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1 Introduction
This contribution outlines our views on scenarios and enhancements that should be considered as part of the Study on NR Industrial IoT [1]. This contribution focuses on enhancements that may have potential impacts to RAN1, such as pre-emption, power scaling and power control configuration. Other enhancements related to LCP are discussed in a companion paper [2].
2 Relevant use cases
The SID identifies several key use cases to be considered. More specifically, new use cases include those associated to Factory automation, Transport Industry and Electrical Power Distribution. Challenges associated to these use cases are described in [3]. 
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 use case “Motion control” also involves simultaneous transmission of non-real time data and highly-critical data, where the non-real time data could typically consist of software updates or maintenance information.
Based on the information provided in [3] it seems reasonable to expect that support of the above use cases is likely to involve, for the same UE and for both DL and UL, a set of logical channels associated to URLLC requirements and a set of logical channels associated to non-real-time requirements, e.g. eMBB.

Observation: Several use cases to be supported in R16 (e.g. for Factory automation) require support of simultaneous transmission of URLLC and eMBB traffic for a UE in both DL and UL.
3 Issues to be addressed
Intra-UE preemption
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) need to be used 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. 
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. To ensure that the requirement of URLLC is met, the on-going transmission should be interrupted. Here, the concerned URLLC transmission could be not only a PDSCH or PUSCH transmission carrying data but also critical UCI such as SR or HARQ-ACK. The following cases can be identified:
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.
b) HARQ-ACK 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.

c) PDSCH for URLLC colliding with PDSCH for eMBB

This case may be handled by requiring that the UE keeps monitoring search space of PDCCH during PDSCH reception and follows the latest assignment.
d) 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.
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.

Proposal 1: Consider how to support pre-emption of eMBB transmissions by critical URLLC transmissions such as at least SR and HARQ-ACK.
Prioritization for power scaling
In some deployment scenarios where carrier aggregation or dual connectivity is available, there is possibility to use e.g. one carrier for URLLC transmissions and another for other transmissions on the uplink. When the sum of required transmission powers over carriers would exceed Pcmax, the UE needs to scale down some transmissions according to a specified priority order. In R15, the priority order does not consider the required reliability of the transmissions. For proper support of service prioritization, it should be studied how to ensure that required reliability of transmissions can be accounted for when power scaling is necessary.
Proposal 2: Consider reliability requirement of PUSCH or PUCCH transmissions as criterion for prioritization of transmissions for power scaling.

Power control configuration
The optimal HARQ operating point is likely to be different between transmissions carrying URLLC traffic and transmissions carrying eMBB traffic. As the HARQ operating point is partly dependent on the power control configuration, it would be more efficient to apply the appropriate configuration depending on the reliability requirement of the transmission on a dynamic basis. In R15, different power control parameters can be dynamically selected based on the SRI when beam-based operation is configured. It should be studied how to achieve differentiation of power control configuration based on reliability requirement.
Proposal 3: Consider means to apply power control configuration specific to the reliability requirement of a transmission.
4 Identification of reliability requirement

To address the issues outlined in the previous section a prerequisite is that it is possible to identify the reliability requirement associated to a given transmission, i.e. as a transmission profile or priority. Different alternatives are possible, for example by an explicit field or property of an associated PDCCH/DCI (when available), from the type of MCS table used for an associated PUSCH or PDSCH, or by RRC configuration, depending on the type of transmission. The study should investigate the most efficient and robust way of determining the reliability requirement associated to each type of transmission.
Proposal 4: Consider how to indicate the reliability requirement associated to each type of transmission.

5 Conclusion
This contribution outlines our views on specific issues to study with potential impact to RAN1 for intra-UE prioritization within the NR Industrial IoT SI. The corresponding proposals are as follows:

Observation: Several use cases to be supported in R16 (e.g. for Factory automation) require support of simultaneous transmission of URLLC and eMBB traffic for a UE in both DL and UL.

Proposal 1: Consider how to support pre-emption of eMBB transmissions by critical URLLC transmissions such as at least SR and HARQ-ACK.

Proposal 2: Consider reliability requirement of PUSCH or PUCCH transmissions as criterion for prioritization of transmissions for power scaling.

Proposal 3: Consider means to apply power control configuration specific to the reliability requirement of a transmission.

Proposal 4: Consider how to indicate the reliability requirement associated to each type of transmission.

If the above proposals are agreeable, it is recommended to inform RAN1 of these aspects such that the work on intra-UE prioritization can progress.
6 References

[1] RP-182090, “Revised SID: Study on NR Industrial Internet of Things (IoT)”, Nokia, Nokia Shanghai Bell.
[2] R2-1814026, “LCP enhancements for URLLC”, InterDigital.
[3] 3GPP TR 22.804, “Study on Communication for Automation in Vertical domains (CAV)”, v16.1.0.

2/3


