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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the approved SID of NR V2X [1], a key component of the list of potential standardization areas is the sidelink synchronization mechanisms. In this contribution, we discuss the different aspects and design considerations of NR V2X sidelink synchronization mechanisms based on the lessons and standardization of synchronization for LTE D2D and V2X. 
Synchronization mechanisms for NR V2X
[bookmark: OLE_LINK1]Synchronized or non-synchronized sidelink
For LTE, sidelink for V2X is based on the Rel-12 and Rel-13 sidelink (D2D), and both shared carrier (sidelink and Uu transmission in the same carrier) and dedicated carriers (sidelink and Uu transmission in different carriers) are supported. At least for the shared carrier case, synchronized sidelink can simplify the design since the sidelink and Uu link more easily coexist. A synchronized sidelink would enable orthogonal resource allocation in the frequency domain in order to support CP-OFDM among different UEs.
The same synchronization mechanism considerations that are applicable to LTE should be applicable for NR as well with its synchronized Uu link. Note also the need to support both dedicated and shared carriers in this SI as given by the SID text below: 
	Sidelink frequency: Sidelink frequencies for FR1 and FR2 (i.e. up to 52.6 GHz) unlicensed ITS bands and licensed bands are considered in the study. The target is to have a common sidelink design for both FR1 and FR2. The closing of the SI and the opening of the WI should not be dependent on the completion level of FR2, although it is targeted to complete SI aspects for both FR1 and FR2.


Observation 1: A synchronized sidelink is beneficial for coexistence with the Uu link and enables effective resource allocation and interference coordination for the sidelink. 
Proposal 1: For NR-V2X, a synchronized sidelink should be supported.
Timing for NR sidelink 
To achieve synchronized sidelink for LTE, Rel-12 and Rel-13 mode 1 relies on the eNB as the sidelink timing reference. This is motivated by the fact that the D2D communications are designed for the shared-carrier deployments. In Rel-14 and Rel-15 V2X, GNSS was introduced as another possible synchronization source to satisfy the needs for higher reliability of the synchronization source, as well as providing a reference when the UEs are out-of-coverage. Additionally, with a dedicated ITS band there would be no Uu link transmission, and thus GNSS would be a reliable synchronization source available for this band.  
Optionally, if a Uu link is available, the gNB’s timing could be also used as an ITS-band sidelink timing reference. 

For LTE-V2X, when a UE has a serving cell (fulfilling the S criterion), and the uplink carrier is used for sidelink transmission, the downlink timing is used. Otherwise the timing according to the configured synchronization source (gNB or GNSS) is used with . For NR-V2X, no strong motivation is found to change the sidelink timing definition.
Proposal 2: For NR-V2X, the LTE-V2X transmission timing is reused. 

Necessity of SLSS
In LTE D2D and V2X, sidelink synchronization mechanisms with SLSS and different synchronization procedures have been supported. For D2D, a disabled base station presents an important deployment scenario especially from a public safety perspective. For V2X, although GNSS may provide higher reliability than the gNB and the global time reference provided to the UEs is not biased by propagation delays or receiver estimation errors, there are still cases in which the GNSS signal is not available, for example under bridges, between high buildings in cities, etc., creating GNSS coverage holes. Similarly, for underground parking and tunnels, GNSS will be unavailable. For the platooning use case, if GNSS or gNB signals are lost, then SLSS would be the only transmission signal to maintain sidelink synchronization. A similar situation occurs with extended sensors use case when vehicular UEs exchange data with other vehicles and RSUs, the SLSS is also useful in poorer GNSS or gNB coverage cases. 
To support sidelink synchronization, an NR SLSS is needed and should be studied further. The periodicity of SLSS of Rel-12/Rel-13 is 80 ms, while the periodicity of SLSS of Rel-14/Rel-15 is 200 ms for the following reasons: 
· More DMRS symbols are added for PSBCH in V2X, optimizing the one-shot detection performance and allowing for a larger SLSS periodicity.
· The use of GNSS as a further synchronization source in V2X, improving the overall synchronization performance. 
· Consideration of the tradeoffs between sidelink synchronization performance and the overhead for SLSS. 

Furthermore, the design of NR SLSS needs to be considered for FR1 and FR2.  
Observation 2: The design of an NR SLSS should consider the system overhead and the NR-V2X performance requirement.
Proposal 3: For NR-V2X, support a sidelink synchronization signal (SLSS).
Sidelink synchronization reference sources
V2X communication among vehicles through e.g. the PC5 interface would be important both for the basic V2X use cases as well as for the advanced V2X use cases. There are different deployment scenarios for LTE-V2X as shown in Annex A, e.g.: out-of-coverage, partial-coverage, in-coverage-single-cell, in-coverage-multi-cell. These different deployment scenarios mean that the UE would need to support different sidelink synchronization sources and follow the corresponding procedure and requirements. What the procedure should be depends on what types of synchronization source the UE has available. Therefore, prior to discussion on the synchronization procedures, a common baseline for understanding the supported deployment scenarios and synchronization sources would be needed. 
Observation 3: Sidelink synchronization requirements and its procedures would depend on the supported deployment scenarios and the synchronization source(s) available.
Proposal 4: NR V2X UEs need to support synchronization sources appropriate to in-coverage, out-of-coverage, and usage of ITS and cellular bands.
With the different synchronization sources (gNB, GNSS, UE etc.) and different deployment scenarios (see Table A-1) that are supported, additional coordination information and/or signaling via the sidelink to ensure compatibility and efficient synchronization operations may be needed. This information may include the synchronization source type, source accuracy, in or out-of-coverage status of the transmit UE, number of hops from the synchronization source etc. Such information will assist especially the out-of-coverage UEs to identify and prioritize sources, and to ensure meeting certain synchronization requirements. Methods to achieve the above starting from the NR Uu synchronization mechanisms, e.g. through its sidelink SS/PBCH blocks, should be studied in order to satisfy the requirements of the advanced V2X use cases.
Proposal 5: For NR-V2X, sidelink SSB conveying additional synchronization information can be considered. 
Sidelink unicast and groupcast are new deployment scenarios that are not supported in LTE sidelink. In addition, NR sidelink also needs to support FR1 and FR2. Thus, with all these varying scenarios that need to be supported, it is critical that NR should strive for a single common synchronization procedure and design.    
Observation 4: NR should strive for a common synchronization operation and design taking into considerations the various deployment scenarios i.e. unicast, broadcast, in-coverage, out-of-coverage, FR1 and FR2, etc. 
Support synchronization under sidelink CA
In Rel-15, work has been done to support CA-based synchronization. The co-existence requirement in the same resource pool with Rel-14 UE, resulted in many limitations on how to support the CA-based synchronization. It is preferable to have a unified synchronization design both for CA and non-CA based synchronization from the beginning of NR-V2X.
Proposal 6: For NR-V2X, a unified design for synchronization mechanism under sidelink CA is preferred.  

Conclusion
In this contribution, we discussed the potential aspects on NR V2X sidelink synchronization mechanisms drawing lessons learnt from the standardization of LTE D2D and V2X. The following are the observations conclusions from this contribution:
Observation 1: A synchronized sidelink is beneficial for coexistence with the Uu link and enables effective resource allocation and interference coordination for the sidelink. .
Observation 2: The design of an NR SLSS should consider the system overhead and the NR-V2X performance requirement.
Observation 3: Sidelink synchronization requirements and its procedures would depend on the supported deployment scenarios and the synchronization source(s) available.
Observation 4: NR should strive for a common synchronization operation and design taking into considerations the various deployment scenarios i.e. unicast, broadcast, in-coverage, out-of-coverage, FR1 and FR2, etc. 

Proposal 1: For NR-V2X, a synchronized sidelink should be supported.
Proposal 2: For NR-V2X, the LTE-V2X transmission timing is reused. 
Proposal 3: For NR-V2X, support a sidelink synchronization signal (SLSS).
Proposal 4: NR V2X UEs need to support synchronization sources appropriate to in-coverage, out-of-coverage, and usage of ITS and cellular bands.
Proposal 5: For NR-V2X, sidelink SSB conveying additional synchronization information can be considered. 
Proposal 6: For NR-V2X, a unified design for synchronization mechanism under sidelink CA is preferred.  
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[bookmark: _Toc518705586]Annex A: Deployment Scenarios
There are some deployment scenarios as defined in TS 36.300 [2]. Table A-1shows scenarios for sidelink communication where UE A and UE B are located in-coverage /out-of-coverage of a cell. When UE A has a role as transmitter, UE A sends message and UE B receives it. UE A and UE B can change their transmission and reception role. The transmission from UE A can be received by one or more UEs like UE B.
Table A-1: Sidelink communication Scenarios

	#
	Description
	UE A
	UE B
	Example

	1A
	Out-of-Coverage
	Out-of-Coverage
	Out-of-Coverage
	
[image: ]

	1B
	Partial-Coverage
	In-Coverage
	Out-of-Coverage
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	1C
	In-Coverage-Single-Cell
	In-Coverage
	In-Coverage
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	1D
	In-Coverage-Multi-Cell
	In-Coverage
	In-Coverage
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