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Introduction
NR-V2X SI was approved in the RAN#80 meeting [1], in the last RAN1 meeting, synchronization mechanism for NR sidelink was discussed with following agreement [2]:

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

In this contributions, we will discuss the issues that need to be considered for support of synchronization in NR-V2X.

Discussion
Synchronization Sources
In Rel-14 LTE V2X, UE can achieve time and frequency synchronization based on GNSS, eNB or a UE that transmitting SLSS and PSBCH, where the eNB can be on the same carrier as the sidelink operation or on a different carrier. In Rel-15 sidelink carrier aggregation, UE can use sync reference on one carrier for all other aggregated sidelink carriers, and UE can transmit SLSS/PSBCH on only one carrier or multiple carriers depending on UE capability. In general, sync source should be able to provide time-frequency reference, and also the configurations of the sidelink carrier, e.g. bandwidth, TDD configurations, etc. for other UEs.

In NR V2X, as agreed in the last meeting, GNSS, gNB, eNB, UE, and LTE UE can be potentially used as sync reference. GNSS can provide ubiquitous coverage and global common time reference, definitely should be used. gNB is an up to date control center, it is an ideal sync reference. Typically, LTE eNB can provide much larger coverage than gNB, in the foreseeable future, LTE eNB may not be fully replaced by new base stations, it is desirable that eNB can be used as sync reference. For this purpose, some enhancement on the eNB may be needed to provide necessary sidelink carrier configurations to UE. NR UE may have LTE V2X and NR V2X simultaneously, hence, it may transmit LTE SLSS/PSBCH as well as NR SLSS/PSBCH (if defined later).  LTE PSBCH transmitted by NR UE can be enhanced to propagate NR sidelink configuration, hence, a NR UE transmitting LTE SLSS/enhanced PSBCH or NR SLSS/PSBCH can be used as sync source. LTE UE cannot be changed, especially UE cannot obtain NR sidelink configuration from SLSS/PSBCH transmitted by LTE UE, therefore LTE UE may not be used as sync source.

[bookmark: _GoBack]Proposal 1: 
· GNSS, gNB and UE transmitting NR SLSS/PSBCH should be used as sync source for NR V2X;
· Consider eNB with necessary enhancement for NR sidelink configuration as sync source for NR V2X;
· Consider UE transmitting LTE SLSS and enhanced LTE PSBCH as sync source for NR V2X;
Synchronization Source Selection
In LTE V2X, a very comprehensive sync source selection behavior was specified based on following general principles:
· Prioritize sync source that can provide common time/frequency reference;
· Prioritize sync source that can provide accurate time/frequency reference;
· Prioritize sync source that can minimize impact to Uu operation;
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Figure 1. Priority order for out of coverage UE defined in Rel-14 LTE V2X
Priority order of different sync sources determined according to the principles above for out of coverage UE is shown in Figure 1. Basically, the same principles can be reused for NR V2X. E.g. one carrier can be (pre-)configured to prioritize either GNSS or gNB/eNB as LTE V2X, on top of this configuration, a priority order for different types of sync sources can be determined, and UE selects sync source based on the measurement and the priority rule. One major difference from LTE is that there are two kinds of base stations, i.e. eNB and gNB, the priority order between the two can be determined according to the simple RSRP rule.
Proposal 2: 
· Reuse following principles as LTE V2X for sync source selection in NR V2X:
·  Prioritize sync source that can provide common time/frequency reference;
· Prioritize sync source that can provide accurate time/frequency reference;
· Prioritize sync source that can minimize impact to Uu operation;
SLSS/PSBCH transmission 
SLSS/PSBCH may impact sidelink data channel and sidelink control channel transmission/reception, furthermore, more Tx chains may be needed if the UE is required to transmit SLSS/PSBCH on more carriers. A NR UE is supposed to have both LTE V2X operation and NR V2X operation on either same carrier or multiple carriers. On the carrier(s) for LTE V2X the NR UE has to transmit SLSS and PSBCH to support synchronization of legacy LTE UEs. If the NR UE is required to transmit NR SLSS/PSBCH additionally, transmission overhead and Tx capability requirement may increase. As discussed above, NR UE is capable to achieve time/frequency synchronization based on LTE SLSS and enhanced LTE PSBCH, in this case, NR UE is possible to only transmit LTE SLSS/PSBCH. While, NR UE needs to transmit NR SLSS/PSBCH when the UE only has NR V2X operation.
In LTE V2X, three triggering conditions for SLSS/PSBCH transmission are defined:
· Receiving instruction from eNB;
· Directly synchronize to GNSS and out of coverage;
· RSRP w.r.t. the sync reference is lower than specific threshold;
These behaviors can be used as the start point for SLSS/PSBCH transmission in NR V2X. 
Proposal 3: 
· Considering to minimize transmission overhead and transmission capability requirement for SLSS/PSBCH transmission in NR V2X; 

NR SLSS/PSBCH
In case of NR SLSS/PSBCH is deemed necessary, a common design should be targeted for both FR1 and FR2. SSB structure in NR Uu can be reused for NR sidelink, however, a new PSS sequence with low correlation with PSS sequences used in Uu is needed for sidelink, so as to avoid the impact on Uu operation. Beam-sweeping may be needed for SLSS/PSBCH to ensure the coverage especially on FR2, this needs more resources in time domain for SLSS/PSBCH transmission, hence the beam-sweeping design for SLSS/PSBCH should balance the overhead and performance.
Proposal 4: 
· Strive for a common NR SLSS/PSBCH design for FR1 and FR2 based on SSB structure in NR Uu; 

Conclusion
In this contributions, we discussed the issues that need to be considered for support of synchronization in NR-V2X, we have following proposals:

Proposal 1: 
· GNSS, gNB and UE transmitting NR SLSS/PSBCH should be used as sync source for NR V2X;
· Consider eNB with necessary enhancement for NR sidelink configuration as sync source for NR V2X;
· Consider UE transmitting LTE SLSS and enhanced LTE PSBCH as sync source for NR V2X;
Proposal 2: 
· Reuse following principles as LTE V2X for sync source selection in NR V2X:
·  Prioritize sync source that can provide common time/frequency reference;
· Prioritize sync source that can provide accurate time/frequency reference;
· Prioritize sync source that can minimize impact to Uu operation;
Proposal 3: 
· Considering to minimize transmission overhead and transmission capability requirement for SLSS/PSBCH transmission in NR V2X; 
Proposal 4: 
· Strive for a common NR SLSS/PSBCH design for FR1 and FR2 based on SSB structure in NR Uu; 
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