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Introduction
In RAN #80 meeting, the new study item of NR V2X [1] was approved with the following objectives related to synchronization mechanism.
Sidelink design [RAN1, RAN2]:
1. [bookmark: OLE_LINK8][bookmark: OLE_LINK7]Identify technical solutions for a NR sidelink design to meet the requirements of advanced V2X services, including 
· Study sidelink synchronization mechanism


[bookmark: OLE_LINK42][bookmark: OLE_LINK43]In this contribution, the synchronization mechanism of NR V2X is discussed as follows:
· The principles of NR V2X synchronization mechanism.
· The synchronization priority order of NR V2X.
· The content of NR V2X PSBCH.
Discussion
The principles of NR V2X synchronization mechanism
[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK13][bookmark: OLE_LINK14]The synchronization mechanism in NR system is designed to support the beamformed synchronization signals with potential beam sweeping in time for UE to acquire the synchronization with extended distance, which mainly targets for high frequency bands (FR2) but could be also used for low frequency bands (FR1). The synchronization signals (PSS/SSS) along with the physical broadcast channel (PBCH) are constructed in the block format as the synchronization signal block (SSB). The beamformed SSB design would enable UE to synchronize with the network and detect the system information and frame boundary in the same time with extended coverage area.  The NR slot formats are designed to support the sweeping SSB in time, which the same SSB are transmitted multiple times within 5ms interval [2][3]. The design of NR V2X synchronization mechanism needs to take into consideration of the SSB structure and the beamforming of SSB for extended coverage.   
[bookmark: OLE_LINK79][bookmark: OLE_LINK82][bookmark: OLE_LINK71][bookmark: OLE_LINK72]Proposal 1: The design of NR V2X synchronization mechanism needs to take into consideration of the SSB structure and the beamforming of SSB for extended coverage.
The synchronization priority order of NR V2X
In NR V2X, NR gNB can be considered as the synchronization reference. Thus, the synchronization references of NR V2X include both GNSS and NR gNB. As many synchronization sources could be detected by V2X UE within the cluster, the synchronization priority order is set to ensure the high accuracy of V2X UE synchronization and inter-operability of NR Uu access operation.   
[bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK29][bookmark: OLE_LINK26][bookmark: OLE_LINK53][bookmark: OLE_LINK54][bookmark: OLE_LINK49][bookmark: OLE_LINK50][bookmark: OLE_LINK55][bookmark: OLE_LINK56]NR V2X synchronization priority could consider that of the LTE V2X as the starting point. And NR V2X synchronization priority order should consider NR gNB-based and GNSS-based synchronization with similar synchronization priority order to that of LTE V2X. In Rel-14, the synchronization priority order of LTE-V2X is based on two types of synchronization reference: GNSS and LTE eNB. Thus, the LTE synchronization priority order can be classified into GNSS-based synchronization and eNB-based synchronization. With the (pre)configuration to prioritize either eNB-based synchronization or GNSS or GNSS-equivalent, the detailed synchronization priority order should be applied according to the following table [4].
Table 1 Synchronization mechanism of LTE-V2X
	[bookmark: OLE_LINK57][bookmark: OLE_LINK58]GNSS-based synchronization
	eNB-based synchronization

	· P1: GNSS 
· P2: the following UE has the same priority: 
· UE directly synchronized to GNSS 
· UE directly synchronized to eNB 
· P3: the following UE has the same priority: 
· UE indirectly synchronized to GNSS (if RAN1 decides to differentiate between direct and indirect synchronization to GNSS) 
· UE indirectly synchronized to eNB 
· P4: the remaining UEs have the lowest priority.
	· P1’: UE directly synchronized to eNB 
· P2’: UE indirectly synchronized to eNB (i.e., UE whose SyncRef is another UE directly synchronized to eNB) 
· P3’: GNSS 
· P4’: UE directly synchronized to GNSS 
· P5’: UE indirectly synchronized to GNSS (i.e., UE whose SyncRef is another UE directly synchronized to GNSS) 
· P4’ and P5’ are differentiated at least when two sync resources are (pre)configured. FFS whether P4’ and P5’ are differentiated when three sync resources are (pre)configured. 
· P6’: The remaining UEs have the lowest priority. 



[bookmark: OLE_LINK98][bookmark: OLE_LINK99]The following principles are considered in the Rel-14 LTE-V2X synchronization priority order:
1) [bookmark: OLE_LINK139][bookmark: OLE_LINK140][bookmark: OLE_LINK100][bookmark: OLE_LINK101][bookmark: OLE_LINK119][bookmark: OLE_LINK102][bookmark: OLE_LINK103]Difference of the synchronization accuracy
[bookmark: OLE_LINK104][bookmark: OLE_LINK105][bookmark: OLE_LINK110][bookmark: OLE_LINK111][bookmark: OLE_LINK1][bookmark: OLE_LINK2]For the receiving node, the receiving synchronization signal may be from the different synchronization reference (GNSS or eNB) with different hops. Thus, the synchronization accuracy of the multiple receiving synchronization signals may be different in the network supporting LTE V2X. The difference of the synchronization accuracy of the synchronization signals should be presented in the synchronization priority order. 
2) [bookmark: OLE_LINK144][bookmark: OLE_LINK145][bookmark: OLE_LINK106][bookmark: OLE_LINK107]Complexity of the synchronization priority order
[bookmark: OLE_LINK108][bookmark: OLE_LINK109]If there are too many levels of the synchronization priority order, the processing of the synchronization priority order may be too complex for the LTE-V2X nodes. Meanwhile, if the levels of the synchronization priority order are too few, the synchronization priority order cannot differentiate the required synchronization accuracy. The performance of the communications may be degraded.
3) [bookmark: OLE_LINK146][bookmark: OLE_LINK147][bookmark: OLE_LINK116][bookmark: OLE_LINK117][bookmark: OLE_LINK114][bookmark: OLE_LINK115][bookmark: OLE_LINK118][bookmark: OLE_LINK122]Interference of the synchronization signal of LTE-V2X to the cellular network
[bookmark: OLE_LINK112][bookmark: OLE_LINK113]The transmission of the synchronization signal of LTE-V2X may be colliding with the uplink transmission of the cellular network. The interference of the synchronization signal of LTE-V2X based on the GNSS should be considered. To protect the services in the cellular network, with the eNB-based synchronization, the priorities from eNB is higher than from GNSS.
4) Achieving the global synchronization
[bookmark: OLE_LINK120][bookmark: OLE_LINK121]Reuse D2D synchronization, different coverage scenarios are considered for synchronization priority order in Rel-14 LTE-V2X. With the combination of SLSS_ID and in coverage indicator, the global synchronization can be achieved.
[bookmark: OLE_LINK133][bookmark: OLE_LINK134][bookmark: OLE_LINK125][bookmark: OLE_LINK126][bookmark: OLE_LINK129][bookmark: OLE_LINK130]Based on the above designing principles, the LTE synchronization priority order is extended with CA scheme in Rel-15 LTE-V2X. If the higher layers configure set of carrier(s) (Set-A) as the synchronization carriers for the potential carriers configured for Tx and Rx for CA, UE can select available synchronization carriers from Set-A as the set of synchronization carriers (Set-B). According to the capability of the transmitting UE, UE can select the suitable carriers to transmit the synchronization information [5][6][7]. And the limitation of UE capability should be considered in the multi-carrier synchronization mechanism of NR-V2X. In addition, as NR SSB design will affect the accuracy of different synchronization priority order, the accuracy of different synchronization priority order should be further investigated with NR SSB design with different duty cycle. 
[bookmark: OLE_LINK154][bookmark: OLE_LINK155][bookmark: OLE_LINK44][bookmark: OLE_LINK45]Proposal 2: NR V2X synchronization priority order should consider the following issues:
· The NR V2X synchronization priority order should consider NR gNB-based and GNSS-based synchronization with similar synchronization priority order to that of LTE V2X.
· The accuracy of different synchronization priority order should be further investigated with NR SSB design with different duty cycle.
· The limitation of UE capability should be considered in the multi-carrier synchronization mechanism of NR-V2X.

The content of NR V2X PSBCH
[bookmark: OLE_LINK163][bookmark: OLE_LINK164][bookmark: OLE_LINK159][bookmark: OLE_LINK160]LTE-V2X PSBCH content is based on the LTE system for the sidelink system bandwidth and TDD UL/DL configuration with the time granularity of synchronization subframe [8]. 
In NR V2X, the frequency domain radio resource is allocated as BWP. SSB is designed with 20 PRB and 4 symbols. In 5G NR, the PBCH payload consists of MIB and the additional timing information. The PBCH content can be classified into the following types [2] [9]:
· System timing: SFN, half radio frame;
· [bookmark: OLE_LINK73][bookmark: OLE_LINK74]Initial access: subCarrierSpacingCommon, ssb-SubcarrierOffset, dmrs-TypeA-Position, pdcch-ConfigSIB1, MSB of the subcarrier offset between SSB and the common resource block grid (FR1) / SSB index(FR2);
· Cell related: cellBarred, intraFreqReselection;
[bookmark: OLE_LINK38][bookmark: OLE_LINK39]The system frame timing is still necessary in NR V2X for SFN and DFN. In NR, the half radio frame information is carried in PBCH to indicate the SSB timing information. Because the NR V2X synchronization mechanism needs to take into consideration of the SSB structure, the half radio frame needs to be included in the content of PSBCH.
[bookmark: OLE_LINK75][bookmark: OLE_LINK76]The initial access parameters in NR PBCH MIB are providing the assistant information for the UE to find the SSB accurate frequency domain location. Then, UE can utilize the random access process in the initial downlink BWP with the parameters of subcarrier spacing, PDCCH configuration for SIB1, and the DMRS position in PDSCH. In NR V2X, the carrier offset of SSB can be reused in PSBCH. For the broadcast services, the BWP related information can be configured in the pre-configuration information, as same as that in Rel-14 for resource pools configuration. For the unicast and groupcast services, the initial transmitting and receiving BWP are transparent to the UE. Because the BWP is for UE to minimize the processing complexity operating in extremely wideband network, the BWP parameters should not be included in the PSBCH. And the cell related parameters may be deleted in NR V2X PSBCH.
Proposal 3: The PBCH payload content of NR can be modified in NR V2X for adapting different traffic model and scenarios. 
Conclusion
In this contribution, the synchronization mechanism of NR V2X is discussed. Particularly, we have following proposals:
Proposal 1: The design of NR V2X synchronization mechanism needs to take into consideration of the SSB structure and the beamforming of SSB for extended coverage.
Proposal 2: NR V2X synchronization priority order should consider the following issues:
· The NR V2X synchronization priority order should consider NR gNB-based and GNSS-based synchronization with similar synchronization priority order to that of LTE V2X.
· The accuracy of different synchronization priority order should be further investigated with NR SSB design with different duty cycle.
· The limitation of UE capability should be considered in the multi-carrier synchronization mechanism of NR-V2X.
Proposal 3: The PBCH payload content of NR can be modified in NR V2X for adapting different traffic model and scenarios. 
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