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Discussion and decision
1 Introduction
RAN2 discussed intra-UE prioritization/multiplexing and sent an LS to RAN1 in [1]. In RAN1 AH#1901, RAN1 discussed the scenarios that need to be resolved from RAN1 perspective but there was no conclusion and only the following suggestion was captured in the chairman’s notes.
	Companies are encouraged to perform additional analysis for the 7 scenarios in RAN2 LS w.r.t. intra-UE multiplexing, particularly w.r.t. whether or not some or all scenarios are necessary to be done from RAN1 perspective (including potential prioritization among the 7 scenarios), and if so, potential solutions. 


This contribution provides analysis for the 7 scenarios from the RAN2 LS. 
2 Discussion
· Traffic differentiation
Before considering RAN1 aspects for the scenarios identified by RAN2, it is important to consider how to differentiate eMBB traffic and URLLC traffic. This was also considered in Rel-15 where it was concluded to not specify traffic differentiation by explicit means such as using a RNTI. However, in Rel-15, there is also no differentiation of eMBB and URLLC traffic for prioritization when there are collisions (i.e. no intra-UE prioritization is considered). In the LS from RAN2, a main use case is for UEs supporting eMBB and URLLC at the same time. Such UEs may need to know whether a scheduled transmission/reception is for eMBB traffic or for URLLC traffic in order to apply prioritizations and possibly interpret the fields in the DCI format (if DCI formats for eMBB and URLLC have same size) according to the traffic type. To enable intra-UE traffic prioritization, the following approaches are considered. 
1. Explicit traffic differentiation
eMBB and URLLC traffic differentiation is by explicit indication in the DCI format. Examples of explicit indication are a different RNTI, a different DCI format size, a DCI format field, a different scrambling sequence, and so on. Explicit indication by a different DCI format or a different RNTI is easy to support for a few traffic types. However, the eURLLC SID phase identified a variety of URLLC requirements having different latency and reliability according to different use cases. Therefore, although a different DCI format size can differentiate eMBB and URLLC, it is unlikely to be possible for all URLLC services. Using a DCI format field is the simplest and most flexible approach and it is preferable to using multiple RNTIs both from specification/implementation perspective and to avoid increasing false alarms for DCI format detections. 
2. Implicit traffic differentiation

For example, as also mentioned in the LS, a later grant has a higher prioritization than an earlier grant when respective scheduled resources at least partially overlap. Some error cases may also exist such as when the later grant schedules eMBB traffic and the earlier grant schedules URLLC traffic or, in general, when the later grant schedules a traffic type with lower priority than the traffic type scheduled by the earlier grant. Implicit traffic differentiation cannot address configured grant behavior because there is no respective dynamic grant. Also, if different interpretation of the DCI format contents (e.g. for resource allocation) applies for eMBB and among different URLLC traffic types, implicit traffic differentiation cannot identify the interpretation of the DCI format contents regardless of the order of the grants or of overlapping or no overlapping of corresponding time/frequency resources.
Proposal 1: Consider both explicit and implicit approaches in prioritizing overlapping traffic types for a UE supporting multiple traffic types. 
· Scenario 1: Intra-UE DL Prioritization

As explained in the LS from RAN2, RAN1 can study solutions for a UE to prioritize later received DL assignments when sequentially received DL assignments overlap in time. A gNB can expect that the UE will process only the later received DL assignment. However, if the UE misses the later received DL assignment, the gNB and the UE have different behavior/understanding as the UE will decode PDSCH scheduled by an earlier DL assignment and report corresponding HARQ-ACK while the gNB will expect that the UE will decode PDSCH scheduled by the later DL assignment and report corresponding HARQ-ACK. The gNB may have to assume two or more (depending on the number of overlapped PDSCHs) different scenarios. If explicit methods for indication of the traffic type are used, it can be considered to leave it to UE implementation which traffic to prioritize (e.g. some UEs may be capable of receiving both PDSCHs if the frequency resources do not overlap, similar to receiving PDSCHs with system information and unicast information in Rel-15). Otherwise, the UE can prioritize the later received DL assignment.
Proposal 2: Consider UE capability for simultaneous PDSCH receptions in intra-UE DL prioritization. For a UE not capable of simultaneous unicast PDSCH receptions on a same DL BWP, prioritize PDSCH reception scheduling by later DL assignment.
· Scenario 2: Intra-UE UL Prioritization – Resource Conflict between Configured and Dynamic Grant

One case for this scenario is a configured grant for URLLC and a dynamic grant for eMBB. A UE needs to be explicitly informed whether the configured grant is for URLLC or for eMBB and also whether the dynamic grant is for URLLC or for eMBB. Basically, even if a gNB schedules a UE with eMBB PUSCH resources that overlap with configured grant resources for URLLC PUSCH, e.g. because the UE may not use the configured grant resources, the gNB may want to expect that if the UE has a URLLC PUSCH transmission in the configured grant resources, the UE will ignore the dynamic UL grant. However, because the gNB does not know whether or not the UE detects the dynamic UL grant, the gNB has to prepare to receive both PUSCH in resources scheduled by dynamic grant and to receive PUSCH in resources indicated by configured grant. Moreover, if URLLC latency budget is sufficient, especially, for large SCS values and shorter periodicity of configured grant for URLLC PUSCH, the UE may prefer to transmit the scheduled PUSCH for eMBB and transmit PUSCH on next configured grant resource for URLLC. The overall situation is similar to the conflict of SR transmission that can occur in Rel-15 where it is left to the UE implementation which SR to transmit in case of multiple overlapping positive SRs. 
Proposal 3: Intra-UE UL prioritization among transmissions associated with configured and dynamic grants is up to UE implementation.

· Scenario 3: Intra-UE UL Prioritization – Resource Conflict between Dynamic Grants

This scenario is similar to scenario 1. As a UE capability for simultaneous PUSCH transmissions in a same UL BWP is unlikely, this can be resolved by either prioritizing the later received UL grant or, to avoid additional handling of error cases (e.g. UL grant for eMBB is received after or at same time with UL grant for URLLC), by prioritizing the UL grant associated with the higher priority traffic type. Conflict for same priority traffic is not associated with an identified use-case and for specification purposes it can be treated as an error case. This is similar to UCI conflicts in Rel-15 (priority type is used to resolve them) and UCI/data can be treated in the same manner. 
Proposal 4: Intra-UE UL prioritization among transmissions associated with dynamic grants is based on the priority of the corresponding traffic type.

· Scenario 4: Intra-UE UL Prioritization – Resource Conflict between Control Channel and Control Channel

This is similar to Scenarios 2 and 3 and the priority of the traffic type can apply. Further, Rel-15 priorities among UCI types can apply. One possible difference from Rel-15 is whether to prioritize (positive) SR transmission for URLLC over eMBB HARQ-ACK transmission (identification of URLLC-related SR can be based on the configuration of the SR transmission parameters such as the periodicity).   
Proposal 5: Consider whether and, if so, how to prioritize SR transmission over HARQ-ACK transmission.
· Scenario 5: Intra-UE UL Prioritization – Resource Conflict between Control Channel and Data Channel

This scenario is similar to scenarios 2-4 and previous proposals apply. 
· Scenario 6: Intra-UE UL Prioritization – CA-based Concurrent Transmission with Power Limitation
This scenario occurs when a UE is scheduled to transmit eMBB PUSCH/PUCCH in a cell and URLLC PUSCH/PUCCH in another cell at the same time. Basically, in Rel-15 NR CA, a total UE transmit power for a PUSCH/PUCCH/PRACH/SRS transmission in a respective transmission period i could exceed Pcmax(i). In that case, the UE allocates power to PUSCH/PUCCH/PRACH/SRS transmissions according to the following priority order (in descending order) so that the total UE transmit power is smaller than or equal than in every symbol of transmission period. 
· PRACH transmission on the PCell (the highest priority)
· PUCCH transmission with HARQ-ACK/SR or PUSCH transmission with HARQ-ACK 
· PUCCH transmission with CSI
· PUSCH transmission with CSI
· PUSCH transmission without UCI 
· SRS transmission or PRACH transmission on a serving cell other than the PCell (the lowest priority)
In case of same priority order, the UE assigns higher priority to transmission on the primary cell (PCell) than on the PSCell or a SCell. Basically, for intra-UE multiplexing, it should first be determined whether or not CA operation is a feasible scenario. If not feasible, it does not need to be considered in RAN1. Even if it is feasible, this scenario can be handled by gNB or UE implementation based on the Rel-15 power control framework because the gNB and the UE know from higher layers which traffic is for URLLC or for eMBB. For example, a gNB implementation may not configure CA for intra-UE multiplexing when a UE may be power limited as determined from PHR reporting. For example, a UE may apply power scaling for eMBB/URLLC transmissions as for EN-DC when the total transmission power is exceeded. 

· Scenario 7: Intra-UE UL Prioritization – Power Control for Traffics with Different Priorities 

Since the Rel-15 power control framework already covers multiple closed-loop processes, there is no need to enhance further for intra-UE multiplexing. 
Proposal 6: No need to consider scenario 6 and 7 (power control related scenarios) in RAN1 perspective.

· Others
Besides the identified scenarios considered in RAN2, the following scenarios should also be discussed in RAN1. 
· A UE simultaneously supporting multiple PDSCH receptions or PUSCH transmissions on a cell.
A Rel-15 UE does not support reception of multiple PDSCHs or transmission of multiple PUSCHs at the same time except for a PDSCH scheduled by a DCI format with CRC scrambled by C-RNTI and another PDSCH scheduled by a DCI format with CRC scrambled by SI-RNTI. For a UE supporting eMBB and URLLC, depending on a UE capability, it may be possible to support multiple PDSCH/PUSCH with C-RNTI by having individual processors. 
· A UE supporting simultaneous PUSCH and PUCCH transmissions (based on UE capability). 

As discussed in [2], this can bring significant efficiencies and simplifications to the UE implementation that can re-use Rel-15 operation.
· A UE supporting NC-JT operation

In case of NC-JT, it was agreed to support multiple PDCCH and/or one PDCCH to schedule different PDSCH transmissions from different TRPs. Then, even if multiple DCI formats schedule overlapped PDSCH resources, UE can receives those PDSCHs. 
Proposal 7: Consider support of multiple simultaneous PDSCH receptions or PUSCH transmissions, PUSCH and PUCCH, and NC-JT operation in the discussions for prioritization of overlapping transmissions/receptions.

3 Conclusions
This contribution considered scenarios sent from RAN2 regarding intra-UE multiplexing/prioritization. Followings are summarized in this contribution.
Proposal 1: Consider both explicit and implicit approaches in prioritizing overlapping traffic types for a UE supporting multiple traffic types.
Proposal 2: Consider UE capability for simultaneous PDSCH receptions in intra-UE DL prioritization. For a UE not capable of simultaneous unicast PDSCH receptions on a same DL BWP, prioritize PDSCH reception scheduling by later DL assignment.
Proposal 3: Intra-UE UL prioritization among transmissions associated with configured and dynamic grants is up to UE implementation.

Proposal 4: Intra-UE UL prioritization among transmissions associated with dynamic grants is based on the priority of the corresponding traffic type 
Proposal 5: Consider whether and, if so, how to prioritize SR transmission over HARQ-ACK transmission.
Proposal 6: No need to consider scenario 6 and 7 (power control related scenarios) in RAN1 perspective.
Proposal 7: Consider support of multiple simultaneous PDSCH receptions or PUSCH transmissions, PUSCH and PUCCH, and NC-JT operation in the discussions for prioritization of overlapping transmissions/receptions.
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