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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

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.
2. Intra-UE multiplexing/prioritization
Regarding the working assumption, it appears that companies have common understanding on:
· LP overriding/multiplexing are performed as in Rel-15, and the final LP channels are considered in prioritization against HP channels.
· HP channels before AND after multiplexing in the FINAL multiplexing procedure are used to cancel LP channels.
· The intermediate HP PUCCH for HARQ-ACK in the process of overriding are used to cancel LP channels.
However, companies still have different understanding on which HP channels are used to cancel LP channels in the HARQ-ACK overriding procedure, and whether it requires the UE to perform multiplexing based on intermediate PUCCH for HARQ-ACK and use the intermediate multiplexing results to cancel LP channel.
For the example 1 shown in Fig. 1, companies generally agree that HP PUCCH1/2/4/5 are used to cancel LP channels. However, it is not clear whether PUCCH3 should also be used to cancel LP channels. Similarly, for the example 2 shown in Fig. 2, companies generally agree that HP PUCCH1/2/4 and PUSCH are used to cancel LP channels. However, it is again not clear whether PUCCH3 should also be used to cancel LP channels.
From UE implementation perspective, it is highly undesirable to consider the intermediate multiplexing procedure, because it introduces a lot of processing overhead that is not needed today. From the network perspective, it may also result in unnecessary cancellation, which is also not preferred. Therefore, we propose:
Proposal 1: UE does not perform intermediate multiplexing for HP channels based on intermediate PUCCH for HARQ-ACK to cancel LP channels.
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Figure 1 Example 1 for intra-UE multiplexing/prioritization
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Figure 2 Example 2 for intra-UE multiplexing/prioritization
To achieve proposal 1, we see two options:
· Option 1: clarify that the UE does not use the outcome of intermediate multiplexing for HP channels to cancel LP channels based on the current specifications.
· Option 2: define an error case that the UE does not expect the gNB to change the overlapping between HP and LP channels over time. With the error case being defined, the multiplexing of LP and HP channels can be separately conducted, and only the final HP channels are used to cancel LP channels.
· The TP from Ericsson in RAN1#104b-e was the following: “the UE is not expected a later DCI in a PDCCH reception overrides cancellation of a repetition of PUCCH/PUSCH transmissions of smaller priority index due to overlapping with a PUCCH/PUSCH transmission of larger priority index scheduled by an earlier DCI format in a PDCCH reception”.
· This results in a very clean solution, which could be much easier for further enhancements (e.g. R17 intra-UE multiplexing/prioritization procedure, or any enhancements in the future) to build on top of it.
· Option 3: modify the cancellation timeline to include any HP channel that overrides or overlaps with a HP channel that overlaps with a LP channel.
· For Example 3 in Fig. 3, current specification only requires HP DCI1 to satisfy the cancellation timeline because PUCCH1 overlaps with LP PUCCH. Option 3 would also require HP UL DCI1 to also satisfy the cancellation timeline, because it overlaps with PUCCH1. With this, at the cancellation decision point, the UE would know already that there would be no further DCI that would change the overlapping situation with LP PUCCH2.
· For Example 4 in Fig. 4, current specification only requires HP DCI1 to satisfy the cancellation timeline because PUCCH1 overlaps with LP PUCCH. Option 3 would also require HP DCI2 to also satisfy the cancellation timeline, because it schedules PUCCH2 that overrides PUCCH1.
· The difference between Option 2 and Option 3 is, Examples 3 and 4 are considered as error cases with Option 2, while they can be supported with Option 3 as long as the timeline is satisfied. So Option 3 has slight advantage in this sense. 
· Similar as Option 2, Option 3 also results in a very clean solution. That is, the multiplexing of LP and HP channels can be separately conducted, and only the final HP channels are used to cancel LP channels.
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Figure 3 Example 3: modified cancellation timeline condition in case of multiplexing (supported by Option 3 but not Option 2)
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Figure 4 Example 4: modified cancellation timeline in case of HARQ-ACK overriding (supported by Option 3 but not Option 2)

Comparing Option 2 and the previous agreement from RAN1#101-e, the difference is that the agreement still allows the gNB to schedule a DCI to change the overlapping situation between HP and LP from overlapping to non-overlapping. It just defines that the UE cancels LP transmission in this case anyway. In contrast, Option 2 does not allow the gNB to schedule like this. It may be seen as some restriction for gNB scheduling, but the restriction is minimal because the gNB still has a lot of flexibility in terms of where it can be scheduled. Therefore, we do not see this as a real problem.
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.
To support Option 2, the agreement would need to be modified as follows, and this needs to be captured in the specifications.
· 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 receive a later DCI that results in the transmission of transmit the scheduled low priority PUCCH/PUSCH due to a second DCI scheduling PUCCH/PUSCH that is received after the first DCI.

From specification point of view, Option 3 requires that the cancellation timeline is extended to cover other overlapping HP channels as discussed earlier.

Comparing the 3 options, Option 2 and 3 have clear advantages compared to Option 1 because they offer a very clean solution from both specification and UE implementation point of view. Option 3 has some advantage over Option 2 in the sense that more cases can be accommodated. We are open to consider either of them.

Proposal 2: Adopt either Option 2 or Option 3.
· Option 2: Modify the RAN1#101-e agreement as follows:
· 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 receive a later DCI that results in the transmission of transmit the scheduled low priority PUCCH/PUSCH due to a second DCI scheduling PUCCH/PUSCH that is received after the first DCI.
· Option 3: If a HP channel scheduled by a DCI overrides or overlaps with another HP channel that overlaps with a LP channel, the DCI shall also satisfy the cancellation timeline.
With the proposals, going back to Examples 1 and 2, it means that only PUCCH5 in Example 1 and only PUSCH in Example 2, which are the actual HP transmissions, are used to cancel LP transmissions.
4. Conclusions
In this contribution, we discussed the detailed procedure for intra-UE multiplexing/prioritization in eURLLC. To clarify the procedure, we proposed:

Proposal 1: UE does not perform intermediate multiplexing for HP channels based on intermediate PUCCH for HARQ-ACK to cancel LP channels.
Proposal 2: Adopt either Option 2 or Option 3.
· Option 2: Modify the RAN1#101-e agreement as follows:
· 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 receive a later DCI that results in the transmission of transmit the scheduled low priority PUCCH/PUSCH due to a second DCI scheduling PUCCH/PUSCH that is received after the first DCI.
· Option 3: If a HP channel scheduled by a DCI overrides or overlaps with another HP channel that overlaps with a LP channel, the DCI shall also satisfy the cancellation timeline.
With the proposals, the multiplexing can be done separately for HP/LP channels, and the prioritization is done only based on the final HP/LP channels, which results in a very clean procedure.
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