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Introduction
Requirements for co-existence and interworking with legacy RATs were agreed in RAN TR 38.913 [1]. Some main requirements for co-existence with LTE are re-produced below:
	Co-existence with LTE Requirements 
The New RAT should be able to support flexible allocation of resources (e.g. time, frequency) between the new RAT and LTE operating in the same block of spectrum (with possible bandwidths overlap).
The solution should work whether LTE is supported by the same base station as the New RAT or the two RATs are supported by different base stations. 
The solution should not affect backward compatibility with legacy LTE terminals.
The New RAT shall be able to co-exist with LTE on adjacent spectrum in the same band in the same geographical area, including collocated deployments of the same or different operators.
These requirements are applicable for paired and unpaired spectrum.


RAN1 already started to study the co-existence scenarios for LTE RAT and NR RAT to address the requirements captured in [1]. Following agreements were made at RAN1#86Bis meeting [2]:
	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.



In this contribution we discuss possible mechanisms and specification supports to achieve LTE-NR coexistence.
Discussion
The following are the main deployment scenarios which need to address the co-existence issue for LTE and NR. 
Scenario 1: NR Cells and LTE Cells are served by separate carrier frequencies:
As shown in Figure 1 operator has two separate carriers for LTE and NR. In such scenario UE having both LTE and NR radio capability will experience inter-frequency handover between NR RAT and LTE RAT if UE does not support dual connectivity. Since there is dedicated carrier frequency for LTE RAT and NR RAT the main technical issues that need further standardization in RAN2 involves inter-RAT handover and inter-RAT cell-reselection. During initial deployment since NR traffic demand is expected to be low so a smaller system bandwidth may be allocated to NR (X2 < X1) as shown in Figure 1. As LTE traffic demand starts becoming less when NR penetration starts to grow then higher system bandwidth can be allocated to NR. Such spectrum allocations can be secured by re-farming or new spectrum allocations for NR. If the NR frequency is sufficiently far from LTE frequency, then there would be no or negligible OOBE (Out-Of-Band Emission) impact from NR transmissions on LTE operation. On the other hand, if frequency secured for NR is adjacent to LTE frequency, then there may be an OOBE impact from NR transmissions on adjacent LTE frequency. For this case, NR should be operated under requirements on adjacent channel leakage such as ACLR (Adjacent Channel Leakage Requirements). It is noted that ACLR for NR is likely to be determined considering incumbent operations (e.g., LTE) on adjacent frequency and the details are up to RAN4. Further, semi-static allocation of frequency resources to LTE and NR is inflexible and inefficient.
NR (F1)
LTE (F2)
X1 MHz
X2 MHz
When LTE is being phased out or LTE traffic demand becomes low
LTE (F1)
NR (F2)
X1 MHz
X2 MHz
When NR is initially deployed or NR traffic demand is low







Figure 1

Observation#1: When LTE RAT and NR RAT are served by separate carrier frequencies the main technical issues that need further standardization in RAN2 involves inter-RAT handover and inter-RAT cell-reselection.

Observation#2: The OOBE impact from NR transmissions on adjacent LTE frequency and the ACLR for NR is likely to be determined considering incumbent LTE operations on adjacent frequency and the details are up to RAN4.

Observation#3: Semi-static allocation of frequency resources to LTE and NR is inflexible and inefficient.

Scenario 2: NR Cells and LTE Cells are served by same carrier frequency:
To avoid the inflexibility of Scenario 1 operator would prefer to pool all the frequency resources together and dynamically allocate resources towards LTE traffic and NR traffic. 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 different in overlapping coverage areas but served by the same carrier frequency as shown in Figure 2 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.
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Figure 2

There may be other possibilities in this scenario depending on LTE carrier aggregation (CA) deployment as shown in Figure 3. In such situation LTE and NR co-existence would need to be supported on LTE PCell carrier i.e. F1 or LTE SCell carrier i.e. F2.




















Figure 3

Other scenarios were also discussed in [3]. In the subsequent section, possible mechanisms and necessary specification supports for LTE-NR coexistence will be further discussed considering same spectrum scenarios between LTE and NR.

Proposal#1: RAN2 is requested to study co-existence of LTE and NR on same carrier or adjacent carrier is same band.
Mechanisms for LTE-NR co-existence
For the geographically separated but overlapping deployment, 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 specification supports 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. Also, 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#4: 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.

Observation#5: For TDD operation design TDD UL-DL configurations for NR such that at least a subset of the configurations are compatible with those of LTE to avoid cross interference between the NR downlink and the LTE uplink, and vice versa.

For LTE and NR operations on same carrier served by the same gNB it should be possible to provide dynamic resource adaptation between LTE and NR in TDM manner depending on the respective traffic demand. Following existing LTE frameworks are useful to address the co-existence of LTE and NR on the same carrier. These were listed in RAN1#86Bis as follows [2]:
· 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 (for LTE Rel-12 and beyond)

First, an MBSFN subframe consists of a non-MBSFN region and an MBSFN region. A non-MBSFN region contains LTE physical channels and signals such as PHICH, PDCCH and CRS and then it cannot be used for NR operation. On the other hand, an MBSFN region does not contain any LTE physical channels and signals and the MBSFN region can be utilized for NR operations. In other words, except the first 1 or 2 OFDM symbols for LTE transmission in an MBSFN subframe, remaining 13 or 12 OFDM symbols can be used for NR operations respectively. However to support the LTE-NR coexistence by MBSFN approach, this issue is under the scope of RAN1 [4]. From RAN2 point of view for measurement purposes like RLM, RRM and CSI the LTE UE needs to be configured with measurement restriction patterns where LTE UE can expect transmission of legacy CRS. Measurement restriction patterns are already supported in LTE specifications. How NR UEs are indicated on which subframes they can expect physical control signals, reference signals and data need to be further studied.
In case of TDD, UL/DL configurations are configured based on indication in SIB1. Some of the UL subframe(s) indicated in TDD UL/DL configuration can be utilized for the NR transmissions. In an UL subframe, 14 OFDM symbols can be fully utilized for NR transmission. Therefore UL subframes as well as MBSFN subframes can be utilized for NR transmission in TDD. Legacy LTE UEs perform measurements only on DL and special subframes of the indicated TDD configuration.  
With further enhancements in Rel-12 in the form of eIMTA, it is possible to dynamically change the TDD UL/DL configuration. With a help of eIMTA in LTE, uplink subframes can be more flexibly configured and NR transmission can be transmitted in those subframes by coordinated scheduling between LTE and NR. However, backward compatibility to Rel-8 UEs may be needed and is under RAN1 scope. Based on the eIMTA command legacy LTE UE performs PDCCH monitoring and applying the DL/UL reference configurations it performs HARQ operations in DL and UL. For NR UEs it is not only important to know the scheduled subframes and in which subframes to look reference signals for measurement purpose but also how to perform HARQ operations for DL and UL.
Assuming that an NR cell and an LTE cell are served by separate carrier frequencies, 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.
Proposal#2: RAN2 is requested to consider existing LTE frameworks (eg MBMS subframes, TDD UL subframes, ABS subframes etc) to study co-existence of LTE and NR on same carrier in addition to mechanisms that need to be supported in NR.
Conclusion
We conclude the contribution with following observations and proposals:
Observation#1: When LTE RAT and NR RAT are served by separate carrier frequencies the main technical issues that need further standardization in RAN2 involves inter-RAT handover and inter-RAT cell-reselection.

Observation#2: The OOBE impact from NR transmissions on adjacent LTE frequency and the ACLR for NR is likely to be determined considering incumbent LTE operations on adjacent frequency and the details are up to RAN4.

Observation#3: Semi-static allocation of frequency resources to LTE and NR is inflexible and inefficient.

Observation#4: 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.

Observation#5: For TDD operation design TDD UL-DL configurations for NR such that at least a subset of the configurations are compatible with those of LTE to avoid cross interference between the NR downlink and the LTE uplink, and vice versa.

Proposal#1: RAN2 is requested to study co-existence of LTE and NR on same carrier or adjacent carrier is same band.

Proposal#2: RAN2 is requested to consider existing LTE frameworks (eg MBMS subframes, TDD UL subframes, ABS subframes etc) to study co-existence of LTE and NR on same carrier in addition to mechanisms that need to be supported in NR.
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