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Introduction
At the RAN3 #95bis meeting it was decided that for E-UTRA-NR DC via EPC where the E-UTRA is the master, the X2 interface will be enhanced to achieve 3/3a/3x architecture options. The current status is also that Xn will be utilized between eNB and gNB for E-UTRA-NR DC via 5G-CN where the E-UTRA is the master, as in the case of Option 7/7a/7x.  
In this contribution we propose enhancements to the X2 and Xn interface specifications that will be necessary to fully enable LTE and NR to operate in an integrated manner in option 3/3a/3x and option 7/7a/7x architecture configurations. Note that since the interface scenarios described above and the name of the connected RAN nodes above are still under some discussion, these proposed enhancements are expected to be necessary for any Xx and Xn1 interface specifications developed by 3GPP to enable LTE-NR interworking.  
  
Discussion 
LTE-NR interworking based on dual connectivity has been extensively discussed and agreed in RAN working groups. Additionally, some features related to LTE-NR interworking, and specifically related to non-standalone NR operation in option 3/3a/3x architecture, have been discussed and agreed in RAN1 and RAN2 working groups. Such agreed LTE-NR interworking features require the LTE MCG and NR SCG to exchange/communicate information over the Xn or X2-enhanced interface. In this contribution we provide proposals for the enhancements needed to X2 and Xn interface to support the following LTE-NR interworking related features:
· LTE-assisted NR initial access
· LTE-NR spectrum sharing
· LTE-NR dual connectivity (NR SCG addition, modification, release, etc.)
Figure 1 shows an example option 3/3a/3x network architecture with split NR CU-DU using recently defined F1 interface. In this example, the enhanced X2 interface between LTE eNB and NR CU must support messaging to enable the above listed features related to LTE-NR interworking.
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Figure 1: Option 3/3a/3x architecture with X2-enhanced interface

LTE-assisted NR Initial Access
As described in 3GPP TR 38.912-100, UEs in dual connectivity mode between LTE and NR may acquire NR related system information for initial configuration by dedicated RRC signalling via LTE eNB.
[bookmark: _Toc477274202]9.8.3.1            Dual Connectivity between LTE and NR
For DC between LTE and NR where MCG comprises LTE cell(s) and SCG comprises NR cell(s), the gNB as the secondary node is not required to broadcast system information other than for radio frame timing and SFN. In this case, system information (for initial configuration) is provided for the UE by dedicated RRC signaling via LTE eNB as the master node. The UE acquires, at least, radio frame timing and SFN of SCG from the NR-PSS/SSS and PBCH of NR PSCell.

To enable the LTE MCG to provide NR system information for initial configuration to the UE via dedicated LTE RRC signaling, the NR RRC at the NR SCG first must communicate this NR system information for initial configuration to the LTE MCG via messaging on the Xn or enhanced X2 interface. Messages over the Xn or enhanced X2 interface should include details such as:
· SS Block frequency location
· SS Burst Set configuration and periodicity
· PRACH configuration
· Measurement object for NR carriers, including possible CSI-RS configuration for RRM measurements
· Signaling needed for timing synchronization and SFN alignment between LTE and NR
Proposal 1: The specifications of Xn interface and enhanced X2 interface shall include messages to communicate NR system information for initial access and configuration from NR SCG to LTE MCG, including:
· SS Block frequency location
· SS Burst Set configuration and periodicity
· PRACH configuration
· Measurement object for NR carriers, including possible CSI-RS configuration for RRM measurements
· Signaling needed for timing synchronization and SFN alignment between LTE and NR

LTE + NR Spectrum Sharing
As stated in 3GPP TR 38.913, LTE and NR should be able to flexibly share the same block of spectrum. 
[bookmark: _Toc478052537]10.4.1	Co-existence with LTE
[bookmark: OLE_LINK19][bookmark: OLE_LINK20]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). Resource allocation granularity in the time/frequency domain, as well as the potential guards between NR and LTE resources are to be determined by the study on the new RAT. The New RAT should be able to use these resources at least for downlink, uplink and sidelink. 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. These requirements are applicable for LTE Rel-8 and onwards, including NB-IoT.
In options 3/3a/3x and 7/7a/7x network architectures, such flexible sharing of resources between LTE and NR requires coordination between the LTE MCG and NR SCG. Such coordination must happen over the enhanced X2 and Xn- interfaces between the LTE MCG and NR SCG. 
Additionally, from 3GPP TR 38.802, some additional details of such LTE-NR co-existence in the same licensed frequency band are indicated as reproduced below:
[bookmark: _Toc477852955]5.4	LTE-NR co-existence
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)
For LTE and NR coexistence, support the following features in NR design.
- Adapting the bandwidth occupied by NR carrier(s) at least as fast as LTE carrier aggregation schemes
- Allowing NR transmissions while avoiding OFDM symbols carrying SRS on an UL LTE subframe
For LTE and NR coexistence, in NR design, support of flexible starting point and duration of scheduled resources are considered 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: these mechanisms may be reused from forward compatibility mechanisms
NR downlink is supported in MBSFN subframes of LTE.
At the RAN1 #88bis meeting, the following agreement was reached in RAN1 regarding support for NR DL transmissions in LTE DL non-MBSFN subframes [1]:
Agreements:
• 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.)

The above stated requirements and agreements clearly indicate a need for the Xn and X2-enhanced interface to support messaging between the NR SCG and LTE MCG to support coordination of the following:
· SCell activation/deactivation/reconfiguration
· MBSFN subframe configuration
· Signaling needed for timing synchronization and SFN alignment between LTE and NR
· TDD UL/DL configuration
· Indication of semi-statically reserved resources reserved of LTE
Proposal 2: The specifications of Xn interface and enhanced X2 interface shall include messages to enable coordination between LTE MCG and NR SCG of:
· SCell activation/deactivation/reconfiguration 
· MBSFN subframe configuration
· Signaling needed for timing synchronization and SFN alignment between LTE and NR
· TDD UL/DL configuration
· Indication of semi-statically reserved resources reserved of LTE

LTE-NR Dual Connectivity
Finally, for the options 3/3a/3x and 7/7a/7x network architectures to operate with dual connectivity between LTE and NR, it must be ensured that the enhanced X2 and Xn interface specifications  properly support all necessary dual connectivity procedures with appropriate information elements. For example, this may mean ensuring that existing information elements on X2/Xn-AP specification such as, SeNB UE Aggregate Maximum Bit Rate appropriately reflect the range of bit rates expected for NR. 
Proposal 3: The specifications of Xn interface and enhanced X2 interface shall support all necessary dual connectivity procedures with appropriate information elements necessary for operation of LTE-NR dual connectivity network architectures; for instance IEs on X2/Xn-AP such as the SeNB UE Aggregate Maximum Bit Rate. 

Summary  
In this contribution we examined the operation of LTE-NR tight integration in option 3/3a/3x and 7/7a/7x network architectures and offered the following proposals for consideration:
Proposal 1: The specifications of Xn interface and enhanced X2 interface shall include messages to communicate NR system information for initial access and configuration from NR SCG to LTE MCG, including:
· SS Block frequency location
· SS Burst Set configuration and periodicity
· PRACH configuration
· Measurement object for NR carriers, including possible CSI-RS configuration for RRM measurements
· Signaling needed for timing synchronization and SFN alignment between LTE and NR
Proposal 2: The specifications of Xn interface and enhanced X2 interface shall include messages to enable coordination between LTE MCG and NR SCG of:
· SCell activation/deactivation/reconfiguration 
· MBSFN subframe configuration
· Signaling needed for timing synchronization and SFN alignment between LTE and NR
· TDD UL/DL configuration 
· Indication of semi-statically reserved resources of LTE 
Proposal 3: The specifications of Xn interface and enhanced X2 interface shall support all necessary dual connectivity procedures with appropriate information elements necessary for operation of LTE-NR dual connectivity network architectures; for instance IEs on X2/Xn-AP such as the SeNB UE Aggregate Maximum Bit Rate. 
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