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Introduction
Requirements for co-existence and interworking with legacy RATs were agreed in RAN TR 38.913 [1]. Further the NR WID captures the support of co-existence of LTE and NR for both UL and DL. RAN1 has done considerable progress to support the co-existence scenarios for LTE RAT and NR RAT. Refer to the RAN1 agreements in the Annex.  In this contribution we discuss possible mechanisms and specification supports from RAN2 point of view to achieve LTE-NR coexistence.
Main Co-existence Scenario
The main scenario which RAN1 is discussing to address the co-existence issue for LTE and NR is shown in Figure 1. The NR Cell and LTE Cell are served on the same carrier frequency. The carrier frequency could be either DL carrier or UL carrier on which the NR Cell and LTE Cell is served. This is a likely scenario during initial NR deployments which allows for smooth technology migration from LTE to NR without the burden of additional spectrum allocation. In this scenario LTE Cells and NR Cells are served by the same carrier frequency as shown in Figure 1 with two possible deployment options. The first one is the co-located deployment where LTE and NR functionalities are incorporated within a single gNB. In such deployment, NR can be independently operated on orthogonal resources with a tight coordination between LTE and NR operations. The second is the geographically separated deployment, where an LTE eNB and an NR gNB are geographically separated but they create interference to each other. This deployment scenario resembles co-channel HetNet deployment of LTE and NR. Interference co-ordination and interference avoidance techniques need to be employed to support such deployment option with some level of co-ordination. There may be other possibilities in this scenario depending on Carrier aggregation (CA) deployment or Dual connectivity deployment (DC)
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Figure 1

In the subsequent section, possible mechanisms and necessary specification supports from RAN2 point of view for LTE-NR coexistence will be further discussed considering same spectrum usage between LTE and NR.
Mechanisms for LTE+NR co-existence on same carrier
3.1	LTE+NR co-existence in DL
For LTE and NR operations on same carrier in DL (co-located/non-collocated and/or FDD/TDD) it should be possible to provide resource adaptation between LTE and NR in TDM/FDM manner depending on the respective traffic demand. RAN1 identified following existing LTE frameworks are useful to address the co-existence of LTE and NR on the same carrier in DL (agreements from RAN1#86Bis):
· MBSFN configuration (TDM mechanism)
· SCell activation/deactivation for CA scenarios (FDM mechanism)
· TDD UL subframe (TDD operations)
· TDD UL subframe configured by eIMTA (for LTE Rel-12 and beyond)

Co-existence in normal LTE DL subframes:
However, at RAN1#88Bis it was agreed to support LTE and NR co-existence even with normal LTE DL subframes i.e. non-MBSFN subframes [2].
	Agreements from RAN1#88Bis:
· NR supports DL transmissions scheduled in LTE DL non-MBSFN subframes
· Mini-slots can be scheduled on OFDM symbols not carrying CRS 
· It is expected that NR scheduling and at least semi-statically reserved resources for forward compatibility can be used to avoid NR transmissions colliding with other LTE signals/channels (e.g., LTE PBCH/PSS/SSS, SIB1, LTE PDCCH region, etc.) 


According to above agreement, NR DL transmission is allowed on OFDM symbols not carrying LTE channels/signals in both non-MBSFN subframe and MBSFN subframe. On the other hand, LTE channels/signals such as PSS/SSS, PBCH, CRS, PDCCH region and paging need to be still protected for LTE UEs. Also, it is beneficial to avoid unnecessary NR UE operations eg. NR PDCCH monitoring on OFDM symbols occupied by LTE channels/signals. In this regard, the OFDM symbols for LTE channels/signals can be configured as reserved resources or restricted resources by NR RRC signalling. Further the NR RRC signalling should be flexible to reserve/restrict resources at the granularity of OFDM symbol level [3].

Observation#1: Based on RAN1 agreement to support NR DL transmission in normal LTE DL subframes, the NR RRC signalling should be flexible to reserve/restrict resources at the granularity of OFDM symbol level to protect the LTE signals/channels like PSS/SSS, PBCH, PDCCH, CRS, paging etc.

NR PDCCH monitoring:
In terms of NR PDCCH monitoring, NR UEs can be configured to monitor NR PDCCH on OFDM symbols not carrying LTE channels/signals regardless of whether a LTE subframe is a non-MBSFN or MBSFN subframe, One alternative to address the issue is to configure periodicity and/or offset(s) for NR PDCCH monitoring [3]. For example, considering positions of OFDM symbols available for NR transmission are different between MBSFN and non-MBSFN subframes, different periodicities and offsets for subframe sets can be configured to NR UEs. Further, a normal TDD UL subframes with 14 OFDM symbols can be fully utilized for NR DL transmission for NR TDD mode operation.

Observation#2: NR RRC signalling should be flexible to configure different periodicities and offset for NR PDCCH monitoring considering different LTE subframes. 
 
SCell activation/deactivation
LTE carrier aggregation (CA) is common deployment scenario worldwide where multiple LTE carriers are aggregated to support higher traffic demand from the LTE UE. If NR cell is to be operated on some of the carriers used for LTE CA then, activation/de-activation in Rel-10 CA can be one candidate to enable LTE-NR coexistence on multiple LTE carriers. Depending on the traffic demands, LTE and NR transmissions on each carrier can be adaptively turned ON or OFF. For example, if NR traffic demand is higher than that of LTE, NR transmission can be activated while LTE transmission on the same carrier is deactivated.
Observation#3: SCell activation/deactivation of a DL carrier in CA deployments can be considered as baseline for NR DL transmission in LTE+NR co-existence in DL.

3.2	LTE+NR co-existence in UL
For LTE and NR operations on same carrier in UL (either co-located or non-collocated) it should be possible to provide resource adaptation between LTE and NR in TDM manner depending on the respective traffic demand. 
Semi-Static Configuration
In Figure 2, TDM based LTE-NR coexistence examples are shown. In FDD, the LTE uplink subframes can be used by NR uplink. In TDD, both MBSFN subframes and LTE uplink subframes can be used by NR uplink. It is assumed for the NR TDD operation that the MBSFN subframes are not utilized by LTE downlink transmission when it is used for NR uplink transmission. Further, due to the fixed HARQ-ACK timing and the scarcity of UL subframes for most UL/DL configuration, the LTE PUCCH region will need to be avoided by NR transmissions (unless there is no DL scheduling for LTE UEs) [4].
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Figure 2 Examples of TDM based LTE-NR coexistence [4]
Observation#4: NR RRC signalling should be flexible to provide semi-static configuration for TDM based LTE+NR co-existence.

Mechanisms to support LTE+NR co-existence in adjacent carrier
Existing LTE mechanisms like TDM ICIC and Almost blank subframes (ABS) can be applied on the LTE cells to protect co-channel transmissions from overlapping NR cells. There might be some specification support needed for TDD operation in order to avoid cross interference between the NR downlink and the LTE uplink, and vice versa. Considering LTE TDD supports seven UL-DL configurations, at least a subset of the UL-DL configurations for the NR would need to be compatible to those of LTE such as to avoid cross interference with LTE. At RAN1#NR Ad-hoc, it was agreed that NR supports efficient adjacent channel co-existence with LTE-TDD using UL-DL configurations 0, 1, 2, 3, 4, 5 and all the special subframe configurations. Therefore, the information on a UL-DL configuration selected for LTE-NR coexistence may need to be exchanged between LTE eNB and NR gNB for tight coordination.
Observation#5: Xn signalling support is needed to exchange information between LTE eNB and NR gNB on the UL-DL configuration selected for LTE-NR coexistence.
Conclusion
We conclude the contribution with following observations and proposal:
Observation#1: Based on RAN1 agreement to support NR DL transmission in normal LTE DL subframes, the NR RRC signalling should be flexible to reserve/restrict resources at the granularity of OFDM symbol level to protect the LTE signals/channels like PSS/SSS, PBCH, PDCCH, CRS, paging etc.

Observation#2: NR RRC signalling should be flexible to configure different periodicities and offset for NR PDCCH monitoring considering different LTE subframes. 

Observation#3: SCell activation/deactivation of a DL carrier in CA deployments can be considered as baseline for NR DL transmission in LTE+NR co-existence in DL.

Observation#4: NR RRC signalling should be flexible to provide semi-static configuration for TDM based LTE+NR co-existence.

Observation#5: Xn signalling support is needed to exchange information between LTE eNB and NR gNB on the UL-DL configuration selected for LTE-NR coexistence.

Proposal: RAN2 is requested to consider the co-existence of LTE and NR on same carrier and adjacent carrier and define the required NR RRC signalling support.

Annex
Agreements from RAN1#88Bis:
· NR supports DL transmissions scheduled in LTE DL non-MBSFN subframes
· Mini-slots can be scheduled on OFDM symbols not carrying CRS 
· It is expected that NR scheduling and at least semi-statically reserved resources for forward compatibility can be used to avoid NR transmissions colliding with other LTE signals/channels (e.g., LTE PBCH/PSS/SSS, SIB1, LTE PDCCH region, etc.) 

Agreements from RAN1#NR Ad-hoc:
· LTE-NR co-existence should support the following UL sharing scenarios:
· Collocated LTE and NR base stations with network operating UL on frequency F1 where LTE UL and NR UL share UL subframes of LTE
· Detailed sharing on the UL is FFS 
· Note: this is not intended to have impact on legacy LTE UEs
· LTE DL on a paired frequency F3
· NR DL transmission on frequency F2 (different than LTE DL frequency)
· NR UE operates in either of the following cases based on a common NR design:
· Standalone NR: UE accesses standalone NR carrier on F2. The UE may not be connected to an LTE carrier (some UE may not even support LTE). 
· FFS whether NR UL frequency F1 is signaled in NR broadcast system information or derived from MIB/PBCH, or implicitly from NR DL frequency F2
· Dual connectivity of LTE and NR: UE accesses LTE PCell (with LTE UL on F1), then is configured by dual connectivity to also operate NR on F1 (UL) and F2 (DL).
· NR DL and UL frequencies (and/or NR band number) are signaled by RRC
· Non-collocated LTE and NR base stations is FFS
Agreements from RAN1#NR Ad-hoc:
· NR supports the case when an NR UE is not expected to understand or detect LTE signals/channels in the frequency band shared by NR and LTE.
· Detailed conditions are FFS
· Initial access procedure design for NR should be used as a baseline for the case of NR-LTE coexisting
· FFS whether or not additional impact 
Agreements from RAN1#NR Ad-hoc:
· NR supports efficient adjacent channel co-existence with LTE-TDD using UL-DL configurations 0,1,2,3,4,5 in unpaired spectrum  
· FFS detailed mechanism
· NR supports efficient adjacent channel co-existence with LTE-TDD using all the special subframe configurations in unpaired spectrum
· Notes:
· The above bullets does not necessarily imply that two or more frame structures are to be defined for NR
· The wording “efficient” in the above two bullets does not imply exact alignment of configurations
· RAN1 has agreed the following
· 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
Agreements from RAN1#NR Ad-hoc:
· Supporting NR DL in MBSFN subframes of LTE
· FFS details
Agreements from RAN1#87:
· 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

Possible agreements:
· NR should support a mechanism to avoid collision between DL and UL transmissions between NR and LTE
· Design at least one semi-statically assigned DL/UL transmission direction for NR that avoids DL/UL interference with at least one LTE DL/UL subframe configuration

Agreements from RAN1#87:
· 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

Agreements from RAN1#86Bis:
· 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.
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