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1 Introduction
In this contribution we present our views on logical channel prioritization (LCP) enhancements that should be considered as part of the Study on NR Industrial IoT [1] based on the use cases to be supported. It is proposed that the Study considers enhancements allowing the reliability associated to a grant to be available to LCP function to meet the requirements associated to these use cases.
Other aspects related to Intra-UE prioritization are discussed in a companion paper.
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]. 
Within the Factory automation family of use cases, one notes that “Mobile robots” requires communication of “Process data” and “Video or image data” from the robot to the guidance control system, (i.e. for the uplink direction). As captured in this TR, this translates into a requirement for “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”. Another challenge captured for this use case (and others such as “mobile control” is “Potentially high density of mobile robots”.
Based on this information, it seems reasonable to expect that support of the above use case is likely to involve, for the same UE in UL direction, a set of logical channels associated to URLLC requirements and a set of logical channels associated to less stringent 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 at least in UL.
Observation: Several use cases to be supported in R16 involve high density of UEs requiring transmission of URLLC traffic.
3 Logical channel prioritization
The LCP function of MAC determines how much data of each logical channel can be multiplexed into a new transport block. For a given logical channel, the suitability of the transport block can depend on the corresponding grant. In R15, mapping restrictions for a logical channel can be configured in terms of PUSCH maximum duration, sub-carrier spacing, type of grant or serving cell. Such restrictions can be used for example to prevent delay-sensitive traffic to be carried over long transmissions.
Limitations of existing functionality

Support for the use cases considered in R16 brings in the additional consideration of reliability. In R15, new MCS tables allowing operation at very low BLER target were introduced, enabling transfer of data with higher reliability. However, the intended BLER target (or used MCS table) is not used by the LCP procedure. To prevent inclusion of data requiring high reliability into a transport block that is not transmitted at the required HARQ operating point, the network has to use one of the existing restrictions, and has to ensure that any transmission complying with this restriction is scheduled to achieve a very low BLER target. 
For example, the network could configure LCH restrictions such that only ultra-reliable LCH’s are allowed to use Configured Grant Type 1. The network could then configure a low periodicity and a low spectral efficiency MCS table for the configured grant. However, to guarantee the high reliability such configured grant resources need to be orthogonal between all UEs to prevent collisions. While this approach can work well with few UEs, it is doubtful that it can work with the high density of UEs envisioned in some of the use cases.
Observation: Configured grants for URLLC transmissions may not scale well with increasing UE density in terms of reliability and/or resource usage.

Another possibility for the network is to configure a restriction for maximum PUSCH duration for LCH’s requiring ultra-reliability, and to schedule any transmission shorter than this duration such that low BLER target is achieved (e.g. by using the appropriate MCS table). This approach ensures that any data requiring ultra-reliability is scheduled to achieve a very low BLER target. However, data from other LCH’s can also be included in a PUSCH of short duration. Given the large amount of data that can potentially be transferred according to the use cases, and that operation with low BLER target is less spectrally efficient, this could result in limited capacity in terms of number of UEs that can be served using this approach.
A more efficient and scalable solution could be enabled if it would be possible for LCP to identify the reliability requirement associated to a grant. This would allow for inclusion of data for which the reliability requirement directly matches the PUSCH transmission.
Proposal: Consider solutions allowing the reliability associated to a grant to be available to LCP function.

The reliability associated to a grant could be identified by a transmission profile or priority as outlined in [2]. One benefit of such approach is that the same parameter can be used not only for the purpose of LCP but also for intra-UE prioritization (e.g. for pre-emption of on-going transmissions for eMBB traffic by transmissions for URLLC traffic, for power scaling and application of proper power control configuration). The exact solution to signal this transmission profile should be studied in RAN1.
4 Conclusion
This contribution presented our views on logical channel prioritization (LCP) enhancements that should be considered as part of the Study on NR Induistrial IoT [1] based on the use cases to be supported. The following observations and proposal are made:

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 at least in UL.
Observation: Several use cases to be supported in R16 involve high density of UEs requiring transmission of URLLC traffic.
Observation: Configured grants for URLLC transmissions may not scale well with increasing UE density in terms of reliability and/or resource usage.

Proposal: Consider solutions allowing the reliability associated to a grant to be available to LCP function.
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