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Introduction
The WI for URLLC/IIoT [1] defined the following objective on intra-UE multiplexing:

	3. Intra-UE multiplexing and prioritization of traffic with different priority based on work done in Rel.16 [RAN1]:
1. Specify multiplexing behavior among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, including the cases with UCI on PUCCH and UCI on PUSCH. 
1. Specify PHY prioritization of overlapping dynamic grant PUSCH and configured grant PUSCH of different PHY priorities on a BWP of a serving cell including the related cancelation behavior for the PUSCH of lower PHY priority, taking the solution developed during Rel-16 as the baseline 


In this contribution, we discuss the progress in RAN1 on this objective and provide our views on the way forward to finalize the work.
Discussion
R16/R17 intra-UE multiplexing/prioritization
For UE with mixed services (e.g., URLLC and eMBB services) that are running simultaneously, prioritization rules introduced in R16 to allow dropping the low-priority (LP) channel and ensure the reliability and latency of the high-priority (HP) channels.
In R17, RAN1 has specified multiple procedures to recover (via re-transmission) any dropped LP HARQ-ACK. Thus, by combining R16 prioritization with R17 re-transmission mechanisms, the following can be guaranteed:
1) The reliability and latency of URLLC/IIoT traffic by dropping any colliding LP traffic.
2) The performance of the eMBB service by R17 means of recovering the dropped LP transmissions.

Observation 1: By combining R16 prioritization with R17 re-transmission mechanisms, the following can be guaranteed:
1) The reliability and latency of URLLC/IIoT traffic by dropping any colliding LP traffic.
2) The performance of the eMBB service by R17 means of recovering the dropped LP transmissions.

In addition, under this WI objective, RAN1 has specified multiple procedures to multiplex HP and LP channels. Compared to R15 multiplexing rules, R17 multiplexing provides higher protection/reliability to the HP traffic.
Observation 2: Compared to R15 multiplexing rules, R17 multiplexing procedures provides higher protection/reliability to the HP traffic.

Thus, based on the service requirements, the network can decide to operate the UE with one of the following options:
· Option#1: R16 prioritization + R17 recovering/re-transmission.
· Option#2: R17 multiplexing procedures.
Dynamic switching between R17 MUX and R16 prioritization
In the last RAN1 meeting, RAN1 had a working assumption on a UE capability (Capability#3 in the agreement below) that aims to combine R16 prioritization with R17 multiplexing by dynamically switching between prioritization and multiplexing. As it is clear from the working assumption details, there are many open issues (FFS) that expected to require a lot of time to be resolved in the maintenance phase. Also, compared to the possible options (Option#1 and Option#2 listed above) for intra-UE multiplexing/prioritization, Capability#3 provides no extra gain for operating a UE with mixed services.
	Agreement (RAN1#107-e)
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



Observation 3: For dynamic switching between R17 multiplexing and R16 prioritization (i.e., Capbility#3), the following can be observed:
· It provides no extra gain for operating a UE with mixed services beyond what R16/R17 intra-UE multiplexing/prioritization can achieve.
· It has multiple open issues (FFS) that will require a lot of time to be resolved in the maintenance phase.

Taken the above observations into consideration, in our view, RAN1 shouldn’t continue the work on Capbility#3 for intra-UE multiplexing/prioritization.
Proposal 1: RAN plenary should provide the following guidance to RAN1.
· RAN1 should not pursue the work on Capability#3 for intra-UE multiplexing/prioritization.
Conclusion
In this contribution, we discussed the progress in RAN1 on the intra-UE multiplexing objective in URLLC/IIoT WI, and we have the following observations and proposal.
Observation 1: The combining R16 prioritization with R17 re-transmission mechanisms, the following can be guaranteed:
1) The reliability and latency of URLLC/IIoT traffic by dropping any colliding LP traffic.
2) The performance of the eMBB service by R17 means of recovering the dropped LP transmissions.

Observation 2: Compared to R15 multiplexing rules, R17 multiplexing procedures provides higher protection/reliability to the HP traffic.

Observation 3: For dynamic switching between R17 multiplexing and R16 prioritization (i.e., Capbility#3), the following can be observed:
· It provides no extra gain for operating a UE with mixed services beyond what R16/R17 intra-UE multiplexing/prioritization can achieve.
· It has multiple open issues (FFS) that will require a lot of time to be resolved in the maintenance phase

Proposal 1: RAN plenary should provide the following guidance to RAN1.
· RAN1 should not pursue the work on Capability#3 for intra-UE multiplexing/prioritization
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