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In the RAN1#109-e meeting, a clarification about the UE procedure for prioritization was discussed in [1] but unfortunately it is still a controversial topic on whether/which HP 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 RAN1#109-e meeting, the remaining options for Rel-16 UCI multiplexing and prioritization have been discussed. The group could not agree on whether to adopt Option 2 or Option 3, there were objections raised against both approaches:
	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 context of Rel-16 multiplexing and prioritization, it was raised that for Option 3 but also in Rel-15, even if the UE does not  have to perform actual multiplexing for each received DCI, the UE needs to determine the target resources for each received DCI. For the latter, in our view, this has been up to the UE implementation since Rel-15 and shall be kept up to the UE’s implementation also in Rel-16. 
Since the outcome of the above related question for Rel-15 can have impact on the Rel-16 UE behavior and can help the group to come to a conclusion on this controversial Rel-16 topic, we elaborate on the Rel-15 multiplexing. In our view in Rel-15 the steps for UCI multiplexing on PUCCH are as follows:
· Step 0: Determine the PUCCHs in set Q
· Step 1: Order the PUCCHs in set Q
· The resource with earlier first symbol is placed before the resource with later first symbol.
· If the first symbol is the same, the resource with longer duration is placed before the resource with shorter duration
· Step 2: Determine a reference PUCCH resource (resource A)
· Step 3: Determine a set of PUCCH resources (resource set X) overlapping with the reference PUCCH resource
· Step 4: Perform multiplexing for the PUCCH resource A and PUCCH resources in set X. The resultant PUCCH resource replaces resource A and resource set X
· In step 4, if the UE does not perform actual multiplexing, then the UE still needs to determine the target resources.
· Step 5: Go back to steps 1 ~ 4 until there is no overlapped PUCCH in the slot

To illustrate the above behavior, take Figure 1 below as an example: 
If multiplexing (or target resource determination) would be required for each received DCI, then for the received DCI 1, if simultaneousHARQ-ACK-CSI is configured, the UE would have to determine the target resource based on A/N1, CSI1 and SR (i.e. target resource for A/N1+CSI1+SR) before any DCI 2 is received. This is because before DCI 2 has been received, the set X in Step 3 includes A/N1, CSI 1 and SR. When the UE then receives DCI 2, the A/N 2 will override A/N 1. As a result, the target resource should be determined based on only the SR and CSI 1 without HARQ-ACK (i.e. the target resource is for CSI 1+SR) since after the DCI 2 has been received, the set X in step 3 only includes CSI 1 and SR. Then, the UE may need to discard the previously determined target resources and re-do all operations. Moreover, if simultaneousHARQ-ACK-CSI is not configured, before DCI 2 is received, then CSI 1 should be dropped. And CSI 1 should be removed in the set Q. And after DCI 2 is received, CSI 1 should be recovered to be used for the target resource determination. That means CSI 1 should be considered again in the set Q. 
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Figure 1: In (a) before DCI 2 is received, the target resource is determined based on A/N1+CSI1+SR. In (b) after DCI 2 is received, the target resource is determined based on CSI1+SR. The UE may need to discard the previous determined target resource or to recover the previous dropped resource (if simultaneousHARQ-ACK-CSI is not configured).

Thus if the UE is required to perform multiplexing or to keep track of the target resources for each received DCI then it requires many operations that in Rel-15 would be unnecessary, since they have no impact on the determination of the final resource for multiplexing. Therefore, in Rel-15 it is up to UE’s implementation how to process UCI multiplexing/resource determination before the final channel has been obtained. That is, the UE may or may not perform UCI multiplexing/resource determination for each received DCI to generate intermediate channel(s)/resource(s), depending on implementation. Moreover, in Rel-15, the gNB does not need to be aware of the existence of intermediate channels/resources since they are not the final PUCCH and do not change the outcome. Also from the gNB perspective, it only cares about the final multiplexed results. 

Observation 1: 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 perform UCI multiplexing/target resource determination for each DCI to generate intermediate channel(s).

Based on above analysis,  Option 3 as it was discussed for Rel-16 in RAN1#109-e meeting, would violate this established concept since it would not be up to both UE’s and gNB’s implementation anymore how and when to perform the HP UCI multiplexing procedure.

Moreover in the RAN1#102-e meeting, following working assumption was achieved. The WA does not require the UE to perform UCI multiplexing for each 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.

	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



Observation 2: The WA achieved in the RAN1#102-e meeting, specifies to perform multiplexing for the final HP channel, not for each received DCI. It further states that multiplexing/overriding of HP channels is performed as if LP channels do not exist which implies that the Rel-15 realization for single priority multiplexing/overriding should be performed/re-used. 

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 it targets to capture the achieved WA and 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 (and not UCI resource determination either) 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 3: In previous discussion there has been an ambiguity in companies’ understanding about TS 38.213 how to interpret the “before or after”. The current specification does not describe Option 3.

Additionally, from the specification point of view, intermediate channel(s) are not captured, but option 3 would force them to be specified, which imposes another complication.

Option 2, on the other hand, has none of the issues that we discussed for Option 3 above. 

Option 2 
· Ensures in a simple way that sufficient time is given to the UE to perform cancellation after the HP multiplexing is ready
· Leaves the HP multiplexing procedure still up to the UE’s implementation. This results in an implementation that is aligned with any of the possibly existing Rel-15 solutions
· Is aligned with the WA achieved in RAN1#102-e
· Has in our view less spec impact compared to Option 3, since intermediate channels do not need to be added to the spec

Based on the above discussion, we make the following proposal.

Proposal: For Rel-16 intra UE multiplexing/prioritization, adopt Option 2. 

This issue was discussed during many meetings and we realize that it might not be possible to fully converge on Option 2 within the group. To move forward we can compromise to a UE capability solution for options 2 and 3 or to preclude this complex case in the spec e.g. by adopting Option 1 below which also had been discussed long time ago.

	Option 1: The UE does not use the outcome of intermediate multiplexing for HP channels to cancel LP channels 
o	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
o	All HP PUCCH/PUSCH channels except the final HP PUCCH/PUSCH that gets transmitted by the UE are intermediate channels.



Conclusion
According to the discussion, following observations and proposal are provided:

Observation 1: 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 perform UCI multiplexing/target resource determination for each DCI to generate intermediate channel(s).
Observation 2: The WA achieved in the RAN1#102-e meeting, specifies to perform multiplexing for the final HP channel, not for each received DCI. It further states that multiplexing/overriding of HP channels is performed as if LP channels do not exist which implies that the Rel-15 realization for single priority multiplexing/overriding should be performed/re-used. 

Observation 3: In previous discussion there has been an ambiguity in companies’ understanding about TS 38.213 how to interpret the “before or after”. The current specification does not describe Option 3.

Proposal: For Rel-16 intra UE multiplexing/prioritization, adopt Option 2. 
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