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In the RAN1 #94 meeting, the following agreements were made for NR V2X synchronization mechanism [1]: 
Agreements:
· NR V2X Sidelink Synchronization includes at least the following
· Sidelink synchronization signal(s)
· PSBCH
· Sidelink synchronization sources and procedure(s)
· Study potential synchronization sources –GNSS, gNB, eNB, UE, LTE UE
· Note: this doesn’t mean all of them are to be supported

[bookmark: _GoBack]In this contribution, we provide our views on 1) sidelink (SL) synchronization signals design 2) NR V2X sidelink synchronization sources.
Synchronization signals design
From our previous work [2], it can be seen that LTE PSS and SSS will encounter the issue that it is incapable to combat large frequency offset and Doppler shift. This issue have also been investigated in NR, which has used m-sequence based PSS and SSS with a longer sequence. 
Proposal 1: For NR V2X PSS and SSS design, use NR PSS and SSS as a baseline.
Sidelink synchronization sources for NR/NR-V2X capable UE
As a starting point, the SL synchronization source for NR/NR-V2X capable UE is studied considering the practical deployment for NR V2X communication. In LTE V2X communication, GNSS, eNB, and UE supporting LTE V2X can be the SL synchronization sources. The synchronization source selection is determined by the frequency used for LTE V2X SL communication, which is either from UE specific RRC signaling, SIB21 or pre-configuration in UICC. 
There are two cases for discussion:
· Case1: In-coverage (InC) or Out-of-coverage (OoC) with SL configuration from the serving cell. 
· Case2: Out-of-coverage (OoC) with only SL pre-configuration. 

For a NR/NR-V2X capable UE, it is reasonable that GNSS, gNB and NR V2X UE can be used as the SL synchronization sources. The priority rule for the synchronization sources can take LTE V2X priority rule as a baseline. The rule for Case1 and Case2 are summarized in Table 1 and Table 2 separately as below:
Table 1. Priority rules in Case1 for a NR/NR-V2X capable UE
	typeTxSync = gNB
	typeTxSync = gnss 

	Priority rule:
InC:  the NR cell with the frequency for SL: 
· PCell/serving cell(idle) or 
· Scell/serving cell (idle) or 
· DL frequency paired with SL frequency (in UL)
OoC: NR Pcell/serving cell
	Priority rule:
GNSS > NR_UEGNSS   > gNB (following R1-1a)



Table 2. Priority rules in Case2 for NR/NR-V2X capable UE
	syncPriority = gNB
	syncPriority = gnss

	Priority rule: Priority firstly ordered by 6 PG groups and secondly ordered by S-RSRP within the PG. 
	Priority rule: Priority firstly ordered by 4 PG groups and secondly ordered by S-RSRP within the PG.

	PG1: NR_UEgNB
	PG1: Reliable GNSS

	PG2: NR_UENR_UE-gNB
	PG2: NR_UEgNB  and NR_UEGNSS

	PG3: Reliable GNSS
	PG3: NR_UENR_UE-gNB and NR_UENR_UE-GNSS

	PG4: NR_UEGNSS
	PG4: NR_UEother

	PG5: NR_UENR_UE-GNSS
	

	PG6: NR_UEother
	


In the Table 1 and Table 2, NR_UEgNB and NR_UEGNSS represents the NR_UE that use gNB and GNSS as synchronization sources, respectively. NR_UENR_UE-gNB represents NR UE that use NR_UEgNB as sync source, and NR_UENR_UE-GNSS represents NR UE that use NR_UEGNSS as sync source. NR_UEother represents the other NR UEs than the one in the higher priority groups. The typeTxSync in Table 1 and syncPriority in Table 2 may be indicated in UE-specific RRC/SIB and pre-configuration, respectively.
Proposal 2: For NR/NR-V2X capable UE, GNSS, gNB, and NR V2X UE can be used as the sidelink synchronization sources, and the defined priority rules may follow Table 1 and Table 2 for InC and OoC cases. 
Sidelink synchronization sources for NR/LTE/NR-V2X/LTE-V2X capable UE
If the UE can support both NR and LTE, as well as NR V2X and LTE V2X communications, GNSS, eNB, gNB, NR UE and LTE UE can be studied for the synchronization sources.
For Case1 with the serving cell available in the V2X or non-V2X communication frequency layer, it is not necessary to use the LTE V2X UE as the sync source. Otherwise, it may mandate the inter-module tunnel between LTE-V2X module and NR-V2X module for fast sync information exchange by imposing more complexity and restriction on UE implementation, even if UE can support NR-V2X and LTE-V2X communication independently.
Observation 1: For the InC case or OoC with serving cell available, there is no need of using LTE V2X UE as the sync source.
Observation 2: LTE V2X UE as the sync source may mandate the inter-module tunnel between NR-V2X module and LTE-V2X module with high complexity and cost.
Similarly, if LTE eNB is used as the sync source in this case, it also requires the inter-module tunnel to support fast sync information exchange between LTE module and NR V2X module, even if UE can support NR-V2X and LTE communication independently. Further, if NR V2X communication will not happen in the LTE frequency layer, it seems no need of using LTE eNB as the sync source to avoid the mutual interference. In this case the other sync sources such as NR gNB, GNSS or NR V2X UE can be used as the sync sources.
Observation 3: If NR V2X communication is not deployed in LTE licensed band, there is no need of using LTE eNB as the sync source.  
For Case2 without any serving cell available (i.e., OoC with only pre-configuration information available), the UE may be used as the sync source. However, if the SL communication for LTE V2X and NR V2X does not happen in the same frequency layer, i.e., shared frequency layer, there is no need to use LTE V2X UE as the sync source for NR V2X communication either. Because the NR V2X communication happens in the different frequency layer than the LTE V2X communication, which will not cause any strong interference between two frequency layers. In this case, NR UE synced to other sources or self-promoted NR UE can be taken as the sync source. 
Observation 4: For OoC with only pre-configuration available, there is no need to use LTE eNB or LTE V2X UE as the sync source if NR V2X communication is not shared with LTE or LTE-V2X communication in the same frequency layer.
Proposal 3: LTE V2X UE is not used as the sync source for NR V2X communication because of the different frequency layer for NR and LTE V2X communication.
Proposal 4: LTE eNB may be used as the sync source only if LTE frequency is shared for NR V2X communication.
Conclusion
The following summarizes the observations and proposals in this contribution.
Observation 1: For the InC case or OoC with serving cell available, there is no need of using LTE V2X UE as the sync source.
Observation 2: LTE V2X UE as the sync source may mandate the inter-module tunnel between NR-V2X module and LTE-V2X module with high complexity and cost.
Observation 3: If NR V2X communication is not deployed in LTE licensed band, there is no need of using LTE eNB as the sync source.  
Observation 4: For OoC with only pre-configuration available, there is no need to use LTE eNB or LTE V2X UE as the sync source if NR V2X communication is not shared with LTE or LTE-V2X communication in the same frequency layer.

Proposal 1: For NR V2X PSS and SSS design, use NR PSS and SSS as a baseline.
Proposal 2: For NR/NR-V2X capable UE, GNSS, gNB, and NR V2X UE can be used as the sidelink synchronization sources, and the defined priority rules may follow Table 1 and Table 2 for inC and OoC cases. 
Proposal 3: LTE V2X UE is not used as the sync source for NR V2X communication because of the different frequency layer for NR and LTE V2X communication.
Proposal 4: LTE eNB may be used as the sync source only if LTE frequency is shared for NR V2X communication.
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