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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:
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:
· Periodic transmission of S-SSB in NR V2X  is supported
· FFS:  whether one/more S-SSB is transmitted in a period
At the RAN1 #95 meeting, the following agreements were made [2].
Agreements:
· At least CP-OFDM is supported.
· Continue study on whether to support DFT-S-OFDM including the potential issues and the following potential benefit:
· Synchronization coverage enhancement
· PSCCH coverage enhancement, e.g., with Option 2 of PSCCH/PSSCH multiplexing with the restriction that PSCCH and PSSCH use adjacent frequency resources
· Feedback channel coverage enhancement
· A single waveform is used in all the sidelink channels in a carrier.
· Note: A sequence based channel can be supported in any waveform.
· (Pre-)configuration will be used to determine the used waveform if the specification supports multiple waveforms.
Agreements:
· S-SSB has the same numerology, which includes SCS and CP length, as that of control and data channels for a given carrier 
Agreements:
· The transmission bandwidth for S-SSB is within the BW of the (pre)-configured SL-BWP.  
· FFS:  The actual transmission BW for S-SSB and sync raster
[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 was 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 may be related to the waveform(s) supported in NR V2X. According to the agreements achieved in RAN1 #95, at least CP-OFDM is supported in NR V2X. Whether DFT-S-OFDM is supported is to be determined.
As proposed in our separate contribution [3], we think DFT-S-OFDM should also be supported in NR V2X. It should be noted that the FDM of S-SSS, PSBCH and DM-RS for PSBCH is not suitable for DFT-s-OFDM. From this perspective, it is reasonable to map PSBCH, DM-RS and S-SSS in different symbols (in TDM manner) in NR V2X. In addition, some other characteristics should also be considered as follows:
1)  S-PSS and S-SSS repeat respectively in two continuous symbols rather than one symbol to improve the accuracy of synchronization.
2)  AGC training is considered in the first symbol.
3) DM-RS is mapped between the symbols used for PSBCH.
As an example, a mapping of S-PSS/S-SSS/ PSBCH/DM-RS is shown in Fig.1. It can be used for both CP-OFDM and DFT-S-OFDM.


Fig.1 An example of mapping of S-PSS/S-SSS/PSBCH/DM-RS
Proposal 1: The resource mapping of S-PSS/S-SSS/PSBCH, including DM-RS for PSBCH, should be common between CP-OFDM and DFT-s-OFDM.
Synchronization resources and the number of S-SSB transmission
In LTE V2X, one synchronization resource is configured in a synchronization resource period for in coverage UEs to transmit SLSS/PSBCH. For out of coverage UEs, two or three synchronization resources are used for SLSS/PSBCH detection and transmission. The third synchronization resource is used to identify Special synchronization source, i.e., GNSS. For NR V2X, the same requirement still exists and one or more synchronization resources in a synchronization resource period are needed. 
In addition, beam sweeping is supported for SSB transmission in NR Uu. Multiple candidate SSBs in a half frame within a synchronization resource 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, beam sweeping may also be supported in certain frequency ranges, e.g., FR2, to extend communication range. In this way, the synchronization resources would exist in form of a set of candidate S-SSB resources (also named a set of synchronization resources) included in a synchronization window (e.g., half frame window) for S-SSB beam transmission. One UE can transmit S-SSB and receive S-SSB in different windows in a TDM manner. In a synchronization window, one or more S-SSB beams may be transmitted from one UE, e.g., one beam transmission in FR1 and more than one beam transmission in FR2. 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 2: The TDM of multiple sets of synchronization resources in a synchronization resource period should be considered. 
Proposal 3: The number of S-SSB transmitted by one UE per period can be one or more, at least depending on the frequency range.
Sync raster of S-SSB
In RAN1 #95, it is agreed that the transmission bandwidth for S-SSB is within the BW of the (pre-) configured SL BWP. But the actual sync raster is FFS. In NR, the sync raster for each band is give in table 5.4.3.3-1 for FR1 and table 5.4.3.3-2 for FR2 in 3GPP TS 38.104 [4]. It can be noted that this two tables may not reused for NR V2X. Because they cannot meet the requirements of NR V2X, for example, 60 kHz is not included in the two tables in NR but it may be supported in NR V2X. However, these two tables can be seen as the starting point to specify the sync raster of S-SSB. 
Proposal 4: Sync raster of SSB in Rel-15 NR should be reused as the starting point to specify the sync raster of S-SSB.
Frequency location of S-SSB
[bookmark: _GoBack]Besides the sync raster, the frequency location of S-SSB transmission should also be discussed. Considering S-SSB is transmitted by UE, if different UEs transmit S-SSB in different frequency locations (i.e., with different GSCN (Global Synchronization Channel Number)), the transmission of S-SSB is no longer a format of single frequency network and the merged gain of PSBCH decoding is lost. It should be noted that a UE may not know the frequency location of S-SSB transmitted by another UE. Thus, it is reasonable to let different UEs transmit S-SSB in the same frequency location by configuration or pre-configuration. 
Proposal 5: The frequency location of S-SSB transmission, either configured or pre-configured, should be the same on one carrier. 
PSBCH
In LTE V2X, PSBCH is transmitted together with SL SS to indicate some essential information, such as sidelink bandwidth, SFN/DFN and in-coverage indication, so that out of coverage UEs can obtain timing and other synchronization information. Similarly, in NR V2X, some indications should be included in PSBCH.
· SFN/DFN
This field indicates the System Frame Number (or Direct Frame Number) of the frame in which S-SSB is transmitted. Based on it, the detecting UEs can obtain the frame number information for NR V2X communication.
· Frame timing 
Besides the SFN information, detecting UEs should also need to know the frame timing to finish timing alignment for NR V2X communication.
Two options can be considered to indicate frame timing information.
Option 1: Indicate the subframe number and the slot number explicitly corresponding to the current S-SSB. By this way, detecting UE can know the location of the detected S-SSB in a frame. However, the index of the S-SSB in a S-SSB transmission period should be indicated by another field which would result in additional overhead.
Option 2: Similar to Rel-15 NR, indicate the time index of the current S-SSB in a S-SSB transmission period. At the same time, a pattern of candidate location of S-SSB in a period is predefined. Combine the indicated index with the defined pattern and SFN/DFN, the frame timing of S-SSB can be determined. Furthermore, the detecting UE can know the next candidate S-SSB transmission location in time domain. 
· In-coverage
This indication is used to identify the sync reference UE is in coverage of network or directly synchronize to GNSS. It is necessary for NR V2X UE to finish sync reference selection.
Proposal 6: PSBCH carries at least SFN/DFN, in-coverage indicator and the information to derive frame timing.
Synchronization reference
Synchronization source
If the UE is inside network coverage, it can select sidelink 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 7: Once a NR V2X UE detects S-SSB, it can recognize the associated synchronization source as one from eNB, gNB and GNSS. 
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. 
Synchronization reference for groupcast 
In groupcast, the UEs generally perform sidelink communication with a specific UE, e.g., leader UE in a platooning. If the member UEs select the leader UE as synchronization reference source, the sidelink timing may be more reliable and accuracy than that of other synchronization reference UE or source.
However, it should be noted that in some cases the sidelink timing of the leader UE may be not aligned with that of other synchronization references. For example, when the platooning moves across cell edge between two cells which have misaligned timings, the member UEs would maintain synchronization with the leader UE which may switch to the timing of the new cell. If the member UEs is still in the coverage of the old cell, reference would be caused to UL transmission.
On the other hand, if the member UE performs groupcast based on the timing of leader UE, it needs to maintain another sidelink timing for broadcast communication. Maintaining two transmission sidelink timing references would increase additional complexity of sidelink communication. 
Proposal 8: For in groupcast, the leader UE should not be seen as a new synchronization reference source. The member UEs should follow the synchronization mechanism of broadcast.
Conclusion
This contribution focuses on synchronization mechanism for NR V2X. It provides the following proposals:
Proposal 1: The resource mapping of S-PSS/S-SSS/PSBCH, including DM-RS for PSBCH, should be common between CP-OFDM and DFT-s-OFDM.
Proposal 2: The TDM of multiple sets of synchronization resources in a synchronization resource period should be considered. 
Proposal 3: The number of S-SSB transmitted by one UE per period can be one or more, at least depending on the frequency range.
Proposal 4: Sync raster of SSB in Rel-15 NR should be reused as the starting point to specify the sync raster of S-SSB.
Proposal 5: The frequency location of S-SSB transmission, either configured or pre-configured, should be the same on one carrier. 
Proposal 6: PSBCH carries at least SFN/DFN, in-coverage indicator and the information to derive frame timing.
Proposal 7: Once a NR V2X UE detects S-SSB, it can recognize the associated synchronization source as one from eNB, gNB and GNSS. 
Proposal 8: For in groupcast, the leading UE should not be seen as a new synchronization reference source. The member UEs should follow the synchronization mechanism of broadcast.
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