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1 Introduction
In WID [1], one of the objectives of improvements for machine-type communications for BL/CE UEs is as below:
Coexistence with NR:
· Study NR and LTE specifications to identify possible issues related to coexistence of LTE-MTC with NR [RAN4, RAN1, RAN2]
In [2], the scope of the LTE-M coexisting with NR is listed as below:

For eMTC in-band operation co-existence with NR, including the case of NR configured in 15kHz SS Block SCS and the case of 30kHz SS Block SCS as specified in 38.101-1, investigate the following:
· 15KHz, 30KHz, and 60KHz numerologies for NR FR1 concerned bands, with higher priority given first to 15kHz and then to 30kHz
· Study feasible eMTC placement allocation without RF backward compatibility impact and compatible with Rel’13 eMTC and Rel’15 NR, to operate simultaneously within various NR channel bandwidths
· Channel raster, PRB and subcarrier grid alignment between eMTC and NR
· synchronization issue between eMTC and NR, including timing advance
In this paper, we present our view on the scope of the LTE-MTC co-existing with NR within a NR carrier.
2 Discussion
Scenarios 

In [3], the scenarios of the different co-existing cases with LTE-M and NR are discussed. As TDM multiplexing has no RF impact, it is not necessary to include it in the scope of the study.

Proposal 1: Focus on coexistence through FDM multiplexing for FDD and TDD band.

Frequency band

Possible NR Frequency Band for co-existing with LTE-M: n1, n2, n3, n5, n7 ,n8 , n12,n20, n25 ,n28,n66, n71,n74 for FDD and n39,n40,n41 for TDD according to the supported LTE-M bands in [3].
LTE-M FDD : 1, 2, 3, 4, 5, 7, 8, 11, 12, 13, 14, 18, 19, 20, 21, 25, 26, 27, 28, 31, 66, 71, 72, 73, 74 ,85 

LTE-M TDD : 39, 40 and 41.

Observation 1: NR band support the co-existing is subset of the LTE-M bands which means that there will be some LTE-M bands not supported in NR which make the co-existing not possible, more NR band need to be added in future release.
Proposal 2: As NR in Rel-15 are specified for a subset of 3GPP LTE bands, RAN4 investigation should cater for future introduction of NR and LTE-M in remaining 3GPP bands when possible.
Numerology

Several NR Bands, e.g. n1, n2, have different SCS supported (up to 60kHz) while LTE-M only supports 15kHz SCS. Therefore, co-existing NR with different SCS and LTE-M need to be investigated. 

Proposal 3: Consider NR with different SCS configuration (15kHz, 30kHz and 60kHz) co-existing with LTE-M, but prioritize the NR 15kHz and 30kHz co-existing with LTE-M.
Raster, PRB and subcarrier 
In LTE, when the UE first enters to an operator coverage area, the initial cell search for the synchronization signal (SS) is carried out based on PSS/SSS, and the SS signal is located at center of the carrier. This LTE “always on” signal is 6 PRB wide and has a periodicity of 5ms.  In NR, synchronization signal is defined in SSB block and SSB raster defined with a sparse frequency point. The SSB signal spans 20 PRB in frequency domain and 4 symbols in the time domain. The periodicity of SSB can vary from 5ms to 160ms. For co-existing with LTE-M and NR, the SSB frequency point need to be configured in frequency domain in a way that is not overlapping with LTE at 6 PRB in the middle. So, the collision in frequency domain between the LTE “always on” signal with SSB will be avoided. In this way, the LTE-M performance can be preserved. 
Proposal 4: Investigate the LTE-M carrier placement possibility considering NR SSB, NR channel raster and subcarrier alignment so legacy LTE-M performance can be preserved.
Testability

For FR1 bands supporting 30 and 60 kHz SCS, the in-band operation of LTE-M would result in loss of orthogonality. However, similar to how the long RAN4 discussions around support of multiple numerologies with NR carriers in an FDM manner resulted in the conclusion not to include any RF requirements and rather handle it as an implementation flexibility, there is no need to conduct additional studies in RAN4 as no RF requirements would be needed for these particular scenarios.

As LTE-M co-existing with NR can be supported from NR Rel-15 BS, no RF impact on NR BS is foreseen. In this sense, there is no test needed for co-existing with LTE-M and NR for a NR BS.
If some improvement of co-existing between LTE-M and NR is introduced by RAN1 for Rel-16, its RF impact should also be evaluated. 
Proposal 5: The in-band operation of LTE-M and NR band supporting SCS of 30 and 60 kHz it should be handled as implementation flexibility and no co-existence study will be needed.

Proposal 6: No Rel-15 BS RF impact is foreseen for LTE-M and NR co-existing and no test is needed for Rel-15 NR BS. 
Proposal 7: BS RF impact will be evaluated for any new Rel-16 feature introduced by RAN1 for LTE-M and NR co-existing. 

3 Conclusions

In this paper, we present our view on the scope of the LTE-MTC co-existing with NR within a NR carrier.
Proposal#1: Focus on coexistence through FDM multiplexing for FDD and TDD band.

Proposal 2: As NR in Rel-15 are specified for a sub-set of 3GPP LTE bands, RAN4 investigation should cater for future introduction of NR and LTE-M in remaining 3GPP bands when possible.
Proposal 3: Consider NR with different SCS configuration (15kHz, 30kHz and 60kHz) co-existing with LTE-M, but prioritize the NR 15kHz and 30kHz co-existing with LTE-M.
Proposal 4: Investigate the LTE-M carrier placement possibility considering NR SSB, NR channel raster and subcarrier alignment so legacy LTE-M performance can be preserved.
Proposal 5: The in-band operation of LTE-M and NR band supporting SCS of 30 and 60 kHz it should be handled as implementation flexibility and no co-existence study will be needed.

Proposal 6: No Rel-15 BS RF impact is foreseen for LTE-M and NR co-existing and no test is needed for Rel-15 NR BS. 

Proposal 7: BS RF impact will be evaluated for any new Rel-16 feature introduced by RAN1 for LTE-M and NR co-existing. 
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