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1 Introduction
This contribution discusses intra-UE prioritization for mixed traffic scenarios for NR Industrial IoT [1] with focus on pre-emption and related aspects.
After RAN2#103bis, email discussion 103#41 aiming at clarifying scenarios and determining input for an LS to RAN1 for intra-UE prioritization objective of NR IIoT SI has been ongoing.
This contribution discusses pre-emption and related aspects with impacts to RAN1. Companion contributions discuss other aspects of intra-UE prioritization such as scheduling [2] and inter-cell prioritization [3].

2 Key Use Cases and Scenarios for IIoT
Several key uses cases are described in the SID [1]. Those include Factory automation, Transport Industry and Electrical Power Distribution. The challenges associated to these use cases are further described in [4].
For “Factory automation”, the relevant use cases include “Motion control”, Control-to-control”, “Mobile robots” and “Massive wireless sensor networks”. The use case “Mobile robots” involves “simultaneous transmission of non-real time data, real-time streaming data and highly-critical, real-time control data with highest requirements in terms of latency and communication service availability over the same link and to the same device”. The case of “Motion control” involves simultaneous transmission of non-real time data and highly-critical data, where non-real time data typically consists of software updates or maintenance information.
Based on those key use cases for IIoT [4], it can be expected that UEs will be concurrently active with a set of logical channels (LCHs) configured for URLLC traffic and a set of LCHs configured for non-real time (or best-effort) data traffic e.g., eMBB for both downlink and uplink transmissions.

Observation 1: 
Key use cases for IIoT within scope of NR R16, such as Factory Automation, involve mixed traffic e.g., same UE simultaneous transmission of URLLC and eMBB traffic.
The following scenarios for the key use cases are considered for uplink transmissions:

· Resource conflict between multiple grants for PUSCH transmissions (aka scenarios 2 and 3 in 103#41):
For the uplink and in a mixed traffic scenario, the UE may have more than one grant for a transmission that conflicts at least in part for transmission resources in terms of time and frequency. Both grants may be signalled dynamically (e.g. a first grant initially intended for eMBB traffic and a second grant later intended for URLLC traffic), or one of them may be a configured grant. Irrespective of the type of the grant or the method by which the UE acquired the grant, the UE behaviour should be appropriate in light of the mixed traffic scenario, priorities of the transmissions and associated data as well as appropriate scheduling flexibility.
· Resource conflict between uplink control channels (aka scenario 4 in 103#41):
For the uplink and in a mixed traffic scenario, transmission of uplink control signalling e.g., HARQ-ACK, SR, BSR, CSI may overlap in time with uplink control transmission related to other traffic with the same or higher/lower priority.
· Resource conflict between uplink control channels and uplink data channels (aka scenario 5 in 103#41):
For the uplink and in a mixed traffic scenario, transmission of uplink control signalling e.g., HARQ-ACK, SR, BSR, CSI may overlap in time with uplink data transmission of traffic of same or higher/lower priority.
· Transmit power limitation for intra-UE inter-cell overlapping transmissions (aka scenario 6 in 103#41):
For the uplink and in a mixed traffic scenario, the UE may be power limited when transmitting (control and/or data) for different serving cells of the UE’s configuration, for transmissions of (or related to) traffic of same or higher/lower priority that at least partly overlap in time. This is further discussed in contribution [3].

3 Intra-UE Prioritization and UL Transmission Pre-emption
NR supports transmissions of different durations for PDSCH, PUSCH and PUCCH to carry data or control associated to different latency requirements. Longer durations (e.g. 0.5 ms) may typically be used for eMBB traffic for maximum efficiency while shorter durations (e.g. 0.07 ms) are appropriate for URLLC traffic to minimize latency. Correspondingly, PDCCH search spaces and SR occasions may be configured with different periods to efficiently support the different types of traffic. 
However, the latency requirement of URLLC data may be exceeded if a corresponding transmission cannot start before the end of an on-going transmission of longer duration. In such case, the on-going transmission should be interrupted to ensure that the requirement of URLLC is met. The concerned URLLC transmission may be a PDSCH transmission or a PUSCH transmission carrying data or it could be critical UCI such as SR or HARQ-ACK.
The following specific cases corresponding to scenario 4 and 5 can be identified for intra-UE uplink pre-emption:
a) SR for URLLC colliding with PUSCH or PUCCH for eMBB

This case requires enhancements to ensure that SR of URLLC can be prioritized over the eMBB transmission.
Proposal 1:
LS to RAN1 that SR for URLLC should be prioritized over any (parts of) an eMBB transmission.
b) HARQ-ACK of a PDSCH for URLLC colliding with PUSCH or PUCCH for eMBB

This case requires enhancements to ensure that HARQ-ACK of URLLC can be prioritized over the eMBB transmission.

Proposal 2:
LS to RAN1 that HARQ feedback for URLLC should be prioritized over any (parts of) an eMBB transmission.
c) PUSCH for URLLC colliding with PUSCH or PUCCH for eMBB

For dynamic grant, this case may be handled by requiring that the UE keeps monitoring search space of PDCCH during PUSCH transmission and follows the latest grant, assuming that a grant for URLLC is always receive closest in time to the start of the transmsission.
Proposal 3:
LS to RAN1 that PUSCH for URLLC should be prioritized over any (parts of) an eMBB-related transmission on PUCCH or PUSCH.

In addition to the above cases, prioritization of CSI transmission intended for URLLC link adaptation (e.g. based on BLER target) over other CSI should also be considered.

Prioritization and/or pre-emption is only possible when the UE can determine what transmission is intended by scheduling for a URLLC transmission or, more generally, when the UE can determine the reliability, latency requirements associated to any transmission. Such requirement can be viewed as a transmission profile which relates to the scheduler strategy for the transmission in terms of BLER target, HARQ operating point, etc.

Different approaches may be considered to enable the UE to determine the applicable transmission profile for any transmission including using a DCI indication, a mapping to a specific characteristics of the transmission (e.g., similar to existing mapping restrictions or combination thereof), the type of MCS table for the PUSCH transmission, or by RRC configuration. Companion contribution [2] further discusses scheduling aspects related to the transmission profile.
Proposal 4:
LS to RAN1 that the physical layer should support determination of the priority requirement for a transmission corresponding to its reliability, latency requirement.

4 Conclusion
This contribution discusses pre-emption aspects for mixed traffic scenarios that have impacts to RAN1 work for intra-UE prioritization within the NR Industrial IoT SI.

RAN2 should discuss the above and agree to the following:

Observation 1: 
Key use cases for IIoT within scope of NR R16, such as Factory Automation, involve mixed traffic e.g., same UE simultaneous transmission of URLLC and eMBB traffic.
Proposal 1:
LS to RAN1 that SR for URLLC should be prioritized over any (parts of) an eMBB transmission.

Proposal 2:
LS to RAN1 that HARQ feedback for URLLC should be prioritized over any (parts of) an eMBB transmission.

Proposal 3:
LS to RAN1 that PUSCH for URLLC should be prioritized over any (parts of) an eMBB-related transmission on PUCCH or PUSCH.

Proposal 4:
LS to RAN1 that the physical layer should support determination of the priority requirement for a transmission corresponding to its reliability, latency requirement.

If RAN2 agree to the above proposals, RAN2 should inform RAN1 of the above aspects.
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