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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, we address candidate assumptions on UE’s operation for NR-LTE coexistence. Then, we discuss how to support the efficient UL transmission on the same or adjacent licensed frequency band where NR and LTE can coexist.

2. UE assumption for NR-LTE coexistence study
Prior to discussing NR-LTE coexistence for UL transmission, we need to clarify candidate assumptions on UE’s operation on the same block of spectrum shared by NR and LTE. Normally, there can be two types of UEs, one is operating only NR in the given spectrum and the other is operating both NR and LTE via intra-band dual connectivity (or carrier aggregation) in the given spectrum.
For NR stand-alone UE, the UE may operate NR UL transmission on low frequency (e.g., below 6 GHz) and NR DL reception (and possible also UL transmission) on high frequency (e.g., above 6 GHz) considering DL traffic offloading and UL coverage as proposed by [3]. In other words, from a UE perspective, downlink and uplink may not be in the same frequency band which would require configuration of downlink and uplink independently. In this case, we may need further consideration on the RACH procedure or measurement due to potentially different TRP/cell for downlink and uplink. Or, the UE may operate NR UL transmission as well as DL reception both on low and high frequency. This assumption still offers dynamic resource sharing between LTE and NR as long as LTE and NR TRP/cell can coordinate resources dynamically, and the resource for NR UEs can be dynamically adapted. 
For the case where a UE may operate NR and LTE on the same block of spectrum shared by NR and LTE, the UE may be required to transmit both LTE and NR signals/channels in the same slot on the give spectrum. To support this operation, higher UE processing capability may be necessary and also additional RAN4 works could be needed. This issue can be relaxed if eNB ensures that LTE and NR signals/channels are transmitted in the different slot, but it can restrict eNB’s scheduling.

Even though NR and LTE operation via dual connectivity (or CA) even on the same block of spectrum can be considered for NR design, we need to consider whether this scenario is essential or not for NR-LTE coexistence study. In our view, there is no evident additional benefits even though we consider dual connectivity scenario in addition to NR stand-alone scenario mainly in terms of efficient resource utilization. Whether a UE can support LTE and NR at the same frequency band could be a UE capability. Therefore, at least in Phase I, we propose to consider only the NR UE for NR-LTE coexistence study for simplicity.
Proposal 1: For NR-LTE coexistence sharing the same block of paired or unpaired spectrum in licensed bands, candidate assumptions on UE’s operation for the given spectrum are considered as follows. Consider only type 1 UE for NR-LTE coexistence study.

· Type 1: A UE may be operating only NR in the given spectrum.
· Type 2: A UE may be operating NR and LTE via intra-band dual connectivity (or CA) in the given spectrum.
3. Potential resource sharing methods for NR-LTE coexistence
According to FFS parts in agreements stated in Section 1, we need to consider a mechanism to protect LTE PUCCH/PRACH/PUSCH. For non-collocated NR-LTE deployment scenario (as illustrated in [4]), backhaul signalling can be necessary for LTE base station to inform candidate PUCCH/PRACH/PUSCH resource or available resource for NR usage. For collocated NR-LTE deployment scenario, PRB-level scheduling for NR transmission to avoid LTE PUCCH/PRACH/PUSCH resource can be considered without additional signalling.
Since UCI transmission of NR can be transmitted over the last 1 symbol, it seems also necessary to protect LTE SRS. For example, to secure UCI transmission of NR without impacting LTE SRS, it can be considered for LTE base station to indicate LTE SRS configuration to NR base station, especially for non-collocated NR-LTE deployment scenario which can be avoided for NR UL transmission. One example of UCI transmission over the last symbol in NR, instead of the last symbol only, UCI can be transmitted in another symbol (e.g., second last OFDM symbol) to avoid collision with LTE SRS. In case of long PUCCH transmission of NR, the resource can be also configured not to be overlapped with potential LTE PUCCH resources. Additionally, for LTE signal/channel protection, we may need to consider timing uncertainty, unsynchronized between LTE and NR and/or different numerology between LTE and NR. This may be handled by reserving more resources for NR transmission to protect LTE transmission or reservation of resources in the middle of slot needs to be supported. 
Proposal 2: For non-collocated NR-LTE deployment scenario, backhaul signaling to secure LTE signal/channel (e.g., PUCCH/PRACH/PUSCH/SRS) can be considered.
Proposal 3: Handling of reserved resource in UL needs to be supported. Semi-static configuration of reserved resource in the middle of slot is supported. 

Besides, we can study NR-LTE coexistence methods for the case where NR and LTE operate on adjacent frequency band. Considering adjacent carrier interference, it would be desirable to align communication direction between NR and LTE. However, for flexible resource usage, allowing different communication link (e.g., DL for LTE and UL for NR) can be considered. For instance, NR UL transmission can be configured with sufficient guard band from the adjacent LTE carrier used by DL transmission [5].
4. Conclusion
In this contribution, we have addressed candidate assumptions on UE’s operation for NR-LTE coexistence and discussed how to support the efficient UL transmission on the same or adjacent licensed frequency band where NR and LTE can coexist. The proposals of this contribution are summarized as follows.

Proposal 1: For NR-LTE coexistence sharing the same block of paired or unpaired spectrum in licensed bands, candidate assumptions on UE’s operation for the given spectrum are considered as follows. Consider only type 1 UE for NR-LTE coexistence study.

· Type 1: A UE may be operating only NR in the given spectrum.
· Type 2: A UE may be operating NR and LTE via intra-band dual connectivity (or CA) in the given spectrum.
Proposal 2: For non-collocated NR-LTE deployment scenario, backhaul signaling to secure LTE signal/channel (e.g., PUCCH/PRACH/PUSCH/SRS) can be considered.
Proposal 3: Handling of reserved resource in UL needs to be supported. Semi-static configuration of reserved resource in the middle of slot is supported. 
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