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1. Introduction
In the previous RAN1 #96 meeting, the following sub-topics were listed by RAN1 for further study.
For further study in future meetings:
· RAN1 continues to consider all combinations of LTE-MTC system bandwidths and NR system bandwidths when discussing potential co-existence performance improvements, including the combinations considered particularly challenging (e.g. the cases with 5 MHz NR system bandwidth).
· RAN1 continues to study e.g. the following aspects of puncturing and/or rate-matching and/or exploitation of guardband (this would also require RAN4 study) as potential ways to take outlying LTE-MTC subcarriers into account for performance improvement of resource block alignment between LTE-MTC and NR:
· How to minimize the number of outlying LTE-MTC subcarriers
· To what extent the LTE-MTC UE needs to be aware subcarriers not used for transmission
· Performance impacts of the LTE-MTC subcarrier puncturing
· Some of the methods may only apply for downlink
· RAN1 studies whether to support configurable RB shift for LTE-MTC in some cases (e.g. stand-alone/in-band, FDD/TDD, DL/UL).
· RAN1 continues to study semi-static LTE-MTC resource reservation for improved coexistence with NR SSB, NR CORESET, NR CSI-RS, and NR TRS.
· RAN1 continues to study both semi-static and dynamic LTE-MTC resource reservation for improved coexistence with other NR transmissions than NR SSB, NR CORESET, NR CSI-RS, and NR TRS.
· RAN1 continues to study how to handle potential collision between LTE-MTC transmissions and NR URLLC related transmissions.
· RAN1 continues to study potential support of LTE-MTC transmission outside the legacy LTE system bandwidth (for reduced NR reserved resource cost for CRS, SIB1-BR, paging, etc.) while supporting legacy LTE-MTC transmission for legacy LTE-MTC UEs within the legacy LTE system bandwidth.
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.
2. Discussion
Sub-topics listed in the previous meeting for further study can be grouped as follows according to whether they may have potential impacts on other working groups’ work, mainly RAN4, and whether they are expected to bring a lot of specification works.
A. Sub-topics that may have potential impacts on RAN4 or on which RAN4 investigation may have to be preceded before RAN1 discussion
· RAN1 continues to consider all combinations of LTE-MTC system bandwidths and NR system bandwidths when discussing potential co-existence performance improvements, including the combinations considered particularly challenging (e.g. the cases with 5 MHz NR system bandwidth).
· RAN1 continues to study e.g. the following aspects of puncturing and/or rate-matching and/or exploitation of guardband (this would also require RAN4 study) as potential ways to take outlying LTE-MTC subcarriers into account for performance improvement of resource block alignment between LTE-MTC and NR:
· How to minimize the number of outlying LTE-MTC subcarriers
· To what extent the LTE-MTC UE needs to be aware subcarriers not used for transmission
· Performance impacts of the LTE-MTC subcarrier puncturing
· Some of the methods may only apply for downlink
· Sub-topics that may require too much elaborate specification work to be properly done in Rel.16 considering extremely flexible design and dynamic operation of NR
· RAN1 studies whether to support configurable RB shift for LTE-MTC in some cases (e.g. stand-alone/in-band, FDD/TDD, DL/UL).
· RAN1 continues to study semi-static LTE-MTC resource reservation for improved coexistence with NR SSB, NR CORESET, NR CSI-RS, and NR TRS.
· RAN1 continues to study both semi-static and dynamic LTE-MTC resource reservation for improved coexistence with other NR transmissions than NR SSB, NR CORESET, NR CSI-RS, and NR TRS.
· RAN1 continues to study how to handle potential collision between LTE-MTC transmissions and NR URLLC related transmissions.
· RAN1 continues to study potential support of LTE-MTC transmission outside the legacy LTE system bandwidth (for reduced NR reserved resource cost for CRS, SIB1-BR, paging, etc.) while supporting legacy LTE-MTC transmission for legacy LTE-MTC UEs within the legacy LTE system bandwidth.
· Sub-topics that should be relatively simple and more practical for the Rel-16 work scope and time line
· RAN1 continues to study e.g. the following aspects of puncturing and/or rate-matching and/or exploitation of guardband (this would also require RAN4 study) as potential ways to take outlying LTE-MTC subcarriers into account for performance improvement of resource block alignment between LTE-MTC and NR:
· How to minimize the number of outlying LTE-MTC subcarriers
· To what extent the LTE-MTC UE needs to be aware subcarriers not used for transmission
· Performance impacts of the LTE-MTC subcarrier puncturings
· Some of the methods may only apply for downlink

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 subcarrier (this 1 outermost subcarrier is called “outlying” subcarrier 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 subcarrier) and then the REs at the outlying subcarrier is not transmitted. Or alternatively rate-matching of the REs around the outlying subcarrier can be considered. The outlying subcarrier is excluded from the RE mapping in this case and not transmitted. For both cases (puncturing and rate-matching), CRS at the outlying subcarrier 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.
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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