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1. Introduction
At the RAN1#95 meeting, RAN2 sent one LS [1] to involve RAN1 in the study of the Intra-UE prioritization/multiplexing scenarios. In this contribution we focus on intra-UE transmission prioritization/multiplexing for NR URLLC. 
2. Discussions on intra-UE prioritization/multiplexing
[1] provides following five prioritized scenarios for intra-UE transmission prioritization/multiplexing. First of all, we define two cases as resource overlapping; Case 1 is that the two resources are only overlapped in time domain but not overlapped in the frequency domain while Case 2 is that the two resources are overlapped in both frequency and time domain. Whether these two cases are handled in different manners or in the same manner should be considered.
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(a) Case 1					(b) Case 2
Fig. 1	Resource overlapping.
At least for case 2, a UE needs to prioritize one PDSCH reception for DL or one PUSCH transmission for UL. For case 1, it is possible that a UE can simultaneously process multiple PDSCHs or PUSCHs if the UE has high capability; for example, if the UE is capable of intra-band DL/UL-CA, the UE has processing capability of simultaneously receiving/transmitting multiple PDSCHs and/or PUSCHs in the given band from both BB and RF point of views and therefore, it would be feasible to enable simultaneous processing in this situation. However, if the UE cannot simultaneously handle multiple PDSCHs or PUSCHs, then same handling as for case 2 can be applied. In the following, we will mainly discuss the case one of two transmissions needs to be prioritized on the overlapped resource. 
· Scenario 1: Intra-UE DL Prioritization
This scenario considers a case where a UE has sequentially received two DL assignments with overlapping radio resources. Regarding the prioritization rule, the UE should skip decoding the PDSCH scheduled by an earlier PDCCH and start decoding the PDSCH scheduled by the later PDCCH on the overlapped time-/frequency-domain resource since if the second PDSCH scheduled later is not urgent, gNB will not schedule it on the overlapped resources. Although the prioritization on the overlapped resources for this scenario is clear, additional discussion/enhancements are needed as following:
· Whether the UE is allowed or is required to resume the decoding the earlier scheduled PDSCH on non-overlapped resources? 
· Especially for UE configured with CBG based transmission, when the later PDSCH punctures some CBGs of earlier scheduled PDSCH, whether UE can support the subsequent re-transmissions?
· Whether to send the HARQ-ACK feedback if the earlier scheduled PDSCH is dropped?
· Scenario 2: Intra-UE UL Prioritization – Resource Conflict between Configured and Dynamic Grant
This scenario is a case where the UL radio resource associated to a configured grant overlaps with a dynamic grant in time. If the resources are only overlapped in time domain, i.e., Case 1, then for high-capability UE, it is possible to transmit both as long as transmission power is enabled for both UL transmissions taking into account power backoff such as MPR, etc, although it might be challenging. Alternatively, UE can prioritize one UL transmission, drop, puncture or suspend the other one. 
The difference between configured grant and dynamic grant from MAC-PHY interaction viewpoint should also be well understood. For configured grant, both MAC layer and physical layer are aware of the configured grant resource/configuration. For dynamic grant, physical layer can make the first decision on whether to decode/process the dynamic UL grant based on some conditions e.g. sufficient processing timeline to cancel the configured grant transmission. If physical layer decides to inform MAC layer about the scheduling information contained in the dynamic UL grant, then MAC layer can further make the selection based on the LCP and the transmission conditions of the configured grant resource and dynamic grant resource; otherwise, if physical layer decides to give up processing the dynamic grant, then MAC layer does not need to make decision, just perform the configured grant transmission. As such, inter-layer handling would be necessary for the Scenario 2. In addition, following aspects need to be discussed:
· What is the required minimum processing timeline so that UE can cancel, puncture or suspend the UL transmission with lower priority as soon as possible. 
· How can gNB identify which UL transmission the UE has prioritized?
· Whether the UE is allowed or required to resume the transmission on non-overlapped resources considering the transient period?
· Whether the UE supports the subsequent scheduling of the PUSCH re-transmission? 
· Scenario 3: Intra-UE UL Prioritization – Resource Conflict between Dynamic Grants
This scenario considers a case where the UL radio resource associated to a dynamic grant overlaps with another dynamic grant in time. For data scheduled by dynamic grant, MAC layer proceeds based on the received downlink control information from physical layer. Therefore, it is more reasonable that physical layer makes the selection based on the UL grants reception time (e.g., later UL grant over earlier UL grant) and scheduling parameters contained in the UL grants (e.g. MCS table, DMRS configurations etc) and the processing timeline constraints. Similar questions as listed in Scenario 2 need to be discussed. 
· Scenario 3’: Intra-UE UL Prioritization – Resource Conflict between Configured Grants
In the LS [2], following agreements made in RAN1#95 were informed to RAN2:
Agreements:
· Multiple active configured grant configurations for a given BWP of a serving cell should be supported at least for different services/traffic types and/or for enhancing reliability and reducing latency 
· FFS details
· Note: it is understood that the above may be related to RAN2-led work on intra-UE multiplexing
Above underlined parts imply that following two use cases motivate to support multiple configured grant configurations:
Use case 1: Support different service/traffic types with different requirements on latency, reliability, packet size etc., running simultaneously at the UE side;
Use case 2: To ensure K repetitions without sacrificing the latency for a given URLLC service, similar as multiple UL SPS configurations supported in LTE HRLLC. The main features for use case 2 are following:  
· The multiple configured grant configurations have the same periodicity but can have different time offsets
· UE should start PUSCH transmission at the beginning of a first repetition of a transmission occasion of a configured grant configuration and continue K times repetition.
For the both of above use-cases, multiple active configured grants could overlap in the time domain, from a resource configuration perspective. Therefore, RAN2 should also study this scenario where the resources are collided between multiple configured grant configurations. For collision between configured grants, MAC layer should make the selection at least for use case 1 that multiple configurations are used to support different services. While for use case 2 that multiple configurations are used to guarantee the number of repetitions, on a serving cell, an ongoing UL configured grant repetition transmission should not be interrupted by another UL configured grant repetition configuration having new data arriving.
· Scenario 4: Intra-UE UL Prioritization – Resource Conflict between Control Channel and Control Channel
This scenario considers a case where the resources of uplink control transmission overlaps in time with other uplink control transmission relating to another, higher priority traffic. In other word, UE may be required to transmit a PUCCH at the middle of another PUCCH transmission. The control information includes HARQ-ACK, SR and CSI report. For URLLC services, it is not sure how much accuracy i.e., (BLER of CSI report > 10^(-6)) can be achieved for the CSI report, so our focus on the uplink control information (UCI) for URLLC is HARQ-ACK and SR. When control information for URLLC-like services and for eMBB-like services collides, further discussion is necessary on whether it is allowed to multiplex the URLLC-UCI and eMBB-UCI into one resource; if possible what is the condition e.g. processing timeline requirement and the multiplexing patterns suitable for URLLC to meet the latency and reliability requirements. If one/some UCI need to be dropped, the priority can be defined as HARQ-ACK for URLLC > SR for URLLC > HARQ-ACK for eMBB > SR for eMBB > CSI with higher priority for URLLC (if supported) > CSI with higher priority for eMBB > CSI with lower priority for URLLC (if supported) > CSI with lower priority for eMBB. 
It is noticed that in [3] subclause 5.4.4 defines the SR procedure including SR triggering, SR cancellation, related Timer maintenance and SR selection when there is more than one overlapping valid PUCCH resource for the SR transmission occasion. Therefore, for SR operation, RAN2 can take the lead for discussion, then RAN1 can focus on other UCI collision cases e.g. HARQ-ACK v.s. HARQ-ACK/SR etc. 
· Scenario 5: Intra-UE UL Prioritization – Resource Conflict between Control Channel and Data Channel
This scenario considers a case where the resources of uplink control transmission overlaps in time with uplink data transmission relating to another traffic with either higher or lower priority. In other word, UE may be required to transmit a PUCCH at the middle of a PUSCH transmission or UE may be required to transmit a PUSCH at the middle of a PUCCH transmission. 
If UE is required to transmit a PUCCH or PUSCH at the middle of a PUSCH or PUCCH transmission, the PUCCH or PUSCH transmission scheduled/configured later should be prioritized, otherwise, gNB should not make such scheduling decision. Regarding the other interrupted transmission, if processing time is enough, the whole transmission can be dropped; else, either puncture the part of the transmission or drop the remaining transmission can be considered. Further discussion is needed on whether the potentially dropped HARQ-ACK for eMBB can piggyback on the URLLC-PUSCH/PUCCH. Another point is in Rel.15, the SR is dropped if the PUCCH resource for the SR transmission occasion overlaps with a UL-SCH resource. In Rel.16 for URLLC SR, this rule needs to be modified.  
In summary, for Rel.16 URLLC, according to above scenarios, following cases should be supported in physical layer:
1. Receive a PDSCH that cancels previously scheduled another PDSCH overlapped in time
2. Transmit a PUSCH that cancels previously scheduled another PUSCH/PUCCH overlapped in time
3. Transmit a PUCCH that cancels previously scheduled another PUSCH/PUCCH overlapped in time
As the mechanisms, LTE shortened TTI already specifies all of the above collision cases, such that short-TTI is prioritized over 1ms TTI. To reduce the specification efforts, NR can borrow the solutions of LTE short-TTI as starting point [4]. 
In addition, following two additional scenarios i.e., scenario 6 and 7 are identified in [1], which may only have RAN1 impacts.
· Scenario 6: Intra-UE UL Prioritization – CA-based Concurrent Transmission with Power Limitation
In cases wherein mixed traffic with different priorities / reliability requirements are exchanged between the UE and gNB and corresponding data or control transmissions simultaneously occur on different serving cells, prioritization may have to occur due to transmit power limitation.
· Scenario 7: Intra-UE UL Prioritization – Power Control for Traffics with Different Priorities
The UE may need to dynamically change its power control loop to ensure the transmission related to high priority data.
CA/DC based eMBB/URLLC multiplexing is a simple and interesting approach. Clearly, it has overlapping with UL power control specified under the WI on Multi-RAT Dual-Connectivity and Carrier Aggregation enhancements [5]. It needs to be clarified whether this is part of intra-UE eMBB/URLLC multiplexing/prioritization or of MR-DC/CA enhancements [6]. Our slight preference is to work on CA/DC based eMBB/URLLC multiplexing under MR-DC/CA enhancements since the WI will specify overall NR-NR DC power-control.
Proposal 1:
· For Scenario 1 of intra-UE DL Prioritization,
· If valid DL assignments are detected based on C-RNTI/MCS-C-RNTI/CS-RNTI in PDCCH for more than one PDSCHs in the same time instance for a given carrier, the UE should decode the PDSCH with later starting symbol.
· UE shall provide HARQ-ACK feedback for all of the PDSCHs.
· For intra-UE UL data Prioritization,
· If valid UL grants are detected based on C-RNTI/MCS-C-RNTI/CS-RNTI in PDCCH or configured grant for more than one PUSCHs in the same time instance for a given carrier, the UE should transmit the PUSCH with later starting symbol.
· In case of collision between a PUSCH with starting symbol #n and another PUSCH with starting symbol #n+x where x>0 on a given carrier for a UE,
· The UE shall transmit the PUSCH with starting symbol #n+x
· The UE should attempt to drop/stop the whole/remaining transmission of PUSCH with starting symbol #n
· CSI on PUSCH with starting symbol #n is dropped
· FFS the UE shall not resume the dropped/stopped transmission
· FFS HARQ-ACK on the PUSCH with starting symbol #n is transmitted on the PUSCH with starting symbol #n+x
· For intra-UE UL control Prioritization,
· In case of collision between a PUCCH with starting symbol #n and another PUCCH with starting symbol #n+x where x>0 on a given carrier for a UE,
· The UE shall transmit the PUCCH with starting symbol #n+x
· The UE should attempt to drop/stop the whole/remaining transmission of PUCCH with starting symbol #n
· CSI on PUSCH with starting symbol #n is dropped
· FFS HARQ-ACK on the PUCCH with starting symbol #n is transmitted on the PUCCH with starting symbol #n+x
Proposal 2: 
· For Scenario 6 and Scenario 7, conclude whether possible introduction of additional priority rules between different service/traffic types (e.g., eMBB vs URLLC) are to be discussed in URLLC SI or MR DC and CA WI.
· Our slight preference is to work on it in MR DC and CA WI.

3. Conclusion
In this contribution, we discussed URLLC uplink transmission prioritization and multiplexing for intra-UE. Proposals are summarized as following: 
Proposal 1:
· For Scenario 1 of intra-UE DL Prioritization,
· If valid DL assignments are detected based on C-RNTI/MCS-C-RNTI/CS-RNTI in PDCCH for more than one PDSCHs in the same time instance for a given carrier, the UE should decode the PDSCH with later starting symbol.
· UE shall provide HARQ-ACK feedback for all of the PDSCHs.
· For intra-UE UL data Prioritization,
· If valid UL grants are detected based on C-RNTI/MCS-C-RNTI/CS-RNTI in PDCCH or configured grant for more than one PUSCHs in the same time instance for a given carrier, the UE should transmit the PUSCH with later starting symbol.
· In case of collision between a PUSCH with starting symbol #n and another PUSCH with starting symbol #n+x where x>0 on a given carrier for a UE,
· The UE shall transmit the PUSCH with starting symbol #n+x
· The UE should attempt to drop/stop the whole/remaining transmission of PUSCH with starting symbol #n
· CSI on PUSCH with starting symbol #n is dropped
· FFS the UE shall not resume the dropped/stopped transmission
· FFS HARQ-ACK on the PUSCH with starting symbol #n is transmitted on the PUSCH with starting symbol #n+x
· For intra-UE UL control Prioritization,
· In case of collision between a PUCCH with starting symbol #n and another PUCCH with starting symbol #n+x where x>0 on a given carrier for a UE,
· The UE shall transmit the PUCCH with starting symbol #n+x
· The UE should attempt to drop/stop the whole/remaining transmission of PUCCH with starting symbol #n
· CSI on PUSCH with starting symbol #n is dropped
· FFS HARQ-ACK on the PUCCH with starting symbol #n is transmitted on the PUCCH with starting symbol #n+x

Proposal 2: 
· For Scenario 6 and Scenario 7, conclude whether possible introduction of additional priority rules between different service/traffic types (e.g., eMBB vs URLLC) are to be discussed in URLLC SI or MR DC and CA WI.
· Our slight preference is to work on it in MR DC and CA WI.
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