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Introduction
In RAN1#108-e, the following were agreed regarding intra-UE multiplexing and prioritization.
	Agreement
For resolving collision of PUCCHs of different priorities without repetition within a time unit, down-select from the following options:
· Option 1:
· The reference PUCCH resource is determined as in Rel-15, i.e. based on the starting symbol and duration
· In step 2.1-2, select up to one PUCCH resource overlapping with the reference PUCCH resource according to Rel-15 pseudo code 
· Option 2: 
· The reference PUCCH resource is determined as in Rel-15, i.e. based on the starting symbol and duration
· In step 2.1-2, select all the PUCCH resources overlapping with the reference PUCCH resource according to Rel-15 pseudo code 
FFS: Details on time units for all options

Agreement
The following working assumption is now confirmed.
For resolving collision of PUCCHs of different priorities without repetition within a time unit, the time unit of HP HARQ-ACK is used.

Agreement
To resolve overlapping between a HP PUCCH carrying HARQ-ACK only and a LP PUCCH carrying HARQ-ACK and CSI/SR, only LP HARQ-ACK is multiplexed with HP HARQ-ACK and LP CSI/SR are dropped.
· FFS: The Rel-15 timeline is applied for all the overlapping channels before step 1

Agreement
To resolve overlapping between a HP PUCCH carrying positive SR only and a LP PUCCH carrying HARQ-ACK and CSI and/or SR, LP PUCCH with PF2/3/4 is dropped.
· FFS LP PUCCH carrying LP HARQ-ACK and LP SR with PF 0/1

Agreement
To resolve overlapping between a HP PUSCH with or without HP UCI and a LP PUCCH carrying HARQ-ACK and CSI/SR, only LP HARQ-ACK is multiplexed in HP PUSCH and LP CSI/SR are dropped.
· FFS: The Rel-15 timeline is applied for all the overlapping channels before step 1

Agreement
For Rel-17 intra-UE multiplexing, PUCCH and PUSCH cancellation due to dynamic SFI, semi-static DL symbols and SSB symbols are performed after step 2 of Rel-17 intra-UE multiplexing.

Agreement
The same time unit is used for resolving collision of PUCCHs of different priorities with and without repetition.

Agreement
For resolving collision of overlapping PUCCHs and PUSCHs of different priorities in Step 2.2,
· If a LP PUSCH overlaps with a HP PUCCH with repetitions, the LP PUSCH is dropped before multiplexing with HP HARQ-ACK if any.
· If a HP PUSCH overlaps with a LP PUCCH with repetitions, the LP PUCCH is dropped.

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

Conclusion
If UCI-MuxWithDifferentPriority or UCI-MuxWithDifferentPriority-secondaryPUCCHgroup is enabled for a cell group, it is not expected that MAC PDUs are delivered for two overlapping CG PUSCHs of different PHY priorities on a serving cell within the same cell group.

Agreement
For resolving collision of PUCCHs of different priorities without repetition within a time unit, the following is adopted.
· The reference PUCCH resource is determined as in Rel-15, i.e. based on the starting symbol and duration
· In step 2.1-2, select up to one PUCCH resource overlapping with the reference PUCCH resource according to Rel-15 pseudo code 

Agreement
To resolve overlapping between a HP PUCCH carrying positive SR only and a LP PUCCH carrying LP HARQ-ACK and LP SR with PF 0/1, LP PUCCH is dropped.
 
Agreement
When Rel-17 intra-UE multiplexing is enabled by UCI-MuxWithDifferentPriority or UCI-MuxWithDifferentPriority-secondaryPUCCHgroup, the Rel-15 timeline is applied for all the overlapping channels (regardless of their priorities) before step 1.

Agreement
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

Agreement
For resolving collision of overlapping PUCCHs of different priorities in Step 2.1, resolve collision of PUCCHs with repetitions before resolving collision of PUCCHs without repetitions. After resolving collision of PUCCHs without repetition, it is not expected that a PUCCH would overlap with another PUCCH with repetition.
· Note: A PUCCH without repetitions not overlapping with any other PUCCH with repetitions is not considered into the above collision resolving of PUCCHs with repetitions

Agreement
For resolving collision of overlapping PUCCHs of different priorities with repetition in Step 2.1 where at least one of the overlapping PUCCHs is subject to repetition, LP PUCCH overlapping with HP PUCCH is dropped if any overlapping PUCCH is subject to repetition.

Agreement
For resolving collision of overlapping PUCCHs of different priorities without repetition in Step 2.1, a LP PUCCH is associated with the first overlapping time unit of HP HARQ-ACK. For a subsequent overlapping time unit of HP HARQ-ACK if any, the LP PUCCH is associated with the time unit if the LP PUCCH is not determined to be dropped or multiplexed with other channels in previous overlapping time unit(s).
· Note: Rel-15 timeline is applied for all the overlapping channels (regardless of their priorities) in a group of overlapping channels within a slot before step 1

Agreement
For the scenario where a PUCCH carrying high-priority HARQ-ACK overlaps with another PUCCH carrying low-priority HARQ-ACK and the total payload size is two bits, the order of the multiplexed two bits is: 
· High-priority HARQ-ACK bit, low-priority HARQ-ACK bit.

Agreement
If HP HARQ-ACK without LP HARQ-ACK would be transmitted on LP PUSCH, the HP HARQ-ACK should be multiplexed on the LP PUSCH by reusing the rate matching/puncturing and RE mapping for the legacy HARQ-ACK. 
Conclusion
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUSCH in R17, reuse the same power control formula as in Rel-15. 
· No specification impacts. 

Agreement
When a PUCCH carrying HP SR with PF0/1 overlaps with a PUCCH carrying LP HARQ-ACK with PF0/1, the LP HARQ ACK is dropped when colliding with positive SR

Agreement
The values for beta-offset values <1 are:
	

	0.6

	0.4

	0.2

	0.1

	0.05



· They are mapped to indices 16-20 in the table.
· These values are used in addition to the legacy values in indices 0-15.

Agreement
If LP HARQ-ACK without HP HARQ-ACK would be transmitted on HP PUSCH, UE follows the same behaviour as that in case of PUSCH with HP HARQ-ACK assuming two bits
· FFS for CG-UCI PUSCH.

Conclusion
There is no consensus in RAN1 to introduce specification support to address the ambiguity on LP HARQ-ACK type-1 codebook existence or LP HARQ-ACK type-2 codebook size due to DCI mis-detection


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#108-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.
[image: ]                      [image: ]                
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 is given in Figure 2. 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.
[image: ]
Figure 2
In previous meetings discussion for the interaction between Step 1 and Step 2, to ease UE implementation one principle is that UE does not go back to Step 1 when resolving collisions in Step 2. Similarly, to facilitate UE implementation, using the information of PUCCHs/PUSCHs before multiplexing in Step 1 should be avoided when resolving collisions in Step 2. Only considering the PUCCHs and/or PUSCHs in Step 1 when resolving collision of PUCCHs and/or PUSCHs of different priorities can reduce spec impact.
Proposal 1: For resolving collision of PUCCHs and/or PUSCHs of different priorities, Step 2 only considers the resulting PUCCHs and/or PUSCHs in Step 1.
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 necessary. 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.
	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




The same rule should apply here and the LP PUCCH can be dropped for simplicity without any operational impact in practice.

Proposal 2: 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.
For intra-UE multiplexing with different priorities, one principle is to ensure the reliability of HARQ-ACK at least for HP HARQ-ACK. Dropping HARQ-ACK should be avoided. For Rel-16 intra-UE multiplexing, the following was agreed in RAN1#104e.
	Agreement
To address collision with semi-static DL symbols and SSB, the following easy way is suggested:
· Step1: Perform intra UE prioritization (including multiplexing, overriding) according to related working assumption in 102 e-meeting and produce final PUCCHs/PUSCHs.
· Step 2: Final PUCCHs/PUSCHs is cancelled by semi-static DL symbols and SSB symbols.



Based on the above agreement, HARQ-ACK can be multiplexed in a PUSCH and the PUSCH can be cancelled by semi-static DL symbols and SSB symbols if the PUSCH is a CG PUSCH or a DG PUSCH repetition. The HARQ-ACK can be transmitted in another PUSCH without DL conflict. Considering a PUSCH cannot be multiplexed in another channel, a PUSCH is always a final channel and it can be either transmitted or cancelled. A simple solution is to check PUSCH DL conflict before resolving overlapping with PUCCH. As a PUCCH can be an intermediate channel, it can be multiplexed in another PUCCH or PUSCH. It is not necessary to check PUCCH DL conflict before multiplexing.
Proposal 3: For resolving collision of overlapping PUCCHs/PUSCHs with different priorities in R17, drop PUSCHs colliding with semi-static DL symbols before intra-UE multiplexing/prioritization.
Remaining issues on two overlapping channels
One remaining issue discussed in RAN1#108e 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 multiplexed with the HP HARQ-ACK if the total payload is larger than 2 bits. For simplicity, the LP HARQ-ACK can be dropped regardless of the payload.
Proposal 4: 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.
Another remaining issue is how to handle the case when LP HARQ-ACK is multiplexed in a HP PUSCH and the reliability of the LP HARQ-ACK cannot be ensured. Same issue was discussed when LP HARQ-ACK is multiplexed in a HP PUCCH and we made the following agreement.
	Agreement
For determining the PUCCH resource to carry the multiplexed high-priority and low-priority HARQ-ACKs, if  
The number of RBs is . Then follow Rel-15 procedure, i.e., LP HARQ-ACK is mapped to the rest REs after HP HARQ-ACK.


 
Same rule should apply for this case, i.e., LP HARQ-ACKs are mapped to the rest of PUSCH REs based on the rate matching equation, if HP HARQ-ACK and/or HP CSI, if any, were also mapped on the PUSCH. This is aligned with the description in TS 38.212 v17.0.1 and no additional spec impact is expected.
Proposed conclusion: When multiplexing a LP HARQ-ACK in a HP PUSCH, LP HARQ-ACKs are mapped to the rest of PUSCH REs based on the rate matching equation, if HP HARQ-ACK and/or HP CSI, if any, were mapped on the PUSCH. 
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 and/or PUSCHs of different priorities, Step 2 only considers the resulting PUCCHs and/or PUSCHs in Step 1.
Proposal 2: 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.
Proposal 3: For resolving collision of overlapping PUCCHs/PUSCHs with different priorities in R17, drop PUSCHs colliding with semi-static DL symbols before intra-UE multiplexing/prioritization.
Proposal 4: 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.
Proposed conclusion: When multiplexing a LP HARQ-ACK in a HP PUSCH, LP HARQ-ACKs are mapped to the rest of PUSCH REs based on the rate matching equation, if HP HARQ-ACK and/or HP CSI, if any, were mapped on the PUSCH. 
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