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1. Introduction

In RAN1#86bis and RAN1#87 meetings [1][2], we made agreements on coexistence between NR and LTE as follows.

	Agreements:
· To support the efficient coexistence between NR and LTE operating in the same licensed frequency band,

· At least legacy LTE features should be considered in the NR study, e.g.:

· MBSFN configuration (for LTE Rel-8 and beyond)

· TDD UL subframe (for LTE Rel-8 and beyond)

· SCell activation/deactivation (for LTE Rel-10 and beyond)

· TDD UL subframe configured by eIMTA feature (for LTE Rel-12 and beyond)

· NR should study the following candidate mechanisms for coexistence:

· Resource indication (e.g., blank resources, available resources, etc.) of time/frequency resources

· Reconfiguring channel bandwidth/carriers monitored by UEs

· Any other mechanisms are not precluded.

· For non co-located LTE/NR case, backhaul signaling between LTE and NR can be studied to mitigate inter-cell interference.

· FFS on which information can be conveyed on the backhaul signaling

· Over-the-air listening at the gNB can also be considered

· Note: Dynamic switch between NR and LTE can be studied from the perspective of network for co-located LTE/NR case.
Agreements:
· For LTE and NR coexistence, 

· In NR design, consider support of flexible starting point and duration of scheduled resources as a tool to avoid for example the control region of MBSFN subframes and be able to use resources in the unused MBSFN subframes of an LTE carrier
· Note: those mechanisms may be reused from forward compatibility mechanisms
· FFS: use of mini-slot

· FFS: Dynamically or semi-statically varying starting point and duration
· NR design supports adapting the bandwidth occupied by NR carrier(s) at least as fast as LTE carrier aggregation schemes

· FFS: Detailed design

· FFS: Allowing NR transmissions while avoiding OFDM symbols carrying CRS on a DL LTE subframe
· Further discussion needed on how to handle sTTI transmissions of LTE
· Note: those mechanisms may be reused from forward compatibility mechanisms, or mechanisms for multiplexing eMBB and URLLC on the DL, or mini-slot

· Allowing NR transmissions while avoiding OFDM symbols carrying SRS on an UL LTE subframe
· Further discussion needed on how to handle sTTI transmissions of LTE
· FFS: PRB-level resource allocation can be used as a tool to avoid for example PSS/SSS, PBCH, EPDCCH, PUCCH, PRACH, as well as PRB-level scheduled LTE PDSCH and LTE PUSCH, of an LTE carrier

· FFS: Mapping NR signals and channels around the LTE CRS patterns

· Note: those mechanisms may be reused from forward compatibility mechanisms
· For adjacent channel/band operation of NR and LTE in the unpaired spectrum

· Design at least one semi-statically assigned DL/UL transmission direction configuration for NR that avoids DL/UL interference with at least one LTE TDD DL/UL configuration and special subframe configuration

· This does not preclude at most one semi-statically DL/UL transmission direction configuration in NR specification

· Note: DL/UL interference also can be avoided by using dynamically assigned DL/UL transmission direction in some cases

· FFS: Backhaul signaling between NR and LTE for interference coordination

· FFS: Other mechanisms

· Note that the above agreements do not imply that UE has to support simultaneous connection of NR and LTE in the same or overlapping carrier

· Note: that above mechanisms may be reused from forward compatibility mechanisms, or mechanisms for multiplexing eMBB and URLLC on the DL, or mini-slot


In this contribution, firstly, we numerate deployment scenarios for the study of NR-LTE coexistence. Then, we discuss how to support the efficient DL transmission on the frequency band where NR and LTE can coexist.
2. Deployment scenario
We categorize deployment scenarios depending on coverage level of base stations and whether NR base station and LTE base station are collocated or not, as follows.

· Scenario 1: Collocated scenario

· Scenario 1-1: Macro-cell only with both NR and LTE

· Scenario 1-2: Pico-cell only with both NR and LTE

· Scenario 2: Non-collocated scenario

· Scenario 2-1: Macro-cell with LTE and Pico-cell with NR
· Scenario 2-2: Macro-cell with NR and Pico-cell with LTE

· Scenario 2-3: Pico-cell with NR and Pico-cell with LTE

Generally, for collocated NR-LTE deployment scenario, it seems enough to assume synchronization and ideal backhaul within the same frequency band at the same base station. Even though tight synchronization between NR and LTE cannot be guaranteed at the same site, it could be regarded as the same scenario with the non-collocated scenario with ideal backhaul. In other words, from functionalities and study of coexistence mechanism perspective, coexistence methods for non-collocated scenario can be also applied for collocated scenario with potentially loose synchronization. Based on the classified deployment scenarios, we need to devise the mechanisms to support the efficient coexistence between NR and LTE.
Proposal 1: Consider following deployment scenarios for the study of NR-LTE coexistence.

· Scenario 1: Collocated scenario

· Scenario 1-1: Macro-cell only with both NR and LTE

· Scenario 1-2: Pico-cell only with both NR and LTE

· Scenario 2: Non-collocated scenario

· Scenario 2-1: Macro-cell with LTE and Pico-cell with NR

· Scenario 2-2: Macro-cell with NR and Pico-cell with LTE

· Scenario 2-3: Pico-cell with NR and Pico-cell with LTE

· Note that for collocated NR-LTE deployment scenario, synchronization and ideal backhaul is assumed within the same frequency band at the same base station.

3. Potential resource sharing methods for NR-LTE coexistence
In NR design, blank/available resource indication method can be utilized when LTE and NR share resource with MBSFN configuration and/or TDD UL subframe. For example, starting and ending positions and/or duration of available resources can be indicated to avoid the control region of MBSFN subframes or TDD DL region. Considering MBSFN configuration or TDD DL/UL configuration is configured semi-statistically, if we utilize the blank/available resource indication method for LTE and NR resource sharing, RRC signalling would be sufficient.
In addition, channel bandwidth reconfiguration can be utilized when LTE and NR share resource with LTE SCell on/off operation. As shown in Fig. 1, after LTE SCell off, NR system bandwidth can be enlarged and the increased bandwidth might be necessary to be signalled to NR UE considering DL control monitoring or scheduled data transmission/reception. Therefore, it seems desirable channel bandwidth reconfiguration can be performed within a similar time scale to LTE SCell on/off (e.g., by MAC CE or RRC signalling).
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Figure 1. LTE and NR resource sharing for LTE SCell on/off case
For NR stand-alone operation, synchronization signal transmission and RRM measurement should be supported on the carrier shared by NR and LTE. For example, MBSFN and/or TDD UL subframes can be used to transmit synchronization signal and measurement RS for NR and LTE discovery signal might be used for synchronization and measurement additionally.

Observation 1: RRC signalling seems sufficient to indicate blank/available resource for the purpose of LTE and NR resource sharing.
Proposal 2: Introduce the signalling to configure channel bandwidth monitored by UEs.

As stated in Section 1, there are FFS parts regarding the mechanisms to avoid CRS, PSS/SSS, PBCH, (E)PDCCH. Firstly, to protect CRS, we can consider RE level muting of NR signal as well as OFDM symbol level muting, especially for collocated NR/LTE deployment scenario, since RE level muting of NR signal would be more beneficial in terms of resource efficiency. In this case, it is necessary to indicate muted OFDM symbol or REs with the consideration of LTE DC tone. Additionally, for URLLC support, mini-slot configuration can be determined by excluding CRS OFDM symbols.
Secondly, to protect PSS/SSS, PBCH, (E)PDCCH, we may also need the signalling to indicate the resource used by those signals and channels. However, considering those LTE signals and channels are semi-statically configured, RRC level signalling seems sufficient to avoid them.
Proposal 3: Consider RE level muting of NR signals to avoid CRS if dynamic resource sharing in non-MBSFN subframe is considered. Consider to adopt mini-slot in LTE non-MBSFN subframe if dynamic resource sharing in non-MBSFN subframe is considered.
Observation 2: RRC signalling seems sufficient to indicate the resource used by LTE PSS/SSS, PBCH, and (E)PDCCH.
It is noted that for non-collocated deployment scenario, over-the-air listening at the NR gNB can be considered to support LTE/NR coexistence more efficiently. More detailed mechanisms can be found in our companion paper [3].
4. Conclusion
In this contribution, we have addressed deployment scenarios for the study of NR-LTE coexistence and discussed how to support the efficient DL transmission on the frequency band where NR and LTE can coexist. The proposals and observation of this contribution are summarized as follows.

Proposal 1: Consider following deployment scenarios for the study of NR-LTE coexistence.

· Scenario 1: Collocated scenario

· Scenario 1-1: Macro-cell only with both NR and LTE

· Scenario 1-2: Pico-cell only with both NR and LTE

· Scenario 2: Non-collocated scenario

· Scenario 2-1: Macro-cell with LTE and Pico-cell with NR

· Scenario 2-2: Macro-cell with NR and Pico-cell with LTE

· Scenario 2-3: Pico-cell with NR and Pico-cell with LTE

· Note that for collocated NR-LTE deployment scenario, synchronization and ideal backhaul is assumed within the same frequency band at the same base station.

Observation 1: RRC signalling seems sufficient to indicate blank/available resource for the purpose of LTE and NR resource sharing.
Proposal 2: Introduce the signalling to configure channel bandwidth monitored by UEs.

Proposal 3: Consider RE level muting of NR signals to avoid CRS if dynamic resource sharing in non-MBSFN subframe is considered. Consider to adopt mini-slot in LTE non-MBSFN subframe if dynamic resource sharing in non-MBSFN subframe is considered.
Observation 2: RRC signalling seems sufficient to indicate the resource used by LTE PSS/SSS, PBCH, and (E)PDCCH.
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