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In the RAN1#107-e meeting, a clarification about the UE procedure for prioritization was discussed in [1] but unfortunately it is still a controversial topic if and which HP intermediate channel(s) could cancel the LP channel and whether the HP intermediate channel checking is needed. This paper shows our views on this issue.
Discussion
Based on the discussion in the RAN1#107-e meeting, option 2 was discussed thoroughly and option 5 was proposed on top of option 2 but unfortunately no final conclusion could be reached. We discuss the impact of Option 5 further.

	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 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.



Implementation impact of option 5:

Take Figure 1 below as an example:

· Assume that a LP channel has been scheduled and that HP DCI 1 is received clearly before the cancellation deadline. HP DCI 1 is scheduling a PUCCH carrying HP A/N to overlap with the LP channel.
· Another HP DCI 2 is received. HP DCI 2 is scheduling a HP PUSCH that overlaps with the HP A/N but not with the LP channel. The HP A/N scheduled by HP DCI 1 is multiplexed into the HP PUSCH and the overlap is resolved.
· Option 5 requires the UE to make a determination about canceling the LP channel at the cancellation deadline i.e. T0, but at the cancellation deadline T0, the UE may not be able to finish decoding HP DCI 2. Assume the decoding of HP DCI 2 is finished at td. At this point of time, option 5 requires the UE to find out whether the HP DCI 2 actually has been received before T0 or after T0. That means a time-line check is required to be implemented on the UE side.
· If it is found out at td, as in Case 1 of Figure 1, that the HP DCI 2 has been received before T0, then the multiplexing of HARQ A/N into HP PUSCH has to be taken into account before the cancellation decision is done. As outcome, the LP channel must be transmitted.
· If, on the other hand, it is found out at td, as in Case 2 of Figure 1, that the HP DCI has been received after T0, then the multiplexing of HARQ A/N into HP PUSCH shall not be taken into account before the cancellation decision is done. As outcome, the LP channel must be canceled.
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Figure 1 – Different UE behaviors depending on the time-instant of DCI reception in option 5

The example of Figure 1 shows that option 5 requires the UE to check the cancellation time-line after the reception of a HP DCI. This results in high UE complexity, because after the UE has decoded HP DCI 2 at td (from the example in Figure 1) and identified an overlap with LP, it needs to go back and check the time-line in order to determine if HP DCI 2 has been received before or after a certain point in time (i.e. before or after the cancellation deadline T0). If it was before T0, then in this example the LP will transmitted and if it was after T0, the LP will cancelled. Such a functionality is very complicated for the UE implementation and should be avoided in our view. 

Note that in option 2, on the other hand, if an LP/HP overlap would be identified at td, the UE can rely on that the HP DCI 2 has come before T0. In option 2, this will be guaranteed by the gNB scheduling and a complicated time-line check on the UE side is not needed. 

Observation 1: Option 5 requires the UE to check the timeline after a HP DCI has been decoded in order to figure out whether the DCI has been received before or after the cancellation deadline. Depending on the outcome of this time-line check, the UE decides whether to transmit or to cancel the LP channel. This is complex for the UE implementation.

Observation 2: Option 2, as opposed to Option 5, does not require the UE to check the time-line in order to evaluate whether a HP DCI has been received before or after the cancellation deadline. The UE can directly apply the identified HP resources to determine whether the LP is transmitted or cancelled assuming gNB sends all HP DCIs before the cancellation deadline in case of overlap.

We would also like to point out that the same issue of a UE time-line check has been extensively discussed in Rel-17 and no consensus was reached. In Rel-17, the question was for the situation that the cancellation deadline comes after the multiplexing deadline as illustrated in the Figure 2 below. In Rel-17, it was discussed that if a DCI is received after a first deadline (the multiplexing deadline), but before a second deadline (the cancellation deadline), then the UE should perform the functionality according to the second deadline (i.e. should perform cancellation). That means, when DCI is received before first deadline, then UE should perform Rel-17 multiplexing but when DCI is received after first deadline the UE should perform Rel-16 cancellation. However, there is no consensus for this behavior in Rel-17. The detailed discussion can be found in [2].
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Figure 2 – Release 17 discussion about time-line check on the UE side

Observation 3: The timeline check was extensively discussed in Rel-17 intra-UE multiplexing with no consensus yet.

We would also like to emphasize that our concern on the complexity increase for option 5 is not about the available time to perform the cancellation of the LP channel, the decoding time can be included in the time-budget for cancellation. Our concern is about the UE’s need to implement a time-line check i.e. that after the DCI has been decoded, it must be determined whether it was received before or after a certain point in time, because this impacts the decision whether to transmit or to cancel the LP channel.

Specification impact of option 5

In the RAN1#107-e meeting, it was argued that in option 2, the gNB cannot schedule high priority channels between the cancellation deadline (T0) and the multiplexing deadline (T1) and that this may impact the latency of a URLLC service. Therefore, option 5 was proposed. 

However also for option 5, the gNB can still not schedule the HP channels in some cases. Consider the example in Figure 3 below:

1. LP channel is scheduled non-overlapping with HP CG PUSCH
2. Before cancellation deadline T0, HP DCI 1 is scheduling HP PUCCH carrying A/N. This PUCCH is overlapping with the LP channel and the CG PUSCH. 
3. At T0 it is decided about the preliminary UL resources. It is found that A/N is multiplexed into CG PUSCH. This resolves the overlap with LP and no decision to cancel the LP is taken. The LP channel is transmitted.
4. HP DCI 2 that might come after T0 but before T1 cannot be used to schedule a DG PUSCH that would overlap with CG PUSCH. The reason is that the DG PUSCH overrides the CG PUSCH. Hence, HP A/N needs to be transmitted on its original resource. But this is overlapping with LP which cannot be cancelled anymore since T0 has passed.
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Figure 3 - Scheduling restriction in option 5: gNB cannot schedule HP DCI 2 after cancellation deadline if the HP DG PUSCH scheduled by HP DCI 2 overlaps with HP CG PUSCH but not overlaps with HP A/N.

It should be noted that for the same HARQ process number, the scheduling restriction is even more severe. For the same HARQ-ID, the DG PUSCH would also override the CG PUSCH if their resources do not overlap. This is illustrated in Figure 4 below:
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Figure 4 - Scheduling restriction in option 5: gNB cannot schedule HP DCI 2 after cancellation deadline if the HP DG PUSCH scheduled by HP DCI 2 has the same HARQ ID at the CG PUSCH, even if CG PUSCH and DG PUSCH do not overlap

The above examples show that Option 5 imposes scheduling restrictions and these scheduling restriction have to be captured in the specification to avoid error cases. 

Observation 4: Option 5 imposes gNB scheduling restrictions for the high priority channels when configured grant is used. These scheduling restrictions need to be captured in the specification to avoid error cases.

Proposal: RAN1 needs to resolve the timeline check issue and the scheduling restriction if option 5 is supported.

Conclusion
According to the discussion, following proposals and observations are provided:
Observation 1: Option 5 requires the UE to check the timeline after a HP DCI has been decoded in order to figure out whether the DCI has been received before or after the cancellation deadline. Depending on the outcome of this time-line check, the UE decides whether to transmit or to cancel the LP channel. This is complex for the UE implementation.

Observation 2: Option 2, as opposed to Option 5, does not require the UE to check the time-line in order to evaluate whether a HP DCI has been received before or after the cancellation deadline. The UE can directly apply the identified HP resources to determine whether the LP is transmitted or cancelled assuming gNB sends all HP DCIs before the cancellation deadline in case of overlap.
Observation 3: The timeline check was extensively discussed in Rel-17 intra-UE multiplexing with no consensus yet.

Observation 4: Option 5 imposes gNB scheduling restrictions for the high priority channels when configured grant is used. These scheduling restrictions need to be captured in the specification to avoid error cases.

[bookmark: _GoBack]Proposal: RAN1 needs to resolve the timeline check issue and the scheduling restriction if option 5 is supported.
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