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Introduction
In RAN1#107bis-e, the following were agreed regarding intra-UE multiplexing and prioritization.
	Conclusion
For resolving collision of PUCCHs and/or PUSCHs with different priorities in step 2, a resultant PUCCH with HP and LP UCI is not expected to be overlapped with a HP PUCCH.
· FFS whether a resultant PUCCH with HP and LP UCI can be overlapped with a HP PUSCH.

Agreement
For resolving collision of LP PUCCHs and HP PUCCHs in step 2.1, a HP PUCCH with HARQ-ACK is not expected to be overlapped with multiple LP PUCCHs with HARQ-ACK.
· It’s up to the editor whether/how to capture this

Agreement
For resolving collision of PUCCHs and PUSCHs of different priorities in step 2.2, LP PUSCH(s) overlapping with HP PUCCH which carries positive SR are dropped.

Working Assumption
For resolving collision of PUCCHs and PUSCHs of different priorities in step 2.2, LP PUSCH(s) overlapping with HP PUCCH which carries positive SR are dropped before UCI multiplexing.
· Step 1.2 behavior is not affected by the above

Agreement
simultaneousPUCCH-PUSCH-secondaryPUCCHgroup is supported to enable simultaneous PUCCH and PUSCH transmissions with different priorities within the secondary PUCCH cell group separately from primary PUCCH cell group.

Agreement
For resolving collision of PUCCHs with different priorities in step 2.1, if resultant PUCCH with HP and LP UCI collides with LP PUCCH without HARQ ACK, the LP PUCCH is dropped.
· A resultant PUCCH with HP and LP UCI is not expected to be overlapped with a LP PUCCH with HARQ-ACK.

Agreement
[bookmark: _Hlk93615372]A UE does not expect to multiplex in a PUSCH transmission HARQ-ACK information that the UE would transmit in different PUCCHs of a same priority.
· The above is considered an error case

Agreement
If the simultaneous PUCCH/PUSCH transmission is enabled, a PUSCH that can be simultaneously transmitted with a PUCCH is excluded from overlapping channels for multiplexing the UCI of the PUCCH and for intra-UE prioritization with the PUCCH.
· Note: For intra-UE multiplexing, above is for step 2-2. For intra-UE prioritization, above is applied after step 1.
· FFS: How to capture this in the specifications

Conclusion
If the simultaneous PUCCH/PUSCH transmission is enabled, the timeline conditions of intra-UE multiplexing/prioritization of PUCCHs and PUSCHs with different priorities is not applicable to a PUSCH that can be simultaneously transmitted with a PUCCH.

Agreement
For resolving collision of PUCCHs of different priorities without repetitions within a time unit, Step 2.1 consists of the following sub-steps:
· Step 2.1-1: Determine a reference PUCCH resource
· Step 2.1-2: Select O PUCCH resource(s) overlapping with the reference PUCCH resource. 
· Step 2.1-3: Apply Rel-17 intra-UE multiplexing/dropping rules to resolve overlapping among the reference PUCCH resource and O PUCCH resource(s). 
· Step 2.1-4: Loop Step 2.1-1) ~ Step 2.1-3) until there are no overlapping PUCCHs in the time unit.
FFS details

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 
· Option 3: 
· The reference PUCCH resource is determined by prioritizing HP PUCCH over LP PUCCH on top of Rel-15 rules
· In step 2.1-2, select all the PUCCH resources overlapping with the reference PUCCH resource according to Rel-15 pseudo code 
· Option 4: 
· The reference PUCCH resource is determined by prioritizing LP PUCCH carrying HARQ-ACK on top of Rel-15 rules
· In step 2.1-2, If a LP PUCCH carrying HARQ-ACK overlaps with multiple HP PUCCHs and one of the HP PUCCH includes HARQ-ACK, only select the HP PUCCH including HARQ-ACK in step 2.1-2; otherwise, 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

Working Assumption
For resolving collision of PUCCHs of different priorities without repetition within a time unit, the time unit of HP HARQ-ACK is used. For a LP PUCCH overlapping with multiple time units, down-select from:
· Alt. 1: the LP PUCCH is associated with the first time unit with overlapping HP PUCCH(s)
· Alt. 2: the LP PUCCH is associated with the first time unit with overlapping HP PUCCH with HARQ-ACK if any. Otherwise, the LP PUCCH is associated with the first time unit with overlapping HP PUCCH(s).
· Alt. 3: the LP PUCCH is associated with the last time unit with overlapping HP PUCCH(s)

Agreement
To apply Rel-17 intra-UE multiplexing/dropping rules to resolve overlapping among the reference PUCCH resource and O PUCCH resource(s) in step 2.1-3, LP PUCCH(s) without HARQ ACK are dropped before multiplexing if multiplexing is to be performed.

Conclusion
A resultant PUCCH with HP and LP UCI overlapping with a HP PUSCH is considered an error case

Agreement
For resolving collision of PUCCHs and PUSCHs of different priorities in step 2.2, Rel-15/16 rule is reused for PUSCH selection for HARQ ACK multiplexing
· FFS: Whether/how dropping is performed before UCI multiplexing
· Note: The priorities of PUCCH and PUSCH candidates for multiplexing in step 2.2 are different

Conclusion
A UE is not expected to be enabled with prioritizationBetweenLP-DG-PUSCHandHP-CG-PUSCH or prioritizationBetweenHP-DG-PUSCHandLP-CG-PUSCH for a cell group if UCI-MuxWithDifferentPriority or UCI-MuxWithDifferentPriority-secondaryPUCCHgroup is enabled for the same cell group.

Agreement
When a PUCCH carrying HP SR with PF0/1 overlaps with a PUCCH carrying LP HARQ-ACK with PF2/3/4: 
· For positive SR, transmit SR on the SR PUCCH resource and drop HARQ-ACK. 
· For negative SR, transmit HARQ-ACK only on the HARQ-ACK PUCCH resource.
Note: It was agreed to support multiplexing a LP HARQ-ACK and a HP SR into a PUCCH for some HARQ-ACK/SR PF combinations in Rel-17.

Agreement
· For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a low-priority (LP) PUSCH in R17, if HP HARQ-ACK, LP HARQ-ACK, and LP CSI consisting of two parts would be transmitted on LP PUSCH not conveying UL-SCH, UE follows the same behaviour as that in case of PUSCH conveying UL-SCH.
· For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a high-priority (HP) PUSCH in R17, if HP HARQ-ACK, LP HARQ-ACK, and HP CSI consisting of two parts would be transmitted on HP PUSCH not conveying UL-SCH, UE follows the same behaviour as that in case of PUSCH conveying UL-SCH.

Agreement
The following working assumption is confirmed
For the overlapping between LP CG and HP DG, if MAC delivers two MAC PDUs to PHY, PHY layer can make the prioritization so that the UE is expected to cancel the overlapping low priority CG PUSCH by the first overlapping symbol at the latest. 
· On top of Rel-16 cancellation time (N2+d1) for PUCCH/PUCCH or PUCCH/PUSCH collision, additional time d3 is needed (which results N2+d1+d3 in total cancellation time) for LP CG-PUSCH and HP DG-PUSCH collision resolution.
· d3 = {0, }symbol(s) upon UE capability report, where  for SCS=15/30/60/120kHz, respectively.

Agreement
The following TP to remove the restriction of disallowing the collision between HP SPS HARQ-ACK with LP PUCCH/PUSCH is endorsed for the editor’s CR on TS38.213.
	------------------ Text Proposal for 38.213 Section 9 ------------------
A UE does not expect to be scheduled to transmit a PUCCH or a PUSCH with smaller priority index that would overlap in time with a PUCCH of larger priority index with HARQ-ACK information only in response to a PDSCH reception without a corresponding PDCCH unless the UE is provided UCI-MuxWithDifferentPriority. A UE does not expect to be scheduled to transmit a PUCCH of smaller priority index that would overlap in time with a PUSCH of larger priority index with SP-CSI report(s) without a corresponding PDCCH.



Agreement
Support multiplexing of high-priority HARQ-ACK and low-priority HARQ-ACK on PUCCH Format 2. 
· Extend legacy agreements on PRB number determination for Rel-17 (RAN1#106bis-e and RAN1#107-e) to cover PUCCH Format 2. 
· Use the HP UCI bit number and HP RE number for ∆TF,b,f,c(i) formula selection and calculation (as for PUCCH formats 3 & 4).
· Concatenate the coded HP HARQ-ACK bits and the coded LP HARQ-ACK bits sequentially and apply the procedures described in R15 TS 38.211 to the concatenated coded HARQ-ACK bit sequence.

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.
Agreement
Introduce separate RRC parameters to configure ‘Multiplexing UCIs of different priorities on PUCCH or PUSCH’ in the primary and secondary PUCCH cell group.

Agreement
Define a new table for beta-offset values <1.
· FFS for the values with the starting point as below. 
	


	[0.8]
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	[0.2]
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Agreement
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a LP PUSCH in R17, 
· If HP HARQ-ACK, LP HARQ-ACK, and LP CSI including a single part would be transmitted on LP PUSCH,
· Reuse Rel-15 HARQ-ACK rate matching/puncturing and RE mapping for HP HARQ-ACK.
· Reuse Rel-15 CSI part 1 rate matching and RE mapping for LP HARQ-ACK.
· Reuse Rel-15 CSI part 2 rate matching and RE mapping for the single part of LP CSI.

Agreement
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a HP PUSCH in R17, 
· If HP HARQ-ACK, LP HARQ-ACK, and HP CSI including a single part would be transmitted on HP PUSCH,
· Reuse Rel-15 HARQ-ACK rate matching/puncturing and RE mapping for HP HARQ-ACK.
· Reuse Rel-15 CSI part 1 rate matching and RE mapping for the single part of HP CSI.
· Reuse Rel-15 CSI part 2 rate matching and RE mapping for LP HARQ-ACK.

Agreement
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, when the total number of LP and HP HARQ-ACK bits is more than 2, for HP HARQ-ACK or LP HARQ-ACK of 1-2 bit(s), support separate coding
· Option 1: Reuse R15 TS 38.212 Clause 5.3.3.1 for 1-bit. Reuse R15 TS 38.212 Clause 5.3.3.2 for 2-bit. Apply the Rel-15 placeholder bit handling procedure for PUSCH together with Rel-15 PUCCH scrambling sequence.

Agreement
Introduce RRC parameters to enable the UE handling for overlapping CG/DG PUSCH of different priorities, i.e., keep the yellow marked related RRC parameters in rows 68 and 69 from the IIoT&URLLC RRC parameter sheet from R1-2112979.

Agreement
In R17, if HP HARQ-ACK, LP HARQ-ACK and HP CSI consisting of two parts would be transmitted on HP PUSCH, 
· LP HARQ-ACK is dropped. 
· Reuse R15 HARQ-ACK rate matching/puncturing and RE mapping for HP HARQ-ACK.



This contribution discusses the remaining issues related to intra-UE multiplexing and prioritization of traffic with different priorities. 
Discussion
1 
2 
Intra-UE multiplexing/prioritization of PUCCHs
2.1.1 Collision of two overlapping PUCCHs 
In RAN1#107bis-e, multiplexing a low-priority HARQ-ACK and a high-priority SR into a PUCCH was discussed. It has been agreed to drop LP HARQ-ACK if the LP HARQ-ACK is with PF 2/3/4, the case where the LP HARQ-ACK is with PF 0/1 is still open. Also, the case of more than two SR PUCCHs overlapping with a LP HARQ-ACK was discussed. That case also exists in Rel-15 where the UE selects one positive SR to indicate among the overlapping SR configurations. If multiplexing of more than one positive SRs in a same PUCCH is supported in Rel-17, possible solutions should consider how to differentiate HP SR and LP SR when multiplexing with LP HARQ-ACK. 
Another case is a LP HARQ-ACK PUCCH PF0/1 overlapping with both a HP SR PF0 and a HP SR PF1 and the two SR PUCCHs are not overlapping with each other. As shown in Figure 1, in such case dropping HR SR should be avoided. 
[image: ]
Figure 1
Optimization for the above cases may require a lot of standard effort and new UE/gNB Tx/Rx implementations for marginal gain. The use cases are also unclear. For example, if LP HARQ-ACK (with PF1) is to be multiplexed in the HP SR resource with PF0, there is anyway no reason for the gNB to configure PF1 for the LP HARQ-ACK as such overlapping would always occur and PF0 will end up being used (assuming that the reason for using PF0 for SR is the short periodicity). If the HP SR (with PF0) is to be multiplexed with the LP HARQ-ACK using PF1, there is no reason to have PF0 for the SR. Therefore, it is preferable to maintain Rel-16 operation and drop LP HARQ-ACK PF1. Droping LP HARQ-ACK only results in up to 2 PDSCH retransmissions in the worst case and if HARQ-ACK retransmission is not used (and can be avoided by the gNB by configuring PF0 for 1-2 bits of LP HARQ-ACK if the SR needs to use PF0 – coverage is anyway same). Further, if LP HARQ-ACK PUCCH overlaps with both HP SR PUCCH and HP HARQ-ACK PUCCH, all UCI can be multiplexed on a HP HARQ-ACK PUCCH resource. 
In addition, performing multiplexing or prioritization of LP HARQ-ACK and HP SR depending on different PUCCH formats will complicate the UE implementation as well as specification for collision of more than 2 overlapping channels and thus should be avoided. 
Proposal 1: Maintain Rel-16 operation and drop LP HARQ-ACK PUCCH when a LP HARQ-ACK PUCCH PF 0/1 overlaps with a HP SR PUCCH with positive SR. 
Another remaining issue is the order of UCI bits when 1 bit LP HARQ-ACK is multiplexed with 1 bit HP HARQ-ACK. Although any ordering works, this can follow the same multiplexing order as for REs in the PUSCH and the HP HARQ-ACK bit can be placed before the LP HARQ-ACK bit.
Proposal 2: When 1 bit LP HARQ-ACK is multiplexed with 1 bit HP HARQ-ACK, the HP HARQ-ACK bit is placed before the LP HARQ-ACK bit.
If a HP PUCCH PF 0/1 with HP HARQ-ACK and HP SR overlaps with a LP PUCCH with LP HARQ-ACK, UE can multiplex the LP HARQ-ACK, HP HARQ-ACK and HP SR in a same HP PUCCH. However, in some cases, UE behaviour needs further clarification. For example, consider the case in Figure 2. Two HP SR PUCCHs overlaps with a HP HARQ-ACK PUCCH PF 0, UE will multiplex the SR in the HP HARQ-ACK PUCCH if at least one SR is positive. When LP HARQ-ACK is multiplexed with HP HARQ-ACK and HP SR, HP PUCCH PF 0 cannot be used because the total payload is larger than 2. Therefore, a new PUCCH resource will be used instead, for example, a HP PUCCH PF 2. Multiplexing SR with HARQ-ACK in a PUCCH PF 0 and PUCCH PF 2 is different. How to handle such case needs clarification. Furthermore, if both SRs are negative, the case becomes overlapping HP HARQ-ACK PUCCH PF0 and LP HARQ-ACK PUCCH PF 2, the SR information will not be included in the resulting PUCCH. gNB needs to perform blind detection to check whether there is positive SR or not. Considering the spec effort, UE can simply drop the LP HARQ-ACK in this case.
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Figure 2
Proposal 3: If a HP PUCCH PF 0/1 with HARQ-ACK and SR overlaps with a LP PUCCH with HARQ-ACK, maintain Rel-16 operation and drop LP PUCCH.
When multiplexing HP HARQ-ACK and LP HARQ-ACK in a PUCCH, the reliability of HP HARQ-ACK can be degraded by the LP HARQ-ACK for Type-2 HARQ-ACK codebook the size of which is determined by the DAI values and a missed detection of a ‘last’ DCI format can lead to UE and gNB having different understanding of the HARQ-ACK codebook size (e.g. in case of single-cell operation). To ensure the reliability of HP HARQ-ACK, a similar principle as for the enhanced Type-2 codebook can apply and a T-DAI field can be included in a DCI format associated with HP HARQ-ACK to indicate the T-DAI of LP HARQ-ACK. 
Proposal 4: RRC configures presence of a T-DAI field in a DL DCI format associated with HP HARQ-ACK to indicate the T-DAI of LP HARQ-ACK.
2.1.2 Collision of more than two overlapping PUCCHs 
In RAN1#107bis-e, the following agreements were made regarding resolving the collision of more than two overlapping PUCCHs 
	Agreement
For resolving collision of PUCCHs of different priorities without repetitions within a time unit, Step 2.1 consists of the following sub-steps:
· Step 2.1-1: Determine a reference PUCCH resource
· Step 2.1-2: Select O PUCCH resource(s) overlapping with the reference PUCCH resource. 
· Step 2.1-3: Apply Rel-17 intra-UE multiplexing/dropping rules to resolve overlapping among the reference PUCCH resource and O PUCCH resource(s). 
· Step 2.1-4: Loop Step 2.1-1) ~ Step 2.1-3) until there are no overlapping PUCCHs in the time unit.
FFS details

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 
· Option 3: 
· The reference PUCCH resource is determined by prioritizing HP PUCCH over LP PUCCH on top of Rel-15 rules
· In step 2.1-2, select all the PUCCH resources overlapping with the reference PUCCH resource according to Rel-15 pseudo code 
· Option 4: 
· The reference PUCCH resource is determined by prioritizing LP PUCCH carrying HARQ-ACK on top of Rel-15 rules
· In step 2.1-2, If a LP PUCCH carrying HARQ-ACK overlaps with multiple HP PUCCHs and one of the HP PUCCH includes HARQ-ACK, only select the HP PUCCH including HARQ-ACK in step 2.1-2; otherwise, 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

Working Assumption
For resolving collision of PUCCHs of different priorities without repetition within a time unit, the time unit of HP HARQ-ACK is used. For a LP PUCCH overlapping with multiple time units, down-select from:
· Alt. 1: the LP PUCCH is associated with the first time unit with overlapping HP PUCCH(s)
· Alt. 2: the LP PUCCH is associated with the first time unit with overlapping HP PUCCH with HARQ-ACK if any. Otherwise, the LP PUCCH is associated with the first time unit with overlapping HP PUCCH(s).
· Alt. 3: the LP PUCCH is associated with the last time unit with overlapping HP PUCCH(s)

Agreement
To apply Rel-17 intra-UE multiplexing/dropping rules to resolve overlapping among the reference PUCCH resource and O PUCCH resource(s) in step 2.1-3, LP PUCCH(s) without HARQ ACK are dropped before multiplexing if multiplexing is to be performed.




It has been agreed to use HP PUCCH resource for multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH. The same rule can apply for multiplexing high-priority (HP) HARQ-ACK, low-priority (LP) HARQ-ACK, and HP SR(s) into a PUCCH. A LP HARQ-ACK PUCCH can overlap with multiple HP HARQ-ACK PUCCHs. Then, to ensure a latency target of HP HARQ-ACK, a preferred solution is to multiplex the LP HARQ-ACK in the first overlapped HP HARQ-ACK PUCCH. The resulting PUCCH should be a HP HARQ-ACK PUCCH. The other overlapped HP HARQ-ACK PUCCHs can also be transmitted. For this solution, the time unit for PUCCH multiplexing should be the HP PUCCH time unit. If a LP PUCCH overlaps with multiple HP PUCCH time units, an associated overlapping HP PUCCH time unit should be chosen such that the LP HARQ-ACK PUCCH is put into the set Q of the associated overlapping HP PUCCH time unit. Then, Rel-15 pseudo-code can apply.
There are three alternatives for down-selection. For Alt. 1, the first overlapping HP PUCCH time unit only includes HP SR PUCCH, e.g., sub-slot 1 in Figure 3 is the first overlapping HP PUCCH time unit with HP PUCCH, and the details of multiplexing HP SR and LP HARQ-ACK are not decided yet. The candidate solutions include dropping LP HARQ-ACK, multiplexing HP SR in to a LP HARQ-ACK PUCCH resource, etc. Therefore, for option b) the LP HARQ-ACK can be dropped at least for PF2/3/4. The reliability of LP HARQ-ACK may degrade. Alt. 1 is not preferred. Similar issue exists for Alt. 3, Alt. 3 is not preferred either.
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Figure 3
For option Alt. 2, LP HARQ-ACK can be multiplexed in a HP HARQ-ACK PUCCH and after multiplexing the resulting PUCCH won’t overlap with HP PUCCH in other HP time units. Therefore, Alt. 2 should be used to determine the associated HP PUCCH time unit.
Proposal 5: For resolving collision of PUCCHs of different priorities without repetitions within a time unit, the time unit of HP HARQ-ACK is used. 
· The LP PUCCH is associated with the first time unit with overlapping HP PUCCH with HARQ-ACK if any. Otherwise, the LP PUCCH is associated with the first time unit with overlapping HP PUCCH(s).
For resolving collision of PUCCHs of different priorities without repetitions within a time unit, there are four candidate options for down selection.
Option 1 selects up to one PUCCH resource overlapping with the reference PUCCH resource, it can avoid specifying the details of resolving the collision of more than two overlapping channels of different priorities and the details of resolving the collision of two overlapping channels are almost done.  
Option 2 has larger spec impact compared with Option 1. The details of resolving the collision of more than two overlapping channels of different priorities need to be specified similar as in TS 38.213 9.2.5.1 and 9.2.5.2. 
Option 3 does not work, consider the example below in Figure 4, HP PUCCHs are prioritized in ordering. UE will first select HP SR as the reference PUCCH and then check whether the next PUCCH overlaps with the reference, in this case, the next PUCCH is HP HARQ-ACK and it does not overlap with the reference PUCCH, UE will reselect the reference PUCCH. The collision is not solved with Option 3.
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Figure 4
Option 4 has the best performance. Option 4 can be combined with Option 1 to reduce spec impact.
Proposal 6: For resolving collision of PUCCHs of different priorities without repetitions within a time unit, support Option 1 as the baseline. 
· Further consider the combined solution of Option 1 and Option 4.
When a PUCCH is configured with repetitions, multiplexing of different UCI types in the PUCCH is not supported since Rel-15. Instead, prioritization applies when two PUCCHs overlap in time and at least one of the PUCCHs is with repetitions. Same rule should apply in Rel-17. If a LP PUCCH overlaps in time with a HP PUCCH in Step 2.1 and at least one of the PUCCHs is with repetitions, the LP PUCCH is dropped.
Proposal 7: If a LP PUCCH overlaps in time with a HP PUCCH in Step 2.1 and at least one of the PUCCHs is with repetitions, the LP PUCCH is dropped.
When there are more than two overlapping PUCCHs and at least one of the PUCCHs is with repetitions, instead of always dropping LP PUCCHs, UE can first resolve collision of PUCCHs without repetitions and then resolve collision of PUCCHs (with or without repetitions). Consider the example in Figure 5, a LP HARQ-ACK PUCCH overlaps with a HP SR PUCCH and a HP HARQ-ACK PUCCH, the HP SR PUCCH is with repetitions, the LP HARQ-ACK can be multiplexed with HP HARQ-ACK. Dropping LP HARQ-ACK can be avoided.
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Figure 5
Proposal 8: For resolving collision of overlapping PUCCHs with different priorities, Step 2.1 can consist of the following sub-steps:
· Sub-step 2.1.1: Resolve collision of PUCCHs without repetitions
· Sub-step 2.1.2: Resolve collision of PUCCHs (with or without repetitions)
Intra-UE multiplexing/prioritization of PUCCHs and PUSCHs
2.2.1 Collision of a PUCCH overlapping with a PUSCH
In RAN1#104e-bis, it was agreed to support separate coding for the two HARQ-ACKs for multiplexing HP HARQ-ACK and LP HARQ-ACK in a PUSCH. Separate coding can also protect HP HARQ-ACK from a size mismatch of LP HARQ-ACK between gNB and UE. However, the impact on the reliability of HP data remains in case of a Type-2 LP HARQ-ACK codebook and a different assumption for its size by the UE and the gNB and the LP HARQ-ACK payload size mismatch (e.g. ~1% probability for single cell operation) is the bottleneck for the reception reliability of HP data. Solutions such as LP UL DAI (similar to the enhanced Type-2 codebook) can be considered. For CG-PUSCH, as there is no DCI format to provide an UL DAI, a number of additional REs can be reserved for LP HARQ-ACK, similar to Rel-16 for 2 HARQ-ACK bits.  
Proposal 9: For multiplexing a LP Type-2 HARQ-ACK codebook in a HP PUSCH
· RRC configures an additional T-DAI field in a UL DCI format scheduling the HP PUSCH to indicate the T-DAI of LP HARQ-ACK.
· A number of REs is reserved for LP HARQ-ACK in a HP CG-PUSCH.
Multiplexing based on indication by DCI format should also be supported as it enables a NW to avoid degradation in reception reliability due to varying conditions (e.g. available resources/payload, available power based on PHR, potential error cases, etc.). In RAN1#106-e, use of a beta_offset value was discussed to indicate disabling but that would be inappropriate because support of beta_offset is an optional UE feature, the functionality of beta_offset is then also disabled for HP HARQ-ACK, and any benefit over a direct/explicit indication does not practically exist.
Proposal 10: If a UE is configured by RRC for HP/LP multiplexing, the UE can be configured a 1-bit field in DCI format 0_1/0_2 to indicate whether or not HP/LP multiplexing is enabled. 
2.2.2 Collision of more than two overlapping PUCCHs/PUSCHs
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. In both steps, how to avoid dropping HARQ-ACK should be considered. In Step 1, Rel-16 rules for intra-UE multiplexing with a same priority can be simply reused as a baseline. Potential enhancements can be considered to avoid dropping HARQ-ACK. For Rel-16 intra-UE multiplexing we have the following agreements 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 agreements, a HARQ-ACK PUCCH 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 it can be either transmitted or cancelled. A simple solution is to check PUSCH DL conflict before multiplexing 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 11: For resolving collision of overlapping PUCCHs/PUSCHs with different priorities in R17, cancel PUSCHs with semi-static DL conflict before intra-UE multiplexing/prioritization.
The following agreements were made for PUSCH selection in RAN1#107bis-e.
	Agreement
For resolving collision of PUCCHs and PUSCHs of different priorities in step 2.2, Rel-15/16 rule is reused for PUSCH selection for HARQ ACK multiplexing
· FFS: Whether/how dropping is performed before UCI multiplexing
· Note: The priorities of PUCCH and PUSCH candidates for multiplexing in step 2.2 are different




Regarding the FFS in the above agreement, it is important to first exclude the PUSCH that cannot be transmitted from performance perspective. HP HARQ-ACK dropping should be avoided. If a HP HARQ-ACK is multiplexed in a LP PUSCH, there can be several cases that may cancel HP HARQ-ACK. Some cases are listed below.
Case a) A LP PUSCH with HP HARQ-ACK overlaps with a HP PUSCH on a same cell.
Case b) A LP CG PUSCH with HP HARQ-ACK overlaps DL symbols indicated by dynamic SFI.
Case c) A LP PUSCH with HP HARQ-ACK overlaps with a HP PUCCH with repetitions.

All the above cases should be avoided to ensure the reliability of HP HARQ-ACK.
For case a), considering the example in Figure 6, in step 2.2, a LP PUSCH overlaps with a HP PUSCH on a same cell and the LP PUSCH overlaps with HP HARQ-ACK. If the UE multiplexes HP HARQ-ACK in the LP PUSCH, the HP HARQ-ACK will also be dropped. To avoid such situation, the UE should first determine whether the LP PUSCH is overlapping with another HP PUSCH on a same cell before multiplexing the HP HARQ-ACK in the LP PUSCH, subject to timelines.
[image: ]
Figure 6
For case b), a simple solution is disabling multiplexing of HP HARQ-ACK in a LP CG PUSCH. 
Proposal 12: For resolving collision of two overlapping channels, if a LP CG PUSCH overlaps with a HP HARQ-ACK, the LP CG PUSCH is dropped.
For case c) considering the example in Figure 7, in step 2.2, a LP PUSCH overlaps with a HP PUCCH with repetitions and the LP PUSCH overlaps with a HP HARQ-ACK without repetitions. If the UE first multiplexes HP HARQ-ACK in the LP PUSCH, the HP HARQ-ACK will be dropped when resolving the collision of PUSCH and the PUCCH with repetitions. To avoid such situation, the UE should first resolve the collision of PUSCH and the PUCCH with repetitions and then resolve the collision of PUSCH and the PUCCH without repetitions.
[image: ]
Figure 7
Proposal 13: For resolving collision of overlapping PUCCHs/PUSCHs with different priorities in R17, Step 2.2 can consist of the following sub-steps.
· Sub-step 2.2.1: Resolve overlapping PUSCHs with different priorities on a same cell.
· Sub-step 2.2.2: Resolve overlapping PUCCHs with repetitions and PUSCHs.
· Sub-step 2.2.3: Resolve overlapping PUCCHs without repetitions and PUSCHs.
In Step 1, the LP HARQ-ACK can be multiplexed in a LP PUSCH which overlaps a HP PUSCH on a same cell. In step 2, the LP HARQ-ACK will be dropped with the LP PUSCH. To avoid HARQ-ACK dropping for both HP and LP priorities, Sub-step 2-2 can be performed before Step 1.
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: Maintain Rel-16 operation and drop LP HARQ-ACK PUCCH when a LP HARQ-ACK PUCCH PF 0/1 overlaps with a HP SR PUCCH with positive SR.
Proposal 2: When 1 bit LP HARQ-ACK is multiplexed with 1 bit HP HARQ-ACK, the HP HARQ-ACK bit is placed before the LP HARQ-ACK bit.
Proposal 3: If a HP PUCCH PF 0/1 with HARQ-ACK and SR overlaps with a LP PUCCH with HARQ-ACK, maintain Rel-16 operation and drop LP PUCCH.
Proposal 4: RRC configures presence of a T-DAI field in a DL DCI format associated with HP HARQ-ACK to indicate the T-DAI of LP HARQ-ACK.
Proposal 5: For resolving collision of PUCCHs of different priorities without repetitions within a time unit, the time unit of HP HARQ-ACK is used. 
· The LP PUCCH is associated with the first time unit with overlapping HP PUCCH with HARQ-ACK if any. Otherwise, the LP PUCCH is associated with the first time unit with overlapping HP PUCCH(s).
Proposal 6: For resolving collision of PUCCHs of different priorities without repetitions within a time unit, support Option 1 as the baseline. 
· Further consider the combined solution of Option 1 and Option 4.
Proposal 7: If a LP PUCCH overlaps in time with a HP PUCCH in Step 2.1 and at least one of the PUCCHs is with repetitions, the LP PUCCH is dropped.
Proposal 8: For resolving collision of overlapping PUCCHs with different priorities, Step 2.1 can consist of the following sub-steps:
· Sub-step 2.1.1: Resolve collision of PUCCHs without repetitions
· Sub-step 2.1.2: Resolve collision of PUCCHs (with or without repetitions)
Proposal 9: For multiplexing a LP Type-2 HARQ-ACK codebook in a HP PUSCH
· RRC configures an additional T-DAI field in a UL DCI format scheduling the HP PUSCH to indicate the T-DAI of LP HARQ-ACK.
· A number of REs is reserved for LP HARQ-ACK in a HP CG-PUSCH.
Proposal 10: If a UE is configured by RRC for HP/LP multiplexing, the UE can be configured a 1-bit field in DCI format 0_1/0_2 to indicate whether or not HP/LP multiplexing is enabled. 
Proposal 11: For resolving collision of overlapping PUCCHs/PUSCHs with different priorities in R17, cancel PUSCHs with semi-static DL conflict before intra-UE multiplexing/prioritization.
Proposal 12: For resolving collision of two overlapping channels, if a LP CG PUSCH overlaps with a HP HARQ-ACK, the LP CG PUSCH is dropped.
Proposal 13: For resolving collision of overlapping PUCCHs/PUSCHs with different priorities in R17, Step 2.2 can consist of the following sub-steps.
· Sub-step 2.2.1: Resolve overlapping PUSCHs with different priorities on a same cell.
· Sub-step 2.2.2: Resolve overlapping PUCCHs with repetitions and PUSCHs.
· Sub-step 2.2.3: Resolve overlapping PUCCHs without repetitions and PUSCHs.
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