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Introduction
In RAN1#109-e, the following proposals were discussed regarding intra-UE multiplexing and prioritization [1].
	Proposal
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.]

Proposal 
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 SPS PDSCH HARQ-ACK only and sps-PUCCH-AN-List is not provided in the second PUCCH-config, the LP PUCCH is dropped.
· FFS: if a HP PUCCH with SPS PDSCH HARQ-ACK only overlaps with a LP PUCCH with DG HARQ-ACK only.



This contribution discusses the remaining issues related to intra-UE multiplexing and prioritization of traffic with different priorities. 
Discussion
1 
2 
Remaining issues on more than two overlapping channels
In RAN1#109-e, overlapping of a HP PUCCH PF 0/1 with HP HARQ-ACK and overlapping of HP SR with LP PUCCH with HARQ-ACK were discussed. That case may happen in Step 2 of intra-UE multiplexing. For example, in step 1, a HP PUCCH with PF 0/1 with HARQ-ACK overlaps with at least one HP PUCCH with SR, and HARQ-ACK and SR are multiplexed in a same HP PUCCH. In step 2, the HP PUCCH with HARQ-ACK and SR overlaps with a LP PUCCH with HARQ-ACK. There are two candidate options.
Option 0: LP HARQ-ACK is dropped when HP SR is positive.
Option 2: 1-bit HP SR is appended to HP HARQ-ACK bits. The number of HP UCI bits is 

Option 2 requires a UE to differentiate the following cases shown in Figure 1.
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Case a)                                                            Case b)
Figure 1
For negative SR, the result is same for intra-UE multiplexing of same priority in Step 1. However, UE behaviour is different for both cases in Step 2. After multiplexing in Step 2, the multiplexed UCI only includes HP HARQ-ACK and LP HARQ-ACK for case a), but for Case b) the multiplexed UCI includes 1 more bit for SR. 
A similar case given in Figure 2 was also discussed in RAN1#109e. In Step 1, HP SR is dropped regardless of positive or negative SR. In Step 2, consideration of the HP SR only complicates UE implementation without any gain. During the discussion in RAN1#109e, all the companies agreed that the LP PUSCH should not be dropped in this case. 
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Figure 2
Not considering the intermediate channels in Step 1 can ease UE implementation.  UE does not need to go back to Step 1 when resolving collisions in Step 2. Only considering the PUCCHs and/or PUSCHs in Step 2 when resolving collision of PUCCHs and/or PUSCHs of different priorities can reduce spec impact and ease UE implementation.
Next, the solutions for Case b) in Figure 1 are considered. For negative SR, same behaviour as for case a) can be followed since the result is the same for both cases after performing Step 1. No additional spec impact is needed. 
[bookmark: OLE_LINK3]Proposed conclusion: If a HP PUCCH format 0/1 with HARQ-ACK overlaps with at least one HP PUCCH with negative SR and the HP PUCCH with HARQ-ACK does not overlap with a HP PUCCH with positive SR in Step 1, if the HP PUCCH with HARQ-ACK overlaps with a LP PUCCH with HARQ-ACK in Step 2, UE behaviour is the same as if the HP PUCCH with HARQ-ACK does not overlap with any HP PUCCH with SR in Step 1.
For positive SR, the issue is similar as for resolving overlapping for LP PUSCH and HP PUCCH with HARQ-ACK and positive SR and RAN1 made the following agreement. The same rule should apply here and the LP PUCCH can be dropped for simplicity without any operational impact in practice.

	Agreement
Confirm the following working assumption in RAN1#107bis-e with the following update (in RED):
For resolving collision of PUCCHs and PUSCHs of different priorities in step 2.2, LP PUSCH(s) overlapping with HP PUCCH resource which carries at least positive HP SR are dropped before UCI multiplexing.
· Step 1.2 behavior is not affected by the above





According to the current TS 38.213 below, this case is not covered by the cases supporting multiplexing of different priorities under ‘if’, therefore, it goes to ‘else’. For the cases under ‘else’, the UE drops the LP HARQ-ACK, no spec impact is needed.
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…
-	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





Proposal 1: For resolving collision of PUCCHs of different priorities in step 2.1, if a LP PUCCH with LP HARQ-ACK overlaps with a HP PUCCH PF 0/1 with HP HARQ-ACK and positive HP SR, the LP PUCCH is dropped.
· No spec impact is expected.
Remaining issues on two overlapping channels
One remaining issue discussed in RAN1#109e for two overlapping channels is the case where a HP PUCCH with SPS PDSCH HARQ-ACK overlaps with a LP PUCCH with HARQ-ACK and sps-PUCCH-AN-List is not provided in the second PUCCH-config. In this case, LP HARQ-ACK cannot be multiplexed with the HP HARQ-ACK if the total payload is larger than 2 bits. The discussion focused on the following two options.
Option 1) The LP HARQ-ACK is dropped.
Option 2) The LP HARQ-ACK is dropped when the LP HARQ-ACK only corresponds to SPS PDSCH(s). It is not allowed that the LP HARQ-ACK with a PDCCH overlaps with the HP HARQ-ACK.
Option 1 is a simple and unified solution for both DG PDSCH and SPS PDSCH. Option 2 brings additional restrictions on gNB scheduling and thus is not preferred. For example, a HP SPS HARQ-ACK can be overridden by HP DG HARQ-ACK and the LP HARQ-ACK can be multiplexed with DG HARQ-ACK. In another example, both the LP HARQ-ACK and the HP HARQ-ACK can be multiplexed in a PUSCH. If Option 2 is adopted, neither of the above case would be allowed. Therefore, there is no need to put additional restriction for dynamically scheduled LP HARQ-ACK.
Proposal 2: For resolving collision of two overlapping PUCCHs with different priorities in R17, if a HP PUCCH with SPS PDSCH HARQ-ACK 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. Adopt Draft CR for overlapping of a HP PUCCH with SPS PDSCH HARQ-ACK and a LP PUCCH with HARQ-ACK.
Conclusions
This contribution discusses the remaining issues related to intra-UE multiplexing and prioritization of traffic with different priorities. The proposals are summarized below.
Proposal 1: For resolving collision of PUCCHs of different priorities in step 2.1, if a LP PUCCH with LP HARQ-ACK overlaps with a HP PUCCH PF 0/1 with HP HARQ-ACK and positive HP SR, the LP PUCCH is dropped.
· No spec impact is expected.
Proposal 2: For resolving collision of two overlapping PUCCHs with different priorities in R17, if a HP PUCCH with SPS PDSCH HARQ-ACK 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. Adopt Draft CR for overlapping of a HP PUCCH with SPS PDSCH HARQ-ACK and a LP PUCCH with HARQ-ACK.
The following conclusion is proposed.
Proposed conclusion: If a HP PUCCH format 0/1 with HARQ-ACK overlaps with at least one HP PUCCH with negative SR and the HP PUCCH with HARQ-ACK does not overlap with a HP PUCCH with positive SR in Step 1, if the HP PUCCH with HARQ-ACK overlaps with a LP PUCCH with HARQ-ACK in Step 2, UE behaviour is the same as if the HP PUCCH with HARQ-ACK does not overlap with any HP PUCCH with SR in Step 1.
Reference
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