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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, 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].
2. Intra-UE multiplexing/prioritization
The email discussion [106-e-NR-L1enh-URLLC-06] had mainly focused on the following few options [2]:
· Option 2: The UE does not use the outcome of intermediate multiplexing for HP channels to cancel LP channels. 
· Any HP channel that overrides or overlaps with a HP channel that overlaps with a LP channel shall meet the cancellation timeline, namely all HP DCIs must arrive Tproc,2+d1 before the earliest symbol that would be cancelled by the final HP channel. 
· All HP PUCCH/PUSCH channels except the final HP PUCCH/PUSCH that gets transmitted by the UE are intermediate channels.
· Option 2’ (updated): The UE does not use the outcome of intermediate multiplexing for HP channels to cancel LP channels. 
· Any HP PUCCH channel that overrides or overlaps with a HP PUCCH channel that overlaps with a LP channel shall meet the cancellation timeline, namely all HP DCIs must arrive Tproc,2+d1 before the earliest symbol that would be cancelled by the final HP PUCCH channel. 
· If a UE detects a first DCI format indicating a first resource for a PUCCH transmission with corresponding HARQ-ACK information in a slot and also detects at a later time a second DCI format indicating a second resource for a PUCCH transmission with corresponding HARQ-ACK information in the slot, UE does not expect the second resource starts earlier than the start of the first resource.
· All HP PUCCH/PUSCH channels except the final HP PUCCH/PUSCH that gets transmitted by the UE are intermediate channels.
· 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. 
· Option 3a: [No change from the spec is needed.] Clarify that the “before or after” term in Claus 9 in 38.213 is interpreted as: 
· 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 PUCCH channels.  If then there is an overlap with a LP channel, the LP channel gets cancelled. Then, multiplexing between PUCCH and PUSCH is performed. If then there is an overlap with a LP channel, the LP channel gets cancelled
· 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 4: whether the intermediate HP channels is used to cancel the LP channels is left to UE implementation. 
Here we use the example in Figure 1, which had been extensively discussed, to compare the different outcome of these options. Our understanding of the different options for the example in Figure 1 is as follows:
· Option 2: Only the final HP channel PUSCH #3 is used to cancel LP.
· But additional timeline restriction is introduced so that any DCI that may change the overlapping situation needs to come before the cancellation timeline.
· Option 2’: Only the final HP channel PUSCH #3 is used to cancel LP.
· Option 2’ seems to be very similar to Option 2, except that additional condition is introduced for HARQ-ACK overriding. But it is not clear to us if the additional condition is to address a legacy R15 issue or an issue specifically to the two PHY priority case. Even though this condition is indeed more friendly for UE implementation, the UE has to support cases without such restriction in R15 already. Especially with the timeline condition in the first bullet, such additional condition does not seem absolutely necessary, because the UE would have sufficient time to cancel LP after determining the final HP if needed.
· Option 3: All the HP channels, PUCCH#1/2/4/5/6 and PUSCH#3, are used to cancel LP.
· It mandates the UE to perform intermediate multiplexing after receiving each DCI, and may also result in unnecessary cancellation.
· Option 3a: HP PUCCH#1/2/4 and PUSCH#3 are used to cancel LP.
· The UE does not use any intermediate multiplexing results to cancel LP.
· Option 3b: HP PUCCH#1/2 and PUSCH#3 are used to cancel LP.
· HP HARQ-ACK PUCCH scheduled by each DCI and the final HP channels are used to cancel LP. Additional timeline restriction is introduced for HP UCI multiplexing.
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Figure 1 An example for HP vs LP cancellation

The main concerns about Option 3 are that it causes unnecessary gNB/UE implementation complexity and unnecessary cancellation.
· It complicates both the gNB and the UE implementation in the sense that both the gNB and UE need to do all the intermediate multiplexing (based on HARQ-ACK resource before final overriding) and use the PUCCHs before and after intermediate multiplexing to determine which LP transmissions get cancelled.
· Such a procedure can cause unnecessary cancellation of LP channels by intermediate HP channels (which are not transmitted anyway), resulting in inefficiency from system operation point of view.
For Option 3a, there is no timeline issue for HARQ-ACK overriding because each HARQ-ACK PUCCH scheduled by a DCI is used to cancel LP. However, for UCI multiplexing on PUCCH/PUSCH, the multiplexing timeline can be smaller than the cancellation timeline. It would be too late to wait until the multiplexing timeline to decide whether to cancel LP or not.
For Option 2 (or Option 2’ which is very similar), the intention is that the gNB/UE are not mandated to perform intermediate multiplexing after receiving each UL DCI. With the timeline in place, one example of how the UE can implement is as follows:
1. The LP channels are processed in the same way as in Rel-15.
2. The UE performs the multiplexing for HP channels at d1 symbols before the regular HP channel freezing time and checks if any of the HP channels after multiplexing would cancel the LP transmission. If yes, the UE cancels the LP transmission.
· The additional timeline constraint introduced in Option 2 guarantees that if the UE cancels a LP transmission in this step, there will not be another HP DCI that comes later.
· If HP cancelling LP occurs in this step, the UE does not need to continue with step 3, because the HP transmission is already final in this case.
· This is considered as an extra multiplexing step that the UE needs to perform comparing to Rel-15 procedure. However, this step is due to the different cancellation timeline compared to multiplexing timeline, so it is a step that exists in any of the options, not unique to Option 2. (Different UE implementation may perform this step at different time.)
3. If in step 2 the UE does not have any HP cancelling LP, the UE continues to process and transmit the HP channels in the same way as in Rel-15. 
· Note that there should not be overlapping HP and LP as the outcome of this step, because any overlapping should have been identified in step 2 already.
This is one example of what UE can do. However, it does not prevent any other UE implementation as long as the outcome is the same. For example, the UE can still perform all the intermediate multiplexing after receiving each DCI. This means that the UE can still keep the existing implementation for multiplexing, such as the time point to check/perform multiplexing (e.g. whether to do it after receiving each DCI, or to do it only at certain time points). The only difference comparing to Option 3 is that the UE does not use all the intermediate HP channels to cancel LP.
Option 3b, on the other hand, can be considered as a merged/compromised solution of Option 2/2’/3a. It addresses the timeline issue of Option 3a by adding additional timeline constraint for UCI multiplexing so that intermediate multiplexing is not required to be performed. For HARQ-ACK PUCCH, it is the same as Option 3, where each HARQ-ACK PUCCH scheduled by a DCI is used to cancel LP. This also allows the UE to start the cancellation right after receiving the DCI in this case, which could be considered as an advantage for some UE implementation. In this sense, Option 3b could be a potential way to move forward considering the balance between different aspects.
In terms of the timeline relaxation in Option 3b, for the same numerology case, the UCI multiplexing timeline needs to be relaxed for at most 1 symbol if d1=2. For mixed numerology case, if the smallest SCSs for UCI multiplexing and cancellation are the same, the relaxation is also at most 1 symbol. The difference could be more if the smallest SCSs for UCI multiplexing is smaller than the smallest SCSs for cancellation. However, UCI multiplexing always involves PUCCH, and the SCS for PUCCH is the smallest in most cases. So the impact should be small in more typical cases.
To summarize all the discussions, we think Option 2 is preferred, but Option 3b seems to be a good balance between different factors and is also acceptable. (Option 2’ and Option 2 can be potentially merge into a single option.)
Proposal 1: Adopt Option 2 or Option 3b.

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

Proposal 1: Adopt Option 2 or Option 3b.
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