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Introduction
In RAN1#107-e, the following were agreed regarding intra-UE multiplexing and prioritization.
	Agreement
For handling overlapping PUCCHs/PUSCHs with different priorities, Step 2 consists of the following sub-steps:
· Step 2.1: Resolve collision of LP PUCCHs and HP PUCCHs. 
· Step 2.2: Resolve collision of PUCCHs and PUSCHs of different priorities. 

Conclusion
There is no consensus in RAN1 to support simultaneous PUCCH/PUSCH transmission of same priority over different cells in Rel-17.
Conclusion
There is no consensus in RAN1 to support simultaneous PUCCH/PUSCH transmissions on different cells for intra-band CA in Rel-17.
Agreement
If multiplexing of PUCCHs and/or PUSCHs with different priorities is enabled by RRC, support both of the following UE capabilities to resolve collision of PUCCHs and/or PUSCHs with different priorities in step 2:
· Capability #1: It is not expected that Rel-15 multiplexing timeline is not met for all overlapping channels [FFS the overlapping channels are resultant channels after step 1]. UE performs multiplexing or dropping of PUCCHs and/or PUSCHs with different priorities according to Rel-17 rules.
· Dynamic enabling/disabling multiplexing for different priorities is not supported for Capability #1
· (Working assumption) Capability #3: Rel-17 multiplexing for different priorities is dynamically enabled/disabled in step 2. 
· Dynamic indication of enabling/disabling multiplexing for different priorities can be enabled only if multiplexing of PUCCHs/PUSCHs with different priorities is enabled by RRC configuration.
· If dynamic multiplexing for different priorities is indicated as enabled for a PUCCH / PUSCH, the UE performs Rel-17 multiplexing operation using the Rel-15 timeline 
· The gNB is responsible to ensure that all the DCIs associated with all overlapping channels involved in multiplexing in step 2 meet the Rel-15 timeline for multiplexing.
· If dynamic multiplexing for different priorities is indicated as disabled for a PUCCH / PUSCH, the UE does not apply the Rel-17 intra-UE multiplexing
· If the UL channel associated with the DCI disabling multiplexing collides with another UL channel of a different priority, UE performs R16 PHY prioritization, using Rel-16 timeline. The gNB is responsible to ensure that the UE meets R16 PHY prioritization timeline. 
· If the UL channel associated with the DCI disabling multiplexing does not collide with another UL channel of a different priority, UE transmits the UL channel as is. 
· FFS: whether the UL channel associated with the DCI disabling multiplexing can collide with another UL channel of a same priority.
· UE does not expect to receive a dynamic indication resulting in demultiplexing of previously multiplexed PUCCHs/PUSCHs channels after the Rel-15 multiplexing deadline has passed
· FFS: UE does not expect to receive a dynamic indication resulting in demultiplexing of previously multiplexed PUCCHs/PUSCHs channels without any associated DCIs
· Note: demultiplexing of two previously multiplexed channels means decoupling two channels already multiplexed, dropping one channel, and multiplexing the other channel with another channel(s).
The above behaviors of Capability#3 at least apply to resolving collision of two UL channels resulting from Step 1 with different priorities. FFS: more than two UL channels.
· FFS whether dynamic indication in multiple DCIs associated with a group of overlapping channels have to be consistent
· FFS: Configuration of prioritization / multiplexing of channels without dynamic indication
· Note: Capability 3 procedure is a super-set of Capability 1 procedure
· FFS: Time unit to apply Rel-15 timeline (e.g. slot based, sub-slot based)
· FFS: The set of PUSCH and PUCCH that eligible for Rel-15 multiplexing consideration
Note: “collision” refers to overlapping PUCCHs, overlapping PUCCH and PUSCH (excluding PUSCH supporting simultaneous transmission with PUCCH), overlapping PUSCHs on a same cell.
Note: “Rel-15 multiplexing timeline” means Rel15 timeline calculation in Rel-16 spec, including all the formula and all the values for the variables
Note: “Rel-16 prioritization timeline” means Rel-16 cancellation timeline calculation in Rel-16 spec, including all the formula and all the values for the variables

Agreement
For collision of LP DG-PUSCH and HP CG-PUSCH of different priorities, the cancellation is applied per actual repetition, if LP DG-PUSCH and/or HP CG-PUSCH is repeated.
Agreement
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUSCH in R17, if HP HARQ-ACK, LP HARQ-ACK, and LP CSI consisting of two parts would be transmitted on LP PUSCH conveying UL-SCH, 
· The CSI part 2 is dropped. 
· Reuse R15 HARQ-ACK rate matching/puncturing and RE mapping for HP HARQ-ACK in principle. FFS details.
· Reuse R15 CSI part 1 rate matching and RE mapping for LP HARQ-ACK.
· Reuse R15 CSI part 2 rate matching and RE mapping for LP CSI part 1.
· FFS for LP CSI consisting of single part.
Note: Apple raised concern on CSI being dropped unnecessarily which could cause performance and degrade usefulness of URLLC enhancement.

Agreement
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.
· (Working assumption) d3 = {0, }symbol(s) upon UE capability report, where  for SCS=15/30/60/120kHz, respectively.

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.

Agreement
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, 
· At least for PUCCH format 3/4, use the HP UCI bit number and HP RE number for ∆TF,b,f,c(i) formula selection and calculation
· For PUCCH format 1, use the total UCI bit number for ∆TF,b,f,c(i) calculation.
· FFS for PUCCH format 2.

Agreement
For collision of HP DG-PUSCH and LP CG-PUSCH, the cancellation is applied per actual repetition, if HP DG-PUSCH and/or LP CG-PUSCH is repeated.



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
When UCIs with different priorities are multiplexed in a same PUCCH, it was agreed in RAN1#104b to use separate coding for multiplexing HP HARQ-ACK and LP HARQ-ACK when the total number of LP and HP HARQ-ACK bits is more than 2. In RAN1#106e, the case where HP HARQ-ACK or LP HARQ-ACK is 1-2 bit(s) was further discussed and there were two candidate options:
· 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.
· Option 2: Reuse R15 TS 38.212 Clause 5.3.3.3, i.e., padding to 3 bits and using RM coding.

The performance does not have much difference between the above options, however, option 1 requires new UE/gNB implementations for encoding and decoding UCI in a PUCCH because that design is not supported in Rel-15/16. Furthermore, new scrambling scheme needs to be introduced for PUCCH. The new scrambling scheme has impact on both specification and implementation. Option 1 is not acceptable because of the large specification and implementation impact. In Rel-15, a similar case was discussed for Part 2 CSI. When the payload of Part 2 CSI is 1 or 2 bits, zeros are appended to the information bits until the payload equals 3. The same rule should apply if the payload of HP HARQ-ACK or LP HARQ-ACK is 1 or 2 bits when multiplexing HP HARQ-ACK and LP HARQ-ACK in a PUCCH. 
Proposal 1: Zeros are appended to the LP/HP HARQ-ACK information bits if the payload of LP/HP HARQ-ACK is 1 or 2 bits when multiplexing HP HARQ-ACK and LP HARQ-ACK in a PUCCH.
PRB determination and RE mapping for multiplexing a HP HARQ-ACK and a LP HARQ-ACK in a PUCCH was further discussed in RAN1#106e. It was agreed to reuse Rel-15 rules for separate coding at least for PUCCH format 3 and 4.  PUCCH format 2 does not support separate coding in Rel-15. In Rel-17, supporting separate coding for multiplexing HP HARQ-ACK and LP HARQ-ACK in a PUCCH format 2 will have additional specification impact and require new UE/gNB implementations. During the discussions on joint/separate coding for multiplexing HP HARQ-ACK and LP HARQ-ACK in a PUCCH/PUSCH, a key principle was to avoid increasing the encoding/decoding chains to avoid requiring additional UE/gNB implementation complexity. Such principle should also be kept for PUCCH format 2. A simple solution is to drop the LP HARQ-ACK if the resulting PUCCH resource is with PUCCH format 2.
Proposal 2: Do not support multiplexing of HP HARQ-ACK and LP HARQ-ACK in PUCCH format 2 in Rel-17.
· Drop LP HARQ-ACK if the resulting PUCCH resource is with PUCCH format 2.
When multiplexing HP HARQ-ACK and LP HARQ-ACK in a PUCCH format 3/4, 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 3: 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.
For HP HARQ-ACK only for SPS PDSCH receptions, RRC can disable multiplexing with LP HARQ-ACK to ensure the reliability of HP SPS HARQ-ACK. In addition, UE may not be provided with SPS-PUCCH-AN-List, in this case, if the total HARQ-ACK bits is larger than 2, multiplexing cannot be supported.  A separate RRC parameter can configure enabling/disabling multiplexing of LP HARQ-ACK and HP HARQ-ACK without a PDCCH.
Proposal 4: A separate RRC parameter configures enabling/disabling multiplexing of LP HARQ-ACK and HP HARQ-ACK without a PDCCH.
In RAN1#104e, multiplexing a low-priority HARQ-ACK PF0/1 and a high-priority SR into a PUCCH for some HARQ-ACK/SR PUCCH format combinations was discussed and a large number of options was identified. 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. 
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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. 
For more than 2 bits LP HARQ-ACK, multiplexing of LP HARQ-ACK and HP SR in a LP HARQ-ACK PUCCH resource may have reliability and latency issue for HP SR. As a unified solution, LP HARQ-ACK can always be dropped when overlapping with a positive HP SR. There is no impact on overall operation, as a positive HP SR is a rare event and combined with LP HARQ-ACK in overlapping PUCCHs is even more rare (typically smaller probability than the LP HARQ-ACK BLER) and new UE/gNB implementations are avoided.
Proposal 5: Drop LP HARQ-ACK PUCCH when a LP HARQ-ACK PUCCH overlaps with a HP SR PUCCH with positive SR.
It has been agreed to support multiplexing of LP HARQ-ACK, HP HARQ-ACK and HP SR in a PUCCH. In RAN1#104e, multiplexing of more than two overlapping PUCCHs with different priorities was discussed. The time unit should be first clarified when solving the collision of more than two overlapping PUCCHs with different priorities. 
In Rel-15, the time unit for solving the collision of multiple PUCCHs is a slot. All the PUCCHs within a single slot is put into a set Q and then PUCCH multiplexing is performed according to the pseudocode and an order function. 
	TS 38.213 9.2.5 UE procedure for reporting multiple UCI types
…
Set [image: ] to the set of resources for transmission of corresponding PUCCHs in a single slot without repetitions where
-	a resource with earlier first symbol is placed before a resource with later first symbol
-	for two resources with same first symbol, the resource with longer duration is placed before the resource with shorter duration
-	for two resources with same first symbol and same duration, the placement is arbitrary
-	the above three steps for the set [image: ] are according to a subsequent pseudo-code for a function [image: ]
-	a resource for negative SR transmission that does not overlap with a resource for HARQ-ACK or CSI transmission is excluded from set [image: ] 


In Rel-16, “sub-slot” was introduced to reduce the latency of URLLC HARQ-ACK feedback. If UE is provided subslotLengthForPUCCH, a slot for an associated PUCCH transmission includes a number of symbols indicated by subslotLengthForPUCCH as described in TS 38.213. In Rel-16, PUCCH multiplexing is supported with same L1 priority and Rel-15 rules are reused with the PUCCH multiplexing time unit replaced by subslotLengthForPUCCH, if provided. 
	TS 38.213 9 UE procedure for reporting control information
…
In the remaining of this Clause, if a UE is provided subslotLengthForPUCCH, a slot for an associated PUCCH transmission includes a number of symbols indicated by subslotLengthForPUCCH.


In Rel-17, it has been agreed to support multiplexing of HP HARQ-ACK/SR and LP HARQ-ACK in a PUCCH, the time unit for solving the collision of UCI with different L1 priorities needs to be clarified first. The candidates can be a slot (14 symbols for NCP and 12 symbols for ECP), a HP PUCCH time unit, or a LP PUCCH time unit. 
In RAN1#103e, it has been agreed to support multiplexing in case a PUCCH overlaps with more than one PUCCH if conditions are met. A typical configuration is that the HP PUCCH time unit is shorter than the LP PUCCH time unit. There can be three cases need to be considered.
Case 1) Each HP sub-slot contains zero or more HP SR PUCCH resources. 
Case 2) Each HP sub-slot contains zero or one HP HARQ-ACK PUCCH resources. 
Case 3) Each HP sub-slot contains zero or more HP SR PUCCH resources and zero or one HP HARQ-ACK PUCCH resources. 

Observation 1: For determination of the PUCCH time unit for handling collisions of PUCCHs with different time units and different priorities, when LP HARQ-ACK PUCCH overlaps with more than one HP sub-slot PUCCH, at least following cases should be considered.
· Case 1) Each HP sub-slot contains zero or more HP SR PUCCH resources. 
· Case 2) Each HP sub-slot contains zero or one HP HARQ-ACK PUCCH resources. 
· Case 3) Each HP sub-slot contains zero or more HP SR PUCCH resources and zero or one HP HARQ-ACK PUCCH resources. 
· Note: Multiplexing of PUCCH with different priorities is performed within a PUCCH time unit (i.e. within either a slot or a sub-slot). For each PUCCH time unit, all associated PUCCHs with same priority within the PUCCH time unit are included in the corresponding set Q and then Rel-15/Rel-16 rules are re-used.
· Reuse Rel-15/16 pseudo code for PUCCH multiplexing with limited optimizations.
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. For case 2) and 3), 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 HARQ-ACK 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.
For determining the associated overlapping HP PUCCH time unit, there can be several candidate options as following.
Option a) the first overlapping HP PUCCH time unit.
Option b) the first overlapping HP PUCCH time unit with HP PUCCH.
Option c) the first overlapping HP PUCCH time unit with HP HARQ-ACK PUCCH. 
For option a), the overlapping collision issue may not be solved if there is HP PUCCH in other overlapping HP time unit. As shown in Figure 2, if the LP HARQ-ACK PUCCH is put in the set Q of sub-slot 0, after running the pseudo-code, the resulting PUCCH is still the LP HARQ-ACK PUCCH, and the LP HARQ-ACK PUCCH collision is not resolved. Option a) is not preferred.
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Figure 2
For option b), the first overlapping HP PUCCH time unit only includes HP SR PUCCH, e.g., sub-slot 1 in Figure 2 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, or the HP SR is multiplexed in the LP HARQ-ACK PUCCH and the LP HARQ-ACK can overlap with other HP PUCCH in other HP PUCCH time units. Option b) is not preferred either.
For option c), 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, option c) should be used to determine the associated HP PUCCH time unit.
Proposal 6: The time unit for resolving a collision of PUCCHs with different L1 priority indexes is the HP PUCCH time unit. Put LP HARQ-ACK PUCCH in the set Q of an associated overlapping HP PUCCH time unit and then run Rel-15 pseudo-code for PUCCH multiplexing.
· The associated overlapping HP PUCCH time unit is the first HP time unit with HP HARQ-ACK.
Another issue for resolving a collision of LP HARQ-ACK PUCCH, HP HARQ-ACK PUCCH and HP SR PUCCH is the multiplexing order. At least the following options exist.
Option 1) All PUCCHs are viewed with same priority – Rel-15 multiplexing applies.
Option 2) First, resolve overlapping of LP/HP PUCCHs with HARQ-ACK and then resolve overlapping of resulting PUCCH with SR PUCCH (if any)

For the above options, Rel-15 UCI multiplexing rules can be reused in principle as, when multiplexing is enabled, there is no longer a notion of priority with respect to multiplexing. However, similar to determining REs and code rates for ensuring HP/LP reliability, corresponding considerations need to also apply for ensuring latency. For example, consider the case in Figure 3. 
[image: ]
Figure 3
Assume the timeline for multiplexing is satisfied. If Rel-15 UCI multiplexing rules are reused, the orders of the PUCCHs in a set Q are shown in the left figure. HP SR and LP HARQ-ACK will be multiplexed first, LP HARQ-ACK will be dropped if the latency and/or reliability of HP SR cannot be satisfied. In the left of Figure 3, the latency of HP SR cannot be satisfied if HP SR is multiplexed in the LP HARQ-ACK PUCCH and the LP HARQ-ACK PUCCH should be dropped. A modified order function can be considered to increase the transmission opportunity of LP HARQ-ACK as shown in the right of Figure 3 where HP/LP HARQ-ACK can be placed before HP SR in the set Q. HP HARQ-ACK can be placed before LP HARQ-ACK. With this order, LP HARQ-ACK and HP HARQ-ACK will be multiplexed first on a HP HARQ-ACK PUCCH resource and then HP SR will be multiplexed only if it overlaps with the resulting PUCCH.
Proposal 7: Down select from the following options for multiplexing LP HARQ-ACK PUCCH, HP HARQ-ACK PUCCH and HP SR PUCCH in a PUCCH.
· Option 1) All PUCCHs are viewed with same priority – Rel-15 multiplexing applies.
· Option 2) First, resolve overlapping of LP/HP PUCCHs with HARQ-ACK and then resolve overlapping of resulting PUCCH and SR PUCCH (if any)
It was agreed in RAN1#106b-e that for handling overlapping PUCCHs/PUSCHs with different priorities in R17, first resolve overlapping PUCCHs and/or PUSCHs with the same priority in Step 1 and then resolve overlapping PUCCHs and/or PUSCHs with different priorities in Step 2. In Step 2, a PUCCH with HP HARQ-ACK and HP SR can overlap with a PUCCH with LP HARQ-ACK, UE can multiplex LP HARQ-ACK and HP HARQ-ACK and HP SR in a same PUCCH reusing the same rule of multiplexing HP HARQ-ACK and LP HARQ-ACK in a PUCCH.
Proposal 8: Multiplexing HP HARQ-ACK, HP SR and LP HARQ-ACK in a same PUCCH reuses the same rule as for multiplexing HP HARQ-ACK and LP HARQ-ACK in a same PUCCH by replacing HP HARQ-ACK with HP HARQ-ACK and HP SR for PUCCH resource determination, PRB number determination, rate matching and RE mapping. 
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 9: 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 4, 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 4
Proposal 10: 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)
When a HP HARQ-ACK and LP HARQ-ACK are multiplexed in a PUCCH, it was agreed to use the HP UCI bit number and HP RE number for ∆TF,b,f,c(i) formula selection and calculation for PF3/4 and use the total UCI bit number for ∆TF,b,f,c(i) calculation for PF1. If the calculated power based on [image: ]is larger than the configured maximum output power [image: ],the reliability of HP HARQ-ACK may not be guaranteed. If dynamic indication of multiplexing is supported, dropping LP HARQ-ACK can be controlled by gNB indication. However, for Capability #1 UE, whether to drop LP HARQ-ACK cannot be dynamically indicated. RRC can configure whether to drop the LP HARQ-ACK to ensure the reliability of HP HARQ-ACK.
Proposal 11：For multiplexing HP HARQ-ACK and LP HARQ-ACK in a PUCCH, if the calculated power based on [image: ]is larger than the configured maximum output power [image: ], RRC configures whether to drop LP HARQ-ACK. 
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 12: 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.
Intra-UE multiplexing/prioritization of PUCCHs and PUSCHs
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 13: 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.
Also, a gNB can disable multiplexing LP HARQ-ACK in HP CG PUSCH, similar as disabling multiplexing of HP HARQ-ACK only for SPS PDSCH receptions and LP HARQ-ACK. Multiplexing of LP HARQ-ACK and HP PUSCH can be separately configured for HP DG PUSCH and HP CG PUSCH to provide scheduling flexibility and account for absence of UL DAI for CG PUSCH.
Proposal 14: A separate RRC parameter configures enabling/disabling multiplexing of LP HARQ-ACK and 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 15: 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. 
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 16: For handling overlapping PUCCHs/PUSCHs with different priorities in R17, cancel PUSCHs with semi-static DL conflict before intra-UE multiplexing/prioritization.
In RAN1#106b-e and RAN1#107-e, the following agreements were made regarding the framework of intra-UE multiplexing in Rel-17.
	Agreement
The following working assumption is confirmed.
For handling overlapping PUCCHs/PUSCHs with different priorities in R17 
· Step 1: Resolve overlapping PUCCHs and/or PUSCHs with the same priority
· Step 2: Resolve overlapping PUCCHs and/or PUSCHs with different priorities 
Note: Avoid recursive pseudo-code to implement this procedure
Note: It is expected that Rel-15 intra-UE UCI multiplexing timeline will be applicable
Agreement
For both the subslot-based PUCCH and slot-based PUCCH, if simultaneous PUCCH/PUSCH transmission is not enabled, reuse Rel-16 procedure for Step 1
Agreement
For handling overlapping PUCCHs/PUSCHs with different priorities, Step 2 consists of the following sub-steps:
· Step 2.1: Resolve collision of LP PUCCHs and HP PUCCHs. 
· Step 2.2: Resolve collision of PUCCHs and PUSCHs of different priorities.




In Step 2.2, similar to Rel-15, multiplexing of PUCCHs can be performed first and then multiplexing of PUCCH and PUSCH can be performed. When a PUCCH overlaps with multiple PUSCHs, how to select one from the multiple PUSCHs to multiplex UCI from an overlapped PUCCH was specified in Rel-15. In Rel-17 the overlapping can be among channels with different priorities and the PUSCH selection can be reconsidered as it can have different outcomes. An important issue for choosing PUSCH is how to avoid HP HARQ-ACK dropping. 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 PUSCH with HP HARQ-ACK overlaps with a HP SR.
Case c) A LP CG PUSCH with HP HARQ-ACK overlaps DL symbols indicated by dynamic SFI.
Case d) A LP PUSCH with HP HARQ-ACK overlaps with symbols indicated by UL CI on a same cell.
Case e) 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 5, 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 5
For case e) considering the example in Figure 6, 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 6
Proposal 17: For handling 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.
For case b), following Rel-16, LP PUSCH will be dropped if overlapping with HP SR as shown in Figure 7. In Sub-step 2-3, whether HP HARQ-ACK will be multiplexed in the LP PUSCH may depend on the time triggering the HP SR. In the left figure, LP PUSCH can be cancelled before multiplexing with HP HARQ-ACK, however, in the right figure, HP SR can be triggered after multiplexing of HP HARQ-ACK and LP PUSCH. In this case, dropping HP HARQ-ACK should be avoided, the HP SR can be transmitted in a later resource considering the periodicity.
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Figure 7

Proposal 18: A UE does not expect to multiplex a HP HARQ-ACK in a LP PUSCH that would be canceled by HP SR.
For case c), a simple solution is for a gNB to disable multiplexing of HP HARQ-ACK in a LP CG PUSCH by RRC signaling. Multiplexing of HP HARQ-ACK and LP PUSCH can be separately configured for LP DG PUSCH and LP CG PUSCH considering the scheduling flexibility.
Proposal 19: A separate RRC parameter configures enabling/disabling multiplexing of HP HARQ-ACK and LP CG PUSCH.
For case d), UL CI may also cancel a HP HARQ-ACK if the HP HARQ-ACK is multiplexed in a LP PUSCH. The case should be avoided by gNB implementation. 
For multiplexing LP/HP HARQ-ACK in a LP PUSCH, following agreement was made in RAN1#107-e.
	Agreement
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUSCH in R17, if HP HARQ-ACK, LP HARQ-ACK, and LP CSI consisting of two parts would be transmitted on LP PUSCH conveying UL-SCH, 
· The CSI part 2 is dropped. 
· Reuse R15 HARQ-ACK rate matching/puncturing and RE mapping for HP HARQ-ACK in principle. FFS details.
· Reuse R15 CSI part 1 rate matching and RE mapping for LP HARQ-ACK.
· Reuse R15 CSI part 2 rate matching and RE mapping for LP CSI part 1.
· FFS for LP CSI consisting of single part.
Note: Apple raised concern on CSI being dropped unnecessarily which could cause performance and degrade usefulness of URLLC enhancement.



In case of HP PUSCH, similar rule can apply. LP HARQ-ACK can be multiplexed as CSI part 1 or as HARQ-ACK in Rel-16. In general, CSI part 1 multiplexing ends later than HARQ-ACK multiplexing and a simple rule that works under “worst case” scenarios is preferable. Therefore, with respect to Rel-16 UCI multiplexing in a PUSCH, HP HARQ-ACK should be multiplexed as HARQ-ACK, LP HARQ-ACK should be multiplexed as CSI part 1, CSI part 1 should be multiplexed as CSI part 2, and CSI part 2 should be dropped. No material penalty is expected from dropping CSI part 2 as in many deployments it does not exist and, if/when it exists, dropping will be infrequent as corresponding conditions are infrequent (probability is not larger than typical CSI BLER targets) and the network can even reschedule a PUSCH with A-CSI. If there is no LP HARQ-ACK or HP HARQ-ACK, there is no change from Rel-16. 
Proposal 20: For multiplexing LP/HP HARQ-ACK and CSI in a HP PUSCH, LP HARQ-ACK is treated as CSI part 1, CSI part 1 is treated as CSI part 2, and CSI part 2, if any, is dropped. 
Consider an example as shown in Figure 8, in Step 1, HP HARQ-ACK is multiplexed in HP PUSCH#1 with ACSI. In step 2, a LP HARQ-ACK PUCCH overlaps with 2 HP PUSCHs, HP PUSCH#2 does not include any UCI. To avoid CSI part 2 dropping, LP HARQ-ACK can be multiplexed in a HP PUSCH without UCI.
[image: ]
Figure 8
Proposal 21: If a HP/LP HARQ-ACK PUCCH overlaps with multiple LP/HP PUSCHs, the priority for PUSCH selection can be PUSCH without UCI > PUSCH with UCI.
Another case of choosing a PUSCH is a PUCCH with HP HARQ-ACK and LP HARQ-ACK overlapping with multiple HP and LP PUSCHs. As shown in Figure 9, PUCCH1 and PUCCH#2 do not overlap with PUSCHs. Step 1 is skipped. In Sub-step 2-1, HP HARQ-ACK and LP HARQ-ACK is multiplexed in a new PUCCH resource, i.e. PUCCH #3. PUCCH#3 overlaps with both HP PUSCH and LP PUSCH. To ensure the reliability of HP HARQ-ACK, a simple solution is to multiplex the UCI in a HP PUSCH. If the HP PUSCH is a CG PUSCH and the LP PUSCH is a DG PUSCH, multiplexing the UCI in a LP DG PUSCH can also be considered.
[image: ]
Figure 9
Proposal 22: If a PUCCH with HP HARQ-ACK and LP HARQ-ACK overlaps with both LP and HP PUSCHs, the priority for PUSCH selection can be HP PUSCH > LP PUSCH.
· 	FFS: LP DG PUSCH > HP CG PUSCH
In the power limited scenario of multiple PUSCHs, the power allocation should be reconsidered if a HP HARQ-ACK is multiplexed in a LP PUSCH. The power allocation should be prioritized for the LP PUSCH with HP HARQ-ACK to ensure the reliability of HP HARQ-ACK.
Proposal 23: For PUSCH power allocation in case of CA, a LP PUSCH with HP HARQ-ACK should be prioritized over a PUSCH without HP HARQ-ACK.
The following agreements were made for intra-UE prioritization of CG PUSCH and DG PUSCH with different priorities.
	Agreement
For collision between HP CG PUSCH and LP DG PUSCH, if MAC delivers two MAC PDUs to PHY, PHY layer can make the prioritization so that the UE is expected to transmit the CG PUSCH and cancel the DG PUSCH at latest from the first symbol that is overlapping with the CG PUSCH.
· Note: For the DG PUSCH, it is up to UE implementation to handle OFDM symbols of the DG PUSCH before the start of HP CG PUSCH which are non-overlapping with the HP CG PUSCH.
· FFS: How to handle the collision when there is repetition for CG and/or DG PUSCH

Agreement
For collision of LP DG-PUSCH and HP CG-PUSCH of different priorities, the cancellation is applied per actual repetition, if LP DG-PUSCH and/or HP CG-PUSCH is repeated.
Agreement
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.
· (Working assumption) d3 = {0, }symbol(s) upon UE capability report, where  for SCS=15/30/60/120kHz, respectively.

Agreement
For collision of HP DG-PUSCH and LP CG-PUSCH, the cancellation is applied per actual repetition, if HP DG-PUSCH and/or LP CG-PUSCH is repeated.



A CG PUSCH can also be canceled by a DG PDSCH. If a CG PUSCH overlaps with both DG PDSCH and DG PUSCH on a same cell, UE behavior is not clear. Consider the example in Figure 10 where a HP CG PUSCH overlaps with both DG PDSCH and LP DG PUSCH. If the UE first resolves collision between PDSCH and CG PUSCH, the UE can transmit the LP DG PUSCH, otherwise, UE cannot transmit LP DG PUSCH. 
[image: ]
Figure 10
Proposal 24: If a CG PUSCH overlaps with a DG PDSCH on a same cell, a UE cancels/drops the CG PUSCH before resolving collision of the CG PUSCH and other UL channels, if any.  
Simultaneous PUSCH and PUCCH transmissions
In RAN1#102e, it was agreed to support simultaneous PUCCH/PUSCH transmissions on different cells at least for inter-band CA. From a RAN1 perspective, there is no distinction between inter-band and intra-band CA and there is no apparent reason for a UE capable to transmit PUSCH (with or without UCI) on the PCell and an SCell to not be capable to transmit PUCCH on the PCell and PUSCH on the SCell. If any restriction is needed, that can be addressed by RAN4. 

Observation 2: In RAN1 specifications, there needs to be no differentiation between intra-band CA and inter-band CA for simultaneous PUSCH and PUCCH transmissions from a UE.

The interaction between simultaneous PUCCH and PUSCH transmissions and intra-UE multiplexing was discussed in the previous meetings. In RAN1#107e, RAN1 make the conclusion that there is no consensus to support simultaneous PUCCH/PUSCH transmissions of same priority over different cells in Rel-17. Simultaneous PUCCH and PUSCH transmissions only needs to be considered in Step 2.2 of intra-UE multiplexing of different priorities. In addition, if a UE is not configured to support multiplexing of intra-UE multiplexing of different priorities, Rel-16 prioritization applies. In such case, simultaneous PUCCH and PUSCH transmissions needs to be considered when resolving collision of different priorities. A unified solution is preferred for both intra-UE multiplexing and prioritization of different priorities.
A PUSCH supporting simultaneous PUSCH and PUCCH transmissions can be excluded from the overlapping PUSCHs for intra-UE multiplexing and prioritization of different priorities, the other overlapping UL channels can reuse the same rule for the case when simultaneous PUSCH and PUCCH transmissions is not configured.
Proposal 25: A PUSCH supporting simultaneous PUSCH and PUCCH transmissions is excluded from the overlapping PUSCHs for intra-UE multiplexing and prioritization of different priorities.
In Rel-15, all overlapping PUCCHs and PUSCHs should satisfy the multiplexing timeline. In Rel-16, prioritization timeline should be satisfied when resolving PUCCHs and/or PUSCHs with different priorities. For a PUSCH supporting simultaneous PUSCH and PUCCH transmissions, the UCI would not be multiplexed in the PUSCH for intra-UE multiplexing of different priorities and PUCCH would not be dropped because of the PUSCH, there is no need to satisfy the timeline requirement for the PUSCH. Without the timeline requirement, the scheduling flexibility can be increased and the latency of HP PUSCH can be reduced. 
Proposal 26: The timeline conditions of intra-UE multiplexing/prioritization of PUCCHs and PUSCHs with different priorities do not apply to a PUSCH supporting simultaneous PUSCH and PUCCH transmissions.
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: Zeros are appended to the LP/HP HARQ-ACK information bits if the payload of LP/HP HARQ-ACK is 1 or 2 bits when multiplexing HP HARQ-ACK and LP HARQ-ACK in a PUCCH.
Proposal 2: Do not support multiplexing of HP HARQ-ACK and LP HARQ-ACK in PUCCH format 2 in Rel-17.
· Drop LP HARQ-ACK if the resulting PUCCH resource is with PUCCH format 2.
Proposal 3: 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 4: A separate RRC parameter configures enabling/disabling multiplexing of LP HARQ-ACK and HP HARQ-ACK without a PDCCH.
Proposal 5: Drop LP HARQ-ACK PUCCH when a LP HARQ-ACK PUCCH overlaps with a HP SR PUCCH with positive SR.
Proposal 6: The time unit for resolving a collision of PUCCHs with different L1 priority indexes is the HP PUCCH time unit. Put LP HARQ-ACK PUCCH in the set Q of an associated overlapping HP PUCCH time unit and then run Rel-15 pseudo-code for PUCCH multiplexing.
· The associated overlapping HP PUCCH time unit is the first HP time unit with HP HARQ-ACK.
Proposal 7: Down select from the following options for multiplexing LP HARQ-ACK PUCCH, HP HARQ-ACK PUCCH and HP SR PUCCH in a PUCCH.
· Option 1) All PUCCHs are viewed with same priority – Rel-15 multiplexing applies.
· Option 2) First, resolve overlapping of LP/HP PUCCHs with HARQ-ACK and then resolve overlapping of resulting PUCCH and SR PUCCH (if any)
Proposal 8: Multiplexing HP HARQ-ACK, HP SR and LP HARQ-ACK in a same PUCCH reuses the same rule as for multiplexing HP HARQ-ACK and LP HARQ-ACK in a same PUCCH by replacing HP HARQ-ACK with HP HARQ-ACK and HP SR for PUCCH resource determination, PRB number determination, rate matching and RE mapping. 
Proposal 9: 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 10: 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 11：For multiplexing HP HARQ-ACK and LP HARQ-ACK in a PUCCH, if the calculated power based on [image: ]is larger than the configured maximum output power [image: ], RRC configures whether to drop LP HARQ-ACK. 
Proposal 12: 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 13: 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 14: A separate RRC parameter configures enabling/disabling multiplexing of LP HARQ-ACK and HP CG PUSCH.
Proposal 15: 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 16: For handling overlapping PUCCHs/PUSCHs with different priorities in R17, cancel PUSCHs with semi-static DL conflict before intra-UE multiplexing/prioritization.
Proposal 17: For handling 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.
Proposal 18: A UE does not expect to multiplex a HP HARQ-ACK in a LP PUSCH that would be canceled by HP SR.
Proposal 19: A separate RRC parameter configures enabling/disabling multiplexing of HP HARQ-ACK and LP CG PUSCH.
Proposal 20: For multiplexing LP/HP HARQ-ACK and CSI in a HP PUSCH, LP HARQ-ACK is treated as CSI part 1, CSI part 1 is treated as CSI part 2, and CSI part 2, if any, is dropped. 
Proposal 21: If a HP/LP HARQ-ACK PUCCH overlaps with multiple LP/HP PUSCHs, the priority for PUSCH selection can be PUSCH without UCI > PUSCH with UCI.
Proposal 22: If a PUCCH with HP HARQ-ACK and LP HARQ-ACK overlaps with both LP and HP PUSCHs, the priority for PUSCH selection can be HP PUSCH > LP PUSCH.
· 	FFS: LP DG PUSCH > HP CG PUSCH
Proposal 23: For PUSCH power allocation in case of CA, a LP PUSCH with HP HARQ-ACK should be prioritized over a PUSCH without HP HARQ-ACK.
Proposal 24: If a CG PUSCH overlaps with a DG PDSCH on a same cell, a UE cancels/drops the CG PUSCH before resolving collision of the CG PUSCH and other UL channels, if any.  
Proposal 25: A PUSCH supporting simultaneous PUSCH and PUCCH transmissions is excluded from the overlapping PUSCHs for intra-UE multiplexing and prioritization of different priorities.
Proposal 26: The timeline conditions of intra-UE multiplexing/prioritization of PUCCHs and PUSCHs with different priorities do not apply to a PUSCH supporting simultaneous PUSCH and PUCCH transmissions.
The observations are summarized below.
Observation 1: For determination of the PUCCH time unit for handling collisions of PUCCHs with different time units and different priorities, when LP HARQ-ACK PUCCH overlaps with more than one HP sub-slot PUCCH, at least following cases should be considered.
· Case 1) Each HP sub-slot contains zero or more HP SR PUCCH resources. 
· Case 2) Each HP sub-slot contains zero or one HP HARQ-ACK PUCCH resources. 
· Case 3) Each HP sub-slot contains zero or more HP SR PUCCH resources and zero or one HP HARQ-ACK PUCCH resources. 
· Note: Multiplexing of PUCCH with different priorities is performed within a PUCCH time unit (i.e. within either a slot or a sub-slot). For each PUCCH time unit, all associated PUCCHs with same priority within the PUCCH time unit are included in the corresponding set Q and then Rel-15/Rel-16 rules are re-used.
· Reuse Rel-15/16 pseudo code for PUCCH multiplexing with limited optimizations.
Observation 2: In RAN1 specifications, there needs to be no differentiation between intra-band CA and inter-band CA for simultaneous PUSCH and PUCCH transmissions from a UE.
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