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In RAN1NR AH#2, aspects of LTE-NR coexistence were discussed with the following agreements, 

Agreements:
· For LTE-NR coexistence in overlapping spectrum, support on the Xn interface and enhanced X2 interface messages 
· FFS details, e.g., SCell ON/OFF, LTE MBSFN subframe configuration, synchronization aspects between LTE and NR, indication of semi-statically reserved resources in frequency domain, Indication of semi-statically reserved resources in time domain, etc.
· For LTE-NR coexistence in adjacent spectrum, support on the Xn interface and enhanced X2 interface messages 
· FFS details, e.g., synchronization aspects between LTE and NR, TDD UL/DL configuration, etc.
· FFS the case of multi-operator scenarios
· Aim to conclude the FFS parts for the above and send an LS to RAN3 in the next meeting


Agreements:
· In NR, support configuration between the following for paired spectrum (support of scheme 2 below is conditioned on the assumption that 100kHz is adopted as a supported UL channel raster in NR to support LTE/NR co-existence with LTE FDD)
· Scheme 1: Do nothing to allow subcarrier alignment between NR UL (15 kHz) and LTE UL
· Scheme 2: allow subcarrier alignment between NR UL (15 kHz) and LTE UL, where NR UL raster is with a 7.5 kHz shift to the LTE UL raster 

Agreements:
· RAN1 to continue study the solution(s) to mitigate UE self-interference due to the simultaneous transmission and reception at the same time 
· Note: the issue is particular applicable for specific band combination(s) (e.g. harmonics related issues)
· Note: the issue can be addressed if UE is not mandated to transmit on one carrier (F1) and receive on another carrier (F2) at the same time

Agreements:
· Support the following solution to single UL transmission where NW synchronization between eNodeB and gNodeB is assumed (where there is at least one LTE carrier and at least one NR carrier of a different carrier frequency)
· When UE is activated with multiple UL carriers on different frequencies, time-switching of LTE UL carrier and NR UL carrier is used
· UL transmission timing pattern of LTE carrier and NR carrier is semi-statically shared between eNodeB and gNodeB 
· FFS: Signaling to UE of UL transmission timing pattern
· UE simultaneously receives signals/channels from both NR DL carrier and LTE DL carrier
· For scheduling/HARQ timing of LTE FDD carrier, the following timing can be considered, e.g., for LTE:
· DL-reference UL/DL configuration for TDD
· DL-reference UL/DL configuration defined for FDD-SCell in TDD-FDD CA with TDD-PCell
· Up to NW implementation (i.e., no RAN1 spec. impact)
· For scheduling/HARQ timing of NR carrier, no special handling would be necessary 
· Other solutions are not precluded
Agreements:
· RAN1 should consider the following scenarios as listed in[14]  in the future Rel-15 work especially in terms of UL coverage
· Scenario 1
· Scenario 2 where UL sharing is from network perspective
· FFS where UL sharing from UE perspective
· Aim to conclude in the next meeting; if no consensus, consider sending an LS to RANP for clarification
· Scenario 3
In this contribution, we discuss the remaining details of NR/LTE coexistence. 
Remaining details of NR-LTE Coexistence
1.1 Coordination of NR-LTE Network

In RAN1 NR AH#2, coordination of NR-LTE network in configuration through backhaul Xn and X2 were supported for LTE-NR coexistence in overlapped spectrum and adjacent spectrum.   For LTE-NR coexistence in overlapping spectrum, the coordination is through the Xn interface and enhanced X2 interface messages.  The details of network coordination, such as LTE SCell activation/deactivation, LTE MBSFN subframe configuration, synchronization aspects between LTE and NR, indication of semi-statically reserved resources in frequency domain, Indication of semi-statically reserved resources in time domain, are discussed as follows, 
· Synchronization between LTE and NR – In order to support operation of NR in LTE band, NR network need to full synchronize within 65 ns similar to the operation of multiple antenna. In the mean time, NR and LTE networks need to be SFN offset aligned in order to provide reference information for coexistence   In other word, NR gNB and LTE eNB needs to share the same clock source for the operation.   

Proposal 1: NR network should be fully synchronized and SFN offset aligned with LTE network for LTE-NR coexistence in overlapping spectrum.   
· Configuration of LTE reserved resources for NR operation – The LTE reserved resources for NR DL/UL operation need to send to NR network semi-statically.   The reserved resources in the LTE network in both time and frequency domains, such as DL MBSFN subframes and UL PRBs, are relocate for NR operation of providing services to the NR UEs without any interruption of services to the LTE UEs.    The LTE reserved resources are in reference of the LTE SFN and subframe numbering.  NR network would use its slot counter associated with NR frame and subframe boundary, which is SFN offset aligned with LTE SFN.   

Proposal 2: The configuration of the LTE reserved resources for NR operation in the overlapping spectrum would be referred to the SFN of LTE network.  

For LTE-NR coexistence in adjacent spectrum, the configuration of NR and LTE networks would be exchanged through the Xn interface and enhanced X2 interface messages.  LTE and NR networks need to be fully synchronized in order to minimize the adjacent channel interference.   In particular, when the NR and LTE networks are operated by different operators, the network synchronization is required for interference management.   Network synchronization schemes, such as GNSS-based synchronization, Network listening, and UE assisted synchronization, should be supported for LTE-NR coexistence in adjacent spectrum.  

Proposal 3: Network synchronization schemes, such as GNSS-based synchronization, network listening, and UE assisted synchronization, should be supported for LTE-NR coexistence in adjacent spectrum regardless NR and LTE networks are operated by same or different operators.  
 



1.2 NR UL Operation Coexistence with LTE UL Operation

There is no DC subcarrier shift for the NR UL operations, which is different to that of LTE.   To support NR-LTE coexistence in the overlapping spectrum, the PRB might not aligned between NR and LTE when they are operated FDM.   In RAN1 NR AH#2, it was agreed to support between the following 2 schemes for the operations in pair spectrum.  
· Scheme 1: Do nothing to allow subcarrier alignment between NR UL (15 kHz) and LTE UL
· Scheme 2: allow subcarrier alignment between NR UL (15 kHz) and LTE UL, where NR UL raster is with a 7.5 kHz shift to the LTE UL raster 
For scheme 1, it would be transparent for both NR and LTE UEs.  However, it needs guard band between LTE and NR PRBs since they are not PRB aligned in UL.   For scheme 2,  NR UEs would have two different behaviors when they are under standalone NR carrier or coexistence with LTE in overlapped spectrum.   The intension of standard support of NR-LTE coexistence is to allow UE operating in the overlapped spectrum without additional UE behavior.   Thus, scheme 1 which does nothing for subcarrier alignment should be support for NR UL coexistence with LTE UL operation. 

Proposal 4: scheme 1 which does nothing for subcarrier alignment should be support for NR UL coexistence with LTE UL operation. 

Conclusions
In this contribution, we discussed the remaining details of NR-LTE coexistence in the overlapped spectrum or adjacent spectrums.   We have the following proposals,  
· Proposal 1: NR network should be fully synchronized and SFN offset aligned with LTE network for LTE-NR coexistence in overlapping spectrum.   
· Proposal 2: The configuration of the LTE reserved resources for NR operation in the overlapping spectrum would be referred to the SFN of LTE network.  
· Proposal 3: Network synchronization schemes, such as GNSS-based synchronization, network listening, and UE assisted synchronization, should be supported for LTE-NR coexistence in adjacent spectrum regardless NR and LTE networks are operated by same or different operators.  
· Proposal 4: scheme 1 which does nothing for subcarrier alignment should be support for NR UL coexistence with LTE UL operation. 
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