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1. Introduction
In the RAN #80 meeting, the following Rel-16 MTC enhancement for LTE was approved as part of a work item [1]. 
Coexistence with NR:
· Study NR and LTE specifications to identify possible issues related to coexistence of LTE-MTC with NR [RAN4, RAN1, RAN2]
Related to this agenda, the following agreement was made in RAN1#94bis meeting [2].
Agreement
RAN1 clarifies that the enhancements introduced by the WI objective on usage of the LTE DL control channel region for MPDCCH/PDSCH transmissions to LTE-MTC UEs do not only apply to LTE-MTC stand-alone deployments but also to the case when LTE-MTC is deployed within an NR carrier.
In this contribution, we share our views on coexistence of LTE-MTC with NR in Rel-16 enhancement for LTE-MTC.
2. Discussion
Considering the long lasting battery of MTC devices, study on coexistence of LTE-MTC with NR is considered important because the LTE-MTC service is being deployed in LTE frequency bands some of which may be re-farmed into NR bands within the lifetime of the LTE-MTC devices. Any critical issues, if any, should be discovered as early as possible as it guarantees the continuation of business in 10+ years and therefore is considered important for the success of early deployment of the MTC service.
We have the impression that companies and organizations have enough experience to design NR flexible enough to accommodate all the preceding LTE-based technologies including LTE-MTC and NB-IoT, and therefore, as some companies said, NR may accommodate them as it is without any critical issues, maybe with some loss in spectrum efficiency. In general, we agree on that, but the study is still needed to improve the performance of the coexistence of eMTC with NR. RAN4 study and feedback on this topic maybe a good starting point, but parallel discussions on the topics other than the performance itself are still useful to check how well the LTE-MTC and NR can coexist in the years to come. 
2.1. Subcarrier grid alignment
The subcarrier grid misalignment issue between NR and NB-IoT in standalone mode has been observed and proposed for further discussion [4]. For up to Rel-15 LTE-MTC, we don’t see a similar issue in LTE-MTC context because only the LTE inband operation is supported. However, we may have to come back to this issue as the LTE-MTC evolves for further flexibility, e.g., for non-inband or standalone operation. 
For uplink, however, the subcarrier grid misalignment issue exists because, unlike LTE uplink, the center frequency in NR uplink points to one of the subcarrier grid. Similar issue had been raised and discussed in LTE and NR coexistence discussion and as a solution, UL frequency shift is supported for some frequency bands. However, there are still some LTE frequency bands that the UL frequency shift is not supported. Regarding this issue, we have to discuss whether to support UL frequency shift for all LTE frequency bands, or to allow the coexistence of eMTC with NR only for those frequency bands that the UL frequency shift is supported.
2.2. PRB grid alignment
One of the outstanding differences between LTE and NR is that how the DC is treated in downlink transmission. In LTE downlink, DC subcarrier is defined but left empty while in NR downlink, there is no special treatment on DC as in LTE uplink. The consequence is that the PRB grid of LTE is not aligned with NR. Even for the simplest case, we can imagine that the DL minimum system bandwidth (1.4MHz) of LTE-MTC device occupies the center 6 PRBs with 73 subcarriers (1 DC subcarrier + 36 subcarriers on both sides) from NR point of view which has 1 more subcarrier than 6 PRBs in NR. The PRB-level rate matching in NR can be used as an ad hoc solution for this, but the efficiency is not good as almost 1 RB (11 subcarriers) is left unused from NR perspective for this 1 “outlying” subcarrier occupied by the LTE-MTC.
Observation 1: Two issues are observed with regard to the performance improvement of the coexistence of eMTC with NR. 
· Subcarrier grids misalignment between LTE-MTC UL and NR UL
· PRB or NB grids misalignment between LTE-MTC and NR
Considering the minimum system bandwidth and rate-matching capability in NR (5 MHz), the loss from NR perspective arising from the PRB or NB misalignment between LTE-MTC and NR may not be an issue. As a way forward, we can defer the discussion on the PRB or NB grids misalignment issue until there is a request from NR discussion group or from RAN4. If requested, we can consider the following solutions below.
To improve the coexistence performance in terms of resource utilization when the eMTC coexists with NR, puncturing of the REs at the outermost subcarrier (this 1 outermost subcarrier is called “outlying” subcarrier hereafter) crossing the NR PRB grid from NR point of view can be considered. 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 can be avoided by RE-level rate matching from NB perspective.
Proposal 1: Depending on the RAN4 study results on the performance in terms of resource utilization when the eMTC coexists with NR, we can consider the following alternatives for RE mapping for eMTC downlink transmission:
· Puncturing of the REs at the outlying subcarrier
· Rate-matching around the outlying subcarrier
· The outlying subcarrier refers to the outermost subcarrier of the eMTC NB crossing the NR PRB grid from NR point of view
· For both alternatives, CRS are transmitted for eMTC UEs and the CRS REs at the outlying subcarriers are avoid by RE-level rate-matching from NR perspective
While RAN4 is assessing the coexistence issues in their Rel-16 eMTC work item scope [3], we can discuss the potential issues within the RAN1 scope such as the support of frequency (NB) hopping in NR, the required eMTC system bandwidth, etc. In our view, the same or similar eMTC system bandwidth for eMTC frequency hopping should be supported also in NR in order to keep the same or similar frequency diversity after LTE band refarming toward NR.
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. Observations and proposals are as follows.
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