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Introduction
[bookmark: _Hlk510705081]In this contribution, we present our views on the remaining open points on UL intra-UE multiplexing and prioritization. This document contains the complementing discussions to the draft CRs on intra-UE multiplexing in R1-2206230, R1-2206231 and R1-2206232. 
In Section 2, we discuss remaining open points on the overall Rel-17 intra-UE multiplexing framework. In Section 3, we discuss remaining open points on the enhancements related to intra-UE multiplexing/prioritization of traffic with different priorities.

Discussion on the overall Rel-17 PHY multiplexing and prioritization framework
Collision resolution involving LP PUCCH with HARQ-ACK and CSI/SR
For handling the overlap of more than two PUCCHs with different priorities including LP PUCCH with HARQ-ACK and CSI/SR, the following agreement was made in RAN1#108-e:
	Agreement
[bookmark: _Hlk98917294]To resolve overlapping between a HP PUCCH carrying SR and HP HARQ-ACK with PUCCH format 2/3/4 and a LP PUCCH carrying HARQ-ACK and CSI/SR, only LP HARQ-ACK is multiplexed with HP UCI (i.e., SR and HARQ-ACK) and LP CSI/SR are dropped.
· FFS HP PUCCH with PUCCH format 0/1



As can be seen from the above agreement, one remaining open point is the case where the HP PUCCH carrying HP SR and HP HARQ-ACK is with PF 0/1. This is closely related to the pending issue on whether to support the multiplexing of HP HARQ-ACK, HP SR, and HP HARQ-ACK in this case, which is discussed in Sec. 3.1. Since we support such multiplexing, in our view the above agreement should be extended to also cover the case where the HP PUCCH is with PF 0/1.

Proposal 1: To resolve overlapping between a HP PUCCH carrying SR and HP HARQ-ACK with PUCCH format 0/1 and a LP PUCCH carrying HARQ-ACK and CSI/SR, only LP HARQ-ACK is multiplexed with HP UCI (i.e., SR and HARQ-ACK) and LP CSI/SR are dropped.

The corresponding draft CR can be found in R1-2206230. 





3	Intra-UE multiplexing enhancements for overlapping channels with different priorities
3.1	PUCCH with high-priority HARQ-ACK and HP SR vs. PUCCH with low-priority HARQ-ACK
The handling of the scenario where a PUCCH carrying HP HARQ-ACK and HP SR with PUCCH format 2/3/4 overlaps with a PUCCH carrying LP HARQ-ACK was agreed in RAN1#107bis-e as follows (R1-2200791): 
	Agreement
[bookmark: _Hlk93618156]When a PUCCH carrying HP SR and HP HARQ-ACK with PUCCH format 2/3/4 overlaps with a PUCCH carrying LP HARQ-ACK, information bits for K HP SRs are appended to HP HARQ-ACK bits, and treat them as HP UCI, where K (K≥1) PUCCHs semi-statically configured for K HP SRs overlap with the original PUCCH carrying the HP HARQ-ACK.
· 
The number of HP UCI bits is , same as Rel-15;
· FFS: PF0, PF1
· Reuse other procedures for multiplexing of LP HARQ-ACK and HP HARQ-ACK on PUCCH resource with PF 2/3/4, i.e. separate coding, PRB determination, rate matching and power control.
· If the HP HARQ-ACK is a dynamic HARQ-ACK, a PUCCH resource indicated by PRI is used for multiplexing.
· If the HP HARQ-ACK is a SPS HARQ-ACK, a PUCCH resource determined from the PUCCH resource(s) provided by sps-PUCCH-AN-List is used for multiplexing.



As can be seen from this agreement, one remaining FFS point is the handling for the case where the PUCCH carrying HP HARQ-ACK and HP SR is with format 0/1. This point was extensively discussed in RAN1#108-e but without reaching a consensus, where the following proposal has been on the table (R1-2202830):

	[bookmark: _Hlk98915546]When a PUCCH carrying explicit/implicit HP SR and HP HARQ-ACK with PUCCH format 0/1 overlaps with a PUCCH carrying LP HARQ-ACK, where the original PUCCH carrying the HP HARQ-ACK before Step 1 overlaps with K HP SRs which are all negative or include at least one positive,
· In Step 1, 1-bit HP SR is multiplexed to HP HARQ-ACK bits (based on Rel-15 rules) for determining the resultant PUCCH resource. 
· Note: The description of Step 1 here is only for information purpose, which has no spec impact.
· In Step 2, down-select from the two options:
· Option 0: LP HARQ-ACK is dropped.
· Option 2: 1-bit HP SR is appended to HP HARQ-ACK bits. The number of HP UCI bits is 
· The resultant PUCCH resource for multiplexing HP SR + HP HARQ-ACK + LP HARQ-ACK is either of PF2, PF3, or PF4.



In addition, the above Options 0 and 2 have been further discussed in RAN1#109-e (R1-2205306), but without reaching a consensus.

We still support Option 2 since unnecessary dropping of LP HARQ-ACK can be avoided with this Option, which is the main objective of the Rel-17 intra-UE enhancements, whereas with Option 0 the LP HARQ-ACK is always dropped. In addition, Option 2 is aligned with the solution agreed for the case where the PUCCH carrying HP SR and HP HARQ-ACK is with PUCCH format 2/3/4, where the multiplexing of HP HARQ-ACK, HP SR, and LP HARQ-ACK is supported (see agreement copied above).

Another point raised by some companies in the previous RAN1 meetings is when the HP HARQ-ACK is SPS HARQ-ACK. Specifically, if the sps-PUCCH-AN-List is provided, then the multiplexing mentioned above can be supported; otherwise, if (only) n1PUCCH-AN is provided, then the LP HARQ-ACK should be dropped in this case.

Based on the above, we think that the above proposal should be agreed considering Option 2. We thus propose:

Proposal 2: For the scenarios where a PUCCH with high-priority HARQ-ACK and HP SR overlaps with a PUCCH with low-priority HARQ-ACK, support the following RAN1#109-e proposal including Option 2:
When a PUCCH carrying explicit/implicit HP SR and HP HARQ-ACK, for HP SR with F1 and HP HARQ-ACK with F0/F1, and HP SR with F0 and HP HARQ-ACK with F0 overlaps with a PUCCH carrying LP HARQ-ACK, where the original PUCCH carrying the HP HARQ-ACK before Step 1 overlaps with K HP SRs , K>=1
· In Step 1, 1-bit HP SR is multiplexed to HP HARQ-ACK bits (based on Rel-15 rules) for determining the resultant PUCCH resource. 
· Note: The description of Step 1 here is only for information purpose, which has no spec impact.
· In Step 2, down-select from the two options:
· Option 2: 
· If the HP HARQ-ACK is using a PUCCH resource provided by PUCCH-ResourceSet or SPS-PUCCH-AN-List, 1-bit HP SR is appended to HP HARQ-ACK bits. The number of HP UCI bits is  
· The resultant PUCCH resource for multiplexing HP SR + HP HARQ-ACK + LP HARQ-ACK is either of PF2, PF3, or PF4.
· If HP HARQ-ACK is using a PUCCH resource provided by n1PUCCH-AN, the LP HARQ-ACK is dropped.

The corresponding draft CR can be found in R1-2206231. 


3.2 High-priority PUCCH with SPS PDSCH HARQ-ACK only overlapping with a low-priority PUCCH with HARQ-ACK

In RAN1#109-e, the handling of the following scenario was discussed: a HP PUCCH with SPS PDSCH HARQ-ACK only overlaps with a LP PUCCH with HARQ-ACK and sps-PUCCH-AN-List is not provided in the second PUCCH-config. In the final round of discussions on this scenario there have been two proposals, where the one from the 5th round of discussion received the support of the large majority of companies, which reads as follows:

	For resolving collision of two overlapping PUCCHs with different priorities in R17, if a HP PUCCH with SPS PDSCH HARQ-ACK only overlaps with a LP PUCCH with HARQ-ACK and sps-PUCCH-AN-List is not provided in the second PUCCH-config, the LP PUCCH is dropped.



We don’t see a reason why not to support this proposal. In addition, the handling based on this proposal would be aligned with the one proposed above for the scenarios where a PUCCH carrying HP SR and HP HARQ-ACK with PUCCH format 0/1 overlaps with a PUCCH carrying LP HARQ-ACK. We thus propose:

Proposal 3: For resolving collision of two overlapping PUCCHs with different priorities in R17, if a HP PUCCH with SPS PDSCH HARQ-ACK only overlaps with a LP PUCCH with HARQ-ACK and sps-PUCCH-AN-List is not provided in the second PUCCH-config, the LP PUCCH is dropped.


The corresponding draft CR can be found in R1-2206232. 



4	Conclusions
In this contribution, firstly we discussed the required changes to the Rel-17 Intra-UE multiplexing to accompany our draft CRs in R1-2206230, R1-2206231 and R1-2206232 with the following proposals:
· Proposal 1: To resolve overlapping between a HP PUCCH carrying SR and HP HARQ-ACK with PUCCH format 0/1 and a LP PUCCH carrying HARQ-ACK and CSI/SR, only LP HARQ-ACK is multiplexed with HP UCI (i.e., SR and HARQ-ACK) and LP CSI/SR are dropped.
· Note: The corresponding draft CR can be found in R1-2206230. 

· Proposal 2: For the scenarios where a PUCCH with high-priority HARQ-ACK and HP SR overlaps with a PUCCH with low-priority HARQ-ACK, support the following RAN1#109-e proposal including Option 2:
When a PUCCH carrying explicit/implicit HP SR and HP HARQ-ACK, for HP SR with F1 and HP HARQ-ACK with F0/F1, and HP SR with F0 and HP HARQ-ACK with F0 overlaps with a PUCCH carrying LP HARQ-ACK, where the original PUCCH carrying the HP HARQ-ACK before Step 1 overlaps with K HP SRs , K>=1
· In Step 1, 1-bit HP SR is multiplexed to HP HARQ-ACK bits (based on Rel-15 rules) for determining the resultant PUCCH resource. 
· Note: The description of Step 1 here is only for information purpose, which has no spec impact.
· In Step 2, down-select from the two options:
· Option 2: 
· If the HP HARQ-ACK is using a PUCCH resource provided by PUCCH-ResourceSet or SPS-PUCCH-AN-List, 1-bit HP SR is appended to HP HARQ-ACK bits. The number of HP UCI bits is  
· The resultant PUCCH resource for multiplexing HP SR + HP HARQ-ACK + LP HARQ-ACK is either of PF2, PF3, or PF4.
· If HP HARQ-ACK is using a PUCCH resource provided by n1PUCCH-AN, the LP HARQ-ACK is dropped.
· Note: The corresponding draft CR can be found in R1-2206231. 

· Proposal 3: For resolving collision of two overlapping PUCCHs with different priorities in R17, if a HP PUCCH with SPS PDSCH HARQ-ACK only overlaps with a LP PUCCH with HARQ-ACK and sps-PUCCH-AN-List is not provided in the second PUCCH-config, the LP PUCCH is dropped.
· Note: The corresponding draft CR can be found in R1-2206232. 
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