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1. [bookmark: _Ref521334010]Introduction
In the RAN1 #107-e meeting, intra-UE multiplexing and prioritization in Rel.17 IIOT/URLLC were discussed. Some agreements were made as below [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.
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.

In this contribution, we further provide our considerations on intra-UE multiplexing and prioritization.
2. Discussion
2.1 Rel-17 Intra-UE multiplexing & prioritization framework
If multiplexing of PUCCHs and/or PUSCHs with different priorities is enabled by RRC, it was agreed to support both of the UE capability#1 and capability#3 to resolve collision of PUCCHs and/or PUSCHs with different priorities in step 2. During RAN#94e meeting [2], RAN requested RAN1 to focus on the discussions on Capabilility#1 only in Q1 2022 for Rel-17 intra-UE multiplexing framework and complete the remaining normative work for Rel-17 Enhanced IIoT & URLLC by Q1 of 2022. In this case, there is no RAN1 TU to handle work related to UE capability#3 in Q1 2022 so from our point of view, UE capability#3 should be removed from Rel-17 Intra-UE multiplexing & prioritization framework.
Observation 1: There is no TU for handling UE capability#3 in Q1 2022 and many works related to UE capability#3 with FFS need be resolved.
Proposal 1: If multiplexing of PUCCHs and/or PUSCHs with different priorities is enabled by RRC, UE capability#3 isn’t supported to resolve collision of PUCCHs and/or PUSCHs with different priorities in step 2.
2.2 Multiplexing UCIs of different priorities in a PUCCH
UCI Multiplexing enable/disable mechanism was discussed in RAN1#107e [3]. It is simple and unified solution to use RRC signaling to enable/disable R-17 UCI Multiplexing mechanism. Regarding DCI-based indication method, because some cases such as multiplexing LP HARQ-ACK and HP SR or SPS HARQ-ACKs aren’t applicable and high complex implementation at the UE side is required to accommodate two scenarios on RRC-based and DCI-based configuration. 
Proposal 2: UCI Multiplexing enable/disable mechanism only supports RRC-based configuration.
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, it was agreed in RAN#107e [1] that PUCCH format 3/4, use the HP UCI bit number and HP RE number for ∆TF,b,f,c(i) formula selection and calculation and PUCCH format 2 is FFS. PUCCH Format 2 need be supported otherwise the R-17 multiplexing framework can’t work well if PUCCH Format 2 is to be configured. From our perspective, PUCCH Format 2 should be supported and use the same method on for ∆TF,b,f,c(i) formula selection and calculation as PUCCH Format 3/4.
Proposal 3: For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, PUCCH Format 2 should be supported and use the same method on using the HP UCI bit number and HP RE number for ∆TF,b,f,c(i) formula selection and calculation as PUCCH Format 3/4.
For multiplexing HP HARQ-ACK, LP HARQ-ACK, and LP CSI in one PUSCH, it was agreed in RAN#107e as follows:
	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.


Regarding LP CSI consisting of single part, As the CSI belongs to semi-static UCI and the priority of CSI is lower than that of the HARQ-ACK with the same priority, it is straightforward to drop the CSI and transmit LP HARQ-ACK with R15 CSI part rate matching and RE mapping. The reorganization of the encoding chains can refer to the agreement on HP HARQ-ACK, LP HARQ-ACK and CSI on LP PUSCH in RAN#107e.
Proposal 4: For multiplexing HP HARQ-ACK, LP HARQ-ACK, and LP CSI in one PUSCH, if LP CSI consists of single part, the LP CSI is dropped; R15 HARQ-ACK rate matching/puncturing and RE mapping is reused for HP HARQ-ACK in principle and R15 CSI rate matching and RE mapping is reused for LP HARQ-ACK.
2.3 Simultaneous PUCCH/PUSCH transmission
In RAN1#104e, it was agreed to support simultaneous PUCCH/PUSCH transmission of different PHY priorities over different cells can be RRC configured within the same PUCCH group and study dynamic indication furtherly. From our perspective, we can’t see the advantage of supporting dynamic indication on simultaneous PUCCH/PUSCH transmission of different PHY priorities over different cells. Detail signalling design on RRC configuration of simultaneous PUCCH/PUSCH transmission of different PHY priorities should be left to RAN2.
Proposal 5: Dynamic indication of simultaneous PUCCH/PUSCH transmission of different PHY priorities over different cells isn’t supported. Detail signalling design on RRC configuration should be left to RAN2.
3. Conclusion
In this contribution, we discuss about the intra-UE multiplexing and prioritization with the following proposal.
Observation 1: There is no TU for handling UE capability#3 in Q1 2022 and many works related to UE capability#3 with FFS need be resolved.
Proposal 1: If multiplexing of PUCCHs and/or PUSCHs with different priorities is enabled by RRC, UE capability#3 isn’t supported to resolve collision of PUCCHs and/or PUSCHs with different priorities in step 2.
Proposal 2: UCI Multiplexing enable/disable mechanism only supports RRC-based configuration.
Proposal 3: For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, PUCCH Format 2 should be supported and use the same method on using the HP UCI bit number and HP RE number for ∆TF,b,f,c(i) formula selection and calculation as PUCCH Format 3/4.
Proposal 4: For multiplexing HP HARQ-ACK, LP HARQ-ACK, and LP CSI in one PUSCH, if LP CSI consists of single part, the LP CSI is dropped; R15 HARQ-ACK rate matching/puncturing and RE mapping is reused for HP HARQ-ACK in principle and R15 CSI rate matching and RE mapping is reused for LP HARQ-ACK.
Proposal 5: Dynamic indication of simultaneous PUCCH/PUSCH transmission of different PHY priorities over different cells isn’t supported. Detail signalling design on RRC configuration should be left to RAN2.
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