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Introduction
According to discussion in RAN1 105 e-meeting, it seems that companies still have different views on the current spec behavior regarding intermediate multiplexing. Moreover, most companies think that the intermediate multiplexing checking complicates the UE implementation. Hence, the feature lead recommendation is to further discuss the possible solutions to reduce UE implementation burden caused by the intermediate multiplexing checking. Finally, the following 4 options are considered:
· Option 2: The UE does not use the outcome of intermediate multiplexing for HP channels to cancel LP channels. (The UE uses the final HP PUCCH/PUSCH 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 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: The UE does not use intermediate channels for multiplexing. The UE uses initial HP PUCCH/PUSCH channels scheduled by DCI and final HP PUCCH/PUSCH channels to cancel LP channels
· 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 4: whether the intermediate HP channels is used to cancel the LP channels is left to UE implementation. 
In this contribution, the above 4 options will be analyzed.
Discussion 
For option 3, most companies have shown their concerns on UE implementation complexity. So it should not be considered further. 
For option 4, it may lead the ambiguity at the gNB in terms of whether the LP transmission will be cancelled or not. As shown in Figure 1, From gNB’s perspective, LP PUCCH Y is expected to be deprioritized by intermediate HP channels, i.e. any of HP PUCCH 1, HP SR and HP PUCCH 3 (HARQ-ACK and SR multiplexing). Then gNB may schedule new uplink transmission overlapping with the resource for LP PUCCH Y.  From UE’s perspective, LP PUCCH Y maybe reserved due to only final HP PUCCH 4 and 5 cancel LP PUCCH/PUSCH channels but final HP PUCCH 4 and 5 does not overlap with LP PUCCH/PUSCH channels. As shown in Figure 2(a), gNB is expected to receive new uplink transmission and HP PUCCH 5, but UE sends LP PUCCH Y and HP PUCCH 5, as show in Figure 2 (b). LP PUCCH Y interferes the new uplink transmission. So, option 4 should not be considered due to unexpected interference. 



Figure 1 Intra UE prioritization (LP DCI before HP DCI1 and HP DCI 2)


          
(a)                                                             (b)
Figure 2 The reception in gNB and the transmission in UE 
Proposal 1: Option 3 and 4 should not be considered further.
For option 2 and option 3a, option 2 can avoid unnecessary cancellation of LP channel but timeline for HP channel multiplexing is further restricted. Option 3a may lead unnecessary cancellation of LP channels but without further restriction on multiplexing timeline.

In spec, the processing time requirement for prioritization is not smaller than Tproc2 with d2,1=d1 (d1=0,1,2,) between a HP uplink channel and corresponding DCI. And the processing time requirement for multiplexing is not smaller than Tproc2 with d2,1 (d2,1=0,1) between the earliest uplink channel and latest DCI. Processing time requirement gap between multiplexing and prioritization is not larger than 2 symbols, as shown in Figure 3. On the one hand, new traffic arrival probability within short time, e.g. one or two symbols, is very low. On the other hand, considering practical scheduling processing unit, e.g. gNB may allocate resource every slot or subslot, and search space periodicity configuration, the new traffic scheduling probability within one or two symbols become even lower. So, the new traffic scheduling probability after prioritization timeline ending but before multiplexing timeline ending is very low. 


Figure 3 Prioritization before multiplexing
In addition, considering multiplexing timeline requirement is applied for the gap between the earliest uplink channel and the latest DCI, the processing time requirement for multiplexing is stricter than prioritization when LP channel overlaps HP channel other than the earliest HP channel, as shown in Figure 4. In Figure 4, prioritization processing is after multiplexing processing. 


Figure 4 Prioritization after multiplexing
Observation 1: In most cases, multiplexing determination is before prioritization.
· Even the multiplexing timeline ending is after prioritization timeline ending, the whole picture of multiplexing channel almost remains the same before and after prioritization timeline ending.
Observation 2: Scheduling restriction from option 2 is very limited, even can be ignored. 
The new traffic scheduling probability after prioritization timeline ending but before multiplexing timeline ending becomes even lower. However, to support a corner case, some LP PUCC/PUSCH channels may be overkilled and system resource is wasted. Considering it is a controversial issue in R16 maintenance stage and it may impact R17 intra-UE multiplexing procedure, we suggest to move forward a simplest solution, i.e. option2.
Proposal 2: Option 2 is preferred.
Conclusions
In this contribution, we discuss working assumption with the following proposals:
Observation 1: In most cases, multiplexing determination is before prioritization.
· Even the multiplexing timeline ending is after prioritization timeline ending, the whole picture of multiplexing channel almost remains the same before and after prioritization timeline ending.
Observation 2: Scheduling restriction from option 2 is very limited, even can be ignored. 
Proposal 1: Option 3 and 4 should not be considered further.
Proposal 2: Option 2 is preferred.
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