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1. Introduction
In RAN #80 a new Study Item for NR V2X was approved [1]. In this contribution, we discuss NR V2X synchronization mechanism and propose to study some enhancements over LTE V2X synchronization mechanism.
2. Background on LTE V2X synchronization mechanism
LTE V2X synchronization mechanism relies on deriving time and frequency synchronization from one of the three potential synchronization source types: (i) GNSS, (ii) eNB, and (iii) SyncRef UE. SyncRef UEs are the UEs which may themselves be directly synchronized to GNSS or eNB (such that it’s a hop-0 SyncRef UE), or maybe synchronized to a hop-0 SyncRef UE (such that it’s a hop-1 SyncRef UE), and so on.
Sidelink synchronization signals (SLSS) and channel: Consists of PSSS, SSSS, and PSBCH. PSSS/SSSS resemble Rel-8 PSS/SSS, while PSBCH resembles PSSCH channel and contains information such as in-coverage indicator, tdd-config, etc. The sidelink synchronization signals and channel are transmitted every 160ms (by a SyncRef UE) for V2X communications and over a fixed transmission BW of 6 PRBs. 
Sidelink synchronization resources: If no resources are configured for a given sidelink carrier, then only GNSS/eNB can be used as synchronization sources. If SLSS based synchronization is desired (i.e. use SyncRef UE to derive time/frequency synchronization, if needed), then the resource(s) to use for transmission of SLSS/PSBCH.
To enable SLSS based synchronization, one resource is configured for in-coverage UE by the eNB (and network is required to ensure it’s the same as the first resource that is (pre)configured for out-of-coverage operation). For out-of-coverage operation, ether two or three resources can be configured. The synchronization procedure and priority of synchronization sources differ depending whether two or three resources are (pre)configured.
Sidelink synchronization procedure: The priority between the synchronization source types are specified and depend on the following configurations and coverage scenario:
a) In-coverage and GNSS is configured to be higher priority than eNB
b) In-coverage and eNB is configured to be higher priority than GNSS
c) Out-of-coverage and GNSS is pre-configured to be higher priority than eNB
d) Out-of-coverage and eNB is pre-configured to be higher priority than GNSS
UE capability: Due to the complexity in UE implementation, support of sidelink synchronization signal transmission and reception is a UE capability. This motivates studying potential enhancements with reduced complexity for NR V2X synchronization.
3. NR V2X synchronization
3.1 NR V2X physical synchronization signals and channel
The design on NR V2X synchronization signals and channel depend of general agreements for NR V2X waveform (e.g., CP-OFDM vs SC-FDM, subcarrier spacing etc.). While much of the same principles as LTE V2X can be reused (i.e. PSSS/SSSS/PSBCH), the design on the NR V2X physical synchronization signals and channel can be once general agreements on waveform for NR V2X are achieved.
[bookmark: _Hlk521575228]Proposal 1: Study the design of NR V2X sidelink synchronization signals and channel(s) once general agreements on NR V2X waveform are achieved in the SI phase. 
3.2 LTE V2X and NR V2X cross-carrier synchronization
In LTE V2X Release 15, we introduced Sidelink CA operation where the LTE V2X UE can derive the time-frequency synchronization from a synchronization source on a given synchronization carrier to use for sidelink transmission and reception on another (aggregated) carrier. 
In our view, a similar principle maybe useful to support for NR V2X, where in the UE may derive the time/frequency synchronization from a LTE V2X carrier (i.e. a carrier (pre)configured with LTE V2X resource pool and synchronization configuration) to use for NR V2X transmission and/or reception on a different carrier. Assuming LTE V2X carrier to be used for basic safety operations, this will be useful as the synchronization quality (SLSS based) is then expected to be good on the LTE carrier with higher density of UEs on that carrier. At least in the scenario where GNSS is the highest priority, the RAT or sidelink carrier used to derive the timing does not matter and can be beneficial for NR V2X operation to leverage LTE V2X synchronization.
[bookmark: _Hlk521575238]Proposal 2: Study support of using time/frequency synchronization derived from LTE V2X on a given sidelink carrier to use for transmission and/or reception of NR V2X on a different sidelink carrier.
3.3 Synchronization procedure
As highlighted above, the current LTE V2X synchronization procedure and requirements present considerable UE implementation complexity. Moreover, in our view, such complexity may not be needed in all operation scenarios. This motivates the need to seek reduced complexity enhancements to the LTE V2X synchronization procedure. 
As motivation, let’s consider the example of out-of-coverage operation with GNSS pre-configured as the highest priority. In such case, the priority of the synchronization source types is given as follows:
Priority of synchronization source types with out-of-coverage with GNSS (pre)configured as highest priority:
1. GNSS
2. SyncRef UEs directly synchronized to eNB 
(SLSSID in slss_net, INC = 1)
3. SyncRef UEs directly synchronized to GNSS 
(SLSSID = 0, INC = 1 /OR/ SLSSID = 0, resource = 3)
4. SyncRef UEs in-directly synchronized to eNB 
(SLSSID in slss_net, INC = 0)
5. SyncRef UEs in-directly synchronized to GNSS
(SLSSID = 0, INC = FALSE & resource 1 or 2)
6. SyncRef UEs in-directly synchronized to GNSS via OOC UE
(SLSS ID = 169, INC = False; with three resources configured)
7. Independent SyncRef UEs
In this scenario, unless the UE is directly synchronized to GNSS (highest priority) is required to constantly perform a full (synchronous and asynchronous) search for other SyncRef UEs and reselect if a higher priority source is found. This requires the UE to implement a searcher for sidelink synchronization that is constantly running asynchronous to the data reception operation (i.e. UE needs to be able to handle two asynchronous timings – one for data transmission and reception, and an asynchronous timing for searcher operation). While some allowance (0.5% for a sidelink carrier) of dropping V2X communication data reception are allowed by RAN4 specification [36.133], it may not be desired to drop V2X data reception unless really needed.
However, if we consider the scenario of out-of-coverage operation for V2X in an ITS channel (no eNB coverage), we can potentially limit the attention to GNSS and SyncRef UEs directly or in-directly synchronized to GNSS. In such a case, if we further remove the consideration of an independent synchronization source, then the synchronization mechanism reduces to a synchronization search only. In other words, much of the complexity in synchronization arises from mixing of eNB and GNSS synchronization sources, and handling of independent synchronization source. 
In realistic scenarios like: (a) urban driving where GNSS coverage is spotty, and (b) tunnel scenario with GNSS coverage outside the tunnels: the vehicular UE will have GNSS coverage certain times and may lose it for some time. In such scenario(s), even when UE has lost GNSS, an asynchronous search for SyncRef UEs is not needed in most cases as the UE’s oscillator would not have drifted significantly. From a UE complexity and system performance viewpoint, two enhancements can then help in such realistic scenario:
1. Relaxed time/frequency synchronization error requirements for NR V2X sidelink transmission and reception, as the current requirements of +-12Ts are overly stringent and can be optimized for V2X use case.
2. Reduced complexity synchronization procedure to allow for synchronous-only synchronization source search and/or time/frequency synchronization adjustment.
For (2) above, we can potentially study both SLSS based and non-SLSS based synchronization procedures. The motivation is to consider the case when the UE was synchronized to GNSS/eNB/gNB/SyncRef UE at a prior time and has not drifted significantly (such that it can still receive packets from other synchronized UEs). For SLSS-based, this will entail studying if we can perform synchronized search only for SyncRef UEs. For non-SLSS based, this will entail studying if we can derive timing from other UEs from which we can receive packets. 
[bookmark: _Hlk521575266]Proposal 3: Study the time/frequency error requirements for NR V2X data/control and synchronization signal transmissions.
Proposal 4:  Study reduced complexity synchronization procedure for NR V2X to address the scenario wherein the UE was synchronized to GNSS/eNB/gNB/SyncRef UE at a prior time and has not drifted significantly (e.g. can still receive packets from other synchronized UEs). Study both SLSS-based and non-SLSS based enhancements. 
4. Conclusion
In this contribution, we propose the following aspects for NR V2X synchronization study:
Proposal 1: Study the design of NR V2X sidelink synchronization signals and channel(s) once general agreements on NR V2X waveform are achieved in the SI phase. 
Proposal 2: Study support of using time/frequency synchronization derived from LTE V2X on a given sidelink carrier to use for transmission and/or reception of NR V2X on a different sidelink carrier.
Proposal 3: Study the time/frequency error requirements for NR V2X data/control and synchronization signal transmissions.
Proposal 4:  Study reduced complexity synchronization procedure for NR V2X to address the scenario wherein the UE was synchronized to GNSS/eNB/gNB/SyncRef UE at a prior time and has not drifted significantly (e.g. can still receive packets from other synchronized UEs). Study both SLSS-based and non-SLSS based enhancements.
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