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In the RAN1#108-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 a LP channel which is overlapping in time, and also whether it is needed to check potential HP intermediate channels for such overlap with LP channels. This paper shows our views on this issue.
Discussion
In the RAN1#108-e meeting, option 2 and option 3 were discussed but unfortunately no final conclusion could be reached. Both options are given below:

	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.




In the RAN1#102-e meeting, following working assumption was achieved. 
	Working assumption
· 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.
· 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.
· Multiplexing/overriding of HP channels is performed as if LP channels do not exist.
· A final HP channel is prioritized if it overlaps with a final LP channel, after performing multiplexing of HP channels



In our view, the above WA does not require the UE to perform HP UCI multiplexing for each HP grant, since the third sub-bullet of this WA clearly defines that multiplexing/overriding of HP channels is performed as if LP channels do not exist and the last bullet says that the final HP channel is used to cancel a potentially overlapping LP channel. This working assumption does not in any aspect mention intermediate HP channels.

Based on this WA, the corresponding UE procedure that has been captured in the specification is shown below:

	TS38.213-g90

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 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
-	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



One part that still resulted in discussions within RAN1 is how to interpret the “before or after” that is marked in yellow above and clarification is needed.  

In our understanding for the current spec, the text “the overlapping is applicable before resolving overlapping among channels of larger priority index, if any, as described in clauses 9.2.5 and 9.2.6” is aligned with the second sub-bullet of the above WA, and the text “the overlapping is applicable after resolving overlapping among channels of larger priority index, if any, as described in clauses 9.2.5 and 9.2.6” is aligned with the last sub-bullet of the above WA. It is also clear in our view that the current spec does not require the UE to perform HP UCI multiplexing for each HP grant. Therefore, the current spec should not be interpreted as option 3 and we therefore would oppose to such an understanding.

Observation 1: The WA for intra-UE multiplexing and prioritization only describes final HP channels, no intermediate channels. There is ambiguity in companies’ understanding about TS 38.213 how to interpret the “before or after”. The current specification does not describe Option 3.

In Rel-15, it is up to both UE’s and gNB’s implementation how to perform the UCI multiplexing procedure. That is, both the UE and gNB may or may not generate intermediate channel(s), depending on their own implementation. Moreover, the gNB does not need to be aware of the intermediate channels since they are not the final PUCCH. From the gNB perspective, it only cares about the final multiplexed results. This principle should also be kept in Rel-16. In our view, we should not break this principle just for the LP cancellation when it overlaps with the HP transmission. Among option 2 and option 3, we think option 3 would violate this concept since it is not up to both UE’s and gNB’s implementation anymore how to perform the HP UCI multiplexing procedure.

Observation 2: In Rel-15 it is up to both UE’s and gNB’s implementation how to perform the UCI multiplexing procedure. That is, both the UE and gNB may or may not generate intermediate channel(s). Option 3 would break this principle.

An additional concern about Option 3 is its feasibility. Take Figure 1 below as an example: since option 3 requires the UE to perform UCI multiplexing procedures for each DCI, then, even if two DCIs are received by the UE at the same time and the UE knows that HP DCI 2 is the final one, the UE would still have to generate HP PUCCH 3 based on the wrong payload size i.e. X+1 and the PRI in HP DCI 1, since the LP channel may still be cancelled by HP PUCCH 3. In addition, the gNB should also be aware of the HP PUCCH 3 to align with the UE even if the gNB knows the HP PUCCH3 is not the final PUCCH from gNB perspective. This implementation is not really efficient, and it will increase both the UE’s and gNB’s complexity and power consumption.
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[bookmark: _Ref100310988]Figure 1 - an example of two DCIs received at the same time

Observation 3: In option 3, both the UE and the gNB have to perform the UCI multiplexing procedure for each HP DCI, which complicates the implementation and increases the power consumption of both the UE and the gNB.

Moreover, if the multiplexing timeline is longer than the cancellation timeline, then the UE will always have enough time for the LP cancellation after the HP UCI multiplexing procedure is completed. For all these cases the HP UCI multiplexing procedure can be the same as in Rel-15. It is not efficient to introduce a new processing just for the sub-set of cases where the multiplexing timeline is shorter than the cancellation time-line. 

Observation 4: For the cases when the multiplexing timeline is longer than the cancellation timeline, there is no need to perform HP UCI multiplexing procedure for each HP DCI since UE will always have enough time for LP cancellation after HP UCI multiplexing procedure is completed.

From the specification point of view, intermediate channel(s) are not captured, but option 3 would force them to be specified.
In option 2, only the final HP channel is used for cancellation, thus no intermediate HP channel will be used for cancellation. Also, Option 2 ensures that sufficient time is given to the UE to perform cancellation after the HP multiplexing is ready and it leaves the HP multiplexing procedure still up to the UE’s implementation. 

Based on the analysis in this paper we prefer Option 2 and are making the proposal to adopt the TP suggested in R1-2204197 [2]:

Proposal: Option 2 is preferred. Adopt the TP for Option 2 from R1-2204197 [2].

Conclusion
According to the discussion, following observations and proposal are provided:
Observation 1: The WA for intra-UE multiplexing and prioritization only describes final HP channels, no intermediate channels. There is ambiguity in companies’ understanding about TS 38.213 how to interpret the “before or after”. The current specification does not describe Option 3.

Observation 2: in Rel-15 it is up to both UE’s and gNB’s implementation how to perform the UCI multiplexing procedure. That is, both the UE and gNB may or may not generate intermediate channel(s). Option 3 would break this principle.

Observation 3: In option 3, both the UE and the gNB have to perform the UCI multiplexing procedure for each HP DCI, which complicates the implementation and increases the power consumption of both the UE and the gNB.

Observation 4: For the cases when the multiplexing timeline is longer than the cancellation timeline, there is no need to perform HP UCI multiplexing procedure for each HP DCI since UE will always have enough time for LP cancellation after HP UCI multiplexing procedure is completed.

Proposal: Option 2 is preferred. Adopt the TP for Option 2 from R1-2204197 [2].
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