal above, it is proposed that UE first resolves PUCCH collision with PUCCH repetition with higher UCI type priority. Accordingly, for the following case, UE first resolves collision between SR and HARQ-ACK and SR is dropped.


Figure 3: SR overlapping with CSI with repetition and HARQ-ACK with repetition
Based on the above analysis, we have the following proposal.
Proposal: 
To resolve PUCCH collision with repetition within a slot/sub-slot,
· [bookmark: _GoBack]If there are multiple PUCCHs with repetition overlapping with a same PUCCH, resolve collision with the PUCCH repetition according to the decreasing order of UCI type priority of each PUCCH repetition;
· For a group of PUCCHs overlapping with a PUCCH repetition, resolve collision with the PUCCH repetition according to the decreasing order of UCI type priority of each PUCCH within the group of PUCCHs.
· The UCI type priority order is HARQ-ACK > SR > CSI with higher priority > CSI with lower priority
3. Conclusions
In this contribution, we discussed the issue that the outcome after collision handling of PUCCHs with repetition can be different depending on the processing order with the following observation and proposal.
Observation: PUCCH with repetition also meets multiplexing timeline.
Proposal: 
To resolve PUCCH collision with repetition within a slot/sub-slot,
· If there are multiple PUCCHs with repetition overlapping with a same PUCCH, resolve collision with the PUCCH repetition according to the decreasing order of UCI type priority of each PUCCH repetition;
· For a group of PUCCHs overlapping with a PUCCH repetition, resolve collision with the PUCCH repetition according to the decreasing order of UCI type priority of each PUCCH within the group of PUCCHs.
· The UCI type priority order is HARQ-ACK > SR > CSI with higher priority > CSI with lower priority
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