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Introduction
In the RAN1 #95 meeting, synchronization for NR-V2X was discussed and the following agreements were achieved [1]:
Agreements:
· Confirm the working assumption that initial frequency error before synchronized to any synchronization source should be within ±5 ppm for the purpose of evaluation.  

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

Agreements:
· For evaluation of V2X S-SSB, the transmission bandwidth of S-SSB is in proportion to the SCS for the design of V2X S-SSB.  
· Alt1: 24 PRBs 
· Alt2: 20 PRBs  
· Other values are not precluded

Agreements:
· For the evaluation of S-PSS/S-SSS, the sequences and/or polynomials used in NR Uu PSS/SSS are used as the starting point of the NR V2X S-PSS/S-SSS design.
· Others are not precluded.

Agreements:
· The aspects of synchronization sequence for NR V2X to be considered for the evaluation include,
· The length of S-PSS and S-SSS sequences
· If and how to distinguish from NR Uu PSS and SSS sequences
· The number of NR SL-SSID targeted in the design of NR V2X S-PSS/S-SSS 
· Use cases of NR SL-SSID should be addressed

Agreements:
· Using the below table as a starting point for evaluation assumptions for sidelink synchronization LLS.
· Detection probability of S-PSS/S-SSS
· Decoding BLER of PSBCH
· Check further offline regarding UE speeds (absolute vs. relative, including current channel model assumptions in the TR)  on Friday, confirmed to be relative speed and thus, the speeds in the table below need to be doubled
· Discuss further offline payload size of PSBCH  to revisit in the next RAN1 meeting. Companies to report the assumed payload size of PSBCH in their evaluations

	 
	Below 6GHz
	Above 6GHz

	Carrier Frequency
	6 GHz
	30 GHz

	Channel Model
	CDL channel models 

	Subcarrier Spacing(s)
	15, 30, 60 kHz
	60, 120 kHz

	SNR Range
	> -6 dB
	> -6 dB

	UE Speed
	3 km/h, 120 km/h  (mandatory)
30km/h, 250 km/h (optional)
	3 km/hr, 120 km/h (mandatory)

	Interference model
	Scenario 1: no interference
Scenario 2: effect of interference includes in the model
	Scenario 1: no interference


	Initial Frequency Offset

	TX: Uniform distribution within [-5, 5] ppm of nominal carrier frequency
RX: Uniform distribution within [-5, 5] ppm of nominal carrier frequency


Agreements:
· The study of NR V2X synchronization includes synchronization based on S-SSB  
· The study also includes use of other sidelink signals/channels (e.g., other RSs in the SL, using PSSCH, using PSCCH, etc.) for the sidelink synchronization

In this contribution, we continue discuss the synchronization mechanism for NR-V2X.
Discussion
· Frame structure
It was agreed in RAN1 #94bis to use NR SSB structure as the starting point for sidelink synchronization signal block (S-SSB) structure. The NR SSB structure is shown in figure 1.


Figure 1 NR 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. According to the agreement in RAN1 #94,
Agreement:
Agree the following assumptions as tentative assumptions for the simulation at least till RAN1#94bis
· AGC
· Up to [15] us in FR1. Up to [10] us in FR2.
· TX/RX switching time
· [13] us in FR1 and [7] us in FR2
· Time error
· Up to [0.4] us between a UE and its synchronization reference
· Frequency error
· Up to [0.1] PPM between a UE and its synchronization reference
To send an LS to RAN4 for feedback (to be included in the IBE LS)

For lower SCS, such as 30kHz, the duration of one OFDM symbol is about 35us, which is larger than the time needed for AGC and TX/RX switching. Therefore, comb-like resource mapping can be applied to S-SSB. To align the frequency resource for S-PSS and S-SSS, the S-PSS and S-SSS can be located at the first and last OFDM symbol within the S-SSB. An illustration of S-SSB is shown in figure 2.


Figure 2 Illustration of S-SSB
To achieve the same synchronization performance as NR SSB, the frequency resource of S-PSS and S-SSS could be set to 24 RBs. The resource used for PSBCH depends on the payload size. 
Proposal 1: Comb-like resource mapping for S-SSB is supported at least for FR1.
Proposal 2: S-PSS and S-SSS are located at first and last OFDM symbol of S-SSB.
If NR-V2X is deployed on shared carrier, there would be both Uu SSB and S-SSB on the same carrier. One potential issue is how to differentiate S-SSB from Uu SSB. The comb-like resource mapping of S-PSS and S-SSS, which corresponds to two repeated signal in time domain within an OFDM symbol can be used to differentiate S-SSB from Uu SSB.
Proposal 3: Comb-like resource mapping of S-SSB can be used to differentiate S-SSB from Uu SSB.
· 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. In NR-V2X SL, whether to support beamforming is still under discussing. If beamforming is supported, multiple S-SSB transmission within a S-SSB period should be supported. Otherwise, only one S-SSB transmitted within a period is enough.
Proposal 4: Whether one or multiple S-SSB is transmitted within a period depends on whether beamforming is supported.
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 5: The same synchronization resource configuration mechanism as LTE-V2X can be applied to NR-V2X.
· 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 [2].
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 6: The cell-specific slot format configuration of network should be included in PSBCH for NR-V2X.
Conclusion
In this contribution, the potential enhancement of synchronization mechanism of NR-V2X is discussed. The following proposals are given.
Proposal 1: Comb-like resource mapping for S-SSB is supported at least for FR1.
Proposal 2: S-PSS and S-SSS are located at first and last OFDM symbol of S-SSB.
Proposal 3: Comb-like resource mapping of S-SSB can be used to differentiate S-SSB from Uu SSB.
Proposal 4: Whether one or multiple S-SSB is transmitted within a period depends on whether beamforming is supported.
Proposal 5: The same synchronization resource configuration mechanism as LTE-V2X can be applied to NR-V2X.
Proposal 6: The cell-specific slot format configuration of network should be included in PSBCH for NR-V2X.
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