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In RAN1 102e-meeting, the following working assumption on intra UE prioritization is achieved [1]. However, there still be diverse understandings on intra UE prioritization. And to address a controversial issue, a simple solution is proposed to move forward. This document focuses on this issue.

Working assumption (RAN1 #102)
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
Discussion 
1.1 Working assumption
Overlapping with high priority channel case in Figure 1 and Figure 2 is proposed [2]. However, different companies have different understandings on which HP channels can cancel LP channel. In our understanding, the intention of working assumption is to perform prioritization in time, and it is time variant procedure mainly triggered by a new channel. Figure 1 and 2 shows a shot of prioritization procedure.
For Figure 1, Due to LP DCI occurs before HP DCI 1 and HP DCI 2, HP channel scheduled by any HP DCI and corresponding multiplexing channel could deprioritize LP channel, if overlapping. 
· In Figure 1(a), LP PUCCH Y is deprioritized by any of HP PUCCH 1, HP SR and HP PUCCH 3 (HARQ-ACK and SR multiplexing). Although HP PUCCH 4 overriding HP PUCCH 1 and corresponding multiplexing channel, i.e. HP PUCCH 5, do not overlap with LP PUCCH Y, LP PUCCH Y cannot be recovered. 
· In Figure 1(b), LP PUCCH X is deprioritized by any of HP PUCCH 1-5, if overlapping. To be specific, LP PUCCH X overlaps with HP PUCCH 2,4 and 5, so it can be deprioritized by any of HP PUCCH 2,4 and 5.




(a)                                                                             (b)
Figure 1 Intra UE prioritization (LP DCI before HP DCI1 and HP DCI 2)
For Figure 2, Due to LP DCI occurs after HP DCI 1, LP PUCCH Y can only be deprioritized by HP PUCCH scheduled by HP DCI 2, which is after LP DCI, Semi-static HP PUCCH and corresponding multiplexing channel. To be specific, LP PUCCH Y can be deprioritized by PUCCH2, PUCCH 4 and PUCCH5. In addition, if LP DCI is after HP DCI 1, LP PUCCH Y is not expected to be cancelled by HP PUCCH 1.


Figure 2 Intra UE prioritization (LP DCI between HP DCI1 and HP DCI 2)
Observation 1: If A first DCI scheduling LP channel is before a second DCI scheduling HP channel, HP channel scheduled by a second DCI and corresponding multiplexing HP channel, e.g. multiplexed channel resulted from overridden channel, can cancel LP channel, if overlapping.
Observation2: It is not expected that a first DCI scheduling LP channel is no earlier than a second DCI scheduling HP channel but LP channel overlaps with HP channel.
Although working assumption was made in RAN1 102, however, there still are diverse understandings. The main reason is to take intermediate multiplexing into account in addition. Intermediate multiplexing is totally different from R15 multiplexing and not easy to merge into current spec. In addition, 
· For R15 multiplexing channel, multiplexing timeline is defined which makes it feasible that UE takes a whole picture of uplink channels in the slot and performs multiplexing only one time for a group of overlapping channels. It is an easy and efficient solution.
· For intermediate multiplexing, multiplexing is triggered by HP DCI. It requires UE to perform multiplexing in time, which consumes calculation resource in chip. However, intermediate multiplexing result is usually overridden by final multiplexing, in other words, intermediate multiplexing will lead overkill and waste system resource. So, whatever from perspective of UE implementation or system efficiency, intermediate multiplexing is not a good way.

The intention to introduce intermediate multiplexing is to ensure enough processing time for prioritization. In other words, prioritization should be allowed before multiplexing. 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
Taking the whole picture into account, the new traffic scheduling probability after prioritization timeline ending but before multiplexing timeline ending becomes even lower. However, to support a corner case, the new procedure breaks the rule of legacy multiplexing and is not easy to merge into current specification. Moreover, it may lead overkill and waste system resource. Considering it is a controversial issue in R16 maintenance stage, we suggest to move forward a simplest solution.
Observation 3: The controversial procedure in working assumption is intermediate multiplexing.
Observation 4: In most cases, the whole picture of multiplexing channel can be determined 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 5: Working assumption breaks legacy multiplexing procedure and is not easy to merge into current specification. Moreover, it may lead overkill and waste system resource.
1.2 Alternative solution
In RAN1 104b meeting, Ericsson proposes a compromised solution, as listed in the following:
· Overlapping resolution by multiplexing low priority PUCCH/PUSCH
· Overlapping resolution by multiplexing high priority PUCCH/PUSCH
· Prioritization/cancellation HP over LP
· Add error case: It is not expected a later DCI in a PDCCH reception overrides cancellation of a repetition of a 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
This solution removes intermediate multiplexing, which is a controversial part. Moreover, it aligns with the following agreements [3][4]:
Agreement (RAN1 #99)
To resolve collision between UL transmissions, a UE performs the following: 
· Step 1: Resolve collision between UL transmissions with same priority. 
· Step 2: Resolve collision between UL transmissions with different priorities.
Agreement (RAN1 #101)
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 UCCH/PUSCH that is received after the first DCI.
· Note: The collision between HP PUSCH and LP PUSCH is not covered by this agreement.
· 
So, it is suggested to follow the above procedure for intra UE prioritization.
Proposal 1: Intermediate multiplexing should be removed from intra UE prioritization.
Proposal 2: The following intra UE prioritization procedure can be supported:
· Overlapping resolution by multiplexing low priority PUCCH/PUSCH
· Overlapping resolution by multiplexing high priority PUCCH/PUSCH
· Prioritization/cancellation HP over LP
· Add error case: It is not expected a later DCI in a PDCCH reception overrides cancellation of a repetition of a 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
Conclusions
In this contribution, we discuss working assumption with the following proposals:
Observation 1: If A first DCI scheduling LP channel is before a second DCI scheduling HP channel, HP channel scheduled by a second DCI and corresponding multiplexing HP channel, e.g. multiplexed channel resulted from overridden channel, can be considered for prioritization for the LP channel.
Observation2: It is not expected that a first DCI scheduling LP channel is no earlier than a second DCI scheduling HP channel but LP channel overlaps with HP channel.
Observation 3: The controversial procedure in working assumption is intermediate multiplexing.
Observation 4: In most cases, the whole picture of multiplexing channel can be determined 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 5: Working assumption breaks legacy multiplexing procedure and is not easy to merge into current specification. Moreover, it may lead overkill and waste system resource.
Proposal 1: Intermediate multiplexing should be removed in intra UE prioritization.
Proposal 2: The following intra UE prioritization procedure can be supported:
· Overlapping resolution by multiplexing low priority PUCCH/PUSCH
· Overlapping resolution by multiplexing high priority PUCCH/PUSCH
· Prioritization/cancellation HP over LP
· Add error case: It is not expected a later DCI in a PDCCH reception overrides cancellation of a repetition of a 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.
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