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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
A new WID on additional enhancements for eMTC was approved in RAN#80. The WID included the following objectives:
Coexistence with NR
· Study NR and LTE specifications to identify possible issues related to coexistence of LTE-MTC with NR [RAN4, RAN1, RAN2]
This document considers the RAN1 aspects of coexistence between NR and eMTC. 
2. Discussion
Coexistence of eMTC and NR is centred around being able to operate eMTC as in in-band carrier within an NR carrier. This was discussed and standardized in the Rel-15 work item [4], [5].
The basic NR-eMTC coexistence scheme is illustrated in Figure 1 (from [5]). The figure shows an eMTC carrier operating in-band within an NR carrier. The figure shows that it is possible to assign NR resources (e.g. NR PDSCH) within the in-band eMTC carrier, as a function of scheduling decisions. However the NR UE needs to be aware of some eMTC resources which are always present, including CRS, PSS, SSS and PBCH. The eMTC in-band carrier is assigned in a region of the NR system bandwidth that does not contain SS-blocks (although there are other additional ways of aligning the eMTC frame structure with the NR frame structure).
The NR UE can rate match around the CRS using RE-level rate matched resources in NR.
The NR UE can rate match around the eMTC CRS, PSS, SSS and PBCH using RB-level rate matched resources in NR. These RB rate-matched resources are flexible by design and will allow NR to be compatible with new eMTC signals and channels (should there be a requirement for these in future releases).
Observation 1: In NR, RE-level and RB-level rate matched resources allow an eMTC carrier to operate in-band to an NR carrier. 
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[bookmark: _Ref521712313]Figure 1 – Basic NR-EMTC coexistence scheme

2.1 Numerology
While NR supports numerologies of 15kHz, 30kHz and 60kHz in FR1, if there is a desire to support NR and eMTC in the same carrier, use of a 15kHz subcarrier spacing for NR would be a natural choice. In this case, the NR numerologies, in terms to subcarrier spacing, OFDM symbol duration and cyclic prefix duration are fundamentally aligned between NR and eMTC, both in the UL and DL. 
In order to operate NR at a 30kHz or 60kHz subcarrier spacing, NR slots that clash with critical eMTC functionality can be deleted from the NR frame structure using the flexible subframe feature of NR. Invalid subframes in eMTC also allow an eMTC UE to ignore some NR transmissions. Implementations can also choose to implement interference cancellation techniques if there are very specific requirements in a deployment that mean that any single slot needs to support different subcarrier spacings (e.g. a 30kHz subcarrier spacing for NR and a 15kHz subcarrier spacing for eMTC).
Observation 2: the fundamental alignment of eMTC with the 15kHz NR numerology allows for NR – eMTC coexistence.
2.2 TDD
To allow for compatibility between NR and eMTC TDD systems in the same carrier and in adjacent carriers, it should be possible to operate both systems with synchronized UL and DL (i.e. NR operates in the UL when eMTC operates in the UL). 
The frame structure of NR is flexible, whereby UL and DL slots and OFDM symbols can be assigned by RRC signaling or SFI. By suitably assigning NR slots in UL and DL directions, a frame structure that is compatible with TDD eMTC can be chosen. Assigning some subframes as invalid subframes in eMTC provides further flexibility in an NR deployment. 
Observation 3: the flexible subframe features in NR allow for TDD coexistence between eMTC and NR.
2.3 Scheduling
eMTC and NR are both packet scheduled systems. In base station implementations that share hardware between NR and eMTC, it is possible for the eMTC and NR schedulers to be aware of each other’s scheduling decisions in order to minimize any potential clashes between eMTC and NR. For example, an eMTC scheduler could be assigned to never schedule eMTC resource when an NR SS-block is being transmitted. 
2.4 Standalone deployment
One of the objectives of the Rel-16 A-MTC WID is to support standalone deployment of eMTC. Hence a further way of providing compatibility (or of re-farming spectrum) is to operate eMTC as a separate standalone carrier to an NR carrier.
3.   Conclusion
This contribution has looked at some issues related to NR-eMTC coexistence and has made the following observations:
Observation 1: In NR, RE-level and RB-level rate matched resources provide allow an eMTC carrier to operate in-band to an NR carrier. 
Observation 2: the fundamental alignment of eMTC with the 15kHz NR numerology allows for NR – eMTC coexistence.
Observation 3: the flexible subframe features in NR allow for TDD coexistence between eMTC and NR.
Based on these observations, it is evident that there is a good framework for coexistence between eMTC and NR. Currently deployed eMTC devices can continue to operate when / if LTE spectrum is re-farmed to NR.
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