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Introduction
According to WID approved at RAN #83 meeting, following objectives are included [1]:
· Sidelink synchronization mechanism as per the study outcome [RAN1, RAN2]
· Procedures selecting synchronization reference
· S-SSB and procedures to transmit and receive it, including when GNSS and gNB/eNB are unavailable
· Use of RS for sidelink synchronization if specification impact is identified
At RAN1 #96 meeting, the following agreements and working assumption were made [2]:
Agreements:
· Whether GNSS-based synchronization or gNB/eNB-based synchronization is used is (pre)-configured.  
· The following table is a working assumption
	GNSS-based synchronization
	gNB/eNB-based synchronization

	· P0: GNSS 
· P1: the following UE has the same priority: 
· UE directly synchronized to GNSS 
· P2: the following UE has the same priority: 
· UE indirectly synchronized to GNSS
· P3: the remaining UEs have the lowest priority.
	· P0: gNB/eNB
· P1’: UE directly synchronized to gNB/eNB 
· P2’: UE indirectly synchronized to gNB/eNB 
· P3’: GNSS 
· P4’: UE directly synchronized to GNSS 
· P5’: UE indirectly synchronized to GNSS
· P6’: the remaining UEs have the lowest priority. 


Agreements:
1. NR V2X supports using a sidelink RS for synchronization purpose
0. Applicable only on unlicensed (ITS) carrier with no network deployment on this carrier
0. This RS is not a standalone RS and not part of SLSS.  
0. This RS will not appear in the synchronization procedure for the selection of sync sources.
0. RS used for the synchronization purpose would not impact any sidelink RS design
0. FFS:  Whether this RS is DM RS or other RS
0. FFS: Whether this could be achieved by UE implementation 
0. FFS: Specification impact 
[bookmark: OLE_LINK5]In this contribution, we mainly discuss some of above aspects for NR V2X synchronization.
Discussion
Sidelink synchronization signal/channel
Sidelink SSB
Because only CP-OFDM is supported in Rel-16 NR V2X and the structure of SSB in NR is considered as starting point for S-SSB design, the similar mapping principle of NR Uu PBCH can be reused for PSBCH. Some other characteristics listed as following should also be considered:
1)  To improve the synchronization accuracy, S-PSS and S-SSS repeat respectively in two consecutive symbols rather than occupying one symbol.
2)  The first symbol in SSB can be implicitly used for AGC training.
3)  The last symbol is used for potential Tx/Rx switch. 
One mapping example for S-PSS/S-SSS/PSBCH/DM-RS based on above considerations is given in Figure 1. 


Fig.1 An example of mapping of S-PSS/S-SSS/PSBCH/DM-RS
Proposal 1: Two S-PSS symbols and two S-SSS symbols within one S-SSB are supported.
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. If three sync resources are configured, the third synchronization resource is used to identify special synchronization source, i.e., GNSS. For NR V2X, the same philosophy may still exist. The difference is that a set of resources should be considered because of beam sweeping upon S-SSB. From the purpose of simplicity, two sets of synchronization resource with TDM can be (pre-)configured in a synchronization resource period, as shown in Figure 2. In each set, multiple synchronization resources are included based on a pattern. Different sets of synchronization resource are used to transmit S-SSB and detect S-SSB. Multiple candidate S-SSB transmission resources are included in a set to support beam sweeping for S-SSB transmission. 


Fig.2 Synchronization resource location 
Proposal 2: Two sets of candidate synchronization resources with TDM in a synchronization resource period should be supported.  
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 this filed, the detecting UEs can obtain the frame number information for NR V2X communication.
· S-SSB index 
Similar to Rel-15 NR Uu, the UE can derive the frame timing based on the time index of the detected S-SSB in an S-SSB transmission period. At the same time, a pattern of candidate location of S-SSB in a period is predefined. Each candidate location of S-SSB corresponds to one time index in ascending order. With both the indicated index in the defined pattern and SFN/DFN, the frame timing of S-SSB can be determined. 
· Direct synchronization indicator
This indication can help UE to differentiate between the sync reference UEs directly synchronizing to the highest sync source (i.e., network or GNSS) and the sync reference UEs indirectly synchronizing to the highest sync source. Based on this indication, the UE can select sync reference according to priority order of sync references if it is defined.
Proposal 3: PSBCH should carry at least the following contents
- SFN/DFN
- S-SSB index
- Direct synchronization indicator
In addition, the location and bandwidth of SL-BWP and TDD UL/DL configuration are necessary for out-of-coverage UEs if they want to communicate with the UEs in coverage. The payload of PSBCH would be increased largely if the information of SL-BWP and TDD UL/DL configuration are indicated in PSBCH. In Rel-15 NR, IE TDD-UL-DL-ConfigCommon determines the cell-specific Uplink/Downlink TDD configuration. In this IE configuration, two patterns (pattern1 and pattern2) may be configured to finish the cell-specific Uplink/Downlink TDD configuration. Even if only one (e.g., pattern1) is configured, 31-bit payload would be needed. 
Observation 1: It is hardly achievable to keep the PSBCH payload size no more than 56 bits if SL-BWP and TDD UL/DL configuration are fully indicated in PSBCH. 
Synchronization procedure 
Synchronization reference select
In NR V2X, it is agreed that 
· at least GNSS, gNB/eNB and NR UE are supported as the synchronization source (RAN1 #94bis); 
· each type of synchronization reference has a respective sync priority (RAN1 AH1901);
· the synchronization priority order based on network (eNB/gNB) or GNSS respectively (WA in RAN1 #96).
If the UE is in-coverage, the UE can select sidelink synchronization reference by reusing the mechanism of LTE V2X. To be more specific, the UE selects network (gNB or eNB) or GNSS as the highest synchronization reference source, according to configuration from network. 
If the UE is out-of-coverage, the UE can select synchronization reference according to synchronization priority order pre-configured. The working assumption reached in RAN1 #96 meeting can be accepted as the synchronization priority order.
Proposal 4: For the in-coverage UEs, the mechanism of synchronization reference selection in LTE V2X is reused for NR V2X. 
Proposal 5: Confirm the WA in RAN1 #96 for the synchronization reference selection for out-of-coverage UE.
It is agreed that a UE selects the available synchronization reference with the highest priority as the reference to derive its transmission timing. When there are two or more references belonging to the same highest priority, how to handle is FFS. In our view, the further reference selection should be based on the RSRP of sidelink synchronization signal, as in LTE V2X. 
Proposal 6: When there are more than one synchronization references belonging to the same highest priority, the UE should select reference UE with the highest S-RSRP. 
S-SSB transmission/reception 
In LTE V2X, when UEs cannot synchronize to GNSS or network directly, they shall detect SLSSs relayed by other UEs synchronizing to GNSS or network either directly or indirectly. At the same time, they would transmit SLSS if the transmission condition on Uu link (e.g., RSRP on Uu below a (pre)-configured threshold, indicating a cell-edge situation) is met or the instruction is available. The same mechanism can be reused for NR V2X.
One case should be noted when one UE (assumed as UE1) synchronizes to eNB while another proximate UE (assumed as UE2) synchronizes to gNB, as shown in Figure 3. In this case, the range covered by eNB and the range covered by gNB may overlap and UE1 may be in the sidelink communication range of UE2. If the SLSS transmission condition in LTE V2X is fully reused for NR SL, the UE2 may not transmit SLSS if the RSRP is not below the configured threshold value. If the timings of eNB and gNB are not aligned, the UE1 cannot receive the sidelink data from UE2 because it cannot determine the receiving timing for UE2. From this point, further enhancements need to be considered, for example, the UE always transmits S-SSB on NR SL in this case. 


Fig. 3 Synchronization issue between UE sync to eNB and UE sync to gNB

Proposal 7: The SLSS transmission/reception in LTE V2X should be taken as starting point for NR V2X. 
· The UE synchronizing to gNB/eNB should transmit S-SSB regardless of the received signal strength with the serving/reference cell.
UE capability of S-SSB transmission
Sidelink communication requires sidelink synchronization, which can be based on synchronization to GNSS or network. If a UE cannot synchronize to GNSS or network directly, it can derive sidelink timing by detecting S-SSB (including SLSS) from other UEs that either directly or indirectly synchronize to GNSS or network. If some UEs are not capable of S-SSB transmission, the proximate UEs cannot finish initial synchronization, nor can they perform sidelink communication. For example, in partial coverage scenario, as shown in Figure 4, the out-of-coverage UE (e.g., UE1) and the in-coverage UE (e.g., UE2) may be aligned to different timings (e.g., network timing and GNSS timing). If both UE1 and UE2 are not capable of S-SSB transmission, they could not achieve sidelink communication.


Fig. 4 Synchronization issue between UEs with difference sync. references
 Proposal 8: NR V2X UE should be capable of S-SSB transmission.  
Conclusion
This contribution focuses on synchronization mechanism for NR V2X. It provides the following proposals and observations:
Observation 1: It is hardly achievable to keep the PSBCH payload size no more than 56 bits if SL-BWP and TDD UL/DL configuration are fully indicated in PSBCH.
Proposal 1: Two S-PSS symbols and two S-SSS symbols within one S-SSB are supported.
Proposal 2: Two sets of candidate synchronization resources with TDM in a synchronization resource period should be supported.
Proposal 3: PSBCH should carry at least the following contents
- SFN/DFN
- S-SSB index
- Direct synchronization indicator
Proposal 4: For the in-coverage UEs, the mechanism of synchronization reference selection in LTE V2X is reused for NR V2X.
Proposal 5: Confirm the WA in RAN1 #96 for the synchronization reference selection for out-of-coverage UE.
Proposal 6: When there are more than one synchronization references belonging to the same highest priority, the UE should select reference UE with the highest S-RSRP.
Proposal 7: The SLSS transmission/reception in LTE V2X should be taken as starting point for NR V2X.
· The UE synchronizing to gNB/eNB should transmit S-SSB regardless of the received signal strength with the serving/reference cell.
[bookmark: _GoBack]Proposal 8: NR V2X UE should be capable of S-SSB transmission.  
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