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1. Introduction

In RAN plenary #78, a way forward on the study of RF co-existence of LTE MTC and NB-IoT with NR was approved [1].
The objective of the way forward is summarized as following:

· In August meeting, RAN4 is tasked to discuss the scope for the study of LTE MTC and NB-IoT RF coexistence with NR
· With limited number of TU allocated
· Come back to RAN#81 with the stable scope for a Rel-16 SI or WI.
In this paper, the discussions on the scope and areas to study in relation to RF co-existence of LTE MTC with NR is initiated while the NB-IoT aspects are captured in [2]. The collected study areas and possible objective for rel. 16 SI/WI is then summarized in a proposed way forward in [3].
2. Discussion
Since the motivation is mainly for LTE carrier re-farming to NR band but keeping the MTC service on the deployed LTE-M device, the co-existence scenario of LTE-M and NR will be limited to the network side. The deployed LTE-M device should see this as transparent “LTE carrier”.

2.1 Deployment scenario at network side
The main scenario to study is the NR BS which multiplexes the NR and inband LTE-M service in the NR carrier, this means the NR RF spec need to be checked to make sure no impact on LTE-M device will be expected.

The other scenario is the MSR BS which NR and LTE/LTE-M is two different standards, but this means separate carrier will be configured so no study would be needed.
Proposal-1: Prioritize the deployment scenario of inband LTE-M service within a NR BS for the co-existing NR and LTE-M service.
2.2 Awareness between the LTE-M and NR

In R15, NR has reserved resource feature which makes the NR UE aware about the potential NR  co-existing with other services. LTE-M device will not know NR as it is already deployed and sees LTE-M service as if from an ordinary LTE carrier. At network side, if LTE-M service would not know NR, the LTE-M service should be prioritized and there will be power sharing issue between NR and LTE and synchronization issue which would complex the design. Thus, we propose to prioritize the scenario where there is full awareness between NR and LTE-M service at network side.
Proposal-2: Assume the full awareness between NR and LTE-M service at network side.
2.3 Other aspect to be investigated for co-existing LTE-M and NR

2.3.1 Subcarrier spacing and numerology
 LTE-M has only 15kHz subcarrier spacing while the NR has 15 kHz, 30kHz for FR1, For the same subcarrier spacing, the LTE and NR will have same numerology but otherwise they are different. Prioritize the same subcarrier spacing with LTE and NR. 
Proposal-3: Prioritize the subcarrier spacing 15kHz configuration for NR for LTE-M and NR co-existing study.

2.3.2 Channel raster and Bandwidth
LTE-M channel raster inherited LTE and is 100kHz channel raster. NR has adopted 100kHz channel raster in most bands where LTE to NR migration is considered. The only exception is band n41, where 15 kHz raster is used by NR. Band 41 is also supported by Cat-M UEs. Should different ARFCN is configured, it needs to be studied whether different BW for LTE-M and NR used results in either channel raster limitation or BW selection limitation. 
Proposal-4: Consider the different channel raster and bandwidth options for LTE-M and NR 
2.3.3 TDD

NR has more flexible TDD configuration so need UL/DL configuration synchronization between LTE-M and NR.

Proposal-5: Identify synchronization issue between LTE-M and NR for TDD band.
Another issue with TDD is that LTE DL and UL rasters are offset by 7.5 kHz. In NR TDD, the DL and UL rasters are aligned. This implies that the UL subcarrier grids between LTE-M and NR are off by 7.5 kHz in the TDD bands. Thus, sufficient uplink guard subcarriers are needed between LTE-M and NR to alleviate inter-subcarrier interference. This aspect needs to be studied.
Proposal-6: Study the number of uplink guard subcarriers needed between LTE-M and NR to alleviate inter-subcarrier interference in the TDD bands.

2 Conclusion

In this paper, considering the task to RAN4 to outline the study of RF co-existence NB-IoT with NR, some important study areas were outlined. It our view, the first step in Rel-16 is to have a study item to identify areas where specification work is needed. Thus, the issues outlined in this contribution could serve as scope/objective for possible rel 16 SI.
Prioritize the deployment scenario of inband LTE-M service within a NR BS for the co-existing NR and LTE-M service with below considerations:
1. Assume the fully awareness between the NR and LTE-M
2. Prioritize the same subcarrier spacing 15kHz with LTE-M and NR

3. Consider different channel raster and bandwidth options between LTE-M and NR for specific band, e.g n41

4. Identify synchronization issue between LTE-M and NR for TDD band.

5. Study the number of uplink guard subcarriers needed between LTE-M and NR to alleviate inter-subcarrier interference in the TDD bands.
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