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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#83 [1] meeting, the following objective was agreed for coexistence of LTE-MTC with NR.
	Coexistence with NR:
· Study aspects of LTE-MTC coexistence with NR [RAN4, RAN1, RAN2]


In RAN1#96b meetings [2], the following agreements were achieved on eMTC co-existence with NR.
	For further study until RAN1#97
· 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 until RAN1#97.
· 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

Conclusion
RAN1 does not further consider placement of LTE-MTC subcarriers into NR guard band since it has no RAN1 specification impact.

Conclusion
· RAN1 concludes that overlap between NR SSB and LTE-MTC can be avoided using the LTE-MTC DL valid subframe bitmap.

For further study until RAN1#97
· RAN1 continues to study finer-granularity LTE-MTC resource reservation until RAN1#97.
· 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).

Conclusion
No further discussion in RAN1 on the consideration of LTE-MTC transmission outside the legacy LTE system bandwidth in Rel-16.


In this contribution, the issues for better coexistence with NR are discussed and the corresponding potential solutions are provided. 
[bookmark: _Ref129681832]Discussion
PRB alignment 
Based on the FFS in the last meeting, puncturing and rate-matching can be used to deal with the outlying LTE-MTC subcarriers for performance improvement of resource block alignment between LTE-MTC and NR. 
In our view, for PDSCH both puncturing and rate-matching can be used for Rel-16 UEs, while only puncturing can be used for legacy UEs because rate-matching is not backwards-compatible. Considering puncturing will degrade the system performance, when the number of outlying subcarriers is large, it is better to use rate-matching, otherwise puncturing is used as it has less impact to implementation.
Proposal 1: For PDSCH of Rel-16 MTC UEs, when the number of outlying subcarriers is large, rate-matching is used, otherwise puncturing is used. For PDSCH of legacy MTC UEs, puncturing is always used to deal with the outlying subcarriers.
For MPDCCH/PUCCH, puncturing may have big impact on the control channel performance. Therefore, rate-matching should be applied for Rel-16 UEs. For legacy UEs, NR should reserve the resources used for MPDCCH/PUCCH of LTE-MTC, even only part of the reserved RB is used by MPDCCH/PUCCH.
Proposal 2: For MPDCCH/PUCCH of Rel-16 MTC UEs, rate-matching is always used. For legacy MTC UEs, resources used for MPDCCH/PUCCH of LTE-MTC should be reserved by NR.
In addition, we should guarantee that no new transmission scheme other than PRB or sub-PRB transmission scheme (for example, single tone transmission) is introduced after puncturing/rate-matching.
Proposal 3: No new transmission scheme is introduced after the outlying subcarrier is punctured or rate-matched around.
Resource reservation
For MTC UEs, large number of repetitions are used to achieve deep coverage. Therefore, once the MTC UEs are scheduled, the resources will be occupied for a long time, which will bring a lot of restrictions for the NR scheduling flexibility especially for the URLLC services. The legacy invalid subframe indication in MTC may be not suitable for the dynamic URLLC services. Therefore, resource reservation in MTC can be supported. Considering URLLC services are usually urgent, so dynamic indication via DCI is preferable. If the data are repeated in many subframes, dropping can be applied, while if the repetition number is small, postpone may be more suitable. In addition, smaller granularity than sub-frame level resource reservation is beneficial in term of spectrum efficiency.
Proposal 4: Dynamic resource reservation via DCI can be supported in LTE-MTC and the reserved resource granularity is FFS.
Proposal 5: Resource reservation mechanism can be applied to PDSCH/PUSCH/MPDCCH/PUCCH.
Conclusions
In this contribution, the technical issues related to NR and eMTC coexistence are discussed. According to the above discussion, we have the following observations and proposals:
Proposal 1: For PDSCH of Rel-16 MTC UEs, when the number of outlying subcarriers is large, rate-matching is used, otherwise puncturing is used. For PDSCH of legacy MTC UEs, puncturing is always used to deal with the outlying subcarriers.
Proposal 2: For MPDCCH/PUCCH of Rel-16 MTC UEs, rate-matching is always used. For legacy MTC UEs, resources used for MPDCCH/PUCCH of LTE-MTC should be reserved by NR.
Proposal 3: No new transmission scheme is introduced after the outlying subcarrier is punctured or rate-matched around.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 4: Dynamic resource reservation via DCI can be supported in LTE-MTC and the reserved resource granularity is FFS.
Proposal 5: Resource reservation mechanism can be applied to PDSCH/PUSCH/MPDCCH/PUCCH.
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