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Introduction
In the RAN1 #96bis meeting, the synchronization mechanism of NR-V2X was discussed and the following were agreed [1]:
Agreements:
· RAN1 will consider the design of NR SLSS where 
· S-PSS of LTE and NR candidates have similar PAPR.
· S-SSS of LTE and NR candidates have similar PAPR.
· SLSS design should take into consideration PAPR difference between S-PSS and S-SSS.

Agreements:
· In NR V2X, S-SSB bandwidth is 11RBs. 
· PSBCH spans 11RBs.
· The S-SSB is designed following combination 1.
· Length-127 M-sequences for S-PSS and length-127 Gold sequences for S-SSS
· Two symbols are used for each of S-PSS and S-SSS, respectively.

Agreements:
· For the evaluation of PSBCH performance, the payload size of NR V2X PSBCH is 56 bits including 24 bits of CRC.

In this contribution, we continue discussing the detailed design of NR-V2X synchronization. 
Discussion
1.1 Frame structure
It was agreed to use NR SSB structure as the starting point for sidelink synchronization signal block (S-SSB) structure. For S-SSB, some specific design should be considered, such as there should be AGC and GP symbol within the S-SSB. If a separate symbol reserved for AGC and GP, that would cause resource inefficiency. Some further enhancement for the S-SSB structure, such as comb-like resource mapping, can be considered. 
Proposal 1: NR-V2X S-SSB should include AGC and GP symbols.
Proposal 2: Comb-like resource mapping for S-SSB can be considered in NR-V2X
One S-SSB block should span all of the available symbols for SL transmission within a slot. If only part of symbols within a slot is used for S-SSB, that will cause resource in-efficiency. Furthermore, it is hardly to configure a resource pool of PSCCH or PSSCH which is FDM with S-SSB.
Proposal 3: One S-SSB block should span all of the available symbols for SL transmission within a slot
1.2 Numerology
SL BWP was agreed to be introduced in NR-V2X SL and numerology was part of SL BWP configuration. It was agreed that NR sidelink supported different subcarrier spacing in FR1 and FR2, i.e., {15, 30, 60 kHz} in FR1 and {60, 120 kHz} in FR2. To reduce the complexity of blind detection of S-SSB, a default subcarrier spacing can be configured for S-SSB, such as 30kHz for FR1 and 60kHz for FR2. 
Proposal 4: A default SCS of S-SSB for FR1 and FR2 separately is preferred.
1.3 Synchronization resource 
In LTE-D2D and LTE-V2X, synchronization signal is transmitted periodically, and only one S-SSB is transmitted within a S-SSB period. In Rel-15 NR, multiple S-SSB are transmitted within a period to support different beam. 
According to the WID [2], no specific optimization of FR2 except PT-RS will be considered in Rel-16 NR-V2X.
“NR sidelink design starts with frequencies in FR1, and NR sidelink in FR2 is supported by applying the design for FR1 and PT-RS to the numerologies agreed for FR2. No FR2 specific optimization is supported in this WI except PT-RS. No beam management is supported in this work.”
Considering that, we propose only one S-SSB is transmitted within a period.
Proposal 5: Only one S-SSB is transmitted within a S-SSB period.
In LTE-V2X, Two or three synchronization source is pre-configured for OOC, one of which is used for the UE to transmit SLSS which is synchronized to GNSS directly. For in coverage (IC), the same synchronization resource as pre-configuration should be configured by eNB to promise the resource within a resource pool is the same for IC and OOC. For NR-V2X, the same synchronization resource configuration mechanism as LTE-V2X can be applied unless additional issue addressed. 
Proposal 6: The same synchronization resource configuration mechanism as LTE-V2X can be applied to NR-V2X.
1.4 Synchronization source and priority 
In LTE-V2X, there are three kinds of synchronization source: GNSS, eNB and UE. In NR-V2X, there are totally five kinds of synchronization source: GNSS, gNB, eNB, UE, and LTE UE. The synchronization priority of NR-V2X was discussed and the following was agreed in RAN1 #96 meeting [3].
Agreements:
· Whether GNSS-based synchronization or gNB/eNB-based synchronization is used is (pre)-configured.  
· The following table is a working assumption
FFS priority between gNB and eNB.
	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. 



The synchronization of gNB and eNB are both from network, then the priority of them can be same. NR UE and LTE UE can be seen as the lowest synchronization priority. 
In LTE-V2X, the priority between GNSS and eNB is configurable by network so that the network can control the interference of SL to cellular. We think this mechanism can also be applied to NR-V2X. 
Proposal 7: In NR-V2X, gNB and eNB have the same synchronization priority. NR UE and LTE UE have the same synchronization priority. 
Proposal 8: The synchronization priority between GNSS and gNB/eNB can be configured.
1.5 Synchronization procedure 
Generally, the synchronization procedure of LTE-V2X can be applied to NR-V2X. Before data transmission, UE needs to search for synchronization reference to obtain the reference transmission timing. If multiple synchronization reference with different priority are available, the synchronization reference with the highest priority will be selected as the synchronization reference. If multiple synchronization references having the same priority are detected, the synchronization reference with highest energy is selected. Then the UE will transmit S-SSB, whose synchronization priority and PSBCH contents are derived from the selected synchronization reference, using one of the synchronization resources. Multiple UEs transmit S-SSB on the same synchronization resource in SFN mode.  
For in-coverage, the UE who can transmit S-SSB depends on network’s configuration or is based on measurement. For example, gNB can configure which UE to transmit S-SSB. Or UE does the measurement and compares it with a (pre-)configured threshold. If lower than the threshold, the UE can transmit S-SSB, otherwise not. 
Proposal 9: LTE-V2X synchronization procedure can be applied to NR-V2X
· The synchronization reference with the highest priority is selected as the synchronization reference.
· The contents of S-SSB is derived from either synchronization reference or pre-configuration.
· S-SSB is transmitted in SFN mode.
· For in-coverage, the UE who can transmit S-SSB depends on network’s configuration or is based on measurement. 
1.6 Synchronization based on RS
One of the objective of NR-V2X WID is to study use of RS for synchronization. The synchronization procedure based on reference signal instead of SLSS was discussed in RAN1 #96 meeting. The following agreement was achieved [3]
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 

If a UE is synchronized to another UE, it can refine the time or frequency synchronization based on the detection of another UE’s reference signal. While there are some scenarios that UE has to search for SLSS for the synchronization among UEs. For example, if a UE has just power on and there is no GNSS or gNB/eNB available, it has to synchronized to another UE by searching SLSS. If it only searches for reference signal, such as DMRS of other UEs PSCCH or PSSCH, it has to do blind searching, since it has no information about the timing, frequency resource and even RS sequence used by other UEs. That will cause great complexity for UE to perform synchronization. Furthermore, we think that UE does synchronization based on RS can be achieved by UE implementation. It isn’t necessary to be specified.
Proposal 10: Synchronization based on RS can be seen as complementation to synchronization based on SLSS. It can be achieved by UE implementation and there is no specification effect.
1.7 PSBCH contents
In LTE-V2X, PSBCH is transmitted by a UE transmitting SLSS, and it is in the same subframe as SLSS. It is used to indicate the following information [4].
MasterInformationBlock-SL-V2X
-- ASN1START

MasterInformationBlock-SL-V2X-r14 ::=		SEQUENCE {
	sl-Bandwidth-r14					ENUMERATED {
											n6, n15, n25, n50, n75, n100},
	tdd-ConfigSL-r14					TDD-ConfigSL-r12,
	directFrameNumber-r14				BIT STRING (SIZE (10)),
	directSubframeNumber-r14			INTEGER (0..9),
	inCoverage-r14						BOOLEAN,
	reserved-r14						BIT STRING (SIZE (27))
}


-- ASN1STOP
One of the fields of PSBCH is TDD configuration. If the PSBCH transmitter is in coverage, the TDD configuration is the TDD configuration of the camped cell. In LTE-V2X, there are only 7 TDD configurations. While in NR system, the slot format is flexible and there is DL, UL and flexible symbols per slot. There are several ways to configure the slot format in NR Uu: Cell-specific RRC configuration, UE-specific RRC configuration, Dynamic SFI.
SFI is used to dynamically configure the slot format per slot based on the configuration of cell-specific and UE-specific configuration signaling. The DL and UL direction of a slot configured by cell-specific or UE-specific RRC configuration signaling cannot be changed to other directions by SFI, and only flexible symbols can be changed by SFI. 
In NR-V2X, the TDD-UL-DL configuration should also be included in PSBCH and transmitted by in coverage UE to out of coverage UEs to avoid potential interference to NR Uu transmission. 
Proposal 11: The cell-specific slot format configuration of network should be included in PSBCH for NR-V2X.
Conclusion
In this contribution, the synchronization mechanism of NR-V2X is discussed. The following proposals are given.
Proposal 1: NR-V2X S-SSB should include AGC and GP symbols.
Proposal 2: Comb-like resource mapping for S-SSB can be considered in NR-V2X
Proposal 3: One S-SSB block should span all of the available symbols for SL transmission within a slot
Proposal 4: A default SCS of S-SSB for FR1 and FR2 separately is preferred.
Proposal 5: Only one S-SSB is transmitted within a S-SSB period.
Proposal 6: The same synchronization resource configuration mechanism as LTE-V2X can be applied to NR-V2X.
Proposal 7: In NR-V2X, gNB and eNB have the same synchronization priority. NR UE and LTE UE have the same synchronization priority. 
Proposal 8: The synchronization priority between GNSS and gNB/eNB can be configured.
Proposal 9: LTE-V2X synchronization procedure can be applied to NR-V2X
· The synchronization reference with the highest priority is selected as the synchronization reference.
· The contents of S-SSB is derived from either synchronization reference or pre-configuration.
· S-SSB is transmitted in SFN mode.
· For in-coverage, the UE who can transmit S-SSB depends on network’s configuration or is based on measurement. 
Proposal 10: Synchronization based on RS can be seen as complementation to synchronization based on SLSS. It can be achieved by UE implementation and there is no specification effect.
Proposal 11: The cell-specific slot format configuration of network should be included in PSBCH for NR-V2X.
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