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In RAN plenary #86, the work item on Enhanced Industrial Internet of Things (IIOT) and URLLC Support was agreed [1]. One of the main objectives of the work item is to study

“Intra-UE multiplexing and prioritization of traffic with different priority based on work done in Rel.16 [RAN1]:
a. Specify multiplexing behavior among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, including the cases with UCI on PUCCH and UCI on PUSCH. “

In RAN1 108e, the above objective is achieved with completion of the design for the objective, except for a few minor open issues that are addressed in the reminder of this contribution. 
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	Overlapping different priorities PUCCHs
	UE behavior

	HP PUCCH
	LP CSI/SR
	Drop LP CSI/SR

	HP A/N 
	LP A/N
	Mux LP A/N with HP A/N on a HP PUCCH resource

	HP A/N 
	LP A/N + CSI/SR
	Drop LP CSI/SR, mux LP A/N with HP A/N

	HP SR in PF 0/1 
	LP A/N in PF 0/1/2/3/4
	Drop LP A/N

	HP SR in PF 0/1 
	LP A/N+CSI/SR in PF2/3/4
	Drop LP A/N+CSI/SR

	HP SR+A/N in PF 2/3/4
	LP A/N
	Treat HP SR as HP A/N and mux with LP A/N

	HP SR in PF 0/1 
	LP A/N+ SR in PF0/1
	FFS

	HP SR+A/N in PF 0/1
	LP A/N
	FFS

	HP SR+A/N in PF 0/1
	LP A/N+SR 
	FFS



Since it is already maintenance phase for Rel-17, the FFS should be resolved following preceding similar scenarios with minimum spec impact.
For the scenario of HP SR in PUCCH format 0/1 overlapping with LP HARQ-ACK and SR in PUCCH format 0/1, we can simply drop the HARQ-ACK and SR in PUCCH format 0/1, follow the similar UE behaviour as HP SR in PUCCH format 0/1 overlapping with LP HARQ-ACK in PUCCH format 0/1/2/3/4. 
One could argue that the above UE behaviour is already captured by current specification, as there are only three cases that UE would performance HP UCI multiplexing with LP UCI; while other cases all following Rel-16 to drop the LP UCI, following the following specification. It is acknowledged that the argument is valid. But it might still be beneficial to have a conclusion to align companies’ understanding on this issue, given that RAN1 never had explicit agreement for this scenario. 
if // this is for cases the UE supports multiplexing information of different priorities in a PUCCH/PUSCH transmission
-	a PUCCH transmission with HARQ-ACK information, without repetitions, with smaller priority index overlaps with a PUCCH transmission only with HARQ-ACK information, without repetitions, with larger priority index, or 
-	a PUCCH transmission without repetitions that includes HARQ-ACK information of smaller priority index overlaps with a PUCCH transmission without repetitions using a PUCCH resource with PUCCH format 2/3/4 with HARQ-ACK information and SR of larger priority index, or
-	a PUCCH transmission with HARQ-ACK information, without repetitions, with smaller or larger priority index overlaps, respectively, with a PUSCH transmission with larger or smaller priority index
the UE 
-	multiplexes HARQ-ACK information of different priority indexes and SR information of larger priority index, if any, in a same PUCCH transmission of larger priority index, or multiplexes HARQ-ACK information the UE would provide in a PUCCH transmission of smaller or larger priority index in a PUSCH transmission of larger or smaller priority index, respectively, and applies the procedures in clause 9.2.5.3 or 9.3, respectively, and
-	drops CSI and/or SR carried in the PUCCH transmission of smaller priority index, if any
-	drops negative SR carried in the PUCCH transmission of larger priority index, if any, if the UE would multiplex the HARQ-ACK information of larger priority index in a PUSCH transmission of smaller priority index
-	drops HARQ-ACK information of smaller priority index if the UE would multiplex the HARQ-ACK information of smaller priority index in a PUSCH transmission where the UE multiplexes Part 1 CSI reports and Part 2 CSI reports of larger priority index
-	drops Part 2 CSI reports of smaller priority index if the UE would multiplex the HARQ-ACK information of smaller and larger priority indexes in a PUSCH transmission where the UE multiplexes Part 1 CSI reports and Part 2 CSI reports of smaller priority index
-	else
-	if the UE would transmit the following channels that would overlap in time where, if a channel transmission is with repetitions, the following are applicable per repetition 
-	a first PUCCH transmission of larger priority index and a second PUCCH transmission of smaller priority index
-	a first PUCCH transmission of larger priority index and a second PUSCH transmission of smaller priority index when the UE cannot simultaneously transmit the first PUCCH and second PUSCH  
-	a first PUCCH transmission of smaller priority index and a second PUSCH transmission of larger priority index when the UE cannot simultaneously transmit the first PUCCH and second PUSCH
the UE
-	transmits the PUCCH or the PUSCH of the larger priority index, and 
-	does not transmit a PUCCH or a PUSCH of smaller priority index

Based on the above rationale, we propose the following conclusion. 
Proposal 1: RAN1 conclude the following is already captured in current specification. 
· When a HP positive SR in PUCCH format 0/1 overlaps with LP HARQ-ACK and SR in PUCCH format 0/1, LP HARQ-ACK and SR are dropped. 

For the scenario of HP SR and HP HARQ-ACK with PUCCH format 0/1 overlaps with a PUCCH carrying LP HARQ-ACK, there was a heated debate in RAN1 108e without conclusion. But option 2 was supported by majority. To close this issue, it is reasonable to follow the majority view to adopt option 2. 
Proposal 2: When a PUCCH carrying HP SR and HP HARQ-ACK with PUCCH format 0/1 overlaps with a PUCCH carrying LP HARQ-ACK only, option 2 is adopted. 
· Option 2: 1-bit HP SR is appended to HP HARQ-ACK bits. The number of HP UCI bits is . The HP UCI is then multiplexed with LP HARQ-ACK
· A UE expect that the resultant PUCCH resource for multiplexing HP SR + HP HARQ-ACK + LP HARQ-ACK is in PF2, PF3, or PF4.

Similarly, for the scenario of HP SR and HP HARQ-ACK with PUCCH format 0/1 overlaps with a PUCCH carrying LP HARQ-ACK and SR, the following is proposed. 
Proposal 3: When a PUCCH carrying HP SR and HP HARQ-ACK with PUCCH format 0/1 overlaps with a PUCCH carrying LP HARQ-ACK and SR. 
· 1-bit HP SR is appended to HP HARQ-ACK bits. The number of HP UCI bits is . The HP UCI is then multiplexed with LP HARQ-ACK with the LP SR dropped.
· A UE expect that the resultant PUCCH resource for multiplexing HP SR + HP HARQ-ACK + LP HARQ-ACK is in PF2, PF3, or PF4.

The CR capturing proposal 2 and 3 is submitted in Tdoc R1-2207192. 
Besides the above issues, there was a minor issue on SPS HARQ-ACK. The issue is that a HP SPS HARQ-ACK overlap with a LP dynamically scheduled HARQ-ACK. In this case, the multiplexed HP and LP HARQ-ACK is transmitted in a HP SPS HARQ-ACK PUCCH resource. However, gNB does not configure SPS-PUCCH-AN-list. Then what is UE behavior for this case. For this case, it should be treated as an error case and gNB should avoid it to occur, due to following two reasons.
· gNB is fully aware of the HP SPS HARQ-ACK resource. Thus gNB should schedule LP HARQ-ACK to avoid overlap with the HP SPS HARQ-ACK. Otherwise, there is no point for gNB to schedule the LP HARQ-ACK, knowing it will be dropped later by the UE.
· gNB can configure the SPS-PUCCH-AN-list to solve this issue. 

Based on the above reasons, the following is proposed. 
Proposal 4: RAN1 conclude the following is an error case that is avoided by gNB implementation. 
· A HP SPS HARQ-ACK multiplex with a LP dynamically scheduled HARQ-ACK, while HP SPS-PUCCH-AN-List is not provided.
Conclusions
In summary, we have the following proposals for intra-UE multiplexing and prioritization for Rel-17 IOT and URLLC. 
Proposal 1: When a HP positive SR in PUCCH format 0/1 overlaps with LP HARQ-ACK and SR in PUCCH format 0/1, LP HARQ-ACK and SR are dropped. 

Proposal 2: When a PUCCH carrying HP SR and HP HARQ-ACK with PUCCH format 0/1 overlaps with a PUCCH carrying LP HARQ-ACK, option 2 is adopted. 
· Option 2: 1-bit HP SR is appended to HP HARQ-ACK bits. The number of HP UCI bits is . The HP UCI is then multiplexed with LP HARQ-ACK
· A UE expect that the resultant PUCCH resource for multiplexing HP SR + HP HARQ-ACK + LP HARQ-ACK is in PF2, PF3, or PF4.

Proposal 3: When a PUCCH carrying HP SR and HP HARQ-ACK with PUCCH format 0/1 overlaps with a PUCCH carrying LP HARQ-ACK and SR. 
· 1-bit HP SR is appended to HP HARQ-ACK bits. The number of HP UCI bits is . The HP UCI is then multiplexed with LP HARQ-ACK with the LP SR dropped.
· A UE expect that the resultant PUCCH resource for multiplexing HP SR + HP HARQ-ACK + LP HARQ-ACK is in PF2, PF3, or PF4.

Proposal 4: RAN1 conclude the following is an error case that should be avoided by gNB implementation. 
· A HP SPS HARQ-ACK multiplex with a LP dynamically scheduled HARQ-ACK, while HP SPS-PUCCH-AN-List is not provided.
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