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1. Introduction
[bookmark: OLE_LINK33]In the RAN1#109-e meeting, lots of agreements on the potential enhancements for intra-UE multiplexing between different priorities were achieved [1], and the WI has been considered as completed except some remaining issues to be solved in maintenance stage, such as:
· Overlapping between a HP PUCCH carrying SR and HP HARQ with PUCCH format 0/1 and a LP PUCCH carrying HARQ-ACK
In this contribution, we further analyze the potential remaining issue and provide our views with a companion draft CR.
2. Multiplexing PUCCH carrying HP SR and HP HARQ with PF0/1 with PUCCH carrying LP HARQ-ACK
In the RAN1#109-e meeting, there is no achievement or consensus on the remaining issue which is the overlapping between a HP PUCCH carrying SR and HP HARQ with PUCCH format 0/1 and a LP PUCCH carrying HARQ-ACK. A possible proposal was discussed as follows.
	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 0: LP HARQ-ACK is dropped when colliding with a PUCCH with HP HARQ-ACK and positive SR. UE behaviour is the same as a PUCCH with LP HARQ-ACK colliding with a PUCCH with HP HARQ-ACK without SR.
· 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.]




In this case, there are both HP SR and HP HARQ-ACK with PUCCH format 0/1 in the HP PUCCH overlapping with LP PUCCH with HARQ-ACK. The Rel-15 multiplexing rules on the HARQ and SR is reviewed firstly as below.
In Rel-15, if an SR overlaps with a HARQ-ACK, the PUCCH resource used for transmission after multiplexing are summarized in Table 1 according to the different PUCCH formats used for HARQ-ACK and SR.
Table 1. PUCCH resource after multiplexing HARQ-ACK and SR in Rel-15
	HARQ-ACK
SR
	PUCCH format 0
	PUCCH format 1
	PUCCH format 2/3/4

	PUCCH format 0
	Case 1: The UE transmits the PUCCH in the HARQ-ACK resource using PUCCH format 0. The  are differently specified to identify the positive or negative SR.
	Case 2: The UE only transmits a PUCCH with the HARQ-ACK information bits in the resource using PUCCH format 1.
	Case 4: The UE transmits the concatenated UCI bits of HARQ-ACK information and SR in a PUCCH using a resource with PUCCH format 2 or PUCCH format 3 or PUCCH format 4.

	PUCCH format 1
	
	Case 3: For positive SR, the UE transmits a PUCCH for HARQ-ACK information in the SR resource using PUCCH format 1.
For negative SR, the UE transmits a PUCCH for HARQ-ACK information in the HARQ-ACK resource using PUCCH format 1.
	


For the resultant PUCCH carrying HP SR and HP HARQ-ACK with PUCCH format 0/1, the multiplexing results are diverse depending on the PUCCH format 0 or 1 for HARQ-ACK and SR, and also depending on the positive or negative SR. 
For HP SR multiplexed with HP HARQ-ACK with PUCCH format 0, the resultant PUCCH resource is only on the HARQ-ACK resource using PUCCH format 0 but the  are differently specified to identify the positive or negative SR. The information of HP SR and HP HARQ-ACK are all carried and the HP SR is implicitly carried by the different cyclic shift. It is noted that the number of HARQ information bits in this case is at most two.
For Option 0, although it is the simplest way for this issue by dropping the PUCCH carrying LP HARQ-ACK, the ambiguity can’t be solved. If UE reports CS 3/9, gNB cannot distinguish whether the 2 bits feedback information represent HP HARQ-ACK + HP positive SR or HP HARQ-ACK + LP HARQ-ACK (negative SR). 
For Option 2, the main motivation is to avoid unnecessary dropping of LP HARQ-ACK. The HP SR, HP UCI multiplexing with LP HARQ-ACK has been supported in the case of PF2/3/4. To unify the solution, the multiplexing among HP PUCCH carrying SR and HP HARQ with PUCCH format 0/1 and a LP PUCCH carrying HARQ-ACK should also be supported in principle.
The current Option 2 doesn’t separate the cases according to total number of LP and HP HARQ-ACK bits. But if two different cases are considered, it is more compatible to the current specification and specification impact is less.
Case 1: If the total number of LP and HP HARQ-ACK bits is 2, the multiplexing follows the previous agreement for multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, i.e., treat the two bits as HARQ-ACK bits with high priority and the resultant PUCCH format is 0/1. 
Case 2: If the total number of LP and HP HARQ-ACK bits is larger than 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. One exception is the resultant PUCCH after multiplexing between HP SR and HP HARQ-ACK uses the PUCCH resource with n1PUCCH-AN or SR resource with PF1, in this special case, the PUCCH resource can’t afford the overhead of total number of LP and HP HARQ-ACK bits, then the LP HARQ-ACK is dropped.
The LP HARQ-ACK is better to be multiplexed if the PUCCH resource is affordable. The proposal is:
Proposal 1: 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, 
· If the total number of LP and HP HARQ-ACK bits is 2, the multiplexing follows the legacy way for multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, i.e., treat the two bits as HARQ-ACK bits with high priority and the resultant PUCCH format is 0/1.
· If the total number of LP and HP HARQ-ACK bits is larger than 2,
· If the resultant PUCCH after multiplexing between HP SR and HP HARQ-ACK doesn't use the PUCCH resource with n1PUCCH-AN or SR resource with PF1, 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.
· Otherwise, LP HARQ-ACK is dropped.

Based on the proposal 1, a draft companion CR is also provided in a separate document as attached.
3. Conclusion
According to the analysis given above, we have the following proposal:
Proposal 1: 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, 
· If the total number of LP and HP HARQ-ACK bits is 2, the multiplexing follows the legacy way for multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, i.e., treat the two bits as HARQ-ACK bits with high priority and the resultant PUCCH format is 0/1.
· If the total number of LP and HP HARQ-ACK bits is larger than 2,
· [bookmark: _GoBack]If the resultant PUCCH after multiplexing between HP SR and HP HARQ-ACK doesn't use the PUCCH resource with n1PUCCH-AN or SR resource with PF1, 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.
· Otherwise, LP HARQ-ACK is dropped.
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