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1. Introduction
In this contribution, we discuss the remaining issues on intra-UE multiplexing/prioritization for eURLLC, targeting for a clear common understanding among companies on the procedure.

We had the following working assumption:
Working assumption (RAN1#102-e)
1. Multiplexing/overriding/etc. is performed similar to Rel.15 as if HP channels do not exist; this means that LP operations, multiplexing/overriding/etc., are performed before cancellation.
2. A UE cancels the transmission of a LP channel including any intermediate scheduled LP transmission that does not overlap with any LP channel, if any DCI schedules an overlapping HP transmission with the LP channel, before performing multiplexing/overriding HP channels if any.
3. Multiplexing/overriding of HP channels is performed as if LP channels do not exist.
4. A final HP channel is prioritized if it overlaps with a final LP channel, after performing multiplexing of HP channels
This was captured in TS 38.213 with additional clarification in RAN1#103-e:
Conclusion
In the following clause from Section 9 of TS 38.213:
“where
· The overlapping is applicable before or after resolving overlapping among channels of larger priority index, if any, as described in Clause 9.2.5”
the meaning of “before or after” should be interpreted as follows: A UE checks the overlap between a HP channel and a low priority channel before multiplexing. If there is an overlap, the LP channel gets cancelled. If not, a UE performs multiplexing across the HP channels. If then there is an overlap with a LP channel, the LP channel gets cancelled.

In addition, we had the following agreement:
Agreement: (RAN1#101-e)
· If a UE is expected to cancel a scheduled low priority PUCCH/PUSCH due to a first DCI scheduling an overlapping high priority channel, the UE is not expected to transmit the scheduled low priority PUCCH/PUSCH due to a second DCI scheduling PUCCH/PUSCH that is received after the first DCI.
· Note: The collision between HP PUSCH and LP PUSCH is not covered by this agreement.

However, there are still different understandings regarding which HP channels should be used to cancel LP channels, and there was also concern on the involved UE complexity if the UE needs to perform all the intermediate multiplexing. This was extensively discussed in a few meetings but not concluded [1][2][3][4][5].
2. Intra-UE multiplexing/prioritization
The following options had been discussed, and the email discussion [109-e-R16-URLLC-01] ([5]) mainly focused on Option 2 and 3.
· Option 2 (v2): The UE does not use the outcome of intermediate multiplexing for HP channels to cancel LP channels.
· Any HP channel with a corresponding DCI that overrides or overlaps with a HP channel that overlaps with a LP channel shall meet the cancellation timeline, namely all HP DCIs corresponding to these HP channels must arrive Tproc,2+d1 before the earliest symbol of the LP channel that would be cancelled by the any of these HP channels.
· All HP PUCCH/PUSCH channels except the final HP PUCCH/PUSCH that gets transmitted by the UE are intermediate channel
· Option 3: [No change from the spec is needed.] Clarify that the “before or after” term in Claus 9 in 38.213 is interpreted as: 
· the UE checks overlapping between HP and LP channel for each HP grant it receives, including any intermediate HP channel that results from UCI multiplexing and PUCCH overriding triggered by each of the HP grant. 
· For Option 3, the handling of negative SR should be clarified. E.g., a HP PUCCH with negative SR is not considered when cancelling LP transmission.
· Option 3b:
· Cancellation timeline needs to be satisfied for a group of overlapping HP channels as long as one of the HP channels overlaps with a LP channel.
· HP PUCCH for HARQ-ACK indicated by each DCI can cancel LP.
· Final HP PUCCH or PUSCH is used to cancel LP.
· Option 5: The UE makes a determination about canceling the LP channel at the cancellation deadline. This determination is based on the multiplexing/overriding of the HP channels that are determined up to the cancellation deadline. 
· Multiplexing/overriding of the HP channels are performed based on their associated timelines defined in R15. 
· Each and every dynamically scheduled HP channel as well as the HP channels that are the result of the HP channel multiplexing/overriding and are overlapping with a LP channel should satisfy the cancellation timeline, i.e., the gap between the ending symbol of the HP DCI to the starting symbol of that HP channel should be at least Tproc,2+d1.  
· The UE cancels the LP channel starting from the first symbol that overlaps with the HP channel at the latest, i.e., the current specification wording is kept. 
· Once a LP channel is determined to be cancelled at the cancellation deadline, a UE is not expected to revert its decision.

First of all, there is ambiguity in the current specification text in terms of which HP channels (in the context of multiplexing/overriding) are used to determine the cancellation of LP channels. The phrase “before or after” intends to say that the UE uses the HP channels e.g. before multiplexing and after multiplexing, which was clarified in RAN1#103-e conclusion. However, it is not clear whether this just refers to the final multiplexing or this includes the intermediate multiplexing as well. Note that there is no mentioning of intermediate multiplexing in the specifications so far, so at least one interpretation could be that it refers to the final multiplexing only. The bottom line is that the UE behaviors are not clearly defined in the specifications.
Observation: Specification changes are necessary to clarify the UE behaviors, regardless of which option is adopted.
The pros and cons of Option 2/3/3b had been heavily discussed in many rounds already, and Option 5 (proposed in RAN1#107-e) was also discussed in detail in RAN1#108-e. According to the discussions in [4], Option 5 results in a moving cancellation deadline, and there were various concerns raised on Option 5 from UE implementation complexity perspective.
Comparing Option 2 vs Option 3, we think Option 2 results in a much cleaner solution (with less UE implementation complication and cleaner specifications), without involving any intermediate channels. It would not result in any unnecessary cancellation due to intermediate channels. Compared to Option 3, it may cause additional scheduling delay for URLLC, but the delay is quite small in most cases. Therefore, we prefer Option 2.
One issue that seems not clear for Option 2 regarding the cancellation timeline is the starting symbol of which HP channels are considered. Consider the example in Figure 1: the LP channel is considered being cancelled by HP PUSCH. However, when considering the cancellation timeline, the first symbol of HP PUCCH should be used instead of the first symbol of HP PUSCH, because the UE needs to receive the HP DCI earlier enough to know whether HP PUCCH is cancelling LP channel or not. As a general principle, the earliest symbol among all the HP channels that are involved in the overriding/multiplexing procedure should be used to define the cancellation timeline, not just the HP channel that actually cancels the LP channel. From the discussion in RAN1#109-e, such a condition may not be strictly necessary in all the cases, but it is too complicated if we define it case-by-case.
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Figure 1 Definition of cancellation timeline
Proposal 1: When a HP channel cancels a LP channel, the cancellation timeline is defined w.r.t. the earliest symbol among all the HP channels that are involved in the overriding/multiplexing procedure.
We also provide a TP for Option 2.
Proposal 2: Adopt Option 2 with the following TP.
	TS 38.213      TP for Option 2
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<unchanged parts omitted>
When a UE determines overlapping for PUCCH and/or PUSCH transmissions of different priority indexes other than PUCCH transmissions with SL HARQ-ACK reports before considering limitations for UE transmission as described in clause 11.1 and clause 11.1.1, including repetitions if any, the UE first resolves the overlapping for PUCCH and/or PUSCH transmissions of smaller the same priority index as described in clauses 9.2.5 and 9.2.6. Then, 
-	if a transmission of a first PUCCH of larger priority index scheduled by a DCI format in a PDCCH reception would overlap in time with a repetition of a transmission of a second PUSCH or a second PUCCH of smaller priority index, the UE cancels the repetition of a transmission of the second PUSCH or the second PUCCH before the first symbol that would overlap with the first PUCCH transmission
-	if a transmission of a first PUSCH of larger priority index scheduled by a DCI format in a PDCCH reception would overlap in time with a repetition of the transmission of a second PUCCH of smaller priority index, the UE cancels the repetition of the transmission of the second PUCCH before the first symbol that would overlap with the first PUSCH transmission
where 
-	the overlapping is applicable before or after resolving overlapping among channels of larger priority index, if any, as described in clauses 9.2.5 and 9.2.6
-	any remaining PUCCH and/or PUSCH transmission after overlapping resolution is subjected to the limitations for UE transmission as described in clause 11.1 and clause 11.1.1
-	the UE expects that the transmission of the first PUCCH or the first PUSCH, respectively, would not start before  after a last symbol of the corresponding PDCCH reception for a group of overlapping PUCCH(s) and/or PUSCH(s) of larger priority index during the overlapping resolution procedure as described in clauses 9.2.5 and 9.2.6, if any of the PUCCH(s) or PUSCH(s) overlaps in time with a repetition of a transmission of a PUCCH or PUSCH of smaller priority index, the UE expects that the last symbol of any PDCCH with a DCI format scheduling the PUCCH or PUSCH of larger priority index would be received no later than  before the earliest symbol of all the PUCCH(s) and/or PUSCH(s) of larger priority index
-	if a UE detects a DCI format scheduling a first PUCCH transmission of larger priority index that overrides, according to clause 9.2.3, a second PUCCH transmission of larger priority index, and the second PUCCH overlaps with a repetition of a transmission of a third PUCCH or a third PUSCH of smaller priority index, the UE expects the last symbol of the PDCCH for the DCI format would be received no later than , as defined in this clause, before the earliest symbol of the first and second PUCCH.
-	is the PUSCH preparation time for a corresponding UE processing capability assuming  [6, TS 38.214], based on  and  as subsequently defined in this clause, and  is determined by a reported UE capability
<unchanged parts omitted>




Reasons for change:
The current specification has ambiguity in terms of which high priority channels are considered when determining the cancellation of low priority channels, which could lead to different understanding between gNB and UE on whether a low priority channel is cancelled or not. 
Summary of changes:
It is clarified that only a final high priority channel for transmission is used to determine the cancellation of low priority channels, and the corresponding timeline requirements are added.
Consequence if not approved:
gNB and UE may have different understanding on whether a low priority channel is cancelled or not.

4. Conclusions
In this contribution, we have discussed the few options for intra-UE multiplexing/prioritization in eURLLC and proposed:

Observation: Specification changes are necessary to clarify the UE behaviors, regardless of which option is adopted.
Proposal 1: When a HP channel cancels a LP channel, the cancellation timeline is defined w.r.t. the earliest symbol among all the HP channels that are involved in the overriding/multiplexing procedure.
Proposal 2: Adopt Option 2 with the proposed TP.
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