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1 Introduction
In RAN#79 meeting, as the interim conclusion for Rel-16 IoT scope [1] it was agreed that 
· For Rel-16:

· No NR based solution will be studied or specified for the LPWA use cases

· LPWA use cases will continue to be addressed by evolving LTE-M(eMTC) and NB-IoT

· Potential enhancements to the already supported coexistence between NR and LTE-M(eMTC)/NB-IoT in Rel-15 may be studied and enhancements standardized if useful and not adversely affecting legacy UEs

· RAN aspects needed for adding connection of LTE-M(eMTC)/NB-IoT to 5G core will be discussed based on SA2 study outcome
Accordingly NB-IoT and MTC are expected to exist for a long time as the LPWA solution for 5G mMTC even after the corresponding LTE bands are re-farmed to NR. To ensure that NB-IoT/eMTC can co-exist with NR, the coexistence study needs be done from Day 1 for those Rel-15 NR bands re-farming from LTE. 

Unfortunately, such study has not been carried out in Rel-15, perhaps due to the tight schedule of NR WI. So we propose a WI for the co-existence study and to capture the potential impacts on RAN4 specifications. 
The main motivation is to provide the input to regulation to enable in-band/guard band deployment of NB-IOT or in-band deployment of eMTC in an NR band. In our view, at least the simplest cases in Rel-15 needs be anlaysis and provided to regulation organization. Otherwise, there would be a risk that the in-band or guard band NB-IOT, and eMTC service cannot be allowed to continue after LTE bands are re-farmed to NR, or the LTE bands cannot be re-farmed to NR timely due to the existence of in-band or guard band NB-IOT or eMTC deployment.
Given that there is a late drop with completion date in December 2018, we propose to finalize the co-existence work in the timeline for Rel-15 late drop.
2 Discussion
NR physical layer has already supported reserving resources for the co-existence of NB-IoT and/or eMTC with an NR carrier for the in-band and guard band operating modes. The further optimization like dynamically sharing the resource between NB-IoT and eMTC with NR is not that essential. Thus the work will focus on RAN4.
Scenarios for co-existence study
The first aspect to be considered is SCS. NB-IoT supports 3.75KHz and 15KHz SCS for uplink and 15KHz SCS for downlink transmission, while the eMTC supports 15KHz SCS for both uplink and downlink. In FR1, NR supports 15KHz, 30KHz and 60KHz SCS. So there would be multiple combinations of NB-IoT/eMTC and NR SCS-es.
The second aspect is the channel raster. For most LTE refarming bands, 100KHz raster is utilized. But for 2.6GHz band (n41) the SCS based raster can also be utilized. We needs also consider such scenario.
For the case of downlink co-existence study where NR uses 15KHz and 100KHz channel raster, the signals of in-band or guard band NB-IOT and eMTC are orthogonal with NR signals. There is no need for co-existence study for such cases.
For guard band operation, we would like to know whether there will be any change due to the increased spectrum utilization of NR as compared to LTE.
Scenario where NR uses 15KHz SCS, 100KHz channel raster and 7.5KHz uplink raster shift
For such scenario, if NB-IoT uses the 15KHz SCS, then the signals between NB-IOT and NR will be orthogonal, and thus there will be no need to have a co-existence study.

So far the NR bands n1, n2, n3, n5, n7, n8, n20, n28, n66 and n71 are specified to support 7.5KHz uplink channel raster shift. But they are just sub-set of all the bands supporting NB-IoT and/or eMTC. In Rel-15 there are still some LTE re-farming bands, where the in-band/guard band NB-IoT or eMTC can be deployed, but for them no 7.5KHz uplink channel raster shift is specified. 
Thus we may need to add the support of 7.5KHz uplink raster shift for those re-farming LTE bands according to the operators’ request.

Downlink RE power boosting
One special aspect identified by us is the downlink RE power boosting for in-band NB-IOT deployment. In LTE specification, the +6dB power dynamic range is allowed for one NB-IoT RB for both in-band and guard band operation modes.
For NR, the spectrum utilization is changed. We want to make use such +6dB power boosting is still valid for the co-existence with NR.

Impacted specifications

In our view both NR specifications and MSR specifications need be considered in this WI.
3 Conclusions

In this contribution, we provide our motivation for new WI proposal of NR co-existence with NB-IOT/eMTC. We would like to first have a study phase in the WI for the different scenarios. The targets are to conclude for which scenarios the co-existence can be guaranteed without specification impacts and for which scenarios the guard band would be needed. And it is also expected to identify for which Rel-15 NR bands re-farming from LTE the 7.5KHz uplink raster shift needs be added. 

In the second phase of WI, we will specify the additional 7.5KHz uplink raster shift for a certain sets of NR bands, and the guard band for coexistence with NB-IOT/eMTC for some scenarios, if identified.
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