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1. Introduction
At the RAN plenary #80, a new work item on “Rel-16 MTC enhancements for LTE” was approved. According to the work item description ‎[1], one objective is to study NR and LTE specifications to identify possible issues related to coexistence of LTE-MTC with NR. This paper provides a summary of the key observations, issues, and proposals on the coexistence of LTE-MTC with NR. See the reference list for a more detailed description of each proposal ‎[2]-‎[8].
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	Source
	Observations/proposals

	Ericsson
	Observation: NR with 15 kHz subcarrier spacing has the same frame, subframe, OFDM symbol, and cyclic prefix durations as those in LTE and LTE-M. It is therefore possible to align resource elements of NR, LTE, and LTE-M in time-frequency resource maps.

	Huawei, HiSilicon
	Observation: The reserved resources mechanism using combined bitmaps in NR can ensure coexistence of NR with LTE-MTC.

	Nokia, Nokia Shanghai Bell
	Observation: From RAN1 perspective, we do not see any coexistence issue with placing LTE eMTC carrier within NR carrier.

	LG Electronics
	Proposal: At least the following issues should be discussed for coexistence between LTE-MTC and NR.
· Subcarrier grids misalignment between LTE-MTC UL and NR UL
· PRB or NB grids misalignment between LTE-MTC and NR

	ZTE
	Observation: Generally, NR and LTE-MTC can coexist with each other by adjacent deployment. If NR bandwidth is larger than LTE-MTC, LTE-MTC can coexist with NR by in-band operation.
Proposal: Coexistence of NR and LTE-MTC can reuse the scheme of coexistence of NR and legacy LTE.

	Sony
	Observation: 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.

	Qualcomm Incorporated
	Observation: The efficient coexistence between NR and eMTC/NB-IoT is required for supporting flexible spectrum utilization and facilitating smooth network migration to NR.
Observation: Coexistence between eMTC and NR can be enabled by allocating one or more 1.08MHz narrowband resources of a NR carrier for eMTC or assigning one or more subframes for eMTC.



Possible observation: From RAN1 point of view, coexistence between LTE-MTC and NR is feasible, and the existing RAN1 specifications seem to already support basic coexistence of LTE-MTC with NR at least for some cases.

Coexistence enablers
Here, we can have the following potential discussions for LTE-MTC and NR coexistence:
· Numerologies and alignments
· Resource configuration
· Scheduling
[bookmark: _Hlk522269274]Numerologies and alignments
	Source
	Observations/proposals

	Ericsson
	Observation: NR with 15 kHz subcarrier spacing has the same frame, subframe, OFDM symbol, and cyclic prefix durations as those in LTE and LTE-M. It is therefore possible to align resource elements of NR, LTE, and LTE-M in time-frequency resource maps.
Observation: It is possible to identify an NR subcarrier to be co-located with the LTE-M DC subcarrier. Therefore, NR and LTE-M DL subcarrier grids can be aligned.
Observation: Subcarrier alignment between NR and LTE-M can be achieved in both UL and DL for bands 1, 2, 3, 5, 7, 8, 20, 28, 66, 71. However, in bands 12, 25, 40, 41 DL alignment is possible, while UL can have a half-tone misalignment.

	Huawei, HiSilicon
	Proposal: The subcarrier shift due to the LTE DC subcarrier and the PRB alignment between NR and eMTC should be studied to avoid wasting resources.

	LG Electronics
	Proposal: At least the following issues should be discussed for coexistence between LTE-MTC and NR.
· Subcarrier grids misalignment between LTE-MTC UL and NR UL
· PRB or NB grids misalignment between LTE-MTC and NR

	Sony
	Observation: The fundamental alignment of eMTC with the 15kHz NR numerology allows for NR – eMTC coexistence.
Observation: The flexible subframe features in NR allow for TDD coexistence between eMTC and NR.



Possible observation: To ensure efficient coexistence between NR and LTE-MTC, it is desired to have compatible numerologies and subcarrier alignment.

Resource configuration
	Source
	Observations/proposals

	Ericsson
	Observation: It is possible to configure NR reserved resources to avoid collision with non-dynamically scheduled LTE-MTC transmissions.

	Huawei, HiSilicon
	Observation: The reserved resources mechanism using combined bitmaps in NR can ensure coexistence of NR with LTE-MTC.

	Nokia, Nokia Shanghai Bell
	Observation: Invalid subframe bitmap can be used to support dynamic TDD usage by NR.
Observation: The symbols in LTE DL control region can be used for PDCCH, PDSCH, additional synchronization signal, or wake-up signal transmission.
Observation: The symbols in LTE DL control region can be used for system information transmission to accelerate switching from eMTC to NR.
Proposal: Subframes that are marked invalid subframes to support dynamic TDD for NR can also be used by eMTC (e.g. via another bitmap and/or symbol-level slot format indicator).

	ZTE
	Observation: For in-band coexistence of NR and LTE-MTC, the deployment impacts can be minimized if the frequency location of BWPs are non-overlapping with the frequency region of LTE-MTC.

	Sony
	Observation: In NR, RE-level and RB-level rate matched resources provide allow an eMTC carrier to operate in-band to an NR carrier.

	Qualcomm Incorporated
	Observation: The efficient coexistence between NR and eMTC/NB-IoT is required for supporting flexible spectrum utilization and facilitating smooth network migration to NR.
Observation: Coexistence between eMTC and NR can be enabled by allocating one or more 1.08MHz narrowband resources of a NR carrier for eMTC or assigning one or more subframes for eMTC.
Observation: For in-band deployment with NR, dynamic resource multiplexing between NR and eMTC can be supported by using dynamic rate matching design in NR.
Proposal: For coexistence with NR, both 1.4MHz bandwidth and a larger bandwidth of at least 5MHz shall be supported for eMTC.



Possible observation: Efficient coexistence between NR and LTE-MTC may be facilitated by employing the NR reserved resource mechanism, the LTE-MTC invalid subframe configuration, and effective resource sharing approaches.

Scheduling 
	Source
	Observations/proposals

	ZTE
	Observation: Due to LTE-MTC features of repetition and narrowband frequency hopping, the scheduling complexity in the case of coexistence of NR and LTE-MTC would be larger than that of NR and legacy LTE.
Observation: For in-band coexistence of NR and LTE-MTC, if NR and LTE-MTC share the same frequency region, the scheduling complexity would be much more complicated than non-overlapping frequency case.
Observation: For in-band coexistence of NR and LTE-MTC, to avoid the potential interference, the scheduling complexity would be much more complicated for TDD system.

	Qualcomm Incorporated
	Observation: For in-band deployment of eMTC with NR, the restriction of allocating a subframe of either full DL or full UL for eMTC would limit the scheduler flexibility of NR for supporting different numerologies and URLLC.



[bookmark: _Hlk522193118]Possible agreement: Optimal coexistence of LTE-MTC with NR requires efficient scheduling mechanisms.

Coexistence studies and possible enhancements
	Source
	Observations/proposals

	Huawei, HiSilicon
	Proposal: CRS reduction should be studied for eMTC and NR coexistence.
Proposal: The frequency hopping for eMTC SIB1 should be studied in order to have a better coexistence with NR.

	LG Electronics
	Observation: PRB or NB grid misalignment between LTE-MTC and NR creates loss in NR resource utilization.

	ZTE
	Proposal: For in-band coexistence of NR and LTE-MTC, further study is needed on improvement of the resource utilization.
Proposal: The minimum system bandwidth for in-band coexistence of NR and LTE-MTC should be studied.
Observation: Due to LTE-MTC features of repetition and narrowband frequency hopping, the scheduling complexity in the case of coexistence of NR and LTE-MTC would be larger than that of NR and legacy LTE.

	Qualcomm Incorporated
	Proposal: RAN1 shall study possible enhancements to eMTC for ensuring efficient coexistence with NR using flexible subframe/slot structures.
Proposal: RAN1 shall discuss whether to support frequency hopping for eMTC within a NR carrier and study possible enhancements to eMTC.



[bookmark: _Hlk522269659]Possible agreement: Several aspects such as PRB alignment, subcarrier alignment, impacts of frequency hopping, impacts of CRS transmissions, and resource utilization should be studied further to see if there is a need for enhancements.

Conclusion
The following possible observations and agreements are proposed by the feature lead:

1) Possible observation: From RAN1 point of view, coexistence between LTE-MTC and NR is feasible, and the existing RAN1 specifications seem to already support basic coexistence of LTE-MTC with NR at least for some cases.
2) Possible observation: To ensure efficient coexistence between NR and LTE-MTC, it is desired to have compatible numerologies and subcarrier alignment.
3) Possible observation: Efficient coexistence between NR and LTE-MTC may be facilitated by employing the NR reserved resource mechanism, the LTE-MTC invalid subframe configuration, and effective resource sharing approaches.
4) Possible observation: Optimal coexistence of LTE-MTC with NR requires efficient scheduling mechanisms.
5) Possible agreement: Several aspects such as PRB alignment, subcarrier alignment, impacts of frequency hopping, impacts of CRS transmissions, and resource utilization should be studied further to see if there is a need for enhancements.
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