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1 Introduction

In RAN #71, a new study item for “New Radio (NR) access technology” was approved [1]. One of the main objectives of the SI is to target a single NR framework that can be implemented for various usage scenarios, requirements and deployment scenarios as defined in TR 38.913 [2]. Furthermore, NR will be designed to accommodate various vertical services such as enhanced mobile broadband (eMBB), massive machine-type-communication (mMTC) and ultra-reliable and low-latency communications (URLLC). According to deployment scenarios specified in TR38.913 [2], NR is expected to be deployed on frequency bands of sub-6GHz as well as over-6GHz. Considering the fact that sub-6GHz is one of the target frequency bands for NR, one important aspect that needs to be studied is the co-existence of LTE and NR in this frequency. 
In the last RAN1 #85 meeting, our contribution about LTE-NR co-existence support was presented [3]. This contribution further discusses co-existence scenarios of LTE and NR in sub-6GHz and provides our views on potential mechanisms to achieve LTE-NR co-existence.
2 Co-existence scenarios of LTE and NR in sub-6GHz
As discussed in [3], there are several ways to secure possible spectrums to operate NR in sub-6GHz. One simple way to secure spectrum for NR in the sub-6GHz is expected to utilize LTE spectrums. When operating LTE and NR on the same spectrum, we considered two possible deployment scenarios in [3]. First one is geographically separated scenario, where an LTE eNB and a NR eNB are geographically separated. In this scenario, NR can be operated independently from LTE under the limitation to avoid cross-interference to LTE. The other one is co-located scenario, where LTE and NR functionalities are incorporated within a single eNB. For the co-located scenario, NR can be independently operated on orthogonal resources with a tight coordination between LTE and NR operations.
Another possible alternative to secure spectrum for NR in the sub-6GHz would be spectrum re-farming or new spectrum allocations. If spectrums secured by re-farming or new spectrum allocation for NR are far enough from LTE spectrums, then there would be no or negligible OOBE (Out-Of-Band Emission) impact from NR transmissions on LTE spectrums. Thus, NR can operate on the spectrums without any restriction. On the other hand, if spectrums secured for NR are adjacent to spectrums where LTE is currently being operated, then there may be OOBE impact from NR transmissions on adjacent LTE spectrums. For this case, NR should be operated under requirements about adjacent channel leakage such as ACLR (Adjacent Channel Leakage Requirements). It is noted that ACLR is likely to be designed considering incumbent operations (e.g., LTE) on adjacent spectrums and the details are up to RAN4. Therefore, LTE-NR coexistence should be studied considering various spectrum scenarios such as same and adjacent spectrums between LTE and NR as well as deployment scenarios.
Proposal 1: LTE-NR coexistence should be studied considering various spectrum scenarios such as same and adjacent spectrums between LTE and NR as well as deployment scenarios.

3 Potential mechanisms for LTE-NR coexistence
We already discussed several mechanisms to achieve LTE-NR coexistence depending on possible deployment scenarios in [3]. In summary, we can consider existing LTE features, LTE enhancements and NR specifications as potential mechanisms for LTE-NR coexistence. 
Existing LTE features
For the co-located scenario on the same spectrum, existing LTE features can provide orthogonal time or frequency resources for NR transmissions depending on traffic demands from LTE and NR. Thus, LTE and NR operations can be orthogonally multiplexed with each other in one or more carriers. Possible LTE features to accommodate LTE-NR coexistence are MBSFN subframe configuration, TDD UL subframes and activation/deactivation for CA as discussed in [3]. Supportable LTE UE releases and TDD/FDD support by possible LTE features are summarized in Table 1.
Table 1: Supportable LTE UE releases and TDD/FDD support by possible LTE features
	Possible LTE features
	Supportable LTE UE releases
	TDD/FDD support

	MBSFN subframe configuration
	Rel-8 and beyond
	both TDD and FDD

	TDD UL subframes
	Rel-8 and beyond
	TDD

	Activation/deactivation for CA
	Rel-10 and beyond
	both TDD and FDD


LTE enhancements
MBSFN subframe configuration can provide resources for NR up to 6 MBSFN subframes in FDD and up to 5 MBSFN subframes in TDD. Enhancements allowing for a larger number of MBSFN subframes are being considered in the Rel-14 eMBMS WI. With this enhancement, more resources can be supported for NR operations in the co-located scenario on the same spectrum.
Also, LAA was introduced to allow coexistence of LTE and WiFi in an unlicensed band. If LTE’s LAA operations are extended to licensed bands, eNB would be able to dynamically control the ON/OFF switching of LTE transmission even on licensed bands. With this enhancement, it would be possible to dynamically switch between NR and LTE transmissions in the time domain.
NR specifications
If NR is operated independently from LTE in the geographically separated scenario, NR specification support for FDD spectrums to achieve LTE-NR coexistence seems not necessary assuming that neighboring LTE cells will experience NR interference that is not different from LTE interference. On the other hand, NR specification for TDD spectrums may be necessary in order to avoid cross interference between NR and LTE. Taking into account 7 UL-DL configurations are defined in LTE TDD, at least a subset of the UL-DL configurations for the NR would need to be designed such that cross interference with LTE can be avoided.
For the co-located scenario, NR needs to be operated in orthogonal time or frequency resources where LTE does not transmit anything under controls by a single eNB with NR and LTE functionality. Basically, NR specifications from the beginning has an objective to achieve forward compatibility for future services. Consequently, NR would need to be designed such that it can operate within configured resources without giving any impacts on operations for certain services (e.g. LTE and future services beyond NR) in neighboring resources. 
Proposal 2: Study support of LTE-NR coexistence via NR specifications and utilization of existing LTE features and LTE enhancements.
4 Conclusions 

This contribution discusses co-existence scenarios of LTE and NR in sub-6GHz and potential mechanisms to achieve LTE-NR co-existence and then proposes the following depending on the discussion:

Proposal 1: LTE-NR coexistence should be studied considering various spectrum scenarios such as same and adjacent spectrums between LTE and NR as well as deployment scenarios.
Proposal 2: Study support of LTE-NR coexistence via NR specifications and utilization of existing LTE features and LTE enhancements.
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