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1. Introduction
At RAN1 #107-e, there were discussions on intra-UE multiplexing design, and questions on Rel-17 IIoT/URLLC scoping were raised in that context. In this contribution, we present our view on that.
Current status of Rel-17 intra-UE multiplexing discussion
The Rel-17 intra-UE multiplexing feature is captured as a RAN1 agreement as follows [1]:

	25. NR_IIOT_URLLC_enh
	25-16
	HARQ-ACK with different priorities multiplexing using on a PUCCH/PUSCH
	1. Support multiplexing a high-priority HARQ-ACK and a low-priority HARQ-ACK into a PUCCH. Support separate coding for the two HARQ-ACKs.
2. [Support multiplexing a low-priority HARQ-ACK and a high-priority SR into a PUCCH for some HARQ-ACK/SR PF combinations (FFS applicable combinations).]
3. [Support multiplexing a low-priority HARQ-ACK, a high-priority HARQ-ACK and a high-priority SR into a PUCCH.]
4. Support multiplexing a low-priority HARQ-ACK in a high-priority PUSCH (conveying UL-SCH only). Support separate beta_offset values for this priority combination.
5. Support multiplexing a high-priority HARQ-ACK in a low-priority PUSCH (conveying UL-SCH only). Support separate beta_offset values for this priority combination.
6. Support multiplexing a low-priority HARQ-ACK, a high-priority PUSCH conveying UL-SCH, a high-priority HARQ-ACK and/or CSI.
7. Support multiplexing a high-priority HARQ-ACK, a low-priority PUSCH conveying UL-SCH, a low-priority HARQ-ACK and/or CSI.
FFS whether to merge with FG 25-17
FFS whether to separate capability for different UCI type



From the feature description of Feature 25-16, it is clear Rel-17 intra-UE multiplexing has a number of sub-features including UCI multiplexing over PUCCH and UCI multiplexing over PUSCH. Therefore Rel-17 intra-UE multiplexing is already supported as a standalone feature, without additional work enabling dynamic switching between Rel-16 prioritization behavior and Rel-17 multiplexing behavior. As some details of the Rel-17 intra-UE multiplexing still require discussion and further agreements, the remaining work for Rel-17 intra-UE multiplexing is non-negligible.
Observation 1:
The remaining issues in Rel-17 intra-UE multiplexing alone still requires non-negligible efforts in the maintenance stage.

In RAN1 #107-e, there were proposals for the support of dynamic switching between Rel-16 prioritization and Rel-17 multiplexing. After extensive discussions, the following was agreed on the last day of RAN1 #107-e:

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.
o    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 
l    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.
o    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
l  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. 
l  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. 
l  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
o    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

First we don’t see dynamic switching as an essential feature for R17 uRLLC and do not see a clear use case to justify the complexity or extensive amount of work in the maintenance phase.

We also note that the proposed support of Cap. #3 involves many FFS points (as highlighted in yellow above).  During the RAN1 discussions, it also turned out that even proponent companies may have different understandings on the very text, e.g., “the UL channel associated with the DCI disabling multiplexing”. From that, it can be expected RAN1 will need to spend much time to figure out the meaning of the agreed bullets, the involved processing timeline details, as well as the overall framework of dynamic switching. 

Since the text in the working assumption was put together in a short period of time at the end of the meeting, some statement could be ambiguous and potentially lead to mandating UE behaviour beyond the original design intention. For example, as stated in the working assumption: “… 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”. The statement “transmit the UL channel as is” is very broad and may not cover all possible scenarios. To completely iron out all the details could require extensive discussions during the maintenance sessions, similar as the year-long discussion on R16 maintenance work on UL skipping. 
 
Due to the complicate nature of supporting dynamic switching, the Rel-17 intra-UE multiplexing can be considered only as partially completed when dynamic switching with R16 prioritization is considered. Therefore, we suggest to deprioritizing the support of dynamic switching between R16 prioritization and R17 intra-UE multiplexing in the R17 maintenance phase starting from Q1 2022.

We have 
Proposal 1: Support of dynamic switching between R17 intra-UE multiplexing and R16 prioritization should be deprioritized or descoped in the Rel-17 IIoT/URLLC maintenance phase.

Conclusion
In this contribution, we provide our views on Rel-17 IIoT/URLLC. We have 

Observation 1:The remaining issues in Rel-17 intra-UE multiplexing alone still requires non-negligible efforts in the maintenance stage.

Proposal 1: Support of dynamic switching between R17 intra-UE multiplexing and R16 prioritization should be deprioritized or descoped in the Rel-17 IIoT/URLLC maintenance phase.
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