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1. Introduction
[bookmark: _Hlk4423604]In the RAN#83, the WI on physical layer enhancements for NR URLLC was approved [1]. In this contribution, we provide our views on some general aspects for URLLC enhancements.
2. Discussions
2.1. Scenarios
NR is expected to offer significant benefits for various use-cases, which are not limited to B2C entertainment but also to verticals/industries. For the verticals/industries use-cases, some countries plan to allocate dedicated frequencies for those use-cases. Germany will award spectrum for provision of local 5G services in the second half of 2019, which will be 3.7 – 3.8GHz frequency band. Japan plans to allocate 4.6 – 4.8GHz and 28.2 – 29.1GHz as local 5G spectra, where a 100MHz bandwidth of 28.2 – 28.3GHz is to be available at the initial phase [2]. URLLC enhancements (and IIOT) should be able to drive acceleration of industrial evolution/revolution by using NR frequencies expected to be available soon for local 5G, which are both FR1 and FR2.
Meanwhile, operators have also great interests in vertical/industry use-cases for NR. However, in some cases, above-mentioned local 5G spectra are not expected to be available for nation-wide operators. Therefore, it should be possible for operators to utilize their own NR frequency bands to enable local 5G services for verticals/industries. URLLC enhancements (and IIOT) should be available for both local 5G dedicated use and local 5G services operated by operators’ spectra. Challenges expected for operators’ local 5G and non-operators’ local 5G would be different. For example, non-operators’ local 5G may require geographical coordination; otherwise they will face unexpected interference from another local 5G service providers surrounding to own local 5G area. Operator’s local 5G can control such interference among local areas by cell-planning or interference coordination, while it may require to handle some cases where (1) non-local 5G users come into the local 5G area, and/or (2) local 5G users go out from the local 5G area while want to keep the connectivity at least for non-local 5G traffics. Considering the available TUs and necessary enhancements already envisioned in the WIDs, it would not be possible to investigate these aspects in Rel.16. Nevertheless, the Rel.16 URLLC enhancements and IIOT should be future proof designs taking into account further enhancements explained above, in Rel.17 and beyond.
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Fig.1 Local 5G scenarios.

Proposal 1:
· URLLC enhancements (and IIOT) should target FR1 and FR2 with equal priority.
· Note: spectra on FR1 and FR2 have already been identified in some countries.
· URLLC enhancements (and IIOT) should take into account following use-cases.
· Local 5G operated by the local 5G service provider using dedicated NR carrier frequency.
· Local 5G operated by an operator using usual NR carrier frequencies.

2.2. Multi-carrier operation
Some of the URLLC use-cases, e.g., factory automation, do not require higher data rate. Even for such use-cases, multi-carrier operation is considered to provide robustness, a.k.a PDCP duplication with CA or DC.
However, other than PDCP duplication, multi-carrier operation is useful for URLLC/IIOT use-cases. For a UE receiving/transmitting eMBB and URLLC traffics simultaneously, CA or DC can boost the throughput of eMBB traffic. In addition, multi-carrier operation can simplify the UE implementation and NW operation; separate carrier(s) for eMBB traffic and URLLC traffic can simplify intra-UE eMBB/URLLC multiplexing/prioritization. Out-of-order PUSCH scheduling is an open issue for a given serving cell, but it is not the case for different serving cells (Fig. 2 (a)). Another example is PDCCH monitoring capability; by configuring PDCCH monitoring occasions across carriers in staggered manner, the number of PDCCH monitoring occasions across carriers within a given time period increases (Fig. 2 (b)).
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(a) OOO PUSCH scheduling.
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(b) PDCCH monitoring occasions.
Fig. 2 Multi-carrier operation.

For NR, CA and EN-DC are almost default UE capability from the beginning. Therefore, URLLC enhancements (and IIOT) should be designed taking into account that multiple carriers are available in many cases.
Proposal 2:
· URLLC enhancements (and IIOT) should consider multi-carrier operation including CA with one or two PUCCH-groups, NR-DC, and/or EN/NE-DC.
· To simplify UE implementation and/or NW operation as well as to enhance performances.

2.3. Multi-TRP operation
Multi-TRP for URLLC is part of the Rel.16 MIMO WI. Although related enhancements will not be discussed in Rel.16 eURLLC/IIOT WIs, having some general views would be beneficial in these WIs.
The main benefit of multi-TRP for URLLC in our understanding is spatial/macro/beam diversity [3]. There was an argument that whether it is important to take the diversity-gain or scheduler-gain by CSI-based optimal TRP/beam/precoder selection. The reason why diversity-gain is more important from our point of view is that the UE reported CSI would not be such reliable for the operation of 99.9999% reliability within 1ms. For such URLLC use-cases, allowable number of re-transmission(s) within a latency bound is strictly upper-bounded (usually one or two). Then the specifications should provide the means to achieve the maximum diversity gains without much relying on UE report.
Proposal 3:
· URLLC enhancements (and IIOT) should consider multi-TRP operation.
· Spatial/macro/beam diversity is useful even if UE report is not reliable compared to the operational requirement.

3. Conclusion
In this contribution, we provided our views on some general aspects for URLLC enhancements.
Proposal 1:
· URLLC enhancements (and IIOT) should target FR1 and FR2 with equal priority.
· Note: spectra on FR1 and FR2 have already been identified in some countries.
· URLLC enhancements (and IIOT) should take into account following use-cases.
· Local 5G operated by the local 5G service provider using dedicated NR carrier frequency.
· Local 5G operated by an operator using usual NR carrier frequencies.
Proposal 2:
· URLLC enhancements (and IIOT) should consider multi-carrier operation.
· To simplify UE implementation and/or NW operation as well as enhancing performances.
Proposal 3:
· URLLC enhancements (and IIOT) should consider multi-TRP operation.
· Spatial/macro/beam diversity is useful even if UE report is not reliable compared to the operational requirement.
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