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Introduction
At the RAN1 #94bis meeting, the synchronization mechanism for NR V2X was discussed and the following agreements were reached [1].
Agreements:
At least GNSS, gNB, NR UE, and eNB are supported as the synchronization source for NR V2X.
eNB as a synchronization source for NR V2X UEs supporting LTE Uu/PC5 or Uu only(no change to the eNB behaviour)
Whether a source is supported is for furtherNR V2X UE capability consideration
Agreements:
NR V2X sidelink operation includes the following cases:
NR V2X sidelink is synchronized with LTE V2X sidelink
NR V2X sidelink synchronization procedure operates independently to the LTE V2X sidelink synchronization procedure
Agreements:
· The design of NR V2X sidelink synchronization signals and PSBCH uses NR SSB structure as the starting point with the following properties,
· NR V2X synchronization signals include sidelink PSS (S-PSS) and sidelink SSS (S-SSS) and are structured with PSBCH in a block format (S-SSB)
Agreements:
· Periodic transmission of S-SSB in NR V2X  is supported
· FFS:  whether one/more S-SSB is transmitted in a period
[bookmark: OLE_LINK5]In this contribution, we mainly discuss some of aspects above for NR V2X synchronization.
Discussion
Sidelink synchronization signal/channel
Sidelink SSB
In NR Uu, the synchronization signal and PBCH are transmitted in a form of SS/PBCH block (SSB), which consists of 4 contiguous symbols in time domain and 240 contiguous subcarriers (20 RBs) in frequency domain. In RAN1 #94bis, it is agreed that this SSB structure on Uu link is reused as the starting point for sidelink SSB (S-SSB), but how to construct S-SSB with sidelink PSS (S-PSS), sidelink SSS (S-SSS) and PSBCH is not determined.
On the other hand, the structure of S-SSB in time domain may be related to the waveform(s) supported in NR V2X. 
· If only CP-OFDM waveform is supported, the mapping of SSS, PBCH and DM-RS for PBCH in symbols can be reused for S-SSS, PSBCH and DM-RS for PSBCH. 
· If DFT-s-OFDM is also supported, the mapping of SSS, PBCH and DM-RS for PBCH in symbols would destroy the single-carrier properties of DFT-s-OFDM. If NR-based SL SS/PSBCH are transmitted in Uplink resource (it would be possible), it would cause high PAPR and result in lower power amplifier efficiency and higher power consumption. From this perspective, enhanced mapping of S-SSS, PSBCH and DM-RS for PSBCH would be needed,for example, to allow transmitting S-SSS, PSBCH and DM-RS for PSBCH in different symbols.
Proposal 1: The details of S-SSB format should be considered based on the waveform(s) supported in NR V2X:
· If only CP-OFDM is supported, the scheme of SS/PBCH block can be reused.
· If both DFT-s-OFDM and CP-OFDM are supported, an enhanced scheme is needed.  
Transmission of S-SSB
According to the agreements in RAN1 #94bis, periodic transmission of S-SSB in NR V2X is supported. But whether just one or more than one S-SSB is transmitted in a period is FFS.
In NR Uu, the candidate SS/PBCH blocks in a half frame within a period are indexed in an ascending order in time from 0 to L-1, where L≤8 in FR1 and L≤64 in FR2. 
In NR V2X, FR1 and FR2 may be supported. It can be necessary to adopt beam sweeping of S-SSB in FR2 to extend communication range and therefore to transmit more S-SSB in FR2 than in FR1. 
Proposal 2: The number of S-SSB transmissions per period can be one and more than one, at least depending on the frequency range.
Sidelink synchronization resource
In LTE V2X, two or three synchronization resources are preconfigured for SSSB detection and transmission in a synchronization resource period. The same requirement exists in NR V2X. For NR V2X, several synchronization windows (e.g., half frame window) in a TDM manner can be considered in a synchronization resource period. A set of candidate synchronization resources are included in a window and one or more S-SSB may be transmitted from one UE. One UE can transmit S-SSB and receive S-SSB in different windows. On the other hand, the different synchronization windows can be configured or preconfigured in an FDM manner for different synchronization reference UEs in a synchronization resource period. But for some transmission bandwidths with limited number of RBs, e.g., 5 MHz for 30kHz SCS, it is difficult to realize multiple SL SS/PSBCH blocks in FDM. 
Proposal 3: Multiple sets of synchronization resources in a synchronization resource period should be considered. TDM of synchronization resources should be supported.
PSBCH
In LTE V2X, PSBCH is transmitted together with SL SS to indicate some essential information for synchronization. Some fields, such as sidelink bandwidth, SFN/DFN and in-coverage indication, can be reused for the NR-based PSBCH content in NR V2X.In addition, some other fields should also be considered: 
· The resource location of the current SL SS/PSBCH block
This field indicates the location of the current resource where S-SSB is transmitted in a frame. Based on this indication, the slot index and symbol index corresponding to the current SL SS/PSBCH block resource can be known.
· UL/DL TDD configuration
For TDD system, UL/DL TDD configuration information is necessary for out of coverage UEs that communicate with the UEs in coverage. In NR Uu, UL/DL TDD configuration information includes one common IE and one dedicated IE which can be configured by cell specific and UE-specific, respectively. For NR V2X, indication of common IE information can be supported in PSBCH. In order to avoid overhead increasing largely, certain compression methods can be considered. Other solutions to indicate UL/DL TDD configuration without relying on PSBCH should not be excluded.
Proposal 4: The resource location of the S-SSB should be indicated in PSBCH.
Proposal 5: The common UL/DL TDD configuration can be contained in NR-based PSBCH.Other solutions to indicate UL/DL TDD configuration without relying on PSBCH can also be considered.
Synchronization reference
If the UE is inside network coverage, it can obtainsidelink synchronization source, such as gNB, eNB or GNSS, according to instruction from network.
If the UE is out of coverage, the UE should select sidelink synchronization reference based on priority order of synchronization reference. In LTE V2X, such priority order is specified with highest priority assigned to GNSS or eNB. The similar mechanism can be adopted in NR V2X. It should be noted that different synchronization sources in NR V2X may not synchronize to each other in some deployments. Thus, the out-of-coverage UEs may detect the S-SSBs transmitted from in-coverage UEs with different sidelink timings. If the synchronization references based on eNB timing (the reference timing source is eNB) and gNB timing (the reference timing source is gNB) have different priorities, it can avoid timing misalignment when extending out of coverage by synchronizing to the timing reference with higher priority. From the perspective of in-device coexistence between NR V2X and LTE V2X, if UE can identify the eNB/gNB/GNSS timing and select it as synchronization reference, it would be helpful to maintain timing alignment between NR V2X and LTE V2X in the UE.  
Proposal 6: Once a NR V2X UE detects S-SSB, it can recognize the associated synchronization source as one from eNB, gNB and GNSS. 
[bookmark: _GoBack]Note that here we assume NR-UE can be a synchronization source from transmitter point of view, but not from receiver point of view. From receiver point of view, the synchronization source can only be one of eNB, gNB and GNSS. 
Conclusion
This contribution focused on synchronization mechanism for NR V2X. It also includes the following proposals:
Proposal 1: The details of S-SSB format should be considered based on the waveform(s) supported in NR V2X.
· If only CP-OFDM is supported, the scheme of SS/PBCH block can be reused.
· If both DFT-s-OFDM and CP-OFDM are supported, an enhanced scheme is needed.  
Proposal 2: The number of S-SSB transmissions per period can be one and more than one, at least depending on the frequency range.
Proposal 3: Multiple sets of synchronization resources in a synchronization resource period should be considered. TDM of synchronization resources should be supported.
Proposal 4: The resource location of the S-SSB should be indicated in PSBCH.
Proposal 5: The common UL/DL TDD configuration can be contained in NR-based PSBCH.Other solutions to indicate UL/DL TDD configuration without relying on PSBCH can also be considered.
Proposal 6: Once a NR V2X UE detects S-SSB, it can recognize the associated synchronization source as one from eNB, gNB and GNSS.
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