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1. Introduction
RAN1 has refined potential work scopes for better coexistence between LTE-MTC and NR over several meetings in Rel-16. The suggested sub-topics for further study are listed and categories into appropriate headers below.
Outlying LTE-MTC subcarriers
· [RAN1#96b] RAN1 continues to study puncturing and/or rate-matching of outlying LTE-MTC subcarriers for performance improvement of resource block alignment between LTE-MTC and NR
· Assume truncation of 1, 4 or 5 LTE-MTC DL subcarriers in case of an even total number of NR RBs and 2, 3 or 6 LTE-MTC DL subcarriers in case of an odd total number of NR RBs.
· Consider truncation of outlying LTE-MTC DL subcarriers without the (legacy) UE being aware of the puncturing as a reference case.
· Assume that no new transmission scheme (for example, single tone transmission) is introduced after the outlying subcarrier is punctured or rate-matched around.
· Assume that CRS is not truncated.
· FFS: DMRS
· Consider both DL and UL aspects including
· PDSCH, PUSCH, MPDCCH, PUCCH
LTE-MTC resource reservation
· [RAN1#95] RAN1 continues to study the following techniques for performance improvements of LTE-MTC resource allocation until the next meeting:
· Resource reservation at symbol level/slot level/subframe level/subcarrier level
· Whether the resource reservation is dynamic or semi-static (if supported)
· Whether and how to support LTE-MTC transmission in a portion of the subframe
· Impact of resource reservation to legacy UEs
· Whether LTE-MTC transmission is postponed or dropped in reserved resources
· [RAN1#96b] RAN1 continues to study finer-granularity LTE-MTC resource reservation
· Assume that the LTE-MTC resource reservation should accommodate at least part of NR initial CORESET, NR CSI-RS and NR TRS.
· The reference case is the existing DL/UL subframe-level LTE-MTC resource reservation.
· Assume that the resource reservation is semi-statically configured. It is FFS whether the eNB can furthermore dynamically override or indicate additional reserved resource via DCI.
· Companies are encouraged to consider the impact on UE complexity for DCI based indication
· Consider whether the time-domain granularity of the LTE-MTC valid subframe configuration should be scaled dependent on the NR subcarrier spacing.
· Consider both DL and UL aspects.
· PDSCH, PUSCH, PUCCH, MPDCCH
· It is FFS whether and when to drop or postpone LTE-MTC transmissions that would fall into LTE-MTC reserved resources (if introduced).
· LTE-MTC transmission outside the legacy LTE system bandwidth
· [RAN1#95] RAN1 studies LTE-MTC transmission outside the legacy LTE system bandwidth (for reduced NR reserved resource cost for CRS, SIB1-BR, paging, etc.) until the next meeting

Besides, RAN1 made the following conclusion in order to ensure the sustainability of LTE-MTC based businesses.
Conclusion
· Non-backwards-compatible approaches for reduced CRS overhead or reduced impact from frequency hopping is not supported in Rel-16.

In this contribution, we discuss which sub-topic(s) are should be prioritized over the others, and share our views on the prioritized sub-topic. And we share our views on the prioritized sub-topics(s).
2. Discussion
Sub-topics listed in the previous meeting for further study can be grouped as follows according to whether they may bring a lot of specification works or whether they can be enhanced with a moderate impact on the current specification and LTE-MTC eNB/UE behavior.
· Sub-topics that may require too much impact on the current LTE-MTC eNB/UE behavior and elaborate specification work to be properly done in Rel.16 considering extremely flexible design and dynamic operation of NR (we have strong concerns particularly on the highlighted parts below, and our views are noted in some places in italics)
· eNB can furthermore dynamically override or indicate additional reserved resource via DCI
· Resource reservation at symbol level/slot level/subframe level/subcarrier level
· Whether the resource reservation is dynamic or semi-static (if supported)
· (Note) if the semi-static manner is based on MAC layer operation, we believe this may have different impacts than RRC layer one.
· Whether and how to support LTE-MTC transmission in a portion of the subframe
· Consider whether the time-domain granularity of the LTE-MTC valid subframe configuration should be scaled dependent on the NR subcarrier spacing
· (Note) this may require Rel-16 LTE-MTC eNB/UE to support new physical channel format or structure.
· RAN1 studies LTE-MTC transmission outside the legacy LTE system bandwidth (for reduced NR reserved resource cost for CRS, SIB1-BR, paging, etc.)
· (Note)this may have an impact on RAN4 work and may not well implemented within the remaining RAN1 meetings (at most 3 times) of Rel-16.
· Sub-topics that should be relatively simple and more practical for the Rel-16 work scope and time line with a moderate impact on the current LTE-MTC eNB/UE behavior.
· Whether and when to drop or postpone LTE-MTC transmissions that would fall into LTE-MTC reserved resources (if introduced).
· RAN1 continues to study puncturing and/or rate-matching of outlying LTE-MTC subcarriers for performance improvement of resource block alignment between LTE-MTC and NR
· Assume truncation of 1, 4 or 5 LTE-MTC DL subcarriers in case of an even total number of NR RBs and 2, 3 or 6 LTE-MTC DL subcarriers in case of an odd total number of NR RBs.
· Consider truncation of outlying LTE-MTC DL subcarriers without the (legacy) UE being aware of the puncturing as a reference case.
· Assume that no new transmission scheme (for example, single tone transmission) is introduced after the outlying subcarrier is punctured or rate-matched around.
· Assume that CRS is not truncated.
· FFS: DMRS

Observation 1: The followings may have significant impacts on the current LTE-MTC eNB and UE behavior, and trade off complexity and benefits from those have not been thoroughly studied.
· eNB can furthermore dynamically override or indicate additional reserved resource via DCI
· Resource reservation at symbol level/slot level/subframe level/subcarrier level
· Whether and how to support LTE-MTC transmission in a portion of the subframe
· Consider whether the time-domain granularity of the LTE-MTC valid subframe configuration should be scaled dependent on the NR subcarrier spacing
· RAN1 studies LTE-MTC transmission outside the legacy LTE system bandwidth (for reduced NR reserved resource cost for CRS, SIB1-BR, paging, etc.)

Based on the analysis above, we propose to focus on the ‘PRB gird misalignment’ issue and discuss simple and practical candidate solutions to cope with it. First, rate-matching NR PDCCH/PDSCH around the REs at the outermost subcarriers (the outermost subcarriers are called “outlying” subcarriers hereafter) crossing the NR PRB grid can be considered. However, according the definition of RateMatchPatternLTE-CRS in TS38.311, the RE-level rate matching supported by the current NR for the coexistence with LTE does not take into account REs other than LTE CRS or CSI-RS ones. As an alternative, puncturing of the eMTC MPDCCH/PDSCH REs at the outlying subcarrier can be taken. In this case, the RE mapping is based on the LTE-MTC NB (occupying 73 subcarriers from NR point of view and including the outlying subcarriers) and then the REs at the outlying subcarriers are not transmitted. Or alternatively rate-matching of the REs around the outlying subcarriers can be considered. The outlying subcarriers are excluded from the RE mapping in this case and not transmitted. For both cases (puncturing and rate-matching), CRS at the outlying subcarriers are transmitted for eMTC receiver performance and the CRS REs can be avoided by the aforementioned RE-level rate matching from NR perspective.
Proposal 1: When eMTC system is embedded within NR system bandwidth, the outlying subcarriers(i.e., the outmost subcarriers in one of either the lowermost or uppermost eMTC PRB crossing the NR PRB grid) are not used for downlink transmissions except CRS
· For downlink channels (e.g., MPDCCH and/or PDSCH) that can be received by pre-Rel.16 UEs, REs at the outlying subcarrier are punctured
· For downlink channels (e.g., MPDCCH and/or PDSCH) that will be received only by post-Rel.15 UEs, the downlink channels are rate-matched around the outlying subcarrier
· FFS on whether and how post-Rel.15 eMTC UEs are aware of whether or not the outlying subcarriers are used for downlink transmission

3. Conclusion
In this contribution, we discussed the potential issues related to coexistence of LTE-MTC with NR in Rel.16 enhancement for LTE-MTC.
Observation 1: The followings may have significant impacts on the current LTE-MTC eNB and UE behavior, and trade off complexity and benefits from those have not been thoroughly studied.
· eNB can furthermore dynamically override or indicate additional reserved resource via DCI
· Resource reservation at symbol level/slot level/subframe level/subcarrier level
· Whether and how to support LTE-MTC transmission in a portion of the subframe
· Consider whether the time-domain granularity of the LTE-MTC valid subframe configuration should be scaled dependent on the NR subcarrier spacing
· RAN1 studies LTE-MTC transmission outside the legacy LTE system bandwidth (for reduced NR reserved resource cost for CRS, SIB1-BR, paging, etc.)
Proposal 1: When eMTC system is embedded within NR system bandwidth, the outlying subcarriers(i.e., the outmost subcarriers in one of either the lowermost or uppermost eMTC PRB crossing the NR PRB grid) are not used for downlink transmissions except CRS
· For downlink channels (e.g., MPDCCH and/or PDSCH) that can be received by pre-Rel.16 UEs, REs at the outlying subcarrier are punctured
· For downlink channels (e.g., MPDCCH and/or PDSCH) that will be received only by post-Rel.15 UEs, the downlink channels are rate-matched around the outlying subcarrier
· FFS on whether and how post-Rel.15 eMTC UEs are aware of whether or not the outlying subcarriers are used for downlink transmission
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