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Introduction
In RAN#81 the revised study item on NR Industrial Internet of Things (NR-IIoT, [1]) has been approved. One of the study areas in this SI is “L2/L3 enhancements”. This contribution focuses on the sub-area “UL/DL intra-UE prioritization/multiplexing, i.e. prioritization (for example dropping, delaying or puncturing lower priority service) between different categories of traffic in the UE, including both data and control channels and considering (RAN2/RAN1)”.
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In a factory automation scenario, more than one type of traffic, namely, URLLC traffic and eMBB traffic is encountered, and in Rel-16 when TSN traffic is considered, i.e. time sensitive networking traffic with a bounded latency requirement, it becomes even more important to provide a strict priority handling for the data channels and control channels related with these two types of traffic. 
We must first ensure that URLLC traffic and related control channels always have a higher priority, so that a deterministic low latency for the service can be guaranteed. The control channels refer to scheduling request for URLLC traffic, the HARQ feedback for a DL assignment for URLLC traffic etc. This also means that URLLC traffic should not be allocated with MCSs intended for efficient best effort services such as eMBB traffic since this may lead to unreliable URLLC data transmission not satisfying the delay and reliability requirement. 
In addition, we should treat eMBB traffic with a relaxed priority compared to URLLC traffic so that, for example, it is not sent on an UL grant with an ultra-robust URLLC BLER target or on a configured grant with repetition. This restriction allows an enhanced spectral efficiency. The challenge is the mixed traffic handling, i.e. providing resources efficient for best-effort services, while at the same time guaranteeing ultra-robust low latency to URLLC services.   

On DL Intra-UE prioritization
One feature to study according to the SID for handling of mixed traffic, for the downlink, is DL-Intra-UE prioritization. It can be used e.g. to swiftly serve URLLC traffic arriving when another e.g. MBB service is currently already ongoing transmission. All downlink scheduling is under gNB control, and gNB is aware of the downlink assignment and the arrival of a new critical traffic.  Due to the flexibility in time domain resource allocation in NR, it is not precluded that a UE can receive two time-overlapping DL assignments. 
In this case the UE can cancel an earlier received downlink assignment if it is overlapping/interrupted with a later received downlink assignment. 
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The reception of the downlink assignments and the detection of time overlapping assignments are handled by PHY layer, where also cancelling of existing assignments as well as HARQ considerations should be handled. Exact range of overlap where this applies is up to further study in RAN1. Feasibility of UE implementation in PDCCH monitoring is also pending further RAN1 study. Thus, we propose that studying feasibility of DL intra-UE prioritization between two DL assignments should be handled in RAN1.
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On UL Intra-UE prioritization
UL intra-UE prioritization between different priority traffic has been extensively discussed in Rel-15. A basic set of features are already in place, and the question here is if some further optimizations are needed on a case by case discussion.  
In this study item, we have several use-cases, e.g. in a factory automation scenario a wireless industrial device may want to transmit sensor/control-loop or other sporadic non-critical data in the UL. In these scenarios UL Intra-UE multiplexing becomes relevant. Also, note that the requirements considered are very stringent in terms of reliability, latency and message size. For example, from the TR 22.804 [2], an industrial device like a robot arm might need 1 ms latency and 1-10^-6 communication service availability, but at the same time support real-time data streaming (like video data) with a bit rate of 10 Mbit/s. In the following we analyse how UL-intra-UE multiplexing could be improved, to support those Rel-16 requirements.

A first area is on the faster indication from UE to gNB about an arrival of URLLC traffic and it relates to multiplexing of PUSCH and PUCCH. 
In NR Rel-15, a triggered SR is not transmitted if the PUCCH resource for the SR transmission occasion overlaps with a UL-SCH resource. Although the SR is still pending and it would be transmitted on the next PUCCH resource that does not overlap with a UL-SCH, waiting for the next SR occasion might be too late if UL-SCH is slot-long. NR Rel-15 supports a mechanism to trigger both BSR and SR but when UL transmission already started a triggered BSR cannot be sent in the current UL-SCH, i.e. it would be beneficial to trigger an SR in this scenario for a fast UL indication.
It seems beneficial to lift this restriction and enable MAC to send SR on fast PUCCH on the overlapping UL-SCH resource. Since this needs RAN1’s support on multiplexing between PUCCH and PUSCH, and we should indicate to RAN1 once RAN2 has reached a conclusion on this issue.
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To serve the periodic deterministic TSN traffic, as intended by NR in Rel-16, configured grant is a feasible feature. We investigate in the following, how to prioritize between two time-overlapping grants on the same serving cell in case they have the types of configured grant and dynamic grant. 
In NR Rel-15, a dynamic grant always overrides a configured grant. In case the configured grant is configured mainly for critical traffic, however, this dynamic grant from gNB also needs to be able to serve the critical traffic, for example, with mini-slot and with a lower BLER target. This must be done in order to ensure fast and robust delivery of the critical traffic when the dynamic grant overrides the configured grant (for which robust allocation is assumed as it is intended to serve the critical traffic). This leads to inefficiencies when scheduling with dynamic grants, which are typically intended to serve broadband best effort traffic.
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Another topic in this area is about prioritization between two dynamic grants of different lengths i.e. partial time-overlap. gNB can also send two time overlapping dynamic UL grants due to the flexibility in time-resource allocation. Like the reasoning for DL intra-preemption, a later received dynamic UL grant shall override a previous dynamic UL grant. This falls also mainly into RAN1 responsibility. Exact range of overlap where this applies is up to further study in RAN1. Feasibility of UE implementation in PDCCH monitoring is also pending further RAN1 study.
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Conclusion
We propose the following:
[bookmark: _GoBack]Proposal 1	Consider for DL intra-UE prioritization that a later received downlink assignment is prioritized and UE cancels an earlier downlink assignment when overlapping.
Proposal 2	DL intra-UE prioritization between two DL assignments should be handled in RAN1.
Proposal 3	To support a stricter requirement for a-periodic deterministic traffic, RAN2 to study prioritization of SR transmission over an overlapping UL-SCH involving RAN1.
Proposal 4	To support a better resource utilization in a mixed traffic scenario, RAN2 may study if prioritization of configured grant over dynamic grant is needed.
Proposal 5	Consider for UL intra-UE prioritization that a later received dynamic UL grant is prioritized and UE shall cancel an earlier received dynamic UL grant when overlapping. For this, detailed specification work should be handled in RAN1.
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