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Introduction
LTE FDD is often deployed in non-synchronized mode (i.e. radio frame boundary of intra-frequency cells are not aligned) to reduce the CRS interference and achieve better system performance, though most of sites in current network are deployed with common synchronisation source (e.g., GPS). NR TDD is deployed in synchronized mode. For any LTE FDD cell, given that the radio frame timing offset between LTE FDD and NR TDD is a random value, we cannot expect OAM based solution could work well, particularly in inter-vendor deployment. Lack of LTE-NR timing information causes mobility and throughput performance issues in MR-DC. This paper analyses the LTE-NR timing issue and proposes enhancement on X2/Xn interface.
Discussion
Scenario
In synchronized LTE FDD deployment, the CRS of different cells are transmitted at the same time and frequency location. Compared to non-synchronized mode, the system performance of LTE FDD network is declined by 5% in synchronisation mode. Operators usually do not change the LTE FDD network synchronized mode in EN-DC deployment. In addition, due to it occurs more often in the timing offset drift with frequency synchronized mode, it is not possible to configure a fixed timing offset between a pair of LTE FDD cell and NR TDD cell.
Observation 1: due to it occurs more often in the timing offset drift with frequency synchronized mode, it is not possible to configure a fixed timing offset between a pair of LTE FDD cell and NR TDD cell. 
The relative timing between LTE FDD cell and NR TDD cell is critical for MR-DC configuration and operation. Lack of accurate timing information between eNB and gNB causes many problems. 
Without the accurately timing information, the NR SSB may be outside of LTE configured measurement gap. In this case, it is not possible for the UEs in LTE FDD cell to decode and detect the SSB of NR TDD cell. 
Observation 2: In eNB configured inter-RAT measurement, if the measurement gap does not cover fully NR SSB, UE cannot detect the NR cell. This prevents UE from being configured with MR-DC to enjoy the high NR throughput performance.
It is possible that some UE may smartly detect timing misalignment and measure NR outside of the configured measurement gap. During this measurement outside of measurement gap, eNB may schedule DL/UL transmission for this UE and the UE will miss the scheduling. The failed transmission wastes radio resource. More seriously, the eNB will have penalty to UE in term of outer loop link adaptation. This seriously downgrades the throughput of UE even if UE is in good channel condition.
Observation 3: UE measuring NR outside of eNB configured measurement gap by smart implementation seriously impacts the data throughput due to outer loop link adaptation penalty.
When MR-DC is already configured, if LTE configured measurement gap for NR measurement is not aligned with SSB location, the UE may miss gNB scheduled UL/DL transmission. This will cause similar throughput penalty as observation 2.
Observation 4: When MR-DC configured, if eNB configured measurement gap for NR measurement is not aligned with NR SSB location, the UE may miss gNB scheduling and lead to downgraded throughput similar to observation 2.
Similarly, if gNB configured LTE measurement gap is not aligned with LTE PSS/SSS, the issues of observation 1-3 will apply too.
Observation 5: Similarly, if gNB configured LTE measurement gap is not aligned with LTE PSS/SSS, the issues of observation 2-4 will apply too.
In addition, Xn/X2 coordination for Single UL Operation and spectral sharing in MR-DC also require accurate LTE-NR timing offset information. 
Observation 6: Xn/X2 coordination for Single UL Operation and spectral sharing in MR-DC also require accurate LTE-NR timing information. 
In order to handle this LTE-NR relative timing issue, there are two solutions for eNB/gNB to acquire cell level timing offset:
· Solution 1: OAM Configuration
This solution is an effective way in intra-vendor deployment. However, given that 4G/5G base stations may have different vendors, OAM could not automatically configure timing offset for NR TDD. 
· Solution 2: UE SFTD measurement
The UE SFTD measurement is defined in TS 36.214 and TS 38.215. And the cell level LTE-NR relative timing can be estimated by UE SFTD measurements. However, the drawback of this solution is that the UE SFTD measurement is optional feature and measurement accuracy is impacted by location of UE.
Up to implementation, gNB may know the relative timing with some of its LTE neighbours, but the neighbour eNB may not know the relative timing with NR cells. Similarly, eNB may know relative timing with NR, but gNB does not know relative timing with LTE. 
Observation 7: In a pair of eNB and gNB, it is possible that only one side knows the relatively time with another.
Due to the lack of timing offset between LTE cell and NR cell, both cells may not configure correct measurement configuration or schedule configuration for UE, practically in multiple-vendor deployment scenario or HetNet deployment scenario. 
Proposal 1: In order to improve the system and user’s performance, the relative timing information between LTE cell and NR cell can be exchanged over X2/Xn in SFTD format:
· Add SFTD information in EN-DC X2 SETUP REQUEST/RESPONSE and EN-DC CONFIGURATION UPDATE
· Add SFTD information in XN SETUP REQUEST/RESPONSE and XN CONFIGURATION UPDATE
Synchronization Reference Information
If LTE and NR share the same synchronization source, the LTE cell need to indicate the LTE reference time to the NR cell or if the NR reference time is different with default, the NR cell need to indicate its reference time to the LTE cell. The gNB synchronization configuration has been defined in TS38.401. According to current specification, the common reference time is 1980-01-06 T00:00:19 International Atomic Time (TAI). In order to signal this reference value over X2/Xn interface, we propose to reuse the SFN Initialisation Time IE defined in LPPa. The definition of this IE is as follow:
Time in seconds relative to 00:00:00 on 1 January 1900 (calculated as continuous time without leap seconds and traceable to a common time reference) where binary encoding of the integer part is in the first 32 bits and binary encoding of the fraction part in the last 32 bits. The fraction part is expressed with a granularity of 1 /2**32 second.
Proposal 2: Alternatively, if LTE and NR share same timing reference (e.g. GPS), the existing SFN Initialisation Time IE as defined in LPPa can be reused to indicate the reference time of the node to peer:
· Add SFN Initialisation Time IE in EN-DC X2 SETUP REQUEST/RESPONSE and EN-DC CONFIGURATION UPDATE
· Add SFN Initialisation Time IE in XN SETUP REQUEST/RESPONSE and XN CONFIGURATION UPDATE
Proposal
Based on the above analysis, we have the following proposal:
Observation 1: due to it occurs more often in the timing offset drift with frequency synchronized mode, it is not possible to configure a fixed timing offset between a pair of LTE FDD cell and NR TDD cell. 
Observation 2: In eNB configured inter-RAT measurement, if the measurement gap does not cover fully NR SSB, UE cannot detect the NR cell. This prevents UE from being configured with MR-DC to enjoy the high NR throughput performance.
Observation 3: UE measuring NR outside of eNB configured measurement gap by smart implementation seriously impacts the data throughput due to outer loop link adaptation penalty.
Observation 4: When MR-DC configured, if eNB configured measurement gap for NR measurement is not aligned with NR SSB location, the UE may miss gNB scheduling and lead to downgraded throughput similar to observation 2.
Observation 5: Similarly, if gNB configured LTE measurement gap is not aligned with LTE PSS/SSS, the issues of observation 2-4 will apply too.
Observation 6: Xn/X2 coordination for Single UL Operation and spectral sharing in MR-DC also require accurate LTE-NR timing information. 
Observation 7: In a pair of eNB and gNB, it is possible that only one side knows the relatively time with another.
Proposal 1: In order to improve the system and user’s performance, the relative timing information between LTE cell and NR cell can be exchanged over X2/Xn in SFTD format:
· Add SFTD information in EN-DC X2 SETUP REQUEST/RESPONSE and EN-DC CONFIGURATION UPDATE
· Add SFTD information in XN SETUP REQUEST/RESPONSE and XN CONFIGURATION UPDATE
Proposal 2: Alternatively, if LTE and NR share same timing reference (e.g. GPS), the existing SFN Initialisation Time IE as defined in LPPa can be reused to indicate the reference time of the node to peer:
· Add SFN Initialisation Time IE in EN-DC X2 SETUP REQUEST/RESPONSE and EN-DC CONFIGURATION UPDATE
· Add SFN Initialisation Time IE in XN SETUP REQUEST/RESPONSE and XN CONFIGURATION UPDATE
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