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Introduction
To expand the 3GPP platform to the automotive industry, the initial standard on support of V2V services was completed in September 2016. Enhancements that focusing on additional V2X operation scenarios leveraging the cellular infrastructure, were completed in March 2017 as 3GPP V2X phase 1 for inclusion in Release 14 LTE. An initial set of requirements for V2X service was considered sufficient for basic road safety service. Vehicles (i.e., UEs supporting V2X applications) can exchange their own status information through sidelink, such as position, speed and heading, with other nearby vehicles, infrastructure nodes and/or pedestrians. 3GPP V2X phase 2 in Rel-15 introduced a number of new features in sidelink, including: carrier aggregation, high order modulation, latency reduction, and feasibility studies of both transmission diversity and short TTI in sidelink.  These features in 3GPP V2X phase 2 were primarily based on LTE and required co-existence with Rel-14 UE in the same resource pool.
NR V2X is considered as 3GPP V2X phase 3 and would support advanced V2X services beyond those supported in LTE Rel-15 V2X. SA has considered the following principle as the basis for the design of NR V2X. 
Principle: “Advanced V2X services (SA1’s 25 use cases categorized into four groups - Vehicle platooning, Extended sensors, Advanced driving, and Remote driving) are the focus of the Study Item. Technical requirements of these use cases would drive the technical study/design.” 
NR V2X would require new a NR sidelink to meet these stringent requirements.  An NR V2X system is expected have a flexible design in support of services with low latency and high reliability requirements like NR. Higher system capacity and better coverage are also expected. Hence the NR sidelink design should be flexible and allow for easy extension of the NR system to support future development of further advanced V2X services and other services. 
In RAN1#95 [3], the following agreements were reached:
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:
· 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 discussed preliminary performance evaluations for NR V2X sidelink synchronization. 

Consideration for NR V2X Sidelink Synchronization    
It was agreed that the following should be considered for NR V2X sidelink synchronization 
· 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

In addition, it was also agreed to use the table below as a starting point for evaluation assumptions for NR V2X sidelink synchronization LLS.

Table 1 Evaluation Assumptions for NR V2X Sidelink Synchronization LLS
	 
	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




Simulations and Discussions for Sidelink Synchronization    
For NR V2X S-PSS and S-SSS, it was agreed that the following should be considered for V2X sidelink synchronization 
· Detection probability of S-PSS/S-SSS

For sidelink S-PSS we use the sequence which is the same M sequence as NR-PSS. Hereby we refer to it as M-127 sequence. The S-SSS sequence is assumed to be the same as NR-SSS. Hence the S-SSB for sidelink is almost identical to NR-SSB. 
Following simulations show the performance of the sidelink SSB in various V2X CDL channels. The V2X models include dual mobility and scattering as described in TR 37.885. Urban Grid scenario for LOS, NLOS and NLOSv conditions and Highway scenario for LOS and NLOSv conditions are considered and simulated. Maximum velocity for scattering of 60kmph is used for the urban grid scenarios and 140kmph is used for the highway scenarios. UE velocity of 3kmph and 120kmph are used on those respective scenarios. 
Following simulations assume 30GHz center frequency and 120kHz SCS. In the simulations it was assumed that there is no interference from the Uu link. Figure 1 shows the residual CFO. It can be observed that residual CFO is higher in the highway scenario as compared with the residual CFO in urban scenario. The higher residual CFO may be attributed to the higher vehicular speed in highway scenario which results in larger doppler shift. 
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Figure 1 Residual CFO

Figure 2 shows the joint misdetection performance for S-PSS and S-SSS. It can be observed that misdetection performance is worse in the highway scenario as compared with the misdetection performance in urban scenario. The higher misdetection probability may arise from higher residual CFO which is due to higher vehicular speed and larger doppler shift in highway scenario. This may also be attributed to the fact that coherent detection of S-SSS is based on the channel that is estimated from the S-PSS. 
It seems that the sequences and/or polynomials used in NR Uu PSS/SSS may be considered for the design of NR V2X S-PSS/S-SSS. In addition, it seems that the NR SSB may be considered for the design of NR V2X S-SSB.
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Figure 2 Joint Misdetection performance of S-PSS and S-SSS


[bookmark: _Ref521073172][bookmark: _Toc521074174]Observation 1: The sequences used in NR Uu PSS/SSS may be considered for the NR V2X S-PSS/S-SSS design.
Observation 2: The NR SSB may be considered for the NR V2X S-SSB design. 

Conclusions
In this contribution, we discussed the preliminary performance evaluations for NR V2X sidelink synchronization. We have following observations: 
Observation 1: The sequences used in NR Uu PSS/SSS may be considered for the NR V2X S-PSS/S-SSS design.
Observation 2: The NR SSB may be considered for the NR V2X S-SSB design. 
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