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1	Introduction
In last RAN plenary meeting #83, the revised WID was approved to add the description on the scope of LTE-M coexistence with NR.
· For LTE-MTC in-band operation co-existence with NR, RAN4 will investigate the following:
· 15 kHz, 30 kHz, and 60 kHz numerologies for NR FR1 bands, with higher priority given first to 15 kHz and then to 30 kHz
· Study feasible LTE-MTC placement allocation without RF backward compatibility impact and compatible with Rel-13 LTE-MTC and Rel-15 NR, to operate simultaneously within various NR channel bandwidths
· Channel raster, PRB and subcarrier grid alignment between LTE-MTC and NR
· Synchronization issue between LTE-MTC and NR, including timing advance
· Frequency band support in LTE-MTC and NR
· Testability applicability
· Compatibility for Rel-15 NR and Rel-13/14/15 LTE-MTC
· The case of NR configured with 15 kHz SS block SCS and the case of 30 kHz SS block SCS as specified in 38.101-1 are included in the study.
Note: After RAN1 concludes the objective on R16 LTE-MTC coexistence aspects, evaluate coexistence between R15 NR and R16 LTE-MTC.
In this contribution we provide analysis and proposals on the feasible placement for Rel-13 onward LTE-M coexistence with NR.
2	Discussion
2.1 DC subcarrier and PRB alignment 
The DC subcarrier and PRB alignment between eMTC and NR was discussed in [2]. 
In eMTC, a “narrowband” is defined as 6 consecutive PRBs. As shown in 2-1, if the PRB boundary is not aligned between NR and eMTC, 7 consecutive PRBs should be reserved for an eMTC narrowband. In addition, when taking the DC subcarrier of LTE into consideration, 7 reserved PRBs in NR are always needed for an eMTC narrowband. As illustrated in Figure 2-2, for an eMTC narrowband consisting of the middle 6 PRBs of an LTE carrier, even the eMTC PRBs are aligned with those of NR at the left of the DC subcarrier, they are off by one subcarrier on the right of the DC subcarrier. 
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[bookmark: _Ref520725974]Figure 2-1: PRB boundary is not aligned
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[bookmark: _Ref520726187][bookmark: _GoBack]Figure 2-2: Subcarrier shift due to DC subcarrier in LTE 

Observation 1: When eMTC narrowband does not include the DC subcarrier, 6 reserved PRBs is possible if PRB boundary is aligned
Observation 2: When eMTC narrowband includes the DC subcarrier, 7 reserved PRBs is needed regardless of whether PRB boundary is aligned or not.
[bookmark: OLE_LINK33]2.2 Channel raster
eMTC uses the LTE centre 6 RB for initial access and the channel raster for LTE system is 100 KHz. For NR system two type of channel raster are defined with the dependency of frequency bands, i.e. both 100 kHz and SCS based channel raster are specified in NR. In downlink for NR bands with 100 kHz channel raster, considering the 15 kHz subcarrier alignment and LTE 100 kHz channel raster, the positions eligible for eMTC transmission can be allocated at integer number of 300 kHz spacing from the NR-ARFCN, where 300 KHz is the common multiple of 15 kHz and 100 kHz. For 15 kHz or 30 kHz channel raster, the positions eligible for eMTC transmission can be the frequency points at integer number of 300 kHz. 
[bookmark: OLE_LINK35]In uplink, the carrier frequency for LTE including eMTC is allocated between 2 subcarriers, and for NR uplink the reference frequency is at the centre of the subcarrier. All NR FDD bands support 7.5 kHz shift for coexistence with LTE. Hence there is no issue for subcarrier alignment for FDD bands. For TDD bands it is FFS.
Observation 3: In downlink, for NR bands with 100 kHz channel raster, the positions eligible for eMTC transmission can be allocated at integer number of 300 kHz spacing from the NR-ARFCN. For 15 kHz or 30 kHz channel raster, the positions eligible for eMTC transmission can be the frequency points at integer number of 300 kHz.
Observation 4: In uplink, for FDD bands there is no issue for subcarrier alignment of NR and eMTC. For TDD bands it is FFS.

2.2 Guard band
[bookmark: OLE_LINK37]Compared to LTE which has fixed spectrum utilization for channel bandwidth larger than and equal to 3 MHz, the spectrum utilization has been improved for NR especially for 15 kHz SCS. For legacy Rel-13/14/15 LTE-MTC, the out of band emission and blocking limits of the hosted LTE channel are reused. In order not to introduce additional performance degradation, 5% channel bandwidth of hosted LTE carrier should be reserved as the minimal guard band.
Figure 2-3: NR and LTE guard band
Proposal: eMTC can not be operated in NR guard band
Observation 5: 5% channel bandwidth of hosted LTE carrier should be reserved as the minimal guard band.

3	Conclusions
[bookmark: OLE_LINK3]In this contribution we provide analysis on the feasible placement for Rel-13 onward LTE-M coexistence with NR.
Proposal: eMTC can not be operated in NR guard band
Observation 1: When eMTC narrowband does not include the DC subcarrier, 6 reserved PRBs is possible if PRB boundary is aligned
Observation 2: When eMTC narrowband includes the DC subcarrier, 7 reserved PRBs is needed regardless of whether PRB boundary is aligned or not.
Observation 3: In downlink, for NR bands with 100 kHz channel raster, the positions eligible for eMTC transmission can be allocated at integer number of 300 kHz spacing from the NR-ARFCN. For 15 kHz or 30 kHz channel raster, the positions eligible for eMTC transmission can be the frequency points at integer number of 300 kHz.
Observation 4: In uplink, for FDD bands there is no issue for subcarrier alignment of NR and eMTC. For TDD bands it is FFS.
Observation 5: 5% channel bandwidth of hosted LTE carrier should be reserved as the minimal guard band.
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